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[This article, sent to me by Professors Cecchini and
Pelosi, concerns perhaps the earliest known discovery
of diffraction. I found the article most interesting,
and hope that others will take the opportunity to send
us similar articles on any significant part of elec-
tromagnetic theory and associated subjects, either
ancient or modern.

My personal knowledge of Francesco Maria Grimaldi was
limited to astronomy. This came about in the 1960s
when my laboratory, NASA Langley, undertook close-up
photography of the moon, the Lunar Orbiter Project. If
you are Interested, I am certain that NASA public
affairs can provide readers copies of those lunar
maps.

Perhaps one day I will be able to visit Italy, meet
the authors, and also pursue my love of painting and
sculpture. WFC]

Geometrical optics, the oldest and most widely
used theory of light propagation, fails to ac-
count for certain optical phenomena called dif-
fraction [1].

J. B. Keller

P robably, diffraction is one of the phenomena more
familiar to the members of the electromagnetic com-
munity, and this, also, thanks to the success of the
Geometrical Theory of Diffraction. What perhaps is not
so well known is the etymology of the word, the first
observation of the phenomenon, and its discoverer.

What we would like to do in this short paper is
just to contribute to the diffusion of this knowledge,
which, we think, could interest the readers of this
Magazine.
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From the Historian

Of course, everything we are saying is generally
recognized by science historians, but we believe that
the iconographic material, some of which is extremely
rare, has never been gathered in one place before.

De Lumine

Even if the first hints about the diffraction
phenomenon can be found in the works of Leonardo da
Vinci, its discovery is unanimously accredited to the
Jesuit, Francesco Maria Grimaldi [2] (Figure 1). He
described the experiments which led to its discovery
in the book De Lumine [3]—first published in Bologna
in 1665, two years after the author’s death Figure
2—and gave the phenomenon the name by which it is
still called. The etymology of the word is from the
Latin verb diffringere (dis + frangere), which means
"to break in different directions" [4].

The book De Lumine—in Latin, as that was the
official language of the scientific community in those
times—with its strange mixture of modern experimental

spirit and old scholastic philosophy, is a very
important  testimony to  the  philosophical and
scientific renaissance of those years. This was a

process which was strongly opposed by an extremely

conservative  milieu, averse to every form of
innovation. A careful reading reveals the didactic and
scientific authoritarianism which still ruled in the
higher education fields and, at the same time, the
advance of the modern Galilean principles against the
old Medieval dogmatism.

In the two parts of his book, Grimaldi presents
two possible hypotheses about the nature of light:

substance or accident (i.e., a quality of another sub-
stance) even if his preferences, as can be deduced
from the Preface, are for the second one. However,
even if the two parts contain contrasting views about
the nature of light, in both Grimaldi opposes the cor-
puscular theory of light. He is deeply convinced that
light is a fluid (a substance or accident of some
other fluid substance), and that colors are a modifi-
cation of it. The phenomenon of diffraction is the
main point in favor of this hypothesis.

FSY

Figure 1. Francesco M. Grimaldi (courtesy of the Picture Gallery of the
University of Bologna).
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Grimaldi’s Life

Grimaldi lived in the years which saw the rise of
modern science: a transitional period, in which strong
remnants of the Medieval mentality coexisted with the
new way of thinking and working. The situation was
worsened by religious struggles: the Council of Trent
(Counter Reformation) was held from 1545 to 1563.
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Figure 2. The title page of De Lumine.

These are just a few dates to help the reader to
set his work and life against their historical back-
ground.

