
THE APPLICATION HISTORY OF THE ELLIPTIC 

FUNCTION THEORY TO ONE MECHANICAL 

PROBLEM

1



Leonhard Euler (1707−1783)
1736, 1758



Joseph Louis Lagrange (1736−1813)
1788



Giulio Carlo de' Toschi di Fagnano (1682−1766)
1750



JOHN LANDEN (1719–1790)
1775



Adrien-Marie Legendre (1752−1833)
1792



Niels Henrik Abel (1802−1829)
1827



Carl Gustav Jacob Jacobi (1804−1851)
1829



Osip I. Somov (1815-1876)
1850



Karl Theodor Wilhelm Weierstraß (1815−1897)
1862



Sofya V. Kovalevskaya (1850−1891)
1888



▪The history of the emergence of the concept of an elliptic function

▪Mathematical preamble. The concept of an elliptic function. Reduction, comparison, and transformation 

of such functions 

▪Abel's theorem. Representation of elliptic functions in terms of theta functions

▪Solution of the problem of the rotation of a rigid body about a fixed point in the case of an initial impact  
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Mathematical preamble. The concept of an elliptic function. Reduction, comparison, and 

transformation of such functions 

The concept of an elliptic function.
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Substitution

Notation

Modular function

amplitude

module

17



Some properties

Classification

18



Hyperelliptic (ultra elliptic functions)
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Jacobi notation for inverse functions

Trigonometric dependencies
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General property of elliptic functions

(Fagnano, Euler)

CONST

Transcendental Functions (Abel)
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Giulio Carlo de' 
Toschi di Fagnano 

(1682-1766)
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The only portrait of Niels Henrik Abel
(made by the artist Herbitz in Paris in 1826.)

Monument to Abel in the Royal Park in Oslo 

(sculptor Gustav Vigeland. 1908)
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Ev en

odd

entire functions with undefined coefficients

Given :

Prove :
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Proof :
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Representation of elliptic functions in terms of theta 

functions.
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rapidly converging series

Carl Jacobi
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Karl Weierstrass
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(1815-1897)
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Osip Ivanovich Somov 1815 -
1876

▪ Academician of the Imperial 
St. Petersburg Academy of 
Sciences

▪Doctor of Mathematics and 
Astronomy

▪Honored Professor of St. 
Petersburg University
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The history of the analytical solution of the Euler problem on the rotation of a rigid body 

around a fixed point.

1. Leonhard Euler - 1758

2. Joseph Louis Lagrange - 1773

3. Osip Ivanovich Somov - 1850

4. Sofia Vasilievna Kovalevskaya  - 1887

36



Задачи динамики (Леонард Эйлер)

Прямая

Дано: кинематические характеристики движения

Найти: силовые характеристики

Обратная

Дано: силовые характеристики

Найти: кинематика движения

Dynamics problems (Leonhard Euler)

The first

Given: kinematic characteristics of motion

Search: power characteristics
The second

Given: power characteristics

Search: kinematics of motion
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Free rigid body motion

▪Free axes of rotation, main axes of inertia

▪The movement of a free rigid body: 

translational movement with a center of inertia 

+ rotation around this center

▪A kinematic description of such a motion

▪Drawing up dynamic equations
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Equations of motion of a rigid body around a fixed point of Leonhard 

Euler
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▪"The sum of the whole Theory of Motion of Rigid Bodies is 

contained in these three fairly simple formulas“

▪The use of a moving coordinate system invariably associated 

with the body - the system of the main axes of inertia of a rigid 

body

▪Introduction of a movable trihedron, determination of the 

position of a movable coordinate system relative to a fixed one 

- Euler angles, 1748.
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Joseph Louis Lagrange

▪The concept of an instantaneous axis of rotation

▪New derivation of the dynamic Euler equations, based on 

the differential equations of motion of the system 

("Lagrange equations of the second kind")

▪Formulation of the problem of the rotation of a rigid 

body: the fulcrum does not coincide with the center of 

gravity of the body (gravity "works")

▪Introducing dynamic symmetry to the rotation problem
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Solution of the problem of the rotation of a rigid body about a fixed point in the case of an 

initial impact
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▪ the body has three degrees of 

freedom and begins to rotate 

from the initial impact.  Further, 

there are no shock loads, only 

gravity acts. 

▪ 𝑨,𝑩, 𝑪 are the moments of 

inertia about the axes parallel to 

the main axes of the rotating 

body. The position of these axes 

is determined by the Euler 

angles: 𝝍,𝝋, 𝜽 (precession, 

proper rotation and nutation). 

▪ 𝒑, 𝒒, 𝒓 are the angular speeds of 

rotation relative to these axes. 
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The solution is based on differential equations of motion
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system of fundamental integrals
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Newton defined the laws of dynamics, and Euler divided all problems of dynamics into 

two classes, and indicated a mathematical apparatus for solving problems of each class

Conclusion

Mechanical problem posed by Euler and developed in the works of 

Lagrange received its mathematical embodiment in the theory of 

elliptic functions. 

The theory of elliptic functions, enriched by the discoveries of Abel and Jacobi, took an 

important place in mathematical analysis and theoretical mechanics in the period from the 

18th to the 19th century.

The mathematical apparatus of elliptic functions created by Jacobi allowed O.I. Somov in 

1850 brilliantly solved the problem of the rotation of a rigid body in the event of an initial 

impact.

Weierstrass replaced all particular forms of the θ-function with one ℘-function 

Therefore, further investigation of the problem of the motion of the top was 

continued on the complex plane, the direction cosines during the rotation of the 

body were obtained in the form θ or ℘ -functions. 
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Thank you for your attention


