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Geometry vs. Analysis

“The analytical investigations of the Greek geometers are
indeed models of simplicity, clearness and unrivalled
elegance... some of the noblest monuments of human
genius. It is a matter of deep regret, that Algebra, or the
Modern Analysis, from the mechanical facility of its
operations, has contributed, especially on the Continent,
to vitiate the taste and destroy the proper relish for the
strictness and purity so conspicuous in the ancient method
of demonstration.”

— John Leslie, preface to Elements of Geometry (1809)]



Partial Timeline of Early Fluid Mechanics

>

1738 [Apr/May] — Daniel Bernoulli’'s Hydrodynamica appears in print (first
draft written c. 1733).

1738 [Oct] — Johann Bernoulli writes to Leonhard Euler, first mentioning
Hydraulica.

1739 [Mar/Apr] — Euler receives copies of D. Bernoulli’'s Hydrodynamica and
J. Bernoulli's Hydraulica (Part 1), nearly simultaneously.

1739 [May] — Euler writes to each Bernoulli about their work on fluid
mechanics.

1743 — Hydraulica appears in print(in J. Bernoulli's Opera Omnia), backdated
to 1732.

1751 — Euler writes “Research on the movement of rivers” [E332], pub. 1767.
1752 — Euler writes “Principles of the motion of fluids” [E258], pub. 1761.

1755 — Euler writes “General principles of the motion of fluids” [E226],
pub. 1757.



fis'7zo

Problema.

§. ¢. Fuoerit vas amplifiimum A CEB (Fig. 72.) aqua conftanter ple-
num confervandum , tubo inftru@um cylindrico & horizontali ED; fitque in
extremitate tubi foramen o aquas velocitate uniformi emittens ; quaritur preflio
aqua in latera tubi ED. :

Sélutio.

' Sit altitudo fuperficiei aquez AB fupra orificium ¢ = a; erit velocitas
aquz in o effluentis, fi prima fluxus momenta excipias , uniformis cenfenda
& —/a, quia vas conftanter plenum confervari afflomimus; pofitaque ratio-

ne amplitudinum tubi ejusque foraminis — % » erit velocitas aque in tu-
bo = '-l;‘—' 2 Si vero omne fundum FD abeffet, foret velocitas ultima aqua in

eodem tubo ==/ 4, quz major eft quam 4; Igitur aqua in tubo tendit ad ma-
jorem motum, nifus autem ejus ab appofito fundo FD impeditur: Ab hoc
nifu & renifu comprimitur aqua, qua ipfa compreflio coércetur 2 lateribus
tubi , hecque proinde fimilent preffionem fuftinent. Apparet fic prefionem

- laterum proportionalem effe accelerationi feu incremento velocigtis, quod

aqua fit acceptura, fi in inftanti omne obftaculum motus evanefcat, fic ut
immediate in aérem ejiciatur.

- Res igitar jam eo perdu@a eft, ut fi durante fluxu aqua pere, tubus
ED in temporis pun&o abrumpatur in ¢d, quaratur quantam acceleratio-
nem guttula 4¢bd inde fit perceptura : tantam enim preffionem fentiet par-
ticula ¢ in lateribus tubi fumta & praterfluente aqua : Hunc in finem con-
fiderandum eft vas ABEcd C, atque pro eco invenienda acceleratio particu.
12 aquez cffiuflii proxime , §i hac habuerit velocitatem L°: Iftud nego-
tium fecimus generaliffime in paragrapho tertie . ¥. Attamen quia in hog
cafu particulari brevis eft calculus, motum in vafe decurtato ABEcd C hic
iterum calculo fubducemus.

c.,

Sit velocitas aqua in tubo E4, qua nunc ut variabilis confideranda eft,
——v: amplitudo tubi ut antea ——n, longitudo Ec¢ = ¢ : indicetur longi.
tudo ac particule aquez infinite parve & effluxui proxime per dx : Erit
guttula ®qualis in E tubum ingreflura ecodem temporis puno quo altera
acdb ejicitur : dum autem guttula in E , cujus mafla ——ad x, tubum in-
greditur acquirit velocitatem v, atque vim vivam svvdx, que vis viva tota
fuit de novo generata ; nullum enim, ob amplitudinem vafis A E infinitam,
motum guttola in E habuit tobum nondum ingrefla: huic v vive nvvdx
addendum eft incrementum vis vive, quod aqua in-Eb accipit, dum gut.
tula & d effluit , nempe 2ncvdv: aggregatum debetur defcenfui afinali guttue
lz ndxperaltitudinem BE feu 4: habetur igitur svvdx 4 28cvdv “nada
five °—;{-= ——a““-



