CHARLES JORDAN, 1871-1959

By L. TakAcs

Columbia University

Charles Jordan was born on December 16, 1871 in Budapest, Hungary. His
father owned a leather factory and his family was well-to-do. Jordan went to
school in Budapest and graduated in 1889. Subsequently he studied at the
Ecole Préparatoire Monge in Paris and at the Ecole Polytechnique in Ziirich,
where he received the degree of “Diplomingenieur in Chemie” in 1893. After
spending a year at Owen’s College of Victoria University, Manchester, he ac-
cepted an appointment at the University of Geneva in 1894, where he remained
until 1899. In 1895, at the University of Geneva, he obtained his degree of
“Docteur &s Sciences Physiques” by his thesis [1] and subsequently he became
“Privat Dozent” in physical chemistry. In 1895 in Geneva he married Marie
Blumauer. He returned to Budapest in 1899, and, in the same year, after the
birth of their third child, his wife died. During the following years Charles
Jordan studied mathematics, astronomy and geophysics at the P. Pdzmdny
University, Budapest. He married Marthe Lavallée in 1900. Of this marriage
three more children were born. From 1906 to 1913 he was director of the Insti-
tute of Seismology at Budapest. During the First World War he taught mathe-
matics, physics and meteorology at a military academy. From 1920 to 1950 he
lectured at the University of Technical and Economic Sciences, Budapest,
where, in 1923, he became “Privat Dozent” and, in 1933, professor.

In 1928 he was awarded the J. Konig prize! by the L. E6tvés Mathematical
and Physical Society, Budapest. This prize was awarded every two years. In
1947 the Hungarian Academy of Sciences elected him corresponding member.
In 1956 he won the Kossuth Prize for his achievement in the field of mathe-
matics. After 59 years of marriage he lost his second wife in July 1959. A few
days after his 88th birthday, on December 24, 1959, Professor Charles Jordan
died.

He was a Corresponding Member of the Hungarian Academy of Sciences,
Honorary President of the J. Bolyai Mathematical Society, Budapest, Honorary
Fellow of the Royal Statistical Society, Fellow of the Institute of Mathematical
Statistics, Member of the Institut International de Statistique and of the
American Statistical Association, Honorary Member of the Society of Hungarian
Geophysicists and the Hungarian Meteorological Society. He was also a member
of many other mathematical and scientific societies.

Charles Jordan’s industrious and fruitful mathematical activity began in the
years following 1910. The theories of probability and mathematical statistics

Received July 16, 1960. An invited obituary.
1 Cf., A. Sziics, ‘““Jelentés az 1928 évi Konig Gyula jutalomrél” (Report on the Julius
Konig prize of 1928), Matematikar és Fizikai Lapok, Vol. 35 (1928), pp. 61-69.
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2 L. TAKACS

have always formed the core of his greatest work. He was particularly interested
in the mathematical methods of these disciplines. He is the author of 5 books
[13], [37], [38], [66, 76], [88], 83 scientific papers, and several papers on mountain-
eering. For thirty years he taught at the Technical University of Budapest.
He lectured on the theory of probability, mathematical statistics, the calculus
of finite differences, and on special topics such as difference equations, the theory
of correlation, and the algebra of logic. His profound scholarship and his lucid
style made his lectures a source of great inspiration to his students.

He had an extensive knowledge of the history of mathematics and he studied
many of the mathematical classics in their original editions, nearly all of which
he had in his personal library. His collection consisted of about 5000 volumes of
which nearly 1000 were rare copies such as the first printed edition of Lucas dal
Burgo Pacioli’s “Summa de Arithmetica”, published in Venice in 1494. During
the Hungarian Revolution, on October 26, 1956, tanks set fire to the house where
he lived, and, in the course of a few hours, his whole apartment and library were
destroyed. Losing all his wordly possessions representing the patient work of a
lifetime is no small matter for a man of 85. But Charles Jordan received the blow
with a wisdom and vitality characteristic of him. He was determined to start
life anew: while he was in the hospital, recovering from a mild heart attack,
which he suffered after the destruction of his home, he set to work correcting the
printer’s errors in a borrowed copy of his recently published book [88].

He was a man of extraordinary integrity and with a strong sense of justice.
He never failed to condemn injustice even when it was dangerous to do so.
He was devoted to his large family and they in their turn surrounded him with
their affection. His children, grandchildren, and great-grandchildren gathered
round him on various occasions such as birthdays and sometimes in later years
tried vainly to persuade him to give up his long solitary walks in the Budapest
hills. His favourite pastimes were travelling and mountaineering. In the years
following 1900, he explored several undiscovered peaks and tracks in the T4tra
mountains, and some of them actually bear his name. At the time he published
several papers on his mountaineering experiences.

