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highest side of the bottom, there will be left the weight of the water resting
against the bottom when its highest side is in the water’s upper surface, from .
which it will then become known, as has been taught before.

¢ COROLLARY 1L

If a line were to be drawn in the given bottom, parallel to the highest side,
in such a way that it cut off a part of the bottom against which there should rest
a desired weight, the necessary length of the line from the highest side at right
angles to the lowest side produced can become known. For example, in the figure
of the 4th example described above let there be drawn a line, as GH, intersecting
AD in I; parallel to AB, in such 2 way that there rests on ABHI the weight of
24 feet of water. I divide those 24 by 3, the half of 4B, which makes 8. There-
after I find two numbers in the proportion 3 (of AF) to 4 (of AE) and so that

their product be the aforesaid 8. Those numbers are V6 and V10-§-; the latter is

AG, for when from G there be drawn GH, parallel to AB, there will rest against
ABHI the weight of 24 feet of water, by the 15th proposition.

NOTE.

As announced in the Argument, we now have to write, in the 18th, 19th, and
20th propositions, about the centres of gravity of the total pressure of the water
on bottoms; here it would not be inappropriate to speak first of the bottom being
parallel to the horizon, but since the latter’s centres of gravity (which are found
by the theory of the 2nd book of the elements of the Art of Weighing) are also
the centres of gravity of their aforesaid pressure, we will, for brevity's sake, not
describe any separate proposition about this. We shall tberefore Start with tbe
bottoms which are non-parallel to the horizon, as follows.

THEOREM XII. - PROPOSITION XVIII.
The bottom in the water being a parallelogram non-parallel to the horizon,
whose highest side is in the water’s upper surface, from the middle point of which
side is drawn a line to the middle point of the lowest side: the centre of gravity

of the total pressure on the bottom so divides that line that its upper part is
double of the lower.
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Homologum
plansm.

- SR, ende des drichoucx QSR

Hypothefin.

46 ' S. STEVINS BEGHIMNSELEN

1t VOORBEELT.

TcuecuEveN, Lact A B een water fijn,ende den bodem ACDE
fy een euewydich vierhouck ‘oneuewydich vanden fichteinder, diens
hoochfte fijde A Cin ewaters oppervlack is,ende F {y vmiddel van A G,
ende G middel van ED, ende tuflchen de punten FG fy ghetrocken.
delini F G, welcke in Halfoo ghedeeltis, dacF H dobbel is tot H G. '

TeecueerDE Wy mocten bewyfen dat H efwaerheyts mid-
delpunt is des gheprangs inden bodem vergaert.

- TBerevTser. Laer ghettocken worden de lini C I, alfoo dat
D Ieuen fy an D C, ende met-
tet lichaem A CIDE fy be-
teeckent den  helft des pilacrs -
diens gronde A CD E, ende
hoochde de hanghende van A tot

in ?lat euewydich vanden ficht-,
einder duer ED. -

Laet daer naer ghetrocken, wor-
den rftijflichaem KLMNOP
cuen ende ghelijck ende euefwaer
an vlicham ACIDE, te weten
KL M N *lijckftandich plat met
ACDE, ende M O rechthouc-
kich opden fichteinder, fy lijck-
flandighe linimet D I cndye QR
{y lijck ftandighe lini met F G,en-

evan Sin vmiddecl van O P, fy
ghetrocker: de lini S Q, ende

{fwaerheyts middelpunt{y T, duer
twelck ghetrocken is de lini V X rechthouckich opden fichteinder.

T'Bewys. Alfulckengheprangalstlichaem KL MN O P doette-
ghen den bodem K L M N, euen fulcken gheéprang doet twater A B te~
ghen dé bodem A CD E duer het 1 1° vooritel, dacrom ghelijck t'fwacr-
heyts middelpunt des gheprangsinden bodem KL M N va{t,al{oo fal
oock vallen inden bodem A CD E. Om dan tottet bewys te commen,
foo is teneerfien blijcklick dat T, welcke duer * vgheftelde fwacrheyts
middelpunt is des drichoucx QS R, oock ﬁvacr%ncyts middelpunt is
(duer het 15 voorftel des 2 boucxder bcghinfelen vande Weeghconft)
deslichaems K LM N O P, maer VX is duer T rechthouckich opden
fichtcinder, V X dan is des lichaems fwacrheyts middellini, dacrom foo

wyde
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EXAMPLE L

SUPPOSITION. Let AB be a water, and the bottom ACDE shall be a parallelo-
gram non-parallel to the horizon, whose highest side AC is in the water’s upper
surface, and F shall be the middle point of AC, and G the middle point of ED,
and between the points F and G there shall be drawn the line FG, which is so
divided in H that FH is douLle of HG. WHAT IS REQUIRED TO PROVE. We
have to prove that H is the centre of gravity of the total pressure on the bottom.
PRELIMINARY, Let there be drawn the line CI, in such a way that DI shall
be equal to DC, and by the body ACIDE there shall be denoted the half of the
prism whose base is ACDE, and whose height is the vertical from A to the plane
parallel to the horizon through ED.

Thereafter let there be drawn the solid body KLMNOP, equal, similar, and of
equal weight to the body ACIDE, to wit KLMN being a plane homologous to
ACDE, and MO, at right angles to the horizon, shall be a line homologous to DI,
and QR shall be a line homologous to FG, and from § in the middle point of
OP there shall be drawn the line SQ, and SR, and the centre of gravity of the
triangle QSR shall be T, through which is drawn the line X at right angles to
the horizon. PROOF. The same pressure as is exerted by the body KLMNOP
against the bottom KLMN is also exerted by the water AB against the bottom
ACDE, by the 11th proposition. Therefore, just as the centre of gravity of the
- pressure falls in the bottom KLMN, so it will also fall in the bottom ACDE.
Now to arrive at the proof, firstly it is evident that T, which by the supposition
is centre of gravity of the triangle QSR, is also centre of gravity (by the 15th
proposition of the 2nd book of the elements of the Art of Weighing) of the body
KLMNOP. But VX is through T at right angles to the horizon, therefore VX
is the centre line of gravity of the body. If therefore we produce the line XY
downwards, the body KLMNOP will, with the point X on the line XY, keep its
given position in the mathematical sense; therefore X is centre of gravity of the
total pressure of the body on the bottom KLMN. But VX is through the centre
of gravity T at right angles to the horizon, and thus also parallel to SR. And
consequently it intersects QR (by the Sth proposition of the 2nd book of the
elements of the Art of Weighing), in such a way that QX is double of XR. But
as has been said above, the centre of gravity falls in the bottom ACDE in the
same way as it does in the bottom KLMN; therefore it falls in it in such a way
that the upper part of the line FG is double of the lower. But that is in H; there
fore H is the centre of gravxty of the total pressure of the water on the bottom
ACDE.
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‘wy delini XY necrwaert trecken , tlichaem KL MNO P fal metiet
punt X op de lini X Y, * Wifconttlick vetftacn, fijn gheghenen ftande
“houden ; daetom X'is fwaerheyrs middelpunt van des lichaems ghe-
prang, vergaert inden bodem:K L M N maer VX is'duer efiwacrheyts -
- middelpunt T rechthouckich opden fichteinder, daerom “cock euewy-.
dich met S R, ende vervolghens fy fnijc QR (duer het s°voorftel des 2¥
.boucx vande beghinfelen der Weeghconit) alfoo dat Q X. dobbel isan”

- X R;Maer fo bouen ghefeyr s, t'{waerheyts t_nidgifunt valt inden bo:
dem A C DE, in fulcken gheftale ghelijét-inden bodem K L M N doet,
* hetvalter dan alfoo in, dattet bouenfte deel deéilini F'G, dobbel is an
eonderfte, maer datisin H, daerom H is v{waerheyts middelpunt van.
- gheprangh des waters inden bodem A C D E vergaert, -

Mathema-
- 84cé.

‘ 11 VOORBEELT.
~ O m-alfulcke redenen als int 4* voorbeelr des ¥ 1 voorftels ghefeyt
fijn, fullen wy hier bouen ¢'voorgaende * Wifconftich bewys; noch een  Mashemati-
yoorbeelt duer ghetalen ftellen, aldus : o cam demon-
“Lact A BCD cen bodem fijn, daer in ghetrocken is de lini E F, wufs - frationcs.
fchen de middelen van'A B,endeD C, declende dien bodem in ette-
licke euen deelen(die wy maten noemen)met linien euewydich van A B,
. ick neem ten eerften in tween, mette lini G H, fniende EF inI, ende
tpunt K fy alfoo, dat E K dobbel isan K F, welcke K wy bewyfen moe-
gen ¢ {wacrheyts middelpunr des gheprangs te fijn aldus: Ghenomen dat
teghen A B H G;'rufte 1 pondt, ofte ghewichtwaters, foo falder teghen
G HC Dfucke 3ghewichten ruften : Ditfo fijnde,ick acht ten ecrflen. -
al oftvfwaerheyts middelpunt des gheprangs van ABH G, waer in 1,
ende van GHCD in F (tis feker dat {y hoogher o ‘
fijn) fo fal I F balck wefen;welckeghedeelt.inhace - A E B
ermen tot malcanderen in fulcken reden als de - ‘
- yoornoemde ghewichten van 3 tot 1, rwelck in '
Cpunt L valle, {o (al F L ‘doen - eender mact, dat 1 _
- is—-vanIF, Ten tweeden fo achtick,al of vfwaer- M -
heyts middelpuntdes gheprangsvan ABHG waer G ——1H
inE, ende van GHCDiin1 (tis feker dat fy lee- K4 -
her fijn) foo fal haer ghemeen fwaerhaeyts mid-
‘gelpunt villen een maet bouen L als in M. Tis : L
dan blijckelick dattet ware begheerde fwaerheyts :
middelpuntis tflchen M ende L. Maer ghelijck D F €
* wy den bodem hier bouen ghedeelt hebben in .
tween, alfoo canmenle deelen in oneindelicke ftucken, daer af vinden-
de twee fwaetheyts middelpunten als bouen, tflchen de welcke altijde
is, het ware begheerde fwacrheyts middelpunt. Wy connen 'dar} (}ul;::
o : ulc
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EXAMPLE II.

For all such reasons as mentioned in the 4th example of the 11th proposition,
we will, in addition to the foregoing mathematical proof, also give an example
by means of numbers, as follows:

Let ABCD be a bottom in which there is drawn the line EF, joining the middle
points of AB and DC, dividing that bottom into several equal parts (which we call
measures) by lines parallel to AB. I take the bottom first to be divided in two,
by the line GH, intersecting EF in I, and the point K shall be such that EK is
double of KF, which K we have to prove to be the centre of gravity of the
pressure, as follows. Assuming - ‘that there rest against ABHG 1 pound or one
weight of water, there will rest 3 such weights against GHCD. This being so, I
first imagine the centre of gravity of the pressure of ABHG to be in I and that
of GHCD in F (it is certain that they are higher); then IF will be beam, and if

this is divided into its arms having to each other the same ratio as the aforesaid
weights, i.e. 3 to 1, which point of division shall fall in L, FL will be % of a

measure, ie. 17 of IF. Secondly I imagine the centre of gravity of the pressure

of ABHG to be in E, and that of GHCD in I (it is certain that they are lower);
then their common centre of gravity will fall one measure above L, viz. in M. It
is therefore evident that the true required centre of gravity is between M and L.
But just as above we divided the bottom in two, it is also possible to divide it
into an infinite number of parts, and find two centres of gravity thereof 1), as
above, between which is always'the true required centre of gravity. We can there-
fore, by this means, always approximate infinitely. If therefore we find by this
experience that the point L never reaches K, but remains very near to it and al-
ways below it; in the same way that the point M never reaches K, but always
remains above it, we conclude from this that K is the true required centre of
gravity, But because it would be a difficult calculation to find in this way the
common centre of gravity of all those bottoms, we shall explain a short method
for doing this, as follows. I write down a progression, as 1.3.5.7.9 and so on,
always ascending by 2, for in such a progression and proportion are the pressures
of the equal parts of a bottom ABCD by the 15th proposition. Thereafter I place
-i— (which has been found above for FL) above the second number 3, as below:
1 ‘ :

1.3.5.7.9.1
Thereafter I add up 4, the denominator of %, and 5 (the third term of the
progression), which makes 9; I place that as denominator above the 5, and above
the 9 I place 5, i.e. the sum of the denominator and the numerator of -, so that

the scheme is then as follows:
1 5

T 9

3.5.7.9. T
In the same way I also fmd all the others for in order to have the number that
is to be placed above 7, I add up the denominator 9 and 7, which makes 16.
Above this I place the sum of 9 and 5 (which are the denominator and the

1) To wit one centre of gravity, when the centre of cach strip is taken to be in its lowest
side, and one, when it is taken to be in the highest side.

- 477 -



Progroffion: .

48 S. STEVINS BEGHINSELEN

fulcke middel alijtoneindelick naerderen, dacrom als wy duer defe ers
uaring beuinden, datret puntals L nummermeer tot K en comt, maet
feer by ende altijt daer onderblijft; Sﬁﬁdijcx dattet punt als M nummer-
‘meer tot K en comt, maer altijt daer bouen blijft,wy befluyten uyt fulcx,
dat K het ware begheerde fwaerheyt middelpunt is.Maer wanthet moy-
licke rekeninghe foude fijn vghemeene fwaerheyts middelpunt vanalle
die bodems alfo te vinden, wy fullen dacr af een corte manier verclaren
aldus, ick fchrijf een* voortganck als 1. 3. 5.7.9. ende fovoortaltijtmet
tween opclimmende, want tn fulcken voortganck ende reden fijn de
prangfelen der euen deelen cens bodems A B C D duer het 1 ¢ voorftel,
daer naer ftel ick <, (twelck hier bouen beuonden is voor F L) boucn
hettweede ghetal 3, als hieronder: »
I

. 4+
_ I. 3% §. 7 9 Il
Dacr naer vergaer ick 4,nocmer van -, metde g derde in d'cirden,
comtg,die ﬁele;i als noemer bouen de §,endebouen deg fetick g, dat
is de fomme desnoemers en telders van het -5 welcker gheftalt dan- al-
dus is: . ' ,
+ 9 _
_ I3 fo 7. 9 1L ' A
Sghelijex vinde ick oock alle d’ander,want om ’ghetal te hebben dag
bouen 7 comen fal, ick vergaer den telder 9 ende 7,maecke 16, daer bo-
uen ftclick de fomme van g ende § g: noemer ende telder fijn vande.
<) maecke 14. Inder voughen dat bouen de 7 comen fal -4, wicns ghe.
flalt dan aldus fijn fal:- _
A T s 14
T v B
1. 5 . ’ . ] 7- /9 . 1 l .
Ende foo voortgaende, bouen de g ende 11 fullen ghetalencomenals
hieronder: ‘

A 3. & 30 s
" 16 +s 36

, + & 16
I 3. 5. 7. 9. 1L ‘

Dit {oo verftaen fijnde, men wilt weten neem ick, waer fpunt als L
vallen fal, wanneeér den bodem ghedeclt isin vijf cuen deelen: Ick fien
wat ghetal datter bouen t'vijfde in d'oirden ftaer, dat isbouen de 9, ende
beuinde 22 diens eerfte ghebroken doet $-, daer uyt befluyrick dat de
linials L'F van fulcken bodem i _vijuen ghedeelt, fijn fal van <~ cen-
dermaet, der maten daer den bodem in ghedecltis,macr dar die min fijn
dan -3 van EF, ende dat haer uyterfte als L vallen fal onder K,. wore al

 dus bethoont: De —f—- ecnder maet der maten daer den bodem in ghedecle

is, dat is - van 3 doen ;% vande heelclini als E F, welcke ;% minder
‘ ' fijn als
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numerator of l_ ), which makes 14. In such a way that above the 7 there shall

be placed = S0 that the scheme will then be as follows:
P
i 9 16
1.3.5.7.9.11
And proceeding in this way, above the 9 and 11 there will come the numbers
shown below:

405 4 B %
4 9 16 25 36
3.5.7.9.11

Thns being understood I assume that it is desired to know where the point L
will fall when the bottom is divided iato five equal parts. I ascertain what number

is above the fifth terrn of the progression, i.e. above the 9, and fmd , which in
its lowest terms is -5- ; from this I conclude that the line LF of this bottom divided
into five parts will be -g- of a measure, of the measures into which the bottom is
divided. But that this is less than % of EF, and that its extremity, viz. L, will fall
below K, is proved as follows: The —g- of a measure of the measures into which the
bottom is divided, i.e. 3 of i, make i of the complete line EF, which 65 is less
than - 7 FK, for if 2 = be subtracted from > there is left Z .of the line EF, and the

75
point L will be at thxs distance from K. But in order to find the point M I add
one measure to the -g- measures, which makes % of a measure. This is % 1 of the

complete line EF, which ;—; is mote than —;— of FK. For if % be subtracted from

1

75 there is Ieft 3 of the line EF, and the point M will be at this distance from

K, that is 7— further away from it than L. And the same with all the others, for
1f the bottom ABCD were divided into 40 equal parts, the line FL would be

found to be 206%5[')0 of a measure, that is of one fortieth part of the line EF, through

which the points L and M would be found to be much nearer than above, though
they will never reach it, the necessity of which has been proved mathematically
in the 1st example described above. The ground of the above short method for
finding the common centre of gravity of the various pressures will be easily
understood by those who seek for it at full length according to the theory of
2nd proposition of the 1st’book of the elements of the Art of Weighing 1). CON-

. 1) The procedure may be explamed as. follows.. Dividing the surface. into # strips,
putting the pressure on the highest strip £,, and the height of each strip pn, we have
Pressures on successive. strips (starting from the highest):

&3k, SE ..., (20— 1)R '
Dis;anccs from the centres of pressure, supposed to be in the lowest sides of the strips,
to

(r—)pp, n—2)pn o en... Pn, ©
Moments of the pressures with respect to F: ,
(ﬂ hand I)Pn kﬂ 3(” — Z)Pn kﬂ, ...... (Zﬂ — 5)p71 kﬂ_
Total pressure
G+ 3+ s5....F2n—1)ky =n k,

We now put the total moment pp &y [(n— 1) + 3(n —2) + ... (28— 3)] = pn kx T
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fijnals 3- FK, want ghetrocken ;% van X, blijft ;7 det liniEF ,ende

foo verre fal dan ¢'punt als L van K vallen.. Maer om tpunt als M te

vinden,ick doe eenmaettot de S~ macts,comt L2 eender maet, de felue

doen 33 vande heclelini E F, welcke ;= micerder fijn dan 4-vanF K,
want gEetrocken ~ van 3+ blijft ,;‘-'? der lini E F, ende {0 verre fal dan
t'puntals M van K'vallen, dat is ;- verder dander L afviel, ende alfoo
met allen anderen,want foomen den bodem.A B C D deelde 1n 40 cuen
deelen, de linials F L foude beuonden worden van 222£2 eender maet,
datis eens veertichftendeels der lini E F, duer ¢'welcke men de punten
als L M vecl naerder foude beuinden dan bouen, maer nummermeer
. daertoe comen, waer af de nootfakelicheyt int bouen(chreuen 1 * voor-

- beelt Wilconftelick betoochtis.De teden vande bouefchreuen corte ma-
nier der vindingh des ghemeen {waetheyts middelpunts van die ver-
fcheyden prangfelen, fal den ghenen lichtelick connen bemercken, dicfe
intlanghe fouckr naer de leering des 2** voorftels van het 1° bouck der
beghinfelen vande Weeghconft. T'sEsLvyT. Wefende dan-den bo-

dem des waters cen euewydich vierhouck oneuewydich, &c.

x111 ViRTooCH, x1x VOORSTEL
WEeseNDE den bodem des waters eeneue- -
wydich vierhouck onenewydich vanden® fiche- Horizane.
cinder,diens hoochfte fijde onder £ waters opper-
vlack is, maer euewydich vanden fichteinder,uyt
welcke fijdens middel cen lini ghetrocken s , tot
in rmiddel vande leeghfte fijde: T'fwaerheyts
middelpunt des gheprangs inden bodem vergaert, -
is inde lpini tuflchen € middelpunt des bodems, en--
~detpunt dathet onderfte derdendeel dier lini af-
{nijt; ende tuflchen die twee punten in foodani-
ghen punt, twelck vonderfte deel alfoo affnijt,
~dattet fulcken reden heeft totter bouenfte , ghe-
lijck de* hanghende lini van t'waters 0ppervitck Bérpendicn-
in des bodems leeghfte fijde,tor den helft der han- “™*
. ghendelini van des bodems hoochfte fijde, tottet
* plateuewydich vanden fichteinder duer des bo- Plams.

dems leeghfte fijde. :
‘ Gg T eus-
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CLUSION. The bottom in the water therefore being a parallelogram non-parallel,
etc. .

THEOREM XIII. ' PROPOSITION XIX.

The bottom in the water being a parallelogram non-parallel to the horizon,
whose highest side is below the water’s upper surface, but parallel to the horizon,
from the middle point of which side there is drawn a line to the middle point of
the Jowest side: the centre of gravity of the total pressure on the bottom is in the
line joining the middle point of the bottom and the point cutting off the lower
third part of that line, and between those two points in a point such as cuts off
the lower part in such a way that it has to the upper part the same ratio as the
vertical from the water’s upper surface in the highest 2) side of the bottom to
the half of the vertical from the highest side of the bottom to the plane parallel
to the horizon through the lowest side of the bottom.

The distance from the resulting centre of pressure to F is

Dn kn Tn _ P

ﬂ kﬂ 2
If we now replacc n by (n + 1), the total pressure becomes (1 - 1)?. /e,, + 1.
The sum of the moments is now:
Bopnttr-knt1 +30—D ket + . @0~ prr1. b+ =
brd+1 -k [Tn+ {143 4. (2'1—1)}]—pa+1 b + x[Tn+n2]~
pn+1 Ent 1.7y 4+ 1.

The distance LF = (”” _|_+ )12 pr+1, where Tp 4 1 = T + n2

This recurrent relation, together with the initial value o for # = 1, determines the

successive values of the coefficient of p,. This gives indeed Stevin’s series for —:
"
0 1 51430

T2 916 2

For n = 5 we find with Stevin for the distance LF, if EF = 1, 5—5 . ? = 55 / and so for

Lk G—%)i=11

If the centres are all taken in the highest sides of the strips, the recurrent relation is
Tov1=Tp+ (n4 1)3

and the series of coefficients becomes — 5 14 30 %5

1779 16 25
For the distance MK from the resultant centre to K we now find with Stevin
G 5—9!=%
The general expression for FL proves to be: FL = l sn — 1) (@ — 1) 1

n® '

which gives for » =
1 40.30.79 / 20,540
FLTF' 1,600 40~ 1,600 40,
Stevin finds 20,550 for the nominator. ) .
- 2) Stevin’s text has , leeghste”, which obviously is an error.

£ and which for n — o converges towards — 1
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T'¢ueeueveN. Lact ABC D cen bodem fijn onenewydich van-
den fichteinder diens hcochfte fijde A B onder vwaters opperviack EF
is,maer cuewydich vanden fichteinder, ende G A {y de hanghende lini
van vwaters oppervlack tor de hoochfte fijde AB, ende AH de han-
ghende lini van A, tottet plat euewydich vandenfichreinder duer D C,
ende A I {y den helft van A H, ende K L fy de lini ghetrocken tuflchen
de middelenvan A B ende D C, ende L M fy het derdendeel vande lini
LK, ende N vmiddelpunt des bodems A BC D, ende O cen punt tuf~
{chen M ende N, alfoo dat O M fulcken reden heeft tot O N, ghelijck
AGriotAl. TsecHEERDE. . Wymoeten bewylen dat O c'fwaer-
heyts middelpuntis van 'gheprang des watersindenbodem ABCD
vergaert. TBerevyTseL. Laet CB ende D A voorighetrocken
worden tot in t'watersoppervlack, als tot P efi E, dacr naer C Qeuenan
C P, macr eunewy-
dich vanden fiche-
cinder,ende reche-

- houckichop C D,
daer naer BR ege-
wydighemetC Q,
wefende R inde i~
pi P Q: Sghelijex
AS euen ende ene-
wydighe metB R,
voort RT,enSV
cuen ende eucwy-

dighcmet B C.

Laet daer naer
een . ander form
gheftelt worden ,
cuen ghelijck ende
eucwicheich ande -
voorgaende EPC
D Q,maeralfo dae
- € Q_rechthouc.
kich {yopdé ficht-
einder, ende X fy
fwaerheydts mid-
delpunt des pilaers
ABCDRSVT,
ende Y fwaerheyts
middelpunt des li-

chaems
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SUPPOSITION. Let ABCD be a bottom non-parallel to the horizon, whose
highest side 4B is below the watet’s upper surface EF, but parallel to the horizon,
and GA shall be the vertical from the water’s upper surface to the highest side
AB, and AH the vertical from A to the plane parallel to the horizon through
DC, and Al shall be the half of AH, and KL shall be the liné joining the middle
points of AB and DC, and LM shall be the third part of the line LK; and N the
centre of the bottom ABCD, and O a point between M and N, in such a way that
"OM has to ON the same ratio as AG to AI. WHAT IS REQUIRED TO PROVE.
We have to prove that O is the centre of gravity of the total pressure of the
water on the bottom ABCD.
PRELIMINARY. Let CB and DA be produced to the water’s upper surface, viz.
to P and E; thereafter let CQ be made equal to CP, but parallel to the hotizon
and at right angles to CD; thereafter BR parallel to CQ, R being in the line PQ.
In the same way AS eéqual and parallel to BR; further RT and SV equal and
parallel to BC. '
' Thereafter let there be drawn. another figure, equal, similar, and of equal
weight to the preceding EPCDQ, but in such a way that CQ be at right angles
to the horizon, and X shall be centre of gravity of the prism ABCDRSV'T and
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chaemsR SV T Q, Laetoock ghetrocken worden de linien X N ende
YM. Tseewvys, Angheficnindele tweede form, X {waerheyts mid-
delpuntisdespilacrs AB CDRS V T, ende N fwaerheyts middelpunt
haers grondts A B C D, ende dat C T rechthouckich is opden fichtein-
der, foois X N haer cuewydighe, cock rechchouckich opden fichecin-
der, ende veruolghens huer fwaerheyts middcllini, dacrom oock is N -
fwaerheyts middelpunt des gheprangs dicns pilaces; Macr M (wacre
heyts middelpunt te wefen des gheprangs van tlichaern SR TV Qdat
is int 18¢voorftel betoocht: T*welek fo ﬁcj,ndc, M Nis-Weeghconitighen
balck, die in Oalfoo ghedeelt is, darghelijck A Grot AT, alfloo O M
g0t O N duer vghagheuen, maer ghelijck A G ot A 1, alloo den pilacr
ABCDR S VT, otret lichaem SR T V Q, dderom ghelijck den pi-
laet ABCDR S VT, tottet lichaem SRTV Q, alfoo O Mot ON,

~ waer duer O rfwaerheyts middelpunt is defer tweede form , duer het 1®
voorftel des eerften boucx vande beghinfelen der Weeghconft, macr
t'fwaerheyts middelpuntvan deerfte form,om de redenenalfvooren,vale
aldaer ghelijck in de tweede,O dan der cerfte form.,is ebegheerde (wacr-
heyts middelpunt. T’sesLvyT. Welendedan den bodem des waters
sen enewydich vierhouck oncuewydich vanden fichteinder, &c.

vit Evscxn. xx VOORSTEL.

WeseNDE denbodem in t'water een recht-
linich” plat van form foot vale: Te vinden het planm.
fwacrheyts middelpunt des gheprangs inden bo-
dem vergaert. ‘

Teureneven, Laet ABeenwater wefen,diensoppervlack A C,
snde D E een bodem, welcke cen rechilinich plar fy.

TseeubeR DE, Wymoeren het fwactheyts middelpunt vinden
van t'gheprang des waters in dien bodem vergaert.

T'weRck, Menfaleerft
vinden een lichaem waters
cucfwaer an vgheprang te-
ghen den bodem DE, naer
de leering des 13° voorftels,
vfelue fy DEF G,vindende
daer naerfijn fwaerheyts mid-
delpunt duer het 21° voorftel
des tweeden boucx vande
beghinfelen der Weeghconft,
¢welck H{y, daer naer ghewrocken HI euewydighe met G E, dicns

Gg:2 uyterite

B
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Y centre of gravity of the body RSVTQ. Let there also be drawn the lines XN
and Y M. PROOF. Since in this second figure X is centre of gravity of the prism
ABCDRSVT, and N centre of gravity of its base ABCD, and CT is at right
angles to the horizon, XN — which is parallel to it — is also.at right angles to
the horizon, and consequently also its centre line of gravity. Therefore N is centre of
- gravity of the pressure of that prism. But that M is centre of gravity of the pres-
sure of the body SRTVQ has been shown in the 18th proposition. Which being
so, MN is a mathematical beam, which is so divided in O that as AG is to Al,
so is OM to ON by the supposition. But as AG is to Al, so is the prism

ABCDRSVT to the body SRTVQ; therefore, as the prism ABCDRSVT is to the - -

body SRTVQ, so is OM to ON, owing to which O is the centre of gravity of this
second figure, by the 1st proposition of the first book of the elements of the Art
of Weighing. But, for the reasons mentioned above, the centre of gravity of the
first figure falls there as in the second. O of the first figure therefore is the re-
quired centre of gravity. CONCLUSION. The bottom in the water therefore being
a parallelogram non-parallel to the horizon, etc.

PROBLEM VII. PROPOSITION XX.

The bottom in the water being a rectilinear plane figure of any form: to find
the centre of gravity of the total pressure on the bottom.
SUPPOSITION.Let AB be a water, whose upper surface is AC, and DE a bottom
which shall be a rectilinear plane figure. WHAT IS REQUIRED TO FIND. We
have to find the centre of gravity of the total pressure of the water on that bottom.
CONSTRUCTION. There shall first be found a body of water of equal weight
to the pressure against the bottom DE, according to the theory of the 13th pro-
position. This shall be DEFG. Thereafter its centre of gravity shall be found, by
the 21st proposition of the second book of the elements of the Art of Weighing,
which shall be H, and if then HI be drawn parallel to GE, whose extremity I
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uyterfte puntl inden bodem D E fj; Ick feg efelue punt I te welentbe.

o gheetde fwaerheyts middelpunt, waer af vbewys ghelijck fal fijn ande
. bewyfen des voorgaenden 18 ende 19™voorftels, .~ - '

T'BesLvyT. Wefende dan den bo‘dc"m' int water een rechli-
aich. plat, &c. - S - :
viit Eyscu, 'Xxx1 VOORSTEL

WeseENDE ghegheuen een water onbeken-

der gr00thcy;t-_, maer bekender {waerheyt: Sijn
‘grootheyt duer {ijn eyghenwicht te vinden.

Geomerried.:

~ ghenwicht vinden.

M e R c k1. Men {oude des waters grootheyt mueghen*Mectconft-
lick vinden naer de ghemeene reghel van dien,maer want hetin cley-
ne menichvuldicheyt, Weeghconttlick ghereeder ende fekerder werc-
king is, voornamelick inde onghe{chickte formen,wy fullenfe daer duer
bc(fhrijuen.‘ o S R

TeuecrEVEN. Lact A een water fijn diens grootheyt onbekent
is, maer tis bekender fwaerheyt, dat is (duer de 1¢ bepaling defes boucx)
dat fijn bekende grootheyt duer bekent ghewiche can gheuytet worden; -
ick neem dat een voct des felfden weghe 65 1. : -

TeecurerpE, Wy moeten de grootheyr van A duer haer ey-

Twerck. Men fal ¢water A weghen, twelck
ick neem beuonden te worden van 5 1b, die ghedeelt
ducr devoornomde 6 § Ib, comt -5; dat is 5, voets.
voor de begheerte grootte van A. '

T sewys. Anghefientwater A 5tbweeght,ende
dat een voet des élfden weeght 6 5 1b, ende dattet
oueral eenvaerdigher fwaerheyt is duer de 2° be-

heerte, {00 heeft fijn ghewicht fulcken reden tot 65
?b, als fijn grootheyt tot een voet, maer 5 fb heeft tot
6 s 1b,de reden van 1 tot 13, daerom fijn grootheyt
heeft fulcken reden tot1 voer,als 1 tot 13, de grootheyt dan des waters
Ais 5 voets, twelck wy bewyfen moeften. '

- TsesivyTr. Wefende dan ghegheuen een water onbekender
grootheyt maer bekender fwacetheyt, wy hebben fijn grootheyt duer fijn
eyghenwicht gheuonden, naer den eyfch,

1ix EvyscH. xx11 VOORSTEL.
WeseNDE ghegheuen tweer lichamen redenen

der grootheyt,efi ftoffwaerheyt,en t’ghewiche va
v'een lichaem: T°ghewicht van vander te vinden.
Teus-
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shall be in the bottom DE, I say that this point I is the required centre of gravity,
the proof of which will be identical with those of the 18th and 19th propositions

hereinbefore. CONCLUSION. The bottom in the water therefore being a rec-
tilinear plane figure, etc.

PROBLEM VIIL PROPOSITION XXL
Given a water of unknown volume, but known gravity 1) to find its volume
from its proper weight.

NOTE.

One might find the water's volume geometrically according to the common
rule about this, but because with a small quantity the weighing method is quicker
and surer, espeaally with irregular forms, we shall describe them by this latter
method.

SUPPOSITION. Let A be a water whose volume is unknown but whose gravity
is known, i.e. (by the Lst definition of this book) its known volume can be ex-
pressed by the known weight. I assume that one foot of it weighs 65 lbs. WHAT
IS REQUIRED TO FIND. We have to find the volume of A from its proper

weight. CONSTRUCTION. The water A shall be weighed, which I take to be

found 5 lbs; the latter, divided by the aforesaid 65 Ibs, makes —, i.e. the re-

quired volume of A is ﬁ foot. PROOF. Since the water 4 weighs 5 Ibs, and one

foot of it weighs 65 lbs, while it has uniform gravity throughout, by the 2nd
postulate, its weight has to 65 lbs the same ratio as its volume to one foot. But
5 lbs has to 65 lbs the ratio of 1 to 13, therefore its volume has to 1 foot the

ratio of 1 to 13. The volume of the water A therefore is ﬁ foot, which we had
to prove. CONCLUSION. Given therefore a water of unknown volume, but

known gravity, we have found its volume from its proper weight, as required.
PROBLEM IX. PROPOSITION XXII.

