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Plasmon Nanolaser

A new laser that is smaller than the 3-D diffrac-
tion limit emits continuously in the green, with 

a low threshold. The laser is based on the ampli-
fication of surface plasmons, reports Yu-Jung Lu 
and an international group of researchers from the 
National Tsing-Hua University (Taiwan), University 
of Texas at Austin, Chinese Academy of Sciences 
and National Chiao-Tung University (Taiwan)  (Sci-
ence; doi: 10.1126/science.1223504).

Surface plasmons are electromagnetic waves 
that occur at the interface between a metal and 
dielectric material. The laser’s plasmonic nanocav-
ity is formed between a smooth silver film and a 
single optically pumped nanorod with an indium 

gallium nitride core (gain medium), surrounded 
by a gallium nitride shell. The atomically smooth 
silver layer decreases the modal volume, which 
reduces surface plasmonic losses. Graduate 
student Charlotte Sanders worked with co-authors 
Ken Shih and Jisun Kim to develop a molecular 
beam epitaxy process that could create a perfectly 
smooth surface.

Miniaturization of semiconductor lasers is key 
for the development of faster, smaller and lower-
energy photonic technologies, including ultrafast 
computer chips; sensitive biosensors for detecting 
and treating diseases; and next-generation com-
munication technologies.  —Yvonne Carts-Powell

Miniature semiconductor laser is based on plasmon amplification.

Charlotte 
Sanders, with 
the molecular 
beam epitaxy 
machine that 
she built.

Alex Wang, UT Austin
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Seeing through Walls

Inspired by the erratic behavior of 
photons zooming around and bouncing 

off objects and walls inside a room, 
researchers from the Massachusetts 
Institute of Technology (MIT), Harvard 
University, the University of Wisconsin 
and Rice University combined these 
bouncing photons with advanced optics 
to enable them to “see” what’s hidden 
around the corner. 

Although time-of-flight imaging has 
been used for years for objects in direct 
view of the camera, researchers showed 
that a 2-D streak camera can discover 
and reconstruct the geometry of objects 
without a direct line of sight from the 
camera  (Opt. Express 20, 19096). 

“Imagine photons as particles 
bouncing right off the walls and down 
a corridor and around a corner—the 
ones that hit an object are reflected 
back. When this happens, we can use 
the data about the time they take to 
move around and bounce back to get 
information about geometry,” explains 

Otkrist Gupta, an MIT graduate student 
and lead author of the article.

 Speed is crucial. The researchers 
used a mode-locked Ti:Sapphire laser 
to generate 50-fs infrared pulses  with 
a repetition rate of 75 MHz. The pulse 
illuminates a diffusing surface, and the 
scattered light hits the hidden object. 
Some of that light returns to the diffuser 
and then travels back (much attenuated) 
to the streak camera, which has a 1-D 
field-of-view, imaging a line in the scene. 
The camera provides a 2-D image in 
which one dimension corresponds to 
space and the other to time. Thus, the 
camera records the length of the trip 
taken by the photons. Using this informa-
tion, the researchers can reconstruct 
the 3-D shape of objects. 

One of the obvious applications is 
disaster recovery. “Say you have a house 
collapsing and need to know if anyone 
is inside,” Gupta says. “You could use 
this technology to greatly reduce risking 
rescuers’ lives.” —Yvonne Carts-Powell

Ultrafast imaging reveals hidden objects.

Optics Express

tweeted

@DundeePhysics (David 
McGloin) 
Having just 
watched 
Back to the 
Future, my 

6yo daughter is insistent 
that as “I’m a Scientist,” I 
have to build her a time 
machine. 

@tanyamonro (Tanya 
Monro) In 
most cities 
75% of jobs 
are the 
same, but 

the key to business and 
innovation opportunities 
lies in recognizing unique-
ness in the other 25%. 

@drskyskull (Greg Gbur) 
Always 
simultane-
ously reas-
suring and 
frustrating 

to find that a science 
problem is much more 
complicated than first 
imagined.
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A device based 
on selective 
real-time 
detection
of gases.
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Photoacoustic 
Spectroscopy Detects 
multiple Gases 

Researchers at the U.S. Army Research Labora-
tory (Adelphi, Md., U.S.A.) have devised a 

photoacoustic technique for sensing trace amounts 
of gases that simulate deadly nerve agents (Opt. 
Lett. 37, 3474).