Bernoulli's Geometry

Let the height of the surface of the water
AB above the hole o = a; the velocity of
the water flowing out at o, if the first mo-
ment of flow be excepted, is to be re-

garded as uniform and = a, since we
assume the vessel to be kept constantly
full. Let the ratio of the width of the tube

to that of the hole be n/1; then the vel-
ocity of the water in the tube = Va/n ...

... the problem is now changed into this: if during the flow of the water
through o the tube ED were broken at cd at an instant, one seeks the
magnitude of the acceleration the volume element acbd would thence
be about to obtain...



Bernoulli's Geometry

a = distance from surface AB
to hole o

n=ratioof FDtoo (FDisn
times the width of the hole)

Aqueous particles at acbd
(midway through tube) and
eEGg (about to enter tube).

Velocity of water in tube is

\/E/n. c
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Bernoulli's Geometry

a = distance from surface AB
to hole o

n=ratioof FDtoo (FDisn
times the width of the hole)

Aqueous particles at acbd
(midway through tube) and
eEGg (about to enter tube).

Velocity of water in tube is

\/E/n. c

If tube is broken at cd, velocity of water in tube increases to Va.




From Geometry to Calculus

A B
v = velocity of water in tube Sk . 9

(viewed as a variable)

c = Ec = length of tube

dx = width of aqueous particle,
“infinitely small and about to
flow out”

a —

n dx = area of particle = mass
of particle (density = 1).




From Geometry to Calculus

A B
v = velocity of water in tube Sk . 9

(viewed as a variable)

c = Ec = length of tube

dx = width of aqueous particle,
“infinitely small and about to
flow out”

a —

n dx = area of particle = mass
of particle (density = 1).

“There will be an equal volume
element [eEGg] at E entering ¢
the tube at the same instant

that acdb flows out ... it acquires

the velocity v and the live force [vis vivam] nvv dx...”




From Geometry to Calculus

“...to this ... is to be added the
increment of live force [2ncv dv]
which the water at Eb receives

while the volume element at ad
flows out...”

Live forces (vis viva):

Potential ascent:
* Inflow: (n dx)v?
= Qutflow: 2ncv dv

Actual descent. (n dx)a

A

—
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From Geometry to Calculus

A

“...to this ... is to be added the B ¢
increment of live force [2ncv dv]
which the water at Eb receives

while the volume element at ad
flows out...”

Live forces (vis viva):

Potential ascent:
* Inflow: (n dx)v?
= Qutflow: 2ncv dv -

9
E a c
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Actual descent. (n dx)a c

Equate potential ascent & actual descent:

nv? dx + 2ncv dv = na dx



Modernizing Bernoulli's Conclusion

nv? dx + 2ncv dv = na dx

This is (almost) the Bernoulli equation for fluid flow:

nmv? dx + 2nev dv = na dx

d
V2 42— = q
dx

d
[pressure OC] 2c & a-v’
dx

2
pressure < a —v

2
v

Modern form: pressure = C — Sy Z
8




Fuler's Earliest Fluid Mechanics

A letter from Euler to Johann Bernoulli, 16 May 1739:

Sit igitur [Fig. 1] vas cujuscunque figurae 4 B D C, initio, quo aqua
per foramen CD effluere incipit, usque ad 4 B aqua repletum, cujus
altitudo 4C sit = q, eb foraminis CD , 4z

amplitudo = n#. Ponamus aquam jam
usque in PS subsedisse hocque tempore P \p

aquam- per foramen CD effluere celeri- &% T\
tate altitudini ¢ debita, minimo autem ;L \

tempusculo subsidere superficiem PS per -
spatioclum Pp; sitque Pp = dp atque Y -, \
7

amplitudo vasis PS==y3s, denotabit £+ dz
altitudinem celeritati aquae effluentis de- D
bitam, cum suprema aquae superficies
usque m ps subsedit. Ut nunc mutatio
motus hoe tempusculo genita innotescat, concipiatur superficies quaecunque
aquae B Y, ponaturque A R = r, et amplitudo RY = y; erit celeritas

hujus strati RY debita altitudini ’;’;z; et quia tempusculo infinite parvo

superficies K'Y descendit in 7y, erit tum ejus celeritas debita altitudini

Fig. 1.




