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After the privatization of the Inter
net in 1995, new network appli

cations for businesses, such as Web 
phones and electronic commerce, 
materialized. These developments, 
along with the increased popularity 
of the Internet, further strain the 
limited world network infrastructure. 
Additionally, invisible market forces 
drive profit margins that are so thin 
that Internet service providers (ISPs) 
have little incentive to upgrade. 

Commercial traffic dominates 
the Internet, competing with other 
applications for network capacity, 
and university researchers, who de
pend on the network to perform in
novative research and disseminate 
their results, feel that pinch. In light 
of these draining network resources, 
administrators from 34 research 
universities thought of a solution, 
an additional Internet reserved for 
researchers, and thus formed Inter
net2 in October 1996. It immediate
ly attracted the attention of more 
universities, and by December 1996 
the number of members doubled.1 

Internet2 is both a project and a 
group of individuals who oversee 
that project. This article explains the 
fundamental nature of this initia
tive, shines light on possible new ap
plications for it, and describes its 
status quo. 

The Internet2 group basically 
oversees the implementation and 

manages the infrastructure of the 
project, which will be carried out in 
three phases over a period of three 
to five years. The resulting network 
will be isolated from commercial In
ternet traffic and will have high 
bandwidth, low latency, real-time 
response, variable priority, security, 
adaptive net management, scalabili
ty, and multicasting. Internet2 is a 
testbed for these new schemes, 
which may eventually be transferred 
to the conventional Internet. Addi
tionally, Internet2 encourages the 
development of new network-based 
applications that explore its huge ca
pacity and superb quality. 

With such a wide range of goals, 
Internet2 serves different purposes 
for various user groups. For engineers 
and scientists, it can provide numer
ous opportunities for enhancing col
laborative research. A high-speed net
work with real-time response will 
enable the collaborative design of a 
product by engineers in different lo
cations. For instance, currently, the 
National Center for Supercomputing 
Applications is working on a project 
with Caterpillar Inc. that allows the 
design and testing of new vehicles in 
real-time. 

Moreover, the unique capabilities 
of Internet2 promote the sharing of 
expensive equipment. Obviously the 
conventional Internet already in
creases the accessibility of super
computers to research communities. 
The real-time, remote control of 
equipment, such as telescopes and 
electron microscopes, would further 
shorten the time for collecting and 
visualizing data. 

The use of the Internet has been 
transforming teaching and learning 
as well. Teachers keep in touch with 
students via e-mail; students keep 
up with lectures by downloading 

important materials from the Web. 
Internet2 can push the effectiveness 
of distance learning at all levels to a 
new height. Currently, distance 
learning that involves multimedia 
presentations requires a host of 
communication links to carry video 
and two-way audio. With the multi
casting and variable priorities of In
ternet2, the delivery of lectures 
(two-way video and audio) to mul
tiple receiving points is guaranteed, 
with teachers able to immediately 
respond to feedback from students. 

The implication of Internet2 for 
daily life is even more profound. In 
lieu of various types of wiring with
in and to a home, different lines 
could be integrated into a network 
connection with multi-functions, 
such as video conference, telephone, 
and movie delivery capabilities. 
With extended reliability and securi
ty features, shopping and other 
monetary transactions can be per
formed. Internet2 may also touch 
lives in terms of medical services. 
For instance, telemedicine can pro
vide accessible medical examina
tions for patients in remote areas. In 
principle, this sharing of specialists 
will lower medical costs. 

The implementation of Internet2 
draws upon the resources of member 
universities, industry, and federal 
agencies. Soon after the privatization 
of the Internet, NSF began to focus 
on building a very high-speed Back
bone Network Service (vBNS). Cur
rently vBNS is maintained by MCI 
and has more than 20 "GigaPoPs" 
around the U.S. where a host of In
ternet transport services are provid
ed. Much of the effort concentrates 
on hooking up member universities 
to a GigaPoP and networking within 
campuses. Each campus has 
switched/dedicated 10-Mb/s network 
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access in all buildings, and some de
partments may have 100 Mb/s of eth
ernet access, or even OC-3 (155 
Mb/s) of asynchronous transfer 
mode access. The backbone between 
each university and a GigaPoP is 
hundreds of Mb/s or more. 

