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Quantum Computing

Mi 13:30-15:00 (V) und 15:15-16:00 (Ü), Hösaal 28 B 110   CAMPUS

Grundlegende Eigenschaften der Quantenmechanik wie die Superposition oder die Verschränktheit von
Zuständen widersetzen sich hartnäckig der Anschauung (Schrödingersche Katze, EPR-Paradox). Nach
anfänglichem Staunen werden diese Eigenschaften jetzt zunehmend praktisch genutzt, etwa in neuen
Konzepten zur Informationsübetragung oder bei der Entwicklung schneller Algorithmen für
Quantencomputer. Neben dem praktischen Aspekt effizienter Algorithmen gibt die Untersuchung der
Grundlagen der Quanteninformation also eine gute Gelegenheit, unser Verständnis der
Quantenmechanik zu vertiefen.

In der Vorlesung werden zunächst grundlegende Fragen der Quantenmechanik (Verschränktheit, EPR-
Paradox, Bellsche Ungleichungen) sowie der Informationstheorie (Berechenbarkeit, Komplexität,
reversible Logik) besprochen. Darauf aufbauend wird gezeigt, wie sich daraus neue Ansätze für die
Quanteninformationsverarbeitung ergeben. Einfache Anwendungen sind etwa das No-Cloning Theorem
für Quantenzustände oder die Teleportation. Im Anschluss werden Konzepte für Quantencomputer
erläutert und wichtige Quantenalgorithmen (z.B. Shorscher Faktorisierungsalgorithmus und Groverscher
Suchalgorithmus) erklärt.
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Character frequency

Analyze the frequency of characters in a given text

Project Gutenberg Etext "Faust: Der Tragödie erster Teil", von Goethe
#7 in our series by Johann Wolfgan von Goethe

This Etext is in German

Dieses Buch wurde uns freundlicherweise vom "Gutenberg Projekt-DE"
zur Verfuegung gestellt.  Das Projekt ist unter der Internet-Adresse
http://gutenberg.aol.de erreichbar.

This book was generously provided by the German Gutenberg Projekt,
which can be found at the web address http://gutenberg.aol.de/.

This work contains two 7 bit ASCII characters to represent
certain special German characters.  An alternate 8 bit version of
this text which does use the high order ASCII characters is also
available in this format.

Copyright laws are changing all over the world, be sure to check
the copyright laws for your country before posting these files!!

Please take a look at the important information in this header.
We encourage you to keep this file on your own disk, keeping an
electronic path open for the next readers.  Do not remove this.

**Welcome To The World of Free Plain Vanilla Electronic Texts**

**Etexts Readable By Both Humans and By Computers, Since 1971**

*These Etexts Prepared By Hundreds of Volunteers and Donations*

Information on contacting Project Gutenberg to get Etexts, and
further information is included below.  We need your donations.

Faust: Der Tragödie erster Teil

by Johann Wolfgang von Goethe

June, 2000  [Etext #2229]

Project Gutenberg Etext "Faust: Der Tragödie erster Teil", by Goethe
******This file should be named 1fau110.txt or 1fau110.zip******

Corrected EDITIONS of our etexts get a new NUMBER, 1fau111.txt
VERSIONS based on separate sources get new LETTER, 1fau110a.txt

Etext reformatted by Michael Pullen
globaltraveler5565@yahoo.com

Project Gutenberg Etexts are usually created from multiple editions,
all of which are in the Public Domain in the United States, unless a
copyright notice is included.  Therefore, we usually do NOT keep any
of these books in compliance with any particular paper edition.

We are now trying to release all our books one month in advance
of the official release dates, leaving time for better editing.

