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SYMPOSIUM ON THE "ELECTRON:THEORY OF SOLIDS"
EXCERPTS FROM ACTA PHYSICA, SINICA

[These excerpts include the disgussions of Chinese
physicists during the 11-13 January 1958 Symposium on the
"glectron Theohy of Solids," as reported ‘in Wu-li Hsueh-
pao (Acta Physica Sinlca), Vol 14, No' 3y 1958, The titles,
authors; and outlines of four papers which stimulated the
discuss%oﬁs, as well as: textual matter representing the
authors' own views, are’ glven below. The orliglnal pag
numbers .are appended at:the end of each excerpt. = -

According to the Journal, the symposium was held in
Peiping by the Department of Mathematics, Physlecs, and
Chemistry of the Academia Sinica. It was designed to im-
part an appreciation of i important concepts which have
evolved from research on the electron theosy «* .. eury
of solids conducted abroad and in China, and to stimulate
the interest of Chinese theoretlcal physicists 1ln this
subject. =

About 60 persons attended, They consisted of members
of the department's committee, guests who have done or
are preparing to do research on the theory of solids, and
teachers, During the clpsing session, the groub exchanged
views on how to organlzé& and develop research on the
theory of sollds,. i :

Besides the four papérs cited below, other papers
presented at the symposium and published in this 1lssue
of the Journal are as follows:

. "The Present State of the Polaron Problem," by Huang

K'un

"The s-d Exchange Interaction Problem in the Theory of
Ferromagnetism,"” by L1 Yin-yuan

"Recent Developments in the Theory of Spln Waves,"
byWu Shih-shu

"The Frohlich-Bardeen Theory of Super-Conductivity,"
by Ch'eng K'al-chla, ]
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RECENT ADVANCES IN ENERGY BAND THEORY

A
HSIEH Hsi-teh. . -
(Futan University)

Introduction

I,

11,

IT1.

Formatlon of eneﬁ@f band

1, Wave function of electrdns in. a'pré odic field

2. Auceleration and veloclty of e‘ectrons

?rincipal methods bf energy band calculation

fia Tivht binding methed

2, Elementary cell mebhcd ;i;i:if-r-fa..;
3e Orthogonallzed Plane wave method

Physical properties 1n relauion to energy band
structure ; R ‘

vl Cyclotron resonauce

8. Cycloaron resonance of semlconductors'
. b° Cyclotron resonance of metals
2.;Mannetic effect of purrent
" a. n-type germanium & and silicon
b,,prtype_germaniumiand sllicon
3;'Magnetizatien | | | |
ae Magnetizeﬁioneof‘eleeﬁfoneginjerystals -

b. liegnetization of seumicoriductors



¢. De Haas-van glpngﬂ effect
4, Anomalous skiln éffééﬂ* el

Bibliography ; [page 164]

DISCUSSION

. R
PN At

Kao Lien-p'ei# (Desoription of siides ‘omitted),

lir Hsieh. spoke of the electtrié effedt of hdgnetie fleld
as one of the principal tiethdds’of measutlng energy band’
structurs, I wish to meke a“Supplementary remark, 3ome
interestihg problems are elicited by the electric effect
of a magnetic field. For instance, .Justi e% al, .performed
a seried of experiments on maghétlc feluctdnde betwéen
1936 and 1941, , . : e

Magnetlc relucpanceMQf.ainsle-cryatal,cg},.uyd@?,the.fﬁ
action of”approx1métély"Bkailogausses;“wnén;pﬁe{tgmpera*;
ture is reduced from room {emperature to He temperature,
may increase about as highigas 150,000 times (the current
being nearly perpendlcular:to the ‘hexagonal axisg-of ‘the
erystal), or may even exceed 5,000,000 times (the current
peing parallel to the hexagonal axis of the crystal).