Fuler's Earliest Fluid Mechanics

Initially, surface is at PS; water flows out of hole at CD.
 z =velocity head at PS [ = V?/2¢g ]
* (nn/yy)z = velocity head at RY [ =/ ]




Fuler's Earliest Fluid Mechanics

Initially, surface is at PS; water flows out of hole at CD.
 z =velocity head at PS [ = V?/2¢g ]
* (nn/yy)z = velocity head at RY [ =/ ]

In an infinitesimal span of time:
« PS§ sinks to ps
* RY sinksto ry




Fuler's Earliest Fluid Mechanics

Initially, surface is at PS; water flows out of hole at CD.
 z =velocity head at PS [ = V?/2¢g ]
* (nn/yy)z = velocity head at RY [ =/ ]

In an infinitesimal span of time:

PS sinks to ps (change = dp)

RY sinks to ry (change = dr)

z + dz = velocity head at ps

Velocity head at ry
= nn/(y+dy)? (zt+dz) [=h+dh]

Change in velocity head from RY to ry = (nn/yy) dz — 2nnz dy/y?. [=dh ]



Modernizing Euler's Conclusion

Fluid density is taken to = 1; velocity head measured as square of
velocity (imagine velocity units are m/s):

dh (m?/s?)
dh/dr (m/s*) “accelerating force”

dh/dr * y dr (kgem/s*) “moving force”
dh/dr « y drly = dh (N/m) [ pressure dp ]




Modernizing Euler's Conclusion

Fluid density is taken to = 1; velocity head measured as square of
velocity (imagine velocity units are m/s):

dh (m?/s?)
dh/dr (m/s*) “accelerating force”

dh/dr * y dr (kgem/s*) “moving force”
dh/dr « y drly = dh (N/m) [ pressure dp ]

Euler thus obtains pressure differential:
[ dp | = (nn/yy)dz — 2nnz dyh?.

Then he uses 1/y = dr/(s dp) to get
[ dp | = nn[dz/(s dp)drly — 2z dy/y*].

Modern integration yields: p(y) — p(s) =



Euler's Fluid Mechanics Papers

E332
Written 1751
Published 1767

E258
Written 1752
Published 1761

E226
Written 1755
Published 1757

RECHERCHES

SUR
LE MOUVEMENT DES RIVIERES.

P,RI'NCIP"I'A.-'A.-- ,
MOTVS FLVIDORVM

PRINCIPES GENERAUX

PU MOUVEMENT DES FLUIDES.




Euler's Fluid Mechanics Papers

E332 5
Written 1751 RECHERCHES

. SUR
Published 1767 LE MOUVEMENT DES RIVIERES

§. 5. Soitdonc AC le lit d'unc telle fe&tion de riviere, ou Fig. »,
d'une rivicre infiniment érroite, qui ait parrout la méme largeur infini-
ment petite, Que ce lit AC {oir une ligne courbe quelconque, qui
eft (uppolie étre connue; pour cet effet je congois unc ligne horizon-
tale LLF qui (erve d’axe pour y rapporter la ligne AC par des coor-
données orthogonales EP & PQ. Que ABCD foir la niviere,
qui fe meut fur ce lict AC, & BD fa fuperficie fupreme; de plus je
fuppe:fe, que la riviere fe trouve déji dans un érat permanent ou d'é-
quilibre, de {orte que fa fuperficie BD demeure continucllement la
méme, & qu'aux mémes points, comme M, Jes particules d’eau qui y
paflent ayent toujours les mémes vitefles, & qu'elles fvient affujecties
aux mémes preflions.



Euler’s Geometry in K332

Water in the river has
constant density = 1.

Fluid particle flows
downstream from left
(OO’0’0) to right
(MM’'m’m).

Since the fluid is
incompressible, the

area of OO’0’'0 must A
equal the area of I i

MM m’'m. B ev
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Euler’s Geometry in K332

OO’0’o =EQ’0’¢e’
— EQoe ...

E e e PP p p F



Euler’s Geometry in K332
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Euler’s Geometry in K332

OO’0’o =EQ’0’¢e’
— EQOoe
—eoo’e’ ...

