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𝑙𝑛 𝑐𝑜𝑠𝜑 + 𝑖𝑠𝑖𝑛𝜑 = 𝑖𝜑
𝑐𝑜𝑠𝜑 + 𝑖𝑠𝑖𝑛𝜑 = 𝑒𝑖𝜑

𝑒𝑖𝜋 = −1
𝑒𝑖𝜋 + 1 = 0



1545
Girolamo Cardano

First appearance of  complex numbers



1572

Rafael 
Bombelli

Addition and 
multiplication of  

complex 
numbers



1614, John Napier, logarithms



1620-1622, 
First slide rules



William Oughtred (1574-1660) 
Clavis Mathematicae



1637, Rene Descartes 
on the status of  complex numbers



1685, John Wallis, 
an attempt at interpreting complex numbers



Transition from circle 𝑥2 + 𝑦2 = 1

to the hyperbola 𝑥2 − 𝑦2 = 1

by replacing y with 𝑦 −1



1702, I. Newton, A. Moivre, I. Bernoulli 
researches on the development of  methods for integrating 

rational functions



Bernoulli established in 1702 that the differential of 

the real circular sector
𝑑𝑧

1+𝑧2 by substituting 𝑧 =
𝑡−1

𝑡+1
−1 is transformed into the differential of the 

imaginary logarithm.

On the other hand, as Bernoulli noted,

𝑑𝑧

1+𝑧2 =
1

2
∙

𝑑𝑧

1+𝑧 −1
+

1

2
∙

𝑑𝑧

1−𝑧 −1
,

it is equal to the sum of differentials of imaginary logarithms.



1712, 
I. Bernoulli, G. Leibniz, J.-L. d'Alembert

on the meaning of the logarithm of a negative number



By 1712, Bernoulli and Leibniz were arguing in their correspondence about what the 

logarithm of a negative number is [50]. Leibniz substituted 𝑥 = −2 into the formula for expanding 

the logarithm into a series and concluded that the logarithm of -1 cannot be zero. For a positive 

number a, we have 𝑙𝑛 𝑎 =
1

2
𝑙𝑛𝑎. Continuing the reasoning, we can conclude that

( )1ln
2

1
1lnln −=−=i . But what is ln −1  equal to? 



Leibniz believed that it should be complex (imaginary), but he did not have a clear 

definition of this term either. Bernoulli [50, p. 294], and then d'Alembert [27, p. 210-230], believed 

that the logarithm of a negative number should be real. Bernoulli's arguments were based on 

integrating the logarithm of (-x) as an integral of 𝑑𝑧: 𝑧 taken between the limits of 1 and (-x), but, 

as noted by I.Yu. Timchenko, he performed integration through the pole z=0 and obtained 

log −𝑥 = 𝑙𝑜𝑔𝑥   [4, p. 212-213]. Euler later proved that the logarithm of a negative number 

would be complex, adding that the logarithm had many values. 



History of  the 
logarithmic spiral

• The logarithmic spiral, known to us from the equation 
in polar coordinates 𝜌 = 𝑎𝑒𝑏𝜑, was first described by 
A. Durer (1525) as a spiral, at each point making a 
constant angle with the tangent (isogonal spiral). It 
was studied by R. Descartes (1638), E. Torricelli 
(1644), I. Newton (1687), Jacob I Bernoulli (1691, 
1692), P. Varignon (1704).

• Descartes found that in a logarithmic (isogonal) 
spiral, when the angle changes in an arithmetic 
progression, the radius vector changes exponentially 
and showed the equivalence to the fact that the polar 
angles for the points of the curve are proportional to 
the logarithms of the radius vectors.

• In 1714, the English astronomer and mathematician, 
student, editor and publisher of Newton, Roger Cotes, 
based on the study of its properties, developed his 
own computational method for solving problems of 
analysis.