Agalins, 15 the ¢ase of magnetlc reluctance of slngle-
crystal gold®, a very strong and symmetrical anlistropilc
body appears when the magnetlc field revolves 360 degrees
around the direction of theé current, which is also the
direction of the cubic axis of the crystal. Though we

*Lantern sllides were sho@n'at t.he'sympoaium° ~The re-
marks were mede in conjunction with:.the explanatlon of the
slides. The passage here was written by Mr. Kao who sun-
marized the spéech delivered:at that tilme. -

lJugti, E.,; Kramer, J.3 Schulze, R., Phys..Zs, 41(1940),

303 : . ‘ )
2Justi, E., Leltfahlgkelt und Leltungsmechanismus fester
stoffe (Gottingen, 1948).
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suggested that those problems could be decisively golved
by application of the series ‘expamsion method and with the.
ald of a knowledge of energy band structure (a point to be
treated later when the works of Lifshitz et aly are 1ntro-
duded ), strictly speaking, however9 these problems ar

still unsolved, : . R :

Pleng Huanmwu'ﬂWhat do tneSe_cherﬁﬁleignify?

Kao_ Lien-p el

As Mr. Hsieh said é memeﬁt ago, when the magne ic field
is weak, energy band theory may be used to explain some
phenomene of current-magnetism effect. As %he uzgnetlic
field increases, the effect becomes more end more compli~
catéed, The problem of whether the effect may bé expiained
remains uncolved. I present these dharts 1n the hope of
caliihg your attention o ib..

Huengz K'un How strong is the magnetic fie‘d here?

. Is it true that the electrons may . revolve many turns
between collisions? : .

Hsfel hs*ute

uy the surong field cited a 1it le while agoq _t is -
basically assumed that the periodic field in which the -
electrons are situated 1s not influenced by the magnetic
field, I% is problematical whether it 1s still poselble
to solve Schrodinger’s equation on the basie of a single
electron (ignoring terms of a megnetic field) in a magneuic
field as strong as 35,000 gausses. _

Kac Licnmp el

4 seems to me that a definite exn1anauion may. be glven
by expanding the figure [A. H, Wllson; Theory of Metals,
page. 318 (3953)] with the ald of rourie* 8 analy3¢3 into
H~geries. The gquestion posed by Mr. Huarg as to how many
turns a free electron may revolve will pwobebly be treat-
ed later by Mr, Chang when the works of Lifshitz et al. are
.,ntroducedo , _ o




Heleh Hei-te "' Generally, usy 3s used td denots the strensth

qf a »magnetic' ..i.iel'd‘ . f Tem gt !’ P SR [T S [
Huang X'un = . R S T

Kr. Hsieh has just spoken of one type of ‘standard, It
seems to me that thers 1s, the questlon of two types of
standards of strsngth:-6néjbeing“the,¢bmvakiedn of the
radius of orbit of motion ip a magnetic field with a free
path, and the other beihg that with the slze of an atomlc
cell, .Are they not q;g;%ﬁbt from each bther. in theoretical

arialysis? T

w84

Heleh HSi-te .

iGehéf&llf;'ii iéﬁﬁﬁﬂéﬂéﬁﬁéﬁfabmpared with the free
path. The intludnde of & magnetic field ou the effective.
mass has not yet been taken ggbb‘cansiderationxat present.

<
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Ch'eng K'ai<chia’
Pekar perfordéa‘éqmé'caféuidtfﬁﬁs‘bﬁ,mpp;lity'gfjeiéqé
trons in CupO. One method thus employed involved computas
tions with polarons and the:other wlth the ordinary elec=
trons, He affirms that the:current carrlers of Cup0-.are -
polarons. 1Is it not. true that of .the two. types of cavi-
ties of germanium which yougmgntidnedfaﬁrittlaﬂWhile.agg.m
one .conalsts of’polaronS'anq*tﬁg'qthenﬁiaﬁnot‘pqlarizéd?[“
Yo@fséid-that'the-ratio‘of~théir[affgdtiVéfmags\13'1/50;15
That epparently explains thé above polnt. .. I

;Hﬁieﬁ Hesi-te

It is the concentration ratlo that is 1/50. The effec-
tive masses are 0.3 and 0.04 of the mass of an electron.
Ch*éngnﬁ'aﬁécﬁia UL B | | |