1600. Giordano Bruno was burned at the stake.

1609. Kepler published Astronomia Nova, in which he
expounds his theory about the ellipticity of
lanetary orbits.

1632. Galileo Galilei published his Dialogo Sopra i
Due Massimi Sistemi del Mondo.

1633. After a trial by the Holy Office, Galileo re-
canted his theories.

1687. Isaac Newton published his fundamental work
Philosophiae  Naturalis  Principia  Mathematica
in London.

Most of the information about the life of Father
Grimaldi come from the Elogium perbreve (a brief pane-
gyric) written by Father G. B. Riccioli at the end of
De Lumine. His father was a silk merchant who worked
in Bologna, where he was born in 1618, fourth of six
children. Grimaldi entered the Society of Jesus in
1632, studied in Parma and Ferrara, then settled in
Bologna, where he died of consumption in 1663 at the
age of 45. He first taught Philosophy and then Mathe-
matics in the College 0% Santa Lucia, where he earned
a great reputation as teacher and scientist. His
many scientific activities were theoretical and exper-
imental (Father Riccioli tells that he used to build
his own instruments): from astronomical observations
—he originated the gractice of naming lunar regions
after astronomers and physicists; some still bear his
names—to anatomy, physiology, geography, and optics.
Perhaps his more important contribution to the astro-
nomical sciences is a selenograph of the moon [5]
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Figure 3. Selenograph of the Moon.
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(Figure 3), which was surprisingly accurate for its
times.

Experimental Observations

Grimaldi was extremely conscious of the impor-
tance of the phenomenon discovered, as can be seen by
the relevance he gave to it in De Lumine. Actually, he
began his book with these words:

PROPOSITIO L

Lumen propagatur [en diffunditur non folum Dired:,
Refracte, ac Reflexe, fed etiam alio quodam
Quarto modo, DIFFRACTE'.

5 5 5 55 5

The light propagates or scatters not
c(iirectly, ¥ by P refraction and reflection,
also in a fourth way, by diffraction).

only
but

The phenomenon is demonstrated by two experiments
whose results sharply contrast with ‘the fundamental
principle of geometrical optics: the principle of the
rectilinear propagation of light. These two experi-
ments, and the author’s subtle arguments to exclude
reflections or refractions from the possible _ causes,
occupy the first 11 pages (of 535!) of De Lumine, and
constitute his main contribution to the science of
Optics.

In the first experiment (Figure 4a, from De
Lumine, as is the following one), Grimaldi described
the anomalous shadow (according to the geometrical
optics principles!) cast by a small opaque bod (EF),
in a sun ray, from a very small aperture (AB), in a
closed window. In the regions CM and ND he noticed the
diffraction fringes, which he called seriae
lucidae—the name fringes was used by Newton some
years later [6].

In the second experiment (Figure 4b) he found
that a cone of light through two very small apertures
(CD and GH) produces, on a white screen, a spot (IK)
much larger than the one predicted by the theory of
geometrical optics (ON).

Grimaldi even tried to formulate a theoretical
explanation of the phenomenon. Of course the scientif-
ic knowledge available in his day was insufficient:
the true explanation of the phenomenon would only come
from A. Fresnel, 150 years later.

The Use of the Term Diffraction

Newton was familiar with Grimaldi’s work, and
even if he only quoted him in his book Opticks [7], he
probably knew it well before [8]. Unfortunately, the
phenomenon of diffraction conflicted with his theory
of the corpuscular nature of light and, in this case,
his behavior was not very scientific: he ignored the
Jesuit’s findings!  Specifically, he made many very
clever experiments ~which ~confirmed and perfected
Grimaldi’s results, but he attributed the causes of
the diffraction fringes (a term introduced by him) to
reflections and refractions at the borders of the
objects in the ray path: exactly what Grimaldi had ex-
cluded by a long series of considerations (in Proposi-
tion One of Book One). Moreover, Newton ignored the
name Grimaldi had given to this new phenomenon—he
used the word inflexion instead [9]—and the word dif-
fraction disappeared from use for the duration of his
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Figure 4. Grimaldi’s experiments.

dominion over Optics [10].

We’ll have to wait ’till the second decade of the
XIX century, when Augustin Fresnel will explain the
phenomenon with his theory on the wave nature of
light, to see Grimaldi’s term used again [11).
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