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INTRODUCTION.

CHAPTER L
ARCHIMEDES,

A 1L1FE of Archimedss was written by one Heracleides*, but
this biography has not survived, and sueh pg,rticula.rs ag are }fnown
have to be collected from many various sourcest. A?cordlng to
Tzetzes | he died at the age of 75, and, as he perished in the sack
of Syracuse (z.c. 212), it follows that he was probably ‘%)orn about,
287 B¢. He was the son of Pheidias the astronomer§, and was
on intimate terms with, if not related to, king Hieron and his

* Eutocius mentions this work in his comrmentary on Archimedes’ Mea,surr'zf
ment of the circle, dis pnow ‘Hpaxheldys év' 7@ ’épxqm’;&ous :Bftp. .He aliudes Igaﬂz
again in his commentary on Apoilomius’ Conics (ed. Heiberg, ‘Vol. . p- 18 ),
where, however, the name is wrongly given as 'de.nc)\ems._ This ]E‘{era.clel.dee ];9
perhaps the same as the Heracleides mentioned by Archimedes himself in the

i Spirals.
preiac:ntzgi;f;gfezznition of the materiale is given in E.[eiberg’s Qz‘m.esm:ones
Archimedeae (1879). The preface to Torelli’s edition also gives the main p?@tai
and the same work (pp. 363—370) quotes at length most of the ong{na
references to the mechanical inventicns of Archimedes. }TI'Aur.ther, the a:rtlcle
Arehimedes (by Hultseh) in Pauly-Wissowa’'s Beal-Encyclopidie der classz:schc?:
Altertumswissenschaften gives an entirely admirable summary of all the available

i L " griechi Litter in der
information. See alsc Susemihl's Geschichte der griechischen Lilteratur in de

Alexzandrinerzeit, 1. pp. 7231733,
+ Tzetzes, Chiliad., 11. 35, 105. ‘ )
§ Pheidias ia mentioned in the Sand-reckoner of Archimedes, riy rporépws

dorpoddywr Ebdétoy.. Peadla 3¢ 1ol dpoli warpds (the last words beingl the correctio_n
of Blass for rof ;Axoéranos, the reading of the text). Cf. Schol.vClark. in
Oregor. Nazianz. Or. 34, p. 355 s Morel. $eadlas 76 udv vyévos v Zupaxboros

darperbyos ¢ "Apyuidovs mardp.
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ARUHIMEDES. Xvil

catapults so ingenmiously constructed as to be eqﬁ&]ly serviceable
at long or short ranges, machines for discharging showers of
missiles throwgh holes made in the walls, and others conglsting
of long moveable poles projecting beyond the walls which either
dropped heavy weights upon the enemy’s ships, or grappled the
prows by means of an iron hand or a beak like that of a crane,
then lifted them into the air and let them fall again®*. Marcellus
is said to have derided his own engineers and artificers with the
words, “Shall we not make an end of fighting against this geo-
metrical Briareus who, sitting at ease by the sea, plays pitch and
toss with our ships to our confusion, and by the multitude of
missiles that he hurls at us outdoes the hundred-handed glants of
mythology 1t”; but the exhortation had no effect, the Romans being
in such abject terror that “if they did but see a piece of rope
or wood projecting above the wall, they would cry ‘there it is
again,’ declaring that Archimedes was setting some engine in motion
against them, and would turn their backs and run away, insomuch
that Marcellus desisted from all conflicts and assaults, putting all
his hope in a long sieget.” :

If we are rightly informed, Archimedes died, as he had lived,
absorbed in mathematical contemplation. The accounts of the
exact circumstances of his death differ in some details. Thus
Livy says simply that, amid the scenes of confusion that followed
the capture of Syracuse, he was found intent on some figures which
he had drawn in the dust, and wé,s killed by a soldier who did
not know who he was§. Plutarch gives more than one version in
the following passage. * Marcellus was most of all afficted at
the death of Archimedes; for, as fate would have it, he was intent
on working out some problem with a diagram and, having fixed
his mind and his eyes alike on his investigation, he never noticed
the incursion of the Romans nor the capture of the city. And
when a soldier came up to him suddenly and bade him follow to

* Polybius, Hist. vin. 7—8; Livy wxsv. 34; Plutarch, Marcellus, 15—17.

