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the base of the projectile. Apparently the gases gener
ated by the tracing compound prevent the formation 
of a region of diminished pressure, and hence the 
formation of a base wave. About two inches back 
from the base of the tracer bullet, particles of the tracing 
compound can be seen as they leave the wake. 

In conclusion, the author wishes to express his in
debtedness to Dr. E. A. Eckhardt for suggestions and 
assistance in the experiments and in the preparation of 
the manuscript, and to Drs. L. J. Briggs and E. Bucking
ham for their kindly interest in the experiments and 
their helpful suggestions and criticisms. 

The courtesy of the Frankford Arsenal in furnishing 
some of the arms and ammunition is gladly acknow
ledged. Most of the photographs here presented were 
taken in the process of developing the design of bullet 
photography apparatus for the use of that organisation. 

BIBLIOGRAPHY. 
The following references make no pretence at completeness, but those 

interested may find the list of interest. 
1. C. V. Boys, NATURE, vol. 147, pp. 415 and 440, 1893· 
2. Cranz & Glatzel, Verk. d. Deutsch. Pkys. Ges. vol. 14, pp. 525-535, 1912. 
3· " Encyklop.idie der Photographie," vol. 29. 
4· " Encyklop3die der Photographie," vol. 12. 
5. C. Cranz, ' 4 Lehrbuch der Ballistik," Ill. 
6. U.S.N. Ordnance Pamphlet, No. 422, by W. A. Hyde. 
7. Quayle, J oum. Frankl. Inst . vol. 193, pp. 627-640, 1922. 
8. C. V. Boys, Photographic ]oumol, vol. 16, pp. 19-209, 1891-92. 

Hindu Astronomy. 
study of the origin and progress of Indian 

astronomy has attracted a good deal of atten
tion among Orientalists and historians of astronomy 
during the last 140 years, and has given rise to a con
siderable amount of controversy, which now seems to 
have ceased, at least among competent scholars. The 
history of the literature of the subject down to 1893 
was written by the late James Burgess (Journal of the 
Royal Asiatic Society, October 1893) and need not detain 
us here. While during the last seventy years critical 
editions and commentaries of the Siddhantas or text
books have finally silenced the opponents of the con
nexion between the later Hindu astronomy and that 
of the Alexandrian Greeks, attention has also been 
directed to the earlier Vedic and post-Vedic periods. 
But a general account of the subject in the English 
language was wanting, and this has now been supplied 
in a valuable memoir by Mr. G. R. Kaye/ who had 
already published several minor papers on Indian 
science, and an exhaustive monograph on those strange 
aftermaths of Muslim astronomy, the great masonry 
instruments of Jai Singh. 

The earliest sacred works of the Hindus, known as 
the Vedas, contain astronomical references of interest, 
and there is from the post-Vedic period a formal work 
on astronomy, the Jyotisha Vedanga, which claims by 
its title a fairly close connexion with the Vedas. The 
knowledge of astronomy in the Vedic period was very 
scanty; the year had 36o days, with an occasional 
intercalary month, not clearly defined ; the ecliptic 
was divided into 27 or 28 nakshatras or lunar mansions. 
The Vedic seers m,_st have had some knowledge of the 
planets, yet there is no explicit reference to them in 
any of the Vedic writings, though it is possible that in 
the Rigveda Jupiter is meant by Brihaspati, by which 
name the planet was known later on. In the post-Vedic 
period (about 400 B.C.-A.D. 2oo) we find a five-year 
cycle of 5 x 366 savana or civil days. The nakshatras 
are nowhere in these early works definitely connected 
with particular stars or constellations. Attempts have 
been made to assert that the early Hindu writers had 
knowledge of the precession of the equinoxes, but as 
their year was r8 hours too long, and their methods 
of observing were very crude, they could not possibly 
have anticipated the discovery of Hipparchus, which 
even the Babylonians, notwithstanding their accurate 
knowledge of astronomical periods, were unable to do. 

