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Historical Perspectives

Towards a Definitive History of Optical Spectroscopy
Part |. Simple prismatic spectra: Newton and his predecessors

D. Thorburn Burns

Department of Analytical Chemistry, The Queen’s University of Belfast, Belfast BT9 SAG, UK

Review of the prism refraction studies
made by Porta (1593), Descartes (1637),
Kircher (1646), Marci (1648), de la Cham-
bre (1650) and by B (1664) demon-
strates that Newton t, as popularly
held, the first to contrive or observe the
solar spectrum. Attention is drawn to the
significant influences of Descartes on
Boyle and, of Boyle on Newton’s spectral
studies.

The erroneous view that Newton was the
first to contrive or observe the solar
spectrum by the dispersion of white light
has been made, implied, or given pride of
place by many authors.1-9 This well estab-
lished error of fact or emphasis most
probably owes its continuance to
Twymans’s view3 of Kayser’s account of
the history of spectral analysis,10 “Kayser
was my chief guide . . . the more I sought
the more I was impressed by the thor-
oughness of his historical survey.”? More
careful reading of Kayser, however,
shows that he was aware of earlier work
by Marcus Marci of Kronland, published

)

C
plur:

D;
habe
d cui
pona
feilic
verin

Fig. 1. The biprism in Maurolyci, Photismi de
lumine . . ., (1611)

in 1648.11 The origins of contrived spectra
are much earlier as noted by Sabra!2 and
by Henderson.!? Man-made spectra have
been known from at least the thirteenth
century when experiments using globes of
water were often used to imitate rain-
drops by those trying to explain the
rainbow. For example, Leonardo da
Vincil4 wrote: “. . . if you place this glass
full of water on the level of the window, so
that the suns rays strike it on the opposite
side, you will then see the aforesaid
colours [of the rainbow] producing them-
selves, in the impression made by the
solar rays which here penetrated through
this glass of water, and terminated on the
floor in a dark place at the front of the
window; and since the eye is not
employed we clearly can say with cer-
tainty that these colours do not derive in
any way from the eye.” Extensive studies
on the transmission of ideas on the
rainbow up to the seventeenth century
have been made and reported by Crom-
biels and by Boyer.16

The first time the use of a prism was
studied and recorded in a book of optics
was, according to Ronchi,!” in the book of
Maurolico!8 published in 1611 (Fig. 1)
possibly based upon the time the work
was carried out to which he pays parti-
cular attention. Ascribing priority to the
date work was carried out and not to the
date of publication or date material was
submitted for publication can cause prob-
lems. Maurolico’s book was, as noted in
the text, written in several parts at differ-
ent times (1521, 1553 and 1554), added to
(1555), edited and indexed later (1575),
and finally published in 1611. None of
Maurolico’s prism diagrams indicate dis-
persion or the formation of a spectrum.
Studies of refraction of light had been
published earlier than 1611 by Alhazeni
(1572),19 Della Porta (1593)?° and by
Kepler (1604)2! but only Della Porta
showed a prism and noted colour forma-
tion. Della Porta’s diagram of the prism
and the ray paths is highly speculative
(Fig. 2). It is difficult to understand why
the prism diagram is so poor in view of the
detail and accuracy of knowledge of
optics, shown in other sections of the text.
The first reasonably accurate diagram of
the formation of a spectrum appears to be
that of Descartes.

Descartes (1637) is very important in his
own right and for his influence on later
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Fig. 2. Triangular prism, the sun and colours,
in De Refractione, Portae (1593)

workers, such as Boyle and Newton. In an
appendix to his Discours de la
Methode 2223 Dioptric, he formulated the
hitherto elusive law of refraction,
independently it is considered of Snell.12
In another appendix, Météores, he gave a
diagram (Fig. 3) showing rays of the sun
impinging on a glass prism or triangle with
the refracted rays forming a rainbowed-
hued patch on cloth or white paper placed
on a vertical wall. The green, blue and
violet colours were seen towards H, the
red, orange and yellow towards F, widen-
ing the aperture DE destroyed the colours
near G. Descartes’ theory of colour and
refraction was complicated and corpuscu-
lariani2: the speed of rotation of light
particles varied with colour, light had
speed and a “determination to move in a
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Fig. 5. Production of colours by refraction and difference in path length in Marci, Thau-
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Fig. 3. Refraction and the formation of col-
ours in Descartes, Dioptrique (1637)

particular direction,” which
upon refraction.

