
"Истоки"
Нанотехнологии

Преподаватель :         Москалец Михаил Васильевич

                                   (кафедра ФМП)
 

Группа :                              ФТ-18



'Nano-technology' mainly consists of the 
processing of separation, consolidation, 
and deformation of materials by one 
atom or one molecule.

Norio Taniguchi (谷口 紀男), 1974  г.
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Nano :



Нано происходит от греческого 

νάνος [нанос] – карлик 



Китайсткий :

納米

大米Рис 

Нано 

[тами]

[нами]



Японский :

ナノНано 



Atom :



Атом происходит от греческого 

ἄτομος [томос] – неделимый

http://en.wiktionary.org/wiki/%E1%BC%84%CF%84%CE%BF%CE%BC%CE%BF%CF%82#Ancient_Greek
http://en.wiktionary.org/wiki/%E1%BC%84%CF%84%CE%BF%CE%BC%CE%BF%CF%82#Ancient_Greek




Одно из первых 
приспособлений 
малого размера...



Acupuncture
From Wikipedia, the free encyclopedia

Acupuncture is a type of alternative medicine that treats patients by insertion and manipulation of solid, generally 
thin needles in the body.
Through its origins, acupuncture has been embedded in the concepts of Traditional Chinese medicine (TCM). Its 
general theory is based on the premise that bodily functions are regulated by the flow of an energy-like entity called 
qi. Acupuncture aims to correct imbalances in the flow of qi by stimulation of anatomical locations on or under the 
skin called acupuncture points, most of which are connected by channels known as meridians. Scientific research 
has not found any physical or biological correlate of qi, meridians and acupuncture points,[1][2][3][4][5] and some 
contemporary practitioners needle the body without using a theoretical framework, instead selecting points based 
on their tenderness to pressure.[6]

The earliest written record of acupuncture is found in the Huangdi Neijing (黄帝内�; translated as The Yellow 
Emperor's Inner Canon), dated approximately 200 BCE

http://en.wikipedia.org/wiki/Alternative_medicine
http://en.wikipedia.org/wiki/Alternative_medicine
http://en.wikipedia.org/wiki/Traditional_Chinese_medicine
http://en.wikipedia.org/wiki/Traditional_Chinese_medicine
http://en.wikipedia.org/wiki/Qi
http://en.wikipedia.org/wiki/Qi
http://en.wikipedia.org/wiki/Acupuncture_points
http://en.wikipedia.org/wiki/Acupuncture_points
http://en.wikipedia.org/wiki/Meridian_(Chinese_medicine)
http://en.wikipedia.org/wiki/Meridian_(Chinese_medicine)
http://en.wikipedia.org/wiki/Huangdi_Neijing
http://en.wikipedia.org/wiki/Huangdi_Neijing
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И что же мы увидели?
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предпочтение 
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There's Plenty of Room at the Bottom

An Invitation to Enter a New Field of Physics

 by Richard P. Feynman

This transcript of the classic talk that Richard Feynman gave on December 29th
1959 at the annual meeting of the American Physical Society at the California
Institute of Technology (Caltech) was first published in Caltech Engineering and
Science, Volume 23:5, February 1960, pp 22-36. It has been made available on the
web at http://www.zyvex.com/nanotech/feynman.html with their kind permission.
The scanned original is available.

The Wikipedia entry on Feynman's talk.

Information on the Feynman Prizes

Search YouTube for Richard Feynman

For an account of the talk and how people reacted to it, see chapter 4 of Nano! by
Ed Regis, Little/Brown 1995. An excellent technical introduction to
nanotechnology is Nanosystems: molecular machinery, manufacturing, and
computation by K. Eric Drexler, Wiley 1992.

I imagine experimental physicists must often look with envy at men like Kamerlingh Onnes,
who discovered a field like low temperature, which seems to be bottomless and in which one
can go down and down. Such a man is then a leader and has some temporary monopoly in a
scientific adventure. Percy Bridgman, in designing a way to obtain higher pressures, opened
up another new field and was able to move into it and to lead us all along. The development of
ever higher vacuum was a continuing development of the same kind.