1714, Roger Cotes, The logarithm of  a complex 
number. Relationship between arc and logarithmic 

functions

Cotes has the formula

ln 𝑐𝑜𝑠𝑥 + 𝑖𝑠𝑖𝑛𝑥 = 𝑖𝑥

expressed in these words:

“For if some arc of a quadrant of a

circle described with radius CE has sine

CX and sine of the complement of the

quadrant XE, taking radius CE as

modulus, the arc will be the measure of

the ratio between 𝑬𝑿 + 𝑿𝑪 −𝟏 and

CE, the measure having been multiplied

−𝟏”.
Thanks to Cotes, an algebraic formula appeared

for the first time in geometry and analysis,

connecting logarithmic and circular functions.



Philosophical Transactions 
of the Royal Society of London
Volume 29, Issue 338 Mar 1714





Cotes for the first time in mathematics introduces an angle whose measure is 

always equal to the radius, i.e. providing such a ratio, whose measure is always 

equal to the modulus. This modular ratio is 2.71828..., the corresponding angle 

is 57.295 degrees, which is one radian. It was thanks to Coates that the radian 

measure of angles appeared, without which the appearance of the Euler identity 

would have been impossible.



Calculation of the surface 
of an oblate and prolate spheroid



Cotes R. 
Logometria

Philosophical Transactions of the Royal 
Society of London. 1714, 29

(338). P. 5-45. – стр. 32.

“For if some arc of a
quadrant of a circle
described with radius CE
has sine CX and sine of the
complement of the quadrant
XE, taking radius CE as
modulus, the arc will be the
measure of the ratio between
𝑬𝑿 + 𝑿𝑪 −𝟏 and CE, the
measure having been
multiplied −𝟏”.



The explanation for the last sentence is as follows. 

CE is the radius of the circle, 

угол 𝑋𝐸𝐶=θ, 
𝐶𝑋

𝐶𝐸
= 𝑠𝑖𝑛𝜃; 

𝐸𝑋

𝐶𝐸
= 𝑐𝑜𝑠𝜃;

𝐸𝑋

𝐶𝐸
+

𝐶𝑋

𝐶𝐸
−1 = 𝑐𝑜𝑠𝜃 + 𝑠𝑖𝑛𝜃 −1.

The logarithm is the measure of a given ratio, 

i.e. ln 
𝐸𝑋

𝐶𝐸
+

𝐶𝑋

𝐶𝐸
−1 = ln 𝑐𝑜𝑠𝜃 + 𝑠𝑖𝑛𝜃 −1 . 

Arc corresponding to angle 𝑋𝐸𝐶 and radius CE, 

measured in radians is equal to

𝜃 −1.

So ln 𝑐𝑜𝑠𝜃 + 𝑠𝑖𝑛𝜃 −1 = 𝜃 −1.



Cotes, having discovered, thanks to his method, the 

connection between circular and logarithmic canons 

(functions), called this connection the wonderful 

harmony of nature:

“Moreover, from the foregoing can be understood the 

extent of the relationship between the measures of angles 

and of ratios, further, by simple exchange among 

themselves, they are easily converted for different cases 

of the same problem”.



Cotes, having discovered, thanks to his method, the 

connection between circular and logarithmic canons 

(functions), called this connection the wonderful 

harmony of nature:

“Moreover, from the foregoing can be understood the 

extent of the relationship between the measures of angles 

and of ratios, further, by simple exchange among 

themselves, they are easily converted for different cases 

of the same problem”.



L. Euler. Elements of  
complex analysis

Since 1730, Leonhard Euler developed the foundations of  

the theory of  elementary functions of  a complex variable. 

In 1734-1735. Euler obtained the condition 

𝜕𝑃

𝜕𝑥
=

𝜕𝑄

𝜕𝑦
,
𝜕𝑃

𝜕𝑦
= −

𝜕𝑄

𝜕𝑥

In 1743, Euler created a method for solving linear 

differential equations of  higher orders, in which imaginary 

numbers arise when solving characteristic algebraic 

equations, and the general solution of  the equation is real.