The Jesuit Kircher’s 44 books and more
than 2000 extant letters attest to his
extraordinary variety of interests and
intellectual endowment. He sought to
disseminate the knowledge at his dispo-
sal, his printed works, comprehensive and
illustrative, became popular. In Ars
Magna Lucis et Umbrae?* he argued that
light was connected to the heavens by an
unknown chain but behaved like magnets.
He gave an illustration of a triangular
prism and the separation of light into
colours, shown in Fig. 4.

changed

Fig. 4. Refraction and the formation of col-
ours in Kircher, Ars Magna Lucis . . ., (1646,
illustration taken from Second Edition 1671)

Marcus Marci of Kronland in Bohemia,

a court physician in Prague described the
spectral colours obtained by refraction

through a triangular prism!! and the
persistance of colours, once separated, in
subsequent refractions but did not men-
tion the reconstitution of the spectrum
into white light. He believed that the
different colours to result from slightly

mantis (1648)

differing angles of incidence at the first
refraction which caused differing path
lengths in the refracting medium. Thus in
the drawing shown in Fig. 5 the small
difference in the angles DKB and HFK
(0.5° due to the size of the sun’s disc) gives
a shorter path length, FG, for the purple
light appearing at E, and a longer one, KI,
for the red light appearing at L. Both
refractions were stated to be essential to
produce colour. Marci is commemorated
in a medal of the Czechoslovak Spectro-
scopic Society,?> as was recently drawn
attention to by Ure.26

M. C. de la Chambre (1650) was
another court physician interested in the
production of colours by refraction.?’
Like Marci he thought that the path
length was important but that interaction
between the refracted and internally re-
flected rays was necessary, as shown in
Fig. 6. “The reflected rays mixing with the
luminous mass traversing the triangle
infect it with their colours.” He attemp-
ted, not very convincingly, to explain how
the red rays emerged nearest the prism
apex where the opacity was least, red

s rayons font pour cc re-
lus clairs que ceux du Verd:

Fig. 6. Production of colours by refraction
and reflection in de la Chambre, Nouvelles

Observations . . . sur I'Iris (1650)

being the brighest colour while green and
purple rays emerged in order, lower down
the prism face.

Boyle’s (1664) contributions to optics
and the study of colour were important in
themselves at the time and for their
influence on Newton, yet were over-
looked by Ronchi!7 and by Henderson.13
Boyle wrote in Colours28.30 “The Trian-
gular Prismatical Glass being the Instru-
ment upon whose Effects we may the
most Commodiously speculate the Nature
of Emphatical Colours, (and perhaps that
of Others too;) we thought it useful to
observe the several Reflections and Re-
fractions which the Incident Beams of
Light suffer in Rebounding and Passing
through it . . .”302 His diagram, Fig. 7,
shows a pleasing precision as compared
with the earlier representations. Boyle
also described the effect of a double
convex lens and a concave mirror to
recombine the spectrum into white light
and colour mixing using two prisms but
did not venture a theoretical explanation.
“But upon this we must not now stay to
Speculate.”3%® From Colours and later
works it is clear that Boyle regarded light
as small corpuscules or globuli but was not
sure as to the correct description,30 “in
order to such an undertaking (perfect
account of the theory of Vision and
Colour) I would first Know what Light is,
and if it be a Body (as a Body or the
motion of a Body it seems to be) what
Kind of Corpuscules for Size and Shape it
consists of, with what Swiftness they move
Forwards, and Whirl about their own
Centres. Then I would Know the Nature
of Refraction, which I take to be one of
the Abstrusest things (not to explicate
Plausibly but to explicate Satisfactorily)
that I here meet with in Physicks; . . .”
The influence of earlier works on Boyle is
far from clear. Boyle wrote in Physiolog-
ical Essays3132 “For . . . I have purposely
refrained, though not altogether from
consulting about a few particulars, yet
from seriously and orderly reading over
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Fig. 7. Robert Boyle’s diagram of the sun’s spectrum in Colours (1664)

their excellent (though disagreeing)
books . . . that I might not be pre-
possessed with any theory or particu-
lars.”322 The books specifically listed were
Gessendus’ Sytagma, Descartes’ Prin-
ciples of Philofophy and Bacon’s Novum
Organum. In the Sceptical Chemist33 he
states “. . . I, who had the good fortune to

learn the operations [chemistry] from
illiterate persons, upon whose credit I
was not tempted to take up any opinion

