Georg de Bugquoy — Founder of Mathematical Economy ith

South Bohemian Roots
Dalibor Stys, Miroslava Vlaihova

Abstract. Georg de Buquoy, Lord de Vaux, lived in Nové HraByague ander-
veny Hradek for most of his productive life. Frois bxtensive scientific contribu-
tions, both theoretical and experimental, we expa@@d the discussion of his con-
tributions to mathematical economy. He is mainliebeated as the first persons to
define correctly net yield and describe methodif®optimization, which was con-
sidered “strikingly modern” still in 1950” [1]. Bugy's program was “systematic
overview of all theorems which affect maintenanod ancrease of national wealth”
[2] for which he correctly defined and mathematicaxpressed many economic
terms [3].

The most striking feature of Buquoy’s writing istthe was also a very influential
economic practicioner. He governed one of the \weadt possessions in Bohemia,
and perhaps in Austria, of his time. Thus his ecaioal thinking expands from the
“political part”, which is economy in modern senge, “...sources of national
wealth, or the technical part of national economy. The complexity of Buquoy’s
view has little match in modern literature namedcéuse the extent of data sources
is hardly available in modern times.
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1 Introduction

Georg Frances August de Lonqueval, Comte de Budwm, de Vaux, (1781-1851) was born in Brussels at
September 1% 1781. In 1795 died his father and his uncle, Baiae majority lord Johann Nepomuk von Bu-
quoy, adopted him. He studied privately in Praghens he passed public Gymnasium examinations aedifa
the Theresian Knight Academy in Vienna, philosoimgd law. However, his prime subjects obviously were
mathematics and physics. As he wrote at severaépla introductions to his work, he “studied dag aight...
the subjects of mathematics and physics ... priméngyworks of French authors.

In his biography are highly interesting his voyage&urope. The first one took place in 1803-1805ime
of large political instability in Europe. The rep®from this voyage are can be extracted from kisydvhich is
highly comprehensive. It is an interesting testignohhis time (Mann, unpublished edition of thergtiaf J. von
Buquoy). The voyage obviously gave him a lot opirgtion, namely in the industrial development &f pos-
session, he himself later found it “disattaractig from his main interest in mathematics”. Secorig tvas to
Paris in 1815 where he at the Academy of Scienesgmted his theory of virtual speeds. His lecturs mecog-
nized by physicists of his time, namely Laplacet Bhen Buquoy tried to present solution of wavebpems
which obviously preoccupied scientific discussionshat time and which was long time ago known &rsiner,
he faced many obstacles. Finally, he broke relationFrench scientific community and focused onGesman
and Scandinavian colleagues.

Georg de Buquoy lived in Nové Hrady, Prague &edveny Hradek for most of his productive life. Hasw
active in many fields of science starting from naths, through chemistry, thermodynamics, opticsoupco-
nomics, political theory and theory of speech asdnterpretation, in modern terms, cognitive scer-or ex-
ample the term Biology he used in 1817 [4] for finst time on the Czech ground. He was also knowmea
tremely successful enterpreneur, he invented anotingy the special sort of dark heavy glass, thdithydis
original steam engine was in 1812 the first builCaech ground. To his industrial success conteithintighly his
marriage with Gabriela von Rottenhan, the heir ¢drge possession in northern Bohemia which inducteal
and ore mines. Buquoy was friend of the biggessqraality of German culture in his times, Goethe] avany
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other scientists and politicians. Most of theseptedie met in Karlovy Vary a place relatively cldeehis pos-
sessions.

At the end of his life Buquoy participated in theag§ue revolution 1848, the uprisal against the Haigs
empery. Buquoy, who considered Austria “land ofaasantism”, participated in the organizational stawes
and donated money. He was set to house arrestsfalleged concernment on Czech crown. He died-agure
at April 19", 1851.

2 Buquoys scientific achievements

2.1 Buquoys mechanics — theory of virtual speeds

Among his achievements are mostly cited his wonksi€chanics [5,6]. The latest direst citation kndwuos
comes from Galperin [7] in 2008. Buquoy's work i®r@akthrough generalisation of Newtons law whéee t
notoriously known equation

F (t, X(t), v(t)) = mx ,v(t) = X (t), X () = V (t) = a(t), x(0) = X, V(0) = v,,t =0 1)

Where F (t, X(t), v(t)) is mechanical forceX(t) trajectory, V(t) velocity, a(t) acceleration and time.
Buquoy introduced more general form

d(mv) = mdv+vdm= F (t,c(t), v(t))dt,t = 0,dt >0 2)

The later equation has been best recognized asgthegion for rocket movement, although it was neleer
rived with this purpose in Buquoys time. Howevée fact that any body undergoing real movementsldise
mass by burning fuel or, as in one Buquoy’'s exasjpiereases the mass by mud adhering to carriagelw
makes the equation (2) the ultimately correct gtiastant.

