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FOREWORD

The present volume containes the scientifical contribution
of the members of Research Seminar on Geometry from the Faculty
of Mathematics of “Babes~Bolyai” University im Cluj-Naepoca.

Besides the contributions ef the active staff of our Seminar,
we also publish any papers of some ancient members, as well as
of some external collaborators.

The issue is dedicated to the memory of the late professor
Francisc Radé, who died the last autumn. Professor F.Radé was the
head of the Chair of Geometry at our Faculty. He worked hardly
end incessantly for the continuous devellopement of our departe-
ment. Thereforsthe members of our Seminar intend to omagiate his
valuable work and unforgoten personality. So, the celebrating
paper commente his didactical and scientifical work,giving the
" complete list of his publications.

Concerning the other presented papers, they deal with some
prefered topice on the geometrical and aslgebraie structures,
namely with problems on the hyperbolic geometry, differential
geometry and topology of differentisble menifolds.

The Editor
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THE LIPE AND WORK OF THE PROPESSOR FRANCISC RADJ {1921-1990)
by

V.Groze, M.Jarini, A.Vasiu

Opne of the moat important teacher and research scientist
in the field of mathematics, in the second half of our century
at the University in Cluj-Napoca was professor Francisc Radd.

de was born im Timigoara (Roumania), on May 21, 1921 ia
an intellectual fumily. His father, Arthur Radé, a railway engi-
neer, disclosed for his son the beautlies of mathematics. 3o,
F.Radd finished his primary and secondary education in his natal
town, proving a real talent for mathematics. In 1939 he succeded
to enter the Politehnicsl Institute in Bucharest, but he was for=-
bidden to cc_tinue his studies for rasial reasons. During fhe
World War II he was incorporated im a labour camp.

After the war he was accepted as a student at the Faculty
of Mathematics of the Romanian University im Cluj and got his
degree in January 1946. He taught mathematics at the some jewish
school in Timisoara, where once he was a school boy.

From the academic year 1949-1550 he was appointed as
assistant professor at ths newly founded Pedagogical Institute
in Timigoara. In January 1950 he was nominzted as lecturer at
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the hungarian "Bolyai" University in Cluj, where in the next
year he was promoted as professor. He will %each thers mogt of
the basical mathematical courses.

In 1959 the two Universities in Cluj were united im
the actually "Babeg-Bolyei® University, and here F. Radd was
promoted as full professor in 1369, being active uantil his reti~
rement in 1985. In this period he was the chief (1973-76) of the
chair of geometry,still continuing %o teash at the "Babeg-Bolyal"
University basic and other gpeclal or optional courses. In the :
gome time professor P.Radé was working during 1951-1961 as a
scientifical researcher at the Academic Instlitute for Compufa-
tion in Cluj. Much interested Lln practical applications of mathe-
matics he had an essential contribution in performing sconomical
contracta. | ‘ .

With his indefatigable attendence he honoured all the
mathematical meetings organized by the Academy, Ma thematical
Sclence Soclety and by the Ministry of Education im the country.
He also attended many scisntifical meetings abroad. Since 1968
he took an active part ln sclentiflical lectures, and aympoaié
in Oberwolfach (Germsny), La Mendola (Italy), San Antonio (0 .. 8k
Waterloo (Canada), etc. Duriné 1969-70 he acted as visiting pro-
fessor at the University of Waterloo. Many of his original resear-
ches were presented at various meetings, at the University of
Bochum, Glessen, Prankfurt am Main, Pavia, Hamilton (Canada),
Buffalo (USA), giving a great honour %o the romanian mathematical
school,

His great interest for professoral mathemstlcs turmed up
to be a hobby since be was & schoolboy. His wife Martha Giddly,
also a well-known professor of mathematice and his daughters Eva

B

and Agy were the first collucstors regarding school books and
programes.

Recently retired from his work still full of creation
he becomes the victim of s long mercilles illness. The family
was his last refuge, where he was visited by close friends and
colleagues. He died on 28-th of Kovember 1990 andlwaa buried
in the neological jewich cemetery im Cluj-Napoca.