Euler used more convenient notation, namely, the letter "e" 

as the base of  the natural logarithm from 1728, the letter π 

as the ratio of  the circumference to the diameter from 

1736, the letter i as the symbol for the imaginary unit from 

1777, and gives it the modern definition

𝑖2 = −1,
1

𝑖
= −𝑖



1743, Euler formulas 
for sine (left) and cosine (right)



1749, Euler on the logarithms 
of negative and imaginary numbers



Euler (1747), after studying the work of Coates, found an 

easier way: he compared the antiderivatives of the two 

integrals ׬
𝑑𝑥

1−𝑥2
and ׬

𝑑𝑥

1+𝑥2
and noticed that one 

integral from the other one is obtained with the help of an 

imaginary substitution, after which the antiderivatives are 

compared.



Euler considers arcs on a unit circle, their sines and cosines, taking into

account periodicity ±2𝜋𝑛 + 𝜑 for argument values
𝜋

6
,
𝜋

3
,
𝜋

2
, 𝜋 и т.д. It stands for

𝑥 = 𝑠𝑖𝑛𝜑, 𝑦 = 𝑐𝑜𝑠𝜑. 𝑦 = 1 − 𝑥2 . The letter l denotes the natural logarithm.

Because 𝑑𝜑 =
𝑑𝑥

𝑦
=

𝑑𝑥

1−𝑥2
, Euler introduces the notation 𝑥 = 𝑧 −1 , so 𝑑𝜑 =

𝑑𝑧 −1

1+𝑧2
. Consequently, ׬

𝑑𝑧 −1

1+𝑧2
= 𝑙 1 + 𝑧2 + 𝑧 + 𝐶 . Respectively, ത𝜑 =

−1 𝑙 1 − 𝑥2 +
𝑥

−1
 + 𝐶. Evidently, writes Euler, the constant 𝐶 = 0.

Then ത𝜑 =
1

−1
𝑙 1 − 𝑥2 − 𝑥 −1 , so 𝜑 =

1

−1
𝑙 1 − 𝑥2 + 𝑥 −1),

or 𝜑 =
1

−1
𝑙 𝑦 + 𝑥 −1 



1750 г., Giulio Carlo de' Toschi di Fagnano



1797 (1799), Caspar Wessel
Complex number as a directed segment. 
Geometric interpretation of operations



1806, 1813/14, Argand. 
Geometric diagrams



1813, Jacques Frédéric Français
First appearance of the famous formula

+𝟏 = 𝒆𝟎𝝅 −𝟏

−𝟏 = 𝒆±𝝅 −𝟏

Français, J. F. Nouveaux principes de géométrie de position, 

et interprétation géométrique des symboles imaginaires. 

Annales de Mathématiques pures et appliquées, tome 4 

(1813-1814), p. 61-71 

- p. 64





1821, Augustin Louis Cauchy
Analyse algébrique



First third of  the 19th century, Britain. 
An attempt at logical interpretation

• From the beginning of the 19th century, mathematicians in England paid
attention to the elimination of differences in English and continental
mathematical terminology, dating back to the works of Newton and Leibniz,
as well as to the justification of algebraic operations.

• In terms of mathematical preparation, England lagged noticeably behind
European countries. Young British professors advocated reforming the
outdated education system. At that time, the best textbooks and scientific
studies were in French.

• Young mathematicians of Trinity College (Cambridge) J. Peacock, C. Babbage,
J. Herschel and R. Woodhouse by 1812-1815 founded the Analytical Society
for their own research aimed at the problems of substantiating the sciences
taught, primarily algebra. At the same time, they made an attempt to give the
analysis an algebraic form.



J. Peacock, C. Babbage, J. Herschel and R. Woodhouse 





Mid 19th century, USA. B. Peirce

𝑒
𝜋

2  =  𝑖
𝑖

  

“Gentlemen, that is surely true, it is 

absolutely paradoxical, we can’t 

understand it, and we don’t know what 

it means, but we have provide it, and 

therefore we know it must be the 

truth.”



