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Light we cannot see
“The Plover and the Clover can be told apart with ease, 
By paying close attention to the habits of the Bees...”
 
From How to Tell the Birds from the Flowers (1907) by Robert Williams Wood, pioneer of infrared photography.

Ask a five-year-old: “Do you think there is light 
we cannot see?” From a logically thinking child 
you might receive the reply: “I cannot see the 
light in my sister’s bedroom, but I know it’s on.” 
Or perhaps you get a “What do you think?” 
response from your precocious granddaughter, 
who suspects that you are leading somewhere 
with your question. But the most likely response 
is a “No.” To a five-year-old, light is something we 
see by and that we can see; if we cannot see it, it 
should not be called light. 

The door is open for an educational discussion 
with this child in the Year of Light. Because, of 
course, there is light we cannot see.

Take that child into a darkened room, point a 
television controller in his direction, push a but-
ton, and ask him if he sees a light coming out of 
the end. “No,” is his response. Then have him 
point a smartphone camera at the controller and 
push the button again. “I see something!,” he 
exclaims. Or rather, as you point out to him, the 
camera sees something – and he sees the image 
formed by the camera (see image opposite).

As adults, we know something about infrared 
and ultraviolet light. We probably know that bees 
can see in the ultraviolet portion of the spec-
trum. And we may be aware that some cameras 
can take photos of wild animals at night with 
invisible infrared light. But do we know how? Do 
we know why digital cameras recording infrared 
light take better pictures on hazy days than do 
ordinary digital cameras? Do we know why the 
IR lights in the TV remote controller appear to 
the camera with a whitish purple color instead of 
a deep red? Or – here is a good one – do we know 
just how many different kinds of photoreceptors 
are found in the eyes of the mantis shrimp that 
are sensitive only to the UV? (The answer is six! 
[1]). Some of us do; many of us do not. 

Here are some interesting facts concerning IR 
and UV we may use to entice that youngster into 
learning more about light: • Clothing washed in 
some detergents comes out “whiter than white”. 
The reason: the detergent contains compounds 
that fluoresce when illuminated with UV light. 
The invisible UV light is converted to visible blue 
light, making the whites both brighter and less 
yellow. (Interestingly, some of the new LED lamps 
produce little to no UV, and the whites from the 
laundry are, well, just white [2].) • Dayglow paint 
is another example. Did you ever wonder about 
the origin of that really hot pink or orange color? 
UV light. • The sensor array elements in digital 
cameras are sensitive to radiation into the near-
IR. Normal digital cameras have an IR-blocking 
filter in front of the detectors to keep the color 
balance of the displayed images closer to what 
we would see with our eyes. • Remove the filter 
and replace it with one that passes IR and blocks 
blue light and the camera will now take pictures 
through haze with much higher than normal 
contrast. Why? Because IR radiation is scattered 
less by haze-producing particulate matter in the 
air. • Shorter wavelength UV light kills bacteria. 
Some swimming pools use UV light to make the 
water safer to swim in. • Seeing something hid-
den with near visible light can be an accidental 
outcome. In 1997, Sony released a model of their 

Lost Fun Zone, North Kivu, eastern 
Congo, 2012, digital C print 
captured with Kodak Aerochrome 
Infrared false color film. Image 
courtesy of the artist and Jack 
Shainman Gallery © Richard Mosse. 

The IR output of a TV controller as 
seen by a smartphone camera. The 
red indicator lamp (lower left) is 
visible to the naked eye. However, 
the two lights at the top are visible 
only to the camera. Question: Why 
do they have a whitish-purple color 
instead of deep red? 
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Handycam camera that included an IR sensitive 
“Nightshot” effect that allowed one to see in low 
light. A rash of (perhaps poorly-researched) news 
reports in 1998 to the effect that the camera, 
when used in daylight with a red filter, could see 
through clothing caused Sony to halt shipments 
and adjust the Handycam to only perform Night-
shot with slower and blurrier shutter speeds [3].

Back to the TV controller and the ability of a 
smartphone camera to “see” the IR light. In the 
early 1970s, when room-temperature semicon-
ductor diode lasers were just becoming available, 
an occasional “I can see the output!” was heard. 
Why the astonishment? Because light at the wave-
length of those devices, in the near-IR, was not 
supposed to be visible. Obviously it was – indeed, 
research has shown that some people can see light 
as far into the IR as 1064 nm [4] – but to be seen 
the source must have the spectral brightness of a 
laser – typically more than 100,000 times that of 
the Sun [5]. These early experimenters with the 
psychophysics of IR lasers reported seeing a deep 
red color. It was only the long-wave receptors of 
the retina that were being stimulated, and the per-
ceived color was thus the deepest possible red. So 
why does the mobile phone camera see the infra-
red LED as producing whitish purple light? The 
sensor elements in a digital camera are equipped 
with red, green, and blue filters that allow images 
in each of the three primary colors to be formed, 
subsequently to be merged by internal circuitry 
for display. Ideally, these filters pass no IR, but 
clearly they do pass some. And it is not simply the 
red-filtered detector elements that respond to the 
IR. Some light must pass the blue and green fil-
ters as well. The result, when rendered as a three-
color combination by the camera display, is the 
color shown in the figure – at least for the cam-
era used for this article. (For the courageous, [6] 
provides detailed instructions on how to remove 
the IR-blocking filter from the DSLR Nikon D70 
camera, along with some photographic results.)