The didactical work of professor Radd took up all hie
experience gathered during his activity with his pupils, later
with kis studentes about lessons and courses at the University.
All who had known him, had the possibility to follow his very
impreeive and original lectures, hie subtle spirit, the cloarsi-
ghted wey of tackling the mathematical problems.

He taught a wida—range‘of disciplines as geometry,
algebra, theory of numbere snd theory of complex functicns.

Hie lessons always proved his distinctive professoral qualities.

The transpsrency and accuracy of his speeches succeeded in attrac-

‘ting the students interest. Professor F.Radd proved to be an -

untrivaelled master, both in research methods and professor
speech.

In the lasi 40 years of professoral activity he obtai-
pned good results and mspaged to ftrain a pleiad of students, mosi
of them being active at different universities high-schools
and research institutes in our country. All his achievement
thet makes him the most exquisite educator in the field of ma-
themstics are reflected in his didactical publications and pa-
pers (see the list B).
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During his activity he published with P. Szildgyi
the courge of inslitic Geomeiry (B.l) as well as & collection
of probleme (BE.4). The book entitled "Lessons on Komograpky"
[B.2] , written with the coauthor lascu Bal, appeared in the
"Editurs TehnicZ" Publishing Company, includes ‘the lectures
from 1965 held im Bucharest within the Genersl Associstion of
Engineers in Romania (AGIR). The course of Gecmetry [B.5] from
1972 sets forth an originsl ontlook of the suthor upon the tes-
ching methods of geometry for the first year of study, ae well as
& collection of problems [B.8] written with the members of
hie group together. The Course of Linear Programming [B.G}
was reproduced on his lectures held for didsctical stalf of
the faculty. The course of Geometry [B.7] _written by the reguest
of the Einistry of Education with contributor professor
G, Galbur: is a basic reference of the geometry. 4n outstan-
ding hand book was published in 1981 by "Deeia® Fublishing
Company im Cluj-Napoca with coniributor E. Orbdn upon the mo=-
dern viewpoints or the geometry [B.9] . Beside he hsd & remar-
kable cortribution in drawing up methodical books for teacheré
[B.10, 3.12], or publishing & mathemetical lexicon (pocket=
book) [B.11] edited in hungarian by "Kriterion" Editor in
Bucharest.

The gcientifical activity of professor F. Radd included
nany mathemstical domains cdncerning both‘rundamentai and appli=-
cative problems. There is & natural link wich'explaina the
pessing from & theme %o ancther. His first researches reéfeie
to some problems which were intensively studied in the period
between the twe World Wars, bf the nathemsticinnﬁ from Cluj,

=T
i.e. Punctiongl Equations. Paper (5] conceraing the linear

dependence of 3 soptinuous funciions is related to T.Popoviciu's

researches. In {}l] ne studied the functional equation of asso-

together with their par-
o the

ciativity and generalized bigymmetry,

ticular cases. These problems leads him straightforward %

applications in the domain of nomography, geometrical webs

and gquasigroups 112.131 . This time he begins the colladbora=-
tion with forsigo zsthematicians like J. Aczel, i. Hosszd,

6. Pickert. This Ph.D.Thesis held ia 1959 at the University

of Cluj, treated functional equations in connection with the

poMmEgTaphy [ll] .In fact, the methods used in the study of

functionsl equations willi play an important role in his alge-

orical and geomeirical researches and their applications.

This kind of copnsiderations were 2nrolled also in fhe lagt

‘7ears L}3.45] , in connection both with the Pexider's equatiion

[66] and by some linear programming applications.

The theory of webs was a major subject of his research
regularity conditions [171 and special ge-
jate aigebric structures 1] .

coaéerning both the
neralizations {16] or the assoc
In [281 , F.Rad§ gave necessery and arficient conditions for

embedding of " semi-web into a regulsr-web aa of a semi-group

into a groupe
Yiost of the latest papers are included im

ased to call Geometrical gtructures, a research domain related

what F.Radd

%o those mentioned before. Te ghall presente here some of his

maip coniributions in the domain he was soncerned with.
The I[ncidence structures were considered from the

{ew of smbedding them into a projective plane with

point of ¥
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acme clopure conditions.

