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Still Another Secret of Nature has been Uncovered

Theory of Superconductivity

by

N. Boolyubov, Academician

About fifty year ago the Dutch (Holland) scientist Kammerlingh Onnes dia-

covered a remarkable phenomenon, for the explanation of which numerous investigations

have been conducted so far. The phenomenon detected by him - superconductivity - lies

in the fact, that certain metallic conductors, being cooled to very low temperatures,

cease showing any resistance to the electric current passing through them* They trans-

form as physicistssay into the state of superconductivity*

Later on, thanks to investigations by German Researcher Neissner, it was possible

to explain the highly favorable magnetic properties of super-conductoraf

The dvfimite successes in explaining this phenomenon have been attained abroad

by scientists- F and G.London. They reduced tile greaz number of phenomena of saper-

conductivity to several axicms. But even after that the problem remained unsolved.

What kind of a problem is it and why is it so important to solve it ?

Before answering to this question, it is advisable to mention the mechanism of

ordinary conductivity of metals.

As is well known, in a metallic ccnductor the atoms are situated not orderlessly,

but in proper rows. They form, as physicists say, a crystalline lattice of the metal.

The electric current flowing through the conductor represents a flow of electrons.

Passing through the crystal lattice of the metal, the electrons collide with the atcms

of this lattice thus causing its fluctuations, i.ee sound fluctuations. In this Vay

the energy of the electrons, roughly speaking, is consumed for the excitation of
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lattice oscillationse The stream of electrons experiences a definite resistances

According to modern ideas , the crystal lattice of the metal can receive an enerill

from the electrons, only in definite portions - sound quanta (phonones).

A considerable contribution into the explanation of the superconductivity phencaev&

was made in 1950 by the Eglish scientist Froelich.

What is Conductivity and aiperconductivity ?

On the color insert and in the caricature drawings our artists have tried to de-

pict the physical processes, taking place in insul3tors, semiconductors, as well as

in conductors (in normal state and during superconductivity).

In an ideal insulator, e.ge in a diamond, atcms of the substance are situated

in the crystalline lattice in such a way, that each carbon atom is firmly bound with

four adjoining carbon atom. The free electrons are totally absent in such a crystal

or exist in very small mzaber (on account of foreign admixtures), that electric current

does not practically pass through it. Electric conductivity in the insulator can be

produced, only by heating same to a very high temperature.

The atoms of the semiconductors, e.g. germanium or silicon, are less firmly

bound with their neighbors. These bonds, as the temperature rises weaken on account

on an increase in oscillations of crystal lattice atoms of these substances. Fluctuating

germanium or silicon ata with a rise in temperature begin loosLng more and more

of their electrons, as if shaking them off from themelves. Having lost its electron,

the ge.manlnum or silicon atan tries to capture the electron, lost in the very same

manner by one of it• neighbor.. This in turn, tends to acquire the electron, separated

from much farther atua and so on. Sach free electrons, jumping from atom to atoE,

when an outer electric voltage is applied to the crystal for a very week electric

current, rising with temperatzoo

At normal tuaperaue in the conductors there is always a great nmber of free

electrons, it is therefore sutfficiet to apply a low outer electric voltage, and a
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considerable current will start flowing through the conductors.

At very deep cooling of conductor the fluctuations of atcms of the crystalline

lattice, hindering the movement of the electron stream, decrease. In consequence the ele

trons encounter no obstacles. The substance becomes a superconductor. Substance,

field, space, tume...

Illustrations Academician N.N#Bogolyuboy

He proposed that thts is the action of the electrons with phonoes, which under nxr-

mal conditions prodcces resistance of conductors, and it can serve as a basis for

explaining the phenomenon of superconductivity.

Soon the prediction by Froelich was greadiously confirmed by expo.

ri-ents. It became clear, that the basic equationwritten by him for studying the

reaction of electrons with phononesrightfully reflects the truth. But neither

Froetich nor the re searchers after him succeeded in solving this equation in view

of treater purely mathematical difficulties*

A nev important physical idea was introduced by English scientists ShafrotButler

and Blatt. They have introduced an idea about the importance of the so-called

correlation-reaction between pairs of electrons - to explain superconductivit7.