+ Plutarch, Marcellus, 17. ’

* ibid.

§ Livy xxv. 31. Cum wmaulis irae, multa avaritiae foeda exempls ederentur,
Archimedem memoriae proditum est in fanto tumultu, quantum panor captae
urbis in discarsn diripientium militum ciere poterat, intenturn formis, quas in
puluers descripserat, ab ignaro milite guis esset interfectum ; aegre id Marcellnm
tulisse eepultnrueque curam habitam, et propinquis etiam inquisitis honori
praesidiogue pomen ac memecriam eius fuisse.
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ARCHIMEDES. i

anvinting himself, in the o1l on his hody*.  Of the same kind is
the well-known story that, when he discovéred in a bath the
solution of the question referred 1o him by Hiercn as to whether
A certaln crown supposed to have been miade of gold did net in
reality contain a cerfain proportion of silver, he ran naked through
the street te his home shouting efpyra, eipyrat.

According to Pappus? it was in connexion with his discovery
of the solution of the problem T move o given weight by a given
Joree that Archimedes uttered the famous saying, “Give me a
place to stand on, and T can move the earth {8ds pou wob oTd Kol

?”  Platarch represents him as declaring to Hieron

K Ty i),
that any given weight could be moved by a given force, and
boasting, in reliance on the cogency of his demonstration, that, if
he were given another earth, he would cross over to it and nove
this one. “And when Hieron was struck with amazement and asked
kim to reduce the problem to practice and to give an illustration
of some great weight moved by a small force, he fixed upon a ship
of burden with three masts from the king’s arsenal which had
only been drawn up with great labour and many men ; and loading
her with many passengers and a full freight, sitting himself the
while far off, with no great endeavour but only holding the end
of a compound pulley (roddoeragroes) quietly in his hand and puiling
at 1t, he drew the ship along smoothly and safely as if she were
moving through the seay” According to Proclus the ship was one’
which Hieron had had made to send to king Ptolemy, and, when all
the Syracusans with their combined strength were unable to launch
it, Archimedes contrived a mechanical device which enabled Hieron
to move it by himself, insomuch that the latter declared that
“from that. day forth Archimedes was to be believed in every-
thing that he might say g.” While however it is thus established
that Archimedes invented some mechanical contrivance for moving
a large ship and thus gave a practical illustration of his thesis,
It is not certain whether the machine used was simply a compound

* Plutarch, Marcellus, 17.

t Vitruving, drekitect. 1x. 3. For an explanation of the manner in which
Archimedes probably solved this problem, see the note following On Soating
bodies, 7. 7 (p. 259 8q.).

1 Pappua v p. 1060.

§ Plutarch, Marcellus, 14.

i Proclus, Comm. on Kucl. 1., p. 63 {ed. Friedlein}.




XX INTRODUCTION.

pulley (wodioraoras) as stated by Plutarch ; for Athenacus*, in
describing the same incident, says that a Jielis was used. This
term must be supposed to vefer to a machine similar to the xoyhing
described by Pappus, in which s cog-wheel with oblique teeth
moves on & cylindrical helix turned by & handlet.
ever, describes 1% in connexion with the Bapoviscs o
while he distinctly refers to Heron as his authority, he gives no
hint that Archimedes invented either the Bapovhros or the par-
ticular xoydias; on the other hand, the wroivomragros ig mentioned
by Galen], and the rpicrasros {(triple pulley) by Oribasius§ as one
of the inventions of Archimedes, the rplomaoros being so called
either from its having three wheels {Vitruvius) or three ropes
{Oribasius). Nevertheless, it may well be that though the ship
could easily be kept in motion, when once started, by the rpi-
OTATTOS OF woAlorartes, Archimedes wag dblig
similar o the xayAias to give the first impulse
The name of yet another instrument appears in connexion with
the phrase about moving the earth. Tzetzes' version is, *“QGive
we & place to stand on (g Bw), and T will move the whole earth
with a xepioriwr))”; but, as in another passage ¥l he uses the word