The Projective planes constltute a main studied object

of professor F,Radf and of his collaborators. He studied non in-
jective collineations defined on some sets of a Desarguesian pro-
Jjective plane, generalizing a Klingenberg's theorem reffering to
the extenaion of these collipneations [35,35] + Lnatead of coordi=-
nates method, he adjusted Artin‘'s method wich can bezépplied in
the study of geomelry on rings élso.

The Translation planes are involved in the congrusnces

preserving the isomorphlsms of the associlated translation group
[38] ag well as in the problem of the extension of a collineation
defined or some given subsets of the planme [40] .

The Geometries on Ripgs represente an important mathema-
tical domain in which remarkable results and regearches had been
performed. The works of J.Hjelmslew (1929) and D.Barbilian (1940~

"41) had been continued by W.Klingenberg (19954-56) and undsr the
affine point of view by W.Benz, H.J.Arnold and W.Leissner. Star-
ting from a geometrlcal characterization of an affine Barbilian
plane over a Z-ring, given by W.Lleissner (i.e. over a ring with
unity having the property ab=l =) ba=l ), F,Rad§ [49,53] gzave
an extension of this result in the case of planes over arbitrary
rings, by a suitable modification of the axiots sistem which defli-
nes the geometrical structure, requiring only the existence of a
minimal line which is incident with two neighbouring points. Thia
represents a weaker form than the axiome given by H.J.Arnold.

The characterization of 1sometries and semi-isometries,

in sore metrical affine space is another important research do-

maln of the last decades. Starting with the results of A.D.Alexan-
drov (1950) and F.S.Bachmann-D.A.Quarles (1953) concerning the
Minkowskl spaces other researches had been made by W.Beaz (1977),

=0=
¥.J.Borcheg-C.C.Hegerfeldt (1972). J.A.Lester (1981), H.Schr8der

(1980). The izometriees of the Buclidean snd Minkowskian spaces
over the real field are characterized by the invariance of the unit
distances. More generally for en arbitrary field, F.Radé [51] pro-
ved that the previous condition.implies only the semi linearity of
the mapping. Some extenslons of Borchers'-Hegerfeldt's result are
obtained, concerning both the theorem conditions and the basic
field. He extends & similar —esult of W.Benz for the case of flelds
K for which chsr K # 2,3 or 5, and for the case of Galols field
K = GP(5T) respectively [56] ¢ Using the existence condition of a
regular simplex in 8 Galois fleld, F.Radd [62] extends the mentio-
ned-result at the czse of metric vector spaces V over GF(p™),
552, which satisfy the condition 3£dim V= ndeoo , nio -1,-2
(mod p). Similar results are obteined inother papers f55] [58] A
[59] , [60] separately or ir colsboration [57,63] .
geometrical structures are naturally related to the consldering
associated algebmic structures. So, in a joint paper with J.Aczél,
J.A.Baker, D.Z.Djocovié, P.L.Xannapen, professor F.Radé gives the
extension of some semigroups homomorphisms to groups homomorphisms
2nd zneslogously he considers different problcms connected with qua-
sigroups [42] or with &belian groupe [44). In coleboration with
professor R.Kiron [46],he also treats problems concerning the indz-
pendence of the axiom;ﬁ;odules or vector spaces respectively. Re-
garding with the geometriees om rings, he gives also some generallza-
ticns of veluetions in vector spaces [44.48] amd in Bkew-flelds{5&3,
Another direction in which professor P.Radd bas a great
contribution, from the very beggining is the Numerical Apalysis.In

one of his first papers, written in Hungerian (8) , P.Radé gives a
method of spprorimstive calculus for simple roots of an elgebraic

eguetion P(x) = 0 Dby succesive divisione of the polymomial P,
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with z-x;, where x; 1s an approximation of the root x; of P.
Be elgborated a method for determining the extremsl values of &
real walued function of one variable without using derivatives ‘
(18], He also gave an algorithm for solving some methemstical pro-
gramming problems [24]. In 1954, in a joint paper with G.CElugirea- ol
nu, P.Bedé (2] gives an algorithm for pumerical solving of & pare qualities, professor Francisc Radé remains & remarkable figure
tiel differentisl equation with boundary conditions srrised L A in the gallery of the professors of mathematics at the University
heath transfer problem. : ;

