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CHEMICAL PHYSICS.

Graham-Otto's  Ausfiihrliches Lehrbuck der Chemie.
Dritte, Ginzlich umgearbeitete Auflage. Erster Band.
Dritte Abtheilung. Beziehungen zwischen physika-
lischen Eigenschaften und chemischer Zusammenset-
zung der Korper, herausgegeben von Dr. H. Landolt.
Pp. 8go (Braunschweig: Vieweg und Sohn, 1898.)

HIS work, which has grown out of the comparatively
small book on Chemical Physics by Dr. W. A,
Miller, first published in 1855, is now complete. Part
L, entitled “ Physikalische Lehren,” was edited by Prof.
Winkelmann, with the concurrence of Prof. Kopp, from
the previous edition, and was published in 1885. PartII.,
on “Theoretical Chemistry and Thermo-chemistry,” was
written by Prof. Horstmann, and was published also in
1885. Part I11., which is now complete, is divided into
nine chapters, of which the first three were published in
1893, and are now printed without alteration.

The editor has secured the assistance of others,
eminent in different branches of chemical physics, to
write the various sections of the work ; in this way the
best information has been obtained, for the subjects are
all so rapidly increasing in importance, and so many
investigators are engaged on them, that it is practically
impossible for one author to produce complete treatises
on the several matters with which the book deals.

The first chapter is on the relation between crystalline
form and chemical composition, and consists of 350
pages. This commences with an introduction showing
the use of crystalline forms for distinguishing substances
from one another, and the employment of crystallisation
for the purification of bodies, followed by an account of
the geometrical properties of crystals, the forms of which
are well described, although the student might have
been assisted by some diagrams ; these, however, may
be considered unnecessary, as the crystal forms are fully
illustrated in Part I. of this volume. The physical
properties of the different systems are given in the form
of a table showing the elasticity and cohesion, the
optical, thermal, electrical and magnetic behaviour. The
first subject dealt with in the chapter is Polymorphism,
twelve pages being devoted to its history and discovery ;
then follows a useful table, occupying twenty-three pages,
of polymorphous substances, references being given in
every case to the original papers from which the inform-
ation is obtained : in fact, throughout the book copious
references to original papers are given in the form of
foot-notes, and in some chapters the year of the public-
ation as well as the number of the volume of the
periodical is stated ; so that the gradual development of
the subjects may be easily traced. It is to be regretted
that this is not always done, for the date may be even of
more importance than the number of the volume of the
journal. The section on Isomorphism, consisting of 141
pages, includes an historical sketch of the subject, the
employment of isomorphism for the determination of
atomic weights, isomorphous series of elements, of
which ten groups are given, the molecular volumes of
isomorphous bodies and their geometrical and physical
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relations and isomorphous mixtures. The third section.
is on morphotropy or the change that crystalline forms.
undergo when certain constituents of compounds are-
replaced by others: seventy-eight pages are devoted to
this subject. This is followed by twenty pages of review
and explanations of the whole subject, and by thirty
pages of additions. In the preface the editor tells us
that this chapter was written by Prof. Arzruni in 1892,
and it was published in 1893, together with the two-
following chapters, as before mentioned.

The second chapter (consisting of 111 pages), on the
relations between the volumes of solid and liquid bodies.
and their chemical composition, was written by Prof. A.
Horstmann about 189o. The relations of the volumes of
gases and of vapours were considered in the second part
of this book, so the present chapter deals only with the
volume relations of solids and liquids. The atomic
volumes of the elements are first considered, and the
periodic character of these numbers with increase of
atomic weight is pointed out, the molecular volumes of
the oxides are shown to be very irregular, although
certain resemblances can be traced in oxides of analogous
composition, whilst in many isomorphous compounds
the molecular volumes are not very different. The:
molecular volumes of salts containing water of crystal-
lisation are discussed, and it is pointed out that all these
numbers will be affected by the temperature at which the
specific. gravities are determined, so that it is not to be
expected that a regularity such as obtains in the case of
gases will be found. The molecular volumes of isomeric
organic liquids are next compared, and there is a table
showing the molecular volumes at o° and at the boiling
points, attention being drawn to the variations under
these circumstances. Comparisons are made between
the volumes of the halogen substitution compounds of
ethane, of isomeric alcohols and ethers and of the
isomeric esters of the fatty acids, and lastly the changes.
of volumes which occur during the formation of com-
pounds organic and inorganic.

The third chapter of thirty-three pages, by Prof..R.
Pfibram, on the relation between internal friction and
the chemical composition of liquid substances, was
written in 1892, and was included in the previous
publication. After an historical survey of the methods
employed for determining the internal friction or vis-
cosity of liquids, it is shown in a table that the viscosity
of solutions of salts increases with the basicity of the
acid, the acids are compared with the corresponding
salts of ammonium, potassium and sodium, and the
viscosity of the sodium salts is in all cases the highest.
The next comparison is between the viscosity of salt
solutions and their electric conductivity ; as a rule there
is a diminution of conductivity for an increase of vis-
cosity ; and a list is given of the viscosities of organic
acids and their sodium salts and of solutions of chlorides,
sulphates and nitrates of several metals. The chapter
‘concludes with a table showing the viscosity constants
of a number of organic liquids, with remarks on the
relations existing between them and the composition of
the componnds. The work of Thorpe and Rodger is of
more recent date than this chapter, but some reference
might have been made to it in the reprint.

The next chapter is by Dr. Willy Marckwald, on the
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relation between melting points and the composition of
chemical compounds. It occupies twenty-seven pages,
and was begun in 1897. For an account of the periodic
character of the melting points of the elements, reference
is made to the second volume of the book, the fusing
points of compounds only being dealt with in this chapter.
A few examples of the fusing points of inorganic com-
pounds are given, showing that those of the chlorides,
bromides and iodides of the elements of a period fall with
the increase of atomic weight ; the period chosen being the
second in the periodic table beginning with sodium, and
ending with chlorine. When the haloid compounds of a
group are examined, it is found that, generally speaking,
the fusing points rise with an increase of atomic weight ;
this is exemplified by the compounds of the beryllium
and nitrogen groups, but the haloids of the alkali metals
behave irregularly. Tables iv. and v. give the melting
points of isomeric organic compounds, in which it is
seen that the symmetrical compounds melt at higher
temperatures than the unsymmetrical. In the next
table the fusing points of the para- meta- and ortho-
compounds of benzene are compared, and it is shown
that the para-compounds always fuse at the highest
temperatures, whilst in the case of the sulphamides the
ortho-compounds have the highest fusing points. More
complex compounds are then studied, and the chapter
contains no less than thirty-nine tables, in which the melt-
ing points of allied chemical compounds are compared.