Tplomaaros, it may be assumed that the two words represented ane
and the same thing**,

Pappus, how-
f Heron, and,

ed to use an appliance

It will be convenient to mention in this place the other
mechanical inventions of Archimedes. The best known is the

¥ Athenaens v. 207 a-b, karaokevdaas Tp Eka T4 Tohikoiror crdgos els iy
fddavoar karfyaye: wpiros & "Apyiushdns €pe Th THs Ehexos xatagketfy. To the
same effect is the statement of Eostathiue ad Il 1, P- 114 (ed. Stallb.) Méyera,
8¢ EME kal T pmyariis eldos, & Tpdras elpaw & Apyiushdns ioxluncé, pary, & adrod.

+ Pappus virr., pp, 1066, 1108 aq.

¥ Galen, in Hippocr. De artic., 1v. 47 (=3vOr p. 747, ed. Kiihn).

§ Oribasiug, Coll. med., snrx. 29 {rv. p. 407, ed. Bussemaker), 'AweAA{dous 4
"Apxuphovs rplerasror, deseribed in the same passage as having been invented
wpds Tds Tdw wholwr xabodrds, '

It Tzetzes, Chil. 1. 130,

W Ibid., 1. 61, & vhe dracrar saxavy TH Tprndary ol dra B xal cehetow
iy xBbva.

** Heiberg compares Bimplicius, Comm. in Arigtot. Phys. (ed. Diels, p. 1110,
L 2), radry 8¢ 7% drakoyle 700 kwalvros xal Tod kovovpdvor xal Tol Swaoriduaros
78 orafuiordy dpyavor Tow kehobperor yaporiwra cvrTiGas & Apxoutbys s

pEXPL TAVTS T dradoyias wpoxwpolons xbumaoey dxeive 76 & fo kal krd Taw
i,
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water-screw* (also called woyiing) which was apparently invented
by him in Egypt, for the purpose of irrigating fields. It was
also used for pumping watér out of mines or from the Lold of
ships.

Another invention was that of a sphere eonstructed so as to
imitate the motions of the sun, the moon, and the five p?anets
in the heavens. Cicero actually saw this contrivance and gives a
description of itt, stating that it represented the periods of the
meon and the apparent motion of the sun with sufzh accuracy that
it would even (over a short period) show the eclipses of the sun
and moon. Hultsch conjectures that it was moved by water.
We know, as above stated, from Pappus that Archimedes Wfote
a book on the construction of such & sphere (repl ogapomodas),
and Pappus speaks in one place of “those who understand the
making of spheres and produce a model of the heaven‘s ’_oy neans
of the regular circular motion of water.” Tn any case it is certain
that Archimedes was much occupied with astromomy. Livy c,allqs
him “unicus spectator caeli siderumque.” Hipparchus says §,
“From these observations it is clear that the differences in the
years sre altogether small, but, as fo the solstices, T almost
think {oik dmedwilw) that both I and Archimedes l.mve err.ed to
the extent of a quarter of a day both in the observatlon_ and in the
deduction therefrom.” It appears therefore that Archlmedes: had
considered the question of the length of the year, as ‘Ammla,nus
also states . Macrobius says that he discovered the distances of
the planets¥. Archimedes himself describes in the_Sand—reckonefr
the apparetus by which he measured the apparent diameter of the
sun, or the angle subiended by it at the eye. i

The story that he set the Roman ships on fire by an arrange-
ment of burning-glasses or concave mirrors is not found in any

* Dicdorus 1. 34, v. 87; Vitruvius x. 16 {11}, Philo un p. 330 (ed. Pfeiffer);
. p. BO7; Athenaeus v, 208 f, '

Strib()CiT;Io,pDeO:ep., 1. 21-22: Tusee., 1. 63; De nat. deor., 11, 88, Cf. Ov1fi,
Fasti, vi. 277 ; Laetantins, Instit,, 1. 5,18 ; Martianug Capella, 11. 212, vi.
583 8q.; Claudian, Epigr. 18 ; Bextus Empiricus, p. 416 (ed. Bekker).