Given the ratio of the volumes and that of the specific gravities of two bodies,
and the weight of the one body: to find the weight of the other.

D] This naturally means: specific gravity.
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TcureHEVEN. Lact AB veenlichaem wefen, ende C t'ander,
ende de reden der grootheyt van A B tot C, fy van 3 tot 1 ende der ftof-
fwaetheytvan 1 tot 2, ende A B weghe 6 1b. . -

TsecuEERDE. Wy moeten vghewicht des lichaems C vinden,

TweRcxk. Ick teecken D B euegroot met C, defelue D Bdan is
het derdendecl van A B 6 tb,dacrom D B weeght 2 1b,macr de ftoffwact-
heytvan D B ot C, isalsvan 1 tor 2, dace- - '
om fooweeght C41b. ‘

TBewys. Laet C (foor mueghelick A, ,
wacr) meer dan 41b weghen; T'welck foo _
- ghenomen huer {waetheyt fal meerder dan D 6 <
"dobbel reden hebben tot de fwaerheyt van z | 4] .
D B,want D B weeght 2 1b, ende veruol- . S

.ghens de ftoffwaerheyt van C (anghefien -
C ende D B cuen groot fijn) fal in meerder dan dobbel reden fijn tot
D B, ¢ welck teghen vgheftelde is, daerom en weeght C niet meer dan 4
6. Sghelijcx falmen oock bethoonen dat fy niet min en weeghe , fy
weeght dan nootfakelick 4 1b vwelck wy bewyfen moeften. :
Teestvyt, Wefende dan ghegheuen ¢weer lichamen redenen
der grootheyr, ende ftoffwaerheyt, ende vghewicht van veen lichaem,
* wy hebben vghewicht van fander lichaem gheuonden na den'eyfch.
- VervoticH. Tisuycherveorgaendeopenbacrdar,
Ghetrocken veden der groatheyt, van reden des ghewichts, rest reden der
- floffwaerheys. ' '
" Ghetrocken reden der fioffwaerbeyt, van vedendes ghewichis, rest redew
' der grootheyt. _ : ‘
Vergaert reden dey floffivaerheyt,tot veden der grootheyt, comt reden des -
hewichis. - . ' ;
: “g’A gRr uye blijckt dat een ghebrekende * pacl der fes, duer de Terminme.
vijf ghegheuen palen altijt bekent can worden. Maer om vfelue
by voorbeelt te verclaren, lact A weghen 6 #,ende groot fijn § vocten;
ende vghewicht van B fy
onbekent,macr huer groot-

heyt isvan 2 voeten, ende A :

de reden der ftoffwaerheyt B

van A tot B, fy van4tot 7. ,
Nu om vonbekende ghe-  Ghewichtes. 6 1b. 4+1b
wicht van B té vinden, ick  Grootheden. § voet. 2 voet

vergaerredé der ftoffwaer-  Stoffwaerheden. 4 7

heyt, dat is Reden -*- tot re-

den der grootheyt, dat is Reden -X-, comt reden des ghewichts Reden 12,

vghewichcdanvan A heeft fulcken reden tottet ghewichtvan B, als 10

Gg 3 B (14
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SUPPOSITION. Let AB be the one body and C the other, and the ratio of the
volume of AB to that of C shall be 3 to 1, and that of the specific gravities 1 to 2,
and AB shall weigh 6 lbs. WHAT IS REQUIRED TO FIND. We have to find
the weight of the body €. CONSTRUCTION. I draw DB as having the same
volume as C; this DB is therefore one-third of AB (6 Ibs), so DB weighs 2 lbs.
But the specific gravity of DB to that of C is 1 to 2, therefore C weighs 4 lbs.
PROOF. Let C (if this were possible) weigh more than 4 Ibs. This being as-
sumed, its gravity will be more than double of the gravity of DB, for DB weighs
2 lbs. And consequently the specific gravity of C (seeing that C and DB have
the same volume) will be more than double of DB, which is contrary to the
supposition. Therefore C does not weigh more than 4 Ibs. In the same way it can
also be shown that it does not weigh less. Therefore it necessarily weighs 4 lbs,
which we had to prove.

CONCLUSION. Given therefore the ratio of the volumes and of the specific
gravities of two bodies, and the weight of the one body, we have found the
weight of the other body, as required.

COROLLARY. -

It is manifest from the foregoing that
The ratio of the volumes being subtracted 1) from the ratio of the weights,
there remains the ratio of the specific gravities. The ratio of the specific gravities
. being subtracted from the ratio of the weights, there remains the ratio of the
volumes. The ratio of the specific gravities being added to the ratio of the volumes,

“ there comes the ratio of the weights.

From this it is clear that if one of the six terms is unknown, it can always be
made known from the five given terms. But in order to explain this with an
. example, let A weigh 6 lbs and be 5 feet, and the weight of B shall be unknown,
but its volume is 2 feet, and the ratio of the specific gravities of A to B shall be
4. to 7. Now in order to find the unknown weight of B, I add the ratio of the
specific gravities, i.e. ratio %, to the ratio.of the volumes, i.e. ratio ;—, which
yields the ratio of the weights: ratio 3_70-. The weight of A therefore has to the
weight of B the ratio 10 to 7. But A weighs 6 lbs. Therefore I say: 10 gives 7,

what 6 lbs? the weight of B becomes 4% Ibs.

-

1) In the theory of ratios current in Stevin’s days, subtraction of ratios meant division
of the corresponding fractions, addition of ratios meant multiplication of the fractions.
By subtracting the ratio @ : & from the ratio ¢ : d we therefore obtain the ratio cb : ad;
by adding it to ¢ : d, we get ac : bd.

- 489 -




Aguasicic

,nﬁum&m

§4 © 8.  STEVING BEGHINSELEN ,
ory, m'lcrAweeght 61b, dacrom feg ick xogheeﬁ 7 Watﬁb’ come o
voortghcwnchtvanB4,——ﬂ3 '

L AET. ten tweeden de grootfucyt van B. onbckent fijn, welckew
duer dander vijf palcn vinden willen, Ick teck reden’ der ﬁoz :

{waerheyt, dat is Reden-3-, van reden des ghewichts,datis Redon <2, reft

reden der grootheyt Reden ; de grootheyt dan van A, heeft fulcken re-
den totde grootheyt van B, als §'tot 2, maer A is groot § voeten,daerom
feg 1ck s gheeft 2 wat 5 voeten? comt voor B 2 voeten:

L At tenlaetften dereden der ftoffwacrheye onbekent fi ijn, wclckc
wy door d’ander twe ghcgheuen rcdencn bekent willeri maken.Ick
treck rcden der grootheyt,dat is Reden -, van reden dcs ghewichs, dac
is Reden”.2, reft reden der ﬁoﬂwaerhcyt van 4tot 7.

Dit voorftc] is ghemeen ouer alle ftoffen, -doch fch:;nt ﬁ,n gtoodl'c
ghebruyck in * water{che vcrfchxllcn tc beftacn..

Te1NDEDER BEGHINSELREN DEs WATERWICHTS,
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Secondly, let the volume of B be unknown, which we wish to find from the
other five terms. I subtract the ratio of the specific gravities, i.e. ratio -17‘-, from
the ratio of the weights, i.e. ratio 1-7(2; the remainder is the ratio of the volumes:

ratio % The volume of A therefore has to the volume of B the ratio 5 to 2. But

A is 5 feet. Therefore I say: 5 gives 2, what 5 feet? B becomes 2. feet.
Lastly, let the ratio of the specific gravities be unknown, which we wish to
make known from the other two given ratios. I subtract the ratio of the volumes,

i.e. ratio -2-, from the ratio of the weights, i.e. ratio , the remainder is the ratio

of the specific gravities: 4 to 7.
This proposition is common to all substances, but it seems "to be used most
in questlons relatmg to waters.

THE END OF THE ELEMENTS OF HYDROSTATICS.
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- ‘ANVANG.‘ DER.l |
"WATERWICHTDAET,
 BESCHREVEN DVER |

SIMON STEVIN
van Brugghe.

ANDEN LESER.
> ANTX. A D1EN bier vooren befchreuen fiinde Be-
AN @‘ ? ghinfelen des W aserwichts, fo ﬁ)gﬁ"t beta-

B ):i /. melick fin, dat bekenack , de WV aterwicht-

/’41\ xz_"\\v"'r H "S 3

¢

dast tevolghen, van [ilcx als Wy daer af
connen ~verclaren; maer hebben om [ekes re-
denen ghe[chiéZ, dat voor £ cerSte miet [chrif~

telick , maer werckelick_te laten ghefchien : Alleentick_ fullen
heer drie cvoarStellen [etten, die opentlick wyt bet ~voorgaende
'volghen, Welcke ons met Weerdich dunckende. den naem rvan
Waterwichtdaet te ~verSirecken, doch ghemeenfchap dacr
mede hebbende,, Wy noemenfe Anwang rvan dien. “De felue be-
- minde Lefer beliewe v int goede te nemwen , ende de rest ¢ fijnder
tijd te cverwachten. '

Ho:
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PREAMBLE OF THE PRACTICE OF HYDROSTATICS
Described by Simon Stevin of Brugghe.

TO THE READER.

Since in the foregoing there have been described the Elements of Hydro-
statics, it would, 1 confess, be appropriate for the Practice of Hydrostatics to
follow, in as far as we can explain it. But for certain reasons we have arranged
this not to be done in writing for the present, but in actual fact. We shall only
give three propositions which follow manifesily from the foregoing, and because
we do not deem them worthy of the name of Practice of Hydrostatics, though
they are connected therewith, we call them Preamble thereof. Dear reader, do not
take this amiss, and expect the rest in due time.
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14 'S, STEVINS ANVANE
H o & t'ghewicht van ecn {chip metal datter inende op is, oft van.

eenich lichaem int water drivende, bekent wort duer de bekende
‘grootheyt des decls int watez liggende, fulex is uyt het 6* voorftel open-
bacr ghenouch, daerom fullen wy dat ouetflaen,ende wat fegghen van-
vghene uyt het 7¢ volght, aldus. S

. 1 VOORSTEL. _ »
‘T e vinden hoe veel een felfde lichaem dat
ftoflichter is als water, in £een water dieper fijnc.
ken fal als int ander dat ftoffwaerder is. |
‘'L ast by vootbeele een {chip ligghen inden Rhijnte Leyen, ende

"~ men wil weten hoe veel dattet dacrin dieper fincken fal dan in See voor

Catwyck, Men fal ondetfoticken de reden der ffoffwaerheyr van dat.
water tot dit, welcke {y als van 42 tot 43,{00 heb ickfe in Hoymaent

- duer deruaring beuonden,want nemende twee euegroote lichamen, dat -

G oometra.

Mathemati -
cd.

vanden Rhijn wouch 4260 azen maer U'Seewater 4362 azen,twelckna
ghenouch isals van 42 tot43. o _

Daerom (almen fegghen, de grootheyt des deelsvandat fchiponder
water in den Rbhijn is tot de grootheyt van fulck deel onder wa-
ter in See voor Catwyck; als van 43 tot 42, waer uyt den*. Mecter nace
gheleghentheyt der form des voorgheftelden (chips, defe diepte tot die-
{al connen oirdeelen. waer af de nodtﬁccklic’heyt* Wi[conﬁli’ckblij&
int 7¢ voorftel der beghinfelen des Waterwichts. - .

11 VooRrsTEL. _
- DvER daetlicke voorbeelden te verclaren het
10" voorftel der beghinfelen des Waterwiches.
Wy hebben int 1¢* voorftel der beghinfelen des Waterwichts.int §°

vervolgh Wifconftlick' bewefen, dat denbodem des watersaldaer EF,
duer een  grooter water (d’hoochde de felfde - blijuende) nict ‘megr be-

" fwacerten wortdan duer cencleinder, ende weder verkeert, .datfe dyer

een cleinder water foo feer befwaert wore, als duer een grooter : Maer
want denrmenighen datvoor onnatuetlick mocht achten , fullen bouen

vvoorgacnde Wifconftich. bewys, dacraf wvijf daetlicke voorbeelden

~ befchrijuen, welcke yghelijck verfoucken , ende coghenfchijnlick

fien mach.
1° VooRrBEELT.
L aet denbodem A B cuen ende ghelijck fijn anden bodem C D,

~ende de hoochde des watersop A B alsEF, fy cuen ande hoochde des |

waters

- 494 -



487

How the weight of a ship with all that is in or on it, or of any body floating
in the water, becomes known from the known volume of the part lying in the
water, this is sufficiently manifest from the Gth proposition. We will therefore
omit that, and say something about what follows from the 7th, as follows.

PROPOSITION 1.

To find how much deeper the same body, which is of greater specific levxty than
water, will sink in one kind of water than in another, which is of greater specific
gravit

Foryexample let a ship lie in the Rhine at Leyden, and it is required to know
how much deeper it will sink therein than it does in the sea off Katwijk. The
ratio of the specific gravity of the former water to the latter shall be ascertained,
which shall be 42 to 43; this is the ratio I have found in Hay Month 1) by ex-
perience, for taking two bodies of equal volume, that of the Rhine weighed 4,260
azen 2), but the seawater 4,362 azen, which is substantially 42 to 43.

Therefore it shall be said that the volume of the part of the ship under water
in the Rhine is to the volume of such part under water in the sea off Katwik
as 43 to 42. From this the geometer will be able to judge, according to the form
of the ship in question, the ratio of the latter depth to the former, the necessity
of .which is proved mathematically in the 7th proposition of the elements of
Hydrostatics.

v PROPOSITION II.

To explain by practical examples the 10th proposition of the elements of
Hydrostatics.

We have proved mathematically in the 10th proposition of the elements of
Hydrostatics, in the Sth corollary, that the bottom in the water there, EF, is not
subject to any heavier pressure from a larger quantity of water (the height re-
maining the same) than from a smaller, and also the reverse: that it is subject
to the same pressure from a smaller quantity of water as from a larger. But be-
cause many people may consider this unnatural, we will, in addition to the fore-

. going mathematical proof, describe five practical examples thereof, which any-
one may test and see with his own eyes. :

EXAMPLE L

Let the bottom AB be equal and similar to the bottom CD, and the height of
the water on. AB, viz. EF, shall be equal to the height of the water on CD, viz.

1) Haymonth is August.

) The ,,aas” is an ancient unit of weight. The word is derived from Latin as, unit of
a system. The value of an ,,aas” is 46 or 48 mg. See K. M. C. Zevenboom and Dr D. A.
Wittop Koning, Nederlandse gewichten. Stelsels, ijkwezen, vormen, makers en merken. Leiden
1953, p. 147.

»
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watersop C D,als G H; maer hetdeel 1 Ebouen twarer K L B A ftaende, .
1y clcenjc-r dan alfeick deel des lichaems G C D, ende ¢watervanEA B
weghe 1 tb, ende van G C D 101b, ende de form van GCD fy een
rond: pilaer, ende vwater G C D (al thiens
macl grooter en {wacrder fijn dan t'water
E A B, nichtans fegghen wy vghewicht
“des waters EAB, eucn foo ftijf te drucken
opden grondt A B, als vghewicht des wa-
rers G C D opden bodem C D. T'welck
aldus daetlick bewefen wort :

G

Laet M N O een waegh
fijn,diens fchalen M, O,
welcker fchalen M van-
de form eens pilaers fy,
euen ende ghelijck an
¢vat hier boven G CD,
ende fal houden 101b wa-
ters;Laet oock P een hou-
~ ten lichaem wefen , vaft

- ftaende als hier neuen,en
lijckformich ande (chael
M, maer foo veel cleen-
der datment daerin fte-
ken can fonder erghens
ande fchael te ghenaken.

, Lact nu vlichaem P gheficken worden inde fchael M, als in dees
tweede form, ende inde {chael O fy gheleyt 'ghewicht Q_van 10 b, en-
de den bodem der fchacl M fal foo ijf ghenaken teghen vonderfte des
lichaems P, alsde 1016 van Q_veroirfaken. Ick neem nu dat de ledi-
ghe placts tuflchen 'lichaem P ende de {chael . M, ghevult can worden
met 1 tb waters,dat is met cen lichaé waters cuegroot an t'lichaem E A .B;
Daerom 1 tb watersin die ledighe placts ghegoten, fal de fchael M doen
dalen,eit O doen rijfen, fo deruaring datgcmyghcn fal, ende ghelijck de

" redenen daer af oock openbaer fijn duer t'bouefchreuen 10° voorftel,
Dat 1 ib waters danin die {chac] M gheleyt, fal daer in fo grooten mache
doen,als 101b ghewiches van loot yler ofte cenighe ander ftijue ftofande
{chael M ghehecht. Endeom de felue reden fal 1 1 waters, alfo connen

- meer ghewelrs doen dan duyfent ponden ander ghewicht. Dic foo fijnde
daer is water tuffchen den bodé der fchael M en ¢onderfte des lichaés P,

' - . ' Hh teghen -
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GH. But the part EI standing above the water KLBA shall be smaller than such
part of the body GCD, and the water of EAB shall weigh 1 Ib and that of GCD
10 Ibs, and the form of GCD shall be a circular prism, and the water GCD shall
be ten times greater and heavier than the water EAB. Nevertheless we say
that the weight of the water EAB exerts the same pressure on the bottom 4B as
the weight of the water GCD on the bottom CD. This is proved in practice as

. follows:

Let MNO be a balance, whose pans are M and O, of which pans M shall have
the form of a prism, equal and similar to the vessel GCD above, and it shall .
contain 10 lbs of water. Let P also be a wooden body, fixed as shown opposite
and similar to the pan M, but so much srnaller that it can be put therein without
touching the pan anywhere

Now let the body P be put in the pan M, as shown in the second figure, and
in the pan O there shall be laid the weight Q of 10 lbs, and the bottom of the
pan M shall touch the bottom of the body P as strongly as is caused by the 10
Ibs of Q. I now assume that the empty space between the body P and the pan M
can be filled with 1 1b of water, i.e. with a body of water having the same volume
as the body EAB. Therefore, if 1 1b of water be poured into that empty space,
this will cause the pan M to descend and O to ascend 1), as experience will show,
and as the reasons thereof are also manifest from the 10th proposition described
above. The 1 Ib of water put in the pan M will therefore exert thereon the same
force as 10 Ibs of lead, iron or some other solid material attached to the pan M.
And for the same reason 1 lb of water will thus be able to exert a greater force
than one thousand pounds of weight in another form. This being so, there is
‘water between the bottom of the pan M and the bottom of the body P, against

1) It is evident that if the bottom of M is completely covered with water, one pound
of water in M will balance 10 pounds in Q, but not that M will descend and O ascend.
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~teghenwelck water den bodem van M nu foo tijf druck, als & eerft te-
- ghen Conderfte deslichacms P ftack, want vfelue ghewicht Q_lige noch

i d’ander fchael O; Maerfy ftack eerft foo flijf dact teghen als 101b van
Q_veroirfacckten , daerom den . - :
bodemvan M fteecke foo ftiffre-
_ghen ewater alsde rotbvan Q.
veroirfaken, ende, weder ver-
keert, vwater fteeckr foo ftijf te- -
ghen den bodem M, alsdie 10 1b.
van Q_veroirfaecken. Laetons
nu nemen dattet water opden
bodem M ligghende, enegroot
{y an twater KLBA, ende de"
reft rondtom tlicham P ftaende, -
euegroot mettet water I E; vwater
dan E A B, druckt euen foo ftijf
teghen den grondt A B, als dic
water tegen cfcngrondt M, maer
dit drucke (oo ftijf als 101b, foo
bouen bethoont is, dat water
E A B dan, druckt oock foo ttijf’ '
teghen den grondr A B als 101b,ende fo &tijf’ druck oock vwater G CD
teghen den grondt C D: Daerom f{oo wy voorghenomen hadden dact-
lick tc bewyfen, vwater E A B weghende11b, drucke euenfoo ftijf te-
ghen fijn grondt A B, als t'water G CD weghende 101b, teghen fijn
rondt C D. Ende ghelijck wy hier bewefen hebben 1 1b fo ftijf te druc-
kenals 101b, alfoo falmen oock bewyfen11b ftijuer te connen drucken
als duyfent ponden.

311 VOORBEELT.

Laet ABCD een cleendun buyfken fijn, eh CD EF een groot dick
vat afghefondert van .vrbuyfken , met een ,
ghemeene bodem’ C D, ende beyde vol wa-
ters, alfoo dat der wateren opperviacken in
ecn felfde weereltvlack fijn. Nu dat het groot
water des vats C D E F, niet ftijuer endrucke
teghen den bodem CD, dan t’cleyne water
der cleyne buys, blijckt daetlick aldus: Lact
gheweert worden denbodem D C, eq ’groot

- waterfal op die placts teghen rcleynfte ftoo-
ten: Nu foo ewater C D E F, van te voo-
ren flijucr gheftooten had teghenden bodem

D C, dan vwater A B C D, foo falt nu oock ftijuer ftooten teghen

dat

~
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which water the bottom of M now exetts as strong a pressure as it first did against
the bottom of the body P, for the same weight O still lies in the other pan O. But
it first exerted against it a pressure such as was caused by 10 Ibs of Q; therefore
the bottom of M exerts against the water a pressure such as is caused by the
10 lbs of @, and also the reverse: the water exerts against the bottom M a pressure
such as is caused by the 10 lbs of Q. Let us now assume that the water lying
on the bottom M be equal in volume to the water KLBA, and the remainder sur-
rounding the body P be equal in volume to the water IE. The water EAB there-
fore exerts against the bottom AB the same pressure as this water against the bot-
tom M. But the latter exerts a pressure of 10 Ibs, as has been shown above. The
water EAB therefore also exerts a pressure of 10 lbs against the bottom AB, and
the water GCD exerts the same pressure against the bottom CD. Therefore, as we
had proposed to prove by practical examples, the water EAB weighing 1 lb exerts
against its bottom AB the same pressure as the water GCD weighing 10 lbs
~ against its bottom CD. And just as we have here proved 1 b to exert the same
pressure as 10 lbs, it can also be proved that 1 Ib can exert a greater pressure than
a thousand pounds.

EXAMPLE II.

Let ABCD be a small, thin tube, and CDEF a large, wide vessel, separated from
the tube, with a common bottom CD and both full of water, in such a way that
the upper surfaces of the waters are in the same world surface. Now that the
large water of the vessel CDEF does not exert any greater pressure against the-
bottom CD than does the small water of the small tube, appears in practice
as follows: Let the bottom DC be taken away; then the large water will thrust
against the smaller in that place. Now if the water CDEF had previously exerted
a greater pressure against the bottom DC than the water ABCD, it will now also
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dat water dan dat teghen dit: waer duerrcranckftevoor vfterckfte fal -
mocten wycken, dat is, ¢'water A BCD falrijfen, endevan CD EF fal

dalen; Maer dit fo wefende, haer oppervlacken en fullen nieteuen hooch '

. fijn c'welck oEémlick' teghen d'eruaring is, Daerom tcleinite water
. AB'C D druckteuen foo ftijf teghen dén bodem C D, als vgrootfte wa-
et CDEF. :

111 VOORBEELT. )

*Laet ABCD eenvat vol waters fijn,in wiens bodem D C euewy-
dich ligghende vanden fichteinder, een rondt gat E F is waer op ligt een-
ronde i%utcn {chijf G H, ftoflichter dan water, ende datgat EF bedec-
~ kende, ef rondtom dicht fluytende teghen den bodem D C. -Laetoock
IK L een ander vat vol waters fijn, euenhooch mettet vat A B CD,maer
cleinder, in wiens bodem K L oock een rond: gatM N fy, cuenant’gar
EF, waerop light cen (chijf O P, euegroot ende euefwaer ande {chijf .
G H: T'welck [co wefende, d’eruaring fal bethoonen dat de fchijf GH
miet rijen en fal, naer de ghemeenen aert des hauts in Cwater, maer fal {6
ftijf op ¢gat E F drucken, alscen ghewichteuefwaér an C'water dat cuc-
gtoot is anden pilaer EF QR, mint'verfchil des ghewichtsder houte
~ {chijf G H, tothetghewicht des watersan die {chijf euegroot. Macr om
- fulex ducr de daetoock te fien, men mach ande fchijf G H ecn waegh
- voughen , diens ghewicht §- -
cuctwaer {y an dat voornom- s

de ghewicht, ende de fchijf

G Hfal daer teghen enewich- -

tich blijuen. Laet nuinfghe«

lijex ande fchijf O P cock een
wacgh voughen, diens ghe-
wicht T euefwaerfy an S, en-
de de fchijf OP fal daer te-
ghen oock evewichtich blij- -
uen. Maer foomell: S(cr}dlcl:T
ct{waerder maeckr,fy fullen
‘ l);aet fchijuen doen rijfen, in- &f% g
der voughen dat de {chijuen .

G H, OP, duer fulcke eue-
wichten beuonden worden eucftijf teghen haer bodems tedrucken,waer

uyt het voornemen blijckr, te weten hetcleinder water I K L, euen {o tijf
teghen fijn grondt te drucken, als ’groorer AB C D.

AR | o3

-
L3
4
4
‘
*
4
[
F

M emeeaass

MeRCKT, :

Tis kennelick dat fo ever(chil des ghewichts der fchijf als G H,tot heg,

ghewicht des watersan haer cuegroot, meerder Waer dan ¢y hewichtdes
E ‘ Hh 2 waters
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exert a greater pressure against the former water than that against this, as a result
of which that which is weaker will have to yield to that which is stronger, i.e. the
water ABCD will ascend and that of CDEF will descend. But this being so,
their upper surfaces -will not be on a level, which is manifestly contrary to ex-
perience. The smaller water ABCD therefore exerts the same pressure against
the bottom CD as the larger water CDEF.

EXAMPLE III

Let ABCD be a vessel full of water, in whose bottom DC, which is parallel to
the horizon, there is a round hole EF, on which there lies a round wooden disc
GH of greater specific levity than water and covering that hole EF and closely
fitting all round the bottom DC. Let also IKL be another vessel full of water,
of the same height as the vessel ABCD, but smaller, in whose bottom KL there
be also a round hole MN, equal to the hole EF, on which there lies a disc OP
of the same volume and weight as the disc GH. This being so, experience will
show that the disc GH will ‘not rise, in accordance with the common nature of
wood in water, but will exert on the hole EF the same pressure as a weight of
equal gravity to the water which is equal in volume to the prism EFQR, minus the
difference between the weight of the wooden disc GH and the weight of the water
having the same volume as that disc. But in order to see this also in practice,
there can be applied to the disc GH a balance whose weight § shall be of equal
gravity to the aforesaid weight, and the disc GH will be in equilibrium therewith.
Let there now, in the same way, also be applied to the disc OP a balance whose
weight T shall be of equal gravity to §, and the disc OP will also be in equilibrium
thetewith. But if § and T be made a little heavier, they will cause their discs to
rise, in such a way that the discs GH, OP are found by such equilibria to exett the
same pressure against their bottoms, from -which the fact intended to be proved .
is evident, to wit that the smaller water KL exerts the same pressure against its
bottom as the larger ABCD.

NOTE.

It is evident that if the difference between the weight of the disc as GH and
the weight of an equal volume of water were greater than the weight of the
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‘waters enegtoot anden pilaer, als EF QR, fulcken {chijf en foude op
vgatals E F niet connen rulten, maer foude nootfakelick oprijfen,

Tris oock blijckelick dat foo de {chijf al G H ftoffwaerder waer dan
water, als van loot,yfer,&c. datfe dan op ¢'gat E F oo lijf drucken fou- -
de, als een ghewicht des waters euegroot anden pilaer EF QR, meer
vver{chil des ghewichts der {chijf, tottet ghewicht des waters an haer
euegroot, I
~ Maer waer de fchijff G H cucltoffwaer an vwater, tis openbaer datfe
dan effen (6 ftijf op vgac E F drucken foude, als cen ghewicht des waters
eucgroot anden pilact E F QR. '

. 1111* VOORBEELT.

Lact AB C D een vatvol waters {ijn, meteen gat EF indengrondt
C D, dasrop een (chijf G Hlight, ftoflichter dan vwater, de elue falop

* . vgatEF fo ftijf pranghenals vooren bewefenis. Laet oock, 1K L een

cleen dun buyfken wefen, diensopperfte gat linde felfde hoochde van
A B (y,ender’onderfte gatfy E F: Daer naer dit buyfken vol waters ghe-
goten, datcleen water fal foo groot ghewelt :

doen teghen den grondt des {chijfs GH, als
al ewater dat in ¢vat ABCD is, want de
{chijf G H [al rijfen. Inder voughen dat 1 1.
watets (duer vwelckick neem de buysI KL
te mueghen ghevult worden) meer ghewelts
fal connen doen teghen de fchijf GH, dan
hondert duyfent ponden als S hier vooren, ;
twelckmen der nawren verborghenheyt fou- DA/x, TH r
de mueghen noemen dat droirfaken onbe- K L

kent waren. :

1A _B

" v VOORBEELT.

Om nu oock wetckelick betooch te
gheuen ouer devoorbeeldenalwacrvwa- A
ter opwaert teghen den bodem fteecke,
alsint 3* veruolgh des voornomden 10*
voorftels, folaet AB C D een water fijn,
ende EF een dichte buys , ende G een
fchijf foffwaerder dan water, ick ncem
van loot, als in defe eerfte form.
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water having the same volume as the prism EFQR, this disc could not rest on the
hole EF, but would of necessity ascend.

It is also evident that if the disc GH were of greater spec1fxc gravity than
water, for example if it were lead, iron, etc., it would then exert on the hole EF
the same pressure as the weight of the water havmg the same volume as the prism
EFQR, plus the difference between the weight of the disc and the weight of the
‘water having the same volume.

But if the disc GH were of equal specific gravity to the water, it is manifest
that it would then exert on the hole EF the same pressure as the weight of the
water having the same volume as the prism EFQR.

EXAMPLE IV.

Let ABCD be a vessel full of water, with a hole EF in the bottom CD, on
which there lies a disc GH, of greater specific levity than the water; this will
exert on the hole EF .the pressure that has been proved before. Let also IKL be
a small, thin tube, whose upper opening I shall be on a level with AB, and the
lower opening shall be EF. If thereafter this tube is filled with water, the small
water will exert the same pressure on the base of the disc GH as all the water that
is in the vessel ABCD, for the disc GH will ascend. In such a way that 1 1b of
water (with which I take that the tube IKL can be filled) will be able to exert
a greater pressure against the disc GH than a hundred thousand pounds, as §
above, which might-be called one of the secrets of Nature, if the cause were
unknown.

EXAMPLE V.

In order to give a practical explanation about the examples in which the water
exerts an upward thrust against the bottom, as in the 3rd corollary of the afore-
said 10th proposition, let ABCD be a water, and EF a closed tube, and G a disc
of greater specific gravity than water, say of lead, as in the first figure.
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- vander water, duer euewichten inde buys op G

'DER WATERWICHTDAET. 61 .
Laet defe fchijf G gheleyt worden teghen vgat F, al(oo datfe dicht

* daer op pas, ende de buys met de {chijf dan alfoo vfamen in t'water
A B C D ghefteken, ick neem tot H toe, als hier onder, de fchijf G en
fal naérden ghemeenen acrt des loots,in ¢ water niet fincken, maerande
buys blijuen hanghen, ende daer teghen . :
foo ttijf drucken, als een ghewiche eue- E
fwaer an vwater dat cucgroot is anden
- pilaer,diens grondtde groote desgats F,
- ende hoochde H1is, min vverfchil des A
_ ghewichts der {chijf G, tot ¢ghewiche
ﬁes waters an die {chijf eucgtoor. Maer
{oo de fchijf G niet dicht ghenouch te-
ghen de buys en flote,ende datter eenich
watet indrong, (oo {al defchijf G daer
{00 langhe anﬁanghcn, totdat fulck in-- ‘
ghedronghen water voornomde ghe- p C
wicht ouerwint, - S '

Maer want nu yemandt dencken mocht, het groot fivaer water ron- .
dom de buys ftaende, ftijuer drucking der fchijf teghen de buys te ver- .
oirfaken,dan een cleender water van de felfde hoochde, foo lact ons
" twater neuen de buys rondom afcorten, dar
is, dat de refte water {y in een vat van form
als hier neuen,ende dreruaring fal bewyfen (ver- -

'+ fouckende de'macht des gheprangs in t'eéen en

ruftende) dit cleen water euen oo ftijf redruc-
ken als rvoornomde grooter, wacr af de re-
den bouen grondelick befchreuen is.

Tsestvyr. Wyhebben dan duer daet-
licke voorbeelden het 1o* voorftel der be- .
ghinfelen des Waterwichts verclaert,naer t'voor-
nemen.

MerckrT,

Wat het 11°voorstel belangt, daer uyt is onder anderen kennelick_, Wat ghe-
wicht Waters dater drud, teghen elckg fiide der duer van een fluys, ende dier-
gheljcke : Oock dattet Water ouer deen fiide alleenlick_een ffroobreet, daer te-
ghenfoo flif prangt als twater diens breede de Zee van Oceane oser & ander
fisde; welverstaende als [y euenhoaghe fiin. Vanwelcke dinghen Wy om baer
voornoemde claerheyt hier gheen befonder voeritellen enmaken.

Hh ; 111 VOOR-
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Let this disc G be laid against the hole F, in such a way that it fits closely there-
to, and if then the tube together with the disc be put in the water ABCD — I
take as far as H, as shown below —, the disc G will not, in accordance with the
common nature of lead, sink into the water, but cling to the tube and exert
against it the same pressure as a weight of equal gravity to the water having the
same volume as the prism whose base has the size of the hole F and whose height
is HI, minus the difference between the weight of the disc G and the weight of
the water having the same volume as that disc. But if the disc G should not fit
closely enough against the tube, and some water should enter into it, the disc G
will cling to it until this entering water shall overcome the aforesaid weight.