The fifth chapter is also by Dr. Willy Marckwald, on
the relation between the boiling points and the com-
position of chemical compounds. This was begun in
1897, and extends over twenty-nine pages. The chapter
deals with organic compounds only, and contains forty-
one tables giving the boiling points of bodies of various
series, In some of the tables boiling points under vary-
ing pressures both above and below that of the atmosphere
are included.

Chapter vi., on the relation between refraction and the
chemical composition of bodies, was written in 1897 by
Dr. E. Rimbach, and consists of ninety-seven pages, the
first twenty-three of which are devoted to generalities in
which the different methods of determining refractive
indices are briefly mentioned and the three formula for
calculating the specific refractive powers of bodies pro-
posed by Laplace, by Dale and Gladstone, and by Lorenz
and Lorentz are discussed, comparison being made of
the constancy of the numbers obtained by the use of the
different formule under varying conditions. The follow-
ing section is on molecular refraction and the constitu-
tion of bodies ; isomeric liquids are first considered, and
it is shown that the differences of refractions of such
bodies are not great unless there is a pronounced dif-
ference in their chemical structure ; thus those bodies in
which double bonds are supposed to exist, have different
refractive powers from those in which single bonds
occur ; and it is seen that in homologous series the
difference of CHy, makes a nearly constant difference in
the molecular refraction of the substance, and by sub-
traction the value of CH, is obtained. Similarly the
values of carbon, hydrogen and oxygen are calculated,
the latter element showing different numbers according
to the other elements with which it is combined in the
molecule, The atomic refraction of the constituents of
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a compound when added together should give the mole-
cular refraction of the compound, but in cases in which
the carbon atoms are doubly or trebly linked a difference
is always found, and from these differences the values of
multiple bonds are obtained. Cyclic compounds are next
considered, and the effect of the three double bonds in
the benzene ring is shown by the comparison between
the observed and calculated molecular refractions of a
number of benzene derivatives. The atomic refraction
of the halogens is then studied, followed by some ob-
servations on molecular dispersion. The next section
is on compounds containing nitrogen, and here it is seen
that the atomic refraction of nitrogen varies according to
the way in which it is combined in the various substances.
The atomic refraction of other elements such as sulphur,
phosphorus, arsenic, antimony, silicon, mercury, tin and
lead are next dealt with. There is a short section on the
refractive powers of gaseous bodies, and another on those
of solids and of their solutions. The concluding section
treats of electrical molecular refraction and the relation
between dielectric constants and the constitution of
bodies.

The next chapter, on the relations between the chemical
nature and the spectra of elementary and compound
bodies, was written in 1889 by Prof. Gerhard Kriiss, and
after his death in 1895, his brother, Dr. Hugo Kriiss,
wrote some additions. The chapter consists of twenty-
five pages, and the addenda of seven. Emission spectra
are first considered, and the relations between the wave-
lengths of the lines in the spectra of various elements are
shown to be the same as those between the overtones of
a fundamental note, tables being given comparing the
observed and calculated wave-lengths of the spectral
lines of certain elements; the characteristics of the
spectra of the elements of various groups are described,
and also the relation between the spectra of compounds
and those of their constituents. Absorption spectra of
inorganic compounds are briefly mentioned, whilst those
of organic compounds are fully treated and the alterations
of the spectra by the introduction of different radicals are
noticed. In the additions made by Dr. H. Kriiss the
remarkable investigations of Kayser and Runge on the
several series of lines in the emission spectrum of an
element are dealt with, and the connection between these
observations and the periodic law are shown. There is
also a short discussion on the variation of absorption
spectra of solutions in connection with the ionic hypo-
thesis. We do not find any notice of Abney’s researches
on the absorption in the infra-red part of the spectrum
by organic bodies.

The eighth chapter, of eighty-four pages, deals with
the relation between the optical rotation of organic
substances and their chemical composition, and was
written by the editor, Dr. H. Landolt, and finished in
1898. For methods of measuring circular polarisation
reference is made to Part I. The rotation of the plane
of polarisation by crystals is briefly mentioned, and a list
is given showing the rotation for plates 1 m.m. in thick-
ness and also the systems to which the crystals belong:
The rotation by liquids follows, a list of thirty groups of
active substances being given, and the method of finding
the specific molecular rotation is described. The specific
rotation of dissolved substances and the changes which
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are observed in solutions of different concentration are
discussed at length. The second section is on the con-
nection between the optical rotation and the chemical
constitution of carbon compounds, in which the original
observations of Pasteur and the theory of the asymmetric
carbon atom of Van’t Hoff and Le Bel are fully described,
a subject on which a vast amount of work has been re-
cently done. The third section is on the relation between
the magnitude of the rotation and chemical constitution,
and accounts are given of the rotations of isomeric bodies,
of bodies belonging to homologous series and the effect
of multiple bonding of carbon atoms.

The last chapter of the book is by Dr. O. Schénrock, on
the relation between the electromagnetic rotation of solid
and liquid bodies and their chemical composition ; it
extends over seventy-three pages, and was finished in
1898, The observation made by Faraday in 1846, that
the plane of polarisation is rotated when the beam is
passed through a transparent substance placed in a
powerful magnetic field has led to valuable researches,
principally by Perkin, on the rotation produced by
various chemical compounds. The mode of calculating
the molecular magnetic rotation and the influence of
solvents are first mentioned, and then the effects pro-
duced by inorganic acids and salts and the atomic
rotation of the elements. The periodic character of the
magnetic rotation of some of the metals is pointed out.
The next part deals with fatty substances, and numerous
tables are given showing the variations which occur
with change of composition, and the influence of the
various radicals is calculated.

The volume concludes with an index of twenty-three
pages, divided into sections corresponding to the nine
chapters of the book; by this means the physical
characteristics of the chemical substances can at once
be found.

The whole volume has evidently been compiled with
great care, and brings together a large amount of
valuable information distributed in the Zransactions of
societies and other periodicals, thus saving the investi-
gator desiring to make use of these researches, a great
deal of time and labour in referring to the original
papers. It will also enable the chemist to appreciate
the great assistance that he may obtain from the study
of the physical properties of compounds in his endeavours
to ascertain their constitution and their relation to one
another. H. M.

