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G r e e n f l a s h e s h a v e b e e n d e s c r i b e d b y f i r s t - h a n d 

o b s e r v e r s f o r h u n d r e d s o f y e a r s . B u t i n c o r r e c t i n t e r p r e 

t a t i o n s by s c i e n t i s t s h a v e p e r p e t u a t e d m i s u n d e r 

s t a n d i n g s a b o u t t h e i r t r u e n a t u r e . T h i s a r t i c l e t r a c e s 

t h a t h i s t o r y a n d e x p l a i n s t h i s m i r a g e - l i k e p h e n o m e n o n . 

The term "green flash" refers to several different phe
nomena seen near sunrise and sunset. Their col
ors—often green, but sometimes blue or even vio
let—are due to a combination of differential 

refraction cutting off the red end of the spectrum, while 
Rayleigh and aerosol scattering attenuate the blue and 
violet, with the orange and yellow weakened by ozone 
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and water-vapor absorption. Each form is a by product 
of some kind of mirage; as there are several types of 
mirages, quite diverse optical mechanisms produce 
green flashes. Unfortunately, all forms are usually 
lumped together under a single name—green flash— 
which has produced great confusion, especially among 
armchair theorists who have never seen the wide variety 
of green-flash displays. 

Like all mirage phenomena, green flashes vary greatly 
with the observer's height, and usually require an appar
ent below-eye-level hori
zon. Because the sea 
forms the lowest possible 
horizon, a sea horizon is 
best. However, green 
flashes are also seen over 
land from airplanes and 
mountain tops; even tall 
buildings can offer a low 
apparent horizon. Most 
people learn of green 
flashes from Minnaert's 
book1 Light and Color in 
the Open Air, or from 
O'Connell's publication2 

of the Vatican Observato
ry photographs. But Min
naert relied on second
hand sources that mainly used observations made near 
sea level, while O'Connell shows only what is visible 
from a height of 450 m. And both authors missed most 
of the available literature, so both books are quite 
incomplete. 

A little history 
Green flashes, like mirages in general, were known to 
sailors long before scientists. James Prescott Joule suc
cinctly described3 the two most common forms of green 
flash in 1869. Joule remarked that Joseph Baxendell had 
"noticed the fact that at the moment of the departure of 
the sun below the horizon, the last glimpse is coloured 
[sic] bluish green. On two or three occasions I have 
noticed this, and also near sunset an appearance like 
what I have rudely depicted." The accompanying wood
cut (see Fig. 1) shows the Sun reflected in an inferior 
mirage, and having the characteristic shape that Anni
bale Riccò later likened to the Greek letter Ω. These 
flashes are best seen from a few meters above the sea. 

Joule also wrote, "[j]ust at the upper edge, where 
bands of the sun's disk are separated one after the other 
by refraction, each band becomes coloured [sic] blue 
just before it vanishes." This describes the second com
mon kind of flash, the mock-mirage flash, which pre
dominates in O'Connell's book. These require a thermal 
inversion below eye level, and so are increasingly com
mon with increasing height of the eye. 

The 1873 reprint of Joule's note in Nature4 omitted 
the figure and Joule's accompanying remark about the 
shape of the setting Sun, thus losing an important clue 
to the cause of the most common kind of green flash. 
The mirage link was rediscovered half a century later by 

astronomers John Evershed5 (in India) and Willard J. 
Fisher6 (then in the Philippines). Fisher drew an impor
tant distinction between sunsets where the sea is 
warmer than the air, which produce inferior mirages 
and green flashes seen near sea level, and those where 
the water is colder than the air, which produce sunsets 
that are delayed by increased refraction, and the Sun 
fades out as a thin red line at the horizon. 

Soon after Joule's letter appeared, David Winstanley, 
another Manchester natural philosopher, made tele

scopic observations of the 
low Sun, noticing the 
green upper rim pro
duced by atmospheric 
dispersion. Winstanley 
correctly connected dis
persion with green flash
es, but could not explain 
their great variability. His 
work 7 was reprinted in 
the 1873 Nature4 along 
with the two sentences 
from Joule's letter; but 
these phenomena were 
widely noticed only after 
Jules Verne's novel Le 
Rayon Vert appeared in 
1882. 