But because someone might suppose that the large, heavy water surrounding
the tube would cause a greater pressure of the disc against the tube than a
smaller water of the same height, let us take away the water all around the tube,
* ie. so that the remainder of the water be in a vessel of a form as shown opposite.
Then experience will prove (testing the force of the pressure in either water
by means of equal weights in the tube resting on G) that this small water exerts
the same pressure as the aforesaid larger water, the cause of which has been
thoroughly described above. CONCLUSION. We have thus explained, by means
of practical examples, the 10th proposition of the elements of Hydrostatics, as
intended.

NOTE.

As-regards the 11th proposition, from that it is evident, among other things,
what is the weight of the water pressing against either side of the gate of a lock
and the like. Also that the water on one side, even if it were only the width of a
Straw, exerts the same pressure against it as the water having the breadth of the
Ocean on the other side, provided they are on the same level. Of these matters
we do not draw up any special propositions, in view of their aforesaid clearness.
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DO IR § A ECK - teverclaren wacrom ee

‘menfch diep onder twater fwemmende, niet
doot ghcpran%‘t en wort , van r'groot ghewicht

cm llgghendc.

des waters op

Lact een menfch 20 voeten diep onder water ligghen, weghende

- elcke voer waters 65 1b, ende vgheheel vlack fijns lichaems fy groot 10

voeten. Dit foo wefende,. daer fal teghen fijn lLijf perflen byde 13000
ponden ghewichts, duer het 10 ofte 11° voorftel vande beghinfelen des
Waterwichts. T'welck foo fijnde, hoe ift mueghelick, fal ymant feg-
ghen, dat fulcken ghewicht den menfch niet dooten drudt : Drantwoort
15 daerop foodanich: ’ '

A. Alle duwing die vlichsem Weedom andoet, verfer eenichdecl desti-
" chaems uyt fiinnatucrlicke plaets, '

O. Defe duwing des Waters en verfes gheen deel des lichaems uyt fiin na-

' tuerlicke plaets; :

O. Defeduwing des Waters dan, en doet het lichaem gheen Weedom an.

‘Des * bewyfredens tweede voorftel is openbaer dtier de daet, waer af

- de reden defe is: Soo eenich deel als vlecfch, bloet, vachticheyt, wattet -

{y, uyt fijn natwerlicke placts verfer wierde, t'foude moeten plaets heb.
ben dacrt in ghinghe, die plactsen is buyten vlichaem nier, ouermidts .

- ewateroueral eueftijf anftoot (Angaende ronderfte deel een weynich
* ftijuer gheprangt wort dan topperfte, duer het 11° voorftel der Beghin-

felen des Waterwichts, .dat en isini defen-gheuvalle van gheender achr,
‘want fulck verfchil gheen deel uyt fijn nawerlicke placts verfetten en
‘can) {y en s oock binnen vlichaem niet, wanttet daer {oo vol lichame-
licheytsis als daer buyten, waer duer yder ditdeel, (oo fbjf ftoot teghen
yder datdeel, als yder dat, teghen yder dit, ouermits t'water rondom
tlichaem rotallen fijden meteen felue reden ftaet. Dieplactsdan enis
buyten tlichaem niet, noch daer binnen, daerom nerghens, waerduer
het onmeughelick is, dat eenich deel uyr fijn naterlicke plaets ghe-
brocht worde, ende vervolghens vlichaem en can daeraf gheen wee-
dom ontfaen.

" Maer om t'felue metter dact noch merckelicker te bewyfen,lact A B
'C D een water {ijn, hebbende inden grondt D Ceen gat, ghefloten met
den tap E, ende opden fcluen grondtligghe een man F, met fijn rugop Ex
T'welck foo fijnde, daerencan van weghen ghewicht des waters op
hem ligghende, gheen deel des lichacms uyt fijn naterlicke placts verfet

worden,
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PROPOSITION II1.

To explain the cause why a man, swimming deep below the water, is not crushed
to death by the great weight of the water lying on him.

Let a man lie 20 feet below the water’s surface, each foot of water weighing
65 lbs, and the whole area of his body shall be 10 feet. This being so, there
will be exerted against his body a pressure of about 13,000 pounds, by the 10th
or 11th proposition of the elements of Hydrostatics. Which being so, how is it
possible, it may be said, that this weight does not crush the man to death? The
answer to this as follows 1):

A, Any thrust which burts the body moves some part of the body from its

natural place;

O. This thrust of the water does not move any part of the boa'y from its

natural place;

O. Therefore this thrust of the water does not hurt the body.

The second proposition of the syllogism is clear from practice, the reason of
which is as follows: If any part, such as flesh, blood, fluid or whatever it be
were moved from its natural place, it would’ have to find a place into which it
might enter.. That place is not outside the body, since the water, exerts the same
pressure against it on all sides (as to the fact that the lower part is subject to a
somewhat greater pressure than the upper part, by the 11th proposition of the
Elements of Hydrostatics, that is of no account in this case, for this- difference .
cannot move any part from its natural place); nor is that place inside the body,
for there it is as full of corporeity as outside, so that one part exerts the same
pressure against the other as that against this, since the water round the body
has the same position on all sides. That place therefore is neither outside the
body nor inside it; therefore it is nowhere, owing to which it is impossible that
any part should be moved from its natural place, and consequently the body cannot
be hurt by it. :

But in order to prove this even more clearly by experience, let ABCD be a water,
having in the bottom DC a hole closed with the plug E, and on this bottom there
shall lie a man F with his back on E. Which being so, it is not possible for any
part of the body to be moved from its natural place by the weight of the water .

1) See note z to p. 143.
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worden , ouermits Cwater an allen fijden eueftijf anftoot, als vooren
ghefeyt is. . e
- Maer wildi nu daétlick fien dit de waerach-. A B
tighe oirfacck te wefen, fo trect den tap E uyt, - ,
endedan en fal teghen fijn rug an E gheen
ftootfel fijn,als an alle d’ander plaetfen fijos li-
chaems, daerom oock fal het lichaem daer
prangfel lijden;, endedatfoo ijf als int derde
voorbeelt des 2 voorftels van defen betooche -
" is;te weten foo ftijf, als veroirfae& wort duer

vghewicht des pilaers waters, diens gront het v
gat Eis, ende hoochde, de hoochde fes waters bouen hem, waermede
. £voornemen opentlick bewefen is. L

T°EINDE DES ANVANGS DER WATEAWICHTDAET.
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lying on him, since the water exerts the same pressure on all sides, as has been
said before. ‘

But if you desire to see by experience that this is the true cause, pull out the
plug E, then there will be no pressute against his back at E such as there is at all
the other places of his body. Therefore the body will there be subjected to pres-
sure, and this as strongly as has been shown in the third example of the 2nd
proposition, i.e. to a pressure such as is caused by the weight of the prism of
water whose base is the hole E and whose height is the height of the water
above him, with which the fact intended to be proved is clearly evinced 1).

THE END OF THE PREAMBLE OF THE PRACTICE OF HYDROSTATICS

1) This experiment calls forth the same sceptical comment that was made by Boyle
on similar experiments of Pascal: motre ingenious than practicable. R. Boyle, Hydrostatic-
al Paradoxe; Made Out by New Experimenss. Works. London 1772. Il 732-797.
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INTRODUCTION

It is one of Stevin’s firm principles never to mingle his scientific argument with
polemics. On the other hand there are several controversial questions on which
he likes to express his opinion. Some of these are dealt with in the following
Appendix to the Art of Weighing.

In the first chapter he combats the so-called principle of virtual displacements,
which enables statics to be founded on dynamical principles. In the second he
refutes various erroneous opinions on the motion of falling bodies in resistant
media. In the third it is contended that the Art of Weighing is entitled to
be considered an independent branch of mathematics on the same footing with
Arithmetic and Geometry. In the fourth chapter certain objections to the use of
numbers in proofs of statical propositions are refuted, and the final chapter
contains some further elucidations on Prop. VIII of the Elements of Hydrostatics
(Archimedes’ principle).

/
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Appendix. * A N H A NG,

INDE WELCKE ONDER
’ AN_D“EREN‘WEERLEYDT WORDEN

ETLICKE DWALINGHEN DER
‘wichtighe ghcdacntcn.

ANDEN LESEHR.
]@ Y ghedenckende vant mifbaghen das ick_ fomvy-
|

Argumentis, 2

;q len ghehads heb inde’ fErijiredens ettelicker (chrij-

wers, welcke ghedrenen van haer ghemoet, ander
perfoonens avalinghen in conSten (o ~verachtelick
berispren, dat [y daermede een ghetwych gauen,
Vetn hacr veel flimmer dwalinghen inde [eden; ende dat my daer

Materia.  beneisen ouervioedighe’ ffof ontmoet Was ,om te connen Weerleg-
ghen veel dolinghen cvande wichtighe ghedaenten duer fommi-
ghe befchrenen: Heb ghevreeft int verclaren der [eluer, den Le-

Jer cvan my een vermoeden te mueghen gheuen, Van fulix dls

my in anderen mifuiel. Nochtans achtende hier beneuen, dat-

tet gant{chelik ves(wyghen (Want Wy met cvoorfes dacr af in-

de voorgaende boucken niet en bebben willen v eren, om de lee-
Arguments- ving met gheen * frijding te ~verduySteren) den [ommighen
e eenich mifverStant ende achterdeel mocht veroirfakea, hef my
ghepoocht naer rmiddel te trachten,, ende inde plaets ~van cveel

befonder dwalinghen, alleen haer ghemeene oirSpronck_ducr de

Capits.  tWee eerfi"vn{ghmde *hooftfticken te Verclaren niet tot vermin-
dering des naems van fo Weerdigen [chrijuers, macr veel eer om.

die met danck bacrheyt te helpen ~vermeerderen, als van bewe-
ghende oivfaken bacrder nacommers, fonder welcke ~eel befon-
derbeden dickmacl ongheroert fouden gheblenen bebben.

1 HooFrr-

- 514 -



507

APPENDIX

IN WHICH, AMONG OTHER .THINGVS, MANY ERRORS ABOUT THE
QUALITIES OF WEIGHTS ARE REFUTED.

TO THE READER.

Bearing in mind the displeasure 1 have sometimes had in the arguments of
many writers who, moved by their feelings, censured the scientific errors of other
persons so contemptuously that by this they testified to their own — much worse
~— errors in manners, and further having found abundant material to refute many
errors about the qualities of weights described by some writers, 1 feared lest in
pointing them out 1 might give the Reader cause to suspect me of the same
thing that had displeased me in others. Further considering nevertheless that
complete silence (for we intentionally refrained from referring thereto in the pre-
ceding books, in order not to obscure the theory with argumentations) might
cause misunderstanding and disadvantage to some people, 1 have tried to steer
a middle course, and instead of many_particular errors point out only their com-
mon origin in the two following chapters, not in order to throw discredit upon
the reputation of such worthy writers, but rather in order to aggrandize it by
gratitude, because they are the moving causes for their successors, without which
many particulars might often not have been referred to at all.

CHAPTER 1, that the cause of bodies being of equal apparent weight does not .
reside in the circles described by the extremities of the arms.

The reasons why equal gravities at equal arms are of equal apparent weight
are known by common knowledge, but not so the cause of the equality of apparent

weight of unequal gravities at unequal arms proportional 1) thereto, which cause
the Ancients, when they inquired into it, considered to reside in the circles de-

i

1 Read: inversely proportional.
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I HOOFTSTIC, DAT DER EVESTALT- Capurr.
WICHTIGHEN OIRSAECK NIET EN SCHVYLT
onder deyonden befchreuen met d'uyterSien der ermen.

E redenen waerom cuen {wacrheden an euen ermen eucftaletwiche
tich fijn,is duer ghemeene wetenfchap bekent,maer niet alfo doi-
_ faeck der euettaltiwichticheyt van oneuen fwaerheden an oneuen ermen
met haer* euerednich,welckeoirfacck d’ouden onderfouckende,hebben proporsions.
die gheacht ‘te [chuylen onder de ronden befchreuenduer d'uyrerften les.
der ermen, als blij& by Ariftoteles in Mechanicis mer {ijn nauolghers;
T'welck wy ontkennen ende reden daer af aldus gheuen:
E. Dat flil bangs enbefchrift gheen ronds,
A.  Twee eueflaltwichtighe banghen flil;
+ Ev Twee eueftaliwichtighe dan en befchrijsen gheen rondt. .
Ende veruolghens (0o eniffer gheen rondt; Maer alwaer gheen rondt
enisdaeren can c’rondt het ghene niet wefen daer eenige oirfaeck onder
fchuylt, waer duer de ronden hier Ughene nieten fijn,daer d'oirfacck der
~eueftaltwichticheyt onder beftact. Angaende (op dat wy des * Bewyfre- Sylogéfmi
dens tweede voorftel verclaren) vroerfel ofte te befchrijuing der ronden minerem.
- welcke haer ooghenfchijnlick mach vertooghen, die en is niet eyghen
det eueftaltwichtighen, maer by gheuille, algi duer windt, hurting, oft
.. eenighe ander beweghing,met welcke nietalleen defe, maeroock don-
~ eieftaltwichtighe ronden connen befchrijuen.Tis dan openbacr dar defe
oirfaeck in gheen ronden en beftaet, maer onder vghene int 1 voorftel
des 1°" boucx vande beghinfelen der Weeghcontt, daer af * Wifconftlick Matkema-
bethoocht is. Daerom die fulcke dwaling voor feker grondt namen,ten bice.
is gheen wonder dat fy, fonder te comen totkennis der oirfaecken,oock
fonder te crijghen form van Weeghconft, hemlien in veel valfche voor-
ftellen oeffenden, die wy hierint befonder fouden connen weerlegghen,
maer fulcx laten om de redenen hier bouen verhaelr, te meer dat fy duer
haer contrari, als Uvoorncemde warachtighe , ghenouch bekent fijn,
Men foude hier oock mueghen weerlegghen ettelicke voorftellen van
fcheefwichren, befchrenen duer Cardanus lib. 5. De proportionib. daer hyle
" raeme uyt feker houcken van linien oft platten, maer dat de felue ghe-
mift Gjn, is openbaer ghenouch duer het Wifconftich bewys van ander
* cueredenheyt, int 19° voorftel des 1°* boucx vande beghinfelen der Proporsione.
Weeghcontt.
I* HOOFTSTICK,DAT DE GHE-

- ROERDEN MET HAER BELETSELEN IN

: Sheen * eueredenbeyt en beflaen. Propartione..
VVY hebben inde yoorreden der Weeghdaet anden Lefer, ghefeyr,
dat de gheroerden mert haer beletfelen nict eucrednich en fijn,0ock
_ : Li aldaer
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scribed by the extremities of the arms, as appears in Aristotle’s In Mechanicis 1)
and his successors 2).

This we .deny, and we give the following reason therefor 3)

E. That which hangs still does not describe a circle;

. A. Two gravities of equal apparent weight hang still;

E. Tbherefore two gravities of equal apparent weight do not describe circles.

And consequently there is no circle. But where there is no circle, the circle can-
not be that in-which resides any cause, so that the circles are not here that in
which resides the cause of the equality of apparent weight. As regards (in order
to explain the second proposition of the syllogism) the motion or the description
of the circles which may appear to present itself, this is not peculiar to gravities
of equal apparent weight, but accidental, as by wind, pushing or some other
movement by which not only these, but also gravities of unequal apparent weight
can describe circles. It is therefore manifest that this cause does not reside in circles,
but in that which has been proved about it mathematically in the 1st proposition
of the 1st book of the elements of the Art of Weighing. Therefore it is no wonder
that those who took this error as a sure foundation, without becoming acquainted
with the causes and also without attaining some sort of Art of Weighing, prac-
tised many false propositions, which we might refute here in particular but that
we refrain from doing so, for the reasons mentioned above, the more so because
they are sufficiently known from their contraries, being the aforesaid truth 4).

It would also be possible to refute here many propositions on oblique weights,
described by Cardanus lib. 5, De proportionib., where he estimates them from
certain angles of lines or planes, but that these are wrong is sufficiently manifest
from the mathematical proof of another proportion, in the 19th proposition of the
1st book of the elements of the Ast of Weighing 5).

CHAPTER 11, that bodies in motion are not proportional to their impediments.

We have said in the preface to the Practice of Weighing to the Reader that
bodies in motion are not proportional to their impediments, and also promised
there to give 2 more appropriate proof thereof elsewhere, which we have arranged
to do here, where are to be refuted the arguments of those who are of the
opposite opinion, as follows. Aristotle — in the 4th book of Physics in the
chapter on vacuum 6) — and his followers hold that if two similar bodies fall

1) Stevin refets to the pseudo-Aristotelian treatise Quaestiones Mechanicae.

) Abundant documentation on these successors is to be found in Ernest A. Moody
and Marshall Clagett, The Medieval Science of Weights. Madison 1952.

3) See Note 2 to p. 143.

%) The above passage refutes the assertion not uncommon in books on the history of
science that Stevin was the initiator of the principle of virtual displacements or of virtual
work. This principle, which originates in the pseudo-Aristotelian work Quaestiones Me-
chanicae, had been applied in the Middle Ages by Jordanus Nemorarius and his followers.

) Cardanus Opus novum de proportionibus etc. Basileae 1578, V, 72. Cardano contends,
that the force tequlred to hold a body at rest on an inclined plane is proporuonal to
the angle of inclination.

%) Stevin obviously means Physica IV 8; 2152-216a. It may here be remarked that
Aristotle considets separately the influence of the der151ty of the medium acting as an
impediment (2152 29-215b 12) and that of the gravity which furthers the motion (216a
12-21). He nowhere asserts the proportionality of gravity and impediment.
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66 . -8 STEVINS - Co
aldacr belooftelders van dies eyghendicker bewys te doen, thwelck wy
hier veroirdent hebben, alwaer weerleyt fullen worden de.* fitijtredens ..

vande ghene dic de contraric meynen, aldus: Ariftoreles int 4° bouck der
Nataer int hooftftuc des ydels met fiju nauolghers, willen, dat vallende:
twee lijckformighe lichamen duer -delocht, ghelijck de {waetheyt van

veen tot die van vander, alfo diens tijt des duerlijdensrot defens, datis,. . .-

ghelijck fwaerheyt tot fwaerheyt, alfo belet tot belet. T'welck (ijn mey-

- ning foo te wefen hy in verfcheyden boucken opentlicker verclaere als

- Lib. 6. Phyf oock lib. 1.2. 3. 4.de Calo,tot veel plactfen. Hier in heeft te-

~ isdefe: Eaet nemen (foo den hoochgheleerden H. Tan CorRnNETS )

ghen Aniftoteles ghefchreuen Toannes Taifnier Hannonius, willende oock
cueredenheyt, doch fo,dat die twee voornomdelichamen'in euen tijden
duer enen langden des lochts vallen; In welcke meyning Cardanusoock.
islib. 5. de Proportisnib. prap. 1 10, Maer d’een noch dander-en ‘heeftde
faeck ghetroffen, twelck wy eerft met daetlicke emaring verclaren ful+”
len, ende daer naer d'oirfacck bethoonen. Dreruaring teghen Ariftoreles

pe Groor vlictichfte onderfoucker der Naturens verborghenthe-

.den, ende ick ghedaen hebben) twee loyen clooten dten thienmacl

. grooter-en {waerder als d'ander, dic laet efamen vallen. van 30 voe-
" “ten hooch, opeen bart oft yet daer fy merckelick gheluyt tegen gheuen,,

~ende (al blijcken, datde lichfte gheen thienmael langher op wech en

blijft dan de {waerfte, maer datfe tfamen (o ghelijck opt bart vailen, dat
haer beyde gheluyden een felue clop fchijnt te wefen, Sghelijex beuint
hem daetlick oock alfo, met twee euegrootelichamen in thienvoudighe-
teden det fWaerheyt,dacrom Ariftoteles voornomde eueredenheyt is on-
recht. D’cruaring teghen Taifnicr is dufdanich: Neemt een cleen ynckel
cort haerken boomwols, e een paxken des (elfden fijf in een ghebon-
den,weghende cen pondt,ende van ghelijcke form mettet haerken; defe-
lactrlamen neeruallen van vijfofte fes voeten hooch, ende deruaring fal -
betoogen dattet haerken (nietteghenftaende fijn ftof veel dichterineen.
ghefloten is, dan des.pacx, waer in veel ledighe plaets ofte locht
is)wel vijuentwintich mael langher op wech blijft dan t’paxken.dacrom.
fy en vallen nafijn meyning op gheen euen tijden duer euen langden des
lochts. -Ander eruaring blij¢t cock teghen Taifhier ine rijfendwiche, als
in een lanck claer glasvol warers, t’Wc%ck'gberocrt,alfo darter veel'locht-
clooten ofte lochtbelten in commen;efi daerna ftil gheliouden de groot- - -
fte bellen fullen fnellick in een ooghenblick opcommen, de. cleender -

-~ niet [oo ras, maer de-minfteals fandekens, foo traechlick als een flecke:

Snperficiei.

cruypt;ewelck verre is van euen tijden. Dit is van d’eruaring ghefeyt..
Dacr reft nu noch droirfaeck re verclaren, wacrom hier gheen cuereden-
heyten is,aldus: Yder roerende lichaem heeft eenich belet fijns roerfels,
dat van cen vallende lichaem duer de loche, is C'ghenaccfelfijns * viacx.

' o teghen de
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through the air, as the gravity of the one is to that of the other so is the time
of passage of the latter to that of the former, i.e. as gravity is to gravity, so is
impediment to impediment 1). Which in several books he more openly declares
to be his opinion, as in lib. 6 Phys 2), also lib. 1.2.3.4. de Caelo, in many places.
In this, Johannes Taisnier Hannonius 8) has written against Aristotle, also main-
taining proportionality, but in such a way that the two aforesaid bodies fall in
equal times through equal distances of the air. Which opinion is also held by
‘Cardanus, lib. 5 de Proportionib. prop 110 4). But neither the one nor the other
has hit on the truth, which we will first expound by means of practical experience,
after which we will set forth the cause. The experience against Aristotle is the
following: Let us take (as the very learned Mr. Jan Cornets de Groot, most in-
dustrious investigator of the secrets of Nature, and myself have done) two spheres
of lead, the one ten times larger and heavier than the other, and drop them
together from a height of 30 feet on to a board or something on which they give
a perceptlble sound. Then it will be found that the lighter will not be ten times
longer on its way than the heavier, but that they fall together on to the board
so simultaneously that their two sounds seem to be one and the same rap 5). The
same is found also to happen in practice with two equally large bodies whose
gravities are in the ratio of one to ten; therefore Aristotle’s aforesaid proportion
is incorrect. The experience against Taisnier is as follows: Take a small, single, .
short hair of cotton and a packet of the same, tightly tied together, weighing one
pound and of similar form to the hair; drop these together from a height of five
or six feet, and experience will show that the hair (in spite -of the fact that
its material is much more compact than that of the packet, in which there is
much empty space or air) is at least twenty-five times longer on its way than the
packet; therefore they do not, as was his opinion, fall in equal times through
equal distances of the air. Another experience also appears to be against Taisnier,
with ascending weight; for example, in a hlgh clear glass of water, which is
stirred in such a way that many spheres of air or air bubbles are produced therein,
and thereafter kept still, the largest bubbles will ascend rapidly, in a moment,
the smaller ones not so rapidly, but the smallest, like grains of sand, as slowly as
a snail creeps; which is far from equal times. This is what is said about the ex-
petience. It now remains to set forth the cause why there is no proportionality
here, as follows. Every body in motion has some impediment to its motion,
that of a body falling through the air is the friction of its surface against the air.

1) It is by no means clear, how this inference is drawn.

2) This must be a mistake for 7. The reference is to Physica VII 53 250 a.

%) Opusculum _perpetua memoria dignissimurn de narura magnesis, et eius ;ﬁ'embm Item De '
motu continuo. Demonstratio proportionum motusm localium contra Aristotelem et alios Philo-
sophos. De motu celerrimo, bactenus incognito Authore Ioanne Taisnerio Hannonio. Coloniae
1562. Jean Taisnier was ‘born at Ath (Hainault) in 1509; the year of his death is unknown.
After various peregrinations he became master of the archiepiscopal church choir at
Cologne. The name of his birth place accounts for the adjective Athensis which is some-
times added to his name. For further information the teader may consult: L. Thorndike,
A History of Magic and Experimental Science. V 580-588.

Y Hieronymi Cardani Mediolanensis... Opus Novum de Proportionibus . . Basileae
1578. Prop. 110. p. 104. .

%) This experiment is usually ascribed to Galileo, who is said to have performed it
during his professorship at Pisa (1589-1592). The story is rather suspect. At-all events he
* was anticipated by Stevin and De Groot by more than three years.
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teghen de lochr, daerom ontfangt 'meefte der ghelijcke lichamen wel

tmeelte beletlel, maer ouermides der lichamen grootheden methacr

vlacken felfs nietenerednich en fijn (wanttwee teerlinghen in achtvou-

dighe reden, hebben haer vlacken alleen in viervondighe) fo en connen

fy met die beletfelen niet enerednich wefen, ende daerom ift datde min-

ftelichameén meer beletontfanghen, int anfien der eueredenheyt, dan de

meefte, waerduer {y oock tracchlicker neervallen. S

Ende of de vlacken {choon inde reden haerder groothéden waren, fo

ist’'middel daer de lichamen duer. vallen, alleen oock een oirfaeck die.

fulcke everedenheyr weert, vwelck opentlick blij& in twee lichamen,

~ teen int water finckende, rander daer op driuende, wiens beletfelen der
vlacken cenighe reden hebben, maer de tijden gheen, dacrom: en fijnfe
niec euerednich. Ymant fal hier toe mueghen fegghen 'ghemeen woore - .
* I ander pavich, datis, hem fulcx alleen te verltaen van lichamen die Carerie pari-
beyde duer vwater fincken. Ick feg dat de voornomde eueredenheyt in % '
fulcke oock niet enbeftact: Om ewelck re bewyfen fo lact twee licha-
men fijn, A rfwaerfte, B Clichfte, die beyde int water fincken,ende tuf-
fchen hun befta de voornomde eueredenheyt. Dit {foo wefende, tis ken-
nelick datmen neuen A, ander oneindelicke menichte van lichamen
voughen can, veen lichter alsvander,endeelck lichter als B, die alle daer
in {incken.. Nuyder van defe verleken met A, men fal allencx naerde-
ren ’ghene bouen ghefeyt is gheen cueredeu’hext te wefen,dat is men fal
naken de verlijcking eens licﬁaems dat fin&, met eendatniet en finét :
Maer dit foo nacrderende, endein A, B, de begheerde cueredenheyt be-
ftaende, feker gheen_dier oneindelicke menichte der lichamen mer A
vetleken, en fullen dic eueredenheyt hebben; want foofer in waer, fy en
fouden niet naerderen; rwelck teghen vgheftelde is. Dacrom foo wy
voorghenomen hadden te verclaren,’middel dacr de lichamen duer val- -
Ien, isoock een oirfzeck die de voornomde eueredenheytweert. -

* Maer hier aldus bethoont hebbende, gheen cueredenheyt te beftaen
toflchen de ghetoerden met haer beletfelen inde alderghefchicfte voor-
beelden, alwaer maer een eenvoudich frijcfel der vlackenen is teghen

. de locht, oft teghen t'water, oo en falder uyt noch ficrcker reden, gheen

cucredenheyt wefen in onghefchi&er voorbeelden van verfcheyden flof-
fen, als in reet{chappen van haut, ijfer, en dier ghelijcke, want dic wort
beolijt, dat befmeerr, teen can ‘met ecn vochtich weer opfwellen, van-
der verroeften,alle welcke (ick laet veel ander varen) deroerfelen der
‘rect{chappen verlichten of befwaren. Daerom foo ghefeyt isinde boue-
fchreuen voorreden der Weeghdaet, men fal hem op defe {chijn van
cueredenheyt niet verlaten, maer v'ghene Cardanus lib. 5. de Proportio-
gibuws in vecl ver(cheyden voorftellen, met meer ander Schrijuers daer af
befluyten, voor dwalinghen houden, fich vernoughende metde Wil
- , : I1i 2 conftighe
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Therefore the largest of such bodies indeed meets with the greatest impediment,
but since the volumes of bodies are not proportional to their surfaces (for two
cubes in the ratio of one to eight have their surfaces only in the ratio of one to
four), they cannot be proportional to those impediments, and that is why the
smaller bodies meet with a relatively greater impediment than the greater, owing
to which they also fall more slowly.

And even if the surfaces were proportional to their volumes the medium alone
through which the bodies fall is also a cause preventing such proportionality,
which is clearly apparent with two bodies, one sinking in the water and the other
floating thereon, the impediments of whose surfaces have a certain ratio, but the
times have not; therefore they are not proportional. Someone might here add the
common term: other things being equal, i.e. that this applies only to bodies which
both sink in the water. I say that the aforesaid proportionality does not exist
between such bodies either. In order to prove this, let there be two bodies, A the
heavier, B the lighter 1), which both sink in the water, and let them be in the
aforesaid ratio. This being so, it is evident that besides A there can be added an in-
finite number of bodies, one lighter than the other, and each lighter than B,
which all sink therein. Now if each of these is compared with A, we shall gra-
dually approach the situation in which, as has been said before, there is no pro-
portion, i.e. we shall approximate to a comparison of a body that sinks with one
that does not sink. But with this approximation, and the desired proportionality
existing between A, B, certainly none from that infinite number of bodies com-
pared with A will have that proportionality; for if it were thete, they would
not approximate, which is against the supposition. Therefore, as we intended
to set forth, the medium through which the bodies fall is also a cause preventing
the aforesaid proportionality.

But since -we have thus proved that there is no ‘proportionality. between bodies

.in_motion- and -their . impediments in the most. obvious examples, where there is -

only simple friction of the surfaces against the air or against. the water, there
will a fortiori be no proportionality in less obvious examples of several materials,
such as tools of wood, iron, and the like, for the former is oiled, the latter
greased; the one can swell in moist weather, the other rust; all of which things (I
omit many others).lighten or weight the motions of the tools. Therefore, as has
been said in the above-mentioned preface to the Practice of Weighing, we should
not rely on this appearance of proportionality, but consider the conclusions reached
by Cardanus, lib. 5 de Proportionibus in a great many different propositions, and
by other writers, to be errors, being satisfied with the mathematical knowledge of

1) It is obvious that ,,heavier” and , lighter” here refer to specific gravity. The weights
of A and B are supposed to be equal. Stevin considers a series of bodies of this same
weight G with a gradually decreasing specific gravity S. If the resistance R exerted by the
water were proportional to the volume, R would be inversely proportional to §, and
consequently § would be proportional to the time required for the motion through a
given distance. If § approaches the specific gravity S; of the water, the time tends to a
certain 11m1t whereas, on the other hand, if § = §,, there is no motion at all.
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‘ conﬁighe kennis der euettaltwichricheyt van eroerendeende hetteroes
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Ars Mathe-
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Arithmetica
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, dgens_,ghcucn,, aldus : Ouermits de * ftof desghetalsaleen
anderis dan die der grootheyt, foo fijn deleeringhen. haerder eyghen- -
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fonder Conft ghehouden, als * Telconft ende * Meetcontt, op dat elcke
alfoo oirdentlicker, eyghentlicker; ende vetftaenlicker foude mueghen
befchreuen worden. Ten anderen,want haer diepfinnighe *ancleuinghen
ons nictuyter natuer bekenten fijn, maer dat wy: die leeren uyt de ver-

- gaerdefchriften der ghene die duer befondér vliet hun daer in-gheoef-

fent hebben, ia dickmael by gheualle ter kennis vdn-yet befonders' ghe-.

. rochefijn,ende dat haer wetenfchap den menfchen dacrenbouenfeer nut
" is,{oo worden(e met recht vrye conftenghenoemt:. Ten defden; nadien..

" defekerheytin haer beftaende, de ghewitheytvan dander Contten ver-.

re te bouen gact; foo worden(e billichlick dacrbeneuen Wifconften ghe- -
heeten. Tfelue isom der ghelijcke redenen vande Weeghconft oock te
oirdeclen; wantangheficn haer ftof, te weten. fwaetheye ,;al een ‘ander is
dan ghetal ofte grootheyt;oock dat de nutte eyghenfchappen van'defe,

- in diepfinnicheyt an d’cy%henfchappcn vah die niet en wycken (Cwelck -

" daerinblij&, dat {y om fu

cxlaetft rot fmen{chen kennis ghecomen fijn,
endeof fy v fchoon licht dochten, dar muecht ghy d’onbegrijpelicke

- volmaectheyt der Duytfche {praeck dancken) Voorts dat fy duer haer

uyterfte beghinfelen, in fulcken ghewifheyt beftaetals die, foo fal fy om

* haerghenieene reden, een befonder vrye Wifconft ghenoemt worden, -

Species,

Theeremata.

- Yemant (al hier tc'%hch mueghen fegghen, datdeMeetconft ot haer
bewyfen dickmael ghebruy@t wort, ende die daerom “als* afcomft der

“Meetcontt ftellen. Ickanwoord de Telcontt fulex oock: te ghebueren,
‘nochrans een befonder vrye Wifconft blijuende. Want wat voornamelic-

ke*Vertoogen heeftfe, diens grondelicke kennis duer de Meetcotiftighe
formen niet vercreghen enwort 2’ Ta die Meetconft feluer hoe foudefe
founder ghetalen beftacn? Siet haer beghinfelen als die van Euclides, hoe
dickmael d’cen form des anders dobbel, defe drie platten euen an die
twee ghefeyt worden. Tblijt dan die voorftellen fonder vbehulp van

) : R - ghetalen
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the equality of apparent weight of the movmg body and the body to be moved
as being sufficient for the purpose.

CHAPTER 11J, that the Art of Wexghmg is a distinct, free branch of mathematics.