E e e PP p p F



Euler’s Geometry in K332

OO’0’o =EQ’0’¢e’
— EQOoe
—eoo’e’.

E e e PP p p F



Euler’s Geometry in K332

OO’0’o=EQ’0’¢e’
— EQOoe
—eoo’e’.

MM'm’'m = PMM’P’
+ P’M’'m’p’
— pmm’p’ ...

E e e PP p p F



Euler’s Geometry in K332

OO’0’o=EQ’0’¢e’
— EQOoe
—eoo’e’. o

MM’'m’m = PMM'P’
+ PMmp’ °

— pmm’p’ ...

PP pp



Euler’s Geometry in K332

OO’0’o=EQ’0’¢e’
— EOoe
—eoo'e’. o

MM'm'm = PMM'P’
+ P’M,m,p’ o

— pmm’p’
— PMmp ...

PP pp



Euler’s Geometry in K332

OO’0’o=EQ’0’¢e’
— EQOoe
—eoo’e’.

MM'm’m = PMM'P’
+ PM'm'p’
— pmm’p’
— PMmp.




Euler’s Geometry in K332

OO’0’o =EQ’0’¢e’
— EQOoe
—eoo’e’.

MM'm’m = PMM'P’
+ PMm’p
— pmm’p’
— PMmp.

Area of trapezoid =
Base X Avg of heights

H
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Euler’s Geometry in K332

OO’'0'o = /2 Ee’(EO’+0’¢e’)
— Y Ee(EO+oe) ’
— Y% ee'(eoto’e’). °

(o)

MM'm’'m = 72 PP'(PM+M'P’)
+ % P'p'(P°M+m’p’)

— 72 pp’(pm+m’p’)

— Y2 Pp(PM+mp).

Area of trapezoid =
Base X Avg of heights

3
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Euler’s Geometry in K332

OO’0'o = 2 Ee’(EO’+0’e’) — V2 Ee(EO+o0e) — V2 ee’(eo+0’e’)




Euler’s Geometry in K332

OO’0'o = 2 Ee’(EO’+0’e’) — V2 Ee(EO+o0e) — V2 ee’(eo+0’e’)
=% (Ee + e€’)(EO+OQ’+0’e’) — V2 Ee(EO+0e) — 72 ee’(eo+0’e’)




Euler’s Geometry in K332

OO’0'o = 2 Ee’(EO’+0’e’) — V2 Ee(EO+o0e) — V2 ee’(eo+0’e’)
=% (Ee + e€’)(EO+OQ’+0’e’) — V2 Ee(EO+0e) — 72 ee’(eo+0’e’)
=% Ee(O0’ + 0'e’—eo) — 2ee’(EQ’ — oe)
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From Geometry to Calculus

OO’'0'o =72 Ee(O0" +0'e’'—eo0) — 2 ee’(EO’ — oe)

m, n = forward & down-
ward velocities at O

dt = time for O to flow
fo o.

Distance = Rate X
Time




From Geometry to Calculus

OO'0c'o =" Ee(O0’ + 0'e’'—eo) — 2 ee’(EO’ — oe)
=YVomdr(dz+[z+dz—ndt]-[z-ndt])-Y.ee’(EOQ’ - oe)

B D

m, n = forward & down-
ward velocities at O

dt = time for O to flow
fo o.

Distance = Rate X
Time




From Geometry to Calculus

OO'0c'o =" Ee(O0’ + 0'e’'—eo) — 2 ee’(EO’ — oe)
=YVomdr(dz+[z+dz—ndt]-[z-ndt])-Y2ee’(EOQ - oe)
=mdrdz + Y dm a’za’tB—Vzma’na"cz+1/2na’mdr2

m, n = forward & down-
ward velocities at O

dt = time for O to flow
fo o.

Distance = Rate X
Time




From Geometry to Calculus

OO'0c'o =" Ee(O0’ + 0'e’'—eo) — 2 ee’(EO’ — oe)
=YVomdr(dz+[z+dz—ndt]-[z-ndt])-Y.ee’(EOQ’ - oe)

=mdz drt

B D

m, n = forward & down-
ward velocities at O

dt = time for O to flow
fo o.

Distance = Rate X
Time




From Geometry to Calculus

OO0 0o = mdzdr
MM'm’'m = PS dz dt— OR dz dt = (PS' — OR) dz dt

B D

m, n = forward & down-
ward velocities at O

dt = time for O to flow
fo o.