I Zewtschrift f. Math. w. Physik {(hist. litt. 4bth), zxir. (1877), 106 sq.

§ Ptolemy, evwralis, 1. p. 153,

|| Ammianus Marcell., zxve i. 8,

< Macrobius, in Somn. Scip., 1. 3.
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autheority earlier than Lucian*; and the socalled loculus Archi-
medins, which was a sort of puzzle made of 14 pieces of ivory of
different. shapes cut out of s square, cannot be supposed to be his
invention, the explanation of the name being perhaps that it was
only a method of expressing that the puzzle was cleverly made,
in the same way as the mpoBAgua *Apxuindeor came to be simply
a proverbial expression for something very difficnlt .

* The same story iz told of Proclus in Zonaras xiv. 3. For the other
references on the suhject see Helberg’s Quaestiones Archimedeae, pp. 39-41.
t Cf. sisc Tzetzes, Chil. xu, 270, rév "Apxipndovs pyyesGr ypelay Exw.

CHAPTER 1L

MANUSCRIPTS AND PRINCIPAL EDITIONS—ORDER OF
COMPOSITION—DIALECT-—LOST WORKS.

THE sources of the toxt and versions are very fully deseribed
by Heiberg in the Prblegomena to Vol. 1. of his edition of Archi-
medes, where the editor supplements and to some extent amends
what he had previously written on the same subject in his dis-
sertation entitled Quaestiones drchimedeae (1879). Tt will there-
fore suffice here to state briefly the main points of the discussion,

The MBS. of the best class all had a common origin in a MS.
which, so far as is kno.wn, is no longer extant. It is described
i one of the copies made from it {to be mentioned later and dz?ting
from some fime between a.p, 1499 and 1531) as ‘most ancient’
(raAaworarov), and all the evidence goes to show that it was vxfritter;
as early as the 9th or 10th century. At ocne time it was In the
possession of George Valla, who taught at Venice be‘?ween the
years 1486 and 1499 ; and many important inferences with regard
to iis readings can be drawn from some translations of pa,r‘ts of
Archimedes and Eutocius made by Valla himself and published
in his book entitled de expetendis et fugiendis rebus (Venice, 15({’1).
It appears to have been carefully copied from an original belonging
to some one well versed in mathematies, and it contained fgures
drawn for the most part with great care and accuracy, but there
was considerable confusion between the letters in the figures and
those in the text. This MS. after the death of Valla in 1499,
became the property of “Albertus Pius Carpensis (Alberto Pio,
prince of Carpi). Part of his library passed through various hands
and ultimately reached the Vatican; but the fate O'f the'Val_la.
ALS. appears to have been differeni, for we hear of_ ‘1ts being in
the possession of Cardinal Rodolphus Pius (Rodolfo P](.)), a nephew
of Albertns, in 1544, after which it seems to have d)sappeared.
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If then APQy=4, B= 14, C=1B, and so on, un
armve at an area X such that X 19 less than th
between K and the segment, we have

tl}. WE
e difference

A+B+C+.. . + X +3X =44 [Prop. 23
— K. ;

Now, since K exceeds A+B+ C’+..l.+be an area lesg

than X, and the area of the segment b
it follows that g€ Yy an area greater than X

A+B+Cy .. .+ X > (the segment),
whlch 1s mmpossible, by Prop. 22 above.

Hence the segment is not less than X.
Thus, since the segment 18 neither greater nor less than K

(area of segment PQg) K=4n PQq.

ON FLOATING BODIES.

BOOXK L

Postulate 1.