It is true that there are often unnecessary points of controversy about the names
of things, which do not give rise to obscutity, among which I cannot deny but
this third chapter may be reckoned, but since we have, where relevant, called the
Art of Weighing a free branch of mathematics, we briefly have to account for
this, as follows. Since the subject matter of number is quite different from - that
of magnitude, the theories of its properties are justly dissociated from the other,
and each is considered a distinct art, viz. arithmetic and geometry, so that each
might thus be described in a more orderly, appropriate, and comprehensible way.
Secondly, because their profound attributes are not known to us by nature, but
are' learned by us from the collected writings of those who have studied them with
special zeal, nay, have often quite accidentally become acquainted with some special
feature, and because their knowledge is moreover very useful to mankind, they
are rightly termed free arts. Thirdly, since the certainty residing in them far
exceeds that of the other arts, they ate also on that account rightly termed ~"Wis-
consten’” 1). The same can for similar reasons also be said of the Art of Weighing.
For since its subject matter, to wit gravity, is quite different from number or mag-
nitude; also because the useful properties of the latter-are not inferior in profun-
dity to the properties of the former (which is evident from the fact that for this
reason they were the last to come to man’s knowledge, and though they may seem
easy to you, you owe that to the incomprehensible petfection of the Dutch
language) ; further because in its fundamental principles it is of equal certainty to
the former, it is, on account of this common reason, to be termed a distinct, free
branch of mathematics.

Someone may object to this that geometry is often used for its proofs, and
therefore may call the Art of Weighing a species of geometry. I reply that this
also happens with arithmetic, which nevertheless remains a distinct, free branch
of mathematics. For what important theorems does it have, thorough knowledge
of which 1s not acquired by means of geometrical figures? Nay, how could even
geometry itself exist without numbers? Consider its elements, for example, those
of Euclid, how often one figure is said to be double of another, these three plane
surfaces are said to be equal to those two. It is therefore found that those pro-
positions cannot be proved without the aid of numbers, without, however, one

1) ,,Wisconst™ literally means a sure, certain art. The pun could not be preserved in -
the translation. '
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ghetalen onbewy(lick te wefen, nochtans deen des anders afcomft nict
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ftel des 1" boucx, is ghemeen ouer allen, anwyfende duer d'uyterfte be-

ghinfelen, de reden wacrom datfo is,ende nietanders fijn en can; Cfelue

wort om fulcke ghewifheyt Wifconftich ghenoemt, cwelck de * Wif~ Mazbemariss
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‘werckelick duer ghetalen. Yemandr moche nu fegghen; Dit {o fijnde,
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*eucredenheden der deelen des voorgheftelden forms verclaren,d’ander p,,p,:,',’,f:;,,.

de * menichvuldicheyt; T'bewys duer dieis Wifconf}i;h,wan:tethcm tlalp Quanrisard.
i3 alle
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being a species of the other; and.the same is also true of the Art of Weighing.
As to the fact that perspective and catoptrics are considered not to be distinct,
free branches of mathematics, but species of geometry, to which someone might
wish to compare the Art of Weighing, the reasons are quite different, since the
subject matter of the latter, to wit gravity, is such that, like magnitude, it resides
in every real thing under consideration, to the great advantage of man; but not
- 50 the subject matter of the former. We therefore rightly conclude that the Art of
Weighing is a distinct, free branch of mathematics, as we intended to prove.

CHAPTER 1V, that some of the preceding proofs in which numbers were used
are mathematical.

Scholars make a distinction between a mathematical and a practical proof; which
is not without reason, for the former applies to all cases and also thoroughly sets
forth the cause, and the latter only applies to the particular given case, without
the cause why it thus happens being known. For example, in order to prove that
the square of the longest side of a rightangled triangle is equal to the two squares
of the other sides, a man takes a triangle whose shortest side is 3 feet, the second
4, and the third 5 feet; this is found to be rightangled. Therewith he proves that
the square of the longest side, 25, is equal to the squares of the other two sides,
viz. 16 and 9. But this is only a proof of the case under consideration, from which
it does not follow that -this must be so with all rightangled triangles. Nor do we
thus see the cause why it happens in this way, and since this is done by practical
means, it is called a practical proof. But the proof thereof given by Euclid in the
47th proposition of the 1st book applies to all cases, and shows, by means of the
fundamental principles, the reason why this is so and cannot be otherwise; because
of such certainty, this proof is called *"Wisconstich”, which mathematicians prefer,
for the reasons given above, to the practical proof by means of numbers. Now
someone might say: if this is so, why then have you given the proofs of the 4th,
11th, 12th, 18th propositions of the 2nd book of the elements of the Art of
Weighing by means of numbers? The reply to this is that we meet with numbers
in the proofs in two different ways, one in which as terms they only set forth the
ratios and proportions of the parts of the figure under consideration, the other
the quantity 1). The proof by means of the former is mathematical, for it ap-
plies to all species of the figure under consideration and sets forth the causes,
but the proof by means of the latter is not, for the opposite reason. Which
Eutocius, the commentator of Apollonius, in the 11th proposition of the 1st book

1) The meaning of this passage is: In the propositions quoted, the line segments that
occut thetein have cettain definite ratios to each other, which are expressed by numbers,
e.g. in a triangle the centre of gravity divides a median into parts which are in the ratio
1 : 2. This way of using numbers is quite different from the one where we suppose the
median to be of a given length. It appears that in Stevin’s day the explicit mention of
numbers gave rise to objections, and that a distinction was made between this and the
Greek method of expressing ratios in words. This difference is, of course, quite inessential..
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also understands in this way saying 2): Let not one become agitated because this bas
been proved by means of numbers, for the Ancients are accustomed to use such
proofs, since they are better versed in mathematics than in arithmetic, for the
sake of the proportionality. Note, too, that what is required to prove is of an
arithmetical nature, for ratios, and quantities of ratios1), and maltiplications
firstly reside in numbers, and secondly through numbers in magnitudes, according
to the opinion of him who has written: 2) rabra yap té padjpara Soxovve
eluev d&8eApd:3), i.e. all these arts seem to be children of one mother. Now some-
one might advance that Ptolemy, Archimedes, Apollonius, Commandinus, Regio-
montanus, and many others do not designate in such propositions all the terms
with such explicit numbers as has been done here. To this I reply that with the
same right with which they speak of the double and the treble of the terms, we
may also speak of their twelvefold, wherever it is relevant, as AD to RD in the
aforesaid 23rd proposition 4), and of their ratio 37 to 23, as AR to RD in the
above-mentioned 11th proposition 5), and in this way with ail others, for such
lines do not have any different ratio in each figure of this species. Now since in
an examination of the property of such figures these numbers are used, which are
a certain indication -easily leading to a clear understanding of the matter, it is
useful in a description thereof to add also those numbers, in order not to leave
obscure for others what was light and manifest for the inventors. For such is the
true mathematical proof, explaining the matter under consideration by means of
the causes, as we intended to show. o

As to some proofs of the first book of the elements of the Art of Weighing,
and also of Hydrostatics, in which the gravities are designated by numbers and
known weights, such as pounds: if someone should hold these not to be ma-
thematical, but practical proofs, he should know that side by side with these are
also given the mathematical proofs, as in the 1st example of the first proposition
of the first book, where the contents of the proposition have been shown by
means of numbers and known weights, but in the second example it has also
been proved mathematically, and similatly with the others. In such a way that
the practical proof has sometimes been added to the mathematical one, for the
sake of greater clarity.

CHAPTER V, which is a commentary on Proposition VIII of the elements of
Hydrostatics. :

It has been said as follows in the above-mentioned 8th proposition: The gravity
of any solid body is as much.lighter in water than in air as is the gravity of

1) The translation here follows the Greek text, not Stevin’s rendering, which is de-
fective. The quantity of a ratio (5 mpAwbdTys) is the number after which the ratio is
called (0¥ mapdivvpos éoTv 6 Aéyos).

2 _Apollonii Pergaei quae graece exstani cum commentariis antiguis, ed. J. L. Heiberg. Leip-
zig 1891-1893. II 220. The reference is not quite to the point in that Eutocius does not
speak of cases whete a certain numerical ratio occurs, but of the consideration of ratios,
whether rational ot irtational, as numbers. After giving a demonstration in which ratios
are dealt with in this way, he refutes, in the words quoted by Stevin, in advance any
possible objections to this method, which indeed is at variance with the style of classical
Greek mathematics, . .

%) Archytas. Diels, Fragmente der Vorsokratiker, 35 B.

4) Prop. 23 of Book II of the .Ar¢ of Weighing. For AD : RD read AD : RE.

) Prop. 11 of Book II of the Art of Weighing.
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Waters met hem esiggroot.  Waer uyt ymant fulcken veruolgh moche wil -
len maken: Tder fLflichaems fiwaerheyt is o veel lichter int quicfiluer dan int
Water, als de fivaerheyt des quicfiluers met hem euegraot. Ofte aldus: Y der
Poflicbaems fivaerheys is foo veel lichter int Water daninde olie, als de fivactheys
des Waters met hem euegroot.ende {oo metdierghelicke. Welck noodick

-

veruolgh; de faeck cenuondichlick anghefien,d’eruaring teghen fchijne,.

wani een pont loot en fal na deghemeene ghebruyck van wegen,int wa-
ter nict o veel lichter fijn dan in de olie, als de fwacrheyt des waters met
hem euegroot, maer alleenlick foo veel lichter, als vverlchil eweer licha-
men van water en olic met dat voornomde loot cuegroot. Doch denr
* gronde dieper inghefien, ende * d’ander parich gheftelt, frbeftaet alles
in d'uyterfte volmae@heyr. Om vwelck tebewyfen, fo is t'anmercken,
datinde 1° begheerte der beghinfelen des Waterwiches verfoche is, Der
lichamen ghewicht indéloche eyghen ghenoems te Worden, endeinde 5° be-

sheerte, T vlacvat vol Waters uytghegeten fiinde; ledich te: bijnen, dat is vol

Cateris pari-
basa._

ochts te welen duer de 11° bepaling, dacrom. ghenomen dat de wwee-

- middelen quicfiluer en water fijn, alwaer nu water inde plaetsdes lochrs
ghefteleis, ende datmen hier (ghelijex begheere, Der lichamen ghewicht ing
Water eyghen ghenoems te worden. Oock, T'vlacvat vol quicfilucrs uytghego-
ten fiinde,vol Waters te blijuen, (0 is U'voornomde voorftel (T der fiflichaems
Jwaerbeye is foo ve:l lichter int quicfilaer dan int Water, als de (waerheyt des
" quicfiluers mes hem enegroot) waerachtich. Om t'welck duer ghelijcknis

noch opentlicker te verclaren, (0 neemt dat een mangantlch onder rwa-
" ter fy, aldaer by hem hebbendequichiluer, gout, meteen wacgh, en hou-

dende ' water als voor locht: Ick feg datter gaudr aldaer (o veel lichter fal
fijnintquicfiluer danint water, als de {waerheyt des quicfiluers metret
. gandreuegroo; twelck openbaeris. Tis wel waer dac foomen.naem,

o1 lichamen ghewicht int ydel eyghen ghenoémt te Worden, foot in eenvou- -

dich anfien oock is, men foude nacr fulcke eyghenheyt mueghen feg-
ghen, Yder flijflichaems fivaerbeyt s foo veel lichter int Water dunint ydel, als
de [waerbeyt des Waters met hem eunegrost. Maer anghemer& domtaende,
te weten dat ons ghemeene daetlicke weghinghen(nacr welcke de*Spic
gheling altijt opficht behoort tc nemen ) niet int ydelen ghefchien, maer
-inde loche, (ooift beter na deerfte wyfe, der lichamen eyghenwicht inde
locht te ftelleny Int anfien van welcken, Ubouefchreuen 8¢ voorftel met

[

Thesria,

dicder uytvolghen, in haer uytetfte volcommenheyt fijn, oo wy voore .

ghenomen hadden te-verclaren, -

T EINDE DES ANBANGS.
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the water having the same volume. From which someone might wish to make the
following corollary: The gravity of any solid body is as much lighter in quick-
silver than in water as is the gravity of the quicksilver having the same volume.
Or as follows: The gravity of any solid body is as much lighter in water than in
oil as is the gravity of the water having the same volume, and thus with similar
cases. Which necessary corollary, when looking at the matter in a simple way,
seems to be against experience, for a pound of lead will not, according to the
common weighing practice, be as much lighter in water than in oil as is the
gravity of the water having the same volume, but only as much lighter as is the .
difference between two bodies of water and oil having the same volume as the
aforesaid lead. But when we look more deeply into the matter, and other things
are taken to be equal, everything is quite perfect. In order to prove this, it is to
be noted than in the 1st postulate of the elements of Hydrostatics it has been
asked to grant The weights of bodies in air to be called their proper weights,
and in the 5th postulate, The surface vessel full of water, the latter being
poured out, to be left empty, i.e. to be full of air, according to the 11th defini-
tion; therefore, taking the two media to be quicksilver and water, where now
water is substituted for air, and postulating similarly The weights of bodies in
water 10 be called their proper weights; also The surface vessel full of quick-
silver, the latter being poured out, to be left full of water, the aforesaid proposi-
tion (The gravity of any solid bod y is as mauch lighter in. quicksilver than in water
as is the gravity of the quicksilver having the same volume 1)) is true. In order to
explain this even more clearly by means:of comparison, assume a man to be com-
pletely under water, having there with him quicksilver, gold, with a balance,
and let the water be taken for air: I say that the gold will there be as much lighter
in quicksilver than in water as is the gravity of the quicksilver having the same
volume as the gold; which is manifest. It is indeed true that if we took The
weights of bodies in a vacuum to be called their proper weights, as is the case
when looking at it in a simple way, it might be said in accordance therewith: The
gravity of any solid body is as much lighter in water than in a vacunm as is the
gravity of the water having the same volume 2). But considering the circumstances,
to wit that our common practical weighings (at which the theory should always
be directed) do not take place in a vacuum, but in air, it is better to postulate
in the first manner the proper weights of bodies in air; in view of which the
above-mentioned 8th proposition with those following therefrom is quite perfect,
as we intended to set forth.

THE END OF THE APPENDIX

1) When weighed in watet.
2) When weighed in a vacuum,
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INTRODUCTION TO THE
SUPPLEMENT TO THE ART OF WEIGHING

The second edition of the Arz of W/eigbing, which forms part of the Wiscon-
stighe Ghedachtenissen (Work XI) contains a Supplement consisting: of - four
treatises out of six that had been planned for it.

The first, which bears the title Of the Cord Weight, deals with Spartostatics, i.e.
statical problems relating to systems of stretched cords carrying weights. The
solutions of these problems are based on Theorem 27 of Book I of the Ars, of
W eighing, which is equivalent to the parallelogram (or triangle) of forces.

In the second treatise, Of the Pulley Weight, the movable pulley and the block-
and-tackle are dlscussed The cords carrying the lowest: pulley, and consequently
the weight to be raised, are first supposed to be vertical, afterwards oblique. The
mechanical advantage is found in the first case by considering the number of ropes
bearing the weight, and in the second case by applying the above-mentioned
Prop. 27.

The third treatise, Of the Floating Top- beavmeﬂ, is based on a -practical
military problem. For the assault of a town or fortress use was occasionally made
of ladders on boats, to be ascended by the soldiers carrying out the assault. In
- order to avoid the risk-of the boats capsizing, a test ascension would be made.
Stevin now endeavouss to render this superfluous by means of calculation, without,
however, succeeding in the enterprise.

The Supplement is concluded with a treatise entitled Of the Pressure of
the Bridle and dealing with practical matters of horsemanship. The principal
object is to understand the action of the bridle on the basis of the statical principles
exposed in the Art of Weighing. Present-day experts on equestrian mechanics no
longer accept Stevin’s method. It is nevertheless a remarkable symptom of the
scientific attitude which he and his princely pupil took towards the affairs of
practical life that they felt impelled to study from a mechanical point of view a
device which was in general use. Moreover, we learn from this treatise that they
constructed an adjustable test bridle in order to verify their theoretical conclusions.

The Summary of the Supplement mentions two more titles: Of the Drawing
of Water and Of the Weight of the Air. We do not know whether the first was
to have been concerned with dredging problems, water wheels or marsh mills. In
the latter case it may perhaps have been identical with the treatise-on mills to be
published in our Volume V.

The treatise.Of the. Weight of the Air, if written at all, appears to be irre-
trievably lost, and we can do no more than guess at its possible contents. The
title suggests that Stevin attributed weight to the air, which is in agreement with
some passages of his Hydrostatics (Defs X and XI; Postulate I) and the Appendix
to the Art of Weighing (Ch. V). In how far he would have dealt with aerostatics
on the same principles as hydrostatics, thus again forestalling Pascal, it is, how-
ever, impossible to decide.
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CORTBEGRYP
" defeshyvoughs der VW esgheonst..

#7% Y fijn na d eerfte befchirijving der Weeghcontt, ver-

, [} fcheyden ftoffen der wichtighe ghedaenten voorghes.
ﬁ Rcommen,fooin* fpiegheling als daet, diemen in defe
AR tweede druck elck thaerder plaets van deerfteoirden
foude hebben meulgen {chicken,om daerafeen verknocht lichaem -

te maken: Maer infiende dattet ghefchapen ftaet, nadefe meeran-

derte connen volghen,die om de felveredendan dergeﬁjckg {chic-

.-+ kingfouden vereyflchen, fulcx ‘datter elckemael een verandering
" van t'voorgaende mocht vailen,fo en fouder des verinderens geen -

eynde fijn: En hoe wel datin fijn felven beft mocht wifen, noch-
tans belet vanander noodigher dinghen en latet myniettoe: Inder
voughen dat ick d’eerfte befchrijving der Weeghconft (verande-
rende alleen de veranderlicke) in haer form ghelaten heb, daer by .
voughende de voorfchreven naghecommen ftoffen,die ick intge

heel Byvova u noem,inhoudendefesdeelen: o
‘Heteerftévan het Tauwicht,
.A Hé_tiwecdc van het Catrolwicht,
" Hetderde vande vlietende Topfiwaerheyt,
Hetvierdevande Toomprang, '
Hervijfde vande Watertrecking.
Het fefte vant Lochewicht,
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SUPPLEMENT TO THE ART OF WEIGHING

ARGUMENT
OF THIS SUPPLEMENT TO THE ART OF WEIGHING

After the original description of the Art of Weighing there have occurred to
me several matters concerning static properties, both in theory and in practice,
which in this second edition 1) might each have been arranged in its. place in the
first edition, so as to make a whole of it. But seeing that the position is such that,
after these, others may follow, which for the same reason would then require to
be similarly arranged, so that each time the preceding edition would be changed,
there would be no end of such changes. And though this might in itself quite
well be done, I am prevented by more necessary things from doing so, so that
I have left the original description of the Art of Weighing as it was (only
changing the things that had to be changed), adding thereto the above-mentioned
matters that ‘afterwards occurred to me, the total of which I call SUPPLEMENT,
containing six parts:

The first of the Cord Weight.

The second of the Pulley Weight.

The third of the Floating Top-heaviness.

The fourth of the Pressure of the Bridle.
-+ The fifth of the Drawing of Water..

The sixth of the Weight of the Air 2).

1) This Supplement first appeared in the Wisconstighe Ghedachienissen (X1), in which the
Art of Weighing (VI) was reprinted.

) As has been remarked in the Introduction, the last-mentioned two treatises are
missing. .
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FIRST PART
OF THE SUPPLEMENT |
TO THE ART OF WEIGHING,
~ OF THE CORD WEIGHT
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@ CORTBEGRYP
: DEAS,.,(TAVWI'C HTS.

L || hebbeninde driclactfte voor fieliendes 1 boncx der
\NVellis [V Veegheonst, befchreven de Uvichtige ghedaenten
\ I\l van [vvacrbeden hangende an tvvee insen, gehecht -
IAY\lant lichaem tot 1ouwee ver [cheyden plact fen. Maer
AL Uwant de [vvaerheden op meer arider Vvrjfers an b
nien connen banghen,vvacer afmen oock begheert teuyeten vyat -
ghevwelt op yder lini ancomt, [oo bebben vwy daer af defe befender,
bandelg hemaecks: Endeom dat in placts van ﬁt/cke lnienmelter
diaes onder ander fioffen meest tanvvengebruy vvorden, fonoe-
.men-quvj;?ditndfigemémﬁ_e' gebrusyck T ANV WY C B.T;vwacrmen
by verstaen smach, cen handef verclarende vyat ghevel darter
ancomt op yder taw , Van verfcheyden tauvven daer eer bekende
[wwaerbeyt anbangt. De fomme des inhouts is dufdanich: Ins
27 voorsteldes 1 boucx der V'V eeghconft is bevvefen dat hangende
een pyhermﬁaltwicbtichtegbm tovee ]Ehcg%cfwicht;}z: Ge-
Ljck alfdan [cheefheflijn tot rechtheflijn,allo fcheefhefuyicht tot ﬁn
rechthefovicht: Fier uyt fullen<vvyin dit 1deelver(cheyden-ver-
volghen trecken,invyiensplaets menvvel faude betben menghen
Prepefiiouss. makengheformde* voorstellen,dochis dat ghelaten; eenfdeels om
.cortheyt, ten anderendat defevervolghen syt het voorgaends al-

dus clagr g/mzomb ﬁhy’nm.

1 VER:
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ARGUMENT OF THE CORD WEIGHT

In the three last propositions of the 1st book of the Art of Weighing we
have described the static properties of gravities hanging on two lines, attached to
the body in two different places. But because, gravities can hang on lines in several
other ways, with regard to which it is also desired to know what force acts on
each line, we have made thercof the following special treatise. And because
instead of such lines, among other things, cords are mostly used in practice,
according to the most common usage we call this cord weight; by which is to
be understood a treatise setting forth what force acts on‘each cord, among several
cords on which a known gravity is hanging. The gist of the contents is as follows:
In the 27th proposition of the 1st book of the Art of Weighing it has been proved
that if a prism is hanging in equality of apparent weight with two oblique lifting
weights, as the oblique lifting line then is to the vertical lifting line, so is the
oblique lifting weight to its vertical lifting weight. From this we will in this 1st
part draw different corollaries, instead of which regular propositions might have
been made, but this has been omitted, in the first place for brevity’s sake, in the
second place because these corollaries appear thus to be clear enough from what
precedes. .
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EERSTE VERVOLGH
des 27 voorStelscvant 1 bouck der V'V eegheonf?,

=<4 0 O ME N inde form des 27 voorftels
G\ 423 vant 1 bouck, an t'punt E, in'placts
¢ van het fcheefwicht G, vervoughde
4R@(c% een vaftpunt als hier nevens;, tis ken-
nelick dat teghen dit vaftpunt cen perfing foude
fijn, evenan t'ghewicht G, en dat met fulcken

fcheefheyt teghen felve pum E am.ommcndc,
alsde fcheeflijn L E anwijt. :

, 2z VERVOLGH

Soomen int bovelchreven 27 voorftel de twee fcheeflinien L B MF,voort-

trecke totdatfe verfamen, tis kennclickdeurhet
25 voorftel, dattet punt der faming comt inde
" hanghende fwacrhcyts middellijn deslichaems:
Daerom fomen wilde weten wat fcheve perfing
datterancomt , opt vaftpunt E des 1 vervolghs,
men fal aldus meughcn doen: Ick treckdeur des
prlacts fivaerheyts middelpunt als P hier nevens,
de oneyndelicke fivaerhcyts middellijn, welck‘e
vande voortgetrocken MF, ontmoet wort in
daer na van Qdeur E de hm QR, vallende Rii m
A M. T'welck {oo fijnde, de pexfing op Eancommende, is alsvan Rna E;en.
om te weten hoe groot, men ghebruyckt int werck ER voor kheefheflijn , en
E 8 voor rechtheflijn, wacr me men opcnbacrhck tottet begheerde comt.

3 VERVOLGH.

Maer om pu tecommen fot verclaring vande ghedaenten der gewichtenan
tauwen hanghende , foolaet A B een pylaer fijn , diens middelpunt C,en han«
~ ghendeande twee vaftpunten D, E, mer tweelinien C D,C E, commende uyt

het fivaerheyts middelpunt C ; dc felve C D en CEfij jn fwacrhcyts middellij«
‘nen des pylacrs deur des bepalmg Dacrom tufichen
D C en CF, ghetrocken H [ evewijdeghe mét CE,
foo is deur de 1 3 bepaling C I rechtheflijn ,'C H
fcheefheflijn,waer mewy fegghen , datgh ch;ck CI
tot C H, alfo diens rechithefwicht, tot defens fcheef-
hefiwicht : Maer C'rechthefwicht van C1, is even ant
ghewicht des heclen pylaers: Dacrom ghch;ckCI
tot C H, alfoo t’ghewicht des heclen pylacrs , totret
ghewxcht op D ancommende : Ende inder felver
voughen vintmen oock t gewxchtop E ancommen.
de,mids te trécken van 1 tot in C E, de lini I K eve-
wijdeghe met DC, en meughen dan fegghén, ghc. :
lijck rechtheflijn C I, tot fcheefheflijn C K, alfo t'ge-
wicht des heelen pylacrs tottet ghewxcht op Ean-

commendes | - Qs Mace

\

@
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1st COROLLARY A
of the 27th proposition of the 1st book of the Art of Weighing

If in the figure of the 27th proposition of the- ist book there were attached
at the point E, instead of the oblique weight G, a fixed point as shown opposite,
it is obvious that against this fixed point a pressure equal to the weight G would
be exerted, this pressure acting on the said point E with such obliqueness as is
indicated by the oblique line LE 1).

2nd COROLLARY

If in the above-mentioned 27th proposition the two oblique lines LE, MF are
produced until they meet, it is obvious by the 25th proposition that the meeting
point comes in the vertical centre line of gravity of the body. Therefore, if one
should wish to know what oblique pressure acts on the fixed point E of the 1st
corollary, one can do as follows: I draw through the prism’s centre of gravity,
viz. P opposite, the infinite vertical centre line of gravity, which MF produced .
meets in Q; thereafter from Q through E the line OR, R falling in AM. This being
s0, the pressure acting on E is as from R to E 2), and in order to know how great
it is, ER is used as oblique lifting line in the construction, and ES as vertical
lifting line, by means of which the ::equired quantity is manifestly found 3).

3rd COROLLARY

But in order to set forth the properties of weights hanging on cords, let AB
be a prism, whose centre be C and which be hanging in the two fixed points D,
E, with two lines CD, CE coming from the centre of gravity C; these lines CD
and CE are centre lines of gravity of the prism by the 5th definition 4). There-
fore, if HI be drawn between DC and CF 5), parallel to CE, by the 13th defini-
tion CI is vertical lifting line, CH oblique lifting line, with which we say that
as CI is to CH, so is the former’s vertical lifting weight to the latter's oblique

1) The letter L only occurs in the figure of Prop. 27 of Book 1 of the Arz of Weighing.

%) This means that the pressure on E is directed along RE. :

%) With the aid of Prop. 17 of Book 1 of the Arz of Weighing the required vertical force
is found, from which by means of Prop. 20 the oblique force may be detived.

4} The reader is reminded that, as has been said in note 3 to p. 101 of the present
‘volume, the meaning of ,centre line of gravity” in the second edition of the Arz of -
Weighing is not the same as in the first. In the second edition, and consequently also in
this Supplement, centre line of gravity is any line through the centre of gravity.

%) CF is the vertical through C.

- 541 -



182 1 DegL DEs BYVOVGHS DER

Maer CK valt altijt evenanH 1 ,dacrom enift niet nooc_lich tc_trcc-kcn defe
Jactfte Lini 1K, mact hebben all¢ noodighe bekende palen inde dric fijden des
driehoncx HI'C, met welckewy meughen aldusfegghen: .

Ghelijck C I tot C H alfoo t'ghewicht despylaets,, tottet ghewichtop D an.

. commende, Vooortghelijck C I tot1 H,alfoo rghewicht des pylacrs,otet ghe.

wicht op E ancommende. 'WegromghiclijckC HtotH1,alfoo vghewichtop
Dancommende, tottet ghewicht op Eancommende. :

" a2 VERVOLG H.

Maerop dat wy ons voorghenomen .
verclaring der ghedaente van ghewich.
ten an tauwen hanghende noch naerder
commen,fo lact d€ pylacr A B necrwaert
ghetrocken'worden,alfoo datfc nu fy ter
placts als hieronder,en deurde 3begeer-
te,fooen veroirfacckfe an t'ghencdacrfe
an hangt , gheen anderghewicht danfe
ccrft en dedehoogher hanghende:Daer-.
. om de voorgaende everedenheyt des
3 vervolghsisnoch indeform des 4 ver-

volghs,

s VERVOLGH. ,

‘Lact-ons mm-in plaets des pylaers AB int4 vervdlgh, hanghen‘cenander - -

" lichacm der felfde fwaerte,mact van form en ftofivaetheyt foot-val_t.zals ABin
" dit's vervolgh. Erideis noch-openbacrdat ghelijckC 1ot C H,alforghewicht

A B tottet ghewichtop Dancom- - - ' -
mende, Voort gelijck Cltot1H, '
alfor’gewicht AB, tottet gewicht
op Eancommende.Wecromghe-
lijck C:HtotH{, alfoo t'ghewicht
op D ancommende,tottet gewiche
. -op Eancommende.

Hier uytis openbaer;dat fooder
aen een liniD<C E als coorde, hin-
gheeen-bekentghewichtAB,en. . o
de houcken FC D, F C E,cock bekent fijnde;datmen can fegghen hoe veel ges
weltcdckdeel DC,C Etcdraghen heeft. -~ S '

s v-r.nv-ox_d_n -

Maer'by.aldien aneen lini alfoo hinghen twee of meerghewichten,alsinde
volghende formdelini A B-C D EF, dicasuyterfte vaftpunten fijn AenF,an -
welckelini hanghen vierbekende ghewichten,als G,H, I, K: Tisopenbaer date
men can fegghen hoe veel gewelt datter comtan elck der vijf linien ABBC,
CD, D E,EF: Wanttreckende, by voorbeclt ghefeyt , de liniG B voorwaert,
alstot L, dacrna M Nevewijdeghe met BC: Ick fegh B N gheeft B Mywatt'ges
wicht G2 T'ghene dacruyt volght s voor tghewelt op ABancommende.

: g ; Wedes®
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lifting weight. But the vertical lifting weight of CI is equal to the weight of the
whole prism. Therefore as CI is to CH, so is the weight of the whole prism to
the weight acting on D. And in the same way the weight acting on E is also
found, provided there be drawn from I to CE the line IK, parallel to DC; we can
then say: as the vertical lifting line CI is to the oblique lifting line CK, so is
the weight of the whole prism to the weight acting on E.

But CK is always equal to HI, therefore it is not necessary to draw this latter
line IK, but we have all the requisite known terms in the three sides of the triangle
HIC, so that we can say as follows:

As Cl is to CH, 5o is the weight of the prism to the weight acting on D. Further
as CI is to IH, so is the weight of the prism to the weight acting on E. Again,
as CH is to HI, so is the weight acting on D to the weight acting on E 1).

4th COROLLARY

- But in order that we may make our proposed explanation of the property of
weights hanging on cords even clearer, let the prism AB be pulled down in such
a way that it be now in the place shown below 2); then by the 3rd postulate
it does not cause on that from which it is hanging any different weight from
that it first did, when hanging higher. Therefore the foregoing proportion of.
the 3rd corollary still holds in the figure of the 4th corollary.

sth COROLLARY

Now let us hang instead of the prism AB in the 4th corollary another body of
. equal gravity, but of any form and specific gravity, viz. AB in this 5th corollary.
. Then it is also manifest that as CI is to CH, so is the weight AB to the weight
acting on D. Further, as CI is to IH, so is the weight AB to the weight acting
on E. Again, as CH is to HI, so is the weight acting on D to the weight acting
on E.

From this it is manifest that if from a line DCE as cord there were hanging a
known weight AB, and if the angles FCD; FCE were also known, it can be said
how much weight each part DC, CE has to carry.

6th COROLLARY

But if there were thus hanging on a line two or more weights, as in the fol-
lowing figure the line ABCDEF, whose extreme fixed points are A4 and F, on
which line there are hanging four known weights, viz. G, H, I, K, it is manifest
that it can be said how much force acts on-each of the five lines AB, BC, CD,.
DE, EF. For if, for example, the line GB be produced to L, and MN be then
drawn parallel to BC: I say BN gives BM, what the welght G? What follows
therefrom is the force acting on AB3).

1) Here, once again, it is seen that Stevin was fully acquamtcd with the parallelogram
(ot tnanglc) of forces.

%) Actually this figure is found opposite these words.

%) Up to this point Stevin has always spoken of the weight to be carried by afixed.
point or of the force acting on that point. Here there is some doubt whether ,force -
acting on .AB” means ,force on A acting along AB” ot ,force on B acting along BA”
It is probable that the first meaning was intended, but Stevin is fully awate of the fact
that the second force is equal and opposite to the first.
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Weetom B N gheeft MN , wat T’ghewicht G2 T’ghene daeruytvolght is
voor t'ghewelt op B C ancommende,

Laerandermacl H C voorwaert ghetrocken worden tot O,en B Pevewijde.
ghe met C D: Ickfegh C P gheeft C B,wat tghewicht H? T’genc daeruytcomt
is voor t'gheweltop B Cancom mende. Wact uyt blijcket datmen alfdan t'felve
fal moeten vinden, datmea te vooren van BC vant : En foo voortmetal d'ane -
der. Hierafen van meeranderheefi fijn VoRSTELICKE GHENADEda-
delicke proef ghedaen, en bevonden die gantﬁ:hchck t overcommen mette
* {picgheling, Theorids

De evercdenheyt des27 voorftels candeur ander manier uyt gcf’proken WOr- '
dendandacrgedaen s, waer uyt lichter wercking volght. Om t’'welck by voor.
beelt te verclaren, laet hierandermacl geftelt word€ de form des felven 27 voor-
fiels, alwacrmen feght, ghelijck (cheefhefe
wicht tot rechthefivicht , alfo elck checfhef-
wicht tot fijn tcchthefwxcht. Maer om dit
deur ander manier uyt tefpreken , waer uyt
lichrer wercking volght ; ick treck tufichen
rechtheflijn en fcheefheflijn, een'linials L P
evewijdighe met F M : T'welck foo wefende, -
ickfegh nu, ghelijck rechtheflijn tot fcheefs
heflijn , alfoo t ‘ghewichtdes heelen pylaers, -
tot haer fcheefhefwicht , dat is , ghelijck E P
tot EL , alfoo t'ghewichtdes pylaers ot G,
Wederom ghelijck E Prot PL, alfoo t'ghe-
wicht des pylacrstot H: Na wclckc manicr
het vinden der onbekende palén openbaer-
lick corter valt, als na dander. Mercke noch
datmenin placts van L P,cock foude hebben meugen trecken een lini tuffchen
dander rechtheflijn en haer fcheef heflijn, als hier M Q evewi jdeghe met E L
waer me men dergelijcke foude meugen doenalsmet L Fgedaenis,entoteen
felve befluyt commen : Want ghelijck PEtot EL alfooq&tot FM , 1yt Oif-"
faeck dat den driehouck F M Q,even en gelijck is met L PE, deut dien Qjcve-
wijdeghcismet PE,en MFmet L Py -

Qs VER-
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Again BN gives MN, what the weight G? What follows therefrom is the force
acting on BC. ‘

Let HC again be produced to O, and BP drawn parallel to CD. I say: CP gives
' CB, what the weight H? What follows therefrom is the force acting on BC.
From which it is evident that the same will then have to be found that was
previously found of BC. And so on with all the others. This and several other
things his PRINCELY GRACE tested in practice and found to be entirely in
agreement with the theory.