How do bees see light we cannot, and what 
in fact do they see? Humans have three color 
receptors in the retina, peaking at 560, 530, 
and 420 nm. Visible light of a particular color 
produces different ratios of stimulation of these 
receptors with the perception of color result-
ing. Bees, on the other hand, have receptors 
that peak at 540, 430, and 340 nm, the last of 
which is in the near-UV [7]. A honey bee can thus 
see things that we cannot. This ability proves 
useful to the bee, since – possibly through co- 
evolution? – many flowers have UV patterns on 
their petals that direct the bee to the site of the 
nectar and pollen. See the figure opposite (top). 
Interestingly, the Bee’s long wavelength 540 nm 
band receptor is not sensitive to red light, and 
what we see as red flowers appear black to the 
bee [8]. For some particularly beautiful pseudoc-
olored near-UV photos of flowers by professional 
nature photographer Bjørn Rørslett, see [9].

What “color” do bees see when they see ultra-

violet light? That is like asking someone, “Do 
you see the color red the same way that I do? 
– only more difficult. We can reasonably specu-
late that the psychophysical response to view-
ing a particular wavelength is the same among 
humans, i.e., you see red the same as I do. But 
bees? We have no idea

The stories of the discovery of IR and UV 
light can teach our youngsters something about 
the relation between curiosity and science, 
and also about the scientific method. In 1800, 
astronomer William Herschel noted that he 
could sense heat from the Sun’s rays even when 
he used darkened glasses to strongly attenuate 
the light reaching his eyes. Motivated by curios-
ity, he separated sunlight into its colors with a 
prism and, as suggested in the figure opposite, 
measured the temperature rise in thermom-
eters at different places along the spectrum. 
Red light provided more heat than did green or 
blue. But something beyond red caused an even 
greater rise in temperature! Herschel showed 
that these invisible “calorific rays” behaved like 
light in that they could be reflected, refracted, 
absorbed, and transmitted in similar fashion. 
For an excellent discussion of this topic well-
suited for young people, see [11].

A year after Herschel’s discovery of IR light, 
Johann Ritter, guided both by curiosity and by 
an appreciation for the symmetry so frequently 
observed in nature, looked for evidence of invis-
ible light at the violet end of the sunlight spec-
trum [12]. He found that evidence through the 
increased rate at which silver chloride turned 
black in the space beyond the violet part of the 
spectrum, where no sunlight was visible – a 
rate that exceeded that in the blue and violet 
portions. He referred to this invisible light as 
“oxidizing rays” or “chemical rays,” the name 
ultraviolet being introduced only later.

Crime-show watchers know that UV light plays 
a role in forensic investigations. Semen fluo-
resces under UV illumination, even after years 
of drying. Kerosene, sometimes used in arson, 
fluoresces a bright blue. And UV-fluorescing 
powders are often used to enhance fingerprints, 
which can then be photographed without the 
necessity to “lift” them from the surface. In 
June of 2014, the Associated Press reported on 
the image of an underpainting hidden beneath 

The Silver Ragwort flower as viewed 
in visible light (left) and ultraviolet 
light (right). Note the emphasis in 
the UV of the pollen-hosting portion 
of the flower. Photos by Dave 
Kennard via Wikimedia Commons 
(http://creativecommons.org/
licenses/by-sa/3.0).  

William Herschel, astronomer and 
discoverer of infrared light.  

Infrared imagery of Pablo Picasso’s bowtied man 
underpainting revealed beneath Picasso’s 1901 
painting, The Blue Room 1901. From [10]. 

[1] E Yong, “Nature’s Most Amazing Eyes 
Just Got A Bit Weirder”, National 
Geographic July 3, 2014.
[2] http://news.psu.edu/story/312538  
/2014/04/18/research/under-some-  
led-bulbs-whites-aren’t-whiter-white.
[3] “Sony’s naked cam scam?” 
CNNMoney, 8/14/1998.
[4] D Sliney et al., “Visual sensitivity of 
the eye to infrared laser radiation, 
J. Opt. Soc. Am. 66 (4) 339–341. 
[5] D C O’Shea, W R Callen and  
W T Rhodes, Introduction to Lasers and 
Their Applications, Section 2.4 
(Addison-Wesley 2007).
[6] www.astrosurf.com/buil/d70/ircut.
htm. 
[7] http://westmtnapiary.com/Bees_
and_color.html.
[8] https://fieldguidetohummingbirds.
wordpress.com/2008/11/11/
do-we-see-what-bees-see./ 
[9] www.naturfotograf.com/UV_POTE_
ANS.html.
[10] www.phillipscollection.org/sites/
default/files/press_material/press-
release-blue-room-collaboration.pdf.
[11] www.nuffieldfoundation.org/
practical-physics/william-herschel-  
and-discovery-infra-red-radiation.
[12] http://micro.magnet.fsu.edu/
optics/timeline/people/ritter.html. 
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the surface of The Phillips Collection’s The Blue 
Room (1901) by Pablo Picasso. The underpainting 
was made visible by means of IR illumination. 
Indeed, IR illumination has been used success-
fully in tracing the “prehistory” of many paint-
ings, not only by Picasso but by Da Vinci and 
many others. An interesting article on how to 
become an art investigator is to be found at [13].