. 7342 Boas¥ is of the opinion that these
statements should not be taken at face
value for in other places Boyle indicates
he was proud to be well read, his guarded
approach avoided much controversy.
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Boyle frequently gave credit and often
references in almost the modern style and
it is quite clear he had read the work of
Descartes and of Kircher carefully as his
citations and references3¢ to Descartes
exceed 60 and those to Kircher number
about 20, indeed in Excellency of Theol-
0gy37:38 Boyle talks of “Des Cartes’s
excellent Diopticks. 38

F. Grimaldi (1665) was one of the many
Jesuit experimental physicians. His illus-
tration of refraction by a prism3® (Fig. 8)
clearly shows increased dispersion upon
each passage of a beam through the
prism. Grimaldi favoured a fluid nature
for light. His primary contribution was the
discovery of optical diffraction when the
demonstrated coloured fringes at the
edges of shadows from a narrow rod and
other objects which extended far beyond
what rectilinear projection would have
predicted.

Fig. 8. Grimaldi’s representation of prism,
refraction and dispersion from De Lumine
(1665)

Newton began his prism spectra studies
in 1666 and six years elapsed before the
first publication the now famous Phil.
Trans. paper in 1672.40 It is clear from his
wording “I procured me a triangular glass,
to try therewith the celebrated Phae-
nomena of Colours”# that he was aware
of earlier work but unlike Boyle, Newton
was sparing with references and normally
only referred to other work when devel-
oping counter arguments to experiments
or conclusions. The key spectral experi-
ments including the use of a double
concave lens (see Fig. 9) and a concave
mirror to recombine the colours to white
were an unreferenced repeat of Boyles’.
The powerful influence of Boyle on New-
ton’s spectral studies is based on Hall’s
examination of one of Newton’s early
scientific note books which contain
detailed notes from Boyle’s book Col-
ours?8 and other of his works.41 Newton
also studied Descartes and Hooke.42 His
acquisition of prisms, their quality and the
sequence of the experiments which were
carried out and reported over a long
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Fig. 10. Newton’s analysis and synthesis of white light in Opticks (1704)

period of time have been analysed by
Mills.43 There was a 32 year gap between
Newton’s first and second publication,
Opticks,% although the results of his
studies were given in his Cambridge
lectures on optics delivered from
1669,42:45 these were not published until
1729,4% based upon the second draft
manuscript of about 1671. Newton’s
model of light was corpuscular, although
he found it necessary to invoke waves in
the ether to explain the “Newton’s Rings”
phenomena. He worried about explana-
tion of the diffraction phenomena, des-
cribed by Grimaldi, and wrote to Boyle,
February 28th 1679,47 discussing a pos-
sible explanation based upon variable
density of the aether within and without
solid bodies. Newton was the first to use
the term spectrum*® (Latin for appear-
ance) for the elongated coloured image
whereas Boyle uses the term iris#? (Greek
for rainbow), both noted five main col-
ours, purple, blue, green, yellow and red.
In addition, Newton reported orange and
indigo, based upon observations of an
assistant “whose eyes were more critical
for distinguishing colours than mine.”442
These two colours he then promoted to
fundamental divisions, by analogy with
the notes in a musical scale. Newton’s
discussion on the nature of white light,
colour mixing complimentary colours
were more detailed and the observations
more refined in Opticks (compare Fig. 9
with Fig. 10) but they were not totally
original, hence it cannot be held that
Newton was the first to contrive or
observe the spectrum.

The author is grateful to the Library of the
Wellcome Institute for the History of
Medicine for study facilities and for per-
mission to reproduce photographs (Figs. 1
and 2), to Professor E. Roth for assistance
and to the Bibliotheque Centrale Du
Museum National D’Histoire Naturelle,

Paris, for the photograph for Fig. 6, and
to his long-time friend and colleague Dr.
M. Malit, Charles University, Prague, for
obtaining the photograph of Marci’s text,
Fig. 5.
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