THE SCIENTIFIC STUDY OF VACCINATION.
Vaccination : its Natural Historv and Pathology. By
Dr. S. M. Copeman. Pp. x + 257. (London: Mac-
millan and Co., Ltd., 1899.)
HE Milroy Lectures on the Natural History and
Pathology of Vaccination, delivered last year
before the Royal College of Physicians, are now at an
opportune moment given to the public. The Vaccination
Act of 1898 has practically abolished compulsory vac-
cination, On the other hand, it aims at improving the
administration of vaccination and at removing all ob-
jections that can, with the least show of reason, be
brought against it. Without in any way admitting the
existence of adequate grounds for giving up compulsory
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vaccination, which we look upon.as a grave national
misfortune, it must be acknowledged that opposition to
the compulsory law has been in a measure based upon
administrative defects. To do away with that opposition
the first thing wanted is much greater care in the methods
employed. Illness and death from vaccination ought to
be as rare here as in Germany. To attain this end two
things mainly are wanted : a scientific study of the
quality of the lymph used, and a rigid and minute ad-
herence to antiseptic principles on the part of the
vaccinator. A lymph which is pure, in a bacteriological
sense, and aseptic conditions from first to last, as regards.
the wounds made, ought to do away with all vacccination
accidents. :

Dr. Copeman’s book deals mainly with the first of these
subjects. In the early chapters he reviews the history
of vaccination, of various lymph stocks, and of the
relationship between variola and vaccinia. He relates
the experiments made from 1801 to the present time, to
prove experimentally the truth of Jenner’s original thesis
that vaccinia is small-pox of the cow. The experiments
detailed are those of Gassner (18o1), Viborg (1807),
Thiele (1836 and 1838), Ceely (1839), Badcock (1840),
Adams and Putnam (1852), Simpson (1885 and 1892),
Fischer (1886 and 1890), King (1889), Hime (1892),
Haccius and Eternod (1893), and Klein (1892). All
these observers succeeded in inoculating human small-
pox into a cow or calf, and in developing cow-pox as the
result. Dr, Copeman’s own experiments date from 1892,
He was successful in one out of four attempts. The
transformation of small-pox into cow-pox seemed in most
of the successful experiments to require a series of
inoculations from one cow or calf to another, and not to
be an immediate result on first inoculating the con-
tagium into its new conditions. It was probably from
not knowing this fact .that Chauveau, in 1865, and
Martin, of Boston, in 1860, reproduced human small-pox
by vaccinating from cows who had been the subjects of
variolous inoculation. The variolous poison had, in
these cases, not had the time required for its trans-
formation into vaccinia. There remains, however, much
still to learn as to the conditions under which the change
from variola to vaccinia is accomplished.

With regard to the bacteriology of vaccine lymph, a
subject on which much laborious investigation' has been
expended, Dr. Copeman comes to the conclusion that
from lymph taken from matured vesicles ‘“inoculation
of plates or tubes of nutrient material usually result in
abundant growths of micro-organisms.” Dr. Copeman
succeeded, however, in growing the small-pox contagion
as a pure culture, by using hen’s eggs as the culture
medium. “For the purpose of such inoculations I em-
ployed variolous crusts. . . . These crusts were rubbed
up in a small glass mortar with a minimal quantity of
water . . . and the inoculation was carried out. Finally
the small hole in the egg was closed up.” The eggs
so inoculated were kept in the incubator for a month,
‘and calves were then inoculated with the egg culture,
and after being passed through a series of calves the
resulting lymph was successfully used for the vaccination
of children, Drs. Copeman and Blaxall have since
obtained pure cultures of “the same organism on the
surface of agar plates, and this not only when vaccine
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lymph, both of human and bovine origin, was employed,
but from variolous lymph as well.” From these plates
sub-cultures were obtained, and from the third and fourth
generation typical vaccinia was induced both in calves
and in children.

Monkeys have been of considerable assistance to Dr.
‘Copeman in his investigations upon lymph. He began
by proving experimentally that they are susceptible both
10 vaccination and to variolation, and he found that in
them vaccinia protected from small-pox, and wice versa.
“In no instance had the experiment a fatal termination,”
mor does it appear from the report that even variolation
caused serious illness ; it was “inoculated” rather than
““natural ” small-pox. Dr, Copeman adds :

“In discussing the origin of the various lymph stocks
at_present in use, Messrs. Collins and Picton in their
minority report make a ({)omt of the impossibility of
employmg at the present day what used to be known as
the ‘variolous test’ as a proof of the efficacy or the
reverse of any particular strain of lymph. In view,
however, of my experiments with monkeys this criti-
cism . . . falls to the ground ; since if it is desired to
apply the variolous test to any given lymph stock, all
that is necessary is to vaccinate a monkey with a sample
of the lymph in question, and subsequently to inoculate
the animal with potent small-pox lymph after the lapse
of such period from the first operation as may be thought
desirable.”

Dr. Copeman’s researches upon the effect of glycerine
in purifying and preserving vaccine lymph, date from
1891. Previous to this he had seen reason to think that
the exuberant growth of what may be called extraneous
organisms, might tend to check the development of the
more important organism for which he was searching,
He therefore set himself to find an agent which would
check the growth of these extraneous or useless micro-
organisms in lymph.

The use of glycerine as a difuent or preservative of
lymph had long been known. What was not known was
that by an intimate admixture of perfectly pure glycerine
with lymph, and by storing the mixture for a considerable
time under conditions which prevent the aceess of air
and light, the foreign organisms in the lymph are
gradually destroyed or so checked in their growth that
they cease to multiply and come to an end. The pro-
portion of glycerine required for this inhibitory influence
is a large one—30 per cent., 40 per cent,, or 50 per cent.
for the different organisms. Dr. Copeman details ex-
periments made by himself and Dr. Blaxall with lymph
to which had been added, a month before using it, large
quantities of virulent tubercle bacilli. No growth of the
tubercle bacillus could be obtained, nor was any effect
produced by repeated injections of this lymph into
guinea-pigs, while from the same supply of tubercle
culture material, not treated with glycerine, tuberculosis
was in due course developed, at first locally and then
generalised.

It must be borne in mind that an essential part of the
process Dr. Copeman recommends is the length of time
during which the organisms in the lymph are exposed
to the influence of chemically pure glycerine, unaided by
the vitalising influences of light and air.

Dr, Copeman gives photographs of a series of sub-
-cultures on nutrient agar-agar after twenty-four hours,
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then after one, two, three, four and six weeks respectively.
The extraneous organisms progressively diminished till
at the end of four weeks there were none, and after six
weeks there were also none.

It is natural to ask if glycerine can in time, and under
favouring conditions, entirely inhibit the growth of
extraneous organisms, will not the essential vaccine
organism presently share the same fate ? Is glycerinated
calf lymph sure to retain its activity for a sufficient
length of time for all practical purposes? These ques-
tions scarcely admit at present of an absolute answer.
Dr. Copeman believes the lymph from different calves
varies very much in potency. He quotes facts which
go to show that there is no reason to distrust the lymph
treated as he recommends while stored in bulk.

“A lymph which was collected and glycerinated on
July 13, 1897, has since been used at intervals of from
twenty-four to thirty-two weeks after glycerination, for
the vaccination of children. During this period sixty-
one children have been vaccinated with this lymph in
five places each, with a mean insertion success of 98 per
cent.”