The most aesthetically pleasing exploitation of 
IR light is doubtless in photography. Artists have 
always been captivated by the near-visible in the 
broadest sense – imagery produced that is near, 
but not actually accessible, to human vision, like 
the blurring of time with long shutter speeds to 
create a feeling of romance, or freezing time for 
dramatic effect with short exposures, macro 
enlargement to abstract a form, or multiple expo-
sures for an ethereal effect. The capture with 
special films of near-visible light performs a spe-
cial role: it is still relatable to our common per-
ception but is at the same time affected, exalted. 
A simple image search for “high dynamic range 
[HDR] photography” or “infrared photography” 
brings up a host of images that are not scientific, 
but that see beyond the spectrum of human per-
ception for aesthetic effect.

Some art photographers are seeking in earlier 
film-based methods characteristics that are unre-
alistic but expressive. For example, Kodak Aero-
chrome, a “false color” infrared film stock made 
for aerial photography, has been popularized by 
the Irish artist Richard Mosse, who represented 
Ireland at the prestigious 55th Venice Biennale 
art fair [14].

Aerochrome, which is sensitive out to approxi-
mately 900 nm in the IR, was designed to capture 
the near-visible by suppressing some visible light. 
Blue light is filtered out with a No. 12 Yellow fil-
ter, and the entire spectrum is then shifted: in 
prints, IR appears red, red appears green, and 
green appears blue. The film was created for 
aerial photography of vegetation; the strong near-
infrared reflectivity of leaf cell walls makes for 
purple–pink blooms in the photos, easily distin-
guished from other surfaces. This high IR reflec-
tivity of plants is the effect (known as the “Wood 
Effect” after R W Wood) that results in bright 
white vegetation in black and white IR photogra-
phy. Mosse has used this effect in photographing 
rebel militia fighters in the Congo: an invisible 
war shot with invisible light. As demonstrated in 
his 2011 photo, “Man-Size, North Kivu, eastern 
Congo”, the camouflage outfits, which would 
normally be hard to see against the vegetation 
background, stand out against the bright fuch-
sia foliage as viewed by the Aerochrome film. 
Indeed, Kodak color infrared-sensitive films were 
originally designed for reconnaissance and cam-
ouflage detection and were referred to as CD, or 
camouflage detection films.

And what is it like to photograph with light you 
cannot see? Mosse, in an interview with Aaron 
Schuman for Aperture magazine, had the follow-

ing to say: “Since infrared light is invisible to the 
human eye, you could say that I was literally pho-
tographing blind ... Yet I was trying to represent 
something that is tragically real – an entrenched 
and endless conflict fought in a jungle by nomadic 
rebels of constantly shifting allegiances” [15]. 
What is most striking in Mosse’s photographs is 
how Aerochrome sees the conflict in the Congo, 
a combination of elements familiar and real with 
colors made through light that we cannot see. 
In Richard Mosse’s image that begins this arti-
cle, look at how the surreal background blends 
with the natural gray-white bark of the trees and 
the normal flesh tones made slightly smooth and 
luminous by infrared’s subtle penetration of skin. 
The visible and the nearly visible combine like in 
a dream.

Which returns us to our first question, why do 
we speak of UV and IR as light, and to what extent 
should we do so? The historical reasons speak for 
themselves: light from the sun was discovered to 
contain, directly adjacent to the red and violet 
ends of the visible spectrum, “rays” that could, 
respectively, heat thermometers even better than 
could red light or expose silver nitrate even better 
than could violet light. The nearly visible light, 
though not seen, was easily experienced, and 
therefore that an invisible form of light was being 
observed was a reasonable conclusion. Adding to 
the “light” aspect of this invisible radiation, it was 
determined that it could be diffracted, refracted, 
reflected, emitted and absorbed, just like visible 
light, as Herschel found with his prism. More 
recently, the imaging of near-IR and near-UV 
radiation with cameras add to their identity as 
light. With a little lift and modulation in spec-
trum, as in Aerochrome film, nearly visible light 
can be given “false color” and then recorded in 
our visible spectrum. So again, why do we speak 
of IR and UV as “light”? Because in many regards 
it behaves like the light we can see. It is something 
just barely not ours and all around us. Our mobile 
phone in our pocket can see it, our remote con-
trols shoot spotlights of it, and just outside our 
windows bugs are using it to navigate their spring 
foraging. And with a little experimentation, we 
and our five-year-old can see like the bees.

“Washington Monument, 
Washington, D.C.,” by Carol M 
Highsmith (2007). 