However, the ultimate generalization of the equaf®) was left completely unattended in a strarigogo-
phical half poem- half prose book bookiéal laudation of empirically intercepted life Bature’ [8] where at
the bottom remark at side 83 and 84 Buquoy expands

F(t)
dv=—=dt 3
(D) 3)
And concludes that (in modern notation)
x=rdyF Oar=T) @
m(t)

And comments that from this equation my be reaivim ways — time is a function of trajectory thrbudpe

t = @(X) and space is a function of time through the fumctX = T (t) . Later in the text Buquoy ex-
F(t

pands one specific example Wheﬁa =K but the generality of the equation (4) remainsuched. As the
m

whole concept of equivalence of moment/energy aadsnand its generalized relation to time-spacedioates

introducedin priciple in equations (1-4). The reader should refer faneple to the article [9] for further (inde-

pendent) specific expansion on this subject.

2.2 Buquoys economic thinking

Buquoy’s program was “systematic overview of afidiems which affect maintenance and increase ainat
wealth” [2] for which he correctly defined and marthmatically expressed many economic terms [3]. Hesdb
achieve these goals in “purely technical” as welira“political” fields. His main economical work the “The-
ory of national economy [2], but it should be stidt technical and political economical theme®pecepied his
publications between 1827 and 1838 when he pultdlish@re than 30 articles. These works were, to ook

edge, never fully analysed and surprises such a@gand (4) mentioned may be expected. Formigtgbint
of view, these late articles do no contain any nethematical description and re not of interestticr article.

Buquoy is mainly celebrated as the first persondetiine correctly net yield and describe methodit®optimi-
zation, which was considered “strikingly modernfl g 1950" [1]. The equation is



n=y-Y =f(x)-F(X) (5)

where

y=1(x) (6)
is the yield curve and

Y =F(x) 7

is the cost curve. To find how deep the farmer khplough the field, maximum has to be found.

It would be quite unjustly [3] to reduce Buquoy stirematical economy to net yield. He also correththe-
matised the relation between demand and markeg,pncluded the notion of competition. This is ddesed
the first application of function in economic liggure [1, 10]. Buquoy also mathematised the conckpatural
price in terms of “real and nominal price of anrte The price is estimated by (a) the land ren{b) the run-
ning costay, (c) interest from running cogts and (d) interests from founding capital, i.eefixcapital that needs

to be maintained.. So the natural valuéV; is for example for the flax producer the followirige should receive
in the first instant coverage for the land réntyield which covers the necessary running cags and costs

covering the yield form the fixed capital (i.e. &apto which is assumed infinite lifetimdy,,
Fop +Uy(100+
W1:L+F0L+Uo(1+ij:L+ oP 0( p))
100 100 100

The natural price, i.e the price which the produgenself must receive, includes also the runningtzof
spinning U; and yield from the fixed capital of the spinndgr

, FoP+Up(100+ |o))+ul (1+_p)+Fl_p
100 100) 1100

(8)

wg:(L (©)

In this way, one may expand until the natural pfarethe end product where we get

W, = L(]_.Fijn +(Fop+uo(100+ p))j(l_'_ P jn +(F1p+u1(100+ p))j(1+ P jn_l +
100 0 0

100 10 100 10
n-2 (10)
sz+u2@00+rﬂ)(1+ p j + o FaP+u,(100+ p))
100 100 - 100
By each new production step in the production cllagnnatural price inceases by multiplication by factor

[1+ %)j . As the main thing — concludes Buquoy — is the fhat the costs of addition of each new produc-

tion step the investors do not anticipate the coktabour division. So the seeming reduction dadtsdhas to be
re-considered in this context.

Buquoy also devised equations which allow the @néngeur to assess the feasibility of introductibimnaova-
tion at the market and also the influence of thepetition. He defines the market price as

Y = ¢(§, x] an

<a>
Where X is the competition at the sales side ayiis the demand. The symbo[fs( X j mean “a value which

depends on x in the way that to a certain valugvti® and from it decreases”.

The most striking feature of Buquoy’s writing istthe was also a very influential economic pragtier. He
governed one of the wealthiest private possessioiohemia, and perhaps in Austria, of his timeud nis
economical thinking expands from the “political fiawhich is economy in modern sense, to “...souroés



national wealth, or the technical part of natioeabnomy ...”. The complexity of Buquoy’s view, namilythe
technical part, has little match in modern literatuNamely because the extent of concrete andcblelidata is
hardly available in modern times.

