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HIS LIFE AND WORK

nthe Sherlock Holmes story The Sign of Four, Arthur Conan Doyle has the great
eecive make the following pronouncement.

When you have eliminated the impossible, whatever remains, how-
aer improbable, must be the truth.

“wis with geometry ar the dawn of the nineteenth century. After two mil-
% tying to prove Euclid’s parallel postulate, it was time for geometers to

fate that it could not be proved and that other geometries were possible,
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probable thar might be. This is the nearly concurrent accomplishment of

a2
“4 mathemarician Nikolai Tvanovich Lobachevsky and the Hungarian math-

~an hnu\ Bo |,‘

\
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ai presented in this and the next chapter respectively.
Iy e,

novich I”h.thusk\ was born on December 1, 1792 in the little town
S

0ut 40 miles north of the city of Nizhny Novgorod on the Volga River

ary of
Russia, He was the second of three sons born ro Ivan Maximovich and

697

-




r

N LIS~
1 4

cvsky, @ couple who had emigrate f
n of [ obachevsky's father exce om 1,
pt thilt h Olaﬂd
€ Wyey

as a clerk in a governm,
nt |

ach
/\ch.lmlmvm Lobac
) . 1. t¢ kNOW

ew years carher: Licele 15 is income
o/ i family o7 his 1! ' " By,
. vas seven. Hoping to make a liviy nd g, Y
8 [eachin Qym,‘

Jhle to SUp : :
able to SUPE when Nikolai W

kovia moved her family 200 m;| 4

lles cast | Y(’“‘lg

<1ariq, Nikolai would s
e e Siberia Id spend the the .
Jmost Of rest of b | Gy
sl ' B
|f@|7:

of Kazam,
‘ SoWN.
. new hometoW! :
this 1 ons whte her first students and they turned oy -
; 0
e .

) s Q 3
Praskovias three sons ;
, ~ment scholarship to _ r
Each of them S : p to pay for thej i !
an. Nikolai entered in 1802 and graduateq g,
Wi[h h )
1

rnment scholarship to attend the logy
Ocy]
n,

tof o |
of Ty

l‘l-“.\’l\‘()\'i.l

dents.
the local &
honors five Y€
versity. Kazan Universi
of the many educationa
Alexander 1. : .
The very newness of the university coupled with its remoteness me,

did not have an entrenched faculty. Instead, it hired young faculty from 4 nt thy
ern and central Europe. Indeed, when Lobachevsky was a student, Kazap Sv?r m?[.
plished scholars than all but the very bes 2:«51;\

T

o boast of more accom
« These young scholars brought the latest ideas in mathematics, py
» P

and pedagogy to Kazan.
f these for Lobachevsky was Martin Bartels (176)-1;

loyment in German teaching mathematics in;
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The most important 0

who had only been able to find emp
school. However, Bartels had had the good fortune to have had the great Gauss

one of his scudents, and they continued to correspond with each other over theyex |
Bartels lectures soon persuaded Lobachevsky to abandon his plans to study me
icine. Bartels lectured on Euler’s treatment of differential and integral clos
Lagr: ¥ i : > . Mot . ; 5
[h g aﬂgf?s analytical mechanics, Gauss's Disquisitiones arithmeticae, Monges work
e I : .
. aPPh;aUOH of mathematical analysis to geometry, and Montuclas four yolure
isto : 3 :
r}}; olzlathemaucs. Montucla’s detailed coverage of the history of attemps© |
prove Euclid’s b
. parallel postulate may well have been the source of Lobachevskys "
est in the problem.
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lme, 1 1 228 y g
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g hygial' sciences,” which he received g the end o

mi”;":mkcr’s teaching abilities, In 1814,
[:lrl’:’ litcf they promoted him to a:ssistant
fhroughout the course oFhis teaching carcer gy the universicy, Lobachevsky lectured
on physics and astronomy as well as mat.hematics. H
forable teaching plane and spherical trigonometry,
Lobachevsky lectured from his own notes,
e would eventually supplement his incom
weal that up until the early 18205, Lobache
prove Euclid’s parallel postulate. These manuys
of the postulate, but elsewhere in the notes,
were conclusive.

