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SNell’s Law or HARRIOT's?

J.M. Dudley and A.M. Kwan

Department of Physics, University of Auckland, Private Bag 92019, Auckland, New Zealand;

hysics has a fascinating history,

and the use of historical and bio-
graphical material can enrich physics
teaching by presenting a fuller portrayal
of the subject. Indeed, many introduc-
tory textbooks often summarize impor-
tant historical developments to supple-
ment the main text.! In optics, one par-
ticularly interesting historical episode is
the search for the law describing refrac-
tion—the bending of light at the bound-
ary between two different transparent
materials. Although Snell’s sine law of
refraction is now taught routinely in un-
dergraduate courses, the quest for it
spanned many centuries and involved
many celebrated scientists. Perhaps
most interesting is that the first discov-
ery of the sine law, by sixteenth-century
English scientist Thomas Harriot
(1560-1621), has been almost com-
pletely overlooked by physicists and
physics educators, despite much pub-
lished material describing his contribu-
tion. In this note we review the history
of the law of refraction, discuss Har-
riot’s discoveries, and suggest that his
life and work provide a rich source of
historical material for educational use.”
The first studies of refraction were
probably performed in the fourth cen-
tury BC by Chinese philosophers who
noted the apparent shallowness of pools
of water. The best-known ancient study,
however, is that of Ptolemy of Alexan-
dria (ca. 150), who tabulated refraction
angles across air-water and air-glass
boundaries, but without giving an ex-
plicit law describing his results. Meta-
physical attempts to formulate a law of
refraction were made by the Greek
Damianos (ca. 400), and much later by

J-dudley@auckland.ac.nz

Robert Grosseteste (ca. 1168—1253) in
England, but in both cases led only to an
imperfect law where a ray passing from
a rare to a dense medium has an angle
of refraction equal to half the incident
angle.

Little further progress was made un-
til the sixteenth and seventeenth centu-
ries, and the correct sine law of refrac-
tion was first published in 1637 by René
Descartes (1596-1650). The Dutch as-
tronomer Willebrgrd Snell (1591-
1626), however, had independently cir-
culated the sine law in a 1621 manu-
script, and Snell and Descartes are today
given joint credit for the discovery.
About twenty years before Snell’s dis-
covery Johannes Kepler (1571-1630)
had also looked for the Iaw of refraction,
but using the early data of Ptolemy. Un-
fortunately, Ptolemy’s data is in error,
and Kepler could obtain only an ap-
proximation, which he published in
1604. Kepler later tried to obtain addi-
tional experimental results on refrac-
tion, and corresponded with Thomas
Harriot of England from 1606 to 1609
since Kepler heard that Harriot had car-
ried out some detailed experiments. In
1606, Harriot sent Kepler some tables of
refraction data for different materials at
a constant incident angle, but without
providing enough detail for the data to
be very useful. Kepler requested further
information, but Harriot was not forth-
coming, and it appears that Kepler even-
tually gave up the correspondence, frus-
trated with Harriot’s reluctance.

Apart from the correspondence with
Kepler, there is no evidence that Harriot
ever published his detailed results on
refraction. His personal notes, however,
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reveal extensive studies significantly
predating those of Kepler, Snell, and
Descartes. Harriot carried out many ex-
periments on refraction in the 1590s,
and from his notes it is clear that he had
discovered the sine law at least as early
as 1602.% Around 1606, he had studied
dispersion in prisms (predating Newton
by around 60 years), measured the re-
fractive indices of different liquids
placed in a hollow glass prism, studied
refraction in crystal spheres, and cor-
rectly understood refraction in the rain-
bow before Descartes.

Exactly why Harriot kept his results
unpublished is unclear. Harriot wrote to
Kepler that poor health prevented him
from providing more information, but it
is also possible that he was afraid of the
seventeenth-century English religious
establishment, which was suspicious of
the work carried out by mathematicians
and scientists. After his death, most of
Harriot’s papers were mislaid, and it is
only in the twentieth century that his
true place in the history of science has
become known. Although now cele-
brated by historians of science,> Har-
riot is not well known among physicists
and physics educators, and we have not
found his work on refraction mentioned
at all in texts that discuss the history of
optics.4 This is surprising, since Har-
riot’s research and his discovery of the
sine law before Snell was clearly
pointed out in a 1951 article in the
American Journal of Physics.5

Besides studying refraction, Harriot
was an innovative scientist who made
contributions in many other areas. As a
mathematician, he contributed to the de-
velopment of algebra, and introduced
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the symbols of > and < for greater than
and less than. He studied navigation and
astronomy, and made the first telescopic
observations of sunspots. He was a
friend of the English courtier and ex-
plorer Sir Walter Raleigh, and travelled
to Virginia as a scientific observer on a
colonizing expedition in 1585. Harriot
was probably the first to study the in-
digenous Algonquian people, and it was
he, not Raleigh, who introduced tobacco
into England from Virginia (although
Raleigh can be given “credit” for popu-
larizing the smoking habit). Unfortu-
nately, the discovery of tobacco boded
ill for Harriot since he died as a result of
nostril cancer, and he has the dubious
honor of being the first person to have
his smoking habit recorded by a physi-
cian during treatment.

As with his studies of refraction,
Harriot’s discoveries in other fields

were largely unpublished during his
lifetime; until this century Harriot was
known only by an account of his travels
in Virginia published in 1588 and by a
treatise on algebra published posthu-
mously in 1631. Nonetheless, recent re-
search has revealed his wide range of
interests and his genuinely original dis-
coveries. Harriot’s studies of refraction
is but one example where his work over-
lapped with independent studies being
carried out by others in Europe, but in
any historical treatment of optics his
contribution rightfully deserves to be
acknowledged. In teaching, the story of
Harriot provides a fascinating example
illustrating parallel discoveries in phys-
ics, and his life and work provide arich
source of material illuminating the de-
velopment of renaissance science.
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Physics Trick of the ffonth

Crazy Bounce

Super bouncing balls made of hard rubber are sold
in many toy stores. The slightest spin on such a ball
causes it to bounce in an erratic manner. For example,
try this on a table that stands on a hard surface. Throw
the ball as shown by the zigzag arrow. It will hit the
table’s underside, reverse direction, and bounce back

Here’s something to amuse your students. Tell
them you have discovered a technique by which you
can throw the ball in such a way that it will stop in
midair, reverse direction, and come back to you. Stu-
dents will be eager to see a demonstration.

How do you do it? Just toss the ball straight up in the air! Follow this by saying you are also
able to drop the ball from a height of four feet, and it will not hit the floor. How? Drop it and
catch it with the other hand.

Martin Gardner, Hendersonville, NC 28792
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