The proportion of the 27th proposition can be expressed differently from the
way in which it has there been done, through which the construction is easier. In
" order to explain this by means of an example, let there be taken again the figure
of this 27th proposition, where it is said: as the oblique lifting weight is to the
vertical lifting weight, so is each oblique lifting weight to its vertical lifting
weight 1). But in order to express this differently, through which the construction
is easier, I draw between the vertical lifting line and the oblique lifting line a line,
viz. LP, parallel to FM. This being so, I now say: as the vertical lifting line is to
the oblique lifting.line, so is the weight of the whole prism to its oblique lifting
weight, that is: as EP is to EL, so is the weight of the prism to G. Again, as EP
is to PL, so is the weight of the prism to H 2). By which method the finding
of the unknown terms is obviously shorter than by the other. It should also be
noted -that instead of LP one might also have drawn a line between the other
vertical lifting line and its oblique lifting line, such as here MQ parallel to EL,
with which one might do the same as: has been done with LF, and come to the
-same conclusion. For as PE is to EL, so is QF to FM, because the triangle FMQ
is equal and similar 3).to LPE, since QF is parallel to PE, and MF to LP.

1) Stevin naturally means to say: as the oblique lifting /ine is to the vertical lifting
line, etc.

2) This of course is true, but it is quite a different thing from what was taught in
Prop. 27. The object of the latter was to find the ratio of the vertical and the oblique
forces which have to act on a given point in otder to keep a body in equilibrium, if
at another point a vertical or an oblique force is also acting on it. Stevin here determines
the ratio of each of the aforesaid forces to the weight of the whole prism. It is no longer
the ratio NE : LE which matters, but PE : LE, where PL is parallel to FM.

%) Only similar.
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$ VERVOLGH

Tot hier toe is ghcfcyt van ghewichten hanghendean twee linien: Int voh
ghende willen wy'handelen van ghewichten an'meer dan twetlinien; hangcn.
de: Tot defen eynde fegh i ck-aldus: Laet
ons andermacl nemen de form -des

-5 vervolghs , ‘welcke fy de onderfchre-
ven defes's vervolghs , alleenelick daer
in verfchiflende, dat de lini C-G hier
comt over een catrolan K, “fulcx dat

“hoewel KCF een rechtediniis; -noch-
tans comtfe fchecFhowkich -op .den
fichteinder: Voort fydit ghewichtA B
t'lelve,en de twee houcken D'CF,FCE
oock de felve, Dit foowefende,tis ken.
nelick dat wy hiier meughen fcggen als.
int s vervolgh, ghelijck C 1,10t C-H, al-
foo rghewicht A Btottet ghcwxcht op
D ancommende: Voort ghelijck C1,

. tot1H,alfoo t’ghewicht A B tottet ghe.

wicht op Eancommende:i¥ cerom ge-

liick CH, totH L alfotghewichtop D

ancommende,tot(ct ghewichtop Ean.
commende.

Hieruytis openbact dat fooder an cen lini DC Eals coorde hmg‘he een‘ge.
wicht A B, datmen can fegghen hoc vccl ghewclt clckdecl D-C, CE, 1c: dom
heceft. - -

9 VERVOI.GH

'So0o cenn ghewxchthmghc an dri¢linien alshier onder t'ghcwmht ABhan:
ghende ande twee linien C D, C E, mact de felve CE ande twee linien BE,
F G, fulcx dattetghewicht AB
hangt ande -drie linien CD,
EF,EG,men can weten hoe
veelghewelt dattér op elcke der
felvedrie linien ancomt, Want
deur het 5 vervolgh'is openbaer
watterop CD en CE ancomt:
Maer bekent wefendewat ghe-
~ weltop CE ancomt, foo wort
" deurhet 8 vervolgh ghewctcn
wattér opelcke der twee linicn
EF,EGancotnt. :

Maer fooder -ande lini C D :
hier boven ghehecht ‘waren.
finlcke twee treckende linien als :
- anCE,gelijck hier onder DH, .
D1, tisopenbacr dattet ghewichtan yder dxcr twce’lmxen slfoo ‘bekent fouds
worden ghelijck over d’ander fijde , envervolghens dat bekent foude fijn hoe
weel ghewelt op yder dexvier linien EF, EG, D H,D lancomt. t'fy oockdatde

linien
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8th COROLLARY .

So far weights hanging on two lines have been discussed. In the following
- we will deal with weights hanging on more than two lines. To this end I say as
follows: Let us take once more the figure of the 5th corollary, which shall be
the one below, of the 8th corollary, differing only in that the line CG here passes
across a pulley at K, in such a way that though KCF is a straight line, it comes
at oblique angles to the horizon. Further this weight 4B shall be the same, and -
the two angles DCF, FCE shall also be the same. This being so, it is obvious that
we can here say, as in the 5th corollary: as CI is to CH, so is_the weight AB to
the weight acting on D. Further, as CI is to IH, so is the weight 4B to the weight
acting on E. Again, as CH is.to HI, so is the weight acting on D to the weight
acting on E. _

From.this it is manifest that if on a line DCE as cord there were hanging a
weight 4B, it can be said how much force each part DC, CE has to carry.

9th COROLLARY

If a weight were hanging on three lines, as below, the weight AB hanging on
the two lines CD, CE, but this CE on the two lines EF, FG, in such a way that
the weight AB is hanging on the three lines CD, EF, EG, it can be known how
much force acts on each of these three lines. For by the Sth corollary it is manifest
what force acts on CD and CE. But if it is known what force acts on™CE, it is
known by the 8th corollary what force acts on each of the two lines EF, EG. -

But if to the line €D above there were attached two such drawing lines as at
CE, as below DH, DI, it is manifest that the weight on each of those two lines
would become known in the same way as on the other side, and that consequently
it would be known how much force acts on each of the four lines EF, EG, DH,
DI, no matter whether the lines as DH and EF and the like come in the same
plane or not.
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finjenalsDHenE Fmet dierghelijcke, commen in een felve plat of niet.
Merckt nochopenbaer te fijn dat delinien als CE G, C EFen dierghcelijcke,
gict rechten connen wefen,macrmocten cen houck hebben an E,wantdelini

E Feenighe ghewelt doende deur tgheftelde, moet delini C EG nootfakelick
ecnighe cromte gheven an E,alfoo oock moet de lini E Gande lini CE E.

Maer foande lini E Fhier boven, ghehecht waten fulcke twee treckende Ii-
nienalsFK, FL hieronder, men can weten om de voorgaende redenen hoe
veel gheweltdatter ancomtop elckder twee linien FK,FL:En vervolgenshoc
veel an elck der vijflinien DH, DLFK,EFL, EG. En {oo voortint oncynde-
lick met allen anderen dierghelijcke,

_ 10 VER.
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It should also be noted that it is manifest that the lines as CEG, CEF and the
like cannot be straight, but must have an angle at E, for if the line EF exerts
some force, by the supposition, it must necessarily impart some curvature to the
line CEG at E; the same must also be done by the line EG to the line CEF.

But if on the line EF above there were attached two such drawing lines as FK,
FL below, it-can be known for the above reasons how much force acts on each of
the two lines FK, FL. And consequently, how much force acts on each of the five
lines DH, DI, FK; FL, EG. And so on ad infinitum with all other similar cases.
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- voorfchreven twee linien CF, C H,foo isdeurhet 5 vervolgh bekent wat ghe,

186 1 DeeL DES BYVOVGHS DER

: 0o VERVOLGH. -
_ Tot hiier toe is ghefeyt van eenghewichtals A B;hanghendean een fini die
firecke tot.C, en commende vande felve C twee ander linien'C D, CE. Maer
foder van dic Gfuleke dric linien quamen,de*{piegelingen valienanders. Om
hicr af metonderfcheyt tefpreken ickfegh aldus : De voorfchreven drie linien
fijn ofin een felve plat, of niet: In cen felve wefende, het voorfiel en hecfigeen

A, #cnich feker befluyt. Lact totvoorbeclk AB een ghewicht fijn,ende diic linien

daertan hangt fijn C D, CE, CF: De lini-van Ctottet ghewicht fy C G : Laet
daernade lini CF deurfneen of ghebroken worden, filex dattet ghewicht A B
blijve hanghen ande twee liniea'C D, CE; t'welck foo {ijnde , tghewicht AB
‘blijft op fijnfelveplacts, en de tivee houcken D C G, E C G blijven oock de
felve fonder verandering ; hoewel ‘nochrans op-detwee linienC D,CE, nu
meer geweltancomtdan eer delini C Fdenrfneen was, wantfe dandertwee fo
veel verlichee,als heur ghewelt veroirfacckre : Maer de ghewelt canan CFghea
{telt worden van oncyndelicke verfcheydenheden, deen grootér als dander,
waer uyt openbaerlick blijckt fulck voorftel gheen-eenich feker befluyt te heb-
ben,ghelijck het voornemen was te verclaren:

1m VERVOLGH.

Mact foo de bovelchreven drielinien in twee verfcheyden platten waren,het
vootftel en heeft macreen befluyt,endatbekent. Laet by voorbeelt t'gewichie
A B hier ondeér genome worden te hangen ande drie linien C D,CE,CF.Mact
foo datfe nu nietal in een felve plat en fijn, voort isC'G delini van C tottet gea
‘wicht. Om nute vinden 'ghewicht op ¢en derdrie linien ancommende, alsop
CF,ickneem de ghemeencfnedes plats daer CD, C Ein fijn, en des plats dace
G C,CFin fijn,welcke ghemeene (ne {y detini C H: De felve ghenomen voor
lini daer rghewicht-A Ban hangt,en d'ander twee C D, C E doorfneen;of ghe-
broken fijnde, fulcx datret alleenelick blijft harighen ande twee linien CH,CF,
tis kennelick dat den houck G C F de felve blijft,diete was voor de deurfnijding
deetwee linien C D, C E; en de gheweltdiccerftop C Fan quam, blijft nade
doorlnijding oock de felve: Dacrom ghenomen t'ghewicht A Btehangenande

wele
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10th COROLLARY

So far a weight has been discussed, such as 4B, hanging on a line extending
to C, with two other lines CD, CE coming from this C. But if from this C there
came three such lines, the theory is different. In order to make a distinction,
I say as follows: The above-mentioned three lines are either in the same plane or
not. If they are in the same plane, the proposition does not have any single
definite conclusion. By way of example, let 4B be a weight, and let the three
lines on which-it is hanging be CD, CE, CF. The line from C to the weight shall
be CG. Thereafter let the line CF be intersected or broken, in such a way that the
weight AB continue to hang on the two lines CD, CE. This being so, the weight
AB remains in the same place, and the two angles DCG, ECG also remain the
same, without any change, though nevertheless there now acts more force on the
two lines CD, CE than before the line CF was intersected, because it relieved the
other as much as was caused by its own force. But the force on CF can be taken
of infinite variety, one greater than the other, from which it is manifest that this
proposition does not have any single definite conclusion, as was intended to be
set forth.

11th COROLLARY

But if the above-mentioned three lines are in two different planes, the pro-
position has only one conclusion, and this is known. For example, let the weight
AB below -be taken to be hanging on the three lines €D, CE, CF, but in such
a way that now they are not all in the same plane. Further CG is the line from C
to-the weight. Now in order to find the weight acting on one of the three lines,
viz. on CF, I take the common intersection of the plane in which are CD, CE,
and the plane in which are GC, CF, which common intersection shall be the line
CH. If this is taken for the line on which the weight AB is hanging, and the
other two CD, CE are intersected or broken, in such a way that it continues to
hang only on the two lines CH, CF, it is obvious that the angle GCF remains the
same that it was before the intersection of the two lines CD, CE, and the force
which first acted on CF also remains the same after the intersection. If therefore
" the weight AB is taken to be hanging on the above-mentioned two lines CF, CH,
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weltop C Fancomt. Enalfoo fal oock bekent wordcn wat gh‘thit opelckder
twee andex linien C D, C Eancomt. o

LS TR AL TP 2 I RAIAL &7 A2,
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NIRRT

Tisoock openbaerdat by aldien an eenige, of an clckc defer drie treckende li-
nien noch ander treckende linien quamen , nade maiiier desg vervolghs, dat
bekent foude worden wat ghewelt op ydérancomt. -

1% VERVOLGH

By aldien een gnewicht hinghe an fulcke vier linien , ghelijckt int 1 ver-
‘volgh an drie hangt , t'vootftel en heeft gheen feker cenich “befluyi.- Laet tot
voorbeelt A,B,C, D, alsin grontteyckening, fijn vier uyterlte bovenfte punten
der vier linien dacr an deur t ghedacht het ghewicht hangt? De hanghénae
fwaerheyts middellijn des felfden fal commen of inde lini A-D , of daer buyten
binnen den drichouck A DB ,of binnen den drichouck A D C (want buyten.
ten vieshouck A B CD,ofin ﬁ;n omtreck te vallen is onmeugelick) Maer nlr:‘j:
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it is known by the Sth corollary what force acts on CF. And in this way it will
also become known what force acts on each of the two other lines CD, CE.
It is also manifest that if to any or each of these three drawing lines there

- were added more drawing lines, in the manner of the 9th corollary, it would

become known what force acts on each.

12th COROLLARY

i

If a weight be hanging on four such lines, as it is hanging on three lines in
the 11th corollary, the proposition does not have any single- definite conclusion.
For example, let A, B, C, D, as in the plan, be four upper extremes of the four
lines on which the weight is conceived to be hanging. The vertical centre line
of gravity of the latter will come either in the line AD, or outside it within the
triangle ADB, or within the triangle ADC (for it is impossible that it should fall
outside the quadrilateral ABCD or in its perimeter), But if it falls in the line
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‘gheen vcrandering' : En dacrom meu-
_ gen oncyndelicke verfcheyden grooteren

788 1 DeeL prs Byvoevecus pER

Yini A D valfende, tis kennelick dat de ghewelt der twee linicn onder B enC

commende , wel meughcn verlichten deghewelt der twee linien @oder Acn
D commendc maer de gheftaltdesdrie-

houcx dier twee linien , teweten d¢ twee ‘

onder A en D, mette dcrde A D,en crijcht A I}

<leender ghewelden ande linien onderC,
B, vervought worden , die de ghewelden. ‘ .
‘opAen D ancommende veranderen ,blij= AN - D
vende nochtans deform van t'ghegheven S

de felve, fulcx datter gheen feker eenich

‘befluyt enis. Maer vallende de hanghende ’fwacrhcyts middellijn in'een der -
drichoucken , ick ncem inden drichouck ADB an r'punt E , tis kennelick dat

“alfdande ghcwéh opt puntC aricommende, gheen vcrandenng engeeft ande

‘gheftal derdriclinien commende onder A, B,D, wacruyt hetfelve alfvooren
volght,te weten fulck voorftel gheei I‘ckcrcémch befluyt tehebben.
Noch valt hier dit te bedencken: Anghefien t'voorftcl met.een gewicht han-

. 'ghendean vier linienals in dit 32 vervolgh,gheen feker eemich befluyt en heeft,
“foo en fal uyt noch ftercker reden, t'voorftel met meer dan vier linien gheen fe.

Ker ecnich befluyt hebben. Voo:t angheﬁcnfcn ghewicht hanghende an drie
Yinien die in een felve platfijn ,alsint 10 vervolgh , gheen fcker cenich befluye
«n hebben, foo en fal uyt noch ftercker reden een ghewicht hanghende an vies
of meet hmcndm incenfelve pl:lt fijn, ghccn fekorecnich bdluyt hcbbcn.

MER c KT : »
Een’ lmhacm an noch hanghen an drie linien op cen ander wx;fcdan de

' vaorgacndc des 11 vervolghs,te weten foo dar de linien ant lichaem felf 1ot ver-

fcheydenplactien ghehecht #ijn,in fulcker voughen datfe voortgétrocken ner.
ghens ifieen felve punt en vergarea ghelijckt nootfakelick gebeurt diftlichaem

“alleenelick an tweelinien hangtdeur het2 s voorftel des 1'boucx. Maér hoe ge-

vonden fal worden t'ghewichtop yder van fulcke drie linien ancommende;daet

~ hebickop gcdacht,macnm befchrijven van defen enis t'begeerde my niet ver-
“fchenen, watter ech andermacl of commen wnl of wat ymant andcrs dacrin

Al doenbf niet,datiwert-den n;t lecren.

1 YVERVOLGH..

“T'othier toe isghefeyt vanghcw:chten harghende apreén lind, uyreen punt
vanwelcke twee of dric ander linién na verfcheyden Girteni {tr:ckcn MWacer deue
‘openbaet fijn derghelijcke wiclicighe ghedaenten, van firactheden’ hanghende
-an gwee of dric linicn ., dic andg, fclveifwacrheyt ghehechren gpwaert voort-
fireckende, vergaren inde hanghende fivaerheytsmiddellijn in cen felve punt.
Lactbyvootbeeit A B ecn fivactheyt fijn , hanghende ande twee linien g)C, '
EC,verfamendeinC en hmghendcandefwacthcyts mxddellun CE.Omhicr
afte vinden de ghewclt opelckdertwee linien D C; EC ancommende, men
trecke FC voorwaert na G,en uytzenich puntin: DC ickneemH, cen lini tot
inC GalsH I, evewijdichmetC-E, Twckk foo,ﬁ;n;i: ickfegh dat ghché:l;
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AD, it is obvious that the forces acting on the two lines represented by B and C
can indeed relieve the force acting on the two lines represented by A and D, but
the form of the triangle of those two lines, to wit the two represented by A and D,
with the third AD, is not changed. And therefore an infinite variety of larger and
smaller forces can be applied to the lines represented by C, B, which alter the
forces acting on A4 and D, the form of the given figure nevertheless remaining the
same, so that there is no single definite conclusion. But if the vertical centre line
of gravity falls within one of the triangles—I assume in the triangle ADB in
the point E—it is obvious that in this case the force acting on the point C does
not change the position of the three lines represented by A, B, D, from which
follows the same as before, to wit that this proposition does not have any single
definite conclusion. :

In addition the following should be borne in mind: Since the proposition with
a weight hanging on four lines, as in this 12th corollary, does not have any single
definite conclusion, a fortiori the proposition with more than four lines will not
have any single definite conclusion. Further, since a weight hanging on three
lines which are in the same plane, as in the 10th corollary, does not have any
single definite conclusion, « fortiori a weight hanging on four or more lines
which are in the same plane will not have any single definite conclusion.

S

NOTE — -

A body can also be hanging on three lines in a different way from the fore-
going one of the 11th corollary, to wit in such a way that the lines are attached
to the body itself in different places, so that, when produced, they never meet
in the same point, as necessarily happens when the body is hanging only on two
lines, by the 25th proposition of the 1st book. But as to how the weight acting
on each of such three lines is to be found: I have thought about this, but I have
not been able to find the required construction; time will show whether I shall
succeed another time, or what someone else will find in this matter or not 1).

13th COROLLARY

So far weights have been discussed which are hanging on a line, from a point
from which two or three other' lines extend in.different directions. From which
are manifest such static .properties of gravities hanging on two or three lines
which, attached to this gravity and extending upwardly, meet in the vertical
centre line of gravity in one and. the same point. For example, let 4B be a gravity
hanging on the two lines DC, EC, meeting in C, and hanging on the centre

- line of . gravity 'CF. In order to find from-this the force acting on each of the
two lines DC and EC, FC is produced to G, and from some point in DC—I
take H—a line is drawn to CG, viz. HI, parallel to CE. This being so, I say that

1) Stevin here comes up against the problem how to resolve 2 system of forces acting
on a rigid body along skew lines, a problem which was not adequately solved until
the beginning of the 19th century.
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CItot CH,alfoot’ghewicht A Btottet ghewicht op D ancommende. Voort
ghelijck G [totIH, alfoe ghewicht A B, toutetghewicht op Eancommendes

Wederom ghelijckC H tot H 1,alfoo tghewichtop D ancommende, fothet
ghewichtop E ancommende, waer aft’bewijs blijckt int § veryolgh. ‘
Tis ootk openbaer dat fulcke eyghenfthappen alsghefeyt fijn te vallen inde
formien van ghedaente des 9,10,11 en 12 vervolghs,derghelijcke eyghenfchap-
pen oockte vallen in derghelijcke formen van ghedaente defes 13 vervolghs.

TAVWICHTS
EYNDE,
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as Cl is to CH, so is the weight AB to the weight acting on D. Further, as CI
is to [H, so is the weight 4B to the weight acting on E. Again, as CH is to HI,
so is the weight acting on D to the weight acting on E, the proof of which appears
from the 5th corollary.

It is also manifest that such properties as have been said to be present in the
figures of the 9th, 10th, 11th, and 12th corollarles also exist in similar f1gures
of the 13th corollaty.

END OF THE CORD WEIGHT
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SECOND PART OF THE
 SUPPLEMENT
TO THE ART OF WEIGHING,
OF THE PULLEY WEIGHT
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‘DES CATROLWICHTS.

AT L o0 fjn VORSTELICKE GHENADE
/A N8 aenrfien badde bet bouck Delleforcificationi
%) r.o8°d1 Buonaiuto Lorini,endacrinoverlefen ecn
\ 9\ bandel van catrollen , vy aer in ghefeyt wvore

N U vanghevvichten alleenlick rechtopgaende, denr
, . ' trecizgmde crachtenrecht neerauwaert Strecken-
de: Endat nochtans metter dact dicovils de febveniet rechs gpen
neer engaen, (615 by begheerich gevweeft oock te verftaen decrach-
ten, re;in enoir|aken der [cheeve,om alfoo van defen bandel vol
commen kenniz 1¢ hebben, upelckegheneghentheyt oockingenonch~
[aem redenghegront fchijnt,ghemer catrollen dadelick [eer ghe-
bruyckr @mrdfn;fot dptrecking vangroote ghevyichten , endat-
tet [omvwiflen oirboir.canfyn , van te vooren te Veren vyar
macht daster bebouft om een voorgheftelde [Vvaerbeyt op tetrec-
. ken. N alfoo by bem gheoeffent hadde inde voorgaende VV eqgh-
‘const, mettet eerfte ofzgl des Byvonghs; vyaer dcgm' dewvichtighe
ghedaentendes Catrotuyichts grondelick connen verStaen vyor<
den,en dat by bem dadelick dacr toebegaf , foohebick £ghene daer
af ghedaen Uviert onder fijn <wyifonStighe ghedachsens(fen ver-

‘w{iglﬂt,dﬁ volght.

VOOR-
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ARGUMENT OF THE PULLEY WEIGHT

As his PRINCELY GRACE had looked through the book Delle Fortificationi di
Buonaiuto Lorini 1), and had read therein a treatise about pulleys, in which weights
moving only upwards through drawing forces tending straight downwards are dis-
cussed, and because nevertheless in practice they frequently do not move straight
up and down, he was anxious to understand also the forces, reasons, and causes
of the oblique weights, in order thus to have perfect knowledge of this matter, a
desire which also seems to be founded on sufficient reasons, seeing that pulleys
are frequently used in practice for pulling up large weights, and that it may some-
times be useful to know beforehand what force is required to pull up a given
gravity. Now having exercised himself in the preceding Art of Weighing, with
the first part of the Supplement, through which the static properties of the pulley
weight can be thoroughly understood, and because he applied himself to it in
practice, 1 have included the matter referring thereto among his mathematical
memoirs, as follows. -

“—

Yy Delle fortificationi di Buonaiuto Lorini, Nobile Fiorentino, Libri Cingue. Venetia 1592,
1597, 1609. We do not know which of these editions it was that Maurice consulted.
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VOORSTEL.

T’onderfoucken de ghedaenteder ghcvvxhtcn opghc-
trocken metcacrollen.

ER WY totte facckcommen fullen int ghemeen dit fegghen: Als wy fpre-
E ken van een ghegeven ghewicht; men miach fich int ghedacht beelden,

om vandc faeck met volcommenheyt claerlicker tehandelen, dattet ghe-
wicht desonderften catrols,metret ghewicht dacran hangende, t famen maken
t'ghegeven gewicht;voort dattet v erfchil detfwaerheyt veroirfacckt deur de tau,
iuc: voor gheen verfchil ghcnomcn enwort.

1 Ve oorbeeltmﬁ rechtwicbticheyt; |

~* Laetindeeseerfte form A cen catrol fijn, hanghende dacran rghewicht B,
detau fy C D E F,wiens tweedeelen C D, FE, evewijtvan malcander fijn , of
beyde rechthou: Kich op den *fichteinder. ‘Ditaldus wefende, en hetheél ghc— Horizgnsem.
wicht Balfoo hanghende ande tweedeelen C D, FE en op yderdecl eveveel ‘
- ghewels anconimende,foo hamgt omde dracycndc bcwccghhckhcyt der khx;f

- __1Q

- an yder deel den helft vanB : Dacrom foo ymant fijn hant ficlde ant puntF,
houdende tghewicht in die flandt ; op fijn bandt foude commen den helftder
" R3 fwaer-
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PROPOSITION
To investigate the properties of weights pulled up by means of pulleys.

Before coming to the point, we shall say this in general: When we speak of a
given weight, in order to deal more cleatly and completely with the matter it is
to be imagined that the weight of the lowest pulley together with the weight
hanging thereon constitutes the given weight; further that the difference in gravity
caused by the cord is here taken to be no difference.

1st Example, with vertical weights

In this first figure let A be a pulley, on which be hanging the weight B, the
cord be CDEF, whose two patts CD, FE, are equidistant from each other or both at
right angles to the horizon. This being so, and the whole weight B thus hanging
on the two parts CD, FE, and an equal force acting on each part, there hangs,
owing to the rotatability of the disc, on each part the half of B. Therefore, if a man
applied his hand at the point F, keeping the weight in that position, his hand
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fivactheytvan B,waer uyt de'oirfaeck blijckt,waerom deghewichtenalfoo met
cen catrol lichter opgetrocken worden dan fonder catrol. Merckt nochdatmen
‘hier fiet placts te houden defeghemeene weeghconftighe reghel:

Ghelijck wech des doenders, tot wechdes lijders,

Alfoogheweltdes lijders tot ghewelrdes doenders.
Want de hantan F , welcke hier doender is, opgacndc 2 voceten, t ghthahtB
dats hier lijder, P gact maer of 1 voct, cn'datom bekende oirfaken.

Decur t'ahcnc tot hier toe vetcldert is vandc eerfte form, alwaer C’ghewicht

op ghetrockcn wort over ¢en {chijf , canmen verftaen derghelx jcke gheddente
wanncerment trecke over twee fchijven, als in deestweede form, alwaer C

weerom tander uyterfte dertau beteyckent:Want het ghewicht B dan hanet
de an drie tauwen, dic elckeen derdendec! draghcn fooen heeftde hant anP
danmactde g,hcwclt tedoen van cen derdendeel des ghegheven ghcwx.chrs.

Ende
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would have to carry the half of the gravity of B, from which appears the cause
why weights are thus pulled up more easily with-a pulley than without a pulley.
It is also to be noted that the following common rule of statics is here seen to hold:
As is the path of the doer to the path of the sufferer,
_ So is the force of the sufferer to the force of the doer 1),

For the hand at F, which here is the doer, rising 2 feet, the weight B, which here
is the sufferer, rises only 1 foot, such through well-known causes.

From that which has so far been set forth about the first figure, where the
weight is pulled up over one disc, similar properties can be understood. when the
weight is pulled over two discs, as in’this second figure, where C again designates
the other end of the cord. For the weight B then hanging on three cords, each of
which carries one-third, the hand at F then need only exert the force of one-third
of the given weight.

1) This is a literal translatlon of Stevin’s Dutch rendering of: the rule whlch in Latm
reads as follows:
Ut spatium agentis ad spatium.patientis
Sic potentia patientis ad potentiam agentis.
Stevin translates agens by doender (doer) and patiens by ljder (sufferer).

- 565 -



Wssccousr,mnr'Carnor.w’lca'r.' 1oy

“Ende over noch éen fhijf meer loopende als indées 3 form , winthet ghe-
wicht B dan hanghende an vier tauwendic elck een vierendeel dmghcn vanB,

o (‘ooen hccft dchantanI‘danm:\crcenvm:ndccl des. ghcw1chtsB ghcwclt ¢

doen. Waer me bekent is de ghemccne reghiel van ghcwxch ten over mieer fchij-
yen ghetrocken fijnde. .

Hier ftact noch te dedencken datmen mictter daet felden alfbo an I"Opwaerr
teeckr, ghelijck wy om clacrder bewijs wille inde bovefchrever drie formen by
voorbeelt gheftelt hebben , mack men doct ghemeenclick de tan ioopen over’
noch ecn fchijf meer, oim van boven neerwaettte trecken alsin defe 4 form:
Doch foois te weten dat fulcke vierde oft laesfte fchijf ,ande hant F gheen ver-
hchnng noch verandering desghewichts en brengr, om dattet gewicht B maer
an vier rauwen en hangt ghelijck inde 3 form , want defe lactftc tau éen vijfde
1au fchu nende,en is eyghentlick mette vierde al maereen felve.Waerby te ver~
ftacn is, datal hcpc die tan over noch hondext fulcke catrollen, dar"den trecker
dacr me ghcén verlichting en crijcht.

Maer foomen van t' voornomde dadelicke proef wilde fien, men fal an Fde-
fer vicrdeform, in placts des hants hanghen een ghewichtals docnder wefende
tvierendeel van het oPtrcckchtk ghewicht, en fullen teghen malcandcr fooint

. .werck gheen fateén is, eveftaltwichtich bevonden worden. Maer om dat op~

treckelick ghewicht héel volcommelick uyt te fpreken, het is de fomme defer
dric,teweten t'ghewicht B, tonderfte catrol A,ent’ghewicht veroirfacckt deur
dcfwaerheytdertau. Macr omde felve fivaerheytdertau breeder te verclaren,
feolact D en Efijnde uyterﬁc gheracckfelen der rai teghen de (chijf 8,enG H
Kg de UYL
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And when the cord passes over one more disc, as in this 3rd figure, because
the weight B then hangs on four cords, each of which carries one-fousth of B,
the hand at F then need only exert the force of one-fourth of the weight B. With
which is known the common rule of weights pulled over several discs.

It should be borne in mind that in practice one will seldom pull upwards at F
in this way, as we hdve assumed by way of example in the above three figures,
for the sake of a clearer proof, but the cord is usually passed over one more disc,
in order to pull downwards from above, as in this 4th figure. But it should
be known that such fourth or last disc does not cause any relief or change of
the weight on the hand at F, because the weight B only hangs on four cords, as
in the 3rd figure, for this last cord, which seems to be a fifth cord, is in reality
one and the same with the fourth. By this it is understood that even if that cord
ran over a hundred more such pulleys, the puller would not receive any relief
therefrom.

But if it were desired to see a practical proof of the foregoing, at F of this
fourth figure there shall be hung instead of the hand a weight as doer, being
one-fourth of the weight to be pulled up, and if there is no error in the con-
struction, they will be found to be of equal apparent weight with each other. But
to describe that weight to be pulled up quite completely: it is the sum of these
three, to wit the weight B, the lower pulley A, and the weight caused by the
gravity of the cord. But in order to set forth this gravity of the cord more fully,
let D and E be the extreme points of contact of the cord against the disc A, and
.G and H the extreme points of contact of the cord against the upper disc of the
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 deuytetftegheraeckfelen der tau teghen de bovenfte fchijfdes bovenfle catrelg,

‘I M dé uyterfte gheraeckfclen der tau teghen de bovenfte fchijf des onderflen
 catrols ; voort fy N middelfte puntder tau tuflchen GenH, ¢n O Umiddelftc

punt der tau tufichen I'en K,enC t'andet uyterfte der tau: Y aet voort gheteyS-
kentwoidenin G Etpunt Palfoo dat GPevenfymetH¥ ¢ Daer na in KD
tpunt Q,alfoodat K Q even fymet 1 L. Ditfowefende, NG Pis even encve-
wichtichmét NHF,en O IL met OK Q : Maer CM en brengt lichtichieyt
noch fwaerheyt by.Sulcxdattet ghegeven gewicht:metret catrol,noch befwaert -
worden, fo veel als veroirfaken dedrie fticken taus,te weten deshalfrontsL M, -
deshalfronts DE, en het recht ftick Q D. C ‘
Merckt noch dat alfmen met catrollen dadelick yet optreckt,alfoo dattet eyn-
de dervoortghetrocken tau inde Jocht blijft hanghen, fonder vioer te ghera-
ken,foo veel dat voortghetrocken decl taus wedght , fooveel fal openbacdick
den trecker minghewelt behouven te doen. B

2 Voorbeeltmet [cheefuvichticheys.

Laetdefeeerfte form fijn alfinsghelijck d'ecrfte des eerfien voorbeeits,, uyt.
‘ghenomen dat de hant hieran F niet recht op -en trecke ,'maer fcheefter fijde-
wactt uyt, t'welck {oo fijnde, t’ghewicht op-clcke tau ancommende, wort be.
kentdeur het § vervolgh des 1 deels defes byvoughs der Weeghconft. Macrom
dacrafmet.cen wat verclaring tedoen ;ick treck.de lini daer rghewicht Ban

hangt opwaert 101 G,als B G, en F E veorwacrt,tot datfe de oneyndelicke door -
BGontmoet, twelck fj in-H: Dacr na uyt cenich puntderlini HF als1, een
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upper pulley, L and M the extreme points of contact of the cord against the
upper disc of the lower pulley; further N shall be the middle point of the cord
between G and H, and O the middle point.of the cord between I and K, and C
the other end of the cord. Further let there be marked in GE the point P so that
GP be equal to HF; thereafter in KD the point Q so that KQ be equal to IL.
This being so, NGP is equal and of equal weight to NHF, and OIL to OKQ.
But CM adds neither levity nor gravity, so that the given weight with the pulley
is weighted by the weight of the three pieces of cord, to wit that of the semi-
circle LM, that of the semicircle DE, and the straight piece QD.