I would like to describe a field, in which little has been done, but in which an enormous
amount can be done in principle. This field is not quite the same as the others in that it will not
tell us much of fundamental physics (in the sense of, "What are the strange particles?") but it
is more like solid-state physics in the sense that it might tell us much of great interest about
the strange phenomena that occur in complex situations. Furthermore, a point that is most
important is that it would have an enormous number of technical applications.
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What I want to talk about is the problem of manipulating and controlling things on a small
scale.

As soon as I mention this, people tell me about miniaturization, and how far it has progressed
today. They tell me about electric motors that are the size of the nail on your small finger. And
there is a device on the market, they tell me, by which you can write the Lord's Prayer on the
head of a pin. But that's nothing; that's the most primitive, halting step in the direction I intend
to discuss. It is a staggeringly small world that is below. In the year 2000, when they look
back at this age, they will wonder why it was not until the year 1960 that anybody began
seriously to move in this direction.

Why cannot we write the entire 24 volumes of the Encyclopaedia Brittanica on the head of a
pin?

Let's see what would be involved. The head of a pin is a sixteenth of an inch across. If you
magnify it by 25,000 diameters, the area of the head of the pin is then equal to the area of all
the pages of the Encyclopaedia Brittanica. Therefore, all it is necessary to do is to reduce in
size all the writing in the Encyclopaedia by 25,000 times. Is that possible? The resolving
power of the eye is about 1/120 of an inch – that is roughly the diameter of one of the little
dots on the fine half-tone reproductions in the Encyclopaedia. This, when you demagnify it by
25,000 times, is still 80 angstroms in diameter – 32 atoms across, in an ordinary metal. In
other words, one of those dots still would contain in its area 1,000 atoms. So, each dot can
easily be adjusted in size as required by the photoengraving, and there is no question that there
is enough room on the head of a pin to put all of the Encyclopaedia Brittanica.

Furthermore, it can be read if it is so written. Let's imagine that it is written in raised letters of
metal; that is, where the black is in the Encyclopedia, we have raised letters of metal that are
actually 1/25,000 of their ordinary size. How would we read it?

If we had something written in such a way, we could read it using techniques in common use
today. (They will undoubtedly find a better way when we do actually have it written, but to
make my point conservatively I shall just take techniques we know today.) We would press
the metal into a plastic material and make a mold of it, then peel the plastic off very carefully,
evaporate silica into the plastic to get a very thin film, then shadow it by evaporating gold at
an angle against the silica so that all the little letters will appear clearly, dissolve the plastic
away from the silica film, and then look through it with an electron microscope!

There is no question that if the thing were reduced by 25,000 times in the form of raised
letters on the pin, it would be easy for us to read it today. Furthermore, there is no question
that we would find it easy to make copies of the master; we would just need to press the same
metal plate again into plastic and we would have another copy.
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Los Angeles high school could send a pin to the Venice high school on which it says, "How's
this?" They get the pin back, and in the dot of the 'i' it says, "Not so hot."

Perhaps this doesn't excite you to do it, and only economics will do so. Then I want to do
something; but I can't do it at the present moment, because I haven't prepared the ground. It is
my intention to offer a prize of $1,000 to the first guy who can take the information on the
page of a book and put it on an area 1/25,000 smaller in linear scale in such manner that it can
be read by an electron microscope.

And I want to offer another prize – if I can figure out how to phrase it so that I don't get into a
mess of arguments about definitions – of another $1,000 to the first guy who makes an
operating electric motor – a rotating electric motor which can be controlled from the outside
and, not counting the lead-in wires, is only 1/64 inch cube.

I do not expect that such prizes will have to wait very long for claimants.

This page is part of the nanotechnology web site.



The Alfred P. Sloan 
Laboratory of Mathe- 

matics and Physics, 
which houses Caltech's 

new 12,000,000-volt 
tandem accelerator, was 
officially dedicated this 

month. Here, with the 
accelerator - President 

Dugridge; Rear 
Admiral Rawson Ben- 

- nett 11, Chief of Naval 
Research; Dr. James R. 