About the fourth century A.D., however, a very great 

1 Memoirs of the Archc:eologiral Survey of India, No. 18. rc Hindu 
As tronomy," by G. R . Kaye (Calcutta, 1924, 134 pp.). 
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change took place in the Hindu astronomical teaching. 
As we have already remarked, no European scholar now 
doubts that the new teaching was solely due to Greek 
influence, and only some Indians, influenced by senti
ment, continue to deny it. The Greek kingdom of 
Bactria had come to an end in the first century B.c., 
but a revival of intercourse between India and the 
West certainly began in the second half of the fourth 
century and was continued by Nestorian missionaries, 
who from Persia wandered all over the East. Our 
principal sources of information about the new science 
are the Aryabhatiya of Aryabhata (composed in A.D. 

499), Varaha Mihira's Panchasiddhantika (about A.D. 

sso), a similar work by Brahmagupta (about A.D. 6so), 
and the Silrya Siddhanta, which in the form now 
extant is later than A.D. rooo, but is founded on a 
much older original. Albiruni's celebrated book on 
India (A.D. rosr) is also a valuable source. 

The first glance at one of the siddhantas shows the 
Greek origin of the contents. Greek words connected 
with geometry, astronomy, and astrology have been 
transferred into Sanskrit books with very little modifica
tion ; thus horizon became harija, diametron jamitra, 
trigonon trigona, lepte lipta (a minute of arc), kentron 
kendra (also as meaning the arc of the excentric from 
the apogee to the centre of the epicycle), and many 
other terms. The nakshatra divisions of the zodiac 
were almost altogether superseded by the signs of the 
zodiac (previously unknown in India), and here again 
their origin is betrayed by their names : Kriya, Tavuri, 
Jituma, Karkin, Leya, etc., are clearly nothing but 
Krios, Tauros, Didymos, Karkinos, Leon, etc., though 
later works also use translations of the Greek names. 
But even more remarkable is the fact that the motions 
of the planets, which formerly had been completely 
ignored, were now dealt with in considerable detail, 
and altogether by Greek methods, adopting the theories 
of excentric circles and epicycles developed in Alex
andria. Everything in the siddhantas is borrowed 
from that seat of learning. Parallax and methods of 
calculating it were described, and it was shown how to 
calculate eclipses, a subject quite new to Indian works. 
The length of the year was properly determined and 
various problems of spherical astronomy were solved. 

There are some details of the Ptolemaic theory of 
planetary motion, which are not found in Hindu 
astronomy, namely, the equant or centre of equal 
motion different from the centre of equal distances, 
and certain complicated details in the theories of the 
moon and Mercury. It looks as if the date of the 
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original work, which was introduced into India about 
the fourth century, was somewhat anterior to that of 
Ptolemy (A.D. 14o), and this seems also to be indicated 
by the treatment of precession as a mere libration of 
the equinoxes. On the other hand, the apparent 
deviation of the epicycle from the circular form (which 
is not found in Ptolemy's work) may possibly be 

derived from an earlier attempt to represent what 
Ptolemy accounted for by the equant. Thus, Alex
andrian astronomy at the very time when the know
ledge of it became extinct in the West, and long before 
the Arabs revived it in the East, was transplanted to 
India, though not quite in the perfect form in which it 
was handed down to us by Ptolemy. J. L. E. D. 

0 bit u a ry. 
VISCOUNT LEVERHULME OF THE WESTERN ISLES. 

THE death on May 7 at the age of seventy-three of 
Lord Leverhulme deprives the world of a man 

quite out of the ordinary. Possessed of an amazing 
vitality, which increased rather than diminished as the 
years passed, he exerted an influence that will be missed 
more than a little. For the greater part of his life his 
activities were confined to the building up of his own 
business : it is only more recently, with the conduct 
of the details left in the hands of competent lieutenants, 
that he has played a part in the affairs of the world at 
large. Primarily a salesman by nature, Lord Lever
hulme had an intimate knowledge of every detail of 
the soap business ; as a designer of a works he can have 
had few equals-indeed, to play the architect was one 
of his chief recreations. The great factory at Port Sun
light and the smaller plants which are growing up all 
over the world will for many years be memorials of 
this phase of his greatness. 