2.3 Buquoys contribution to other branches of scieze

This approach well illustrates Buquoy’'s approackdentific thinking, the desire for generality utlised
mathematical formulae and the desire to utilisentier description of real world phenomena. In maages, the
experiments or observations described were of\wis @ repeated by himself in his own workshopsatwolato-
ries. Buquoys scientific methods were extensivescussed in the book “Ideal laudation of empirigatiter-
cepted life of Nature” [8].Here he writes (page iKxXThe unavoidable utilization of mathematics cesmmainly
from dominant spatial spread of the inorganic @resub-organicfform of matter) But what maters the laws of
other phenomena, the qualitative laws of spdtichanical)phenomena have their analogies in laws of life.
Mediating utilization of mathematics is here onlpwed. The analogy is the only thing which shobklsought
here. And the utilization of mathematics at highpmions about the natural life should not go amghfer be-
yond the aspiration to paralelise the laws of mesawith their derived laws of relations and qitative pre-
dictions)with laws of living nature and its relations. .....n.&ny use of mathematics for paralellisation onstmu
be aware that the mathematical forms may be usedmyp as mediating symbols (which is often seaut)that
hey must be understood in the full spirit of theieaning. In the same way as for the geometer cathesscript
with full mathematical correctness and not onlynasaningless hieroglyphs. “ We can not here comrtient
whole argumentation, however, it is quite cleat Bade Buquoy understood very well the meaningathe-
matical modeling for sciences beyond mechanics) évese which deal with phenomena of life.

This is, in a way which may be directly mapped todern scientific terminology, has been describeeaaly in
the book “Sketches form the book of laws of Natydd'where the paragraph 185 says:

“We probably may say, that in each actions in theire there is certain degree of egoism, prevalgnjectivity
in the point of action, with exception of one antionovement through mechanical power in non-livioglies.”

Which may be directly compared to Caratheddory‘sifdation of the second law of thermodynamics [4]
“In any neighbourhood of any state there are statésh can not be reached from it by an adiabatcess.”

if we know that the only adiabatic process is thechanical process. Yet, in the “Book of laws of iNat [4]
the generality which is envisioned in “Ideal laudat [8].has not yet been achieved. And, in fattsionly now
with the advent of econophysics and sociophysiab with the recognition of inavoidability of probéibtic
analysis of systems that we are able to recoghize i

The advantage of the Buquoy's parallelisation aggitanay be demonstrated in his chemical dynamigsgid
thermodynamics [13]. Since he strictly sticks wiirallels with the mechanical theory, he was ablproperly
recognize some important notions. In chemistrychwectly recognized existence of “intrinsic rafecbhemical
reaction” which we now call rate constant, and medi the present notion of reaction rate, quiteemhy, as
chemical moment. He also in a visionary way dessribtoichiometry as “chemical harmony” which may be
described as analogous to harmony of music tones.

In thermodynamics Buquoy properly merges the heat wlume expansion effects into one function. This
would be perfect match for Gibbs energy if in Buggiterms this term would not have the charactehefmo-
ment rather than energy. This approach allowed Bydo generally devise heat moment so that it il ar all
materials. The mapping to contemporary, energydabermodynamics, would come through integratibthe
process trajectory.

In fact, the modern notion of thermodynamic pdtdrtas been quite misleading over many years. Naine
brought up the need of a specific mechanical madakh Buquoy always denied. For example in the cis
heat radiation he declares: “We have no problethigicase to denote (in agreement with the atorhist)event
a luminuous temperature. We do not mean by thiatkefing matter (heat push) but its operation liren its
central point which nature we do not dare to biieakve do not even hope to.“ Which is true in thedarn
sense in two ways: we know that heat is extinguisheheat photons and that interaction of indivighaaticles
in any form of matter does not occur purely throaghechanical process — ideally elastic collisidGimvever,
the atomistic model of ideal gas dominates thentlelynamic literature for one and a half century.



3 Conclusions

Georg de Buquoy is known to many people. Some catielnim for creation of the first nature protentarea in

Central Europe, the Zofin forest. Some recognizegtassworks and the invention of hyalit glass.e@tmen-
tion his activity in the 1848 revolution. We belggvhowever, that these reflections are only surfd@nomena
of the deep recognition of, in modern term, comiyeaf function of nature. His genial paralellisati approach
allowed him to achieve deep insights into laws atune, insights of more general nature than thégesocon-

temporaries.

A few concrete achievements retained their valligitesent time, among them the rocket movemenaggu

(2) primarily. Reading Buquoy’s more than 25 boaksl more than 150 papers always brings new susprise
The main problem of recognition of his achievemeassides in language. It may be exemplified inattecle [5]
which is just a translation of part of much broadescription of the generalisation of the Newton Ia books
published already in 1812 and 1814 [14, 15]. Thielar[5] is written in French and thus somewhatdable and
recognized for present scientific community. MoEBaoquoys works are in German, printed in schwaldath
ters, and thus difficult to read even for parttaf tontemporary German speaking scientific communit

In any case, reading Buquoy has been extremelsestiag and inspirative. By all measures, includimg scien-
tometric ones, Buquoy would withstand the critefiacientist of the beginning of 2tentury. The more we

read it, the more we agree with Schumpeter thah“ara writings are forgotten unjustly, so | thifjg].
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