Winstanley's work was independently repeated, 
though less well, by Arthur Rambaut, whose 1906 
article8 was the first review of what Charles Whitmell— 
the most prolific writer on the subject—insisted should 
be called "the green flash'" (a term first used by the Scot
tish meteorologist R.T. Omond). Rambaut's curiously 
insular review, which ignored everything published out
side Great Britain, was the basis of an influential paper9 

by the younger Lord Rayleigh in 1930, who had never 
seen a green flash. Rayleigh's paper, in turn, was cited by 
Minnaert, thus retarding the subsequent development 
of the subject: Rayleigh believed that standard refraction 
could produce green flashes when the green rim was the 
only part of the Sun above the horizon. This mistaken 
notion was not refuted until 1955, when Gerhard 
Dietze10 showed that the tiny sliver of green rim is too 
faint for the naked eye to see against the sunset sky. 
Unfortunately, O'Connell reviewed only the astronomi
cal literature, and so missed Dietze's paper, published in 
a meteorological journal. 

Meanwhile, Albert Antonie Nijland, having seen 
numerous green flashes from shipboard while on an 
eclipse expedition to Sumatra in 1901, had solicited 
observations from Dutch seamen. The hundreds of 
observations they reported were the basis of a disserta
tion 1 1 by Pieter Feenstra Kuiper in 1926. The earlier liter
ature had just been reviewed by Fisher, and by Marten 
Edsge Mulder, a retired professor of ophthalmology, 
whose book 1 2 was the first entirely devoted to "the green 
flash;" so Feenstra Kuiper's thesis depends almost entirely 
on the works of Fisher and Mulder for its bibliography. 

As Minnaert's account is based almost entirely on the 
works of his compatriots Mulder and Feenstra Kuiper, 

Figure 1. Joule's woodcut showing an Ω-shaped sunset. 
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these have had a disproportionate influence on subse
quent thinking. For example, Mulder's threefold classifi
cation of flash phenomena into green r im, green seg
ment, and green ray was adopted by both Feenstra 
Kuiper and Minnaert, and subsequently by O'Connel l , 
despite its inadequacy. The forced fit of many types of 
green flashes into Mulder's green segment category has 
confused later readers. 

Feenstra Kuiper's thesis is a gold-mine of raw materi
al, but he erred in interpreting it. First, he misunder
stood an important paper 1 3 by Alfred Wegener, suppos
ing that the "ref lect ing str ip" o f sky that m i r r o r s 
terrestrial objects (in the superior mirage) could reflect 
the Sun; in fact, celestial objects are obscured by this 
strip. He therefore misinterpreted existing observations 
of mock mirages as phenomena due to inversions above 
eye level, rather than be low—an error repeated by 
O'Connell . 

Second, on very weak evidence, Feenstra Kuiper con
cluded that green flashes were associated with high 
absolute humidity. (Actually, spectra of both the low 
Sun and green flashes show that it is the Chappuis 
bands of ozone, rather than water vapor, that absorb 
most of the orange in the spectrum.) I believe part of 
his trouble was that, apart from having seen the green 
r im, Feenstra Kuiper had never actually witnessed a 
green flash. 

B.G. Escher, the geologist brother of the well-known 
artist M . C . Escher, made an important comment 1 4 on 
this thesis. Escher actually plotted the geographical dis
tribution of the reported flashes, and found a great con
centration in the Red Sea, the Gul f of Aden, and the 
southeastern Mediterranean. From this distribution, he 
noted that "the frequency of the green ray observations 
is greatest in the regions where the precipitation is the 
least, that is, where the shipping routes pass near or 
between deserts." So he concluded that "a dry climate is 
favorable for the appearance of this very remarkable 
phenomenon." O f course, this contradicted Feenstra 
Kuiper's conclusion that humidity favors flashes, but it 
is entirely consistent with what we know today: a dry 
climate has the large temperature excursions in the low
er atmosphere that favor mirages of all kinds. 

Escher, who had himself seen only four green flashes, 
proposed a classification scheme, which he introduced 
with the modest remark that "[a] complete classification 
could only be given by someone who has made very 
many observations himself and moreover is sufficiently 
educated in the natural sciences." Feenstra Kuiper seems 
to have taken this remark as a personal slight, and 
responded with a display of wounded ego such as is 
rarely seen in the scientific literature. To paraphrase, 
"How dare a geologist criticize the work of astronomers? 
and besides, I proved in my thesis that the flash is associ
ated with higher absolute humidity!" Perhaps as a result 
of this intemperate outburst, we never hear from Feen
stra Kuiper again. However, as his thesis was one of the 
two major sources used by Minnaert, and was also cited 
by O'Connell , its influence continues to the present day. 