It is also to be noted that if in practice something is pulled up by means of
pulleys, so that the end of the cord that is being pulled hangs in the air, without
touching the floor, it is manifest that the puller will need to exert so much less
force as is the weight of the. piece of cord that is being pulled.

2nd Example, with obliqgue weights

Let this first figure be in every respect identical with the first of the first
example, except that the hand here does not pull vertically upwards at F, but
obliquely sidelong, which being so, the weight acting on each cord becomes known
by the 5th corollary of the 1st part of this Supplement to the Art of Weighing.
But in order to give at once some explanation of this: 1 produce the line on which
the weight B is hanging upwards to G, viz. BG, and FE forwards until it meets
the vertical through BG, which shall be in H. Thereafter I draw from some point
of the line HF, viz, I, a line meeting BG in K, viz, IK parallel to DC. This being
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lini gherakende B G in K als I K evewijdeghe met D C. T'welck foo fijnde,ick
fegh ghelijck I Ktot K H , alfoo t'ghewicht deur de hant F ghetrocken, tottet
ghegheven ghewicht B: Voort ghelijck HI tot 1 K(die in voorbeelden met een
{chijfalsditalijt evelanck moeten fijn , want CD voortghetrocken wefende
moct commen in H,cn den houck G H I, valt om bekende redenen altijt even
anden houck G H C)alfoo ’ghewelt op de hant F ankommende,tottetghewele
opCancommende,welcke twee machten in voorbeelden met een fchijfals dir,

altijt even moeten fijn, doendeelck den helft eens ghewichts, dat in fulcken res
- den istottet gheghevenghewicht, als H K tot H 1dear het voorfchreven 5 ver-
volghdes 1 deelsdefcs Byvoughs der Weeghcontt. '

Maer byaldien de fcheefitreckende tauwe liepe-over tweeof meer {chijven,’
alles wort oock bekent. Laet by voorbeelt defe tweede form fijn alfins ghelijck
de tweede des cetften voorbeelts,uytghenomen dat de hant hier an F niet recht
op en treckt, maer fcheef ter fijdewacre uyt, twelck foo fijnde, ‘ghewicht op

elcke tau ancommende, wort oock bekent deur het bovelchreven s vervolgh.
Maer om daer af met cen wat verclaring te doen, ick treck delini daer t'gewicht

* anhangtopwaerttot G, alsBG,enF E voorwacrt tot datfe de oneyndelicke
door BG ontmoet, £'welck fyinH , teyckenende daer pat’bovenfle puntdaert
boventfte catrolan hangt met I, entreck HI, daer nawt eenich punt der lini
HF alsK, een lini gherakende HG in L, als K L evewijdighe met H I T'welck
foofijnde,ick fegh ghelijck KH tot L H, alfo tghewelt opde hantancommen- -
de tottet gegeven ghewicht:MaerK Hisin alle voorbeelden met twee fchijven

als dit,altijt cven an denhelftvanK L dacromghewelt op F ancommcnded, is
o o en
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so, I say: as IH is to KH, so is the weight pulled by the hand F to the given
weight B. Further, as HI is to IK (which in examples with a disc like this one
should always be equally long, because CD being produced must come in H, and
for known reasons 1) the angle GHI is always equal to the angle GHC), so is
the force acting on the hand F to the force acting on C, which two forces in
examples with a disc like this one should always be equal, each being the half of
a weight which has the same ratio to the given weight as HK to HI 2), by the
above-mentioned Sth corollary of the 1st part of this Supplement to the Art of
Weighing.

But if the oblique cords pass over two or more discs, everything zlso becomes
known. For example, let this second figure be in every respect identical with the
second of the first example, except that the hand here does not pull vertically
upwards at F, but obliquely sidelong, which being so, the weight acting on each
cord also becomes known by the above-mentioned Sth corollary. But in order to
give at once some explanation of this, I produce the line on which the weight is
hanging upwards to G, viz. BG, and I draw FE forwards until it meets the infinite
vertical through BG, which shall be in H, marking thereafter the highest point on
which the upper pulley is hanging by I, and I draw HI, thereafter from some
point of the line HF, viz. K, a line meeting HG in L, viz. KL parallel to HI.
This being so, I say: as KH is to LH, so is the force acting on the hand to the
given weight. But KH is, in all examples with two discs like this one, always equal
to the half of KL; therefore the force acting on F is the half of the force acting

1) The angle EHD being bisected by AH.
2) We are at a loss to understand this. If we take this passage as it stands, we find
Stevin asserting that the force X acting along HF is the half of a force Y determined
Y K . '

b th T t1 —_— e —
y [+ p Opot on

Now we also have the proportion <~ =~ HI s hence G2 = X.Y = 2°X?, and
since HI = 1K, the triangle KHI would have to be isosceles and rectangular. However,
not only does the figure show nothing of the kind, but also: why should the angle
-FHK have to be 45°?
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den helft-des gewelts op I ancommende, waer deur op elck det drie tauwen eve.
- veel ghewelts comt, te weten het derdendeel eens ghewichts, datin fulcken re.

denistotictghegheven ghewicht, alsLH totHK , dacrem fegghende in alle

£

o

.'.‘n .
tssaassliviemOvIsonéw T

fulcke voorbeclden , K H gheeft H L, wat tgheghceven ghewicht Yhet derden~
dendeel van tghene daer uyt comt is voor de ghewelt op de hant Fancommen.
de, en oockop elcke van dander twee tauwen. :

Maer alffer alfoo drie fchijven fijn, foo ift kennclick datmen dan moet ne«
‘men het vierendeel van dat uytcommende ghewicht, en foo voort met all
anderen, '

De reden wacrom K L hier bovenmeer evewijdeghe moceft fijn met H I,dan
metcenighe der tauwen, is kennelick deur t'ghenc wy van derghelijckeghefeyt
hebben int 2en 3 vervolgh vant 1 deel des Byvoughs der'Weeghconft,want de

- -hanghende (waetheyts middellijn des ghcheels, ftreckt deus t'puntH, van welck
‘punt openbacrlick de twee linien moeten commen daer wy -ons rekening op |
maken. T3 EsLvYT. Wyhebben danonderfocht de ghedaente der ghes
wichten opghetrocken met catrollen,na den cyfch. '

CATROLWICHT s,'
EYNDE.
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on I, as a result of which an equal force acts on each of the three cords, to wit
one-third of a weight which has the same ratio to the given weight as LH to HK.
Therefore we say in all such examples: KH gives HL, what the given weight? the
third part of what follows therefrom is the force acting on the hand F, and also
on each of the other two cords1).

But if in this way there are three discs, it is obvious that the fourth past of
the resulting weight should then be taken, and so on with all others 2).

The reason why KL above had to be paraliel to HI rather than to anyone of
the cords is obvious from what we have said about similar things in the 2nd
and the 3rd corollary of the 1st part of the Supplement to the Art of Weighing,
for the vertical centre line of gravity of the whole passes through the point H,
from which point must manifestly proceed the two lines which are used in the
calculation. CONCLUSION. We have therefore examined the properties of
weights pulled up by means of pulleys, as required.

END OF THE PULLEY WEIGHT

1) Here the same difficulty arises as was pointed out in Note 2.

Y LH

If really X = Y,and — = —
really 1/3 an C XH

o , G LH
while at the same time _—= =

X KH .
then G? = 3 X? or HL?* = 3 KH®* Now according to Stevin, KH = 1/2 KL, thence
KL? = 4 KH? = HL? 4- KH?, so that the angle HKL would have to be a right
angle, and consequently KH a horizontal line.
2) When we follow up Stevin’s reasoning, we here again arrive at impossible results.
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THIRD PART OF THE
SUPPLEMENT TO THE ART
OF WEIGHING, OF THE
FLOATING TOP-HEAVINESS
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CORTBEGRYP
der vzligtc-ndc T-o‘p’fv vacrheyr.:

sa2ay [s ghebenr't datmenovilde bereyden [eker [chuyten,

‘miet leeren ‘daer in overeynde Stacnde , ontrent
yovoeten booch ., om crq'c/yﬁwlc/z-daer op-tegaen:
Maer alfoot intvpijfel [font oft niet te groote top-
[vvaerbeyt by enfoudebrengen, [l x dat de fchuyt

snocht ommelaen, entvolckint vvarer vallen, mmberézde oM

ﬁ,‘ﬂ\

VAR
%&\
WS

verfekerder tefin een [chuyte-mes haer leere en tochehoorsens

daer na fa;r/bchtmmt_ dadelick. Dir veroir[acckte my te over-
0

dencken, oft niet meughelick en [onde [n [ulcx te vveten dewr

‘wijglawn bighe rekeninghenop gheftelde formen en fovacrheden,

[ender de [acck eer $tintgroot te moeten maken ,en daer na dade-
lick tecverfoucken. Tot dieneyndervonden en befchreven vvy het
volyhende* versooch: Tvyelckal(ment cenonder (cheyden naem
wvildegheven, nagheleghensheyt want woornaenifteeynde daere
toe Strecks,men [oudet mengen heetenVertoochdervlietende
Topfvvaerheyt, dat é& van topfvvaerheyt der Stoffen die opt

- cwovaterlseten, of drijFven , veant vanander rop[vvaerheyt der

lichamen opt waft lant, die omvallen als des lichaems [ovaerbeyts

- middelpunt is buyten de hanghende fvvaerbeyts middeliyn senis

onsvoornemen niet bier te bandelen.

V E R-
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ARGUMENT OF THE FLOATING TOP-HEAVINESS

It has sometimes happened that it was desired to- make certain vessels, with
ladders standing upright therein, about 20 feet high, for soldiers to ascend them.
But since it was doubted whether this would not cause too great top-heaviness,
so that the vessel might capsize and the soldiers fall into the water, a vessel was
made, in order to be surer, with its ladder and accessories; thereafter it was tested
in practice. This set me thinking whether it would not be possible to know this
through static calculations of assumed forms and gravities, without first having
to make the thing on a large scale and then testing it in practice. To this end we
found and described the following theorem: which, if one wished to give it a
distinct name, might be called, because of the chief end it serves, Theorem of the
Floating Top-heaviness, i.e. of the top-heaviness of materials floating on water,
for we do not intend to deal here with other top-heaviness, of bodies on firm
land, which turn over when the body’s centre of gravity is outside the vertical
centre line of gravity 1).

1) Since the vertical centre line of gravity is defined as the vertical through the centre
of gravity of the body, this situation cannot arise. Stevin probably means to say: when
the vertical centre line of gravity meets the floor outside the perimeter of the base.
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VERTOOCH '
" Eenlichaemvlictende opt vvater, neemtdaer inaltije
fulcken gheftalt,dat fijn vvaetheyts middelpunt,isindes
yvaterhols hanghende fyvaerheytsmiddellijn. -

ccep GHEGHEVEN. Lact A B C D cenlichaem fijn, drijvendeopt
Y n water EF G H diensoppervlack EF;en fteeckrdaerintotl Ktoe, .

' f@&j fulcx dat [ C K het watcrhol beteyckent,diens fivaerheyts middel-
7 L.-,ﬁ?’ puntL, fijn hanghende fivactheyrs middellijn MLN , en des
~Y lichaems A B C D fwaerheyts middelpunt O. : .
. TBEGEERDE. Wymoeten bewijfen dattet lichaems A BC D fivaerheyts
middelpunt O, isin des waterhols | C K hangende fwaerheyts middellijn M N.

o TBEWYS
.Lactonst’lichaem A B C D uyt het watertrecken,en nemen door ’gedacht
dattet wat;rhdl 1CK infijn fclve form blijve: En totnoch meerder clacrheyt,

cimrsestarenian s

da;cte:t felve watethol {y een viackvat,na dewijfe der 7bepaling des waterwichts.
Dit vlackvataldusgheledicht wefende van fijn lichacm, latet v,o} waters ghe- 4
goten worden : En want water in water dlle gheftalt hout diemen hem ghecft,

deur het 1 voor{teldes waterwichts,fo fal ¢'vlackvat in dic ghcﬁ;l_t bﬁj\vcn,fuéix
t
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THEOREM

A body floating-on the water always takes therein such a position that its centre
of gravity is in the vertical centre line of gravity of the body of displaced fluid.

SUPPOSITION. Let ABCD be a body, floating on the water EFGH, whose upper
surface is EF, and it is submerged therein as far as IK, so that ICK designates
the body of displaced fluid, whose centre of gravity is L, its vertical centre line
of gravity being MLN, while the centre of gravity of the body ABCD is O.
WHAT IS REQUIRED TO PROVE. We have to prove that the centre of gravity
O of the body ABCD is in the centre line of gravity MN of the body of displaced
fluid ICK. :

THE PROOF

Let us pull the body ABCD out of the water and conceive that the body of
displaced fluid ICK keeps the same form, and for greater clarity, that this body
of displaced fluid be a surface vessel, in the manner of the 7th definition of
hydrostatics. This surface vessel thus being emptied of its body, let it be poured
full of water. And because water keeps in water any place given to it, by the 1st
proposition of hydrostatics, the surface vessel will keep that place, so that-it keeps
the same place, whether it be filled with water or with the body ABCD. But the
centre of gravity of this water poured.in is also the centre of gravity of the body
of displaced fluid or surface vessel, to wit L; and therefore the centre of gravity
of the body ABCD must be in the vertical centre line of gravity MN of the sur-
face vessel. For let it, if it were possible, be outside it, I assume in the point P.
But this cannot happen without change of the form of the body of displaced fluid
ICK, for since it had this form when the centre of gravity of the body was in O
by the supposition 1), through displacement of the material of the body in such
a way that the centre of gravity should come in P, B would then have to sink, -
D to rise, and C to turn towards K, which would be contrary to the supposition,
and the body of displaced fluid would be another than was assumed. There-

1) The argument is far from being convincing. It has to be proved that the centre of
gravity of the floating body, viz. O, is in the vertical through L, the centre of gravity of the
displaced fluid. Here, howevet, O is said to be in this. vertical by the supposition. It
is to be noted that Stevin nowhere: gives an equivalent of the statement that the
upthrust experienced by the floating body acts along the vertical through the centre
of gravity L of the displaced fluid, and that O therefore has to be in the vertical of L
in order that the upthrust may balance the weight-of the body.

- 579 -




202 ° 3DEEL pEs Byvoveus per&e.

dattet fo wel met water ghelaen, als mettetlichaem A B C D, al cen felve ghea
falrhout: Maer dit inghegoten waters fwacerheyts middelpunt is oock deswa.
- tethols of viackvats fwaerheyts middelpunt, te weten L ;en dacrom moet des -
lichacms ABCD fwaerheyts middelpunt fijn in des vlackvats hangende fwacre
Lieyts middellijn M N: Want latet foor meughclick waer daerbuyten wefen

ick neem ant punt P: Maerdat en can nietghefchien fonder verandering vande -

form des warerhols I C K want nadient defe geftalt hadde wefende des lichaems
fivaerheyts middelpuntan O deurt'ghettelde, fo foude deur verlegging der flof -
deslichaems, fulcx dattet {vacrheyts middelpunt quaeman P, alfdan B moeten
dalen, D opiijfen,en C keeren na K toe, twelck teghen-tgeftelde waer , en cen
ander waterhol foude fijn dan daer verfchil af is : Dacrom des lichacms fwaer-
heyts middelpuntisin M N , te weten of onder des waterhols {wacrheyts mid.
dclpunt L,of dacx boven, ofdaerin. T8ESLv Y T. Een lichacm dan drijven-
deopt water,neemt daer in altijt fulcken gheftalt, dat {ijn fivaerheyts middels
. - puntisin des waterhols hanghende fivacrheyts middellijn, ' welck wy bewij«
- fenmocflen. - - e o o
o o ‘1 VERVOLGH

Tiskennelick dat als des lichaems fivaerheyts middelpunt;isboven deswater.
holsfwaerheyts middelpunt,{o heeftet fulcken topfwacrheyt datalles omkeert,
(midts welverftacnde dattet nict onderhouden en .worde) tot dat des lichaems .
fvaerheyt middellijn,isin des wateshols hanghende fwaerheyts middellijn,on-
der des waterhols fwacrheyts middelpunt. Alsby voorbeelteen cromme flock
opt water vlictende,fy houtdaerin-een feker gheftalt,fulex dat al keertmen ope
waeri tgenconder was,ten wilfo nietblijven, maer neemt weerom d'eerftege-
" flalt,uyt oitfacc dat des figi{waerheyts middelpunt,dan nict en isin deswatcre
holshangende fwactheyppsmiddellijn,onder des {elfden {waerheyt middelpunt,

: .2 VERVOLGH. o

Tiskennelick datecnich gewichtin cen [chip of ander vat'verleyt Gjnde, fulex
dat de form des waterholsverandert, dat dacr me oock verandert de plaets van -
deswaterhols fwaetheyts middelpunt, - - S -

3 VERVOLGH.

Tis openbaer dat alle ghewichtgeleyt onderdes waterhols fivacrheyts mid-
-delplat, dat evewijdich is metten fichtcinder , ftreckt tot vatter ghnck des fchips
de topfwaerheyt min onderworpen fijnde: Macralleghewicht daunen daer bo»

ven leght, ftreckt tot meerder topfivacrheyt. :
, MERCKT.

Soo de twee fivaerheyts middelpunten, te weten deswatethols en des fchips)
metal de lichamelicke ftof diederin en opis,licht om vinden waer,tis kennelick
«datmen foude connen fegghen deur weeghconftige wercking fonder dadelicke
crvaring tedoen,wat fcheefheyt of gheftalt cen verdocht gheladen fchip int wa-

- ter nemen fal;en of twater over de canten foude commen of niet, gelijck mijn.
voornemen was te willen weten: Maer wantdie foucking der fwaerheyts mid- -
delpunten van {oo veel verlcheyden ftoftenalsghemeentick in cen fchip fijnte
meceyelick fonde vallen, foo endienét nict om in fulck voorbeelt hem daer me+ -
tebehelpen. Nochtansinfiendedar kennis der eirfaken van topfivactheyt, eny .
- dergheftaltecns vlicrende lichaéms int water elders can te pascommen : Qock.
me datde ghene die mocyte mochtdoen van dat te foucken , hicr megeholpen
canworden, (0o hebickdit by ghedachtnis ghefteltaliboven. -

DER VLIETENDE TOPSWAERHEYTS
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fore the body's centre of gravity is in MN, to wit either below the centre of
gravity L of the body of displaced fluid, or above it, or in it. CONCLUSION. A
body therefore, floating on the water, always takes therein such a place that its
centre of gravity is in the vertical centre line of gravity of the body of displaced
fluid, which we had to prove.

1st COROLLARY

1t is obvious that if the body’s centre of gravity is above the centre of gravity
of the body of displaced fluid, it has such top-heaviness that everything turns
over 1) (provided, however, it be not supported) until the body’s centre line of
gravity 2) is in the vertical centre line of gravity of the body of displaced fluid,
below the centre of gravity of the body of- displaced fluid. For example, if a
crooked stick floats on the water, it keeps therein a certain place, in such a way
that even if it is turned upside down, it will not remain thus, but resumes its
first place, because the stick’s centre of gravity is then not in the vertical centre
line of gravity of the body of displaced fluid, below the latter’s centre of gravity.

2nd COROLLARY

It is obvious that if some weight in a ship or other vessel is dlsplaced in such
a way that the form of the body of displaced fluid changes, the position of the
centre of gravity of the body of displaced fluid also changes accordingly.

3td COROLLARY

It is manifest that any weight laid below the centre plane of gravity of the
body of displaced fluid, which is parallel to the horizon, tends to steady the
course of the ship, which is then less subject to top-heaviness. But any weight
laid above the said plane ténds to increase the top-heaviness.

NOTE -

If it were easy to find the two centres of gravity, to wit of the body of dis-
placed fluid and of the ship with all the physical material that is in and on it,
it is obvious that it could be told by static construction without practical experience
what obliqueness or place an imaginary loaded ship will assume in the water; and
whether the water would wash over the sides or not, as I wished to know. But
because it would be too difficult to find the centres of gravity of the many varied
materials that are usually present in a ship, it is no use managing therewith in
this example. Realizing, howver; that knowledge of the causes of top-heaviness
and of the place of a floating body in the water may be convenient elsewhere,
and also that this may be of use to the man who should make an attempt to find
it, I have written the above pro memoria.

END OF THE FLOATING TOP-HEAVINESS

1) It is now common knowledge that this is not generally true. The condition for stable
equilibrium is that the centre of gravity of the body shall be below the metacentre. The
conception of metacentre, however, was not introduced unt11 Bouguer (1698-1758)

2) Read: centre of grav1ty
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FOURTH PART OF THE

SUPPLEMENT TO THE ART
' OF WEIGHING, OF THE
PRESSURE OF THE BRIDLE
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DES TOOMPRANGS.

NAERR Ebbende fyn VoRSTELICKE GHENADE van
B hm_[él;e daghen 4f tot nioch toe, bem gheduerlick met
A W grooten yver feer vlietich gheocffent inde Ruyterconst,
~ (foo vvort der Balianen Cavallarizzo, in Duytfch
ghenoems dewsr den Schrijver L.B. C. Stalmeefter des Keyfers)
enbenevensmondelicke vt’ﬁ%mtck mette ervarenfie de bem
indefé [Fof onemoeteden, noclrdeurlefenveel verfcheyden Schrj-

vers daer af handelende,Joo vwel nsen uytcommende als onden: En

heef nochtans desr vwoordennock (Chriften, ?%-comm geraken

01 grondelicke kennis der vedenvan s geprang der toomen .t voele

denr cleyne vercorting,verlanging encromming der toomdeclen,

bacft grooteon, -ckcr?vemndemgfm cryjcht int regieren despeerss.
Suslesc dat onder andeven oock dit , bewn [eer begheerich maeckte e

wer Staen de<voorgaende VVeqshoonft , verhopendedaer dessr tot
 grondelicke kenmts dier [acck recommen: Tvvelck tot (i vernou-

gen oockghebesey de, fuiicx dat by nw toomendocssnaken  nice onfes

kerlick sastende ghelijck re voorenimaer met kennts der reden. Al
SubetMa. ¢'pelck op™ wifionstighengront gebous  fyinde,my heeft beboir-
T lickghedacht £ fetve (dat bierom de voorgaende vedenen int ghe-
meen TOOMP R ANG ghenvemnt vwvort) by [yn 'wfanﬂigiye

- ghedachtens(fentevervoughen: T emeer dat anderendit ter hang
 commende , nochmeer dacr infuller. mesghen mercken sot wopr-

dering defer fof fireckende,

BEPA:
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ARGUMENT OF THE PRESSURE OF THE BRIDLE

His PRINCELY GRACE having from eatly childhood to this day continually
practised the Art of Riding (that is how the Italians’ Cavallarizzo is called in
Dutch by the writer L. B. C., the Emperor’s master of the horse 1)) with great zeal
and diligence, and having, besides’ oral conversations with the greatest experts
he has met with in this field, also read through many different writers dealing
therewith, both newly appearing and old, nevertheless he never succeeded in
gaining, either through words or writings, thorough knowledge of the reason
of the pressute of bridles, which through slight shortening, lengthening, and
twisting of the parts of the bridle may soon bring about great uncertain changes
in managing the horse. So that this, among other things, also made him very
anxious to understand the foregoing Art of Weighing, hoping thereby to gain
thorough knowledge of that matter. Which to his pleasure happened, so that he
now causes bridles to be made, not groping uncertainly, as before, but with
knowledge of the reason. All this being founded on a mathematical basis, it
seemed appropriate to me to include this (which, for the above reasons, is here -
generally called Pressure of the Bridle) among his mathematical memoris. The
more so that others, when it comes to their notice, may discover more about it,
which will tend to advance this matter.

) We do not know who L.B.C. was: Probably he was a German, but Ruyserionss in
Stevin’s text is a Dutch word. Here again it is evident that Stevin does not distinguish
~ sharply between the two languages. -«
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BEPALINGHEN.
E ghewoonlicke namen vande declen des tooms tot dit Yoornemen n00-

dich,worden deur de bygheftelde form verclaert als volght,
. F . '

E','-W
™=
o
Q —
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&
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(ALt

B ' BEPALING.
-~ AB Stang.
| 2 BEPALING.
C Stangbout. |

3 BEPA LI NG.
D T cughelrinck. |

4 BEPALING.
EF  Stangsbovedeel. | |
o | 53 5 BEPAS
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DEFINITIONS

The usual names of the parts of the bridle, required for this purpose, are
set forth as follows by the accompanying-figure.

1st DEFINITION

AB  Cheek

2nd DEFINITION
C  Bit bolt.

3rd DEFINITION
D  Bit ring.

_ 4th DEFINITION
EF  Upper cheek.
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5 BEPALING

G Oogh.

6 BEPALING
HI :Montﬁxck

7 BEPALING..
KL  Xinketen. |

8 " BEPALING

"KM  Dees. | |
9 BEPALING.
NO  Kinketenhaeck. '

o BEPALING.
P Q, Tvvectuflcheketens. -

" BEPALING.

Wreetoom , of vvree deelen der felve, fijndic t'mont-
Rick ftijf tcghcn hetonderfte tantvleesende kinketen te-

gendekindocn druckcn SIach, dlc ter facht tegen docn
drucken. . S
VERCLARING.

Hoetweteenghettocken toom verfcheyden druckingen-veroirfaeckt, als be-
meven debovefchreven teghen het tantvlees, en kin poch vande tuficheketen
teghen de borft: En vanden tcughclnncktcghen de ftangbout : Nochtans foo
‘verftacimen mettet woort wreetheyt , alleenelick de ftijve dmicking des mont-
fticx teghen het-onderfte tantvlees en des Kinketens teghen de kin, alswefende
de drucking daer t'pecrt deur beweeght wort, en die hem wice doet, fulcx dattet
‘ot die weedom te verfachten, de kin nafijn porft brengt, cn den hals cromts:
‘Warntghenomen catde kin deur de tuegheleen palm verre nat’peertghetrocs
kenworde, hetcan deur de buyging vanden hals;maken dar de drucking onver-
meerdert blij jve. Tisoockdefe perfing dichem doctachterwacrtdeyfen , mey-
nende de felvealfoo r'ontcomimen of verminderen ,en vrcefende deur voor-
wacrt te gacn die te vermeeren. Dit dan wrcetheyt fijnde , foo worden die too-
men of declen der felve, welcke alfo het moetftick ftif of facht teghen het tant-
vieesen kinketen teghen de kin doen dritcken, ghefeyt wrect, of flap te Gjn, als -
wrec oom, {lappe toom,wree ftang, flappe ﬁang, wree bov cdcc ,{lap bovedeel,

12 BERA-
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5th DEFINITION
G Eye. ’

6th’ DEFINITION
HI Bit. ’

7th DEFINITION
KL Curb chain.

8th DEFINITION'
KM TheS1).

‘'oth DEFINITION
NO Curb hook.

c 10th DEFINITION
' P, Q Two intermediate chains.

11th DEFINITION

Severe bridle, or severe parts thereof, are those parts which force the bit tightly
against the lower gums and the curb ‘chain against the chin. Gentle are those

- parts which press them gently against the gums and the chin.

EXPLANATION

Although a bridle that is being pulled causes different pressures, viz. besides
those described above against the gums and the chin also that of the intermediate
chain against the breast, and of the bit ring against the bit bolt, nevertheless
by the word severity is only meant the tight pressure of the bit against the lower
gums and of the curb chain against the chin, this being the pressure by which the
horse is constrained and which hurts it, so that in order to relieve this pain it
approaches its chin to its breast and bends its neck. For if it is assumed that the
chin is pulled a palm further towards the horse by the rein, it can, by bending
its neck, cause the pressure to remain unchanged. It is also this pressure which
makes it start back, thinking that it can thus escape from it or decrease it and.
fearing that by going forward it may increase it. This ‘therefore being severity,
those bridles or parts thereof which thus force the bit tightly or gently against
the gums and the curb chain against the chin are said to be sevete or gentle, viz. -
severe bridle, gentle bndle severe cheek, gentle cheek, severe upper cheek, gentle
upper cheek.

1) Stevin writes es, and since the part KM actually is shaped like the letter S in its
long form, it is probable that es merely stands for the pronunciation of this letter. Hence
it may be rendered in English by es as well,
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~m BEPALING.
De cromme bochten der flanghen vvorden * keercn Dok
| duyss wrove
ghenoemt. |

- ghen.

) o o . Ius Frangow
De ftanghen worden recht en crom ghemaecke, rechtals ind'eetfie fornd;

~crom als in defe tweede, met'cen bocht keerende van '

XnaY,van Y naZ, envan Z pa 4,welcke men dactom

defes ftangs keeren noemt.

" DE VOLGHENDE BEPA-
" LINGHEN SYN NIEV.
'3 BEPALING.
T’middelfte punt R des raeckfels vani-
den teughelrinck D teghen den boutC,
- als vpeert ghetoomt fijnde de teughels
- ghefpannen ftacn,noémen vvy Teugel-
rijncx racckpunt. -
14 BEPALING.
T'middelfte punt Sdesraeckfels van
de ¢5 teghen het oogh , vock het mid-
delfte purit T desraeckfels vanden haeck
‘teghen het oogh als t'paert ghetoomt
fijnde de teughels gefpannen ftaen, noc-
- menvvy ooghraeckpunt. -

5 BEPALING.

- Het punt Hvanden asdes montfticx
int middel vandeolivecommende daer
den as in dracyt ; noemen vvy Mont-
fticxafpunt. : :

$ BEPALING

Den houck R H Sbegrepen tufichen tvvee linien,dcene
vandes teughelrinex racckpunt R ; tot desmontfticx af-
punt H;d’andervant montftick-afpuntH, tottet oogh-

racckpurtS; noecmen vvy Racckpunthouck, - = -
. S 4 17 BEPA-
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12th DEFINITION
The curved bends of the cheeks are called twists.

EXPLANATION

The cheeks are made straight and curved, straight as in the first figure, curved
* as in this second figure, with a bend twisting from X to Y, from Y to Z, and
from Z to a, which are therefore called the twists of this cheek.

THE FOLLOWING DEFINITIONS ARE NEW.

13th DEFINITION

The middle point R of the area of contact of the bit ring D against the bolt C
when, the horse being bridled, the reins are tight, we call the pomt of - contact
of the bit ring.

14th DEFINITION

The middle point § of the area of contact of the § against the eye, also the
middle point T of the area of contact of the hook against the eye when, the horse
being bridled, the reins are tight, we call point of contact of the eye.

15th DEFINITION

The point H of the axis of the bit, coming in the middle of the olive in which
the axis turns, we call axial point of the bit.

16th DEFINITION

The angle RHS contained between ‘two lines, one from the point of contact
R of the bit ring to the axial point H of the bit, and the other from the axial point
H of the bit to the point of contact S of the eye, we call angle at the point of
contact. .
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108 4DEEL DES BYVOVGHS DER
7 BEPALINGC.
Prouftoomnoemick, een toom dienendeoman alle
cerden te prouven yvat ghebruyckehckc toomhun be-
quaemft falfijn, endic met fckcrhcyt ten cerften vvc] paf=
{fendetemaken. - '

 Vande formen omftandighen defes ptouftooms fal imt 'volghcndc t'fijnder
plaersghefeyt worden,

1V O ORSTEIL.
Dc’keerenan een ﬁang rnccrdcr noch mmdcr ercct-

heyt te veroirfaken.

Sijn VORSTELICKE GHENADE Voor fckerwetcndc dattet ghemeen
.ghevoelen van velen onrecht is;gheloovende de keeren der ftang tor: wxccthcyt-
of flapheyt tehelpen, blijvende nochtansde drie punten alsR, H, S,t’haerder
plaets,feghtdaer teghenaldns : Laet opde rechte fiang A B hicrvooren, ghes
fchroufi of ghchecht worden yfer ftucken, die de'ftang een foxmghcvcnals met
groote keeren ghemacckte fijn : Soomen nu feght uytdieanhechting cenighe
‘verandering derwrectheyt te volghen,het isfoo veel al 6fmen feyde datde felve
aenghebechre yfers eenighe verborghen treckende of fiekende ctacht in -haer
hadden,ghelijck de feylfteen heeft;of dierghelijcke: Twelck ongefchickiwaer,
Belanghende fy fegghen verandering metter dact t¢ blijcken; dat wort weerleyt -
met te feggen dat fulcx metter dact niet en blijckt. Angaende Pyqueurs,toom-
makers,en ander.met defen handél dadelick omgaende , fulien voortbrenghen

de ghemecne {preuck, CMen maet yghelick in [ conft glnlao'um ‘Daerwort op -

gheantwoortfulex teghen hemlien te ftrijden,omdat fy oirdeelen vande wich-:
tighe ghedaenten fonderin Weeghconft ervaren te wefen,waerinmen verflact
-datter verandering ghefchiencan deur verandering def bovefchreven drie-pun«
ten RyH,S: Macr die blijvende, en vervolghens cock de twee verdochte linien
RHHS,'mesten houck RHS, foo blijfide wreetheyt oock de felve, ,uytgheno.
‘men,om 'heel eyghentlickte fprckcn tverfchil dattet ghewicht desbygevoughe
-den. yfers mocht veroirfaken, t' welck totdefefaecknicten ghelt : En alfmender
immers opletten wilde,t'can foo wel tot achterdeel ftrecken van 'ghene fydrij-
ven,alstotvoordeel.