1933, Richard Feynman

Feynman called Euler's equation "the most remarkable result 

in mathematics… To those who do not know mathematics it is 

difficult to get agross a real feeling as to the beauty, the 

deepest beauty of nature… If you want to learn about nature, 

to appreciate nature, it is necessary to understand the language 

that she speacs in”.



Michael Francis Atiyah

Michael Atiyah called this formula "...the 

mathematical analogue of Hamlet's phrase -

"to be or not to be" - very short, very 

concise, and at the same time very deep."



The most beautiful 
math formula

In 1988, mathematician
David Wells conducted a
survey among readers of the
mathematical magazine The
Mathematical Intelligencer,
asking them to choose the
most beautiful theorem out
of 24. In 1990, he summed
up the results of the poll in
the article Most Readers
Chose Euler's Identity.



References
1. Descartes, R. Geometria. 1938 / Perevod, primechaniya i stat'ya A.P. 

Yushkevicha // Moscow-Leningrad, GONTI.

2. Newton, I. 1937, Matematicheskiye raboty (Mathematical works). 

Moscow-Leningrad, ONTI.

3. Newton, I. 1989, Matematicheskiye nachala natural'noj filosofii

(Philosophiæ Naturalis Principia Mathematica) / red. i predisl. L. S. Polaka; 

per. i komm. A. N. Krylova. Moscow, Nauka.

4. Timchenko, I. Yu. 1899. Osnovaniya teorii analiticheskih funktsij. Ch. 

1: Istoricheskiye svedeniya o razvitii ponyatij i metodov, lezhashchih v 

osnovanii teorii analiticheskih funktsij (Foundations of the theory of analytic 

functions. - Part 1: Historical information). Odessa, Shul'tse.

5. Feynman, R. F. 1967. Fejnmanovskiye lektsii po fizike (The Feynman 

Lectures on Physics). Tom 2. Prostranstvo. Vremya. Dvizheniye. Moscow, Mir, 

1967.



6. Euler, L. 1961.Vvedeniye v analiz beskonechno malyh (Introductio in analysin

infinitorum) / per. Ye. L. Patsanovskogo pod red I. B. Pogrebysskogo. Moscow, GIFML.

7. Yushkevich, A. P.  1972. Istoriya matematiki (History of Mathematics). T. 3. 

Matematika XVIII stoletiya. Moscow, Nauka.

8. Archibald, R. C., Lowell, A. L., Byerly, W.E., Chace, A.B. 1925. Benjamin Peirce // 

The American Mathematical Monthly. 32, 1: 1-30.

9. Argand, R. 1874. Essai sur une manière de représenter des quantités imaginaires dans 

les constructions géométriques. 2e éd. Paris, Gauthier Villars. 1874.

10. Argand. 1813. Réflexions sur la nouvelle théorie des imaginaires, suivies d'une

application à la démonstration d'un théorème d'analise //Annales de mathématiques pures et 

appliquées. 1813. 5 (1814-1815) :197-209.

11. Argand, J. R. 1881. Imaginary quantities; their geometrical interpretation. New York, 

D. Van Nostrand.



12. Bernoulli, Jacob. 1685 (1690). Quaestiones nonnullæ de usuris, cum solutione

problematis de sorte alearum, propositi in Ephem. Gall. A. // Acta Eruditorum, May 

1690: 219-223.

13. Bernoulli, Jacob. 1692. Lineae cycloidales, Evolutae, Ant-Evolutae, Causticae, 

Anti-Causticae, Peri-Causticae. Earum usus & simplex relation ad se invicem. Spira

mirabilis //Acta eruditorum, May: 207-213.

14. Bernoulli, Johann I. 1702 (1704). Op. LXX, Solution d'un Problême Concernant

le calcul intégral, avec quelques abregés par raport à ce calcul. Par M. Bernoulli 

Professeur à Groningue. Le tout extrait d'une de ses Lettres écrite de Groningue le 5. 