It must, however, be borne in mind that for the
children thus vaccinated the lymph had not been kept
in capillary tubes. It is necessary to wait for further ex-
perience before it can be taken as proved that glycerin-
ated lymph can be kept in an active condition for any
considerable time in such tubes. It would be interesting
to know if lymph can be stored and distributed in fairly
large bulk in such a way as to be available when wanted,
even where, as on board ship, otherwise perfect condi-
tions as to temperature, exclusion of light and air can be
secured. A method by which enough perfectly pure
lymph to vaccinate, say, a thousand people, in one series,
could be carried through the tropics would be of great
value, and there seems some ground for doubting if
glycerinated calf lymph in capillary tubes would under
such conditions be absolutely trustworthy. It would have
for the round voyage to retain its potency for at least
from four to six months.

Dr. Copeman’s contribution to the study of the bac-
teriology of vaccination is of high value and interest.

A MODERN TYCHO.

Siddhdnta-Darpana; a Treatise on Astronomy. By
Mahdmahopddhydya Sdmanta Sri Chandrasékhara
Simha. Edited with an introduction by Jogés Chandra
Rdy, M.A., Professor of Physical Science, Cuttack
College, Calcutta, 1897.

ANY one who reads the very interesting introduction

of sixty-one pages that Prof. Rdy has attached to
this Sanscrit work will regret very much his inability to
fathom the work that follows. For therein is contained
the results of the patient and industrious inquiry of one
who, unaided by the accumulated knowledge of Western
astronomers, resolutely set himself to solve the problem
of celestial mechanics by the aid of such instruments as
he could fashion himself, and where the time-honoured
clepsydra supplied the place of the sidereal clock. The
only assistance he seems to have had were the similar
rough observations of Bhdskara (born 1114) and some still
older observers. Prof. Rdy compares the author very
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properly to Tycho. But we should imagine him to be a
greater than Tycho, for without the same assistance,
without the encouragement of kings and the applause of
his fellows, he has advanced his favourite science quite
as effectually as did the Danish astronomer. It is espe-
cially curious to notice that the system at which Chan-
drasékhara ultimately arrived, and the explanation he
offers of it, bears a very considerable resemblance to that
which Tycho taught. The author has never been able
to convince himself that the earth turns on its axis, or
that it goes round the sun ; but to the planets he assigned
heliocentric motion, much as Tycho did.

We get some notion of the success that attended the |

work, and of how much it is in one man’s power to ac-
complish, if we examine the differences between the
values he assigns to some of the constants of astronomy
and those in use with ourselves. The error in the
sidereal period of the sun is 206 seconds ; of the moon,
1 second ; Mercury, 79 seconds ; Venus, about 2 minutes ;
Mars, 9 minutes ; Jupiter, an hour; and Saturn, rather
more than half a day. The accuracy with which he
determined the inclination of the planets to the ecliptic
is still more remarkable. Mercury offers the largest
error, and that is only about two minutes. In the case
of the Solar orbit the greatest equation to the centre is
only 14 seconds in error. In the Lunar theory, the
revolution of the node has been concluded with an error
of about 54 days, less than the thousandth part of the
whole period ; while he has independently detected and
assigned very approximate values to the evection, the
variation, and the annual equation. ‘

The main object that Chandrasékhara had before him
seems to have been to correct the calendar, and regulate
the daily ritual of the Hindu religion. No two almanacs,
Prof. Rdy tells us, agree ; but any attempt to introduce
the Nautical Almanac and its acknowledged accuracy
would prove unsuccessful. The necessary corrections and
unification must, to be acceptable, come from within and
be the work of a Hindu, uninfluenced by foreign educa-
tion. The work of Chandrasékhara has received the
sanction of the honoured Rashis, and the adoption of
the corrections which he has shown to be necessary will
exert upon native society a beneficial influence, whose
importance can be hardly overrated in a community
where a correct almanac is an indispensable equipment
of every household. We should like much to linger over
Prof. R4y’s remarks on the subject of precession and his
chronological deductions. These and many other points
are discussed with great ability, though Prof. Rdy
modestly disclaims any special astronomical capacity.
The effect is to leave us at every page with a higher
opinion of the author laboriously recording his observa-
tions on a palm-leaf, and unselfishly devoting his life to
the services of his countrymen, who do not appreciate
the nobility of the effort and the entirety of his devotion.
We are in full sympathy with the editor when he writes
thus of the author, of his privations and his star-gazing :

“What has he done after all ? asks the impatient critic.
To him I would say—Is it not enough to find in this
man a true lover of science, who, regardless of other
people’s unfavourable opinion of his work, their taunts
and dissuasions, has devoted his whole life to the one
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pursuit of knowledge ; who has shown the way to original
research amidst difficulties serious enough to dishearten
men in better circumstances ; who has employed his
time usefully, instead of frittering it away like the usual
run of men of his rank, on a work which guides the

daily routine of millions of his countrymen.”
W. E. P.

- — S AR LY S O — innst

OQUR BOOK SHELF.
Photography : its History, Processes, Apparatus, and

Materials. By A. Brothers, F.R.A.S. Second Edition.
Pp. xviii + 367. (London: C. Griffin and Co., Ltd,,
1899.)

MR. BROTHERS, of Manchester, has been known for so
many years in connection with photography and allied
subjects, that his personal experiences have much value
for the student. The time is gradually approaching
when the history of the early developments of photo-
graphy will be completed, because it will be impossible
to add to our recorded knowledge of them ; meanwhile
we welcome every addition. Mr. Brothers describes
the first experiments in the use of magnesium as an
illuminant for photographic purposes, and how he found
that the wire burned better when it was flattened into
ribbon by passing it between rollers. The first photograph
taken underground was by Mr. Brothers, and he gives a
reproduction of it. It was produced in 1864 in the Blue
John Mine in Derbyshire, Ey the aid of burning mag-
nesium. In the following year Prof. Piazzi Smyth used
the same illuminant in photographing the chamber in the
interior of the Great Pyramid. Being in doubt asto who
was the first to use sodium thiosulphate as a fixing reagent,
Mr. Brothers, in 1866, wrote to Sir John Herschel,
and received from him a long letter on the subject, which
is printed in full in the work before us. In it Sir John
gives quotations from his papers on ‘“hyposulphurous
acid and its compounds,” published in the Zdinburgi
Philosophical Journal of 1819, and also extracts from
his own laboratory note-book of January 1839, which
appear to establish his claim to being the first to use the
thiosulphates in photography. The description of Sir
John’s attempts to imitate the photographic successes of
Daguerre, of which at that time there were only very
vague reports as the process was not published until
later in the year, are very interesting.