Please note:  neither this list nor its contents are final till
midnight of the last day of the month of any such announcement.
The official release date of all Project Gutenberg Etexts is at

 
longer texts can e.g. be found at Project Gutenberg; for the impatient: direct links to

John Locke: A Treatise Conserning Humane Understanding and J.W. von Goethe: Faust I

character set:
abcdefghijklmnopqrstuvwxyz

analyze

analyzed text:

project gutenberg etext "faust: der tragödie erster teil", von goethe #7 in our series by
johann wolfgan von goethe this etext is in german dieses buch wurde uns
freundlicherweise vom "gutenberg projekt-de" zur verfuegung gestellt. das projekt ist
unter der internet-adresse http://gutenberg.aol.de erreichbar. this book was generously
provided by the german gutenberg projekt, which can be found at the web address
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the world, be sure to check the copyright laws for your country before posting these
files!! please take a look at the important information in this header. we encourage you
to keep this file on your own disk, keeping an electronic path open for the next readers.
do not remove this. **welcome to the world of free plain vanilla electronic texts**
**etexts readable by both humans and by computers, since 1971** *these etexts
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Series Approximation to English
digrams such as TH, ED, etc. In the second-order approximation, digram structure is introduced. After a

letter is chosen, the next one is chosen in accordance with the frequencies with which the various letters

follow the first one. This requires a table of digram frequencies pi j . In the third-order approximation,

trigram structure is introduced. Each letter is chosen with probabilities which depend on the preceding two

letters.

3. THE SERIES OF APPROXIMATIONS TO ENGLISH

To give a visual idea of how this series of processes approaches a language, typical sequences in the approx-

imations to English have been constructed and are given below. In all cases we have assumed a 27-symbol

“alphabet,” the 26 letters and a space.

1. Zero-order approximation (symbols independent and equiprobable).

XFOML RXKHRJFFJUJ ZLPWCFWKCYJ FFJEYVKCQSGHYD QPAAMKBZAACIBZL-

HJQD.

2. First-order approximation (symbols independent but with frequencies of English text).

OCRO HLI RGWR NMIELWIS EU LL NBNESEBYA TH EEI ALHENHTTPA OOBTTVA

NAH BRL.

3. Second-order approximation (digram structure as in English).

ON IE ANTSOUTINYS ARE T INCTORE ST BE S DEAMY ACHIN D ILONASIVE TU-

COOWE AT TEASONARE FUSO TIZIN ANDY TOBE SEACE CTISBE.

4. Third-order approximation (trigram structure as in English).

IN NO IST LAT WHEY CRATICT FROURE BIRS GROCID PONDENOME OF DEMONS-

TURES OF THE REPTAGIN IS REGOACTIONA OF CRE.

5. First-order word approximation. Rather than continue with tetragram, , n-gram structure it is easier

and better to jump at this point to word units. Here words are chosen independently but with their

appropriate frequencies.

REPRESENTING AND SPEEDILY IS AN GOOD APT OR COME CAN DIFFERENT NAT-

URALHEREHE THEA INCAME THE TOOF TOEXPERTGRAYCOMETO FURNISHES

THE LINE MESSAGE HAD BE THESE.

6. Second-order word approximation. The word transition probabilities are correct but no further struc-

ture is included.

THE HEAD AND IN FRONTAL ATTACK ON AN ENGLISH WRITER THAT THE CHAR-

ACTEROF THIS POINT IS THEREFOREANOTHERMETHODFORTHELETTERS THAT

THE TIME OF WHO EVER TOLD THE PROBLEM FOR AN UNEXPECTED.

The resemblance to ordinary English text increases quite noticeably at each of the above steps. Note that

these samples have reasonably good structure out to about twice the range that is taken into account in their

construction. Thus in (3) the statistical process insures reasonable text for two-letter sequences, but four-

letter sequences from the sample can usually be fitted into good sentences. In (6) sequences of four or more

words can easily be placed in sentences without unusual or strained constructions. The particular sequence

of ten words “attack on an English writer that the character of this” is not at all unreasonable. It appears then

that a sufficiently complex stochastic process will give a satisfactory representation of a discrete source.