Distance = Rate X
Time

P. O, R, § = partial
derivatives of x & y with
respectto 7 & z

H
$
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From Geometry to Calculus

O00o = mdzdr
MM'm’'m = PS dz dt— OR dz dt = (PS' — OR) dz dt

Since the area of OO’'0’o

equals the area of
MM’ m’'m,

m=PS - 0OR

Or, in modern notation:

ox| &(x,y)
ol _,  dt.z)

(Depends only on z.)




Euler's Fluid Mechanics Papers

E332
Written 1751
Published 1767

E258
Written 1752
Published 1761

E226
Written 1755
Published 1757

RECHERCHES

SUR
LE MOUVEMENT DES RIVIERES.

PRINCIPIA . -

MOTVS FLVIDORVM,

PRINCIPES GENERAUX

PU MOUVEMENT DES FLUIDES.




Euler’s Geometry in E258

E258
Written 1752

Published 1761 | MOT VS FLVIDORVM.

PRINCIPIA . o

13. Com igiter fit du—=Ldx--Idy et dy=Mdx
-mdy, hinc geminas celeritates cuiusque alius pundti,

quod quidem infinite paramy @ puncto / diftat, affigna- . L R

Te 'Iicebit:', i emim talis pun&i a puné&to / diftantiz gl w T Z>
fecunduom axem AL fit —dx, et fecundum axent . (ﬂj R A A 4
AB=dy, wm hnius punéi celeritas fecondum azemr N :

AL erit —u—-Ldx--1dy; celentas autem-fecundum B._
alterum axem AB—o -4 Mdx~-mdy. Tempulcalo
ergo infinite paruo 4% hoc punétum proferetur fecun-
dum direGionem axis AL per fpatiolum =df(#+Ldx
——1dy) et fecundum diféctioniem alterius axis A B3 per
fpatiolom =4t (v -+ Mdx—-indy).

A A R Q



Euler’s Geometry in E258

Fluid triangle émn
flows to fluid triangle
pgr in infinitesimal
time dft.

u=dx="~m

v=dy={n

do
fit L4-m=—o0. Seu cum fit L— % et M=Ty .5 cen

leritates « et'w, quae puncto 7 fecundsm - directiones
axium AL et AB inefle concipiuntut’, - eiusmodi ﬂm-

&mnes coordinatarum x et y efle debent , -wt fit 4%

- 5 5 =0 , ficque motuum poﬂibﬂlum cmermm m
hoc conﬁfht , W fit & T 5 J_o nifi enim haec condi-

B

T M

- 7. A 7R Q



Euler’s Geometry in E258

Fluid triangle émn
flows to fluid triangle
pgr in infinitesimal
time dft.

fit L+4-m=—o. Seu cum fit __§: et m._.ﬁ;’ y Cee

leritates « et'w, quae puncto 7 fecundsm - directiones
axium AL et AB inefle concipiuntut’, - eiusmodi ﬁm-

&1ones _coordinatarum x ety efle debent, wt fit 4%
o’ P 5 =0 , ficque
hoc conﬁfht , vt fit| 5

oot 1b111u,m cmermm m

nifi enim haec condx-

u=dx="{m
v=dy=1tn S R
L =duldy, €= duldy RSN ;,Z>f
M= dvidx, m=dvldy 1?1- M
du=Ldx+{dy, dv=Mdx+mdy | ’dx
Argument similar to E332 shows that ‘\ |
L+m=0. A 7 A FEQ



Euler's Geometry in E226

E226 PRINCIPES GENERAUX

Written 1755 |
Published 1757 [(PY _MOUVEMENT DES FLUIDES.

niment peu incliné 4 'axe OC.  Dong, fi nous confidérons un paralie-
lepipede reétangle ZPQRzpgr formé des trois cotés ZP = dx,
ZQ=dy, & ZR — dsz, le flaide qui occupoit cet efpace fera
transporté pendant le tems ¢ & remplir Velpace 7/ P/ Q/Ri i pl iy,
infiniment peu différent d’'un parallelepipede reétangle, dont les trois
cotés feront :

/
Z'PI_—_-:dx(x }dt ‘-,_-:)) .

ZIQ=dy (l +dt(‘;—;:)) ;

e diey'\
Z'Rl_d.(n ta(7))

Cubical fluid particles, 3 dimensions; techniques are more algebraic.