“Tree Example IR” and “Tree 
example VIS” by Schwen. Licensed 
under CC BY-SA 2.5 via Wikimedia 
Commons.

Man-Size, North Kivu, eastern Congo, 2011, digital C 
print, 72 x 90 inches. Image courtesy of the artist and 
Jack Shainman Gallery, © Richard Mosse.

[13] www.webexhibits.org/pigments/
intro/ir.html.
[14] www.aperture.org/blog/
richard-mosse-at-the-venice-biennale/.
[15] Aperture, #203, Summer 2011, 
p56.
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More than half of the ICO Bureau and over 30 
other members of the ICO family attended the 
opening ceremony of the International Year of 
Light 2015. Highlights of the ceremony were 
the five Nobel Laureate plenaries: Light and Life 
by Ahmed Zewail, Energy and Climate Change: 
Challenges and Opportunities by Steven Chu, Ein-
stein, Light, and Time by  William Phillips, Light 
and the Quantum by Serge Haroche, and Effi-
cient Light Conversion and Generation by Zhores 
Alferov.

Some members of the ICO family attending 
the opening ceremony appear in the photo. 
Other members and collaborators attending 
were: John Dudley, President of the IYL 2015 
and contributed editor of the ICO Newsletter; 
Joseph Niemela, Secretary of the IYL 2015 and 
VP; Zohra Ben Lakhdar, l’Oreal-UNESCO 
Prize Recipient for Africa & Arab world in 
2005, and former ICO VP (2008–2014) was 
one of the invited speakers; H Philip Stahl (VP 
2005–2011); Roberta Ramponi (VP); Giancarlo 
Righini (VP 1999–2005); Bishnu Pal (former 
India representative); Aram Papoyan (Armenia 
representative); Amalia Martínez García (Mex-
ico representative); Valentin Vlad (Romania 
representative); Kaido Reivelt (Estonia). From 
Poland: Tomasz Woliński, Michał Makowski, 
and Weronika Zaperty. From Spain: Santiago 
Vallmitjana, Joaquín Campos, Sara Perches, 
and Ana Gargallo. From Portugal: P Pombo,  
G Figueira. From Singapore: David Payne and 
Tjin Swee Chuan. 

The ICO has supported the initiative of an 
International Year of Light since its incep-
tion, and accompanied the application process 
through the IUPAP and ICSU to UNESCO, 
and in the last stage, asked its Territorial Repre-
sentatives to look for support from their ambas-

sadors to the United Nations. 
The ICO has participated and reported on 

preparatory meetings for the International Year 
of Light held annually at the ICTP on occasion 
of the ICTP Winter College on Optics, and the 
Award Ceremony for the ICO/ICTP Gallieno 
Denardo Award (see “An International Year of 
Light for 2015: UNESCO’s Executive Board 
supports the initiative” by John Dudley,  ICO 
Newsletter 94 January 2013, and “10th anni-
versary of TSOSA and Year of Light planning 
at ICTP”, ICO Newsletter 95 April 2013). Last 
April, ICO invited its Territorial Committees 
to promote the creation of national commit-
tees for the programming of local and regional 
celebration activities (ICO Newsletter 99 April 
2014). 

ICO has provided more than a dozen national 
contacts for the IYL Secretariat, and has made 
a call for an ICO IYL Award for the promotion 
of optics and photonics among young people 
in the ICO Territories. Proposals are to be sent 
to the ICO Territorial Committees. Each ICO 
territory is encouraged to select the best pro-
posal, and send to the ICO Secretariat a one-
page proposal (no more than one submission 
per territory). ICO anticipates awarding up to 
20 awards of US$1000 each. The best proposal 
will be awarded US$5000. Some possible activi-
ties could be youth competitions, outreach using 
optics and photonics kits, exhibits, educational 
materials, pilot projects, educator days and sci-
ence fairs. Please be creative! Particular empha-
sis will be given to activities that are sustainable 
beyond 2015, and that can be replicable in other 
territories. All awardees will receive a certificate 
from the ICO.
Deadline ICO IYL Award: 30 April 2015
Awards announcement: 1 June 2015

Opening ceremony: International Year of Light 2015
There was a large ICO 
presence at the 
ceremony, including 
four Past Presidents 
and 11 ICO Bureau 
Members.

Some ICO Bureau Members 
attending the ceremony
1. Mourad Zghal (VP, Tunisia 
representative)
2. Duncan T Moore (Past President, 
USA)
3. Ahmadou Wagué (VP, Ghana 
representative)
4. Frank Höller (VP, Germany)
5. Gert von Bally (Associate Secretary, 
German representative)
6. Ari T Friberg (President 2005–2008, 
Finland representative)
7. James Harrington (Treasurer, USA)
8. Yasuhiko Arakawa (President, Japan 
representative)
9. Malgorzata Kujawinska (VP  
2002–2008, Poland)
10. John Harvey (VP, New Zealand)
11. Abraham Katzir ( Israel delegate)
12. Ana Consortini (President  
1993–1996, Italy)
13. Angela Guzmán (Secretary General, 
Colombia)
14. María Luisa Calvo (President  
2008–2011, Spain)
15. Rim Cherif (Tunisia)
16. María Josefa Yzuel (VP SPIE, Spain)
17.  Mario Bertolotti (Italy)
18. Satoshi Kawata (Japanese 
delegate)
19. Yukari Matsuo (Japanese delegate)
20. Junko Hayase (Japanese delegate)
21. Satoshi Iwamoto (Japanese 
delegate)
22. Eric Rosas (VP, Mexico)
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The international scientific community was 
ready to celebrate the International Year of Light 
2015 (IYL2015) when Charles H Townes passed 
away, 27 January 2015, at the age of 99.