Aoust 1702 // Mémoires de l'Académie royale des sciences:289-297.

15. Bernoulli, Johann I. 1742 (1702). Manière abrégées de transformer les 

différentielles composées en simples, & reciproquement; Et même les simples 

imaginaires en réelles composées. //Tomus primus quo continentur ea quae ab anno 

1690 ad annum 1713 prodierunt. Lausannae & Genevae, sumptibus Marci-Michaelis 

Bousquet & sociorum. [6], XXIV, 563, [1] p., XXIII c. di tav.: 399-400.



16. Bessel, F. W. 1825. Ueber die Berechnung der geo-graphischen

Längen und Breiten aus geodätischen Vermessungen // Astronomische

Nachrichten, 4: 241-254.

17. Bombelli, R. 1752. L'algebra parte maggiore dell'aritmetica divisa in 

tre libri di Rafael Bombelli da Bologna. Bologna, Nella stamperia do 

Guovanni Rossi.

18. Cardani, H. 1545. Artis magnae, sive de regulis algebraicis, liber 

unus. Papiae, A.Osiandro.



19. Cauchy A.-L. (1821). Cours d'Analyse de L’École Royale Polytechnique. Analyse 

Algébrique. Paris: Imprimerie royale.  1821. 

20. Cauchy A. (1846). Sur les développement des fonctions series ordonnées suivant les 

puissances ascendan les des variables//Journal des Mathématiques Pures et Appliquées, 

1846, p. 313-330

21. Cauchy A. Oeuvres. 1845, Série 2. Tome 10.

22. Cauchy A. (1846). Mémoire sur les fonctions de variables imaginaires // Oeuvres 

completes. Série 2. Tome 13, p. 405-435. 

23. Cauchy A. Mémoire sur une nouvelle théorie des imaginaires, et sur les racines 

symboliques des équations et des équivalences p.312-323 C. R., t. XXIV, p. 1120 (28 juin 

1847), а также Cauchy A. Oeuvres completes. Série (1), vol. 10, p. 312–323, опубликовано 

также в XXX номере журнала Крелле 

24. Cauchy A. Des exponentielles imaginaires. Développements des fonctions cosx, sinx), 

[Cauchy A. Oeuvres completes. Série 2. Tome 10, p. 133-141]. 



25. Cotes, Roger (1714) "Logometria," Philosophical Transactions of the Royal 

Society of London, 29 (338) : 5-45 ; esp. page 32. 

https://royalsocietypublishing.org/doi/epdf/10.1098/rstl.1714.0002 

26. Cotes, Roger with Smith, Robert, ed. (1722). Harmonia mensurarum : sive

analysis & synthesis per rationum & angulorum mensuras promotæ: accedunt

alia opuscula mathematica / per Rogerum Cotesium ... ; edidit et auxit Robertus

Smith. England: Cantabrigia, 1722. Separate pagination.

27. d'Alembert. Sur les Logarithmes des quantités negatives. Sixiéme

Mémoire. Opuscules mathématiques ou Mémoires sur différens sujets de 

géométrie, de méchanique, d'optique, d'astronomie. Tome 1 / par M. 

d'Alembert. 1756 – p. 180-209. Supplément au Mémoire précédent, Sur les 

Logarithmes des quantités negatives. – p. 210-230

28. Dürer Albrecht. Underweysung der Messung, mit dem Zirckel und 

Richtscheyt, in Linien, Ebenen unnd gantzen corporen, Nüremberg: 

Hieronymus Andreae. – с. 29.



29. Euler, L. (1748). Introductio in analysin infinitorum, 1748

30. Euleri, Leonhardi Opera postuma mathematica et physica: anno 

MDCCCXLIV detecta by Leonhard Euler, Academiae Scientiarum

Petropolitanae. Publication date 1862.Volume 1, c. 519, 520, 529

31. Euleri Leonhardi. Da summis serierum reciprocarum ex potestatibus

numerorum naturalium ortarum // Miscellanea Berolinensia ad incrementum

scientiarum, VII, 1743 – c. 172-192. = Opera omnia, Series 1, Volume 14, 

pp. 138-155

32. Euler, L. Sur les logarithmes des nombres négatifs et imaginaires // 

Leonhardi Euleri Opera postuma mathematica et physica: anno 

MDCCCXLIV detecta by Leonhard Euler, Academiae Scientiarum

Petropolitanae. Publication date 1862.Volume 1. P. 269-281.