Development of Euler’s Fluid Mechanics

1738-39 — D. Bernoulli & Euler use
method of parallel sections. Bernoulli
argues using actual descent & potential
ascent; Euler uses “moving forces”.




Development of Euler’s Fluid Mechanics

B D

1738-39 — D. Bernoulli & Euler use ? ? ?
method of parallel sections. Bernoulli :

argues using actual descent & potential
ascent; Euler uses “moving forces”.

Q

o

1751 — Euler uses quadrilateral fluid

particle method, derives formulas with
Euclidean geometry in 2D. Awkward R .
notation involving initial conditions. (e se—ts JIF




Development of Lulers Fluid Mechanics

1738-39 — D. Bernoulli & Euler use B @ Z _"4. ;ZBs'
method of parallel sections. Bernoulli & R
argues using actual descent & potential T -

ascent; Euler uses “moving forces”.

1751 — Euler uses quadrilateral fluid

particle method, derives formulas with Ea e | e
Euclidean geometry in 2D. Awkward e A
notation involving initial conditions. | @2 |

1752 — Euler uses triangular & tetrahedral
fluid particles, and same Euclidean tech- |
niqgues. Begins to use consistent notation B
for partial derivatives.




Development of Euler’s Fluid Mechanics

1738-39 — D. Bernoulli & Euler use
method of parallel sections. Bernoulli
argues using actual descent & potential
ascent; Euler uses “moving forces”.

Pr—aZ
/ 7
w/"i( 77
» /
7.1"/ lv/h
—

P

1751 — Euler uses quadrilateral fluid ./ i
particle method, derives formulas with I 7
Euclidean geometry in 2D. Awkward |

notation involving initial conditions. 5 =

1752 — Euler uses triangular & tetrahedral
fluid particles, and same Euclidean tech-

niques. Begins to use consistent notation
for partial derivatives.

1755 — Euler uses cubical fluid particles.
Less geometric than previous two works.



Epilogue - Lagrange’s Mécanique Analytique (1788)

Some Conclusions:

Serious notational deficien-
cies; key concepts still in
development

Potential ascent & actual
descent eventually replaced
by modern notion of force.

Earlier: geometry drives the
algebraic argument

Later: algebra and analysis
dominate, geometry reduced
to more of an illustration

Euler’s work in 1739-1755
followed this pattern, becom-
ing more flexible and less
dependent on geometry.

Nous fuppoferons que le fluide foit homogene & pefant,
& qu'il parte du repos, ou qu'il foit mis en mouvement
pat I'impulfion d’'un pifton appliqué A fa furface; «infi les
vitefles p, ¢, 7, de chaque particule, devront étre relles
que: Ja quantité p dx -4~ g dy - rd 7 foit intégrable (art. 18);
par conféquent on pourra employer les formules de I'ar-
ticle 20. .

Soit donc o une fonéion de x, ¥, 1 & ¢, déterminée
par I'équarion

d'p

4o
T -t

dy? ?

on aura d’abord pour les viteflfes de chaque particule , fui-
vant les direCtions des coordonnées x, y, 7, ces exprel-
{ions ,

de do do

P="0a9 95 a4y s 7= 75"

Enfuite on aura
=P (Y () 2,

quantité qui devra étre nulle 4 la furface extérieure libre
du fluide (art. 2). -



Geometry vs. Analysis

“The analytical investigations of the Greek geometers are
indeed models of simplicity, clearness and unrivalled
elegance... some of the noblest monuments of human
genius. It is a matter of deep regret, that Algebra, or the
Modern Analysis, from the mechanical facility of its
operations, has contributed, especially on the Continent,
to vitiate the taste and destroy the proper relish for the
strictness and purity so conspicuous in the ancient method
of demonstration.”

— John Leslie, preface to Elements of Geometry (1809)]



Geometry vs. Analysis

"... the basic physico-mathematical tools of the modern
derivation of Euler's equations were not originally avail-
able. In the early eighteenth century there was no concept
of a dimensional quantity, no practice of writing vector
equations (even in the so-called Cartesian form), no
concept of a velocity field, and no calculus of partial
differential equations. The idea of founding a domain of
physics on a system of general equations rather than on a
system of general principles expressed in words did not
exist.”

— Oliver Darrigol, introduction to Worlds of Flow (2005)!]
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