Recent advances in mid-infrared quantum 
cascade lasers (QCLs) and on-chip signal process-
ing enabled the technique. The team’s proof-of-
concept device incorporated three lasers, each 
modulated at a different acoustic frequency to help 
distinguish among the acoustic responses of the 
molecules. Instead of putting the gas of interest 
in a closed cell, they passed the sample through 
an open cylinder with a microphone in the center. 

Many schemes for guarding against chemical 
attacks rely on remote detection, but the Army 
device, if built entirely with QCLs, could fit on an 
unpiloted drone or in an enclosed space such as 
a train tunnel. The QCLs may be customized to 
wavelengths that will resonate with other gases 
of interest. —Patricia Daukantas

U.S. Army Research Laboratory

Estimated economic impact of the laser on the U.S. telecom, 
e-commerce and IT sectors. $4 trillion
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1905 
Photon

1919 
Proton

1932 
Neutron

1937 
Muon

1956 
Electron neutrino

1962 
Muon neutrino

1968 
Quark

1975 
Tau

1979 
Gluon

1983 
W and Z boson

2000 
Tau neutrino

2012 
Higgs boson 

(pending confirmation)

Particle 
timeliNe

Perhaps the biggest 
physics news of the year 

came when physicists 
discovered a subatomic 
particle that appears to 
be the Higgs boson—a 

breakthrough that Duke 
University researcher 

Alfred Goshaw will discuss 
at this month’s Frontiers 

in Optics meeting. Goshaw 
is a member of one of the 

teams that announced 
the likely discovery of 

the Higgs. Here’s a look 
at when other important 

particles were discovered.

Goodbye Glasses: Next Gen 3-D theater 

Finally, a room-
temperature maser

New optics 
research from 

South Korea offers the 
prospect of glasses-
free 3-D display tech-
nology for commercial 
theaters. The new 
technique can bring 
an added dimension 
to the movie-viewing 
experience while using 
space more efficiently 
and at a lower cost 
than current 3-D 
projection technology 
(Opt. Express 20, 20130). 

Other glasses-free single-projector 
methods have been developed, but engineers 
are still seeking the best approach. The 
parallax barrier method, for example, creates 
the illusion of 3-D, but is cumbersome. It 
requires rear projection video and physical 
barriers or optics between the screen and 
viewer. These obstructions are like slats in a 
venetian blind, which create a 3-D effect by 
limiting the image each eye sees. 

These researchers developed a new way 
to achieve the same experience while using 

Masers, the microwave ancestor of the 
laser, have nowhere near the modern-

day utility and ubiquity of the laser, in part 
because they require cryogenic cooling. Now, 
nearly 60 years after the first working maser, 
three British scientists have devised an opti-
cally pumped solid-state maser that operates 
at room temperature (Nature 488, 353).

The maser’s gain medium is an organic 
semiconductor known as pentacene, which 
is doped into another hydrocarbon named 
p-terphenyl, according to lead author Mark 
Oxborrow of the U.K. National Physical 
Laboratory. A pulsed dye laser designed for 
dermatological applications provides the 
yellow pump light.  —Patricia Daukantas

a single front projector against a screen. In 
their system, the “slat” effect is achieved 
by using polarizers that stop the passage of 
light after it reflects off the screen. To block 
the light, they added a quarter-wave retard-
ing film that changes the light’s polarization 
state. As light passes either through or 
between the polarizing slates, the offset 
effect is created, producing depth cues that 
give a convincing 3-D effect.  

Application of the proposed  
method for the integral imaging.

Opt. Express 20, 20130 (2012).

Maser core consisting 
of a pink crystal 
surrounded by a clear 
sapphire ring.