“Tet it be supposed that a fluid is of such a character that,
its parts lying evenly and being continuous, that part which 1s
thrust the less is driven along by that which is thrust the
more ; and that each of its parts is thrust by the fluid which is

above it in a perpendicular direction if the fluid be sunk in.

anything and compressed by anything else.”

Froposition 1.

If a surface be cut by a plane always passing through a
certain point, and if the section be always a mrcumference lof a
circle] whose centre is the aforesaid point, the surfuce is that of
a sphere.

For, if not, there will be some two lnes drawn from the
point to the surface which are not equal.

Suppose O to be the fixed point, and 4, B to be two points
on the surface such that 04, OB are unequal. Let the surface
be cut by a plane passing through 04, OB. Then the section
is, by hypothesis, a circle whose centre is 0.

Thus OA = OB; which is contrary to the assumption.
Therefore the surface cannot but be a sphere.
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Proposition 2.
The surface of any Auid at rest is the surface of a sphe}
whose centre s the same as that of the earth.
Suppose the surface of the fluid cut by
the centre of the earth, in the curve ABCD
ABCD shall be the circumference of a circle,

For, if not, some of the lines drawn from O to the cury
will be unequal. Take one of them, OB, such that Op is
greater than some of the lines from € to the curve and legs
than others. Draw a circle with OF as radins.

king with -0B an angle equal to the angle
EOR, and meeting the surface in # and the circle in & Draw

also in the plane an arc of a circle PQRE with centre O and
within the fluid.

between QR and BH. Therefore the parts along PQ, QR will
be unequally compressed, and the part which is compressed th

less will be set in motion by that which is compressed the.
more. - .

Therefore there will not be rest; which is contrary to the -
hypothesis.

Hence the section of the surface will be the ciicumference

of a circle whose centre is 0; and so will all other sections by -
planes through 0, :

Therefore the surface is that of g sphere with centre 0. .
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Proposition 3.

Of solids those which, size for size, are of equal weight with
a fluid will, if let down into the fluid, be immersed so that they
do not project above the surface but do not sink lower.

H possible, let a cerfain soid EFHG of equal weight,
volume for volume, with the fluid remain immersed in it so
that part of 1t, EBCF, projects above the surface.

Draw through O, the centre of the earth, and through the

solid a plane cutting the surface of the fluid in the circle
ABCD.

Conceive a pyramid with vertex 0 and base a parallelogram
at the surface of the fluid, such that it includes the immersed
portion of the solid. Let this pyramid be cut by the plane of
ABCD in OL, OM. Also let a sphere within the finid and
below GH be described with centre O, and let the plane of
ABCD cut this sphere in PQR.

A o o

Conceive also another pyramid in the fluid with vertex 0,
continuous with the former pyramid and equal and similar to
. Let the pyramid so described be cut in OM, ON by the
plane of 4 BCD.

Lastly, et STUV be a part of the fluid within the second
pyramid equal and similar to the part BGHC of the solid, and
let SV be at the surface of the fluid.

Then the pressures on PQ, QR are unequal, that on PQ
being the greater. Hence the part at QR will be set in motion
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by that at PgQ, and the fluid will not be at rest; which iy
contrary to the hypothesis. :

Therefore the solid will not stand out above the surface,

Nor will it sink further, becanse all the parts of the flnjq
will be under the same pressure.

Proposition 4.

A solid lighter than a fluid will, of vmmersed in it, not bg

completely submerged, but part of it will project above the
surface. |

In this case, after the manmer of the previous proposition
weassume the solid, if possible, to be completely submerged an

in the other pyramid, (4) a sphere with centre 0 whose surface
is below the immersed solid and the part of the fluid in the
second pyramid corresponding thereto. We suppose a plane to
be drawn through the centre O cutting the surface of the
fluid in the circle ABC, the solid in S, the first pyramid in 04,
OB, the second pyramid in OB, OC, the portion of the fluid in
the second pyramid in K, and the inner sphere in PQR.

Then the pressures on the parts of the fluid at PQ, QR are
unequal, since § is lighter than X. Hence there will not be
rest; which is contrary to the hypothesis,

Therefore the solid S cannot, in a condition of resf, be
completely submerged.

