GREEK MATHEMATICS

(§) Mecuanics : Cenrras oF GraviTy

(i) Postulates

Archim. De Plgn, Aequil., Deff., Archim., ed,
Heiberg ii. 124, 3-126. 3

a’. Alrodueba 74 iga Bdpea Gmd {owy paxéwy
looppomely, T4 8 {oa Bdpea dmd 7@y dviowy
‘U,?.K,E,w\ll ’“2 L’acappoweiv,’d)\)td pémew émi 7o Bdpos
70 amo 708 peifovos udreos.

®

X+Y=a rectangular number
Z+W=a triangular numbey . < (9

This was solved by J. F. Wurm, and the solution is given b
A. Amthor, Zeitschrift Sir Math, 4, Physik, (gist.-liiz
Abtheilung), xxv. (1880), pp. 163-171, and by Heath, 7hg
Works of Archimedes, pp. 319-396, For reasons of space,
only the results can be noted here,
Equations (1) to (7) give the following as the values of

the unknowns in terms of an unknown integer 7 ;

X =10366482n ©=7206360n

Y= 7460514n ¥ =4393246n

7= 4149387n 2=5439213n

W= 7358060n w=38515820n.
. We have now to find a value of n_such that equation 9
is also satisfied—equation (8) will then be simultaneously
satisfied. Equation (9) means that

z+w=2ELD,
where p is some positive integer, or

(4149387 + 7358060y %’
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(¢) MEecuanics: CenTres oF GravrTy
(i.) Postulates

Archimedes, On Plane Equilibriums,“ Definitions,
Archim. ed. Heiberg ii. 124. 3-12¢. 8

1. I postulate that equal weights at equal distances
balance, and equal weights at unequal distances do
not balance, but incline towards the weight which is
at the greater distance.

1
ie © 2471, 465Tn =ﬂ(p;—) .

This is found to be satisfied by
n =33, 4349,
and the final solution is
X=1217263415886
Y= 876035935422
Z= 487933469701
W= 864005479380
and the total is 5916837175686.
If equation (8) is taken to be that X + Y=a square number,
the solution is much more arduous ; Amthor found that in
this case,

*=846192410280
Y =2574579625058
2=638688708099
w=412838131860

W=1598 <20654H),
where (906541) means that there are 206541 more digits to
foliow, and the whole number of cattle=177 66 (206541).
Merely to write out the eight numbers, Amthor calculates,
would require a volume of 660 pages, so we may reasonably
doubt whether the problem was really framed in this more
difficult form, or, if it were, whether Archimedes solved it.
¢ This is the earliest surviving treatise on mechanies ;
it presumably had predecessors, but we may doubt whether
i developed by rigorous geo-
1l number of assumptions.
References to the principle of the lever and the parallelogram
of velocities in the Aristotelian Mechanics have already been
given (vol. i. pp. 430-433).
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B’. e Kka Papéwv lgoppomebvTwy  dmo TIvwy
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¢ Tov 8¢ dvlowr, Spolwy 8¢, 10 kévrpa TV
Bapéwy Jpolws éooeiTar Kf[!’*f"“; i (;‘LLOL'C,US 3¢
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s’. Bl ka peyélea amdé mwwv paxewy Looppo-
méwvTi, Kal 76 toa adrols ame TOV aVTOV UaKEDY
looppomrioet. . ) ) .

. Tlavrés oyfpoaros, 00 Ka O TMEPULETPOS et
76 adTd Kolda 7, 70 wévrpov TOD Bdpeos évtas etjrev
3t Tob oyjuoros.

(ii.) Principle of the Lever
Ibid., Props. 6 et 7, Archim. ed. Heiberg ii. 132. 13-138. 8
. o

Ta oduperpa peyéfea looppoméovTi dmd y,aKe'aiv
Svrimemovlérws Tov adTov Adyov éxdvrwv Tols
Bdpeaw. o

"Borw otpperpa peyélea 7o A, B, dv kevtpa
& A, B, xal pékos éotw Tt 76 EA, kal oTw, ws
70 A mort 76 B, ovrws 76 AL pdxos mort 70 I'E
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2. If weights at certain distances balance, and
something is added to one of the weights, they will
not remain in equilibrium, but will incline towards
that weight to which the addition was made.

3. Similarly, if anything be taken away from one
of the weights, they will not remain in equilibrium,
but will incline towards the weight from which
nothing was subtracted.

4. When equal and similar plane figures are ap-
plied one to the other, their centres of gravity also
coincide.

5. In unequal but simijlar figures, the centres of
gravity will be similarly situated. By points similarly
situated in relation to similar figures, I mean points
such that, if straight lines be drawn from them to
the equal angles, they make equal angles with the
corresponding sides.

6. If magnitudes at certain distances balance,
magnitudes equal to them will also balance at the
same distances.

7. In any figure whose perimeter is concave in the
same direction, the centre of gravity must be within
the figure.

(ii.) Principle of the Lever
Ibid., Props. 6 and 7, Archim. ed. Heiberg
ii. 132. 13-138. 8
Prop. 6

Commensurable magnitudes balance at distances re-
ciprocally proportional to their weights.