Killiun, chairman of 
the corporation of 

MIT; and Alfred P. 
Sloan, president of 

the Sloan Foundation, 
which financed the 

new bz~ildhg. 

A crew of photogra- 
phers invaded the 
campus last month to 
film a typical day at 
the Institute for a 
17, S. Information 
Agency movie on 
"Higher Education in 
the United States" 
which will be shown 
abroad. Here photo- 
graphers move in on 
HalZet Smith, 
chairman of the 
division of humanities, 
lecturing on the 
Shakespearean theater. 



's Small st Motor 
Ever since Etagineering, and Science ran his drticle 

on micro-miniaturization, "There's Plenty of Room at 
the Bottom," ( February 1960) Richard P. Feynman, 
Caltech professor of physics, has been besieged by 
inventors of miniature motors. This, Feynman brought 
on himself, for he had ended his article by saying: 

' I t  is my intention to offer a prize of $1,000 to the 
first guy . . . who makes a . . . rotating electric motor 
which can be  controlled from the outside and, not 
counting the lead-in wires, is oniv l/64th inch cubed.' 

So - after that it was a rare day when Feynman 
was not interrupted in his lab by someone eager to 
show him what usually turned out to be a very large 
small motor, 

Last month, when William McLellan (Caltech '50 I 
walked into Feynman's lab with his small motor, it 
looked like the same old story, because McLellan was 
carrying his invention in a big grocery carton. 

O.K., said Feynman wearily, he'd look at the thing 
-but  there was no money in it for anybody. It  had 
been his intention to set up a prize, but he never got 
around to doing it. 

That was all right with McLellan. It  was the chal- 
lenge that had set him to work on the problem any- 
way. Then he  took a microscope out of the grocery 
carton and let Feynman look in it to see the motor 
he had built. 

It had taken McLellan 21k months of lunch hours 

William McLeIIan shows Students* Day visitors s 
model of his motor 100 times larger than the origimil. 

The McLellun micro?rzotor, photographed under a 
microscope. The huge object above it is a pinhead. 

to make it, a t  Electro-Optical Systems in Pasadena, 
where he is a senior engineer. The motor was 1/64th 
of an inch cubed in size, or about as big as a speck in 
your eye. It  weighed 250 micrograms, had 13 parts, 
was built with the aid of a microscope, a watch- 
maker's lathe, and a toothpick. and it could be con- 
trolled from the outside. As Feynman watched, Mc- 
Lellan set the rotor going. 

Feynman and McLellan spent the better part of 
the afternoon operating the motor. I t  was after he 
got home that night that Feynman's conscience began 
to bother him, After all, the motor was exactly what 
he had asked for. 

'So," he says, "I sent the guy a check for a thousand 
bucks ." 

Elated as he is over the little motor, Feynman is 
now having worried thoughts about a second prize that 
he offered in his E6-S article - another $1,000 "to the 
first guy who can take the information on the page of 
a book and put it in an area 1/25 000 smaller in linear 
scale in such a manner that it can be read by an 
electron microscope." 

Daily, he expects to meet the man who has accom- 
plished this spectacular feat. A n d  daily, the thought 
haunts him - because, in the meantime, Feynman has 
been married, bought a house and, what with one 
thing and another, hasn't got another spare $1,000. 

This, then, is a public appeal by Engineering and 
Science, to  all inventors who are now at work trying 
to write small and collect the Second Feynman Prize 
- TAKE YOUR TIME! WORK SLOWLY! RELAX! 