American scientists Barden, Cooper and Shiffer to explain the phenomenon of ou_

perconductivity also based themselves on the importance of electrons reacting with

phononeae Dat neither have they succeeded in solving the corresponding equation.
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Drawing..oWhen the substance transforms into state of superconductivity
the movements of the atoms of the crystalline Lattice and free electrons are
cordinateds just as the movements of ballet dancers, which are subject to one
melody, produced by the orcherstra.

They have confined themselves to a certain simplified model, in which a direct,

resembling attraction, reaction of electrons with each other, figures. By introducing

an additional hypothesis, that electrons group in pairs, these researchers

obtained a series of important formulae, as we know now, correctly describing the

relationship between the major values, characterizing the state of superconductivity.

In spite of the fact that in the Barden, CooperShiffer report there is a whole

series of insufficiently explained physical and mathematical assumptions, it should

be considered as an important contribution into the theory, keeping in mind the

extreme complexity of the problem.

In the report entitled 0 On a New Method in the Theory of Superconductivity*

we have succeeded in developing a new method, which allows perfectly strictly to solve

the problem not only in the initial state by Froelich, but also with additional

ccmplicatxons of same, caused for example, by subsequent consideration of electro-

static repulsion of electrons. This new method, in the developinent of which have

actively participated W coworkers D.N.Zubarev, V.V.Tolmachev, S.V.o1ablikov, Yu*A9

Tserkovnikov, is based on the development of an idea concerning the microscopic

theory of superfluidity, published already ten years agoe

The phennmenon of superfluidity was discovered in 1938 by academician P L
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Kapitsa. Investigating liquid heliumhe detected& that its viscosity disappearswhoa

helium is cooled to a temperaturse approaching absolute zero, i.e. to minus 273 *C.

An important role in explaining thiphenconenon was played by the theory oijacademician

L.D.Landau, based on a number of ingenious hypotheses about the microscopic nature

of the Phenomenon, which have been used in role of axicoms, The author of these lines

succeeded in developing a subsequent microscopiL theory of superfluidity and to do-

velop special mathematical methods, which were used as basic for the new method,

allowing to fully solve the problea of superconductivity.

This brought an explanation to the following picture of movement of a supe f;Aid

liquid; in contrast to the movement of an ordinary liquid or gas, in which Imdividtal

particles move orderlessly, the movement of the superfliid liquid demonstrates a high

degree of orderliness. This is due to the fact that particles of superfluid liquid

r,ýact intensively with each other, This reaction is particulatly intensive for part.-

icles with oppositely directed velocities. Proper consideration of this reaction has con-

stituted the basic d•fficulty in forrclating the theory of superfluidity. An analogous

difficulty was hidden also in the theory of superconductivity. Solving oC same with

practically the same mathematical methods,which have been developed for the theory

of superfluidity, led to decisive results.

In thin was was established a deep analogy of the phenonenon of superconductivity

with the phenamenon of superfluidity and it was proven that superconductivity is nothing

other than superfluid~ty of electrons in metal*

The establishment of this analogy is highly essential. Up until now in physics

existed a cocunon idea, that a deep analogy in the behavior of the systemecczsinting

of helium atcms, and the system formed by electrons is hardly possiblee The faet is

that the statistical properties of these particles, uhich detcrmine the behavior of

systems made up of same, are highly variegated. It should be said, that helium muelei

are subject to statistics, which bears the name of the Hindu scientists Boze, and

FTD-TT-62-1713/1 5



electrons are subject to statistics, tearing the nare of the Italian physicist Fermi.

A general picture of electron behavior in superconductive state can be made in

the following nnrner. Free metal electrons form in this state a bound *eollectiveg,.

similar by its properties to the one) which in the theory of superfluidity is cal-

led condensate. In order to select an electron from this 'collective 0 it is necessary

to apply work of the order of thermal energy,corres1onding to a transition temper-

ature from superconductive tc normal state. Thanks to such a bond the movement of the

"collective 0 as a whole appears to be stable. Upon additional ,tabilization under

the effect of the menietic field this movement. Ji.e. electric current, tncounters no

resi-tance in the metal.