ON FLOATING BODIES 1. 257

Propositioh 5.

Any solid lighter thon a fluid will, if placed in the fluid,
be s0 far immersed that the weight of the solid will be equal to
the weight of the flurd displaced.

For let the solid be HGHF, and let BGHC be the portion
of it immersed when the fluid is at rest. As in Prop. 3,
concelve a pyramid with vertex O including the solid, and
another pyramid with the same vertex continuous with the
former and equal and similar to it. Suppose a portion of the
fluid ST UV at the base of the second pyramid to be equal and
similar to the immersed portion of the solid; and let the con-
struction be the same as in Prop. 8.

A o L

Then, since the pressure on the parts of the fluid at PQ, QR
must be equal in order that the fluid may be at rest, it follows
that the weight of the portion STUV of the fluid must be
equal to the weight of the solid FGHF. And the former is
equal to the weight of the fluid displaced by the immersed
portion of the solid BGHC. 7 '

Proposition 6.

If a .solid lighter than a flurd be forcibly immersed in i, the
solvd will be driven wpwards by a force equal to the difference
between its weight and the weight of the fluid displaced.

For let A be completely immersed in the fluid, and let @
represent the weight of A, and (¢ + H) the weight 9f an faqual
volume of the fluid. Take a solid D, whose weight is H
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and add it o0 4. Then the weight of (A4 + D) is less tha.n.

_ _i.hat, of an equal volume of the fluid; and, if (4 +1y i
mmmersed nthe fluid, it wii project so that its welght wilp

be equal to the welght of the fluid displaced.  But its welghyt,

15 (G 4+ H).

D
G

Therefore the weight of the flnid displaced is (G4 H), and
hence the volume of the fluid displaced is the volume of the

solid 4. There will accordingly be rest with A Immersed
‘and D projecting.. ' _

Thus the weight of I} balances the upward force exerted by
the fluid on 4, and therefore the latter force is equal to K,
which 1s the difference between the weight of 4 and the Weight,
of the fluid which 4 displaces.

Proposition 7.

4 solid heavier than a Auid will, +f placed in it, descend
to the bottom of the fuvid, and the solid will, when weighed

in the fluid, be lighter than its true weight by the weight of the
Jhuid displaced. :

(1} The ﬂlrst part of the proposition is obvious, since the
part of the fluid under the solid will be under greater pressure,

and therefore the other parts will give way until the solid
reaches the bottom.

(2) Lep A be a solid heavier than the same volume of the
fluid, a?ld let (G+ H) represent its weight, while @ represents
the weight of the same volume of the fluid.

-
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Take a solid B lighter than the same volume of the fluag,
and such that the weight of B is (G, while the welght of the
same volume of the fluid is (G'+ H). '

Let 4 and B be now combined into one solid and immersed.
Then, since (A + B) will be of the same weight as the same
volume of fluid, both weights being equal to (G +H)+ G, it
follows that (4 +.8) will remain stationary in the fluid.

Therefore the force which causes A by 1tself to sink must
be equal to the upward force exerted by the fluid on B by
itself This latter is equal to the difference between (G+H)
and G [Prop. 6]. Hence 4 is depressed by a foree equal to
H, ie. its weight in the fluid is H, or the difference between

A(G+H) and G.

[This proposition may, I think, safely be regarded as decisive

- of the question how Archimedes determined the proportions of

gold and silver contained in the famous crown (cf Introduction,
Chapter I.). The proposition suggests in fact the following
method. '

Let W represent the weight of the crown, w, and w, the
weights of the gold and silver in it respectively, so that
W= w, -+,

(1) Take a weight W of pure gold and weigh it in a fluid.
The apparent loss of weight is then equal to the weight of
the fluid displaced. If #, denote this welght, F) is thus known
as the result of the operation of weighing.