O'Connel l 's monograph of 1958 convinced many 
people that the last word had been said about green 

flashes. Actually, his stated purpose was only to display 
the Vatican Observatory photographs of green flashes, 
and he did little to explain them. A n d , because of the 
considerable height of the Observatory (450 m) , the 
Vatican photographs show phenomena quite different 
from those seen near sea level, which were the main 
subject of earlier works. 

Furthermore, O'Connell mistakenly thought that the 
cause of the solar distortions and green flashes in the 
Vatican pictures lay in the upper atmosphere, because 
ships on the horizon appear undistorted, even when sil
houetted against the distorted Sun. But a ship on the 
horizon is embedded in the atmospheric "lens" formed 
by thermal structures in the marine boundary layer; 
consequently, it lies near the principal planes of this 
lens, and cannot be appreciably distorted by it. Thus, 
confusion and incorrect explanations have continued to 
proliferate. 

The inferior-mirage flash 
M o s t flashes seen 
from a few meters 
above sea level , 
particularly over a 
warm ocean (as in 
Hawaii and the Car
ibbean) are caused 
by the in fe r io r 
mirage. A l t h o u g h 
the reversed part of 
the miraged image 
is ver t ica l ly c o m 
p r e s s e d — y o u can 
th ink o f this as a 
virtual image mini
fied by reflection in 
the convex surface 
where s o m e t h i n g 
like internal reflec
tion occurs—there 
is inf ini te vert ical 
magnification at the 
transition where the 
image folds over. 
S i m u l a t i o n s p r o 
duced from realistic 
temperature profiles 
(e.g., Fig. 2), using 
M o n i n - O b u k h o v 
similarity theory in 
the surface layer, 
reproduce the clas
s ical features o f 
these flashes very 
well: the flash has 
a nearly e l l ip t ica l 
form, but is flatter 
on the lower side; the long axis is horizontal; and the 
green color appears first at the ends and then fills in 
the whole area of the vanishing blob, which shrinks to 
noth ing at an appreciable angular distance (a few 

Figure 2. Temperature profile for an inferior-mirage green 
flash, calculated from Monin-Obukhov similarity theory. 

Figure 3. Transfer curves for an inferior-mirage green 
flash, calculated for the temperature profile of Figure 2. 
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minutes of arc) above the apparent horizon (see Figs. 2 
to 4). 

A simplistic explanation is that the transition zone (see 
the minimum in Fig. 3, page 33) just magnifies the green 
rim at the top of the Sun seen from a meter or so above 

the sea. Without the mirage, this rim would be about 20 s 
of arc wide; the mirage stretches it to a few minutes, 
making it easily visible to the naked eye. The stronger 
the mirage, the larger the flash, but the duration is not 
increased appreciably, so these flashes last only about 2 s 
at moderate latitudes. Indeed, this is the most common 
duration estimated for hundreds of flashes in Feenstra 
Kuiper's thesis. 

The sea contributes to these flashes in several ways. 
First, as mirages can only occur below the astronomical 
horizon, the sea horizon provides the lowest possible 
boundary between Earth and sky, and is always below 
eye level, thus maximizing the zone of sky available for 
the mirage. Second, the sea is a huge heat sink, which 
can maintain a temperature above that of the air for 
long periods, in spite of convective heat transfer. Third, 
the sea surface is aerodynamically smooth, which allows 
steep temperature gradients to develop at its surface; 
flashes over warm ground at sunset rarely show the full 
mirage, but instead merely show a distorted "segment" 
whose image is vertically stretched at the apparent hori
zon, so that the green color appears first at the corners 
of the "segment." 

Consequently, the sea is the best horizon for seeing 
inferior-mirage flashes. They are common not only at 
low latitudes, where the sea is heated most strongly by 
sunlight, but also where warm currents invade high lati

tudes (e.g., the Gulf Stream—hence the many observa
tions from Great Britain). In Southern California, these 
flashes are common in the clear, cold air behind a winter 
storm front (see Fig. 5). 