An important field in F.Redé's work is that of Operstions
Researches. Ian this chapter can be inéluded F.Radd's first resssr-
ches in the domain of nomography, wearing a theoretical character,
related o the possibility of aeparatlion of the variatles in diffe- : e DS T et * "
rent equations (The enamorphosis problem) (4,9] . In collaboration i FELTOINIeE LY
with L. Bal, B.Gergely and G.lonescu he studies some problems on
remarkable classes of pomograms (s romboidal nomograms, NOMOgrams |
with transparency a.o) at the Institute for Computation [6] . To- L “:
gether with V.Groze, B.Orbdn, A.Vasiu he studied problems on the B-3400 Cluj-Napoca, Romenia
optimisation of some alignement nomogrsms by projective transfore
mations or by more general transformetions [27, 29, 337 studying

also the error evalustion [47] .
In the same field of applied mathematice are included

his researches concerning the QOptimization Theory apd Msthematical
Programaing with important practical applications([15] or [22]).

Ope of the last publications [67] refers =t 2 location problems
generalizing & classical problem of Fermast to the Euclidean Bpace,
which extends an algorithm given by W.Weiszfeld and establishes,
in more general hypothesis the comnvergence and the opiimality of
this method., Others problems with applied charascter solved by
F.Radd concern some algebraic structures relsted to the ordering

problems [31] .
Besides his books, lecture notes mnd scientifiesl papers,

F.Rad6 has redacted slpo some survey papers with methodical or im-
formative charscter. Some of them {42,61) refer to the fundamen-
tals of geometry, others [C2,03)(from the list C) to the algebraic
stroctures. His fimal lesson [5C] at the festive course at the
close of the acedemic year 1987-85 was an exceptional presentatilo:
of the great ideas developed im the history of the geometry,

80, by all his life and '-ork, as well as by his humen

~ of ClujeBapoca,

Faculty of Mathesatics
Str.Kogilniceanu, 1

i
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PEOF, P, RADO'S PUBLICATICNS

Ressarch papers
Observatii asupra unui sistem liniar infinit (Remarks on an
infinite lineme system; romanian); Bull.st.asect.st.mat.fiz.,
5(1953), 285-292.

(With 0.Cilugireanu} Asupre unei probleme de propagare a cdldurii
(On a problem of heat propagation; romanian). Bul.st.sect.at.mat.
fis., 6(1954), 17-30.

(With L.Bal). Doud teorsme referitoare la separarea variabilélar
in momografie. Comunic,.Acad.R.P.R., 5(1955), 285-290c (%wo
theorems concerning the separation of variables in nomography) .

(With L.Bal) Separarea variabilelor in nomografie (?he separation
of variables in nomography). Comunic.Acad.R.P.R., 5(1955),303=305.

Conditii de dependent# liniari pentru trei functii continue
(Linear dependence conditions for three continuous functiona).
Studii g1 cercet. Cluj, per.I, 6(1955), 51-63.

(With E.Gergely, L.Bal nnd'G.Ionagcu) Despre nomogramels romboi-
dale. (On Thomboidal nomograms), Lucrdrile consf. de geometrie
diferentialX, Timigoara, 361-386 (1955).

Certaines propriétés des intégrales des 6qﬁa€ions différentielles
lindaires. Lueririle celui de al IV-lee Congres al matematicieni-
lor romani, 1956, 162-163.

As algebrai egyenletek numerikus megclddssrdl (On the numerical
solution of the algzebraie equations; hungarian). Bul.Undiv.
"Babeg-Bolyai®, ediyim 1; meghiara, 2(1957), 13-24.