It follows that the weight of fluid displaced by a weight w,

uh F
7 - 1

of gold is W
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(2) Take a weight W of pure silver and perform the same
operation. If F, be the loss of weight when the silver i
weighed in the fluid, we fird in like manner that the weigh
of fluid displaced by w, is %E I, |

(3} Lastly, weigh the crown itself in the fluid, and let F' 1,

the loss of weight. "Therefore the weight of fluid displaced by
the crown 1s F.

It follows th “ [y
ollows that W.Fl—}—W.F; F
or wlﬁvl'}"wﬁlez(wl'l'wﬁ)F’
whence %:Eﬂ'
w, F—-F

This procedure corresponds pretty closely to that described
in the poem de ponderibus et mensuris (written probably abou
500 AD)* purporting to explain Archimedes’ method. Ac:
cording to the author of this poem, we first take two equa,
weights of pure gold and pure silver respectively and weigh
them against each other when both immersed in water; this
gives the relation between their weights in water and therefore
between their loss of weight in water. Next we take the
mixture of gold and silver and an equal weight of pure silver
and weigh them against each other in water in the same
manner. ;

The other version of the method used by Archimedes is
that given by Vitruvius+, according to which he measured

weight of the erown is W, and it contains weights w, and w. 0
gold and silver respectively, :

(1) the crown displaces a certain quantity of fluid, ¥ say.
(2) the weight W of gold diSpla.ces a certain volume of
" * Torelli's Archimedes, p. 364; Hultsch, Metrol. Seript. . 95 sg., svd

Prolegomena § 118.
‘t De architect. 1x. 3.
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fiuid, V, say; therefore a weight w, of gold displaces a volume

%.Vl of fluid.

(3) the weight W of silver displaces a certain volume of
fluid, say V,; therefore a weight w, of silver displaces a volume

Yy, of fluid.

W
It follows that Vm%,.Vl + %.Vm
whence, since W=w, + w,,
w, Vy= V.
w, V-V’

and this ratio is obviously equal to that before obtained, viz.
F 2_F ]
F-—F’

Postulate 2.

 Let it be granted that bodies which are forced upwards in
a fluid are forced npwards along the perpendicular [to the
surface] which passes through their centre of gravity.”

Proposition 8.

If a solid in the form of a segment of a sphere, and of a
substance lighter than a fluid, be tmmersed in it so that its base
does not touch the surface, the solid will rest in such a position
that tts axis.is perpendicular fo the surface; and, if the solid be
Jorced into such a position that its base touches the fluid on one

“side and be then set free, it will not remain in that position but

will refurn to the symmetrical position.

[The proof of this propesition is wanting in the Latin
version of Tartaglia. Commandinus supplied a proof of his
own in his edition.]

Proposition 9.

If a solid in the form of a segment of a sphere, and of a .

substance lighter than o fluid, be immersed in 1t so that its base
s completely below the surface, the solid will rest in such @
position that its awxis 1s perpendicular to the surface.
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[The proof of this proposition has only survived in
mutilated form. 1t deals moreover with only one case out of
three which are distinguished at the beginning, viz. that iy’
which the segment is greater than a hemisphere, while figureg
only are given for the cases where the segment is equal to, op
Jess than, a hemisphere.]

Suppose, first, that the segment is greater than a hemisphen
Let it be cut by a plane through its axis and the centre of the
earth ; and, if possible, let it be at rest in the position show
in the figure, where AB is the intersection of the plane wit
the base of the segment, DE its axis, ¢ the centre of the
sphere of which the segment is a part, O the centre of th
earth,

The centre of gravity of the portion of the segment outside:
the fluid, as F, lies on OC produced, its axis passing through €

Let & be the centre of gravity of the segment. Join FG

and produce it to H so that

F@G: GH = (volume of immersed portion) : (rest of solid).
Join GH.

Then the weight of the portion of the solid outside the fluid]
acts along FO, and the pressure of the fluid on the immersed:
portion along OH, while the weight of the immersed portion
acts along HO and is by hypothesm less than the pressure of
the fluid acting along OMH.