' Is 1t not true that the electron distributlon in the
energy band 1is related to,thejmagnet;cifield? For instance,
¥, N, Shuvalov of  Leningrad University performed electron
cloud distribution on Cd3 with the ald of ‘X~=ray analysis
and discovered that when light conducted electriclity the
electron cloud changed from originally strong to weak, ’

Thesa experiments are belng continued at present, and 1t
hes been discovered that this phenomenon disapperars when

A




the magnetic field increases. The phencmenon is: somewhat
similar to the stdppiﬁgfdf;Supercdndgctance~byxaamagneﬁicJ

field in superconductivity., = o

Kao Lien-p’eio |
- ] I A s o
Mr, Ch'eng raised a very interesting question, What -

is the definltion of anergy band under the actlon of an

external field? Wannier asked this question in his work
done in 1937. Redeﬂtlk(@ﬁlatér,rLutt;nger, Adems et al.

did some further work. . : R T

Chang Tsung-sul

Since the momentum k which comprises the vector poten=.
tial is not commutative, the energy pan pay ﬁosEibiy be
meaningless (that 18,‘the*valﬁ§s"§f %; Ky and “2 dannot
be determined at the sime time). =

Hateh Hal~te

Somebody added magnetic fledl to the de Haas-van
Alpken effect in Shrodinger's equation.

Chang Tsupg-sul

How 1s 1t that the magneﬁic fleld 1s not altogether
taken into account at the very beginning?

Huang K'un

It seems to me that this iis due to a consideratlion of
simplicity versus coumplexity for purposes of calculation.
The periodic fleld is treated first, and its influence
may thus simply be replaced by effectlve mass, ‘However,
since the kinetlc energy corresponding to the de Brcoglie
wave length involved in thils method of calculation may be
comparable to the distance between energy bands, then the
energy bands begin to blur and the conception of an energy
band becomes questionable. Perturbation correctlon may be
applied when the difficulty 1s not serlous.

Chang Tsung=-suil

It is not a quéstioh of whether or not the energy
bands blur. There are many states in an energy band, and




théy“arq”tfeatéd?as;conbinuousyand»denotedgbyAgxngﬁxgi%ndgkz.
Since the magnetic: Tield has increased.in strength, momenta
k's are not commutative and it ls not alwpys,gorrect, to’ -
discuss E as such and such a function of *x, “y and "z,
treating them as continuous., (For instance, ;it is not al-
ways correct to discuss the effective mass tengor”through

et ’ 2‘ :~, Tee L ' e v ;

YWhen the magnetic:'field.ls wekk, this difficulty is mot '
serious. Howéver, as the magnetlc. field inereases inde-'.
finitely in strensth, thls difficulty 1s bound to arlse.

Huang K'un o B
The question 1is hQW&atiaﬁé;QﬁUﬁid,fhenmggneticffieid
bey - , CE T R S S

¥

T " [pagés‘188~189]
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-aMechanlsm of ene y exchange

THEQRiEs'ON*EﬁéCTRbNIc*iRANSiT;QN?IN CRYSTALS |
HUANG Klun
(Department of Physics, Peking
. University)

Introduction

Photo-transition and thérmoatransition
Work in earlier pericds»»"'

3Theory of configuratien cocrdinates

Aave 4.

Configuration coordinate diagram and application of
the Franck-Condgn principle (Seitz-Mott theory)

.......

Q‘Adjirovitch s'w rk “on thermo~transitlon

111,

. Theory of photod

*'multiprefphonone

Iv,

;-'Transform method

Jilliam 8 quant tive theory on photo-traneition

Fundamental dif ;ulty of~a single coordinate theory

Theory of single frequency and multiple coordinates
Analysis of “theé :

Theory of thermo_fh

Development of the theory of multiple frequency

K ¥

8 Pransform and level ranges in- spectrum dietribution,*

v.

Summary of theoretical findings

?Survey of contemporary ectual calculations




Connection of systematic theory and configuratlon co~
ordinate dlagram

PR ¥

Problems for further_gtudy'.