hoping to turn them into a textbook
e. The manuscripts for these notes
vsky, like many before him, tried to
cripts included three attem
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Lobachevsky

admitted that none of them

We cannot be sure what motivated Lobachevs
the parallel postulate. His colleague, Bartels,
the great Gauss. Alternatively,

ky to discard his attempts to prove
may have passed on hints received from

he may have been inspired by the philosopher A. .
Lubkin, who took up his post at Kazan in 1812 and taught a strict form of empiri-

dsm that rejected Immanuel Kant’s treatment of space as a category that is synthetic
and a priori that organizes our ex

perience rather than being an experience derived
fom them. Lobachevsky would later write:

The fruitlessness of the attempts made, since Euclid’s time, for the space

of 2000 years, aroused in me the suspicion that the truth, which it was

desired to prove, was not contained in the data themselves; that to

establish it the aid of experiment would be needed, for example, of

astronomical observations, as in the case of the laws of nature.

Here is a brief recapitulation of Lobachevsky’s 1840 essay Geometrical Researches
o th

e T/Jemy of Parallels, his most mature exposition and the w?rk reproduced here.
¢ begins by considering a point P, and a straight line / in the.same pla;le as
Ut nog containing P. He lets PB be the line through P perPendlcular to .tI:.e
e onsiders the Jine through P perpendicular to PB. In Euclidean ge?metry‘ llS
§ the only |ine through P that does not intersect the line L That is pref:lsey
the SSumptign that Lobachevsky abandons in his construction of a non-Euclidean
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The angle 6 that the perpendicular PB makes with eflch of the.two parallels u
called the angle of parallelism for the length PB. In ordmafy Euclidean geometryf';i
6 = 90°. In Lobachevsky’s geometry  is a function of the distance from P ¢, B I‘g
approaches 0° as the distance becomes infinitely larger and approaches 90° as the
distance becomes infinitesimally small. £

Having made this alternate postulate, Lobachevsky goes on to prove that iy
this alternate geometry. 3

* If line I, is parallel to line l, for a given point on 1}, then |
for every point of 1,. (The property called “Permanency.”)
* Ifline |, is parallel to line 5, then line 1, is parallel to line l,.

* If line I, is parallel to line lo and if line 1, is parallel to line
direction, then line ly is parallel to

v is parallel 1o 1y

Reciprocity’)
L Recipeeriny
ly in the same

line 1,. (“Transitivity”) i
8- Each one has a direct analog in

ext conclusion is quite startling having no ana-

none of these conclusions js startlin
Euclidean geometry. However, the n
log in Euclidean geometry.

3

* If line I, is parallel to [ine L, then |, is asymptotic to 1, that is |, and I, com;:
arbitrarily close to each other,

In contrast, in Euclidean

geometry,
each other.
Lobachevsky completed his first treqe
a manus
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hevsky often used the phrase “imaginary geomet

»
ry” for the new geom
] : etry he
The manuscript makes it clear ¢ i :
g . | ('hat he considered Euclidean geom-
e speClaJ case of this more general ‘lmagina
)

oy pecial case of the imaginary,

achevsky ¢ ; .
; For some reason, Lob ky chose not to communicate his results for over two

when, in February 1.826’ he read a paper (that no longer survives) titled 4 con-
Yi line of the foundations of geometry to his colleagues in Kazan. Encouraged by
;’; olleagues’ reception; Lobachevsky incorporated his results in his lecture series

nen’ of Geometry being published in installments in the Kuzzn Messenger during
i scademic year 1829-30.

The first quarter of the nineteenth century saw the first significant contribution
nade by Russian mathematicians. Under the Francophone influence of the Russian
out, MOSt mathematicians based in St. Petersburg and Moscow published in French.
A few published in German. In far off Kazan, Lobachevsky did not share this view. He
qbmitted his Elements of Geometry to the St. Petersburg Academy of Science for repub-
fication in one of their scholarly journals. The referee Mikhail Ostrogradski, a vocal
proponent of the view that that complex mathematical arguments simply could not be
presented in Russian, judged the work to be unworthy of publication by the Academy.

However, someone in St. Petersburg, most likely Ostrogradski, paid some atten-
tion to Lobachevsky. Shortly after the rejection, the St. Petersburg journal Son of the
Fatherland carried a scathing unsigned review of the Elements of Geometry. The review
severely criticized Lobachevsky for nor making a sufficient effort to present his ideas
dearly. Certainly this criticism would have been no surprise coming from someone
who thought Russian too crude a language for mathematics.