Although the volume is called a “ Manual of Photo-
graphy,” it is hardly what is commonly understood by
this term. After introductory matter, which is chiefly a
consideration of chemistry, optics, and artificial light, as
applied in photography, there follow sections titled
“ Processes,” “ Apparatus,” ‘“ Materials used in photo-
graphy,” “ Applications of photography,” and * Practical
hints.” In each section the numerous headings are
alphabetically arranged, their descriptions extending
from two or three lines to, occasionaﬁy, several pages
in length., The space allotted to each subject is not
proportional to its demands. While more than eight
pages are devoted to the stereoscope, less than three are
given to carbon printing, and for details of this most
important of processes the student is referred to the
guide issued by the Autotype Company! This bemg a
second edition, much new matter has been added,
Radiography, the “kromoscope,” the new developers,
and some of the newer lenses are described, the last
chiefly by 3uotations from the makers’ price lists. The
greatest advance in photographic optics since Petzval
calculated the portrait lens that bears his name, is prac-
tically ignored. Astigmatism is referred to, in a dozen
lines or so, as “a defect most general in portrait lenses”
that “has to be reduced to a minimum by the use of a
diaphragm.” It is worth noting that at both pages.
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Where large numbers of books have to be cared for, as in
libraries, ‘“ silverfish”’ and cockroaches are, in this climate, the
enemies perhaps most to be dreaded. These lurk and breed in
‘the spaces between the woodwork and the walls, and in crevices
and crannies about the shelves.

Mr.ﬁ]. J. Fletcher, Secretary to the Linnean Society of N.S.W.,
has effectually rid the library of the Society of these pests by
freely dusting into the crevices ordinary powdered Paris green.
‘Wherever there was a space in which the insects could lurk, Mr,
Fletcher applied the powder, and now the books, which were
formerly much disfigured by the insects nibbling the bindings,
remain entirely free from damage because of the extermination
of the pests, THOS. STEEL,

Colonial Sugar Refinery Company, Sydney, January 31.

Radiation in a Magnetic Field.

IN the very interesting summary of our present knowledge of
the Zeeman effect, Mr. Preston has interpreted a number of
wwesults I obtained by the interferometer and the echelon spectro-
scope in such a way as to cast a general doubt over the perform-
ances of these instruments, Some of these
interpretations are undoubtedly the result
of misunderstandings due to my own want
«of clearness. I venture, therefore, to
present a summary of the principal results,
emphasising where necessary the points
which require further chIanalion.

In the article to which Mr., Preston
vefers (ZPhil. Mag., vol. xxxiv. p. 280,
1892), it was shown that the visibility
curve, in the case of about twenty radia-
tions examined, showed peculiarities from
which the character of the spectrum could
be inferred, and a considerable number of
“‘lines " were shown to be double, triple,
or more highly complex. Mr, Preston
vemarks: ‘‘This structure has never yet
been observed by means of any ordinary
form of spectroscope, and accordingly it
+has been suggested that it does not exist
dn the light radiated from the source, but.is imposed on the
spectral lines by the alppamtus used, namely, the interferometer,”

It might be replied that such an explanation would be very
«ifficult to accept, in view of the very great constancy of the
vesults, with instruments of different construction and dimen-
sions, with different observers, and with different forms of
vacuum tubes employed. But, if I am not mistaken, the only
attempt at explanation of the peculiarities of my visibility
curves, was that which attributes them to diffraction effects ;
which, however, “would necessarily be of a totally different
character, and indeed in most cases entirely insignificant.

The real reasons for the absence of confirmation of these
results by the specttoscoge are probably that the resolving
.power is insufficient ; or where the resolving power is insufficient
the radiating substance is not in a vacuum tube, and the con-
sequent broadening of the lines under atmospheric pressure is so
.great as to mask the details of structure; or, finally, if the
substance is placed in a vacuum tube, the light is not sufficiently

bright.

’Furning now to Mr. Preston’s criticism of the results obtained
in the investigation of the Zeeman effect, the following remarks
may help to clear up the ‘‘ most surprising statement that the
separation of the lines in the triplets produced by the mag-
netic field is independent of both the spectral line and the
-substance.”

The law referred to is stated thus: *‘ The separation is pro-
?onional to the strength of field, and is approximately the same
or all colours and for all substances.”

But on p. 137 of the same article (Astrophysical Journal,
‘vol. vii. No. 2, 1898) will be found the further modification :

*“ The following table shows that the law . . . is only
approximately true. In fact, owing to the complexity of the
spectra, there is considerable latitude in the choice of the
distance between the outer groups. If this correspond to the
brightest components tke law can hardly be said to hold at all ;
but if the distance be taken between the centres of gravity of
ithe light areas, a fair agreement is found. The ta%le gives
separation in tenth-meters for a field 10,000, The lines marked
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with an asterisk are less accurate than the others on account of
broadening :

*Hydrogen Red 0'48
*Lithium Red 0'60
Cadmium Red 0'42
Zinc Red 042
Mercury Yellow 0'36
*Sodium Yellow 0'50
*Helium Green 0°'37
Mercury Green 040
Cadimium Green 0'41
*“Thallium Green 0'36
Cadmium Blue 0'40
Zinc Blue 0'33
Mercury Violet 0'33

““Taking into account the uncertainty alluded to, the results
show on the whole a fair agreement, from which it may be con-
cluded that the separation is independent of the radiating sub-
stance and of the colour.”

A | A
B
Type I

A number of radiations have been examined since the fore-
going was published ; and while there are undoubted exceptions

ol ol

bvla,lﬂ.llit
Type IL

F1G. 1.—a, plane of polarisation, Equatorial.
B, xial,

Type 1L

” "

to the law, I still think, keeping in mind the limitations
referred to, it is in the main correct.

These results and others obtained by the interferometer, as
Mr. Preston states, have been verified by the echelon spectro-
scope ; and I think the explanation of apparent differences be-
tween results obtained by these methods and by other forms of
spectroscope are to be explained, not by an actual variance, but
by a misunderstanding of the degree of approximation the results

Z, ,/.Bl.

L

I
i

Red. Type L.
Green. [\ Type I11.
Blue. A A M Type I1.
Violet. A /\ /\ Type 1.

FiG. 2.

are intended to show, except where the resolving power of the
other spectroscopes is insufficient.

Mr. Preston states: ““ With apparatus which reveals structure
or multiplicity in the ordinary spectral lines, it is to be expected
that multiglicily would be readily revealed in the constituents
produced by the magnetic field ; yet in the case of some lines,
the amount of finer structure revealed does not appear to be as
great as that observed with a good grating, . . .” In reply to
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ithis statement, I would say that I know of no such instance.
If there are cases of lines showing structure by the ordinary
grating, which I do not mention, it is simply that my attention
has not been directed to them, and I should venture to guarantee
that if observed by either the interferometer or the echelon,
they must show the same structure—or a finer,

I should have thought the tripling of the middle green line in
the case of the green mercury and cadmium lines a matter of suffi-
cient importance to add to those figured in Mr. Preston’s paper.

To illustrate the preceding remarks, as well as to show the
performance of the interferometer, I present a figure showing
the three types of Zeeman effect, and another showing how
these results are confirmed by the echelon.