Townes is remembered for having invented 
and built the first maser [1] in 1954, skilfully 
embodying in a practical device the stimulated 
emission posited by Einstein [2] in 1916. We all 
know that stimulated emission is a minority 
partner in chaotic thermal emission of radia-
tion; Townes found the way to assign it the 
principal role, simply by selecting an inverted 
population [3] of molecules in a resonant cav-
ity. Thirty eight years had been needed to real-
ize how stimulated emission could be used to 
generate unprecedented monochromaticity and 
low-noise temperature. Townes was able to call 
on his expertise in both microwave spectroscopy 
[4] and quantum mechanics to design a device 
that was able to amplify and generate microwave 
radiation using a technique radically different 
from the usual techniques and that could not 
originate as a simple improvement of the elec-
tronic techniques already known and employed 
in existing devices. 

He had in fact achieved important results even 
in the preceding years. An expert in microwaves 
because of his work on radar-related projects for 
the military, he realized [5] that a narrow micro-
wave absorption line (for example the one of 
ammonia at 23.8 GHz) could be used to stabilize 
a microwave oscillator, introducing the basic 
principle of atomic clocks already in 1945.

A man of culture, Townes was accustomed to 
taking a broad view of problems, and after build-
ing the ammonia maser, he began to speculate 
on the possibility of extending to the infrared 
and visible part of the electromagnetic spectrum 
the same basic principles that he had used in 
masers: inversion of population, resonant cavity, 
and feedback.

He had the good fortune to be able to involve 
his brother-in-law Arthur L Schawlow in this 
research. A vital person with a deep understand-
ing of science, Schawlow proved to be an excel-
lent partner in discussing how an optical maser 
could be realized and in suggesting possible 
geometries and materials. Four years after the 
building of the first maser, Townes and Schaw-
low wrote a seminal paper [6] on possible ways 
to extend the maser principle to shorter wave-
lengths. The paper was published in Physical 
Review in 1958 and started the race to the build-
ing of a laser.

Townes’ inclination to work with simple gase-
ous systems in order to have complete knowledge 
and control of all the parameters probably pre-
vented him from building the first laser, which 
came, to the great surprise of many researchers, 

through the work of Theodor Maiman [7], a per-
son considered to be a new entry in the laser race.

Townes’ eclectic nature motivated him to look 
at the deep universe to see if there was a trace 
of his maser invention there. Beginning in the 
early 1960s he turned his attention to micro-
wave astrophysics, and it was so that, after hav-
ing discovered ammonia emission in interstellar 
space [8] – a few years after the announcement 
by Professor H Weaver [9] of the existence of 
radiation amplified by stimulated emission in 
clouds of OH molecules and using the same Hat 
Creek radio telescope used by Weaver – he dis-
covered stimulated emission by water vapour in 
the Orion nebula [10]. In an after-dinner speech 
at the Washington maser conference in 1992, 
he reported that one of his collaborators had 
announced “It is raining, in Orion!”. Later, using 
infrared spectroscopy results, he presented the 
first evidence of a black hole in the centre of our 
Galaxy [11] .

Few men have had the opportunity and abil-
ity to be so creative and influential as Townes. 
With pivotal ideas and experiments he contrib-
uted to the quantum electronic and nonlinear 
optics fields that were growing between 1955 
and 1970. I met him on several occasions, but 
it was with particular pleasure that we met in 
Erice, Sicily, at the International Centre and 
Foundation for Scientific Culture, Ettore Majo-

Remembering the late Charles H Townes
M Bertolotti shares his 
memories of Charles H 
Townes.

Top photo: Charles H Townes (left) and Mario Bertolotti. 
Bottom photo: The author presenting Townes with a 
medal from the Italian Optics and Photonics Society in 
2004. In the background is Sergio Martellucci.