Merckt noch wijder, dat dc lini dcsbovcdecls derftangals hier vooren VW,
tot gheen feker ghemeene gront en can veiftrecken om daeruyt de bocht dct_
ftang te veroirdenen,ghelijck gemeenlick ghedacn wort, maer weldelini HS,
want d’een flangs bovedecel een breeder oogh. hebbende als & ander , tgheeft
‘verandering en onfekerheyt inde faeck. TBESLvYT. De Keeren dan en
‘veroirfaken meerder noch-minder wicetheyt an een flang, trwelck wy bewijs
fen moefien,

2 VO ORSTEZL.

'Dccort{’cc {’canghcn devvreetfte te fijn.

Dereden is hicraf tweederley: D'cene, datmctcvcvccl optrecking det tette.
ghels
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17th DEFINITION

Test bridle I call a bridle serving to test on all horses what actual bridle will
be most suitable for them, and to make it first of all fit with certainty.

The form and conditions of this test bridle will be discussed in the following
in its appropriate place.

~

1st PROPOSITION

The twists in a cheek cause neither more nor less severity.

His PRINCELY GRACE, knowing positively that the common opinion of many
people is wrong, who believe that the twists of the cheek are conducive to severity
or gentleness, the three.points R, H, S remaining nevertheless in their places,
argues against it as follows:

Let there be screwed or fastened on the straight cheek AB hereinbefore some
iron pieces which give to the cheek a form as if it were made with large twists.
If one should now say that from this addition there follows a change of severity,
this is as if one should say that these added irons had some hidden attractive or
repellent force in them, as the magnet has, or something of the kind; which
would be absurd. As regards their saying that the change becomes manifest in .
practice, this is refuted by saying that this does not become manifest in practice.
As to the fact that riding-masters, bridle-makers, and other people practically -
engaged in these matters will advance the common saying: Everyone is to be
trusted in bis own art, to this it is replied that this argues against them, because
they judge of the properties of weights without being versed in the Art of
Weighing, in which it is understood that a change may be brought about by a
change of the above-mentioned three points R, H, §. But if the latter remain, and
consequently also the two imaginary lines RH, HS, with the angle RHS, the
severity also remains the same, except—to speak quite accurately—for the dif-
ference which the weight of the added iron may cause, which is of no account
in this matter. And even if it were to be taken into. account, it may be to the
detriment as well as the advantage of that which they argue.

It is further to be noted that the line of the upper cheek hereinbefore VW
cannot serve as a certain common basis on which to prescribe the bend of the
cheek, as is usually done, but rather the line HS, for if one upper cheek has a
wider eye than the other, this produces change and uncertainty in the matter.
CONCLUSION. The twists therefore cause neither more nor less severity in a
cheek, which we had to prove.

2nd PROPOSITION

‘The shortest cheeks are the most severe.

The reason hereof is twofold. One is that with the same amount of pulling of
the reins the curb chain is moved more by short than by long cheeks. In order
to explain this, let 4B signify a long cheek, AC a shorter one, having the same
upper cheek AD, whose point of contact of the eye is D; further, through the
pulling of the reins, the point of contact C of the bit ring of the shorter cheek
AC shall have reached E, having described the arc CE. And the point of contact
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ghels imeerder beweeghnis des kinketeris ghemaeckt wortdeut corre fanghert
dan deur Jange. Om van t’'welck verclaring tedoeni; Lact AB C
een langhe flang beteyckenen, A C cen correr, hiebbende ecn
felf bovedeel der ftang A D,diens ooghraeckpunt D is, voort
fy deur optrecking der reughels; des teughclrinex racckpunt
C vande corfte ftang A 'C gecommen tor E; belchreven heb.
bende debooch C E: En het ooghraeckpunt D falghecont-
men wefen tot F, befchreven hebbende de booch D F: Laet
dacr na deur der teughelseven foo veel optrecking als dcer- -
fte , des teughelrincx raeckpurit B vande langfte ftang,; ghe-
commeh fijn ot G, te weren dat de booch B G, evenfy ande -

" booch C E, en het coghraeckpunt D, fal ghecomiien wefen
totH, befchreven hebbende de booch D H: Maer de boocH
DFismeerder dan DH, en daer teghich in fulckén reden als
delangfte fang A B, totte cortfte A C: Dderom de kinketen _
ant dogh vaft fijnde , crijcht mer eveveel opticeking der reughels, meerder be-
weeghnis deurcorte ftanghen dan deur langfic. Maer de mecfte beweging of
opganck des kinketens druckt flijver reghien de kinyen Veroirfaeckt oock de fhijfs
fie drucking des montfick teghen het tantvlecs: Daerom de corter flangen ver-
oitfaken de meefte wrectheyt,én vervolghens fijn dacrom de wreetfte.

Drandet réden is de bochtighe form van vUpeerts hals ; welcke miaeckt dat de -
tuflcheketen der cortfte ftang, verder vande borft ftact dan vande langher, Waer
uyt volght daimende tucghelsvan ecn eorte ftang;verder can vootttrecken ect

* detuflcheketen de borft ghieraccke,dan de tuegels van een lnghe Rang,Uwelck

_foo ghebeurt openbacilick oock meerder wreetheyt micbresige. -

MERCKT.

Ymant mocht his twijfclen, en dencken hoe dit overcomt mette weeghcon.
flighe reghelen; dic leeren datde langfte ftectien de grootfte gewelt doen,want
anfiende B D voor ftockdie de timmerlien waegh noemen,wicns langfte fteert
dacr den * Doender antreckt A Bis, en A vaftpuat, 0o chijnc hiér ¢verkeerde
befloten te worden : Men antwoort hier op aldus: De vracgh en is nict na de Effciese
gewelt die den rijder metter hdnt int tiecken doct, want hy an een corter ftang,
om hetooghracckpunt eveveel beweginghi te gheven, ftijverimoer trecken dan
an een langher: Maer ftijf ghenouch ghétrocken wefende,men vraecht welcke
trecking alfdan d¢ meefte wreetheyt mebrengt. T8 ESLYYT. De contfte
ftanghen dan fijn de wreetfte, t'welck wy bewijfen moelten, '

3 VOORSTEL,
De langfte bovedeclen der ftangdevvreetite ce fijn. -

De reden is datmet eveveel opttecking det teughels, meerder beweeghnis
des kinketens ghcmacckt wott deur langhe bovedeelen der ftang dan deur cot-
te: Om van rwelck verclaring tedoen; Lact A Been lanck bovedec] beteycke
nen, diensooghraeckpunt B, en A Ceen cottet, diensooghraeckpunt C,en
hebbende beyde cen felve ftang A D. Voort fy deur optrecking detteugels,des

- teughelrincx racckpunt D, ghecommen tot E,en het ooghraeckpunt B fal ghe-
commen fijn tot F, befchreven hebbende den booch B F: Maer het ooghraecks
pant G tot G, belchreven hebbende de booch € Gyclecnderdan B F,wantghes

D

s
> A

Lijck
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D of the eye shall have reached F, having described the arc DF. Thereafter,
by pulling the reinsto the same extent as in the first case, let the point of contact
B of the bit ring of the longer cheek have reached G, to wit that the arc BG be
equal to the arc CE, and the point of contact D of the eye shall have reached H,
having described the arc DH. But the arc DF is greater than DH and has thereto
_ the same ratio as the longer cheek AB to the shorter AC. Therefore the curb chain;
if attached to the eye, by the same amount of pulling of the reins is moved more
by short than by long cheeks. But the greatest movement or rise of the curb chain
forces it more tightly against the chin and also causes the tightest pressure of the
bit against the gums. Therefore shorter cheeks cause the greatest severity, and
consequently are the most severe 1).

The other reason is the curved form of the horse’s neck, which causes the
intermediate chain of the shorter cheek to be further away from the breast than
that of the longer cheek, from which it follows that the reins of a short cheek can
be pulled further before the.intermediate chain touches the breast than the reins
of a long cheek, which when it thus happens manifestly also involves greater
severity.

, NOTE

Someone might now be in doubt and think how this is in accordance with the
rules of statics which teach that the longest levers exert the greatest force, for
if we look upon BD as the stick which the carpenters call “waegh”, whose longest
lever, at which the doer pulls, is ‘AB and A the fixed point, it seems that the
opposite is concluded here. To this the following reply is given: The question is
not what is the force which the rider exerts with his hand in pulling, for in
order to give the same movement to the point of contact of the eye, he has to
pull more firmly at a shorter than at a longer cheek. But when the pulling is firm
enough, it is asked which pulling then involves the greatest severity. CON-
CLUSION. The shortest cheeks therefore are the most severe, which we had
to prove.

i

3rd PROPOSITION

The longest upper cheeks are the most severe.

- The reason is that with the same amount of pulling of the reins the curb chain
is moved more by long than by short upper cheeks. In order to explain this, let
AB signify a long upper cheek, whose point of contact of the eye is B, and AC

1) The gist of Stevin’s reasoning consists in the assumption that the cheek .AB and
the upper cheek £ F may be considered as the two arms of a lever of the first kind, the
fulerum being in A. This assumption, however, is untenable. The device indeed
constitutes a lever, but it is one of the second kind (load between force and fulcrum),
« in which the pressure to be exerted on the gums acts as load, the point of contact of the
eye is the fulcrum, and the force is applied at the bit ring. According to J. H. Anderhub,
who pointed out Stevin’s etror in a paper Hier irrt Simon Stevin (Deutsche Mathematik
7, 2-3, 1943; D. 299- 304) the first to interpret the check as a lever of the second kind was
G. O. &’ Aquino, Disciplina del Cavallo, Udini 1636; p. 204. His words are: »---gid che
Ia guardla tutta altro non &, che una leva, la cui forza mediante le redini ¢ posta nel
pedlcmo e il sostegno nell’ altra estremita delPocchio dove va il porta morso, e il cui
peso & l'incastro dove opera 'imboccatura.

4
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lijck A Ct6t A B, alfo C Gtot BF: Daerom de kint- R :
keten antoogh B deslangfte bovedeelsder ftang vaft
fijride , crijcht-imet eveveel optrecking derteughels,
meerder beweeghnis danantoogh'C des cortfte bo-
 vedeels vaft fijnde : Maerde meefle béweging of op-
ganck der kinketén drucke flijver teghiendekin,en
veroirfacckt oock de ftijflte drucking des montflicx
teghen het tantvlees, dactom de langfte bovedeclen
* fijn dewreetfte. Angacnde ymanttwijfelen niocht
" ‘wag¢romden Doenderan D, mecr gheweltdoerop: . -
‘des waeghs langereynde’A B,dan op hetcorter AC,,
{fchijnende teghen de Weeghconftighe teghiclen 1e
“frijden : De reden daer af machmien veiftaen deur
t'ghene van derghelijcke ghefeyt is int Merck des
2 voorftels. TBEsLVYT. Langhe bovedeclen -
dan fijn dewreetfte, twelck wy bewijfen moeften.

| ol

4 VOORSTEL, |

* Teughelrincx raeckpune verder vant peerts borft,gecft
meerdervvreetheyt. : -

"TGHEGHEVEN. Lact Adenasdesmontfticx beteyckenen,A B een ftang,

B Cden teughel, Bdes teughelrincx raeckpunt, A D een ander ftang even an

AB, en D Cfijnteughel, D destenghelrinex raeckpunt: Ende hiet teughelrimex.

raeckpunt B, {y verder vant peertsborft dan het teughielrincx rzeckpunt Ds.

TBEGHEERDE. Wy moeten bewijfen dattet teughelrincx raeckpunt B,
meerder wreetheytgeeftdanD. TBEREYTSEL. Laetoptpunt Aals mid-
delpunt, mettchalfmiddellijn A B, befchicven worden debooch BD E: Da;t
. : nafy
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a shorter, whose point of contact of the eye is C, both having the same cheek AD.
Further, through pulling of the reins, the point of contact D of the bit ring shall
have reached E, and the point of contact B of the eye shall have reached F, having
described the arc BF. But the point of contact C of the eye shall have reached G,
having described the arc CG, smaller than BF, for as AC is to AB, so is CG to
BF. Therefore, if the curb chain is attached to the eye B of the longest upper
cheek, by the same amount of pulling of the reins the curb chain is moved more
than if it is attached to the eye C of the shortest upper cheek. But the greatest
movement or rise of the curb chain forces it more tightly against the chin and also
causes the tightest pressure of the bit against the gums, therefore the longest -
upper cheeks are the most severe. If anyone should doubt why the doer at D
exerts more force on the longer end AB of the “waegh” than on the shorter AC,
which seems to be contrary to the rules of statics: The reason thereof can be under-
stood from what has been said about a similar point in the Note to the 2nd
proposition. CONCLUSION. Long upper cheeks therefore are the most severe,
which we had to prove.

4th PROPOSITION

When the point of contact of the bit ring is further away from the horse’s
breast, this causes greater severity. v

SUPPOSITION. Let A signify the axis of the bit, AB a cheek, BC the rein, B
the point of contact of the bit ring, AD another cheek, equal to AB, and DC its
rein, D the point of contact of the bit ring; and the point of contact B of the bit
ring shall be further away from the horse’s breast than the point of contact D of
the bit ring. WHAT IS REQUIRED TO PROVE. We have to prove that the
point of contact B of the bit ring causes greater severity than D. PRELIMINARY.
_ Let there be described on the point A as centre, with the semi-diameter AB, the
atc BDF, Thereafter the point of contact B of the bit ring shall, through pulling
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na fy desteughelrincx raeckpunt B,deur optrecking des teughels ghecommen .
1ot F,en des teughelringx raeckpunt D tot E,fulcxdat debooch D E, even fyan
de booch BE, ' -

TBEWYS.

Tisdaer voor te houden,dat foo veel de lini B C langher isdan F C, foo veel
hecft de treckende hant by C , hoogher moeten {ijn wefende des teughelrinex
racckpuntan F, dandoentwas an B. S'ghelijcxdat foo veel delini DClanger
isdan E C, fo veel heeft de treckende hant by C,hoogher moeten fijn wefende
des teughelrincx raeckpunt an Edan doent wasan D : Maer E C verfchilt meer -
van DC, dan FCvan B C: Endacrom foo veel r'verfchil dier twee verfchillen

_bedraccht,foo veel gaet de hant hoogher mettet rocrfel des teughelrincx raeck-

punt van D tot E.dan mettet roerfel van B tot F: Macr trocrfel of de booch BE,
isevenan t'roerfcl ofde booch D E deur t'bereytfe], dacrom de hantan C, gaet
op evegraoteroerfels van B en D, hoogher mettet roerfcl van D , dan mettet
roerfel van B: En vervolgens by aldien de hantan d’een en d’ander even hooch
ginghe,f{co foudet'roerfel van B naF, grooter mocten fijh' dan t'roerfel van D
na E: Maert'grooter roerfel van B na F, veroirfaeckt oock grooter roerfel des

.ooghs,en vervolghens des kinketens , dan het cleender roerfel van D naE:

Dacrom de hantand’'een end’ander even hooch ghegaen hebbende, 6o fal
r'roctfel deskinketens veroirfacckt deur trecking van Bna F, grooter fijn dan
deur t'roerfel des kinketens veroirfaecktdeur trecking van D na E: Maert'groo-
ter roerfel of grooter opganck des kinketens, drncke ftijverteghen des peerts
kin, ende vervolghens doedet montftick ftijver druckenteghen het tantvlees
dan een cleender opganck des kinketens : Dacrom met evenhooghe trecking
deshantsan C, doetmien het peert meerweedom , wefende desteughelrinex
raeckpuntan Bder ftang A B, dan an D der ftang A D: En vervolghens het teu-
ghelrincx raeckpunt B verder vant peerts borft, geeftmeerder wreetheyt dan D

1 MERCK

Anghefien den houck ADC, naerder den rechihoqck isdan den houck
ABC, dieveel {cherper is, foo doet de machtdes hants by C, meerder ghewelt

-ande flang A D, dan de felve macht deshants by C, ande ftang A B deur t'ver-

volgh des 24 voorftels vant 1 bouck der Weeghconft, Maer want ymantdenc.
ken mocht dit te ftrijden teghen t'voorgaende bewijs, 0o fegghen wy daer op
ghelijck int merck des 2 voorftelsghcantwoort wiert, te weten dat de vraegh
niet cn is wat machtde hant an C doet, maer de hant opden houck AB C, foo
veel flijver treckende dan op den houck A DC, datfe opd’een‘en d'ander eve- -
veel vethoocht, men vracght welckctrecking alfdan demeefte wrectheyt me-

brengt.

2 MERCK,

Beneffens devoorgaende aitfaeck der wroctheyt, vervought heur fomwijlen
noch cen tweede, in defer voughen : Hoe het teughelrinex raeckpunt nacrder
des peerts borft comt, hoe de tuficheketen oock meer de borft nacrdert,volgen-
de deghemeene manicr diemen int toommaken ghebruycke: Macerdie wfiche.
keten foo na commende, datfeint trecken destooms deborft gheraccke, foois
de wrectheyt dact ten eynde ; wantal treckmen dan veel ftijver , datcomt al opy

peerts
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of the reins, have reached F, and the pomt of contact D of the bit ring shall have
- reached E, so that the arc DE shall be equal to the arc BF.

PROOF

It is to be assumed that by so much as the line BC is longer than FC, by so
much the pulling hand at € had to be higher when the point of contact of the bit
ring was in I than when it was in B. In the same way that by so much as the line
DC is longer than EC, by so much the pulling hand at C had to be higher when
the point of contact of the bit ring was in E than when it was in D. But EC. differs
more from DC than FC does from BC. And therefore, by so much as the differ-
ence of these two differences amounts to, by so much the hand rises higher with
the displacement of the point of contact of the bit ring from D to E than with the
displacement from B to F."But the displacement or the arc BF is equal to the.
displacement or the arc DE by the preliminary; therefore, if the displacements
of B and D are equal, the hand at C rises higher with the displacement of D than
with the displacement of B. And consequently, if the hand rose to the same height
with both, the displacement from B to F would have to be greater than the dis-
placement from D to E. But the greater displacement from B to F also causes
greater displacement of the eye, and consequently of the curb chain, than the
smaller displacement from D to E. Therefore, the hand having risen to the same
height with both, the displacement of the cutb chain caused by pulling from B
to F will be greater than that of the curb chain caused by pulling from D to E.
But the greater displacement or greater rise of the curb chain presses more tightly
against the horse’s chin, and consequently causes the bit to press more tightly
against the gums than a smaller ise of the curb chain. T herefore, when the hand
at C pulls to the same height, the rider hurts the horse more if the point of con-
tact of the bit ring is in B of the cheek AB than in D of the cheek AD. And con-
sequently, when the point of contact B of the bit ring is further away from the
horse’s breast, this causes greater severity than D.

1st NOTE

Since the angle ADC is nearer to a right angle than the angle ABC, which is
much mote acute, the power of the hand at C exerts greater force on the cheek
AD than the same power of the hand at C does on the cheek AB, by the corollary
of the 24th proposition of the 1st book of the Art of Weighing. But because
someone might think this to be contrary to the foregoing proof we give to- this
the same reply as in the note to the 2nd proposition, to wit that the question
is not what force the hand at C exerts, but if the hand pulls so much more tightly
on the angle ABC than on the angle ADC that it rises equally in both cases, it is
asked which pulling then involves the greatest severity.

2nd NOTE

In addition to the foregoing cause of the severity, there is sometimes a second
cause, as follows: The closer the point of contact of the bit ring comes to the
horse’s breast, the closer the intermediate chain also comes to the breast, if the
common manner used in bridle-making is followed. But if that intermediate chain
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_ peerts borftan, fonder teghen kin of tantvlces meerder perfing te maken:Mace
“eenander tueghelrincx raeckpunt verder vande borft fijnde , ¢n de tuficheketén

daerom oock verder , foo volght dacr uyt datmen dic flanghen verder achter.

waert nade borft fal connen trecken alsd’ander secr de twilltheketen de borft

gheraecke,wacr uytocck openbaerlick meerdet wreetheyt moet volgen. Doch

<n walrdaeraf niet e fegghenalsde wifichekeien na d'een eh-dandcr wijfe de

‘borftnicten racekt.

3 MERCK.

T’ghebeurt ettelicke peerden datfe hun f€1fs: van vgheprang dés tooms vers
Joflen, mette montom hooch ie ftcken , ghelijck’ de byghévoughde form ans
wijt:‘Sulex dac hun alfdan den Ruyter niet dwingen en can,maer Icopen dacre
fewillen: Nochtans mocht ymant fegghen, isdan des teugheltincx racckpyae:’
verder van des peerts borft,als in ander gheftalt,inder voughen dat daér- mé den:
toom wreeder behoort tewefen, twelck teghen de regel defes voorftels fchijat

| LN e (TR o

..
7 — , iy

- 3

te ftiijden. Hicr op-wort ghefeyt,dat wanneer de ghefpannen teughelriem A B,
evewijdichis mette verdochte rechtclini van désteughelrinex racckpunt Atot
des montfticxafpunt C, ghelijck defe gheftalt mebrengt, alfdan en can ftijver:
wrecking ant bovedeel gheon roerfel gheven, noch de kinketen'docropgaen,ex
vervolghensen iffer gheen wrectheyt, want hoe wel het montftick ftijver ache
terwaert ghetrocken wort, dat en veroirfaeckt het boveichreven wreet geprang
* niet. Macer foode ghefpannen teughelriem noch hoogher wact alfvooren ghee
feytis, hoemen dan ftijver treckt, hoe openbaerlick de kinketen flapper wort.
Sulex dat ditcen uytneming is inbekende oirfdken befaende.

5 VOORSTEL.

Decortfte kinkcrcns-ghcvm demeefte vvrccthcyt;

“Tisdaer voor te houden , dattet gheprang des montfticx eerft begintals de-
kinketen teghen dekin gheraeckt: Maertot een langhe kinketen moetde hant’
verder opgaen eerfe de kin gheraecktdan toteen corte,en daerom doetmen me;
eveveel bewecghuis des hants,meet geprang met corte kinketens dan metlan-
ghe. TrEsLvyT. Deconftekinketens dan gheven de meefie wreetheyt:.
twelck wy bewijfen moeften. o

MERCETS
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comes so close that in the pulling of the bridle it touches the breast, the severity
is at an end there; for even if one then pulls much more tightly, all this
pressure will be exerted on the horse’s breast, without producing more pressure
against the chin or gums. But if another point of contact of the bit ring is further
away from the breast, and the intermediate chain therefore also further away,
it follows therefrom that it will be possible to pull those cheeks further back
towards the breast than the others before the intermediate chain touches the
breast, from which there must also evidently follow greater severity. But nothing
can be said thereof if the intermediate chain in any way does not touch the
breast.”

3rd NOTE

It happens with many horses that they relieve themselves of the pressure of
the bridle by raising their mouths, as the accompanying figure shows, so that
the rider cannot then force them, but they run as they like. Nevertheless, some-
one might say: the point of contact of the bit ring is then further away from
the horse’s breast than in the other position, in such a way that therewith the
bridle ought to be more severe, which scems to be contrary to the rule of this
proposition. To this it is said that when the tight rein AB is parallel to the
imaginaty straight line from the point of contact A of the bit ring to the axial
point C of the bit, as this position involves, then a tighter pulling at the upper
cheek cannot cause any displacement or cause the curb chain to rise, and con-
sequently there is no severity, for though the bit is pulled more tightly backwards,
that does not cause the severe pressure described above. But if the tight rein.
is even higher than has been said above, the more tightly one pulls, the gentler
the cutb chain manifestly becomes. So this is an exception which can be under-
stood from known causes.

sth PROPOSITION

The shortest curb chains cause the greatest severity.

It is to be assumed that the pressure of the bit does not begin until the curb
chain touches the chin. But with a long cutb chain the hand has to rise further
before it touches the chin than with a shott one, and therefore with the same
movement of the hand greater pressure is exerted with short than with long
curb chains. CONCLUSION. The shortest curb chains therefore cause the
greatest severity, which we had to prove.
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MER CKT.

Wy hebben hier boven ghefeyt dacr voor te houden te (ijn, dattet gheprang
des montfticx cerft begint als d¢kinketen teghen de kin gheracckt : doch ghe-
.beuret wel dar de peerden eenich nthrano ghcvoclcn voor fulck gheraeckfel,
ja mét een-toom fonder kiriketer, een peert eer als rander, nadatfc teerof
hart van monde fijn : Qock na dat d’een toom van Qlijvér of ﬂappct ftof , loffer
of fluytendermocht ghemacckr fijn als dandei : Doch foo cleyn onfeker en
onghelijck gheprang , en fchunt gheen dn:pcr onderi'ouckmg noch befchrij-
ving dcromﬁandwhcn tc \crq ﬂlhcn als van gheénder acht wefende.

6 VOORSTEL

Een prouftoom temaken ,endaer, uytccn ghebruyc-.
kchckc toom.

Watprouﬁoom is hebbcn wy verclaert inde 17 bepaling. Om hier van het
maceckfel t¢ fegghen , dat mach aldus ghefchien: Dé gheftaltis ghelijck de vol-
ghende, form acnwi ijtt, alwacr A B twee ftanghen beteyckenen , die verlangt
" en vercort connen worden deur de fc huyvende fticken als C B, wclckc ter be-

geerde langde connen vaft gehecht worden mette fchrouven als D. Defe ftan-
ghen draeyen elck op een bout als E, makendemettet boveftick fulcken houck

.of cromtealfmen begheert, ¢n wordcn alfoo vaft ghehecht metre fchrouven F.

" Debovedeclen G H fijn eenvacrdigher dickte,, foo lanck alsde langftediemen
‘behouft. De ooghen als Ifijn dacr acn fchuyvcndc ghemacckr;en worden
metfchrouven alsK vaft ghchechtter placts daermenfe begheert. Inder vou-

" ghen dat hicr mede foe wel het bovcdccl als onderdeel fulcken lan gdc gegeven

wort alfmen wil. .

'T .
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NOTE
We have said- above that it is to be assumed that the pressure of the bit does

not begin until the curb chain touches the chin. Yet it sometimes happens that
horses feel some pressure before the curb chain touches the chin, nay, even

with a bridle without a curb chain, according as a horse is tender or hard in the.

mouth. Also according as one bridle may be made of stiffer or softer material,
more or less tightly fitting, than the other. But such a slight, uncertain, and
dissimilar pressure does not seem to call for any deeper study or description of
the circumstances, as being of no account.

6th PROPOSITION
To make a test bridle, and from that an actual bridle.

What a test bridle is, we have set forth in the 17th definition. As regards the
construction, that may be effected as follows. The form is as shown in the fol-
© lowing figure, where AB signifies two cheeks which can be lengthened and
shortened by means of the sliding members CB, which can be fastened at the desired
length with the screws D. Each of these cheeks pivots about a bolt E, including

with the upper cheek such an angle or bend as is desired, and they are thus’

fastened with the screws F. The upper cheeks GH are of uniform thickness and

as long as the longest that are required. The eyes I have been adapted to slide-

thereon, and are fastened with screws K in the place where they are desired, in
such a way that thus both the upper and the lower cheek are given the desired
length.
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So far the construction of the test bridle as a whole has been described, the
pieces when assembled. But in order to give a more detailed exposition of the
form of the pieces in particular, we shall now describe them here separately,
the letters designating the same parts as before.
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This is the form which his PRINCELY GRACE has had made in this manner,

and which he finds suitable in practice; but if anyone sees a means of improving
on it, he may take advantage thereof.
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NV VANT MAKEN DES GHE-
 bruyckelicken tooms deur Fbehulp
desprosfrooms.

- An de prouftoom een montftick vervought fijnde naden eyfch van t'peert, -
men faldeur tbehulp der fchuyverkens,de langde der ftanghen en bovedeelen,
‘oock den racckpunthouck , voor t'ectfte ftellen na t'ghene het voorgheftelt -
peert fchijnt te vereyfichen : Maer tfelvean t'peert dadelick verfocht fijnde,en
bevonden wefende datter verandering moetgedaen fijn an egn der vier faken,
of an altemael, teweten verlangingh of vercortingh der ftanghen , verlanging *
of vercorting der bovedeelen, vermeerdering of vermindering des racckpunt:
houcx, of verlanging of vercorting des kinketens , dat can van elck met luttel
moeyte,groote fekerheyt , en feer haeft ghefchien; Ia fonder den toom telcken
afte moeten doen , oock fonder datden Rijder behoiift afte flijghen. Nude
prouftoom foo gheftelt hebbende,, datfe'voordat peert paft, men falfe afdoen,
en een ghebruyckelicke toom doen maken, met fulcke keeren, form, en cyraeg
alfimen begheert , mits welverftaende , dat de drie punten des raeckpunthoucs,
even comen fulcken houck te makenals die des prouftooms, en de twee rechte
verdochte linien dien houck begrijpende,oock vande felve langde alsd'andere:
Dat voort de tufichenketen kinketen, cn montflick,, mede commen op derge-
Hjcke gheftalten form : T'welck foo fijnde, dees ghebruyckelicke toom moet
hetpeert paffen,en fal daer mede ter handt fijn,even als meue prouficom, ghe-
lijckfijn VoRSTELICKE <GHENADE datoock dadelick bevint,
- Ettelicke van defe ftof {chtijvende, hebben gemaeckt toomen daermen ver-
fcheyden flanghen in mach fteken met onghelijcke keeren , d'een crommerals
drander: Maer het teughelrijnex raeckpuntop een felve placts commende, foo -
en gheeft meerder noch minder cromheyt der keeren totte faeck niet, ghelijck:
inteerfte Voorftel verclacrt is: Of anders ghefeyt,commeénde het teughelrijncx
racckpunt op een ander plaets, fo en is megrder of minder cromheytdes ftangs,
de oirfacck niet der veranderingh diemen inde regicringhe des peerts ghewacr
wort,ghemerckt fulcx comt uyt verandering van plaets des teugelrijncx raeck-
- punt : Waerdeur fulcke foucking fonder kennisder oirfaken foo moeylicken
onfeker valt,datter hun weynigh begheven tot deur foodanighe middel welpaf-
fende toomen temaken. T'BESLv Y T. Wyhebben dan een proufioom ge-
maccke,en dacr uyt cen ghebruyckelicke toom na den eyfch.
' MERCKT.

Ymant overdenckende deghemeene reghelder wichtighe ghedaenten van
alle yych daermen ghewelt mede doet,mocht fegghen, dat wanneermen met
even voorttreckingen des handts, de kinketen eveveel voortgancx geeft,t’ mach
mette langde derbovedeelenen ftanghen fijn hoe’t wil , daer volghteen felve -
gheprang uyt. Om hier af by voorbeclt te fpreken, gemaeckt fijnde twee too-
men op even racckpunthoucken, ende kinketen in d’een,met fulcken lofheye

Propertiona- of verheyt vande kin alsin d’ander , voort de ftangen en bovedeelen * everede-
bes. nich,doch van d’een kleender als van d’ander, de kinketen crijcht dan met eve
veel voorttrecking des handts eveveel beweeghnis, en vervolghens een fcl

ve gheprang,t'welck ick denreenform breeder verclaren fal,

. TeHE-
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NOW AS TO THE CONSTRUCTION OF THE ACTUAL BRIDLE
WITH THE AID OF THE TEST BRIDLE

A bit having been attached to the test bridle according to the requxrements
of the horse, the length of the cheeks and the upper cheeks, and also the angle
at the point of contact, shall first be adjusted by means of the sliding members
in the way the horse in question seems to require. But when this has been
tested in practice on the horse and it has been found that a change has to be
made in one of the four members ot all of them, to wit lengthening or shorten-
ing of the cheeks, lengthening or shortening of the upper cheeks, increasing or
decreasing of the angle at the point of contact, or lengthening or shortening of
the curb chain, this can be done with each of them with little trouble, great
certainty, and very quickly, nay, even without having to take off the bridle every -
time, and also without the rider having to dismount. When the test bridle has-
been so adjusted that it fits the horse, it shall be taken off, and an actual bridle
shall be caused to be made, with such twists, form, and adornments as may be
desired, provided the three points of the angle at the point of contact make the
same angle as that of the test bridle and the two straight imaginary lines com-
prehending that angle be also of the same length as the others, while further the
intermediate chain, the curb chain, and the bit also have a similar position and
form. This being so, this actual bridle is bound to fit the horse, and it will be held
easily in hand, just as with the test bridle, as his PRINCELY GRACE indeed
finds in practice.

Many writers dealing with this matter have made bridles into whxch may be
mounted different cheeks with dissimilar twists, one more curved than the other.
But if the point of. contact of the bit ring comes in the same place, greater or
lesser curvature is of no account in the matter, as has been set forth in the first
Proposition. Or in other words: if the point of contact of the bit ring comes in
another place, greater or lesser curvature of the cheek does not cause the change
observed in the governing of the horse, secing that this is due to a change of place
of the point of contact of the bit ring. Owing to which such an examination with-
out knowledge of the causes is so difficult and uncertain that few people try to
make fitting bridles by such means. CONCLUSION. We have therefore made
a test bridle, and from that an actual bridle, as required.

NOTE

Someone, reflecting on the common rule of the static properties of all devices
with which force is exerted, might say that if with an equal amount of pulling
of the hand the curb chain is equally advanced, no matter what the length of the
upper cheeks and the cheeks, the same pressure will result therefrom. To give
an' example of this: two bridles being made with equal angles at the point of
contact and the curb chain of one being just as loose or remote from the chin as
the other, the cheeks and upper cheeks further being proportional, but those of
the one smaller than those of the other, the cutb chain is then displaced: the
same distance with an equal amount of pulling of the hand, and consequently it

undergoes the same pressure, which I will explain more in detail by means of a
figure.
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TGHEGHEVEN. Laect A Been
langhe ftang beteyckenen, A Cheur
lanck bovedeel inde voorghetrocken
BA ,daerna fy AD een corte ftang,
AE heut cort bovedeel, in fulcken re-
dentot AD,als AC torAB ,voortfy

ghettocken A Feven anAB,enAG

_ inde voorigetrock€ FAevenan AC,
en van Fde lini F H rechthouckich op

" BC, oock G I rechthouckich op de

fclvc B C,dacrna AKevenmet A D,
oock foodat K L rechthouckich op

BCevenfymet FH, en A M inde "

voortghetrocken K A even met A E;
en M N rechthouckich op B C. Dit o
wefende, laet ons nu nemen den reu-
ghclnnck Bderlanghe ftang, ghetroc-
kente fijnvan B tot F, fulcx dat haer
vooriganck ff HF, en de cofte ftang
‘van Dtot K, foo dathaer voortganck
fyLK,en fal 'dan het oogh Cdeslang-
fien bovedeels ghécommen ijnan G;
diensvooriganck I G, en ¢'Gogh E des .
cortften bovedeels an M, diéns voort.
ganck N M. Maer de voortganck HF
en LK, istehouden voor des handts
voontrcckmgh an de teughelriem,
om datfe daer me even fijn,en I G met
"M N voor de kinketens voortganck,
als daer me oock everi welende, T'welc
foo fijnde, wy moeten bewijfen dat
N Meven is met1 G, waer uyt gelijck
" t'voornéinén was te bewijfen een fel-
ve gheprang moet volghen.