33. Fagnano, G. C. : dei Toschi, conte di. Produzioni matematiche del conte 

Giulio Carlo di Fagnano, marchese de' Toschi, e di Sant'Onorio nobile

romano, e patrizio senogagliese alla santita' di n.s. Benedetto 14. pontefice

massimo. Tomo primo [-secondo]. 1. - In Pesaro : nella stamperia Gavelliana, 

1750. - XXIV, 528 p. 

34. Français, J. F. Nouveaux principes de géométrie de position, et 

interprétation géométrique des symboles imaginaires. Annales de 

Mathématiques pures et appliquées, tome 4 (1813-1814), p. 61-71 

35. Feynman. The Feynman Lectures on Physics, Vol. I: The New 

Millennium Edition: Mainly Mechanics, Radiation, and Heat 50th New 

Millennium ed. 

36. Jones W. 1706. Synopsis Palmariorum Matheseos: Or, a new Introduction 

to the Mathematics: Containing the Principles of Arithmetic & Geometry 

Demonstrated, in a Short ... With Their Application ... By W. Jones. London: 

Printed by Jeff. Wale at the Angel in St. Paul’s Church-Yard.



37. Hamilton W.R. (1837). Theory of conjugate functions, or algebraic couples; with a preliminary and elementary 

essay on algebra as the science of pure time//Transactions of the Royal Irish Academy, vol. 17, part 1 (1837), pp. 

293–422.

38. Ivory, J. (1798) A new series for the rectification of the Ellipsis: together with some observations of the 

evolution of the formula  𝑎2 + 𝑏2 − 2𝑎𝑏𝑐𝑜𝑠𝜑 𝑛. Transactions of the Royal Society of Edinburgh. 4, p. 177-190. 

1798 

39. Leibniz G. (1702) Specimen novum analyseos pro scientia infini, circa Summas & Quadraturas //Acta 

eruditorum. 1702, May. P. 210-219.

40. Mercator, Nicolaus (1668). Logarithmotechnia: sive methodus construendi logarithmos nova, accurata et 

facilis. — London: G. Godbid, 1668 - 47 p. Mercator, Nicolaus. Logarithmo-technia sive Methodus construendi

logarithmos nova, accurata, & facilis; scripto antehàc communicata, anno sc. 1667 nonis Augusti: cui nunc accedit

vera quadratura hyperbolae, & inventio summae logarithmorum / auctore Nicolao Mercatore ... Huic etiam

jungitur Michaelis Angeli Riccii Exercitatio geometrica de maximis & minimis ... Londini : typis Guilielmi

Godbid, & impensis Mosis Pitt bibliopolae ..., 1668.

41. Moivre Ab. 1707, Aequationum quarundam potestatis tertiae, quintae, septimae, nonae, et superiorum, ad 

infinitum usque pergendo, in terminis finitis, ad instar regularum pro cubicus quae vocantur Cardani resolution 

analvtica // Philisophical Transactions, 1706/1707.  P. 2368-2371.

42. Moivre Ab. 1722. De Sectione Anguli//Philisophical Transactions, 1722, 374, vol. 32. P. 228-230.



43. Napier, John. (1614). Mirifici Logarithmorum Canonis Descriptio: Ejusque usus, in 

utraque Trigonometria; ut etiam in omni Logistica Mathematica, Amplissimi, Facillimi, & 

expeditißimi explicatio. Authore ac Inventore Ioanne Nepero, Barone Merchistonii, &c. 

Scoto. Edinburgi: Hart, 1614. 