Нанотехнология 
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Foresight Institute Feynman Prize in
Nanotechnology
From Wikipedia, the free encyclopedia
  (Redirected from Foresight Nanotech Institute Feynman Prize)

The Feynman Prize in Nanotechnology is an award given by the Foresight Institute every year
for significant advancements in nanotechnology. It is named in honor of physicist Richard
Feynman, whose 1959 talk There's Plenty of Room at the Bottom is considered to have inspired
the beginning of the field of nanotechnology. The prize was established "to recognize
researchers whose recent work has most advanced the field toward the achievement of
Feynman's vision for nanotechnology: molecular manufacturing, the construction of atomically
precise products through the use of molecular machine systems."[1]

The Foresight Institute also offers the Feynman Grand Prize, a $250,000 award to the first
persons to create both a nanoscale robotic arm capable of precise positional control, and a
nanoscale 8-bit adder, conforming to given specifications. The Grand Prize is intended to
stimulate the field of molecular nanotechnology in the same way as similar historical prizes such
as the Longitude prize, Orteig Prize, Kremer prize, Ansari X Prize, and two prizes that were
offered by Richard Feynman himself as challenges during his 1959 There's Plenty of Room at
the Bottom talk.[2]

The Foresight Institute offers a number of additional awards, which are the Distinguished
Student Award for graduate and undergraduate students, the Prize in Communication for
journalism and outreach efforts which promote public understanding of molecular
nanotechnology, and Government Prize for government officials.[3]

Contents

1 Feynman prize winners
1.1 Single prize
1.2 Experimental category
1.3 Theory category

2 See also
3 References
4 External links

Feynman prize winners
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The prize was first given in 1993. Before 1997, one prize was given biennially. From 1997 on,
two prizes were given each year in Theory and Experimental categories.

Single prize

Year Laureate Institution/Country Rationale

1993 Charles
Musgrave

California Institute
of Technology

"for his work on modeling a hydrogen
abstraction tool useful in
nanotechnology"[4]

1995
Nadrian
C.
Seeman

New York
University

"for developing ways to construct three-
dimensional structures, including cubes
and more complex polyhedra, from
synthesized DNA molecules"[5]

Experimental category

Year Laureate Institution/Country Rationale

1997

James K.
Gimzewski IBM Zurich

Research Laboratory "for work using scanning probe
microscopes to manipulate
molecules"[6]

Reto
Schlittler
Christian
Joachim CEMES-CNRS

1998 M. Reza
Ghadiri

Scripps Research
Institute

"for groundbreaking work in
constructing molecular structures
through the use of self-organization,
the same forces used to assemble the
molecular machine systems found in
nature"[7]

1999 Phaedon
Avouris IBM

"[for] the development of carbon
nanotubes for potential computing
device applications"[8]

2000

R. Stanley
Williams

HP Labs "for building a molecular switch, a
major step toward their long-term goal
of building entire memory chips that

Philip
Kuekes
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James R.
Heath

University of
California at Los
Angeles

are just a hundred nanometers wide"[9]

2001 Charles M.
Lieber Harvard University

"for his pioneering experimental work
in molecular nanotechnology which
included seminal contributions to the
synthesis and characterization of the
unique physical properties of carbon
nanotubes and nanowires"[10]

2002 Chad Mirkin Northwestern
University

"for opening up new possibilities for
the fabrication of molecular machine
systems by selectively functionalizing
nanoparticles and surfaces, particularly
with DNA, enabling the self-assembly
of new structures which move us
closer to the goal of molecular
manufacturing"[11]

2003 Carlo
Montemagno

University of
California at Los
Angeles

"for his pioneering research into
methods of integrating single molecule
biological motors with nano-scale
silicon devices, which opens up new
possibilities for nanomachines"[12]

2004 Homme
Hellinga Duke University

"for his achievement in the
engineering of atomically precise
devices capable of precise
manipulation of other molecular
structures"[13]

2005 Christian
Schafmeister

University of
Pittsburgh

"for his work in developing a novel
technology synthesizing
macromolecules of intermediate sizes
(between 1000 and 10,000 Daltons)
with designed shapes and
functions"[14]

2006

Erik Winfree

California Institute
of Technology

"for their work demonstrating that
DNA tiles can be designed to form
crystalline nanotubes that exhibit a
stiffness greater than the biological
protein nanofilament actin, [and for
having] established that algorithmic

Paul W. K.
Rothemund
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Rothemund
self-assembly could work well enough
to generate non-trivial non-periodic
patterns"[15]

2007 J. Fraser
Stoddart

University of
California at Los
Angeles

"[for having] pioneered the synthesis
and assembly of unique active
molecular machines for manufacturing
into practical nanoscale devices"[16]