]
i)
® ..
® -
(]
-
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As to the general directlon which the ‘theory should
eventually take for 1t8 furbher development, & clear . :
trend has not yet emerged ‘in- 6ontemporary selentific works,
It 1s worthwhile to point og that. thiere exist in contem-
porary theoriles two probleﬁs bf fuh@gmehtal eisnificance
which await further stuéz;

According to Mott 9.~heo?y, thermo-transition proceeds
through the intersecting point of configuratio;

and the intersecting pdint of curves ahowa that in this
configuration two electronic ste;es 2re degenerate. - The
situation 15 similer” n the theory of multiple coordinates,

The brans&tion unee igh temperEture takes‘place at
least 1In the eonfigura;,on where .two..ekectronic states
are degeneraxe» ‘Thue there arises a twofold questlon.

On the one hand, th trlctly degenerate condition en-
visaged in theory may fiot generally exist in actuality.
On the other hahd;" pro#ided that’ the ‘energy of one elec~
troniec state approaches’ that of another), clarification 1is
required on the point whether the analgsis on the basis
of adlabatic approximati p holds’true.

Another questilon’ concerns the transitlon process where
electrons are captured by the lmpurlty energy level and
opposite electrons are excited from traps, which is of
the highest practica% Eiégigicggse .Calculatlons. on this
procéss-in- the past 1 invariably 'ignored the
interaction of electrons 1n a free state with & crystal
lattice, ,

Under general conditions. this is 1nconsistent “4iith the
premise of adiabatic approximation (even as an approxi-

8



mation or O-degree).‘}5l In\thls sense, the current
systematic theory itgelf {-udable to take into serious
consideration the situation that EIectronic states form

a contihuqus spectrum.

B - -
of cpu se, the moreﬁclearly indicated work 1ls to pro-
ceed furthsér in comparing theédry with’ experiments and to.
analyze tt& problems arising: therefrom.. This matter. 1nets
volves thé dHalysis of efféets in. highér order and the. .
study of thé concrete mbdelé ptelated to’ electronic states.

~ According to the ystematic theory, for instance, if
we take first approx mation of the electron wave function
into account, then the elsctiic’ ‘moment will include the
linear term of vibrator coordinates, and the coefficient
of the quadratic terms of the corresponding vibrator
Hamiltonlan quantity such as (4.7) will also be related
to the electronic state, (That is to say, 1t 1s not
golely a questlon of the origin of the vibrator.)

‘Both may cause the peak value in a spectrum to shift
with temperature and may modify the shape of spectrum
distribution. UNoreover, the non-slmple~harmonic property.
of crystal lattice vlbration may also produce a gimilar
result. . (. o : _

" The solution of a number of substantial problems (such
as the shape and shift, as well as the luminous efficiency,
of the color center gspectrum as mentloned above) is in
fact reduced to the analysis of a 'number of such. effects
of higher order., : - :

On the other hand, no matter whether it 1s for the pur-
pose of performing qyantitative calculations toward the
solution of definite’ problems or to help clarify questions
concerning the effects of higher order, 1t is always
necessary to probe the problems of concrete models related
to the properties of binding centers, the interactlon of
electrons and crystal lattices, and the definite forms
of crystal 1attice vibrations., . o .

: This ‘report 1s based upon my general understanding of .
the subject., Special mention should be made that, due to
haste in the preparation, 1t has not been possible to have
some of the dlscussed questions and the cited data examined
further and checked against original works. [page 201]



~ DISCUSSTON

oh'ens K'aimchla . .fiid

In a strong qouplingg}radiayibﬁ’damﬁiﬁéhﬁiays a consic
derableqpart.and shou1d~b,ftéken~1nto'ccqg%QQration; '

therefore; it 1§ not possible to use /Uyp/%.as the tran-; ..
be, taken into raccount,.. .

m the Heltler-P'eng . ..~

gition prgﬁability%v<Damp1ns:aho&1d

and /Uss/ vsnbuld?be“daﬁerminédﬁfiid
integral equatloh! .- R

Huang X'un = |
: - ke N ORI ‘ C
Dadov did some work in which damping 1is taken into.
account. I have not mgde a;careful study of his work and.
am not able to tell fhe definite :result.

soe d
[

¢h'leng K'gi=-chia, - ‘ , ~ :

€y ke

The Aamping effect: should be iptroduced into gleuents
of the transition matrix. As a result of a brief considera-
tion, we may multiply:the square of the element of transl-
tiow. mabrdx byt i i T o

o (EgeEa)? e

oL

o U (BpeEgt )Pl R
Ip'ié directly proportional to & factor

T (En=En')> . -

Thus, the maximum value of transition probabllity ls not

at Ep-En'=0. Thils may explaln the shift with temperature
of the peak value of the cQlor center. According to my
calculation, the shift . T&8a - ~ 1 7~ oo o e o

!

