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OPTICAL INSTRUMENTS AND APPARATUS FOR EXPERIMENTS

[187] The
«Problem of Ibn al-Haitam»
(Problema Alhazeni)

The well-known optical-mathematical “problem of
Ibn al-Haitam™ is discussed here because of the fact
that Leonardo da Vinci (1452-1519) constructed

an apparatus for its mechanical-graphical solu-
tion.' In 1910 Otto Werner® expressed his view that
Leonardo seems to have had amongst his sources
the large book on optics (Kitab al-Manazir) by Ibn
al-Haitam and that from this he knew of the prob-
lem of finding the point of reflection with spheri-

! Leonardo da Vinci. Das Lebensbild eines Genies, Wiesbaden
and Berlin 1955, p. 410.
* Zur Physik Leonardo da Vincis, op. cit., p. 137.
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Our model:

Brass, five parts,
pivoted to one another
with rivets.

Length: 26 cm.

cal, cylindrical and conical mirrors and attempted
to solve it. Werner surmised that Leonardo used
Ibn al-Haitam’s book in an Italian translation (see
above p. 186).

[188] The problem dealt with in the 5th tract
(magala) of Tbn al-Haitam’s book involves defin-

ing the point of reflection on spherical, cylindrical.

conical, convex as well as concave mirrors when
the two values of “eye” and “luminous point™ are
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given.’ “The problem in its general form leads ana-
Lytically to an equation of the 4th degree.™

In the West the problem was included by Vitello

in his book on optics as early as 1270. His detailed
treatment of the subject was “copied or rephrased™”
from the Latin translation of Ibn al-Haitam’s Kitab
al-Manazir. After Leonardo da Vinci, it was Isaac
Barrow (1669) who occupied himself with the
problem. Then René Francois de Sluse (1673).
Christiaan Huyghens (1695). Guillaume Frangois
Antoine d’Hospital (1720), Robert Simson (1st half
18th c.), Abraham Gotthelf Kaestner (1719-1800),
Thomas Leybourn (1817) and Charles Hutton
(1737-1823) attempted to solve the problem.®
Kaestner wanted “to solve the problem without the
construction of the hyperbola, which had no practi-
cal use.”” Five years after Kaestner, William Wales
published a study “in which Alhazen’s problem is
used as an example of a method of solving equa-
tions of higher degrees through approximation with
the help of trigonometric tunctions.”

> v. Kamiladdin al-Farisi, Tangih al-mandzir, op. cit., vol. 1,
pp. 497 ff.;: Mustafi Nazif Beg, al-Hasan b. al-Haitam, op.
cit., pp. 331 ff.: Paul Bode, Dic Alhazensche Spicgelaufgabe
in ihrer historischen Entwicklung nebst einer analytischen
Lésung des verallgemeinerten Problems, in: Jahresbericht des
Physikalischen Vereins zu Frankfurt am Main 1891-92 (1893),
Pp. 63-107 (reprint in: Islamic Mathematics and Astronomy,
vol 57, pp. 66-110).

M. Schramm, Ihn al-Haythams Stellung, op. cit., 20a.

Fig. from Leonarde da Vinci
Das Lebensbild eines Genies, op. cit., p. 410.

* P. Bode, Die Alhazensche Spiegel-Aufgabe, op. cit., pp.
77-78 (reprint pp. 80-81)

* Marcus Baker, Alhazen’s Probiem. Its Bibliography and

an Extension of the Problem, in: American Journal of
Mathematics (Baltimore) 4/1881/327-331 (reprint in: Islamic
Mathematics and Astronomy, vol. 57, Frankfurt, 1998, p.
61-63); M. Schramm, Ibn al-Haythams Stellung, p. 20a.

" P Bode, Dic Alhazensche Spiegel-Aufzabe. p 81 (reprint p.
84).

Thid , p. 82 (reprint p. §3).
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Topics

AHow does the tool work?

AWhat's the problem?




Agenda

ABrief introduction to the problem

ABrief history about mathematical
solutions

ABrief history of this instrument

ASolve the problem yourself
with your own tool

ASimple geometry with geogebra




Al hazenodos Probl em

Given

Aflat, concave or convex mirror
Alight source

Aeye of the observer

At what position (s) does the eye of the
observer see the light source in the mirror?



History

APtolemy (2" century)
Albn-al-Haytam (11th century)
AVitellio (11t century)

ALeonardo da Vinci (15t century)
AGregory, Barrow (17th century)
AHuygens, de Sluse (17t century)



Ibn-al-Haytam

Born in Basra (current Irag) around 965
and died Iin Cairo around 1040

In Arabic he wrote about: optics, rainbows,
astronomy, planets, mathematics

In Europe he is known as Alhazen or
Alhacen



http://www-personal.umich.edu/~jbourj{/money.htm