Lord Leverhulme encouraged his technical staff in 
every possible way to keep abreast, if not ahead, of the 
times and spent large sums on original research both 
scientific and technical, himself taking the greatest 
personal interest in every detail of their progress, as 
exemplified by his practice of reading and making 
pertinent comments on every technical report sent to 
him. He was intensely interested in everything that 
concerned the betterment of the worker and was one 
of the very earliest pioneers in what is now coming to be 
regarded as the science of industrial psychology-the 
provision of educational facilities for the worker and 
his children played a large part at Port Sunlight village. 
Lord Leverhulme had little time to take any active 
part in higher education, though at times he was a 
generous patron of the University of Liverpool. His 
most generous gifts to the nation were latterly connected 
with art. 

Lord Leverhulme was selected to deliver the Messel 
Lecture of the Society of Chemical Industry at the 
Liverpool meeting last summer, when he gave an 
address of prime importance and full of literary charm 
which in course of time will rank as one of the most 
remarkable testaments of ideals ever made by an 
industrialist. The great soap industry with all its 
ramifications- the Lever Brothers organisation
which he built up, replacing empiricism by science and 
scientific method, though leaving cri!,ft where craft 
meant quality, is his memorial : he himself would wish 
for no other. 

WE much regret to record the death on March 1o, at 
the age of fifty-six years, of Prof. John F. Hayford, 
whose passing has been the occasion of appreciative 
accounts of his life and work in several American 
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scientific journals. John Fillimore Hayford was 
trained as a civil engineer at Cornell University and was 
appointed computer to the United States Coast and 
Geodetic Survey. During this time he served on the 
International Boundary Commission of the United 
States and Mexico. In 1895 he went to Cornell Uni
versity as an instructor in civil engineering, but in 1898 
he returned to the Coast and Geodetic Survey, where he 
remained as inspector of geodetic work and chief of the 
computing division until 1909. In that year he went 
to Northwestern University, Illinois, as director of 
the newly organised College of Engineering. While 
there he investigated on behalf of the Carnegie Institu
tion of Washington the problem of the surface levels of 
the Great Lakes and the causes of their fluctuations. 
Hayford is best known, however, for his computation 
of the dimensions of the earth, or the Hayford spheroid, 
based on the theory of isostasy, which was accepted at 
the recent Madrid meeting of the International Geodetic 
and Geophysical Union. His work on isostasy was also 
acknowledged last year by the award of the Victoria 
Medal of the Royal Geographical Society. 

PRoF. GuGLIELMO KoRNER, who died recently in 
Milan at the age of eighty-six years, was a native of 
Cassel. After extensive travels in European countries 
he became professor of chemistry at the Royal High 
School of Agriculture at Milan, remaining in that 
capacity for forty years. His work on the constitu
tion of pyridine and quinoline and on the orientation 
of derivatives of benzene is well known. He was the 
Davy medallist in 1900 of the Royal Society, and an 
honorary fellow of the Chemical Society. 

IN Naturen for March is a notice by A. E. Traen of 
Dr. Barthold Hansteen Cranner, professor of botany 
at the Agricultural College in Aas, Norway, who died 
on February 2, at the age of fifty-eight. Cranner was 
best known for his work on the biochemistry of the 
cell-wall in plants. 

WE regret to announce the following deaths : 
Prof. Albin Haller, For. Mem. R.S. and Davy 

medallist, and honorary fellow of the Chemical 
Society, director of the Municipal School of Physics 
and Chemistry in Paris and professor of organic 
chemistry at the Sorbonne. 

Prof. C. D. Woods, director from r8g6 until 1920 
of the Maine Agricultural Experiment Station, and 
since then director of information of the Massachusetts 
Department of Agriculture, who made noteworthy 
contributions to our knowledge of the nutrition of 
plants and animals and of foodstuffs generally, on 
March 30, aged sixty-eight. 
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