Let A, B be commensurable magnitudes with
centres [of gravity] A, B, and let EA be any distance,
and let A:B=AT:TE;
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pédros deueréov, 87t Tob é¢ dudorépwy TéV j}, B
ovykepévov peyéfeos révrpov éori TOD Pdpeos
7o L'

*Enel ydp éorw, s 16 A morl 76 B, ofrws 16
AT mort 76 TE, 76 8¢ A 7& B odpperpov, xai
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it is required to prove that the centre of gravity of
the magnitude composed of both A, Bis I'

Since A :B=AT':TE,
and A is commensurate with B, therefore T'A is com-
mensurate with I'E, that is, a straight line with a
straight line [Eucl. x. 11]; so that EI', I'A have a
common measure. Let it be N, and let AH, AK be
each equal to ET', and let EA be equal to AI'. Then
since AH=TE, it follows that A'=EH; so that
AEE=H. Therefore AH=2AT and HK=2TE; so
that N measures both AH and HK, since it measures
their halves [Eucl. x. 12]. And since

A:B=AT":TE,

while AT':TE=AH : HK—
for each is double of the other—
therefore

A:B=AH:HK.

Now let Z be the same part of A as N is of AH
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then AH :N=4A:Z.
And KH:AH=B:4A;
therefore, ex aequo,
KH:N=B:Z; [Eucl. v. 22
therefore Z is the same part of Bas Nis of KH, Now
A was proved to be a multiple of Z ; therefore Z is
a common measure of A, B, Therefore, if AH is
divided into segments equal to N and A into seg-
ments equal to Z, the segments in AH equal in magni-
tude to N will be equal in number to the segments of
A equal to Z. It follows that, if there be placed on
each of the segments in AH a magnitude equal to Z,
having its centre of ‘gravity at the middle of the
segment, the sum of the magnitudes will be equal
to A, and the centre of gravity of the figure com-
pounded of them all will be E ; for they are even in
number, and the numbers on either side of £ will be
equal because AE=HE, [Prop. 5, coroll. 2.]
Similarly it may be proved that, if a magnitude
equal to Z be placed on each of the segments {equal
to NJin KH, having its centre of gravity at the middle
of the segment, the sum of the magnitudes will be
equal to B, and the centre of gravity of the figure
compounded of them all will be A [Prop. 5, coroll. 2],
Therefore A may be regarded as placed at E, and B
at A, But they will be a set of magnitudes lying on a
straight line, equal one to another, with their centres
of gravity at equal intervals, and even in number ;
it is therefore clear that the centre of gravity of the
magnitude compounded of them all is the point of
bisection of the line containing the centres [of gravity]
of the middle magnitudes [from Prop. 5, coroll. 2].

————

! ovykelpeva om. Heiberg.

[Bacl. v., Def. 5
[Bucl. v. 7, coroll,
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And since AE=TA and EI'=AK, therefore Al =TK:

so that the centre of gravity of the magnitude com-
pounded of them all is the point I'. Therefore if A is

placed at E and B at A, they will balance about T

Prop. 7

And now, if the magnitudes be incommensurable, they
will likenise balance at distances reciprocally proportional
to the magnitudes.

Let (A+B), T be incommensurable magnitudes,s
and let AR, EZ be distances, and let

(A+B):I'=EA:EZ;
I say that the centre of gravity of the magnitude
composed of both (A + B), " is K.

For if (A + B) placed at Z do not balance T placed
at A, either (A +B) is too much greater than T to
balance or less. Let it [first] be too much greater,
and let there be subtracted from (A + B) a magnitude
less than the excess by which (A +B) is too much
greater than I' to balance, so that the remainder A is

¢ As becomes clear later in the proof, the first magnitude
is regarded as made up of two parts—A, which is commen-
surate with T" and B, which is not commensurate ; if (A+B)
is too big for equilibrium with T', then B is so chosen that,
when it is taken away, the remainder A is still too big for
equilibrium with I, "Similarly if (A+B) is too small for
equilibrium.

1 7@ T om, Eutocius.
2 76 om. Eutocius.
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(iii.) Centre of Gravily of a Parallelogram

Ibid., Props. 9 et 10, Archim. ed. Heiberg ii. 140, 16-144. 4
6/

Havrés  mapardnloypdppov 76 ’ kévTpoy /'roﬁ
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¢ The proof is incomplete and obscure ; it may be thus
leted.
Sinoe A:T<AE:EZ,
i d, which is impossible, since there has been
il}al‘;v;lll gsvad;p;:()srif (AW+ B) a magnitude less than the deduc-
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commensurate with T, Then, since A, T' are com-
mensurable magnitudes, and

A:T'<ARL : EZ,
A, T will not balance at the distan
pPlacedat Zand Tat A, B

will not do so if I' is
necessary to balance (a

(i) Centre of Gravity of a Parallelogram

Ibid., Props. 9 and 10, Archim. ed. Heiberg
L. 140. 16-144, 4,

Prop. 9

The centre of gravity of any parellelogram is on the
straight line joining the points of bisection of opposite
sides of the parallelogram.

Let ABIA be g parallelogram, and let EZ be the
straight line joining the mid-points of AB, TA : then
I say that the centre of gravity of the parallelogram
ABI'A will be on KZ.

For if it be not, let it, if possible, be 6, and let 61 be
drawn parallel to AB, Now if EB be bisected, and
the half be bisected, and so on continually, there will
be left some line less than 165 [let EK be less than

tion necessary to produce equilibrinm, so that 7 remains
depressed. Therefore (A +B) is not greater than the magni-
tude necessary to produce equilibrium ; in the same way it
can be proved not to be less 3 therefore it is equal,

® The centres of gravity of a triangle and a trapezium are
also found by Archimedes in the first book 5 the second book
is wholly devoted to finding the centres of gravity of a para-

bolic segment and of a portion of it cut off by a parallel
to the base,
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