Lobachevsky might have fared better with the initial reception of his work had
Kazan University been able to retain its cosmopolitan faculty when they could have

most come to his assistance. Unfortunately, in 1826, the government of the new Tsar
Nicholas 1 forced the University to dismiss many of its foreign faculty including,
especially, Bartels. When Lobachevsky revised his work in New Elements of Geometry
he chose not to communicate it to the Academy in St. Petersburg. Instead, he merely
published it in the Scientific Journal of Kazan University between 1835 and 1838.

Bypassing the Academy in St. Petersburg, Lobachevsky also submitted a short
Péper written in French titled Géométrie imaginaire providing an overview of his work
© the Journgl of Pure and Applied Mathematics. This journal, published by August
Crele in Betlin, had quickly established itself as Europe’s leading mathematics jour-
mal singe i founding in 1826. This paper undoubtedly reached a wide audience,
Wonly the great Gauss seemed to notice it. The astronomer Otto Wilhelm Struve
PO that when he visited Gauss in 1843 he found the great man reading one of
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1 1828, he delivered a famous speech on the role of science in edy. -
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the primary path to “honor and glory” in Russian soclety
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that education should be

in contrast to nobility of blo
Lobachevsky's concern for his university often m
ions. When a cholera epidemic erupted in Kazan in 1830, Lobachevsky invited fac- -

ulty, students, and their families to move onto the university campus. He closed the
gates to everyone except doctors and enforced strict sanitary regulations. This helped
save many in the university community. In 1842, a disastrous fire swept through the:

ity lost many of its buildings, including the'

city, destroying half of it. The universl
Lobachevsky had the presence of mind o

recently completed library. Fortunately,
save the instruments and the books housed in the library. In two years they had a&

new home thanks to his efforts.
In 1837, Tsar Nicholas I made Lobachevsky a Boyar, a member of the heredi-'

in recognition of his many contributions to higher education. This®

tary nobility,
recognition was mostly forgotten nearly a decade later when, in 1846 as he was suffer-

ing from arterioscelrosis, a new local administration abruptly stripped Lobachevsky off,
his professorship and rectorship thinking him too old and sick at age 53. Lobachevs 5
retired to family life on his estate.

Lobachevsky did not marry until he was nearly 40. When he did in 1832, he

i : i
rried the Lady Varvara Alexievna Moiseiva, a much younger woman who

i)ffame leolai’.s pridfe anc* ):oy. Tragically, this son died shortly after his father’s forced
nislsremem’ p:mnj }I:m;Olal into a deep depression. Soon afterwards Lobachevsky’s &
worsened and he lost his eyesight. He died ’

: g February 24, 1856

Lobach . e on o ot .
tempomzse\gky died having made a significant impression on only a few of his cons
s Persu.ad;usil was one of fhose on whom he did make an impression. In 184
corresponding metmebel:io}f,\atJ Sl;)aetyh()f ne= Gottingen to make Lobachevsky
A about i o
fessor by Moscow University. ut the same time he was also made an honorary P ._.;
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ther recognition outside of Kazan would have to wait until after Lobachevsky’s
f u’i‘his came first when the French mathematician Jules Hoiiel published a French
dtﬂ‘h' e the Theory of Parallels in 1865. Three years later, the Italian mathe-
nanslg.;thEugenio Beltrami demonstrated that Lobachevsky’s geometry could be real-
maticlaﬂ[he urface of 2 pseudo-sphere in Euclidean space.
as

.

Beltrami demonstrated that in Lobachevsky’s geometry, the sum of the angles of
2 miangle 1s less than two right angles. Most importantly, Beltrami’s techniques
demonstrated that 2 contradiction in Lobachevsky’s geometry would manifest itself

s 2 contradiction in Euclidean geometry.
By 1870, the eminent German mathematician Karl Weierstrass offered a semi-

aar in Lobachevsky’s geometry at the prestigious University of Berlin. A few years
laer the English geomerer William Kingdom Clifford described Lobachevsky as “the
Copernicus of Geometry.” What more fitting recognition could there be?
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