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The clearest indicator of the deep relationship between information theory and
quantum physics is entanglement. The degree of entanglement is now identified
with the quantum entropy in the fundamental case of a pair of two-level quantum
systems. Fundamentally, the quantum entropy is responsible for differences
between quantum and classical information. At the same time, quantum
entanglement is increasingly recognized as pervasive in the microphysical world,
the cutting-edge realm of nanotechnology. Quantum entanglement has in recent
years been shown in various ways to serve as an information-theoretic resource.
The maintenance of coherence is vital to the preservation

of entanglement in quantum states. Thus real-world quantum computing will
require preserving entangled states in a quantum mechanical processors
(registers) and memory devices at the nanoscale.

The number of parameters describing the quantum computational states grows
exponentially in the number of two-level systems, whereas in the analogous
classical system it grows only linearly in the number of two-state systems
("qubits™). The size of the space of information-encoding states available to the
composites of two-level systems (" multi-qubit states”) therefore grows far faster
than that available to analogous classical systems. Moreover, di erent
computational states are typically simultaneously available and processed during
the operation of a quantum computational algorithm.

Quantum computers are, in essence, complex interferometric devices involving
states described by large state spaces and relying on quantum coherence for

Related Links:

Watch Cutting Edge Science
on the Web

Chinese-American Kavli Frontiers (2006):

* Alternative Energy Fuels

* Bionics/Human Machine Interface
* Black Hole Growth and their Host
Environments

* Bioremediation of Contaminated
Elements

* Smart Surface-responsive Materials

* The Genetics of Race and Human
Populations

* Multiscale Modeling and Optimization
* Nanomedicine: Navigating into the Cell

U.S. Kavli Frontiers (2006):

* Artificial Photosynthesis / Alternative
Energy Sources

* Biometrics: Identity Technologies

* Evolutionary Origins of Human Cognition
and Behavior

* Extrasolar Planets

* Frontiers in Population Biology using
Ancient DNA

*How Many Dimensions Does the
Universe Have?
*Memory and Learning

* Prepare Immediately for Whatever
Happens Next

Japanese-American Kavli Frontiers (2006):

* Chemical Biology

* Climate Change

* DNA Based Nanosystems

* Evolution of Modern Humans
* Extreme Photonics

* Meditation and the Brain

* Single Molecule Nano-Biology
* Slow Light

Indo-American Frontiers (2007):

* Algebra and Computation


http://www.nasonline.org/site/PageServer
http://www.pnas.org/content/vol99/issue22
http://www.pnas.org/content/vol101/issue36
http://www.pnas.org/content/vol100/issue3
http://www.pnas.org/content/vol100/issue5
http://www.nasonline.org/site/UserLogin
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer?pagename=ABOUT_main_page
http://www.nasonline.org/site/PageServer?pagename=ABOUT_main_page
http://www.nasonline.org/site/Dir?sid=1011&view=basic&pg=srch
http://www.nasonline.org/site/Dir?sid=1011&view=basic&pg=srch
http://www.nasonline.org/site/PageServer?pagename=ELECTION_pub_mainpage
http://www.nasonline.org/site/PageServer?pagename=ELECTION_pub_mainpage
http://www.nasonline.org/site/PageServer?pagename=Awards_main
http://www.nasonline.org/site/PageServer?pagename=Awards_main
http://www.pnas.org/
http://www.pnas.org/
http://www.nationalacademies.org/
http://www.nationalacademies.org/
http://www.nationalacademies.org/
http://www.koshland-science-museum.org/
http://www.koshland-science-museum.org/
http://nationalacademies.org/evolution/
http://nationalacademies.org/evolution/
http://www.nationalacademies.org/visas
http://www.nationalacademies.org/visas
http://www.nasonline.org/site/PageServer?pagename=Sackler_main
http://www.nasonline.org/site/PageServer?pagename=Sackler_main
http://www.nasonline.org/site/PageServer?pagename=FRONTIERS_main
http://www.nasonline.org/site/PageServer?pagename=FRONTIERS_main
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_US
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_US
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_CAFOS
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_CAFOS
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_GAFOS
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_GAFOS
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_Indo
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_Indo
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_JAFOS
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_JAFOS
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_UK
http://www.nasonline.org/site/PageServer?pagename=Frontiers_main_UK
http://interviews.nationalacademies.org/
http://interviews.nationalacademies.org/
http://scienceclassics.nas.edu/
http://scienceclassics.nas.edu/
http://www7.nationalacademies.org/keck/
http://www7.nationalacademies.org/keck/
http://www7.nationalacademies.org/arts/
http://www7.nationalacademies.org/arts/
http://kavli.nasmediaonline.org/fusfos08/Jaeger_Gregg/Jaeger_Gregg.html
http://www.adobe.com/go/getflashplayer
http://www.nasonline.org/site/PageServer?pagename=FRONTIERS_cafos_2006program
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer?pagename=FRONTIERS_usfos_2006program
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer?pagename=FRONTIERS_jafos_2006program
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer?pagename=FRONTIERS_indo_2007program
http://www.nasonline.org/site/PageServer

their operation. Quantum computing is of particular interest because its
extraordinary degree of parallelism makes tractable some computational tasks
that have been viewed as intractable in traditional computing theory. The
increase in computational e ciency that can appear in a quantum computational
algorithm is known as quantum speedup. There is now a great push toward
realizing quantum computing in various ways, including with atoms in optical
cavities and in solid state matter, to realize this computational speedup.

References:

Jaeger, G., and A. Sergienko, ““Constructing four-photon states for quantum
communication and information processing,” Int. J. Theor. Phys. 47, 1752
(2008).

Jaeger, G. Quantum information: An overview (Springer; New York, 2007).

* Climate Connection

* Macromolecular Machines

* The Magnetic Universe

* Molecular Architectures and Assemblies
* Stimuli Responsive Materials

* Stress in Neurodegeneration

* Systems Biology

National Academy of Sciences
500 Fifth Street, NW
Washington, DC 20001

Terms of Use | Privacy Policy
Contact Us | Site Map

Copyright © 2008. National Academy of Sciences. All rights reserved.

THE NATIONAL ACADEMIES

Advisers fo the Nation on Sciance, Engineering, and Medicio



http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.nasonline.org/site/PageServer
http://www.national-academies.org/legal/
file:///E|/KFOS%202008%20Web%20Pages/FUSFOS08/speaker_abstracts/PageServer?pagename=contactus
file:///E|/KFOS%202008%20Web%20Pages/FUSFOS08/speaker_abstracts/PageServer?pagename=sitemap
http://www.nationalacademies.org/legal/
http://www.national-academies.org/

	Local Disk
	National Academy of Sciences: Frontiers of Science


	GEFGHCBKBGAJJJPLFMAHMOFHFCCLACOPPI: 
	form1: 
	x: 
	f1: 
	f3: nasonline.org

	f2: 

	form2: 
	x: 
	f1: 
	f2: 
	f3: Off

	f4: 




