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then investigated how the characteristic quantities of
general bundles change with refraction, thus obtain-
ing what he called the system laws of optical systems .
But Gullstrand did not restrict himself solely to the
consideration of spherical surfaces ; one of his longest
papers deals with the construction and tracing
through of aspheric surfaces .
Unacquainted with the work of H. R. Hamilton,

he solved difficult mathematical problems simply by
developing the necessary quantities in a series around
the coordinates of the principal ray . He considered
mathematical methods, such as the calculus of varia-
tion and vector methods, to be false ornaments . This
prejudice makes his papers long and clumsy, but they
contain a number of valuable and little-known results .
H. Boegehold, C . W. Oseen, and the writer have
endeavored to give simpler derivations of his beauti-
ful results. However, there are limitations to his
method. In the case of a branch point, for example,
the series development does not work .

Gullstrand was a fighter, discovering several inac-
curacies in the normal treatment of optical problems ;
he spent much of his time studying these inaccuracies,
which were mostly a result of approximate pictures
being applied to describe finite realities . For instance,
the Sturm conoid described an astigmatic bundle as
a bundle of rays going through two straight lines
perpendicular to each other and to the principal ray .
Gullstrand showed that such a manifold bundle of
rays , s not a normal system, that is, it cannot originate
from an object point . Another fallacy was that the
collinear image formation, which is the coordination
of lines in object and image space such that the rays
from any object point unite in a fixed image point,
could not have been taken as an approximation to
the real image formation, because the former cannot
be obtained by optical means (with the trivial excep-
tion of the plane mirror) . Unfortunately, books are
still published disregarding these simple truths .

Gullstrand represents a scientist of very rigorous
standards, and as such, he was highly respected by
his peers for his intelligence and integrity . His advice
was widely sought, even outside his special sphere
of interest ; among other honors, he was a member
and later president of the Nobel Prize committee .
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GUNDISSALINUS, DOMINICUS, also known as
Domingo Gundisalvo or Gonsalez (fl. Toledo, Spain,
second half of the twelfth century), science transla-
tion, philosophy of science.

Gundissalinus' date of birth is unknown, although
conjecture has offered 1110 ; there is some evidence
that he was still alive in 1190 . He was archdeacon
of Segovia, but his intellectual activity was centered
at Toledo, where a flourishing school of translators,
under the patronage of such archbishops as Raymond
of Toledo, introduced a considerable amount of
Arabic and Judaic materials to the Latin West during
the twelfth century.

Many of the translations were done with the col-
laboration of two scholars, one knowledgeable in
Arabic, the other in Latin, with a vernacular serving
as common ground. The translations attributed to
Gundissalinus were probably done in this fashion,
although only in the manuscripts of the translation
of the De anima of Ibn Sina (Avicenna) is Gundis-
salinus' name specifically linked with that of a co-
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translator, Abraham ibn Daud (Avendauth) . In addi-
tion to the De anima, Gundissalinus' name has been
connected with translations of Ibn Sind's Sufficientia
and Metaphysics, as well as a portion of his Posterior
Analytics, together with the Logic and Metaphysics
of al-Ghazzali ; the Fons vitae of Ibn Gabirol ; the De
intellectu, the Fontes question um, the De scientiis, the
Liber excitativus ad viam felicitates, and the De ortu
scientiarum of al-Farabi ; the De intellectu of al-Kindi;
and the Liber de definitionibus of Isaac Israeli .

Gundissalinus was the author of five philosophical
works which drew heavily on the Arabic-Judaic ma-
terials of his translations as well as on Latin sources .
He was the first to provide the Latin West with an
introduction to Arabic-Judaic Neoplatonism and the
first to blend this tradition with the Latin Christian
Neoplatonism of Boethius and Augustine . His De
unit ate is such a syncretic work . It is rich in aphorisms
which were quoted frequently during the Middle
Ages, for example, "Quidquid est ideo est quia unum
est." Gundissalinus' De anima, likewise a compilation
from his translations, is essentially a presentation of
Avicennian psychology and ideas from Ibn Gabirol,
although it utilizes material from other sources, such
as Augustine and the treatise On the Difference Be-
tween Soul and Spirit of Qusta ibn Luqa .