44. Peacock G. (1830). A treatise on algebra. London. 1830. 45. Pepe, Luigi. (2000). La 

formazione filosofica e scientifica di Giulio Carlo de’ Toschi di Fagnano // Torino, 

Conferenze e seminari Associazione Subalpina Mathesis a cura di  E. Gallo, L. Giacardi, C.S. 

Roero, 2000, pp. 82-94 (stampato anche in Scienziati marchigiani nel tempo. Quaderni del 

Consiglio Regionale delle Marche, febbraio 2000, pp. 207-226.)

46. Pierce B. (1881). Linear Associative Algebra, p. 5. Pierce B. Linear Associative Algebra 

// American Journal of Mathematics, Том 4. Johns Hopkins University Press, 1881. - P. 97-

229. 

47. Schubring, G. (2001). Argand and the Early Work on Graphical Representation: New 

Sources and Interpretations. In J. Lützen (Ed.) (2001). Around Caspar Wessel and the 

Geometric Representation of Complex Numbers. Proceedings of the Wassel Symposium at 

The Royal Danish Academy of Sciences and Letters, Copenhagen, August 11-15, 1998 (pp. 

125-146). Copenhagen: Kongelige Danske Videnskabernes Selskab, 2001.



48. Torricellii, E. (1644). Opera geometrica Evangelistae Torricellii. Florentiae : 

Masse & de Landis, 1644

49. Varignon, Pierre. (1704). Nouvelle formation de spirales // Histoire de 

l'académie royale des science, année 1704, Paris, 1706, pp. 69-131

50. Virorum Celeberr. Got. Gul. Leibnitii Et Johan. Bernoullii Commercium 

Philosophicum Et Mathematicum. Vol. 2. 1745, Lausannae et Genevae : Sumpt. 

M.M. Bousquet et socior.  

51. Wallis J. (1685). A treatise of algebra, both historical and practical. London : 

printed by John Playford, 1685. 374+17+176+17 p. Separate pagination. 

52. Wallis, Johannis (1693) ... De algebra tractatus, historicus [et] practicus ... 

cum variis appendicibus ...: Operum Mathematicorum volumen alterum. 

Oxoniae: E Theatro Sheldoniano, 1693. - 879 p.



53. Wells David (1988) Which is the most beautiful? // 1988 Mathematical Intelligencer, 1988, vol. 10, no. 4.-

Pages: 30 - 31.

54. Wells David. (1990) Are These the Most Beautiful? // Mathematical Intelligencer, 1990, VOL. 12, No. 3. 

Pages: 37 – 41. 

55. Wessel C. (1799). On the analytical Representation on Direction; an Attempt, applied Chiefly to the 

Solution of Plane and Spherical Polygons // Smith D.E. A source book in Mathematics. Vol. 3. 1959. New 

York: Dover publications. 701p. P. 55-66.

56. Woodhouse R. (1801). On the Necessary Truth of Certain Conclusions Obtained by Means of Imaginary 

Quantities. Philosophical Transactions of the Royal Society of London (1801). - С. 89-119.

57. Woodhouse R. (1803). The principles of analytical calculation. By Robert Woodhouse. ... 1803, 

Cambrige: Printed at the University press. 

58. Sinkevich G.I. Istoriya geometricheskih predstavlenij kompleksnyh chisel (History of geometric 

representations of complex numbers)// Istoriya nauki i tekhniki, 2017 g. №4. S. 15-30.

59. Sinkevich G.I. Istoriya tozhdestva Euler-a (History of the Euler identity) // Biblioteka CHebyshevskogo

sbornika. Algebra, teoriya chisel, diskretnaya geometriya i mnogomasshtabnoe modelirovanie: sovremennye

problemy, prilozheniya i problemy istorii Materialy XXI Mezhdunarodnoj konferencii, posvyashchennoj 85-

letiyu so dnya rozhdeniya A.A. Karacuby. Tula, 17–21 maya 2022 goda. - S. 188-190.



Thank you for attention