[
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Huanz X'un

- As the actual result{fit,is basically directly pro?" ;
portional to Ty '~: i -l .- o , oo

ch'ene k'ai-chia

Your original method can be used only for long waves, .
The change in W conQﬁgﬂSQShortﬂanea.‘the method 18 not~
applicablé*haréi.ﬁed ide the Yecolil between phonons has
not been coﬁéi‘&%bd% e : L

P'eng Huan=-wu

_Does the method.inhdﬁééfidﬁfﬁéaﬁ the hdiabdtic approxi-
mation? l,ﬁv,'   S | . i

Ch'eng K'ai-chia

. i B ;
. The oné uded is a contact transformation simila o
that of Bloch-Nordsiecke. It is tantamount to neglecting
“he actlion between phoanS.

P'eng Huan-wu :
It is a question of tﬁg orlgin moving.

Huang X'un

I still dc not understand how there 1s a questlon of
recoil here. b

S
S
@

3

ch'eng K'al-chia

The situation is tantamount to combining the term of
interaction qk'eik'x,of square matching. A ls related to
x., This wethod is the Bldch-Nordsieck method with the
recoil omitted. It 1s due to this fact that the L. L. P.
polaron has been eriticized for providing no consideration
for recoil afterwards. It is considered 1in an approxli-
-mate menber,

Husng K'un
1t seems that this problem will not arise if adlabatic

approximation may be used.

11




Ch'eng K'ai-ghia

That i 'the poinit, but adlabatic approximation cannot be
used. & U

Huang X'un . ﬁfﬁ;»iﬁf

" ‘Generally @peakingj recoll presents ng.difficulty ln
the problems of ‘bound ‘@lectrond; because;ihe locallzed.
wave funetlon codprised @ll the momentum states and may
absorb random recoils., Secondly,; in thi&“connection, 1it-
1s not a question of emission of phorions by electrons, but
of the c¢hange of the elastic eqiilibriun point so that:
there is .a release of..elastic erergy appearing in the form
of phonons and so that the'total momentum of the released
phonons is O, [pages 202-203 BRI

N
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_THE THEORX OF GOLLECTIVE VIBRATION OF ELECTRONS

¢n! eng K'aiéchia
(Nanking University)
Introduction

General survey of development in obserVation and
theory on plaema vibrétion,' W

Classical theories on plasma vibration e
‘Tlectroh gas density

Two typés of fluctuatlons- thermal motion and
collective vibration _ '

Interaction of hlgh-epeed electrons and collec~-
tive wibrations = .- . C

oy e

Quantum theory

FDemarcation between collective vibration and

ffindividual motion of eleotrons}f‘ o

6°

'Representation wlth 1nteraction between plasma .
'vibration and electron ellminated SRR

Determination of " KD, correlatlon energy

Interaction of 1on1c periodic field and 1onic

| vibratlonvi‘

11.

12,

Volff~Adams theory _
“Theorles of Frehlich, Hubbard, Mott, et al.=

}Interactlon of lonic vibration and electronic-

‘collective vibration and "its Hamiltonlan

Hamiltonlan of electroniec and 1onic vibraﬁione
a*ter the elimination of" 1nteractlon

Problem of interaction of a particular electronﬂ

~end lonlc vibratlon. ' .
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V. Experimental ééidéﬁcéq_rélg§§§ @§_plaémax§1bration
13. Experiments byiéﬁﬁﬁ&mauﬁ;ltaﬁgrfé% al.
14, Effect of QQattering directlion of energy loss

15. Knight's hift

Bibliography 0 i doE i
- ﬁ[Pageé'QAQ]"5
" VI. SOMEWIONOLUDiNG reidags

The study of the quéﬁtion.qf muitigia'éleéﬁtqns]id'