Gundissalinus' De processione mundi is taken from
numerous sources : lbn Sind, Ibn Gabirol, al-
Ghazzali, al-Farabi, Boethius, Porphyry, the Epistola
de anima of Isaac de Stella, possibly the De deo
Socratis of Apuleius, and his own De unitate. Its
editor, Georg Billow, considers it a late work . The
De processione was used in the thirteenth century by
both William of Auvergne (William of Paris) and
Thomas Aquinas . Gundissalinus' De immortalitate
animae, again dependent on Arabic materials, is a
well-written treatise proving the indestructibility of
the soul, using arguments based on the soul's own
nature which were to become standard in the Middle
Ages. The De immortalitate was reworked in the
thirteenth century by William of Auvergne .
The De divisione philosophiae is a classification of

the sciences which served as a source for later classi-
fication schemes . It incorporates al-Farabi's work on
the classification of the sciences (the De ortu scien-
tiarum) and utilizes a wide variety of other sources :
classical Latin, Arabic, and Aristotelian . Since it
draws on Gerard of Cremona's translation of the
Arabic mathematician al-Nayrizi, the De divisione
was likely written after 1140, since Gerard's translat-
ing activity probably did not begin before that year .
The De divisione begins with a prologue followed by
a section containing six definitions of philosophy
taken from various sources .
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The sciences are classified into three major groups :
propaedeutic sciences, including grammar, poetics,
and rhetoric; logic ; and philosophical sciences . The
latter are further divided into theoretical and practical
sciences. The theoretical sciences are subdivided in
turn into physics, mathematics, and theology . Physics
contains eight subjects, and mathematics has seven .
Following this discussion, Gundissalinus inserts a
section from Ibn Sind's Posterior Analytics . Treatment
of the practical sciences, which include politics, eco-
nomics, and ethics, concludes the treatise .

Gundissalinus' classification transcends the con-
ventional subject matter of the trivium and the
quadrivium . He includes a section on medicine as a
branch of physics, and the seven subjects subsumed
under mathematics include discussions of scientiae de
aspectibus, de ponderibus, and de ingeniis, in addition
to the four subjects of the quadrivium . The De di-
visione was directly used by Robert Kilwardby in his
own treatise on classification, and its influence is
further revealed in the works of Michael Scot, Vincent
of Beauvais, and Thierry of Chartres .
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GUNTER, EDMUND (b. Hertfordshire, England,

1581 ; d. London, England, 10 December 1626), navi-
gation, mathematics .

Little is known of Gunter's origins or the details
of his life. Of Welsh descent, he was educated at
Westminster School and Christ Church, Oxford,
graduating B .A. in 1603 and M .A. in 1605. He subse-
quently entered holy orders, became rector of St .
George's, Southwark, in 1615, and received the B .D .

degree later that year . In March 1619 he became
professor of astronomy at Gresham College, London,
retaining this post and his rectorship until his sudden
death at the age of forty-five .

Gunter's contributions to science were essentially
of a practical nature. A competent but unoriginal
mathematician, he had a gift for devising instruments
which simplified calculations in astronomy, naviga-
tion, and surveying ; and he played an important part
in the English tradition begun in 1561 by Richard
Eden's translation of Martin Cortes' Arte de navegar
and furthered by William Borough, John Dee,
Thomas Harriot, Thomas Hood, Robert Hues, Robert
Norman, Edward Wright, and others-which put the
theory of navigation into a form suitable for easy use
at sea. Gunter's works, written in English, reflected
the practical nature of his teaching and linked the
more scholarly work of his time with everyday needs ;
the tools he provided were of immense value long
afterward .
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Gunter's first published mathematical work was the
Canon triangulorum of 1620, a short table, the first
of its kind, of common logarithms of sines and tan-
gents. His account of his sector, in the De sectore et
radio of 1623, had circulated in manuscript for sixteen
years before its publication . The sector, a develop-
ment from Hood's, included sine, tangent, logarithm,
and meridional part scales ; its uses included the solu-
tion of plane, spherical, and nautical triangles (the
last formed from rhumb, meridian, and latitude lines) .
With improvements, the British navy used it for two
centuries, and it was also a precursor of the slide rule .
Gunter solved such problems as finding the sun's
amplitude from its declination and the latitude of the
observer by adding similar scales to the seaman's
cross-staff. Comparison of the amplitude with the
sun's direction, measured by a magnetic compass, was
known to give the compass variation ; but although
Gunter's own observations in 1622 at Limehouse were
about five degrees less than Borough's 1580 results
there, a statement of the secular change of variation
awaited the further decrease observed by Gunter's
Gresham successor, Henry Gellibrand .

Gunter's other inventions may have included the
so-called Dutchman's log for measuring a ship's way .
Henry Briggs acknowledged his suggested use of
arithmetical complements in logarithmic work and
the terms cosine, contangent, and such are probably
Gunter's own ; his use of the decimal point and his
decimal notation for degrees are to be noted . Gunter's
chain, used in surveying, is sixty-six feet long and
divided into 100 equal links, thus allowing decimal
measurement of acreage. Largely following Wil-
lebrord Snell, Gunter took a degree of the meridian
to be 352,000 feet ; this decision gave English seamen
a much improved result .
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