Mark Oxborrow, U.K. National Physical Library
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Harnessing 
light Highlights

The U.S. National Acad-
emy of Sciences (NAS) 

Committee on Harnessing 
Light has released its highly 
anticipated report on the cur-
rent state of optical sciences 
and goals for the future. 
Optics & Photonics: Essential 
Technologies for Our Nation 
is a follow-up to a similar 
report published in 1998. It 
identifies the technological 
and economic opportunities 
that the science has enabled, 
assesses trends in market 
needs, gives examples of 
where progress in photonics 
innovation has translated into 
economic benefits and makes 
recommendations for future 
research and policies that 
are intended to advance the 
discipline. 

“Optics is everywhere 
—from internet cables and 
computer chips, to solar 
panels and LED lighting and 
displays, to life-saving medi-
cal imaging devices and tools 
for advanced manufacturing. 
It solves problems, enables 
technological innovation and 
improves lives,” said OSA 
CEO Elizabeth Rogan. “This 
report lays out a specific 
vision for how optics and 
photonics technologies drive 
innovation and economic 
growth in areas as diverse 
as defense, biotechnol-
ogy, communications and 
manufacturing.” 

The authors made a 
number of recommendations 

for how the United States 
can best capitalize on the 
opportunities that optics and 
photonics provides, including:

c Creating a national photon-
ics initiative that combines 
public and private partners.

c Positioning the United 
States as a leader in optical 
technologies for global data 
centers.

c Developing new biomedical 
technologies based on 
optics and photonics. 

c Enabling a greater capacity 
for custom manufacturing.

c Encouraging small 
companies to create more 
optics jobs.

Given the importance 
of optics and photonics in 
so many technologies, the 
report underscores the 
importance of supporting this 
technology in order to sustain 
growth for the economy as a 
whole. To order the report, 
visit www.nap.edu/catalog.
php?record_id=13491.

Report describes role of optics in 
technological and economic growth.

for America’s Technological Future

The Global Impact of Optics and Photonics

Harnessing Light

Division on Engineering & Physical Sciences
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Industry

GSi Group’s laser 
Division Now JK lasers

Happy in Photonics

This year, JK Lasers (Rugby, 
England) marks its 40th anniversary 

as a developer and manufacturer of 
Nd:YAG and fiber lasers for industrial 
applications such as welding, cutting 
and drilling. JK Lasers, a GSI Group 
subsidiary, also recently underwent a 
rebranding from its former identity as 
the Laser Division of GSI Group (Bed-
ford, Mass., U.S.A.). In 1982, Lumonics 
of Canada acquired JK Lasers to form 
one of the largest laser companies 
in the world. Lumonics merged with 
General Scanning Incorporated (GSI) in 
1999 to form GSI Lumonics. Following 
the sale of the Lumonics brand, the 
laser segment became the GSI Group 
Laser Division. According to General 
Manager Mark Greenwood, “The 
rebrand to JK Lasers is a return to our 
roots, a recognition of our long and 
successful history.” —Valerie Coffey

Eighty-two percent of optics and photonics professionals are happy in their jobs, 
and 87 percent find it meaningful, according to a recent survey conducted by SPIE. 
The survey captured valid responses from 7,500 people who are part of SPIE’s 
global optics database. The median salary for survey respondents was $73,000, 
with a very wide distribution driven primarily by geographic region and employer 
type. Aerospace was the highest-paid discipline, with a median income of $108,500.

Adapted from SPIE 2012 Global Optics and Photonics Salary report

Optimax lenses on  
mars rover 

Optimax Systems Inc., (U.S.A.), a 
corporate member of OSA, provided 

the lenses that were used by the Mars 
rover Curiosity to take its first images 
of the red planet. Some of the lenses 
are about the size of a dime, which is 
significantly smaller than the optics 
Optimax usually makes. One is located 
on the rover’s articulating arm and can 
see items about half the thickness of 
human hair. Optimax, located in Ontario, 
N.Y., U.S.A., provides rapid prototyping 
of precision optical components. 

NASA/JPL-Caltech

Artist’s concept 
of the Mars rover 
Curiosity.
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I respect the work of my peers.

My work is meaningful.

I enjoy my work.

I have the autonomy  
I need to do my best work.

My supervisor is highly competent.

I love my work.
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When I do good work,  
I receive proper recognition.

I am paid fairly.

I work too many hours.

I have good opportunities for promotion.