It will be observed that there is an indication of structure in
the outer lines, but at this time they had not actually been
resolved, This has since been accomplished, as shown in the
following figure :—

Fia. 3.

The following is a list of the radiations thus 1ar examined, and
itheir classifications according to these types :—

Mercury... Yellow lines... Type L
Green line Py 0083
Violet line RUYLR

Cadmium Red line ik
Green line NSO F)
Blue line Ty i

Zinc  «s. we Redline ... I

(? Cadmium) ... Green line Pt 0
Blue line s LT,
Sodium ... Yellow lines... K O A
Thallium Green line y» LI (doubtful)
Lithium ... Red line Broadened.
'Hydrogen Red line Broadened.
Helium ... Yellow line ... Broadened.
Green line ... Type L.
Gold Yellow line ... A o
Green line ... ys Jils
Silver Yellow line ... sviiils
Green line ... e o
“Copper ... Yellow line ... b1t Ve
Green lines ... ... Rus' s
Magnesium ... Green line (5183)... Standids
Green line(5172)... SR 6w
Green line (5167)... T
?Manganese Green line (5340)... SV
Argon ... Red line T S e 1]
Tin Red line (6450) ... §5 I
T

Yellow line (5798) 55
Yellow line (5587) ,, L
Yellow line (5564) ,, L

Iron ... Most lines ob Bl

Component lines of

Carbon ........ [ 4ed spectrum } Unaffected.
The University of Chicago Ryerson A, A, MICHELSON,
Physical Laboratory, Feb. 9.

1 Since this list was first published, decided indications of structure have
been noticed, especially in the broadened middle line, which under favour-
able conditions appears as a group of six or seven very fine lines just
‘resolvable, brightest at the centre, and extending through “the entire space
between the outer groups. Similar indications, though less distinct, were
traced in the outer groups.

2 Type 1V. was added to include cases where a broad or complex line
was simplified or narrowed in the magnetic field. This, as regards the
copper line and the manganese line, is true of the central line of the triplet,
and not (as might be inferred from the original paper) of the whole group.
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Attraction in a Spherical Hollow.

THE theorem you published in your number of January 19,
under the above head, may easily be deduced from the parallel-
ogram of forces put in this form :

Let oa be intensity and direction of an attractive force, aé
both for a repulsing force ; then the resultant of the two forces
in ¢ will be parallel and equal to Za. LANG.

Vienna, February 18.

THE REPORT OF THE SELECT COMMITTEE
ON THE SCIENCE AND ART DEPARTMENT.

IN the course of last year the newspapers contained an

account of the doings of the Select Committee of the
House of Commons appointed to inquire into, and report
upon, the administration of the Museums of the Science
and Art Department. It was an open secret that some
of the members of that Committee were bitterly opposed
to the officials of the Department; but however this
might be, all evidence tending to throw discredit was
very widely reported long before the Report was issued.

The Report of the Committee in due time made its
appearance, and it has now been considered by the Lords
of the Committee on Education. The result has been
embodied in the shape of the following Minute, which has
just been distributeJ among the Members of the House
of Commons and others.

By the Right Honourable the Lords of the Committee

of Her Majesty's most Honourable Privy Council on
Lducation.

Present :—His Grace the Duke of Devonshire, K.G.,
Lord President of the Council ; the Right Hon. Sir
John E. Gorst, M. P.,Vice:President of the Committee
of Council on Education.

(1) The Lords of the Committee of Council on Edu-
cation consider the Second Report from the Select
Committee of 1898 appointed to inquire into and report
upon the administration and cost of the Museums of the
Science and Art Department. My Lords have also before
them the observations on this Report prepared in accord-
ance with their instructions by the Secretary of the Science
and Art Department, a copy of which is appended to this
Minute.

(2) A reference to the proceedings of the Committee
shows that pp. 1 to 16 of the Report are based upon the
Chairman’s draft. This part of the Report appears to
contain a correct statement of facts, but it is followed by
paragraphs, introduced as amendments, which traverse
to a great extent the same ground, and contain many
inaccuracies and some inconsistencies.

(3) Having regard to passages which appear to reflect
on individual officers, My Lords desire to emphasise the
fact that they alone are responsible to Parliament for the
administration of the Museums, and to declare that their
directions have been loyally carried out by the staff, and
that they retain the fullest confidence in Sir John
Donnelly and his colleagues.

(4) They regret that the Committee should have
insinuated in their Report that officers have been
appointed because of their relationship to members of
the staff, and have been dismissed because of the evi-
dence they gave to the Committee. Such insinuations
are devoid of any foundation in fact.

By order of the Committee of Council on Education.

SCIENCE AT LIVERPOOL.

’I‘HE Lord Mayor of Liverpool is to be congratulated

upon a new departure. The Municipal authorities
of one of our most important cities have actually held
high festival in honour of a man of science, the occasion
being the award of the Rumford Medal to Prof. Lodge.
The Lord Mayor in the course of his speech said :
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‘“Prof, Lodge was appointed to Liverpool University College
in 1881, and since that time he had been closely associated
with the work of the institution and done much to advance its
reputation. Those who had come under the guidance and
instruction of Prof. Lodge testified uniformly to his urbanity,
courtesy, and kindness, and to the clearness and completeness
of the instruction which he afforded them, but, apart from that,
the original experimental work of Prof. Lodge entitled him to
the greatest distinction. Their guest was a many-sided man,
but the irreproachable certificate of his excellency as a man of
science he received when he was awarded the Rumford
Medal by the Royal Society. As to Prof. Lodge's attach-
ment to Liverpool, it was so far back as 1881 that the
were fortunate enough to secure association with him, and,
notwithstanding temptations—some they knew of, and others
of which they did not know—he had remained faithful
to Liverpool. He thought he voiced the feelings of his
fellow-citizens when he expressed the hope that Prof. Lodge
would long continue his work in their midst, University
College was an institution of which, with every reason, they
were most proud, and he believed that in addition to the in-
struction which was there imparted, the taste of the community
was directly raised, and the relations of the community to
thought were very considerably ennobled by the existence of
the college in their midst. The honour done to Prof. Lodge
by awarding him the Rumford Medal was emphasised by the

resence that night of some of the foremost men of science—
gir William Crookes, Prof. Fitzgerald, Prof. Myers, and others.
If it required any further emphasis, it would have been afforded
by the letters which he had received from some of the most
prominent men of the time, in which they all expressed their
deep regret at not being able to be present to do honour to their
distinguished guest.”

The Lord Mayor in conclusion alluded to the necessity
for the erection and endowment of a physical laboratory
at University College, and expressed the hope that before
long one worthy of the institution would be provided, in
whiih Prof. Lodge could carry on his important scientific
work.