GCea mai bund transformare ﬁroiectivi a secdrilor la nomograme

cu puncte aliniate (The best projective tranaformation of the
scales of alignment nomograms). 3tudii si cercet. de matematicd,
Clanj, 8(1957), 161-168.

Despre contactele nomogramelor cu transpafent (On the contacta
of the nomograms with transparents). Studii gi cercet. de matem.
Oluj, 8(1957), 319-329. :

1l.

12.

13.

14.

15.

16,

Skl

Beuatii func{ionale in legitur# cu nomografia (Functionel
equations in comnection with nomography). Studii gi cercet.de
matematica Cluj, 9(1958), 249-320.

Equetions fonctionelles carectérisant les nomogrammes avec trois
échelles rectilignes. ¥athematica, 1(24), fasc.1(1959), 143-166.

Sur gquelques équations fonetionelles avec plusieurs fonciions a
deux variables, ibid., 1(24), fase.2(1959), 321-339.

(With J.Ac:zé]l and @.,Pickert) ¥omogramme, Gewebe und Quasigruppen.
Mathematica, 2(25), (1960), 5-24.

Despre problems progremirii liniare (On the problem of linear
programming). Studii i cercet.de mat., Cluj, Fasc.anexa,
11(1960), 167-177.

(Witr E.¥untesnu) Calculul sarjelor celor mai economice la cup-

toarele de topit font# (The calculation of the most economic
cherges of the furnace to melt cast iron). Studii si cercet.de

~ mat., Ciuj, Fasc.anexa, 11(1960), 149-158.

17.

18.

19.

20.

2l.

22.

23.

24,

Generslizares yesuturilor spajimle pentru structuri algebrice
(@eneralization of spetisl webs related te algebraic structures).
Studis UYniv."Besbeg-Bolxai™, 1960, ser.I, fasc.l, 41-55.

Eine Bedingung ffir die Regularit@t der OGewebe. Mathematica,
2(25), (1960), 325-334.

Le celcul eproximatif des extrimes des fonctiocne. Mathematica,
a(26), (1961), 171-177.

Ceractérisetion de 1'ensemble des intégreles des équations
différentielles linésires homogtenes & coefficients constantes
d'ordre donné. Methematica 4(27), (1962), 131-143.

Characteristica spojmicovyeh nomograru rodu nula funcnimi
rovnicemi (The cherscterizetion of elignment nomograms of genus
zere by functionel equetions) (czech lenguage). Nomografické
Ketody, Praha, 1962, 86-91.

Nomogreame, tesﬁtnri gi cussigrupuri (Komograms, webs and quesi-
groups). Studii gi cercet.de mat., fasc.anexa 13(1962), 305-319.

(Withk L.Németi) Ein Wertezeitproblem in der Produktion. Mathema-
tica 5(28), (1963), 65-95. ;

Progrezare linieri cu conditii logice (Linear progrerming with
logical conditions). Comunic#rile dced.R.P.R., 13, nr.12(1963),

l039-lo42.




25,

26,

27.

28.

29,

3e.

31.

32.

33.

34.

35.

36.

37.

38.

. Aspocisted with a Trenslistion Plane.Cansd.Journal of ¥ath.,

= 14 -

Un algorithme pour répoudre certains probldmes de programmetion
mathématigue. Mathematica 6(29), (1964), lo5-116.
Tesuturi ternere regulste (Regular ternary webs). Studie Univ.
“Babeg-Bolyal®, mser.l, fasc.l, 1964, 39-6o.

(With M.Hosszu) Uber die Klasse von terniren Quasigruppen.acia
math.Aced.sci.Bung., 15(1964), 29-36,

(With V.@roze end B.Orbén) Propriéiés ertrémales dens une classe

de fopctions et eapplicatiom & le transformation des nomogrammes.
Methematice 6(29), (1964), 307-326.