Mock-mirage flashes 
The other common flash is due to the mock mirage,15 

which is a purely refractive phenomenon, not explain
able (even crudely) in terms of internal reflection, as are 
the classical inferior and superior mirages. We may call 
it a pseudo-mirage, together with Wegener's Nach
spiegelung (described later in this article). These phe
nomena are caused by the denser air below a thermal 
inversion (see the kink in Fig. 6), which can be regarded 
as forming a large spherical lens of very low refractivity. 
Despite its weak refractive index, the lens has apprecia
ble power for rays that graze its edge; thus, its outer 
zones have a short enough focal length to form real, 
inverted images of objects at infinity, such as the setting 
Sun. Of course, the power is nearly all in the vertical 
direction, so the lens acts as though it were cylindrical. 
If the edge zones have a focal length shorter than the 
distance from the eye to the lowest point on a ray pass
ing through them, we see an inverted image of the sky 
behind these zones. 

From a lens designer's point of view, the mock 
mirage is due to high-order spherical aberration of this 
atmospheric lens. But the effect is enhanced at shorter 
wavelengths, where air has higher refractivity, so the 
inverted zone of sky reaches farther below the astro
nomical horizon at shorter wavelengths. Consequently, 
the inverted image of the Sun's upper limb is still visible 
in green light after it has disappeared in the red. This 
forms the mock-mirage green flash. Thus a mock-
mirage flash might be thought of as due to spherochro
matism of the atmospheric lens. 

The strong gradient of density within the thermal 
inversion layer greatly increases the astronomical 
refraction there as zenith distance increases. But this 
rapid increase in refraction compresses the image of 
the Sun very strongly in the vertical direction; indeed, 
the mock-mirage flash occurs where the image com
pression is a maximum. This is contrary to the optical 

Figure 4. Simulation of an inferior-mirage green flash, using the 
transfer curves in Figure 3. The scales of altitude, measured 
from the astronomical horizon (dashed), are in minutes of arc. 
The number below each panel is the geometric altitude of the 
Sun's center, in minutes of arc. 

Figure 5. Photograph of an inferior-mirage sunset. 
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effect in the inferior-mirage flash, where the image is 
stretched. One might then expect a mock mirage flash 
to be only a few seconds of arc wide, and hence invisi
ble, instead of large and spectacular. Why does it 
appear so big? 

Green light bends more strongly than red light with
in thermal inversion, so the green rays travel farther 
along the curve of the Earth before leaving this layer. 
Thus, the red light image of the Sun disappears before 
the green, which makes the mock-mirage flash last sev
eral seconds instead of just two. Durations as long as 
15 s have been reported by experienced and reliable 
observers. 

But the strong refraction in the inversion layer is 
opposed by weaker refraction in the air beneath it; so 
rays that penetrate into the lower region suffer opposing 
effects and must pass well below the inversion before 
they lose its grazing-incidence focusing power. This 
accounts for the great apparent width of the mock 
mirage in the sky, in spite of image compression. The 
compression does make mock-mirage flashes very elon
gated horizontally, compared to inferior-mirage flashes. 
Also, the pointy minimum of the transfer curve (see Fig. 
7) is reproduced in the pointy ends of mock-mirage 
flashes (see Fig. 8), and the "spikes" in the upper limb of 
the Sun that precede them—versus the rounded ends of 
a typical inferior-mirage flash (see Fig. 9, page 36, for an 
actual example). 

The eye must lie above the thermal inversion to see a 
mock mirage, just as the eye must be above the hot sur
face layer to see an inferior mirage. These mirages and 
their flashes are visible to all observers above the atmos
pheric layers that produce them, so they are frequently 
visible. 

Other mirages and their flashes 
Something like a mock mirage occurs when the eye lies 
just below a thermal inversion. Here, however, a 
reversed image occurs only if the eye is sufficiently close 
to the inversion, and if the inversion is steep enough to 
produce "reflection" (i.e., ducting and a superior 
mirage). The inverted image that occurs below the 
reflecting strip of sky is Wegener's Nachspiegelung. Again 

we have atmospheric lensing, but the observer is now 
embedded within the lens, so a stronger inversion is 
required to produce focusing. There is again a flash 
associated with the mirage's dispersion, but it is visible 
only if the inversion is strong enough, and if the observ
er is close enough to it. Consequently, these flashes are 
relatively uncommon. 

A particularly large green flash can be seen by an 
observer just below a duct. This is clearly related to the 
flash that accompanies the Nachspiegelung; but no 
reflecting strip is seen. These flashes must be rare, 
though I think a few have been observed. There may be 
other flash phenomena associated with ducting, but I 
have not yet been able to explore the full range of possi
bilities in simulations. Another display is sometimes 

Figure 6. Temperature profile for a mock-mirage green flash. Figure 7. Transfer curves for mock-mirage green flash, calculated 
for the temperature profile of Figure 6 for an observer at 54 m. 