[1] J P Gordon, H J Zeiger and C H 
Townes, Phys. Rev. 95 282 (1954).
[2] A Einstein, Z. Phys. 18 121 (1917).
[3] More molecules in the upper energy 
level than in the lower energy level.
[4] C H Townes and A L Schawlow, 
Microwave Spectroscopy, McGraw-Hill, 
New York 1955.
[5] C H Townes suggested the technique 
in a Bell Report around 1945. Also R V 
Pound, Rev. Sci. Instrum. 17 490 (1946) 
made the same suggestion. The 
technique was later put into operation 
by W V Smith, J L Garcia de Quevedo,  
R L Carter, and W S Bennett, J. Appl. 
Phys. 18 1112 (1947); E W Fletcher and 
S P Cooke, Cruft Lab. Tech. Rep. 64 
(1950); W D Hershberger and L E 
Norton, RCA Rev. 9 38 (1948); C H 
Townes, A N Holten and F R Merritt, 
Phys. Rev. 74 1113 (1948).
[6] C H Townes and A L Schawlow, Phys. 
Rev. 112 1940 (1958).
[7]  T H Maiman Nature 187 493 (1960).  
I have tried to describe these first hectic 
years in my book Masers and Lasers: An 
Historic Approach, 2nd ed. to be 
published by Taylor and Francis soon.
[8] Already in 1955 C H Townes in the 
IAU Symposium 4, Radio Astronomy, ed. 
H C van de Hulst (London: Cambridge 
University Press) p92 (1957) presented 
a paper in which he listed a number of 
molecules that might have radio 
transitions. Later he discovered the first 
polyatomic molecule in interstellar 
space: ammonia, A C Cheung, D M Rank, 
C H Townes, D D Thornton and W J 
Welch, Phys. Rev. Lett. 21 1701 (1968).
[9] H Weaver, D R Williams, H Nannilou 
Dieter and T W Lum, Nature 208 29 
(1965).
[10] A C Cheung, D M Rank, C H Townes,  
D D Thornton and W J Welch, Nature 
221 626 (1969).
[11]  J C Lacy, F Baas, C H Townes and T 
R Geballe, ApJ 227 L17 (1979); J C Lacy,  
C H Townes, T R Geballe and D J 
Hollenbach, ApJ 241 132 (1980); J H 
Lacy, C H Townes and D J Hollenbach, 
ApJ 262 120 (1982).
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rana, which was created by Antonino Zichichi 
and is easily the best place, in my opinion, for 
the free discussion of physics in a friendly and 
inspiring atmosphere. 

In 1964, Townes was awarded the Nobel 
Prize in Physics with N G Basov and A M Prok-
horov, the Russian scientists who independently 
arrived at the maser concept, starting from a 
different path but ending proposing the same 
mechanism of operation [12]. 

Sergio Martellucci, the Director of the Quan-
tum Optics courses in Erice, and I invited 
Townes to participate in the 2004 Quantum 
Optics Courses in Erice in 2004, and on the 
40th anniversary of his receiving the Nobel prize 
I presented him with a medal in the name of the 
Italian Optics and Photonics Society (SIOF). It 
was a nice ceremony in the Dirac Hall of the 
Ettore Majorana Centre with 100 “students” 
[13]  attending from all over the world. Wanting 
to challenge him, I asked whether he thought 
that one should speak of discovery of the maser 
rather than invention, being that maser action 
existed in nature. I do not know how much he 
appreciated the question, but he was very nice 
and explained that what makes the maser such 

a special device is not simply the stimulated 
emission in an inverted population but the pres-
ence of cavity and feedback, which do not exist 
in nature. We then had dinner and entertain-
ment in his honour, with music and dancing 
in the kiosk of an ancient convent used by the 
Ettore Majorana Centre. My wife and I, convers-
ing with Townes’ lovely wife Frances, watched 
Townes, 89 at the time, dance until midnight, 
at which time he stopped, not because he was 
tired but because by law we were forced to shut 
down the music.

We in the optical community and the scien-
tific community at large are saddened by Townes’ 
death. He was the last of the laser fathers: Basov, 
Prokhorov, Schawlow and Maiman, major actors 
of the starting phase, had already passed away.

Anyone working in areas related to atomic 
clocks, masers, lasers, nonlinear optics and 
microwave astrophysics are all indebted to him 
for the important advancements he brought 
about in those fields.

Ciao Charles, and be happy where you are 
now!
Mario Bertolotti, University of Roma La 
Sapienza, Roma, Italy

In memory of Vigen Chaltykyan
5 August 1942 –  
21 November 2014.

The scientific community of Armenia recently 
suffered a great loss, the passing away of Vigen 
Chaltykyan, Doctor of Physical and Mathemati-
cal Sciences, Senior Scientist of the Institute for 
Physical Research (IPR) of the National Acad-
emy of Sciences of Armenia, Professor of the 
Base Chair of the Russian-Armenian (Slavonic) 
University at the IPR, and Deputy Chief Editor 
of the Armenian Journal of Physics.  

Vigen Chaltykyan, a man of exceptional sci-
entific professionalism and son of well-known 
Armenian chemist H Chaltykyan, was born in 
Yerevan on 5 August 1942. In 1964, after gradu-
ating from the Faculty of Physics of Yerevan 
State University, he began his scientific career at 
the Institute of Radiophysics and Electronics of 
the Academy of Sciences of Armenia and joined 
the Theoretical Department of the IPR upon 
its creation in 1968. He obtained his PhD in 
1970 and became a senior research fellow of IPR 
in 1972. As a theoretician, he contributed to 
the development of an absorption-polarization 
method for the measurement of atomic con-
stants within the group headed by Academician 
Melist Movsessian. Results of his research work 
in the 1970–80s are today widely used in experi-
ments in new areas of modern physics, including 
quantum computing. He is known for his pio-
neering work on the theory of adiabatic transfer 
of atomic population in three-level systems by 
a sequence of laser pulses (STIRAP), research 
that was published in 1975 and experimentally 
confirmed in the 90s by K. Bergmann’s group in 

Germany. His studies of the polarization states 
of bi-photons, carried out in 1985, underlie 
modern methods of generating entangled states. 
For his Habilitation (1996), he made a system-
atic study of magneto-optical effects in resonant 
media. Despite a weak heart, he continued his 
research work until his last days. Just two weeks 
before his death, he submitted an article on 
recording and retrieval of optical information.