Einbettung eines Halbgewebe in ein regulBres Sewebe und eines
Balbgruppoids in eine Gruppe. Eathem.leitschrift, 89(1%6S),
395-41lo. ' i

Uber die beste projektive Tresnsformetion der genadlinigen Lelter.
Zeitschr.f.angewendte Mathematik und Mechenik, 45(1965), 356-358.

(With L.Németi) Sur la programmeiion temporelle de le febrication,
Mathematica, 8(31), (1966), l09-115.

(With V.Peteanu) Structures elgébriques rattachées sux probleémes
d*ordonnancement. lucririle colocv.de teoria asproximativi & func-
¢iilor, Cluj, 1967, 1-35.

Sur le problbme de 18t E cout minimem. Studis Univ,Babeg-Bolyai,
ser.¥ath.Phys., fasc.l, 1968, 67-78.

(With V.Groze) Determinares transformErilor optime sle nomogrﬁme-‘
lor cu puncte aliniate (The determination of the optimsl
tranzforrmetions of alignment nomegrams), Stundias Univ.Bebeg-Bolyei,
ser, Math.Phys., feec.2, 1969, 9-14.

Einbettung von Inzidenzstrukturen in projektive Ebenen mit
vorgegebenen Schliessunges@tzen, Archiv der Matibematik, 20(1969),
311-318.

Darstellung nicht bijektiver Keollineationen eines §rojektiven
Reumes durch verallgemeinerte semilinesre Abbildungen. Math.
Zeitschr., 110(1969), 153-17o.

Non=Injective Collineations on Soms Sets im. Dasarguesian
Projektive Planes and Extensiom of Hon-Commutative Yaluations.

Aequationes Meth. 4(1970), 307-321.
Congruence Pregserving Imomorphisms of the Tr&nslatism Group

23(1971), 214-221.

39.

40,

41,

42.

43.

44,

45.

46.

47.

48.

49,

50

51.

52.

53¢

54.
55
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A Brench and Cut Method for Solving ¥ixed One-Zero Programs.
Publ.de L'Univ.de Montréel, Pac.de Sciences, 22(1970), 1-18.

(With J.Aczél,.J.A.Baker, D.Z.Djocovié, P.L.Kannappan) Extensions
of Certain Homomorphisms of Semigroups to Homomorphisms of Groups.
Aequat.!ath., 6(1971), 263-271.

Extension of Gollineution Defined on Subszests of a Translation
Plaxe. Journal of %eom., 1(1971), 1-17.

On Semi-Symetric Quesigroups. Aequatiomes Math., 11(1974),25¢-255.

Yber die Beweriung der Vektorrfume. Remark to the Problem of
H,Hadwiger. Reports of Meetings. Aequationes Math. 11(1974), 299
and 3o09. : ;

(Witk J.Aczél) Involutory Punctions Induced by 4belian @roups.
Studia Tniv.Babeg-Bolyai, ser.Math.¥ech., 1974, 32-40.

A Generalization of Valued Vector Spaces. Applications to Homo-
morphisms of Projectivs Spaces and to Hjelmslev Seometries.
Preprint, Cluj-Napoca, 1975, 29 pages.

) ”
Remark on a Functional Equation. dequationes Math., 14(1976),

228-230.
(With R.Miron) On the Definitiom of a Module and a Vector Space
by independent Axioms. Mathematica, 18(41), (1976), 179-186.

(¥ith B,0rbédn) Nomograms with Minimal @lobal Error, L'znalyse

numérique 8t la thdorie de l'approximatiom, 6(1977), 163-1To.
A generalization of the valued wector space, Mathematica, 19(42),

203-209.
Affine Geometrias and Affine Barbilian Structures. Lucrdrile Col.

Gaom.3l 3cD., 22-24 sept.l978, Cluj-Sapoca, 27-45.
On the Definition of Skew Fislds. Archiv der Mathematik, 32(1979),

441-444.
On tha Characterization of Affine Isometries. Resuliate der

Mathematix, 2(1979), 171-185.