The first two samples were constructed by the use of a book of random numbers in conjunction with

(for example 2) a table of letter frequencies. This method might have been continued for (3), (4) and (5),

since digram, trigram and word frequency tables are available, but a simpler equivalent method was used.
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Maxwellscher Dämon

If we conceive a being whose faculties are so sharpened that he can 
follow every molecule in its course, such a being, whose attibutes are still 
essentially finite as our own, would be able to do what is at present 
impossible to us. For we have seen that the molecules in a vessel full of 
air at a uniform temperature are moving with velocities by no means 
uniform [...] Now let us suppose that such a vessel is divided into two 
portions, A and B, by a division in which there is a small hole, and that a 
being, who can see the individual molecules, opens and closes this hole, 
so as to allow only the swifter molecules to pass from A to B, and only 
the slower ones to pass from B to A. He will thus, without expenditure of 
work, raise the temperature of B and lower that of A, in contradiction with 
the second law of thermodynamics.

J.C. Maxwell: Theory of Heat, 1871





Die gegenwärtige Entwicklung erinnert in 
mancher Hinsicht an die Pionierzeit der 
klassischen Informationstheorie und des 
Computers, als die Grundlagen für die 
moderne Informationstechnik geschaffen 
wurden.

H.J. Briegel, I. Cirac und P. Zoller: Quantencomputer
Physikalische Blätter 55 (Sept 1999) p. 37
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                             et Collège de France, Paris (Frankreich) 
  

 
Thema:   „Trapping and Counting photons ‘in vivo’: a non-destructive 

  way to look at light” 
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Der Vortrag findet statt im  
      

                                               Neuen Hörsaal 28 D001 
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           Erweiterungsgelände Seffent-Melaten  
           52074 Aachen  

 
 
                                              Die Dozenten der Physik  
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Abstract: Detecting photons is essential to many data acquisition and communication procedures. 
Usual photo-detectors can count photons one by one, but they do it by brute force, the light  being 
absorbed in the process. Like the marathon soldier, photons seem condemned to die upon delivering 
their message. This fate, though,  is not imposed by quantum theory, which tells us that transparent 
detectors registering photons without destroying them are possible. We have demonstrated such a 
procedure and realized a non-demolition photo-detection at the quantum level. A microwave field is 
stored between two highly reflecting superconducting mirrors for a time interval exceeding a tenth of a 
second. A stream of excited atoms  behaving as microscopic clocks whose ticking rate is affected by 
light pass, one at a time, between the mirrors. By measuring the clocks' delay, we extract information 
from the field without energy absorption and the light  progressively collapses into a state of well-
defined photon number. Residual absorption or emission by the mirrors results in quantum jumps, 
recorded as sudden and random changes of the photon number. This new way to "look" at light opens 
many promising perspectives for the control, manipulation and reconstruction of trapped photonic 
states. We have used the non-demolition photon counting procedure to generate field state 
superpositions known as "Schrödinger cats", to  fully reconstruct their quantum state and to record 
their decoherence. This experiment can be viewed as a direct exploration of the boundary between the 
quantum and classical worlds 



Detecting photons is essential to many data acquisition and communication 
procedures. Usual photo-detectors can count photons one by one, but they do 
it by brute force, the light being absorbed in the process. Like the marathon 
soldier, photons seem condemned to die upon delivering their message. This 
fate, though,  is not imposed by quantum theory, which tells us that transparent 
detectors registering photons without destroying them are possible. We have 
demonstrated such a procedure and realized a non-demolition photo-detection 
at the quantum level. A microwave field is stored between two highly reflecting 
superconducting mirrors for a time interval exceeding a tenth of a second. A 
stream of excited atoms  behaving as microscopic clocks whose ticking rate is 
affected by light pass, one at a time, between the mirrors. By measuring the 
clocks' delay, we extract information from the field without energy absorption 
and the light  progressively collapses into a state of well-defined photon 
number. Residual absorption or emission by the mirrors results in quantum 
jumps, recorded as sudden and random changes of the photon number. This 
new way to "look" at light opens many promising perspectives for the control, 
manipulation and reconstruction of trapped photonic states. We have used the 
non-demolition photon counting procedure to generate field state 
superpositions known as "Schrödinger cats", to  fully reconstruct their quantum 
state and to record their decoherence. This experiment can be viewed as a 
direct exploration of the boundary between the quantum and classical worlds 

Trapping and Counting photons ‘in vivo’:
a non-destructive way to look at light

S. Haroche, ENS Paris