Prof, Lodge said he could not adequately express his sense of
gratitude to the Lord Mayor for his speech—a speech of trans-
parent sincerity—whether he deserved it or not. The chief
magistrate had spoken about the endowment of a physical
laboratory. The man or men who endowed such a laboratory
in Liverpool would be doing a tremendous piece of work for
the advancement of science. They of University College felt
greatly indebted to the Lord Mayor for that magnificent recep-
tion and entertainment, and they rejoiced in the links that
were every year drawing closer ‘the city and University
College. The contact could not be too close. He desired
to take that opportunity of expressing his deep sense of
the extreme kindl;ess which had been shown to him during the
time he had been in Liverpool. A few of his friends had gone,
and amongst others, George Holt. No one helped him more
directly in his scientific work than George Holt. The require-
ments of a man of science were not only friendly, but, un-
fortunately, they were also material, and it was a great thing
that citizens of Liverpool and other places helped men of science
to do their work, hat was what George H[:)clt and others had
done, and what he believed others would do. The gatherin
that night was a remarkable proof of the amount of goo
feeling and appreciation shown by scientific men for the magni-
ficent act of the Lord Mayor in doing honour to science, for the
honour was really done to the Rumford Medal of the Royal
Society. The chief magistrate of Liverpool recognised in the
Royal Society the fountain of all Kurely scientific honour in this
country, and he also recognised the biennial award of the Rum-
ford Medal as an event of national—nay, even sometimes of inter-
national importance—Dbecause it was often given to foreigners, and
in this way promoted friendly feeling among the workers in
science in diflerent parts of the world. It was undoubtedly a
great honour to receive the Rumford Medal, and he was
astonished when he got the intimation that by some concaten-
ation of circumstances it had been awarded to him., After a
reference to the splendid work done in connection with Uni-
versity College by Dr. Rendal, the former principal, Prof,
Lodge concluded by saying that they in this peaceful and pros-
perous time had inherited the fruits of the labours of thousands
who had gone before, and as the Lord Mayor had reminded
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them, they owed a great deal to the splendid era of peace
through which they had lived, for it had given them an insight
into the processes of nature more deeply than ever it was possible
before, Science was yet in its infancy, human civilisation was
but emerging from its cradle, the smoke and the noise and the
squalor outside were evidences that we had not proceeded faron
the road to civilisation ; but we had made a start—a secure start,
he hoped, this time—and he thought the human race would not
again fall back.

Principal Glazebrook, speaking later, said that the esti-
mated cost of a physical laboratory for Liverpool was
between 30,000/, and 40,000/, One generous donor who
at present wished to remain unknown had promised
10,000/., and that night Sir John Brunner had offered
5000/., whilst Mr. Alfred Booth had made a challenge
offer of 2500/ if three other gentlemen would give the
same amount,

The dinner, then, has not been without important
results, and we hope that such an admirable precedent
will be often followed.

AN ANTARCTIC MEETING IN BEKRLIN.

EVER since the idea of despatching a German ex-
ploring expedition to the Antarctic was first
mooted in 1895, the leading scientific men of that
country, headed by the veteran champion of Antarctic
research, Dr. Neumayr, have been untiring in their
efforts to bring the idea to practical realisation,
and one by one most of the preliminary difficulties
have been overcome. A year ago the project began
to take definite shape, and the important question
of the choice of a leader was solved by the adoption as
such of Dr. Erich von Drygalski, then on the point of
completing his lengthened studies on the inland ice of
Greenland. During the past twelvemonth meetings
have been held in many of the chief cities of Germany,
where the proposals put forward by Dr. Drygalski and
others have met with an enthusiastic response. The
only remaining obstacle to success is the largeness of the
sum required for the expedition, which can hardly be
raised by private subscriptions, although these have
already reached a considerable amount. It has there-
fore been necessary to look for Government aid in the
matter, and the promoters of the enterprise have met
with cordial encouragement in official quarters; but,
with a view to further arousing the interest of influential
circles in the capital, a combined meeting of the Berlin
Geographical Society and of the Berlin-Charlottenburg
section of the German Colonial Society was held on
January 16 last, under the presidency of Baron von
Richthofen, for the purpose of putting before the public
the reasons for the despatch of an expedition and the
plans which have already been formed for its prosecution.
The meeting, at which many distinguished visitors
were present by invitation of the two societies, was
opened by a short preliminary address from Baron von
Richthofen, who sketched the history of the movement,
and gave some account of the previous polar work of the
chosen leader. Then, after some remarks by Prince von
Arenberg, who represented the Colonial Society, Dr. von
Drygalski spoke on the scientific, practical and national
importance of the proposed expedition. He began b
contrasting the broad features of the North and Sout
Polar regions—the former now known to be occugied by
a deep sea, the scattered islands in which form but the
outposts of the known continents—while, in the South,
men’s minds have from very early times pictured the
existence of a vast polar continent, the glamour of which
long exercised a potent attraction on voyagers, and was
finally dissipated only by the discoveries of Cook at the
end of the last century. Sketching the progress of dis-
covery since that navigator’s time, the speaker laid stress
on the important influence exerted by the German
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mathematician Gauss, who by his work on terrestrial
magnetism gave the impulse to the three expeditions of
D'Urville, Wilkes and Ross, to the last of which we owe
the whole groundwork of our scientific knowledge of the
South Polar region. Although the work of Cook and his
successors proved the non-existence of an Antarctic con-
tinent valuable from a commercial point of view, it is
still the fact that their voyages have—unlike those to the
North—brought to light more and more fragments of
land, and led to the involuntary conclusion that a con-
tinent does lie in those regions.

From a geographical point of view, the fundamental
problem attached to the South Polar region—the verifica-
tion or disproof of the existence of such a continent—is
still unsolved. No less important questions likewise
await solution with respect to the geological structure and
character of the southern lands —so important in con-
nection with a knowledge of volcanic action and the
supposed former connection of South America with
Australia-—and with respect to the conditions of inland
ice. It was pointed out by the speaker that even the
study of the floating ice broken away from the main mass
may lead to important conclusions as to its mode of
origin, and the nature of the land from which it comes.
Other problems to be investigated are : the origin of the
cold ocean currents which take their rise in the south ;
the conditions of atmospheric pressure and temperature
in that region ; and the questions relating to terrestrial
magnetism, which have so important a bearing on the
rmctice of navigation. Lastly, Dr. von Drygalskialluded,
ike Sir Clements Markham in this country, to the im-
portance of such an expedition from the point of view of
practical training to navigators, and the upholding of
national prestige ; while he also pointed out the ad-
vantages of international co-operation by the sending out
of simultaneous expeditions.