On the Characterization of Plane Affine Isometries. Resultate der

Hath, ¥ 3( 1980) 'y 7°—730

Affine Barbilian Structures. Journ.of Geom., 14{1980), 75-102.
Plane affine Barbilian (Affine Barbilian Planes). Lucririle celocv.
pat.de geom.3i top., ¥aslui-¥ales Hogei-Bacdu, 27-3e iunie 1980,
87=94.




56.

gaal o

Pre-Buclidean Planes over Pythagorean Plelds and Orderable Fields.
Lucririle colocv.nat.de Geom.gi top., Bucuregti, 27-3e iugio 1981,

Bucuregti, 1983, 316-322.

57. A Characterization of the Seml-Isometries of a Minkowski Flane

58.

59.

60,

61.

62.

63.

64-

65.

66.

67.

68.

_over & Pleld K, Journ.of @eom., 21(1983), 164-183.

(With C.Tar{ia) A Characterization of the Lsomeiries of the
Rational Minkowski Plane. Mathematica, 26(1984), 183-187.

Peoreme de tip Beckman-Quarles in plane Minkowski generalizate
peste un cimp. (Beckman-Quarles Type Theorems in Seneralized
Minkowski Planes over Fields). Lucririle colocv.nat.de geom.gi
top., Platra Neamy, iunie 1983, Iagi 1984, 15-24.

On the Characterization of the Semi-Isometries of a Galois Space.
Lucririle coloev.nat.de geom.gi top., Pimigoara, 2-7 iulie 1984,
237-240.

Mappings of the €alois Planes Presarving the Unit Buclidean

Distance. Aequationes math., 29(1985), 1-6.

(With I.Muntean) Un model al geometriei din manualnl pentru clasa
a IX-a. Iucririle seminarului de "Didactica Matematicii®, Cluj-
Napoca, 1985, 67-82 (A4 model for the geometry presented in the
textbook for grade IX).

On mappings of the Oalois space. Israel Journal of Math., 53(1986)

217-230, y

On the Combinatorial Pypes of Polytopes over am Ordered Skew

Field. Begearch Seminars, Paculty of Mathematics, Cluj-Napoca, [

no.lo(1986), 3-8. i
|

(With D.Andreescu and D.VAlcan) Mappings of E® into E" |

Preserving two Distances. Research Seminars, Faculty of Math.,

Cluj-Napoca, 1lo(1986), 9-22.

On the Semi-Isometries of Metric Yector Spaces. Lucririls colocv.

nat.de geom.gi top., Pirgovigte, 12-14 aprilie 1986, Bucuregti,

1988, 239-244.

(With J.A.Baker) Pexider's Bquation and Aggregation of Allocations.

Aequationes Math., 32(1987), 227-239.

On the Buclidean Multifaeility Locationm Problem. Operations Res.,

36 no.3(1988), 485=492.
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B. Lecture Botes; Textbooke, Books

1. 4nelitikus mértan (Analytic Geometry) (hungarian), Lithographed,
Cluj, Bd,1, 1954, Bd.2, 1958.

2. (With L.Bal) Lectii de nomografie (Lectures in momography), Ed.
Tehnick, Bucuregti, 1956.

3. (With V.Cseke and B.Kiss) Peledstgyujtemény ¥Ozépiskolai mate-
metikai ¥8rfk széméra) (Exercise book for mathematical circles
in secondery school), Ed.TehnicZ,Bucuresti, vol.l; 1957, vol.2,
1955.

4. (¥With P,Szildgyl) 4nalitikus mérten példatdr (Exercise Book for
Analyticel §eometry), Litogrsphed, Clumj, 1958.

5. Cure de geometrie (A course irn Geometry), Univ.Babeg-Bolyai,
Cimnj, 197z2.

6. Lecyii de programars liniari (Lectures in Linear Progreamming).
Univ,Babes-Bolyai, Cluj-Fapocse, 1975.
7. {With &.Celburi) Geometrie (Geometry). Bd.Didactica gi Pedago-

gice, Bucuregti, 1979.