2008 James Tour Rice University

"for the Synthesis of Nanocars... and
other molecular machines [which] is
providing critical insight in
investigations of bottom-up molecular
manufacturing"[17]

2009

Yoshiaki
Sugimoto

Osaka University

"in recognition of their pioneering
experimental demonstrations of
mechanosynthesis, specifically the use
of atomic resolution dynamic force
microscopy — also known as non-
contact atomic force microscopy (NC-
AFM) — for vertical and lateral
manipulation of single atoms on
semiconductor surfaces"[18]

Masayuki
Abe

Oscar
Custance

National Institute for
Materials Science,
Japan

2010 Masakazu
Aono

MANA Center,
National Institute for
Materials Science,
Japan

"in recognition of his pioneering and
continuing work, including research
into the manipulation of atoms, the
multiprobe STM and AFM, the atomic
switch, and single-molecule-level
chemical control including ultradense
molecular data storage and molecular
wiring; and his inspiration of an entire
generation of researchers who have
made their own ground-breaking
contributions to nanotechnology"[1]

Theory category

Year Laureate Institution/Country Rationale
Charles
Bauschlicher
Stephen
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1997

Stephen
Barnard

NASA Ames, MRJ
Team

"for work in computational
nanotechnology"[6]

Creon Levit
Glenn
Deardorff
Al Globus
Jie Han
Richard
Jaffe
Alessandra
Ricca
Marzio Rosi
Deepak
Srivastava
H.
Thuemmel

1998

Ralph C.
Merkle Zyvex, LLC "for their computational modeling of

molecular tools for atomically-precise
chemical reactions"[7]Stephen

Walch
ELORET NASA
Ames

1999

William A.
Goddard III California Institute

of Technology

"for their work in modeling the
operation of molecular machine
designs"[8]Tahir Cagin

Yue Qi

2000 Uzi
Landman

Georgia Institute of
Technology

"for his pioneering work in
computational materials science for
nanostructures"[9]

2001 Mark A.
Ratner

Northwestern
University

"[for being] a theorist whose work has
made major contributions to the
development and success of
nanometer-scale electronic devices"[10]

2002 Don Brenner North Carolina State
University

"for fundamental advances in our
ability to model molecular machine
systems, and for the design and
analysis of components likely to be
important in future molecular
manufacturing systems"[11]
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manufacturing systems"[11]

2003

Marvin L.
Cohen University of

California at
Berkeley

"for their contributions to the
understanding of the behavior of
materials"[12]Steven G.

Louie

2004

David Baker University of
Washington

"for their development of
RosettaDesign, a program that has a
high success rate in designing stable
protein structures with a specified
backbone folding structure"[13]

Brian
Kuhlman

University of North
Carolina

2005 Christian
Joachim

Center Nationale de
la Recherche
Scientifique, France

"for developing theoretical tools and
establishing the principles for design of
a wide variety of single molecular
functional nanomachines"[14]

2006

Erik
Winfree

California Institute
of Technology

"for their 'Theory in Molecular
Computation and Algorithmic Self-
assembly' research... based on their
demonstration of methods for universal
computation with DNA, including
using DNA tiles to simulate cellular
automata"[15]

Paul W. K.
Rothemund

2007 David A.
Leigh

University of
Edinburgh, UK

"[for] the design and synthesis of
artificial molecular motors and
machines from first principles and...
the construction of molecular machine
systems that function in the realm of
Brownian motion"[16]

2008 George C.
Schatz

Northwestern
University

"first for sophisticated modeling and
optimization of the dip pen
nanolithography method of
nanofabrication, and second, for his
explanation of plasmon effects in
metallic nanodots"[17]

"in recognition of his pioneering
theoretical work in mechanosynthesis
in which he proposed specific
molecular tools and analyzed them
using ab initio quantum chemistry to
validate their ability to build complex
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2009 Robert A.
Freitas Jr.