Figure 8. Simulation of a mock-mirage green flash, using the 
transfer curves of Figure 7. 
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seen in hilly country, when the wind is strong enough to 
make inversions ride up over the hills. These were dis
cussed (but misunderstood) by Fraser16 in 1975; they 
seem to be common in Pennsylvania and New England. 
Apparently the optical mechanism is that of the mock 
mirage, but because the radius of curvature of the inver
sion here is so much smaller than the radius of the 
Earth, these little flashes are correspondingly scaled 
down, and are small and inconspicuous. They nearly 
always require binoculars or even the magnification of a 
small telescope to be seen. Whether they should be con
sidered distinct from ordinary mock-mirage flashes is a 
matter of taste. 

Some further flash phenomena are clearly outside 
the range I have discussed. In his Plates XIII and XIV, 
O'Connell shows some "segments" that are red instead 
of green on top. I have photographed some less spectac
ular examples myself. Clearly this phenomenon needs to 
be explained, and is not terribly rare, but I have not 
been able to produce it in simulations. Perhaps interac
tions between two or more inversion layers below the 
eye are required. 

Green rays 
Sometimes a green beam of light appears briefly above 
the sunset point a second or two just after the Sun itself 
has set. This is Mulder's "green ray." Although many 
experienced green-flash observers (including myself) 
have never seen this form of the display, it is so well 
attested that I have no doubt of its reality. One of B.G. 
Escher's observations was of a green ray, and Mulder 
himself had seen one. The clearest description was given 
by an experienced naval engineer, who wrote, 1 7"[i]nthe 
course of sixteen years sailing the seven seas I have very 
frequently seen the green flash and also the green ray.... 
Occasionally . . . a luminous green ray springs from the 
flash and shoots vertically upwards to a height of about 
five of the Sun's apparent diame
ters." This is entirely in accord 
with several other descriptions, 
and also with the drawing made 
by D.P. Lagaaij and reproduced in 
color both in Feenstra Kuiper's 
thesis and in Rudolf Meyer's arti
cle on refraction phenomena in 
the Handbuch der Geophysik. 

This is probably a crepuscular 
ray, illuminated by an unusually 
bright green flash. The "green 
glow" shown in black-and-white 
in O'Connell (on page 95 of his 
book) appears to be an example, 
though not constrained into "ray" 
form by any obstacle; Escher and 
others indicate that several differ
ent forms occur. More pho
tographs would be very helpful. 
Because of the angular size of this 
phenomenon, it should be pho
tographable with ordinary lenses, 
instead of the extreme telephoto 

systems needed for normal green flashes. The main dif
ficulty is the considerable exposure required, as it is 
almost a twilight phenomenon. 

Green flashes and physiological optics 
A great deal of effort has been wasted over the years in 
trying to explain away green flashes as illusions due to 
contrast effects. As the foregoing photographs and sim
ulations show, green flashes really exist. Yet, as experi
ence shows, there really are physiological effects that 
modify the colors of sunset flashes. 

A common and frustrating experience is seeing a 
green flash, tripping the shutter, and later finding a yel
low or orange image on your film. O'Connell discussed 
this problem at length, trying to explain away the yel
low photographic images as due to overexposure. Yet 
green flashes are, in fact, more often under- than over
exposed. Overexposure is not the explanation. 

In fact, the difficulty is caused by bleaching of the 
red-sensitive photopigment from the observer's retina, 
so that a flash that is "really" yellow appears green 
because of the loss in red sensitivity. Bleaching has been 
thoroughly studied in the vision literature; the retinal 
illuminance at which half of the pigment is bleached is 
near 104 trolands. (A troland is a level of retinal illumi
nance resulting when a surface with a luminance of 
1 candle/m2 is viewed through a pupil with an area of 
1 mm 2 ; abbreviated td.) As one can easily show that 
typical brightnesses of the setting Sun's image on the 
retina are on the order of 105 or even 106 td, rapid 
bleaching of the red pigment is inevitable. The atmos
phere attenuates green light about a thousand times 
more than red, so little bleaching of the green-sensitive 
pigment occurs. 