‘8. (Witn E.Orbén, V.Groze endé A.Vasiu) Culegere de probleme de

georxetrie (Exercise Book for €eometry), Univ.Babes-Bolyai,1979.
9, (¥itk B,Orbén) 4 gecmetris mei szemmel (Geometry under modern
~ vierw poeint), Bé.Dacia, Cluj-Yepoce, 1981.
lo. “istemul ariomstic sl lui Bachmann (Bachmenn's Axicmatic System).
Cnecter IX of the book "The Foundations of Arithmetic and
Geometry” by R.Miron snd D.Brinzei). Ed.,cademiei R.S.K.,
1983, 218-233.
11, Metematiksi kislexikon (Little Mathemeticel Znciclopedia;

Bucuresti,

hungarian) in common with Gy.Keurer, B,Orbén, P.Szilégyl and

E.Vincze, Bd.Kriterion, Cluj-Nepcce, 1983.

12, Geometiris pentri perfectionares profesorilor {(Geometry toO
Improve the teacher's imowledge) in common with A.C.Albu, V.
ObZdeanu, I.P.Popescu and D,.Smarande; editors R.Miron end D.I1.
Papuc, Ed.Didactici gi Pedagogicl, Bucuregti, 1983.
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4.
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Informing Writinge

4 Bolyai EslékiBnyv matematikai vonatkosdsai (The Metlbemstical
Aspects of the Bolyel Remembrance Book; hungarien). Uiunk, L.
évf.; 5 Br., 1954 Jan.29. 7

Algebrai és geometriai strukturdk kapcsolata (Comnections
hetween Algebrsic and @eometrical Structures; hungerian},
Korunk 1973-as évkBayve, 257-2T71.

Vextorterek (Vector Spaces; hungarian). Metematikal Lepok, 1977,
no.ls, 37e-378. :

Geometria absoluti (Absclute @eomeiry; romanien), Lt;cririle
Simp.Bolyai Jénos, organizat cu prilejul implinirii a 175 de
ani de la nagtere, Clui-Bapocs, 15.12.77. Facultetez de Mate-
matic¥, Cluj-Hapoca, 1979, 99-11l.

Citeva momente din istoris geometriei (Some moments from
Hystory of &eometry; romanian)., Lucririle semineruiui de
"Didactica latum_uticii', 4, Clui-Nspoeca, 1988, 213-23e.

Bapers on Prof. F.Radd

Prancisc Radé (1921-1990) - Curriculum vitae. '
Studia Universitatis "Babeg-Bolysi", Ser.¥ath. 1991 (to. appesar).

"BABES-BOLYAI™ UNIVERSITY
Faculty of ¥athematics
Research Seminars

Seminar on Géometry
Preprint Nr.2, 1991, p.19=32

THE MORSE-SMALE CHARACTERISTIC OF 4
COMEACT DIFPFERENTIABLE MANIFOLD

Dorim Andrica

Thiz saper deels sith a gemeral study of the Horse-—
Smals gharacieristic (Defiaitiora 2.1,) of a compzct manifold M.
Using some idsas which appear ia the author®s papers [1] 78 2:loy

(i)
(Taeorex 2.4.). The coonsetion witn the

[53] orme shows that the number represents a differen-

ti21 ipwv=rieat of ¥

singular nomology of the msnifold is presented Lo Theorem 3els

and Corollary l.4. Az applications of the gentral results the
Yorse-Smale charaeteristlce of Sm, S: ’ €2 and PE" are

determined (Zxamples 3.5.) and az partial answer %o an open pro-

blem concerning the existence of some special ¥orse func tions

on ¥ is gziven (Theorem 4sl.)»

1. Preliminarics. Let ¥® be a compact m-dimensional

smooth manifold with 2% = §. Por = smooth real mapplng
£1 ¥ —+ @ 1let us defime by C[f] ={pe W : (d5) =0 } the
eritical zet 52 £ and by B{f)] =f(€{f£]) the bifurcsiion

in element p € C[f) reprezeants a eritical polnt

e_ﬂ_t of f.