The section of Dr. von Drygalski’s address which will
be read with most interest is, perhaps, that relating to
the plans which have already been formed for the carry-
ing out of the enterprise. He began by pointing out that
the present seems a particularly favourable period for the
resumption of South Polar research, by reason of the un-
usual amount of drift-ice which has within the last few
years broken away from the main mass. This, together
with the fact that we are now, according to Supan, pass-
ing through a warmer temperature-period, should make
the next few years unusually favourable to navigation,
and suggests as the most suitable starting-point for an
expedition the Southern Indian Ocean, where drift ice
has been particularly abundant since 1894. Such a choice
also fits in well with the suggestions which have been
made with regard to an Englis expedition, the Southern
Pacific and Victoria Land having been mentioned as the
probable sphere of the latter. Proceeding southwards on
about the meridian of Kerguelen Land, and making en
route the necessary scientific observations of all kinds,
the expedition would attempt to reach some land where a
winter station could be formed, and where systematic
observations would be continued at the edge of the ice-
sheet. In the spring an advance would be attempted
southwards over the ice and towards the Magnetic Pole.
In the autumn a return would be made as far as possible
in a westerly direction along the coast-line supposed to
be discovered, the programme being completed within
about two years from the date of sailing. The accom-
panying -sketch-map, based on one which accompanies
the report of the meeting in the Verkandlungen of the
Berlin Geographical Society, shows the proposed route
in accordance with the above programme. On account of
the stormy nature of the southern seas, the lines adopted
for the construction of the #»am will not be suitable, sea-
worthiness being the first requisite. Ice-pressure is less
to be feared in the south than in the north, since the cur-
rents radiate outwards instead of inwards; and the
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necessary strength can be supplied by internal supports.
For many reasons it is thought unnecessary to despatch
more than one ship, one having proved sufficient for
recent North Polar voyages, while the movements of one
ship are often hampered by the endeavour to keep in
company with a consort. Should the vessels separate for
the better prosecution of scientific work, there would be
two expeditions, not one, and no additional securit

would be gained. The vessel should be built of wood,
both for its advantages in ice-navigation and to allow of
undisturbed magnetic observations. These, with those
concerned with meteorology, formed the subject of
special remarks by Dr. von Bezold, who pointed out the

Sketch-map of South Polar Region.

particular value attaching to such observations in the
region in question.

The whole plan of the expedition seems to have been
well thought out, and, judging from his previous services
to polar research, the scientific work could not be in
better hands than those of Dr. von Drygalski. It is to
be hoped that the remaining difficulties may speedily be
overcome, and that the result may be an important ad-
dition, within the next few years, to our scanty knowledge
of the southern regions.

THE SIKHIM HIMALAYAS!

OUR ignorance of the Eastern Himalayas is simply
astonishing. [t is hardly credible that for nearly
1000 miles, from the western extremity of Nepal (long.
about 81° E.) to the eastern end of Assam (long. 96° E.)
there is only the one small tract of Sikhim, barely fifty
miles broad, in which the higher mountains are accessible
to Europeans. Throughout Nepal and Bhutan and in
the wild forest tracts, inhabited by barbarous Indo-
Chinese tribes, east of the latter, none of the rulers of
British India can show their faces.

But even in the small mountain region that is open to
exploration very few travellers take advantage of the
opportunities afforded to them. In the book before us,
the author justly insists on the great superiority of the
Eastern over the Western Himalayas in scenery.
Whether he is right or not in calling the magnificent
panorama seen from Senchal, close to Darjeeling, “the

1 “Among the Himalayas.” By Major L. A. Waddell, LL.D., F.L.S.,

&c., Indian Army Medical Corps. Pp. xvi + 452, (Westminster :
Constable, 1899.)
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grandest snowy landscape in the world,” it is certainly
questionable whether a grander view is known. One
reason amongst others why the prospect of the snowy
range from Darjeeling so greatly excels that from Simla,
for instance, is that the high snow-clad peaks are only
half as far distant from the former as they are from the
latter. Nevertheless, the higher Himalayas north of
Naini Tal, Mussooree and Simla attract far more
European travellers than the higher ranges of Sikhim
because of the great difficulty and expense of journeying
in the latter country. Where there are practically no
roads, no rest-houses, no facilities for the conveyance of
baggage or provisions, and only very small and precarious
supplies of food, where everything, from tents to cooking-
pots, for a traveller and his guides and followers has to be
carried by porters brought from a distance, over steep
hillsides in dense forest, along precipices only to be
climbed by bamboo ladders, and across raging torrents
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the lower elevations, and the Tibetans or Bhotias who
occupy the higher habitable tracts, but he has also de-
voted considerable attention to the natural history of the
country. He was the author of a very large portion of
the Gazetteer of Sikhim, to which he contributed an ex-
cellent description of Lamaism or Tibetan Buddhism,
and also a list, with numerous notes, of the Sikhim birds.
Although his present work, “Among the Himalayas,”
wants the charm of Hooker’s delightful “ Himalayan
Journals,” treating of the same area, it contains a good
descriptive account of Sikhim, with many excellent
illustrations.

The book consists of notes on journeys made at
different times through various parts of Sikhim, chiefly
by the author himself. He was unfortunately prevented
from visiting the Lachen valley and its tributary the
Zemu, leading to perhaps the most interesting corner
of the country, north of the great snowy mountain Kan-

spanned by swaying cane bridges that afford, by the in-
security of their fastenings and the tenuity of their foot-
hold, a lively conception of the approach to the Mahom-
medan Paradise, it is not surprising that but few
travellers care to face the difficulties of the journey. It
is true that within the last decade a few bridle roads
have been made and rest-houses built, here and there,
but still travelling in the interior of Sikhim is by no
means so easy as inthe Western Himalayas.

Yet Sikhim has many attractions besides its scenery.
The fauna and flora are wonderfully rich and interesting ;
of birds alone nearly 600 species are known to occur,
or about as many as are found in the whole of Europe,
and the inhabitants afford a remarkable anthropological
problem. Major Waddell, the author of the work before
us, has peculiar advantages in undertaking a description
of the country, for not only has he spent many years in
studying the languages, religion and customs of the

chenjunga; and this is particularly to be regretted,
because the tract specified has hitherto been very briefly
and imperfectly described, though some beautiful photo-
graphs were obtained, of which one is now repro-
duced. Almost all of the routes traversed by Major
Waddell had been previously described by Hooker or
by other travellers ; but the present work adds much
useful information, as it is the first written by any one
familiar with the languages and customs of the people.
The illustrations, chiefly photographs of the scenery and
of the people, their dwellings, monasteries, &c., repro-
duced by some of the processes now so largely used, are
not only very numerous, but also well selected and, in the
majority of cases, effectively printed. No better repre-
sentations of Himalayan scenery have ever been published
on a small scale.

It is impossible here to discuss the numerous subjects
noticed by Major Waddell, but there is one of general

principal inhabitants, the aboriginal Lepchas who cultivate | interest—Mount Everest—to which he makes an im-

NO. 1532, VOL. 59]



MARrcH 9, 1899]

NATURE

445

portant contribution. In the first
confirms, by clear and independent evidence, the decision
accepted by the officers of the Great Trigonometrical
Survey of India, that the names such as Gau