The yellow stage is much brighter than the green 
one, as atmospheric extinction increases very rapidly 
with decreasing wavelength, so most of the bright 

green flashes reported at sunset 
by visual observers are actually 
yellow flashes. Many published 
reports show the effects of 
bleaching and adaptation at sun
set. Of course, at sunrise there is 
no bright pre-exposure of the 
retina, and flashes are seen in 
nearly their true colors. There is, 
of course, some shift in perceived 
hues because of adaptation 
effects, particularly if bright red 
clouds are near the Sun; but 
adaptive effects are much smaller 
than the very large effects of 
bleaching at sunset. 

Let's be very clear and ex
plicit about this: sunset green 
flashes are N O T afterimages, 
but their perceived colors ARE 
strongly affected by retinal 
bleaching (and, to a lesser 
extent, ordinary adaptation 
effects). 

Figure 9. Photograph of an actual mock-
mirage flash. For a color version, see the 
opening image on page 31. 
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Sense and nonsense about green flashes 
In reading some 900 publications on green flashes, I 
have been impressed by the veracity of observers' 
accounts. Time after time, my reaction to some strange 
report has been, "that can't be right," only to see the 
same phenomenon myself later on, and only then 
understand what I had read. Some people are so star
tled by seeing a green flash that they are at a loss for 
words, and give the most outlandish-sounding descrip
tions, which can be understood only after seeing the 
same thing yourself. My overwhelming impression is 
that all but two or three reports are as correct as the 
observers could make them, and should be read with 
confidence. 

On the other hand, a great deal of foolishness has 
been repeated by scientists who should know better. In 
particular, Jules Verne's "ancient legend" in his novel 
set in Scotland (that one who has seen a flash cannot 
be deceived in matters of sentiment) has been passed 
on as Gospel by almost everyone who has written 
popular accounts of "the green flash." A moment's 
thought suffices to cast doubts on Verne's romantic 
conceit, so Gallic in character and so foreign to the 
"dour Scots." An afternoon's reading shows that green 
is associated with death and evil spirits among the 
Celts, and indeed a genuine legend on the Isle of Man 
was that a green flash foretold a death or a shipwreck. 
To those readers who write popular accounts: enough 
of this nonsense! Jules Verne's "legend" is his own 
invention, and purely a novelist's plot device. Let us 
hear of it no more. 

Finally, it's fashionable these days to be overly 
cautious, and to warn people not to look directly 
at the setting Sun, lest they damage their eyes. 
Mulder, the ophthalmologist, devoted several 
pages to refuting such baseless alarmism. In fact, 
the atmosphere at the horizon provides more 
than enough protection, especially from the 
short-wavelength rays, which are the most harm
ful. It's perfectly safe to look at the Sun when it's 
within its own diameter of a sea horizon, even 
with binoculars. And binoculars are by far the 
best way to see green flashes, most of which are 
too small to be noticed without optical aid. Per
haps one sunset in five or six offers a naked-eye 
green flash from the California coastline; with 
modest magnification, nearly all sunsets do. So go 
ahead and look!1 8 
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OSA Can Be Very Awarding 
As an OSA member, you play an 
important role in the OSA Awards 
Program. If you have a colleague 
who deserves to be recognized for 
exceptional work in the field, why 
not submit an award application? 

Allen Prize 
Graduate student contribution 
to atmospheric remote sensing 

Beller Medal 
Contributions to education 

Born Award 
Contributions to physical optics 

Distinguished Service Award 
Noteworthy contributions to 
optics, non-technical 

Fraunhofer Award/Burley Prize 
Accomplishments in engineering 

Ives Medal/Quinn Endowment 
Overall distinction in optics 

Land Medal 
Pioneering entrepreneurial 
creativity 

Lippincott Award 
Contributions to vibrational 
spectroscopy 

Lomb Medal 
Noteworthy contributions 
before age 30 

Mees Medal 
Interdisciplinary and 
international contributions 

Meggers Award 
Outstanding work in 
Spectroscopy 

Richardson Medal 
Contributions to applied optics 

Townes Award 
Contributions to quantum 
electronics 

Tyndall Award 
Pioneering, highly significant, 
or continuing technical or 
leadership contributions to 
fiber optic technology 

Wood Prize 
Discovery, scientific or 
technological achievement, 
or invention 

Nominations deadlines vary. For details, 
contact Kristen Washington, 

202/416-1420; fax 202 416-6130 
kwashi@osa.org 

Optics & Photonics News/March 1999 37 

http://mintaka
http://sdsu.edu/GF/
mailto:aty@mintaka.sdsu.edu