Institute for
Molecular
Manufacturing

molecular structures, [and] also his
previous work in systems design of
molecular machines, including
replicating molecular manufacturing
systems, which should eventually be
able to make large atomically precise
products economically, and the design
of medical nanodevices, which should
eventually revolutionize medicine"[18]

2010 Gustavo E.
Scuseria Rice University

"for his development of quantum
mechanical methods and
computational programs that make it
possible to carry out accurate
theoretical predictions of molecules
and solids, and their application to the
chemical and electronic properties of
carbon nanostructures"[1]

See also

Kavli Prize in Nanoscience
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Next: Molecular Engineering Up: Nanotechnology in Manufacturing Previous: Plenty Of
Room

Writing With Atoms
    In 1981, Gerd Binnig and Heinrich Rohrer of the IBM Zürich Research Laboratory
invented the Scanning Tunneling Microscope. This device, easily one of the most elegant and
unanticipated inventions of the century, allowed imaging of individual atoms, and won Binnig
and Rohrer the Nobel Prize in Physics for 1986.

In 1985, Binnig and Christoph Gerber of IBM Zurich, along with Calvin Quate of Stanford,
invented the atomic force microscope. This allowed imaging nonconductive matter such as
living cells to molecular (although not currently atomic) resolution.

Since then, every year has seen new inventions in the rapidly growing field of scanning probe
microscopes. They're now imaging bits on magnetic surfaces, measuring temperature at
microscopic sites, and monitoring the progress of chemical reactions.

Recently, IBM San Jose used a scanning tunneling microscope to, in Feynman's words, put
the atom right where the chemist says.

Here's a picture of xenon atoms on a nickel crystal, lined up in a row by pushing them into
place with an STM tip. Remember, those bumps are individual atoms, and they've been
moved precisely into position, in a row, one half nanometre from each other.
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Again, each dot in this picture is a single atom, and the letters are 5 nanometres tall.



Проблема 1 :

Сколько томов книг можно записать на квадратном 
сантиметре, используя плотность записи, достигнутую 
при написании слова “IBM” с помощью атомов ксенона?
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Library of Congress
      

Library of Congress reading room

Established 1800

Location Washington, D.C.

Branches N/A

Collection

Size
22,194,656 cataloged books in the
Library of Congress classification
system 5,600 incunabula (books
printed before 1500), monographs
and serials, music, bound
newspapers, pamphlets, technical
reports, and other printed material,
and 109,029,796 items in the
nonclassified (special) collections

147,093,357 total Items[1]

Access and use

Circulation Library does not publicly circulate

Population
served

541 members of the United States
Congress, their staff, and members of
the public

Library of Congress
From Wikipedia, the free encyclopedia

The Library of Congress is the research
library of the United States Congress, de facto
national library of the United States, and the
oldest federal cultural institution in the United
States. Located in three buildings in
Washington, D.C., it is the largest library in
the world by shelf space and number of
books. The head of the Library is the
Librarian of Congress, currently James H.
Billington.

The Library of Congress was built for
Congress in 1800, and was housed in the
United States Capitol for most of the 19th
century. After much of the original collection
had been destroyed during the War of 1812,
Thomas Jefferson sold 6,487 books, his entire
personal collection, to the library in
1815.[2][3] After a period of decline during the
mid-19th century the Library of Congress
began to grow rapidly in both size and
importance after the American Civil War,
culminating in the construction of a separate
library building and the transference of all
copyright deposit holdings to the Library.
During the rapid expansion of the 20th
century the Library of Congress assumed a
preeminent public role, becoming a "library of
last resort" and expanding its mission for the
benefit of scholars and the American people.

The Library's primary mission is researching
inquiries made by members of Congress
through the Congressional Research Service.
Although it is open to the public, only Library
employees, Members of Congress, Supreme
Court justices and other high-ranking
government officials may check out books.
As the de facto national library, the Library of
Congress promotes literacy and American
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С чем работают физики...
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Проблема 2 :

Если к молекуле подвести электрические контакты и 
пропустить ток, то какое напряжение будет показывать 
вольтметр? 
Как при этом будет распределен электрический 
потенциал в цепи?
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В следующей лекции :

“Все про графен”