Charles Jordan started his scientific career at the end of the nineteenth century.
After publishing seven papers on chemistry, he published his first paper on
probability theory in 1904. This paper [8] deals with the applications of proba-
bility theory in meteorology, a subject on which he wrote eight more papers in
the course of his career [18], [19], [25], [44], [64], [74], [78], [80]. His first major
works in mathematics were inspired by his interest in geometrical probability.
During the years 1912-1914, together with R. Fiedler, he wrote one book [13]
and five papers [12], [14], [15], [16], [17] on 7 curves, which are closely connected
with the closed convex curves. By using polar tangential co-ordinates, they de-
duced some extremely interesting properties of the 7 curves. In his paper [21],
written in 1920, he dealt with the approximation of a function f(x) for equi-
distant values of x by orthogonal polynomials according to the principle of least
squares. His other papers on this subject are [24], [25], [51], [52], [54], [75]. In
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1922 he gave [26] a new proof of the Euler-Maclaurin summation formula by
using the same method that Lagrange used to deduce Taylor’s formula via
integration by parts. In his paper [31], written in 1923, he dealt with the founda-
tions of probability theory. He gave a definition of abstract mathematical
probability, and, starting from this definition, he deduced the fundamental
theorems. His other papers on this topic are [22], [45] and [50]. In [50] he criticizes
the theory of Mises. In 1926 he gave the expansion of a function f(z), defined
forz = 0,1,2, -- -, into a series of orthogonal polynomials [33], [35]. He showed
that

z o

J@) = €7 50 3 an Gala),
Tl n=0
where
n!l <« im' z
Go(z) = 2 22 (= 1) 'ﬁ(n—z)
and
an = :—:‘Tn 3:0 G.(2)f(2).

By using this expansion he gave a new asymptotic expression for the Bernoulli
distribution.

His book, Mathematical Statistics, which appeared in Hungarian [37] and in
an extended form in French [38] in 1927, contains a complete theory of mathe-
matical statistics, including Jordan’s own results. Maurice d’Ocagne wrote the
introd2uction to the French version and presented it to the Académie des Sciences,
Paris.

In his paper [45], written in 1927, and in [61] and [69], he formulated the
theorem of general probability as follows: If A, , 4, , - - - , A, are arbitrary events,
then the probability that exactly k events occur among them is

P=Y (—1)* J)Bj k=01,---,n,
= k

where By = 1, and
B; = > P{A; Ay, -+ Ay}

1Si1<i2 < - <ijgn
is the jth binomial moment of the number of events occurring among
Ay, As, -+, A,
At the International Congress of Mathematicians in Bologna in 1928 he pre-
sented a new interpolation formula which has the advantage that no printed

2 Comptes Rendus Acad. Sci. Paris., Vol. 184 (1927), p. 728. Cf., G. Rados, “Magyar
szerzdnek két idegennyelvli m(ivérsl” (On two books of a Hungarian author in foreign lan-
guages), Matematikai és Természettudomdnyi Ertesits, Vol. 58 (1939), pp. 673-676.
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differences are necessary [46], [47], [56]. J. Wishart® comments on this as follows:
“The Jordan formula is certainly a very interesting one, and deserves to take
an honoured place beside those others associated by their names with some of the
greatest of mathematicians.” It is shown in [46] and [47] that, if a table contains
the values of f(u) when u = a, a &= h, a == 2h, - - - , then the interpolated value
is given by

n—i m+1
f(a + zh) = Zo Cr(x) ,‘; Bui It + Rz,

when using a polynomial of degree 2n — 1. The numbers

QW=«4w6+m“§

2m

and

— (_ k+1 2m + 1\ 2k -1
are given by a table in [46] for m = 1,2, 3, 4 and for x = 0(0.001)1. The quantity
I} is obtained by linear interpolation, namely

z+k—

Lo=—p—3

f(a+kh) + f(a — kh + h),

n—% 2n,
("2?)?
where —n + 1 < £ <n.

In [54] he continued his investigations on approximation and graduation, ac-
cording to the principle of least squares, by orthogonal polynomials, (cf. [75]),
and he eliminated all the unnecessary matter of his earlier papers. He determined
the Newton expansion of the approximating polynomial and also the mean
square deviation. To summarize briefly his result on the approximation: Given

and

|R2nl < h2n

the observations %o, y1, - *- , Yyn—1 corresponding to z = 0,1, --- , N — 1, an
approximation by a polynomial f,(x) of degree n is required such that
N—1

S, = ;) [?/x - fn(x)]2

shall be minimum. He expands the function f,(z) into a series of orthogonal
polynomials,

fu(&) = 3 aUn(e).

3J. Wishart, A. C. Aitken and G. J. Lidstone, ‘“Interpolation without printed dlﬁer-
ences: I, IT, III,”” Math. Gazette, Vol. 16 (1932), pp. 14-25.
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The polynomials Un.(xz) of degree m are called orthogonal with respect to
x=01,---,N—1if

N-—-1
Zo Uiz)Uj(z) = 0, i j.
Un(z) has the following Newton expansion:

vt = ey 0 ()2 )G)

where C, is an arbitrary constant, which can be chosen conveniently as

s ()]

It turns out that the am(m = 0, 1, - - - , ») which minimize S, are independent
of the degree »; this is the most important point. The Newton expansion of

fa(z) is given by

in(@) = 3 3 Cun 0 (“’)

m=0 y=0

where

(N -y — 1)
Cow = (=1)™"(2m + 1 (m‘l'”)__mL
(1m0 (") S
m
and ©,, is the orthogonal moment of order m of the observations, i.e.,
N—1

9,,. = zZo: U,,.(x)y, = ‘Z;B»WT',

e EE/(E) @eonan

e (" 2) () by

The mean square deviation is

where

and

N—-1 N—-1

1
= o e~ (@) = 5 X 0k — 6~ [l 0F — - — [Cul 6.