Hence there wiil not be equﬂlbrmm but the part of the

segment towards 4 will ascend and the part towards B descend,
until DE assumes a position perpendicular to the surface of

the fluid.

ON FLOATING BODIES.

BOOK IL

Proposition 1.

If a solid lighter than a fluid be at rest in it, the weight of
the solid will be to that of the same wvolume of the fluid as the
tmmersed portion of the solid s to the whole.

Let (A4 + B) be the solid, B the portion immersed in the
fluid.

Let (€ + D) be an equal volume of the fluid, C being equal
in volume to 4 and B to D.

Further suppose the line X to represent the weight of the
solid (A4 + B), (F -+ ) to represent the weight of (C+ D), and
G that of D.

E
A
C
F -
B
G

Then
weight of (4 + B) : weight of (C+ D)= £ : (F+ G)...(1}.
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And the weight of (4 +B) is equal to the weight of 5
volume B of the fluid [I. 5], ie. to the weight of D.

That 1s to say, &= G.
Hence, by (1),
weight of (4 + B) : weight of (C +D)=G : F+ @
=D:0+D
=B:A+B

Proposition 2,

If a right segment of a paraboloid of revolution whose axis
not greater than § p (where p s the principal parameter of
generating parabola), and whose specific gravity is less than
of a fluid, be placed in the fluid with its awis inclined to
vertical at any angle, but so that the base of the segment do
touch the surface of the fluid, the segment of the paraboloid
not remain in that position but will return to the positios
which its awxis is vertical.

Let the axis of the segment of the paraboloid be 4N,
through AN draw a plane perpendicular to the surface of
fluid. Let the plane intersect the paraboloid in the para
BAB’, the base of the segment of the paraboloid in BB/,
the plane of the surface of the fluid in the chord Q@' of

parabola.

Then, since the axis AN i3 placed in a position not per
dicular to QQ’, BB' will not be parallel to QQ".

Draw the tangent PT to the parabola which 1s paraﬂ
QQ’, and let P be the-point of contact™*.

[From P draw PV parallel to AN meeting Q@ 1
Then PV will be a diameter of the parabola, and also i
axis of the portion of the paraboloid immersed in the flaic

* The rest of the proof is wanting in the version of Tartaglia, but 18

in brackets as supplied by Cormmandinus.
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Let C be the centre of gravity of the paraboloid B4B’ and
F that o-f the portion immersed in the fluid. Join FC and
Pr‘)d‘fcé 1% to H so that H is the centre of gravity of the
remaining portion of the paraboloid above the surface.

8’

LPKM T
Then, since AN =3AC*,
and AN $%p,
it follows that p
dc3 L.

Thef:efore, if CP be joined, the .angie OPT is acutet.
Hence, if OK be d_ra.wn perpendicular to PT, K will fall between
Pand 7. And, if FL, HM be drawn parallel to CK to meet

PT, they will each be perpendicular to the surface of the fluid.

Now the force acting on the immersed portion of the
Segment of the paraboloid will act upwards along LF, while

the weight of the portion outside the fluid will act downwards
a.long HM,

Therefore there will not be equilibrium, but the éegment

whi‘;hA: t}llle determination of the centre (_)f gravity of a segment of a paraboloid
in any lzn ere &BBI]]{EI;.)E& does not appear in any extant work of Archimedes, or
it invz\'r\;)f: Wtc)f1 ) ¥ any _other Grfaek ma‘thématicia.n, it appears probable that
iy stigate: ¥y Archimedes .hlms:ﬁjlf in some freatise now lost,
1 e truth of thia statement is essily proved from the property of the sub-

B .
Ormal, For, if the normal at P meet the axis in G, AG i8 greater than L

e -
x:';pt in the case where the normal iz the normal at the vertex 4 itself, But
) atter ca.s.e is excluded here because, by hypothesis, AN is not placed vertically.
Dce, P being a different point from 4, 4G is slways greater than A4C; and,

8] PR
I0ce the angle TPG is right, the angle TPC must be acute.