Chaltykyan engaged enthusiastically in teach-
ing activities and in the training of young 
researchers and students, helping them to 
describe their results clearly and accurately. 
Being fluent in three foreign languages, Eng-
lish, German and French, he never refused to 
translate a student’s or colleague’s article for 
submission to international journals, often even 
rewriting the article to make it “more physical”.

An erudite man, he was interesting to talk to, 
surprisingly modest and friendly, always ready 
to listen and help to find the right words in dif-
ficult moments, or to share the joy. Scientific 
excellence, broad worldview, honesty and integ-
rity, and demanding standards, first of all to 
himself – these are all qualities that were inher-
ent to Chaltykyan, the scientist and the man.

Vigen Chaltykyan will remain forever in 
the memory of his numerous colleagues and 
students.
Prof. Gayane Grigoryan, Institute for Physical 
Research, National Academy of Sciences, 
Ashtarak, Armenia, Russian-Armenian 
University, Yerevan, Armenia 

[12] N G Basov and A M Prokhorov,  
Zh. Eksp. Teor. Fiz. 27 431 (1954) (in 
Russian); JETP 27 431.
[13]  I wrote with quotation marks 
“students” because in reality they are 
PhDs, post-docs and researchers 
chosen among the best in the field of 
activity of the school. 
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The ICO/ICTP Gallieno Denardo Award 
2015 has been awarded to Dr Rim Cherif from 
Carthage University, Tunisia, and Dr Rajan Jha 
from Indian Institute of Technology Bhubane-
swar (IIT-BBS), India.  

Prof. Rim Cherif (right) has conducted her 
research activities in the Green and smart com-
munication systems laboratory (Gres’Com) at 
the Engineering School of Communications of 
Tunis (Sup’Com), University of Carthage, since 
2005. She has worked on the characterization of 
highly nonlinear specialty fibers including pho-
tonic crystal fibers, stimulated Brillouin scatter-
ing and supercontinuum generation. Together 
with her PhD advisor, Prof. Mourad Zghal, she 
created the first OSA and SPIE student chap-
ters in Tunisia in 2009 and 2010, respectively. 
From 2010 to 2013 she served as a member in 
the education committee of SPIE. In 2012, she 
became a member of the executive board of the 
Optical Society of Tunisia. She has organized, 
or co-organized, more than 10 national and 
international events. In 2012, she organized the 
“Get ahead with Optics, career development for 
women in science”, a new scholar Elsevier foun-
dation sponsored program aimed to orientate 
young female women scientists in the dynamic 
and rapidly evolving field of optics and pho-
tonics while providing them with professional 
development skills and a deeper understanding 
of what is needed to succeed as a woman sci-
entist. In November last year, she organized the 
SPIE Optics and Photonics Education Outreach 
Activity, a SPIE education project aimed to visit 
secondary schools in marginalized regions in 

Tunisia: Kef, Siliana and Beja, aimed to attract 
more students to study science. Last December 
she co-organized a UNESCO sponsored work-
shop “Shedding Light on the Contributions of 
Muslim Scholars to Science and Technology”. 
She was awarded the ICO/ICTP Gallieno Dena-
rdo prize for “her achievements in the field of 
nonlinear optics and in particular for her valu-
able contributions to the design of highly non-
linear fibers for supercontinuum generation, as 
well as for her active commitment aimed at the 
diffusion of research in optics and photonics in 
Tunisia”.

Dr Rajan Jha (left) was awarded for “his 
breakthrough contributions in the modelling, 
design and development of high-performance 
optical sensors and waveguides as well as for 
promotion of research activities in optics and 
photonics in India”. He is Assistant Professor 
of Physics in the School of Basic Sciences at 
Indian Institute of Technology Bhubaneswar, 
India, and works at the Nanophotonics and 
Plasmonics Laboratory (NPL), a lab commit-
ted to the design and development of optical 
devices that can meet industrial and societal 
needs.

Jha graduated from Delhi University in 1999, 
and received his MSc and PhD degrees from the 
Indian Institute of Technology Delhi, India, in 
2001 and 2007 respectively. From early 2008 
to July 2009, he was a postdoc researcher at 
ICFO – The Institute of Photonics Sciences, 
Barcelona, Spain. He was awarded the JSPS 

The ICO/ICTP Gallieno Denardo Award 2105
The award this year was 
shared by Rim Cherif 
(Tunisia) and Rajan Jha 
(India).