Forn < 7and N £ 100 ten-decimal tables are published in [54].
In his papers [31], [45], and [60] he gave the correct interpretation of Bayes’
theorem, thus clearing up much of the controversy. In [62] he showed that the
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justifications for Pearson’s x° test were all founded on Bayes’ theorem. In [27],
[32], [34] and [35] he determines “inverse probabilities” by using Bayes’ theorem.
In [40], [41], [57], (58], [63], and [81] he gives approximating formulas for the
multidimensional hypergeometrical and Bernoulli distributions as well as for their
inversions. In [28] he deals with the Mointmort-Moivre urn model and in [40],
with the generalization of the Eggenberger-Pélya urn model by which he ar-
rived at a general case of the multidimensional hypergeometrical distribution.
His papers [42], [43], [44], [64], [65], [71] are concerned with the theory of cor-
relation. He wrote four papers on the conception of expectation [30], [49], [59],
[77], and two papers on the theory of errors [29], [72]. In [39] he deals with the
Lexis problem.

His book [66] on Calculus of Finite D;‘ﬂ"erences,4 with an introduction by Harry
C. Carver, first appeared in 1939 in Hungary and in a second edition [76] in
1947 in New York. It contains many of the author’s new results and it throws
new light on the work of several classical authors such as Bernoulli, Boole, Ellis,
Euler, Fourier, Lagrange, Laplace, and Stirling. In this book he deals with
Newton’s series, which, in his opinion, should always be preferred to the power
series in statistical research, with the theory of Stirling numbers, which he de-
veloped in [55], with the Euler polynomials, and with the Bernoulli polynomials,
the second order of which was introduced by him [48]. He gives new approximat-
ing formulas by the principle of least squares and by the method of moments.
Graduation, interpolation and difference equations are also treated in this book.
The papers [68], [70], and [89] are concerned also with the applications of the
calculus of finite differences.

In 1947 he introduced the notion of ‘“‘surprisingness” in a mimeographed
paper “On statistical inference’” which he wrote in connection with a note by
M. Fréchet at the International Statistical Conference in Washington, Sep-
tember 16-18, 1947. If the events 41, A2, - -+, A, occur respectively ki, ks,
-+, k, times in n trials, then the “surprisingness” of this phenomenon may be
measured by the quantity

S=1-— Pk1.k2,~~,k.

g s
where Py, k,,...x, is the probability of the system (&, k2, ---, k;) and
Py my,-- ,m, 18 that of the most probable system (m; , my, - -- , m,).

In his paper [73] he deals with the generalization of Simmons’ theorem, in
[83] with renewal theory, in [85] and [86] with van der Waals equation, and in
[84] and [87] with the approximation of observations.

His book [88] Chapters on the Classical Probability Theory, which he considered

4 Cf., A. Sziics, “Charles Jordan: Calculus of Finite Differences,”’” Matematikai és Fizikai
Lapok, Vol. 46 (1939), pp. 170-172; and G. Rados, ‘“Magyar szerzének két idegennyelvii
mlvérsl” (On two books of a Hungarian author in foreign languages), Matematikai és
Természettudomdnyi Ertesité, Vol. 58 (1939), pp. 673-676.
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his greatest work, was completed in 1946. The contents of this book summarize
the results of his fifty years of research and thirty years of lecturing. Of special
interest are the chapters on the historical background to the development of the
concept of probability, on the mathematical methods of probability theory, on
the probabilities concerning repeated trials, on classical probability problems and
on geometrical probabilities. It was a source of great disappointment to him
that the publication of the book was delayed for ten years after its completion.
The Hungarian Academy of Sciences, whose permission was necessary to pub-
lish any scientific work, continually delayed granting its permission. Before
the work was finally allowed to appear in print in 1956, the author had to
alter his original title, ‘“Probability Theory”, to its present form and make
a few omissions such as leaving out his paragraph on Mendel’s theory of he-
redity. Thus, although it was the first Hungarian book on probability theory to
be written, it was unfortunately not the first one to be published.

The work of Charles Jordan has made a lasting impression on the develop-
ment of modern probability theory. During his long and productive career he
laid the foundations of the school of Hungarian probability theory, and his
students, of whom the present author is one, will always feel gratitude for his
guidance and inspiration.

CHARLES JORDAN’S PUBLISHED SCIENTIFIC WORKS
Note: C.R. is a notation for Comptes Rendus Acad. Sci. Paris throughout this bibliography.
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pp. 474-498.
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132 (1918), pp. 134-143.
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[32] CraRLEs JorDAN, “Formules nouvelles pour comparer deux probabilités a posteriori,”’
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