We want to mention, that electrostatic repulsion of electrons counteracts the

formation of such a Ocondensate'. But this repulsion, as we now know, has a consider

ably lesser effect than as assumed in the Barden,CcoperSghiffer theory. Furthermore,

cur method enabled to calculate oscillations of a *collective* of electrons and to

establish the existence of a special form of excitation - electron waves, the energy

of which is inversely proportional to maxiaum velocity of electrons*

It would be improper to think, that with the creation of a theory of supercon-

ductivity the interest of scientists in this proble. will fade away. On the contrary#

right now when the basic mechanism of this phenonenon has just become perceptible,,

there is irmediate origination of practically important new problemse It is necessary,

for example# to know how to determine the dependence of transition temperature

upon the structure of the metal. The fact is, the extreme smallness of temperature

very much hinders practical utilization of superconductors.

Consequently the solution of the problem of effectively raising this tempera-

ture represents a difficuly but favorable problem for researchers*

I do hope. that the new method will obtain broad application in other branches

of statistical pbysics, first of all in the theory of metalso
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New Discoveries in the Field of Theoretical Physics
(Descriptive Title)

By: A. So-tolov

In 1957 have been made two fundamental discoveries in the field of theoretical

physics, revealing the laws of motion and reaction of electrons,

The first discovery was made by the Chinese physicists theoreticians LU Chzhen-

Dao and Yan CI.zhhn-nin, uho have shova that during beta-decanposition of nuclei t.e

number of electrons departed in direc tion of nuclear spin is zmmller than in o, ;-•;Ite

direction (See Journal Tekhnika Yolcdozhi 0 '1No.I,1958).

The second fundamental discovery was made by the known Soviet physicista

teoretician academician 1likilay Nikolayevich Bogolyabov. Il tcEether with his crY WA-en

sucoeededfinally@ to forL- late the theory of superconductivity.

The phenomenon of superzonductivity was developed experimentally in 1911. -t

consists in the fact that in same metals) cooled to very low temperatures resistan~ce to

electric current is cumpletely eliminated.

After this discovery physicists-theoreticians have unsuccessfully tried for

over 40 years to explain this unusually interesting phenomenon. Foand G.Loadoa suc-

ceeded in obtaining a se-ies of equations to study certain properties of oupercon-

ductors. But these equations bore a normal nature ani have not entirely revealed

the physfcal nature of supercoucti'vity.

A known contribution into solving the physical nature of sulerconductivity was

made -n 19.50 by the English scientist Froelich. He tried to explain this phenomenon

as the result of reaction of free electrons with fluctuations of atoms of crystalline

lattico of the metal

Ilis theory bore a qualitative nature, because Froelich has not succeeded in

solving the equations obtained by him and not to mention, that the reaction between

electrons has not been considered in his theory..
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On the other hand, American physicists Bardin, Cooper and Shriffer in their re-

cent report (1957) plainly do not discuss the reaction of electrons with fluctujations

of lattice atcms, and confine themselves tc the reaction of electrons with each other,

Nonthaless in view of the extremely complex problea their experiments should be con-

sidered a &reat achievement*

Finally a strict and comIlete theory of superconductivity was presented by N.Ne

Bogclyubov and his students in 1957 (actually N.N.Bogolyubov, worked parallel with

Bardin, but independent from him). He considered not only the reactions of electrons

at low temperatures, but also the reaction of electrons with lattice fluctuations.

The idea of this experiment wae, to establish the deep physical and mathema-

tical analcgy between phenomena of superconductivity and superfluidity, i.eein estab-

lishing a bond between the behavior of particles at low temperatures, subject to aSze

statistics (heliu.i atoms) and Fermi statistics (electrons). At tnis point we would like

to mentiontl.at the .trict theory of superfluidity, ioeo loss in viscosity by the

liquid hil.'%= n t r. temperaturesawas finally fornmlated also by N.N.Bogolyubov

approyirv,ýtl-.-; eýcAde ago. According to the Bogolyubov theory at low temperatures

the free mntal elActrcns form a strongly boud I collective% which during the move.

ment in the metal encounters no resistance. Upon a rise in temperature the electrons

begin getting away farther and farther from this OcollectiTv" and the metal

begins loosing its superconductive propertiesn

The scientific society has highly esteemed the theoretical solving of the problem

of superconductivity and the Scientific Council of the Moscow University has synorma-

ously awarded to N.N.Bogolyubov the komonosov premium of first class for 1957&
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