Sharp mind
Researchers have adapted the 
technique that corrected the optics 
of the Hubble telescope to explore a 
much smaller universe (Opt. Express 
20, 20582). They used a method called 
light-sheet based microscopy (LSM) 
to produce sharp views of the neural 
pathways in mice brains. In LSM, a 
biological sample is illuminated with a 
thin sheet of light coming from the side. 
Fluorescence bouncing off the sample 
radiates upward and is captured by a 
digital camera. Because the light sheet 
illuminates part of the sample directly 
in the same plane, only a single section 
is imaged at once. Upper left panel 
shows a 3-D volume rendering of the 
mouse cerebellum. Superimposed 
planes refer to coronal (blue), trans-
verse (red) and sagittal (green) sections. 

Opt. Express 20, 20582 (2012).

Optics and photonics 

technology makes clocks so 

stable that they will slip less than 

1 second in more than 

100 million years.

Agree 
Strongly agree
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Book revIews

How Vision Works: the 
Physiological mechanisms  
Behind What We See 
Nigel Daw, Oxford University Press, 2012; 
$99.99 (hardcover).

This book distills the 
essence of the psychol-
ogy, anatomy and 
physiology of vision in 
fewer than 300 pages. 
The chapters include 
multiple color illustrations and the author’s 
selection of the most relevant papers and 
books, covering current research and 
19th century classics. The book also has a 
glossary, author index and keyword index. 
—Bogdan Hoanca 

theory, analysis and Design of  
rF interferometric Sensors
cam Nguyen and Seoktae Kim, Springer, 
2012; $49.95 (paperback).

This concise monograph 
has examples and photo-
graphs of radio frequency 
interferometers that 
could be used in high-
resolution, real-time 
sensing applications. The 
many figures are useful, but unfortunately 
the text is at times difficult to understand, 
as there are language and grammar 
issues. —George Fischer

In Vivo clinical imaging  
and Diagnosis
J.W. tunnell, mcGraw-Hill, 2011;  
$150.00 (hardcover).

In an ambitious effort to 
discuss the many facets 
of clinical imaging, the 
author skillfully encom-
passes the important 
aspects of each topic in 
the field, including recent developments. 
—Christian Brosseau

Quantitative Phase imaging  
of cells and tissues
Gabriel Popescu, mcGraw-Hill, 2011;  
$150.00 (hardcover).

The author explores the 
microscopy of phase 
objects, where the phase 
is measured across 
the full field of view. 
In addition to covering 
general concepts, he emphasizes biologi-
cal applications and practical functions. 
—Dejan Pantelíc

electromagnetics and Network 
theory and their microwave 
technology applications
Stefan lindenmeier and robert Weigel, 
Springer, 2011; $129.00 (hardcover).

A tremendous amount of 
material is covered here, 
primarily on antennas and 
wave propagation, micro-
wave and communication 
systems, and methods for 

Patricia Daukantas, Yvonne Carts-Powell and 
Valerie Coffey are freelance science writers 
who specialize in optics and photonics.

Bogdan Hoanca is a professor of management information 
systems at the University of Alaska Anchorage, U.S.A. George 
Fischer is with the U.S. Army, ARDEC, Picatinny Arsenal, N.J., 
U.S.A. Christian Brosseau is a professor of physics at the 
Université de Bretagne Occidentale in Brest, France. Dejan 
Pantelić is with the Institute of Physics, Zemun, Belgrade, 
Serbia. Albert C. Claus is with the physics department at 
Loyola University, Chicago, Ill., U.S.A.

Visit www.osa-opn.org for additional 
book reviews. 

ONliNe eXtra

the numerical modelling of these systems. 
It is by no means easy reading, but the 
book will be of interest to a great variety of 
readers, from graduate students to experts 
in communication systems, microwave sen-
sors and engineers. —Christian Brosseau

electromagnetic radiation of 
electrons in Periodic Structures
alexander Petrovich Potylitsyn , Springer, 
2011; $179.00 (hardcover).

This monograph covers 
seven techniques for 
producing quasimonochro-
matic radiation from high 
energy electron beams 
passing through or near 
periodic structures. A solid background in 
electromagnetism is needed to fully benefit 
from this book. —Albert C. Claus


