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which gives Abraham’s expression for the transverse mass.
CoRNELL UNIVERSITY,
March, 1908.

THE RECENTLY DISCOVERED MANUSCRIPT
OF ARCHIMEDES.

Proressor J. L. Heiberg has published two important ac-
counts of his recent discovery of a new manuscript of Archi-
medes, both of which are of great interest to mathematicians.
The first of these accounts is printed in volume 42 of Hermes.
It contains the Greek text of a lost treatise of Archimedes,
which is recovered nearly complete in the newly found manu-
seript. A German translation of the Greek text, and an inter-
esting commentary by Zeuthen, is printed by Heiberg in the
Bibliotheca Mathematica, volume 7, page 321.

Professor Heiberg’s critical study of Archimedes has ex-
tended over a period of more than thirty years. His disserta-
tion, ¢ Queestiones Archimedes” (Copenhagen, 1879), is con-
stantly referred to by students of Archimedes, both on account
of its scholarly critique of Archimedes’s work, and on account
of the innumerable references to Archimedean literature which
are there brought together for the first time. In 1880-1881
Heiberg published the definitive edition of Archimedes, with
which his name is usually associated. It was while at work
upon a second edition of this book that Heiberg’s attention
was directed to a palimpsest manuscript of mathematical con-
tent recently catalogued in a cloister at Constantinople. Fail-
ing in an attempt to have the manuscript sent to him at Copen-
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hagen, Heiberg spent the summer of 1906 in Constantinople.
Investigation soon showed that the manuscript contained im-
portant new material, the study of which would cost more time
than was then at Heiberg’s disposal. Consequently photogra-
phy was used wherever possible to copy the pages containing
the new material. A facsimile is printed on page 235 of the
volume of Hermes referred to above.

The contents of the palimpsest are as follows: (1) Large
portions of the previously known writings of Archimedes, the
Sphere and Cylinder and On Spirals, nearly complete, parts of
Measurement of the Circle, and Equilibrium of Planes; (2) a
large part of the book On Floating Bodies, which was hitherto
extant only in a Latin translation, so that numerous defects and
lacune in this book can now be healed ; (3) a hitherto unknown
treatise quoted by Heron and referred to by Suidas, the title
of which we will translate ¢ A Method.” This book consti-
tutes the most important find of new material. There is also
the beginning of “’Apyiurdovs Sropay(wedv)” which Heiberg
says is a sort of ¢ Chinese game,” of which there is not enough
remaining to patch up the meaning of the original.

The recovery of this lost work of Archimedes must be con-
sidered of the very foremost importance. Of course, the re-
covery of any work of so original a genius as Archimedes must
be considered important. The special significance, however,
of the present find consists in the fact that here Archimedes
admits us to his mathematical workshop, and points out to us,
not only how his discoveries were made, but how other discoveries
may be made in the future by the method of research which he
discloses. It is a common complaint that the Greek mathe-
matics that has come down to us yields no trace of the proc-
ess of discovery used by the investigator. The motto of the
Greek school might well have been: ¢Results and not processes
are for the public.” This book of Archimedes is the one known
exception, for herein he relates in charming detail the story of
the discovery of some of the most fundamental and most in-
teresting theorems of geometry.

Archimedes sends “ A Method”’ to Eratosthenes, in order to
make him acquainted with his method of discovery. It isa
conscious attempt, not only to hand Eratosthenes the demon-
stration of certain theorems which Archimedes had propounded
to him, without proof; but to give to Eratosthenes the knowl-
edge of a method of research by which many new truths might
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be expected to be discovered. At this point it is probably best
to let Archimedes speak for himself. It is a matter of great
interest that the letters which Archimedes prefixed to his dif-
ferent mathematical treatises have come down to us. These
are all of very great value in showing us the personal side of
his work and in coordinating the different lines of inquiry that
absorbed his attention. The present book is no exception, and
the letter to Eratosthenes which opens the book is preserved
intact. It reads as follows:

“ARCHIMEDES TO ERATOSTHENES, GREETING: 1 for-
merly sent you some theorems discovered by myself with the
request that you find the proofs which I provisionally with-
held. The theorems which I sent to you were as follows :

1. If a cylinder be inscribed in a rectangular prism with
square base, so that its bases lie in the opposite
squares, and so that elements touch the remaining
planes of the prism, and if a plane be passed through
the center of the circle which is the base of the
cylinder and a side of the square lying in the oppo-
site face of the prism, then this plane cuts off a seg-
ment of the cylinder which is bounded by two planes
(the cutting plane and the plane wherein lies the
base of the cylinder) and by the portion of the cylin-
drical surface lying between the planes just men-
tioned ; this segment of the cylinder is { of the whole
prism.

2. If there be inscribed in a cube a cylinder which has its
bases in opposite squares and touches the other four
faces of the cube, and, moreover in the same cube a
second cylinder be inscribed which has its bases in
two other squares, and touches the other four faces
of the cube, the solid enclosed by the cylindrical
surfaces (which solid is common to the two cylin-
ders), is equal to % of the entire cube.

“These theorems are essentially different from those com-
municated by me earlier ; the former bodies, the conoids and
spheroids and their segments, we compared with the volumes of
cones and eylinders, but none of them were found to be equal
to a body bounded by planes; on the other hand, each of the
present solids, bounded by two planes and cylindrical surfaces,
was found equal to solids bounded by planes. I send the proof
of these theorems in this book.
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“ However, since I see that you are an excellent scholar, and
that you are not only a prominent student of philosophy, but
also a lover of mathematical research, I have deemed it well to
explain to you and put down in this same book a special method
whereby the possibility will be offered you to investigate any
mathematical question by means of mechanics. And I am con-
vinced that it is quite as useful in the proof of the theorems
themselves ; for many of them that were formerly only clear to
me through mechanics were afterwards proved by geometry,
although the treatment by the former method was not founded
on demonstration : indeed, if one has previously gotten a con-
ception of the problem by this method, it is easier to produce
the proof than to find it without a provisional conception.
Likewise, if one considers the known theorems whose demon-
strations were first found by Eudoxus, namely that the cone and
the pyramid are respectively one third of the cylinder and prism
having the same base and equal altitudes, one must award no
slight credit to Democritus who first obtained expression for
these truths without a proof. We are also in the position of
having previously discovered in the same way the theorems now
to be published, and we feel obliged to make the method known,
partly because we have previously spoken of them, lest it be
believed that we have spread an idle tale, partly in the convie-
tion that there will be instituted thereby a matter of no slight
utility in mathematics. In fact, I believe that living or future
investigators will discover other theorems which have not
occurred to us by the method here discussed.

“We will first explain a theorem that first became clear to
me by means of mechanics — to wit that a segment of a parabola
is 4 the triangle that has the same base and equal altitude, but
thereafter will be given in turn the several theorems found by
the method described ; and at the conclusion of the book we
present the geometrical proof of the theorems above mentioned.”

After this introduction, Archimedes gives a list of eight
lemmas which he will use in the following demonstrations. All
of these are theorems concerning the position of the center of
gravity of known geometrical figures. The first five are found
in his treatise “ On the equilibrium of planes.” No. 6, “ The
center of gravity of a circle is its center”; No. 7, ¢ The center
of gravity of a cylinder is the middle point of its axis” ; No.
8, ¢ The center of gravity of a cone divides the axis so that the