G

TBEWYS.
Dendriehotick AK L ,isghelijck metten drichouck A M N, {waer deur fy
haerlijckftandighe ﬁ)dcn everedenich hebben,te weten E,W-— .
terad.

Ghelijck AKtot A M,alfoo KL tot M N.

Den drichouck A FH, isgelijck metten drichouck A 1 G, waer deut fy haet

lijckftandighe fijden everedenich hebben, te weten
Ghelijck A FtotAG,alfooFH totG1.

Maer ghelijck A F tot A G,alfoo A K'tot A M,dacrom

Ghelijck AKtot AM,alfooFHtot GI.
Maer F H iseven metK L deurt’ghegheven,dacrom
Ghelijck AK tot A M,alfooK L tot G L.

SulcxdarGlen MN, elck vierde everedenighe pael fijn der felve drie, te
weten MNin d'cezfte cvcredcnhcyt en G lin defe laetfte , waet deur fy even

mocten wefen.
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SUPPOSITION. Let AB signify a long cheek, AC its long upper part in BA pro-
duced. Further AD- shall be a short cheek, AE its short upper part, having the
same ratio to AD as AC to AB. Further there shall be drawn AF equal to AB,
and AG in FA produced, equal to AC, and from F the line FH at right angles to
BC, also GI at right angles to this same BC, further AK equal to AD, also so
that KL, at right angles to BC, be equal to FH, and AM, in KA produced, equal
to AE, and MN at right angles to BC. This being so, let us now assume the bit
ring B of the long cheek to have been pulled from B to F, so that its advance
be HF, and the short cheek from D to K, so that its advance be LK. Then the
eye C of the longest upper cheek will have reached G, its advance being IG, and
the eye E of the shortest upper cheek will have reached M, its advance being NM.
But the advance HF and LK is to be considered the hand’s pulling at the rein,
because they are equal thereto, and IG with MN the advance of the curb chains,
because they are equal to IG, from which, as was indended to be proved, there
must result the same pressure.

PROOF

The triangle AKL is similar to the triangle AMN, in consequence of which-
their homologous sides are proportional to wit
As AK is to AM, so is KL to MN.
The triangle AFH is similar to the triangle AIG, in consequence of which their
homologous sides are proportional, to wit
As AF is to AG, so is FH to GI.
But as AF is to AG, so is AK to AM, therefore
As AK is to AM, so is FH to G1.
But FH is equal to KL by the supposition, therefore
As AK is to AM, so is KL to GI.
So that GI and MN are each the fourth proportional to the same three terms, to
wit MN in the first proportion and GI in this last, in consequence of which they
must be equal.
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,18 ~ 4DEEL pEs-ByvoveHs DER
Nu dande kinketen van d'eenen dander toom aldus eveveel voortganck

crijghende, waer uyt ymanit dencken mocht fulcx cen felve gheprangtegeven,
‘en datter nochtans groot ver(chilin valt, (o fullen wy daer af wat breeder fegge:

D’ervaring lecrt,{oo ettelicke oock fchrijven,dat langer bovedeelen acnfom-
mighe peerden het hooft hoogher doen verheffen als corter: Waer af fijn
VoORrsTEL1CKE GENaDE d'oitfaeck hout dufdanich te wefen: Lact AB

_cen lanck bovedeel beteyckenen, A C een cort,B D de kinketen ant lang bove-

deel,en C D dekinketen ant cort bovedeel. De langhe kinketen B D maett opt
bovedeel een fcherper houck dan de corter kinketen C D, want {cherperisden

houck AB D,dan A CD. Hier me fiermendat deur trecking des teugheltiems. -
E F,het bovedeel A B beweeghnis crijghende , foo perft de kinketen C D plat-
ter teghens'pectts kin, dan de kinketen B D,welcke daer teghen meer opwaert
dru@: En t'pecrtom die opwaert perfing te verfacht€, verheft het hooft hooger.

Ymant foude hier op meughen fegghen, dat by aldien fulcx de eyghenfchap.
waer van langher bovedeclen,dat de * dact daer af niet alleen blijcken en foude.
an fommighe peerden, ghelijck boven ghefeytis, macranallen, t' welck noch-
tans teghen d'ervaring te firijden by verfcheyden betuycht wort , en onder an-
deren deur e Sieur de la Browé int 3 bouck onder dit opfchrift. . .

Occafions pour le(quelles on dois faire I il de la branche plus hant ou plus
bas que la mefureordinaire. o ' ‘

Ickheboock fijn VORSTELICKE GHENADE hooren beveftighenda-
delick bevonden te hebben , dat verlanging van bovedeelen an fornmige peer-
den het hooft dede dalen,an ettelicke verheffen: T'welck hy doen, ghelijck ane
der , met verwonderen .anfach : Maer daer na hier op met kennisder Weegh.
conft lettende, heeft voor ghewis gehouden dit doirfacck te wefen. Verlanging

" des bovedeels, t'welck meerder wrcetheyt mebrengt op het tantviees en teghen

dekindeur het 3 voorftel, wercke twee verkeerde faken t'feffens, want deurde
ftijver perfling des montfticx teghen het tantvlees,is t'peertgeneycht het hooft
necerwaert te buyghen, om dic weedom te verfachten , maer deur de flijver op-
waert perfling deskinketens teghen de kin , ift om die fmerte te verminderen
gheneycht het hooft opwaert te verheffen , gelijck wy boven verclaert hebben:
Defe rtwee t'leffens acncommende , het fouckt hem dadelick mecft t'ontlaften
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Now therefore the curb chain of one bridle as well as the other thus making
the same advance, from which someone might conclude that this produces the
same pressure, while nevertheless there is great difference between them, we will
discuss this a little more in detail. '

Experience teaches, as many writers affirm, that longer upper cheeks make
some horses lift their heads higher than shorter ones, the cause of which is con-
sidered by his PRINCELY GRACE to be as follows: Let AB signify a long upper
cheek, AC a short one, BD the curb chain on the long upper cheek and CD the
curb chain on the short upper cheek. The long curb chain BD makes a more acute
angle with the upper cheek than the shorter curb chain CD, for the angle ABD -
is more acute than ACD. Thus it is seen that when by the pulling of the rein
EF the upper cheek AB is moved, the curb chain CD presses more flatly against
the horse’s chin than the curb chain BD, which presses against it in a more up-
ward direction. And the horse, in order to relieve that upward pressure, will 11ft
its head higher.

Someone might say to this that if this were the property of longer upper

 cheeks, the effect would be apparent not only with some horses, as has been said

above, but with all, which is nevertheless stated by different people to be con-
trary to experience, among others by le Siexr de la Broué 1), in the 3rd book with
the following heading:
Occasions pour lesquelles on doit faire Voeil de la branche plus haunt ou plus
bas que la mesure ordinaire.

I have also heard it affirmed by his PRINCELY GRACE that he has found
in practice that the lengthening of the upper cheeks caused some horses to lower
and many to lift their heads, which he watched, just like others, with surprise.
But when he afterwards noted this with knowledge of the Art of Weighing, he
held it for certain that this is the cause. Lengthening of the upper cheek, which
involves greater severity to the gums and against the chin, by the 3rd proposition,
simultaneously produces two contrary effects, for owing to the stiffer pressure of
the bit against the gums the horse is inclined to bend its head downwards, in
order to relieve that pain, but owing to the stiffer upward pressure of the curb
chain against the chin it tends, in order to relieve that pain, to lift its head up-
wards, as we have set forth above. When these two tendencies act simultaneously,
it tries in practice to relieve itself most of that which causes it the greatest pain.

1) The work referred to is: Le cavalerice francois composé par Salomon de la Broue.
Paris 1602, Livre II1, ch. 25; p. 62.
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“van t'ghene hem de meefte weedom acndoet: Maer fommige pccrdcn fijnteer
van tantvleescn hart van kin,ander verkeert,hart van tantvlees en teer van kin,
waer uyt volghtdattet een peert deur verlaugm g des bovedeels het hooft leges
buycht,her ander hooghcr verheft : Macrom int ghemeen dacrafte fprckcn
alle langher bovedeelen intanfien der opwacrt perfingdes kinketens alleen,
veroirfaken eenige genegentheyt des peerts tot verheffiing des hoofts , hoe wel

" het nochtansom d"ander meerder fimerte t'verkeerde wel mocht te werc ftellg.

vyt het voorgacnde valtte befluyten , datmen tot peerden dic uyter natuer

‘het hooft hooch genouch dragen , en het rantvlees niet te teer en hebben,fou-
de meughen ghebruycken corter bovedeelen meteen fluytender kmketcn te
mecrdat langer bovedeelen en loffer kinketens met een ftercke fhack ghctroc-
ken wefende,het montflick en kinketen veel harder, als meteen flach ancom-
mende, de peerden den mont bederven,meerals corte bovedeelen, en fluyten-
der kinketens,die fachter ancommen,en nochtans daer na eveveel perfing ghe-
ven. Ten anderen datal te langhekinketensals B D, lichtelick overde kin flib-
beren , fonderdat den Ruyter het peert dan regieren can, welck ongheval de
kmkctcns als C D nict onderworpen en fijn,

Mercke noch dat alfmen nict ghedronghen en is langhe bovedeelen te ne.
menom rpeert fijn hooftte doen verheffen , (r'welck ghebeurt als de teerheyt
.des tantvlees niet en overtreft de teerheyt des kins) foo machmen een feer cort
bovedeel ghebruycken,en de ftanghen van'langde foofe beft vougen : Daerna-
vermeerderen of verininderen de wreetheyt na fijn wille, met verlanging of
vercorting der kinketen.

Maerwant fijn VORSTELICXE GRENADE defe qgenfchappen fees
nauwedeurgront heeft,(00 fal ick hier ftellen noch wat ander onghielijckheyt,
tuffchen de bovefchreven toomen met everedenighe ﬁangcn en bovedcclen.

- Laet totdiencynde A B .

cen lange fijn, diensten-

gelriemB C,en ADeen

corte , diens teughelriem

D E, en- met haer bove.

deelen neemick everede- -

nich.Alwaert nu datdefe
twee ftanghen om die
everedenheyt een felve
gheprang gaven, foo ift

" nochtans kennelick dat

de treckende hant niet tot

een felve plaets en foude
moeten blijve, maer fofe

_op Btreckende,isanC, fy

fal op D treckende, moe-

ten fijn by E, fulcx dat

D E*evewi ;dcghc is met BC, want treckendede teughelriem van D t0tC, {j Paralets)

maeckt opde rechte lini AB een anderhouck danD E, t'welck 0pcnba6tlxck
verandering moct mebrenghen, teweten minder wrccthcyt an C,danan E.

DeEs TOOMPRANGS
.I:‘.YNDE.
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But some horses have tender gums and a hard chin, others on the contrary have
hard gums and a tender chin, from which it follows that in consequence of
lengthening of the upper cheek one horse will bend its head lower, and another
will lift it higher. But to speak of this in a general way: all longer upper cheeks,
as regards the upward pressure of the curb chain alone, cause some inclination in
the horse to lift its head, though nevertheless, because of the other greater pain,
it might do the contrary.

From the foregoing it may be concluded that for horses which by nature carry
their heads high enough and do not have too tender gums one might use shorter
upper cheeks with a more closely fitting curb chain, the more so because longer
upper cheeks and looser curb chains, being pulled too tightly, the bit and the
curb chain acting much harder, abruptly, spoil the horses’ mouths more than
short upper cheeks and more closely fitting curb chains, which act more gently
and nevertheless cause further the same amount of pressure. Secondly, too long
curb chains, such as BD, will hang too loosely on the chin, the rider then being
unable to govern the horse, to which inconvenience curb chains such as CD are
not subject.

It should also be noted that if it is not necessary to take long upper cheeks in
order to make the horse lift its head (which happens when the tenderness of
the gums does not exceed the tenderness of the chin), one may use a ety short
upper cheek and cheeks of the length that is most suitable, and then increase or
decreasse the severity at will, by lengthening or shortening the curb chain.

But because his PRINCELY GRACE has studied these properties very closely,
I will here describe another dissimilarity between the bridles described above with
proportional cheeks and upper cheeks.

To this end let AB be a long cheek, whose rein is' BC, and AD a short cheek,
whose rein is DE, and I take them to be proportional to their upper cheeks. Even
if these two cheeks, because of that proportionality, produced the same pressure,
it is nevertheless obvious that the pulling hand would not have to remain in the
same place; but if, pulling at B, it is in C, when. pulling at D, it will have to be -
in E, so that DE is parallel to BC, for when the rein is pulled from D to C, it
makes a different angle with the straight line AB than DE, which mamfestly
is bound to cause a change to wit less severity at C than at E.

END OF THE PRESSURE OF THE BRIDLE.
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20, 32

DOORMAN, G., 6n, 1§

doubling of a ratio 249n

drainage, 6, 13

drawing lme 107

Drawing of Waier Of the, 525

dredging, 6

Drichouckhandel, Van den, 17, 29

DUHEM, P., 371

DUMORTIER, B., 1§

dunes, formation of, 19

DURER A, 3

Dutch language 6, 7, 21, 23, 24, 44-6,
1071

Duytsch, 7, 45n



Duwaelderloopen, Van de vinding der, 29

DIJKSTERHUIS, E. J., II, III, V, §n0, 10N,
121, 130, 15, 46n ’

dynamics, 18.

Ebbenvloet, Van de Spiegeling der, 19, 29

Eertcloots, Vant Stofroersel des, 29

Ecertelootsche Damphooghde, Van de, 29

Eericlootschrift, Vant, 29

Elbing, sn

Elizabeth, Queen of England, 10

ellipse, construction of, 17

ELZEVIER, B. and A., 31

EMMIUS, U., 12, I§

empty, 377, 395

equal apparent weight, 38, 101, 105, 111

equal temperament, 21

equilibrium of a lever, 17, 41

ERASMUS, D., 92—3

erm 103

ervaringsdachtafels, 29

es, 580

EUCLID, 22, 27, 37, 110-1, 231n, 4270,
514-7

EUTOCIUS, §16—7, S19n

evenwicht 38

evenstaltwichtigheid,

Everedenbeytsreghel der grootheden, Van de,
2

cvesgtaltwichtich, 84—5, 100, 102, 104, 110

evestofswaer, 392

ewich roersel, 178

eye, §81

eyghen ghewicht, 396

eysch, 124

falling bodies, experiments on, 18, 511

FAN, ]J. DU, 1§

Festung-Bawung, 28

Finance Extraordinaire, Bouckhouding in, 30

finitor, 106—7

ﬂankmg fire, 23

floating vessel, stability of, 18

Floating Top- /Jeawne.rr of tbe 525, 567

foot, 371, 4071

FOPPENS, 40, 1§

FORBES, R. J., 11, V

forces, parallelogram of, s35n

forces acting on a rigid body, system of,
5470

forces, triangle of, 183n, 535n

fortlﬁcatlon 6, 20

fortlﬁcatlon old Dutch method of, zo

Fortification, La, 32

Fortification, par Escluses, La, 32

fortress, building of a, 2

Fortre.r.re; The Bm/dmg of, 6

fugue, 88—g

GALBA, 86-7
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GALILEO, 24, 5110

gentle bridle, 581

Géographie, 31

geography, 19

geometrical instruments, 17

Geometrical Problems, 5

Géométrie, La Practique de la, 31

geomettry, 17

GERARD OF CREMONA, 3550

GERMANICUS, 86—7

Gesantterie, Ghemeene Regel 0p, 32

GEYL, P., 8n

ghecorte brander, 282

ghecorte brantsne, 260

ghelaet, 38, 104

ghemeene constwoorden, 108

gherr%eene weeghconstighe reghel, 138,

55

Ghemengde Stoffen, Van de, 28 30

Ghent, 8

gheschlckt bodem, 394

GIRARD, A., 27, 31, 38, 139n, 183n, 352n
3501

GLAREANUS, H., 86~7

gravitas secundum situm, 38n

gravities carried, 332—41

gravities hauled, 340-55

gravity, 97

great circle sailing, 19

greatest common divisor of polynomials,

17

GROOT, J. C. DE, 6, 18, 52, 511N

GROOT, K. W. DE. 450

GROTIUS, H., 6, 28

GUIDO UBALDO DEL MONTE, 37

Hague, The, 12

handle, 103

handthaef, 102

hanghende lini, 100, 112
Haven-Finding Art, The, 28
Havenvinding, De, 19, 28, 29
Hazerswoude, 12

heflini 106

hefwicht, 104

Hemelloop, Van den, 18, 29, 3990
HENRY, Count of Nassau, 30
HERCKE, J. J. VAN, 51, 1§
HERON, 3550

HIERO, King of Syracuse, 354-5
HIERONYMUS, 64-5.
Hoogduytsch, 45

horizon, 106-7

horsebit, 18, 22

horsemanship, 525

Houckmaten, Tafels van, 29
house building, zo0

HULSIUS, F., 31

HULSIUS, L., 28

Huys, Van de oirdening.der delen eens, 32
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Huysbou, Van den, 23, 30, 33
hydraulic engineering, 6, 19
hydraulic inventions, 6
hydrography, 19

hydrostatic paradox, 18, 377, 487
hydrostatics, 181

Hydrostatics, The Elements of, 6, 375
Hydrostatics, The Practice of, 485
Hypomnemata Mathematica, 10, 30

inclined plane, 17, 175,
Incommensurables Grandeurs, Traité des, 27
indifferent equilibrium, 41

inexplicable numbers, 23

infinite processes, 44

instruments, geometrical, 17

intervals, theory of, 21

irrational numbers, 23, 1370

irrational ratios, 137n

Italian method of book-keeping, 20, 30

JEROME, St., 64—§
JORDANUS NEMORARIUS, 37, §o9n

Katwijk, 487

keeren, 582

keyed instruments, 21
kinketen, §80
kinketenhaeck, 580
KOOIMAN, K., 45n

lancworpighe cloot, 98

lance, 327

lanci, 326

Latin, Use of, 7

latitude, 19

latus tectum, 387n, 389n, 3910

ledich, 377, 394

Legermetmg, 31

LEIBNIZ, G. W., 22

LEICESTER, The Earl of, 9

LEONARDO DA VINCI, 3

Letterconstighe Geschillen, Verbael van, 33

lever, equilibrium of, 17, 37—40

Lcyden 5, 6, 8n, 10, 13, 26-8, 30-2, 34,
56-7, 204, 382-3, 4867

lever, forms of, 320-33

hbrarxes possessing works of STEVIN, 25n

lifting line, 107

lifting weight 105

LIMENEVPETIKH, 28

Limenhcuretica, 28

LIVIUS, J., 32 ) ;

Locblwwbt Vant, 30, 49, 526

locks, 19

loglc 21

logic, ancient formal, 143n

longitude, 19
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Loochening van een Ewich Roersel, 32
LORINI, B., §53

lowering line, 107

lowering weight, 105
loxodromic sailing, 19

lijder, 556, 5570

LYIE, H., 26

MACH, E., 40

MACHIAVEL, 32

MARCELLUS, 3§50

Marking out of Army Camps, 12

marshmill, 6, 19

Materiae Politicae, 10, 13, 20, 21, 32, 46

Mathematical Memoirs, 10

Mathematico- Philosopbical Activity, 13

MAURICE, Count of Nassau, Prince of
Orange 8-11, 13, 17, 20, 28-32,
552-3, 576-7, 598601, 604~7

MAUROLYCO, F,, 37

mechanics, 17, 37

Meetdaet, De, 17, 29

_ Mémoires Mathématignes, 10, 30

MENELAUS, 2331, 2711
mercantile administration, 20
metacentre, §73n
Metael-Prouf, Van de, 33

mills, 19 - .
MINNAERT, M. G. J., I1, V
mitror of languages, 107
Molens, Van de, 19, 33
monosyllabic words, 64-80
MONTE, GUIDO UBALDO DEL, 37
montstick, 580
montsticksaspunt, 582

MOODY, E., 00N

moon, 19

motion of the earth, 18
mountains, origin of, 19
music, 20, 22

naelde, 98, 266

natuerlick verstaen, 140, 1430

navigation, 10, 19

Neerduytsch, 45n

Neetlanders, 45n

NERO, 86-7

New Manner of Fortification, with the help
of pivoted locks, 12

NEWTON, I., 3

Nieuwe Maniere van Sterctebou, door Spil-
sluysen, 12, 19, 20, 31

NOACH, 4§

North Holland, Province of, 45, 46

NORTON, R., 20

Norway, 5

Nouvelle Maniére de Fortification, par Es-
cluses, 31

Nuremberg, Burgomaster and Rulers of
the City of, 293



Nurrenberg; Burgemeesters ende Re-
gierders der Stadt, 292

oblique balance, construction of, 318-21
oblique lifting line, 107

oblique lifting weight, 107

oblique lowering. line, 107

oblique lowering weight, 107
OCTAVIAEN; Keyset, 32

Ocuvres Mathématiques, 31

Oirdening der declen eens buys, Van de, 32
Qirdening der steden, Van de, 32
oirdentlick lichaem, ¢8
OLDENBARNEVELDT, J. VAN, 9
ongheschict lichaem, 100

onsel, 310

oogh, 586

ooghraeckpunt, 582

Optigue, L, 32

organization, 21

OTTO, 86—7

Ovetlanders, 45n

OVERDIEP, G. S., 27

PAEDTS, J. JACOBSZ., 30

Pacification of Ghent, 8

PANNEKOEK; A., IT, V

PAPPUS, 38, 100-1

parabola, 42, 224-5, 250-9

paraboloid, 225n, 277-85

Paradise, 45, 46

parallelogram of forces, 535n

PARMA, The Duke of, 8

PASCAL, B., 18, 27, 50In

patents, 6

patiens, §57n

PATIUS, see PAEDTS

perpetual motion, 17, 179

perspective, 17, 517 .

petspective, inverse problem of, 17

PHALARIS, 32

pHILIPS 11, King of Spain, 8

PICO DELLA MIRANDOLA, G., 923

pilaet, 98, 108, 110

PLANTIJN, CHR., §, 26-28

PLUTARCHUS, 3§4~$

poetty, 22, 46

Poland,§

POLIZIANO, A., 923

polygon, 17, 42, 234-43

polyhedron, 17, 42, 274-77 .

polynomials, greatest common divisor,
of, 17 :

polyspaston, 355n

POORT, C. VAN DER, 4

posthumous editions of works of STEVIN,
31

posthumous papers, 13, 20

postulates, 110-113 (Arf of Weighing),
396—99 (Hydrostatics) .
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pouvoir, 38

Practice of Hydrostatics, The, 485

Practice of Weighing, The, 6, 287

Practique de la Géoméirie, La, 31

Pratique d° Arithmétique, La, 27

Pressure of the Bridle, Of the, 525, 575

pressure of water in a vessel, 18, 377,
415-79

prism, 11x. In Ars of Weighing passim

Problemata Geometrica, 5, 17, 2

propet weight, 397

prouftoom, 584

Prussia, s

Ptolemaic system of the world, 18

PTOLEMY, CL,, 232—3, §18—9

rToLEMY, King of Egypt, 354—4

puissance, 38

pulley, 18, 552—65

Pulley Weight, Of the, 525—551

purism, 7, 450

pytamid, 267

quadrivium 20

Raden oirden, Van der, 32
raeckpuntshouck, 582
raeyers, 342

- RAPPARD, Jht. F. A, RIDDER VAN, 1T °

RAVELINGEN (RAPHELINGEN, RAPHELEN-
GIEN, RAVELINGHIEN,) F. VAN, §, 27, 28

rechtdaellini, 106

rechtdaelwicht, 106

rechtheflinie, go-1, 106

rechthefwicht, 84—5, go—1, 106

rechtwichticheyt, 554

Redenconst, 33

reductio ad absurdum, 43-4

Redenstrijt, 33

Regiering des Vorsten, Van de, 32

REGIOMONTANUS, §18-9

regular polyhedra, 17

religion, 22 v

Retorica, Nederduyltsche, 33

REUCHLIN, J., 92=3

rhetoric, 46

.RICHTER, W., 28

rivets, coutse of, 19

riding, art of, 577

ROMEIN-VERSCHOOR, A., 27

root of an algebraic equation, 17
ruDpoLPH 11, Holy Roman Emperor, §4-5
rule of algebta, 17 '

rule of statics, 139, 557

rule of three, 133n, 3270

ruyterconst, 5§76

sacoma, 38
sailing, 19
sailing chariot, 13, 20
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SANFORD, V., 26

SARTON, G., Ton, 130, 15, 26

schecfdaellml 84—5, 106

scheefdacelwicht, 106

scheefheflini, go—1, 106

scheefhefwicht, 9o-1, 106

scheefwaegh, 318

scheefwichticheyt, 560

school of engineers, Leyden, 10

SCHOUTEET, A., 40, 15

sedimentation, 19

semiregular polyhedra, 17

severe bridle, 581

sichteinder, 106—9

SIMON STEVIN-plaats, Bruges, 13

SIMPLICIUS, 35501, 37In

Singconst, Byvough der, 33

Singconst, Spiegeling der, Van de 21, 30, 33,
4sn

single sound, 65

situmn, gravitas secundum, 38

slap toom, 580

sluices, 19, 20

SMEATON, J., 19

SNELLIUS, W., 10, 30 38

Spartostatics, 525

specific gravity, 393

spherical trigonometry, 17

spiegeling, 21, 22

S p:egel.rcbaeuwen Van de beginselen der 29

SPIEGHEL, H., 46

RY piegbelcomt, 516

spieghel der talen, 106

SPIERS, J. H. B. and A. G. H. ,27

spit, mechanically driven, 6

stable equilibrium, 41

stability of floating vessel, 18

stadtholder, 8 .

staltwicht, 38, 43, 44, 176, 1770, 182, 183n

stang, 578

stangbout, 578

stangsbovedeel, 578

States Army, The, 9, 10, 20

States General, The 6, 8, 9, 12, 380~1

statics, 17, 18

Statique La, 32

Steden, Van de oirdening der, 32

steelyard 105, 316—9

steerten, 320

STEIN, W., 400

Sierm’};au daor Spilsluysen, Nmmze Ma-
niere van, 12, 19, 20, 31

Slerc,étenbouwmg 6, 20, 27, 45n

STEVIN, ANTHEUNIS, 4

STEVIN, FREDERICK, 12

STEVIN, HENDRIK, 12, 13,15, 19, 32—4

STEVIN, LEVINA, 12

STEVIN, SIMON ; birth, 4; mention of birth-
place, 4; portrait, 4; reproduction of
portrait facing p. 1; majority declared,
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4; education, 5; position in the finan-
cial administration of the ,,Vrije van
Brugghe”, §; bookkeeper and cashier
at Antwerp, §5; leaves Belgium, s5;
travels abroad, 5 ; settlement at Leyden,
5 ; matriculation at Leyden University,
s ; publication of works, §; inventions,
5; improvement of marshmill, 6; pa-
tents, 6; clootcrans as trade-mark,6;
partnership with j. DE Groor, 6; per-
forms with DE GROOT an experiment
on falling bodies; 510-1 ideas on lang-
uage, 6; theory of the Wijsentijt (Age
of the Sages), 7; political background
of life, 8; relation to MAURICE, 9;
engineer in the States Army, o9;
appointed quartermaster, 10; sits on
committees, 10; organization of school
of engineers, 10; superintendent of
the Prince’s financial affairs, 10; pu-
blication of Wisconstighe Ghedachtenissen,
10; autograph facing p. 11; suspec-
ted of bad influence on MAURICE, 11;

adoption of Copernican system, 12;

function of castrametator, 12; applies
for superintendent of the fortifications,
12; marriage, 12; offspring, 12; buys a
house at The Hague, 12; death, 13;
posthumous papers, 13; edition of
posthumous works, 13; legacy, 13;
controversy on tercentenary of birth,
13; cotrect pronunciation of name, 14;
scientificachievements, 16—21 ;scientific
turn of mind, 21; prototype of engi-
neer, 21; oscillates between spiegeling
and daet, 21; versatility, 22; opposes
appeal to authority, 23; convlctlons

23; charactert,. 23; advancement of
learning for the sake of the common-
wealth, 23; mention of sources, 23;
advocates the interests of the poor, 23;
charm of his manner of writing, 24;

STEVIN, SUSANNA, 12
STOCHIUS, N., §0

Stofroersel des Eertcloots, Vant, 19, 29

stoflichter, 392

stofswaerder, 392

stijflichaem, 392

subtraction of ratios, 233, 481

SUETONIUS, 86—7

Supplement to Art of Weighing, 523

surface vessel, 393

swaerheden ghedreghen, 332-341

swaerheden ghetrocken, 340-355

swaerheydt 96

swaerheytsmiddellini, 100, 533n

swaerheytsmiddelplat, 100

swaerheytsmiddelpunt, 29, 94, 98

swaerheytsmiddelpunt des gheprangs in
den bodem, 464



SWEERTIUS, 411, 1§

TABIT ibh QURRA, 3550
Tables of Interest, s
Tables d’Interest, Les, 27
TACITUS, 86—7

Tafels van Interest, s, 26
TAISNIER, J., 5201 #
TARTAGLIA, N., 3, 37, 38n

Tauwwicht, Van bet, 30, 527, 529
technical wotds, 109

technology, 19

teerlijncsche voet, 406

Telconstighe Anteyckeningen, Van de, 30
temperament, 21 ,

Tens, The Art of, 26

Tenths, The Art of, 26

tenth progress, 16

terminator visus, 106-7

testbridle, 585

teughelrijnexraeckpunt, 582

Théses Mathématiques, 1370

Thiende, De, 5, 16, 26

thiendetalen, 16

third motion of the earth, 18
THORNDIKE, L., §1Ifl

TIBERIUS, 86-—7

tides, theory of the, 19

tienden Voortganck ghetalen van den, 16
Toomprang, Van de, 22, 30, 574
topography, 19

town planning, 20

trecklini, 106

triangle of forces, 183n, 5350

Triangles, Doctrine des, 31

trigonometry, 17

trispaston ,355n

Trouve-Port, Le, 28

Tsamespraeck, Dialectikelicke, 21, 45n, 83n
TUNING, J., 30

tusscheketen, 580

twists, 583

TYCHO BRAHE, 3, 18

TZETZES, 3550

Union of Utrecht, 9

unstable equilibrium, 41

upper cheek, 579

Upyzspraeck van de Weerdicheyt der Duyt-
sche Tael, 7, 45, 58, 10710, 385n, 391In

vacuum, 377, 395,
VAILATI, G., 14301

VALERIO, LUCA, 37

VALERIUS ANDREAS, 41, 5N, I§

VALLA, L., 92~3

vastpunt, 102

Verdrucking, Van de, 32

Verlegghing des Crijchsvolexe, Van de ge-
duerige, 32
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vernacular, use of, 7, 45, 46
Verrechting van Domeine mette Contrerolle
20, 32

Ver.rcbaeuwmg, Van de, 17, 29

vertical lifting line, 107

vertical lifting Welght 107

vertical lowering line; 107

vertical lowering weight, 107

VIETA, F., 3,

vignettes occurring in STEVIN's works, 25n

VIRIEU, M, DE, 13

virtual displacements, principle of, 18,
37,507 . .y

virtual velocities, principle of, 37

VIRY, M. DE, I

Vita Politica, 6, 27

VITELLIUS, 86—7

vlackvat, 239

Viietende Topswaerheyt, Vande, 18,30, 566

voet, 370, 4070

VOORDUIN, J. C., I§

VOOYS, C. G. N, DE, 4411

Vorstelicke Bouckhonding, 30

Vorstelicke Dispense, Bouckbouding in, 30

Vtije van Brugghe, Het, 4n, 5

WAARD, C. DE, 33

waegh, 302

WAESBERGHE, J. VAN, 31
WALLER ZEPER, C. M., 20
wallower, 369
Wanschaeuwing, Van de, 29
Wasser-Baw, 31

waterhol, 570

Watermolem Van de, 33-4

) Wafer:rbuermg, Van de 33—4
waterscouring, 19
Watertrecking, Van de, 30
Waterwichts, De Beghinselen des, 6, 7, 18,

27, 30, 49, 375
Waterwichtdaes, Van den anvang der, 18, 30,

384 .
Weeghconst, De Beghinselen der, 5, 6, 17, 18,

27-9, 35, 47
weeghconstighe reghel, ghemeene, 138,

35

Weeghdaet, De, 6, 17, 18, 27, 29, 287
Weereltschrift VVant, 28—9
Weighing, The Art of, 6, 35
Weighing, The Practice of, 6, 287
Welsprekenheys, 33
WEYER, S. VAN DE, 14, 1§
windas, 340-343
windlass, 340-343

- wisconstelick ghenomen, 142, 143n
wheels, 343
wiLLiaM Louls, Count of Nassau, 9
WILLIAM THE SILENT, 8, 9
wisconst, 514, §15n
Wisconstich Filosofisch Bedrif, 13, 19, 33
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Wisconstighe Ghedachienissen, 10, 12, 16—9, ydel, 377, 394

. 450, 525
WITTOP KONING, D. A., 991, 487n | Zeeschrift, Het, 29
wreath of sphetes, 6, 41, 175 Zeylstreken, Van de, 19, 29 -
wree toom, 580 s ZEVENBOOM, K. M. C., 9911, 487n
WRIGHT, E., 28 Zuider Zee, 13n, 15
Wijsentijt, 7, 23, 450, 46 ZUTPHEN, W. H. VAN, 130, 15
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