Since 1997, Canada has operated 
the equivalent of Internet2, called 
CA*Net2. It consists of a backbone of 
dual OC-3 with 13 GigaPoPs. In the 
same year, 110 members of Internet2, 
including universities, industry lead
ers, and federal agencies formed the 
University Corporation for Advanced 
Internet Development (UCAID). It 
soon signed an agreement with the 
Canadian Network for the Advance
ment of Research, Industry, and Edu
cation, which manages CA*Net2, to 
jointly develop technologies and ap
plications for the next generation In
ternet (NGI). Parallel efforts in con
structing the NGI are being initiated 
around the world. This year UCAID 
has developed a plan—the Abilene 
project—to create another national 
high-speed network with a 2.4-9.6 
Gb/s backbone. This network will 
complement vBNS and be main
tained by a consortium of companies. 

Reference 
1. Much of the information in this article 

is based on documents obtained from 
www.internet2.edu and www.uwm. 
edu/i2. For the latest development on 
Internet2, go to www.internet2.edu. 
Reviews of the Internet's history and 
advanced network features can be 
found in computer magazines such as 
Byte (July 1995, Jan. 1998, and Feb. 
1998). 
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Polarization 
Microscopy 

BY MASUD MANSURIPUR 

The state of polarization of a given 
beam of light is modified upon 

reflection from (or 
transmission through) 
an object. The result
ing change of the po
larization state con
veys information 
about the structure 
and certain physical 
properties of the illu
minated region. Po
larization microscopy 
is a variant of conven
tional optical mi
croscopy that enables 
one to monitor these 
changes over a small 
area of a specimen. 
Such observations 
then allow the user to 
identify and analyze 
the specimen's struc
tural and other physi
cal features.1,2 

Traditionally, ob
servations with a po
larization microscope 
have been categorized 
under "orthoscopic" 
and "conoscopic." Or
thoscopic observations 
involve direct imaging 
of the sample, thus al
lowing one to view the indentations, 
striations, variations of optical activi
ty and birefringence, etc., over the 
sample's surface. Conoscopic obser
vations involve illuminating a crys
talline surface with a cone of light, 
then imaging the exit pupil of the ob
jective lens. This mode of observa
tion is used in characterizing the 
crystal's ellipsoid of birefringence 
and identifying its optical axes. 

The microscope 
Figure 1 is a simplified diagram of a 
polarization microscope. The source 
is typically an extended white light 
source, such as a halogen lamp or 
arc lamp. The collected and colli
mated beam from the source is lin
early polarized after passage through 
a polarizer. In metallurgical micro
scopes, such as the one shown here, 
the objective lens is used both for il
luminating the sample and collect
ing the reflected light. Typically the 

source is imaged onto the entrance 
pupil of the objective lens, which 
provides for maximum light collec
tion efficiency while producing a 
highly defocused image of the 
source at the sample.1,3 Any non-
uniformities of the source are there
by averaged to yield a more uniform 
light intensity distribution at the 
sample's surface. 

Although the source is spatially 
incoherent, the projected beam at the 
sample's surface is, in general, par
tially coherent. As for the degree of 
temporal coherence of the light 
source, it does not play a role in po
larization microscopy and is there
fore ignored throughout this article. 
All one needs to assume is that the 
light source is quasi-monochromatic, 
with a bandwidth that is sufficiently 
narrow to allow one to restrict atten
tion to a single wavelength. The 
bandwidth must be wide enough, 
however, to render the source spatial-

Figure 1. Diagram of a conventional polarization microscope. The 
spatially incoherent light source is linearly polarized and imaged 
onto the entrance pupil of the objective lens. The reflected light 
returns through the objective and, after passage through the 
analyzer, arrives at the image plane. The analyzer is in a rotatable 
mount, and its transmission axis is adjusted to yield maximum 
image contrast. If the analyzer is replaced with a Wollaston prism, 
two images will appear, side by side, on the camera's CCD plate. 
The computer downloads both images simultaneously and sub
tracts one from the other in order to produce a differential image. 
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