Top picture: Experimental set-up for 
fiber-optic sensor based on photonic 
nano and microwire. Middle: Inline 
Fabry Perot cavity based on 
photonic crystal fiber. Bottom: The 
cross-section of photonic crystal 
fiber along with mode. All pictures 
courtesy of Rajan Jha.
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8–12 April 2015
Discussions on Nano & Mesoscopic Optics 
(DINAMO-2015)
El Chalten, Argentina
Contact: Andrea Bragas
tel: +541145763426,
bragas@df.uba.ar
http://dinamo2015.df.uba.ar/

14–16 April 2015
International Conference on Optical and 
Photonic Engineering (icOPEN 2015)
Singapore
Contact: Anand Asundi
tel: +65-67905936
d-cole@ntu.edu.sg,  www.icopen.com.sg

29 June – 2 July 2015
Education and Training in Optics and
Photonics (ETOP 2015)
Bordeaux, France
Contact: Elisabeth Boéri
tel: +33 5 57 01 74 00
contact@etop2015.org
http:// etop2015.u-bordeaux.fr

14–18 September 2015
Twelfth  International Conference on 
Correlation Optics “Correlation Optics ’15”
Chernivtsi, Ukraine

Contact: Oleg V Angelsky
tel: +380372244730; fax: +380372244730
angelsky@itf.cv.ua
www.itf.cv.ua/corropt15/

25–28 October 2015
20th Microoptics Conference (MOC'15)
Fukuoka, Japan
Contact: Ryuichi Katayama
tel: +81-92-606-3135
r-katayama@fit.ac.jp
www.comemoc.com/moc15/

17–21 May 2016
International Conference on Applied Optics 
and Photonics 2016
Hanover, Germany
Contact: Eduard Reithmeier
tel: +49 511 762-3334
Eduard.Reithmeier@imr.uni-hannover.de
www.imr.uni-hannover.de/

3–8 September 2017
24th Congress of the International 
Commission for Optics (ICO-24)
Yokohama, Japan
Contact: Yasuhiko Arakawa
tel: +81-3-5452-6245
arakawa@iis.u-tokyo.ac.jp
www.scj.go.jp/ja/event/ico2017

Contacts
International Commission for 
Optics (e-ico.org).

Bureau members (2014–2017)

President Y Arakawa
Past-president D T Moore
Treasurer J A Harrington
Secretary A M Guzmán, 
CREOL, The College of Optics 
and Photonics, University of 
Central Florida, e-mail angela.
guzman@creol.ucf.edu
Associate secretary  
G von Bally
Vice-presidents, elected  
J Harvey, F Höller, H Michinel,  
J Niemela, R Ramponi, S-H Park, 
J Zakrzewski, M Zghal
Vice-presidents, appointed  
Y J Ding, J C Howell, S Morgan,  
E Rosas, P Urbach, A Wagué,  
M J Yzuel 
IUPAP Council representative 
C Cisneros

Editor in chief A M Guzmán
Editorial committee  
W T Rhodes, Florida Atlantic 
University; K Baldwin, Australian 
National University, Australia;  
J Dudley, Université de Franche-
Comté, France

Forthcoming events with ICO participation

Responsibility for the correctness of the information on this page rests with ICO, the International Commission for 
Optics; http://www.e-ico.org/. President: Prof. Yasuhiko Arakawa, Director, Collaborative Institute for Nano  
& Quantum Information Electronics, University of Tokyo, Japan, arakawa@iis.u-tokyo.ac.jp.  
Associate Secretary: Prof. Gert von Bally, Centrum für Biomedizinische Optik und Photonik, Universitätsklinikum 
Münster, Robert-Koch-Straße 45, 48149 Münster, Germany; bally@uni-muenster.de

Below is a list of 2015/17 events with ICO participation. For further information, visit the new ICO 
webpage at http://e-ico.org/node/103.

(Japanese Society for Promotion of Science) 
fellowship in 2009, and a DAAD fellowship in 
2013. He is an Associate of the Indian Acad-
emy of Sciences, Bangalore. He is a regular 
member of the Optical Society of America 
(OSA), and life member of the Optical Soci-
ety of India (OSI). His areas of research are 
optical fiber sensors and plasmonics. He has 
published more than 50 research articles in 
international journals including a review arti-
cle. He has used numerical methods to study 
the performance of waveguides and sensors 
based on plasmonics in visible, near-IR, and 
terahertz by understanding the mechanism of 
electromagnetic field enhancement and riding 
of the advantage of 2D material like graphene. 

Dr Jha has collaborated in the fabrication of 
sensors based on different types of optical fib-
ers to detect different organic compounds and 
biomolecules that can find wide applications 
in the food-processing industry and in envi-
ronmental monitoring. In addition to chemical 
sensors, the IIT-BSS has developed different 
sensors for physical parameter determination 
such as nano-displacement sensor for preci-
sion alignment, position and structural health 
monitoring, and is currently working on the 
development of low-cost fiber-based biomedi-
cal devices such as a non-invasive sensor for 
glucose detection. Such studies would help in 
the development of lab-on-chip for next-gener-
ation sensors and photonic circuits.