I3 N ,

metals;wfthathe“aididr%tpgiaqnqeptiqg;eq;féétiqg;mqtion‘of
electrons is indeed a»gféét”l‘“p?forwardginjtﬁedry;“ Basli-
cally, it solves the pt@plemvoftpoxential,energx.qf,lnter~
action“béﬁween”éiectrqqgfin=metals,;ellcits;ﬁﬁe'exrsheﬁce
of collective macroscopic ‘motions of electrons, and shows
the demarcation between:microscopic and macroscoplc motlon.

This theory is substantiated by both ths theoretical
and experimental polntsiof view. Moreover, there has been
progress in mathematical technique in the theory itself,
and 1t 1s possible to cgnsider concrete problems and to
compare experimental data. It 1s also possible to predict
the exlstence of discontjnuous energy levels of collectlve
jf@ls:poasxblexto.ascertaingphat

vibrations,. Therefore,.:
thie.etfpop“doeg_exist,

However, there are a few questions in the theory itself
which deserve more thorough investigation. :

1. The question of ‘collective motlon in a full band or
& nearly full band should studled. more thoroughly. It is.
necessafyfté-etudy“how.the'lnfluenﬁéfpf;tha energy band on
collective vibration menifests itself®in this key questlion,

14



and: to study whether there 18 shielding action in & full
band and how the shielding action of different energy bands
takes place. -

Particularly, it is neceesary to study how the distri-
bution of electrons between various energy bands 1s reﬂ
lated to the frequeney of vibrations‘ .

% Is there any mere appropriaﬁe rule for the choice
of ®D? The rule for gblving for 5D by minimizing;j””-ﬂ“f
relying on the variational theory, canﬁot be accepted as
the rule for determining the physical D; but is only a
rule of . econvenlence, and_thus the physical Significance of
Debye's waﬁe iength for KD is not sufficienuly clear., - "7
Moreover, in métals 1s far smaller than the distance
between atoms ahd its influence -on atoms must be given
careful ccnsideration. In fdet, .this is the influence of
an energy band and a desper understanding of it is heces-
Saryo '

3, Study should be made ‘ot the reglon where ;<< [,
because the condition L& (2% 19  similar to the basis

on which Wentzel obJected to th jFroh11ch Bardeen bheory
in SuPerconducuivity.‘;~neg ENE |

4, As to the accuracy of the calculation of binding
energy, application of the'Bohm~Pines theory is not
appreciably more successful than that of the Wigner-Seitz
method. Therefore it 1s nécessary to study the methods
in order to achieve accuraoy. '

In addition to the above;_in connection with the
course whlch the development of the theory of collective
vibration may take, there are several problems that may
be investligated. For lnstance:

1. We study the canonical transformation

U = e §5 inter f/t’ o

This 1s opposite to the interactlon representation of
Tomonaga Shinchiro and may be termed the "Actionless Re=
presentations” What are the characteristics of this
transformation? 1Is there any general theory to be in-
troduced?

15



. 2. In eleatrodynamicd collective vibrations may also’
‘oceur in electrons of pegative energy levels, It 1s true
that their frequeney apporaches inflnlty, as R T LA

Cn el el cinze oz 4TETI I < SECER LR

RSP T SR LT W CE LT ey ?z'_".: ETICBR IR
However, study may be ‘tiade with the ‘aid ¢# the tectnique
of}positiweﬁrgdqction.,ere.quagtion is: jhat do those
vibratignd fianifest in the field theory? "1g ‘there any

new subjeot mabbar? . . ..

- r .
EENR N AR ' .
w e D e VB

.3, vhat 18 tné;lntenrgléﬂaén‘betweeg”%qﬁic'vibrationaﬂ
-and electronicvvib2§§1§né?f'$1nce there are polarons in. -
1onic’vibrations*ana‘5156'in:electﬁpniafvibrations, in
what transitional form does thefluétuatlon of those .
;wo;tﬁpes'of'polardnéicbOBQLQvéb“fﬁoqune,type to the
other? Is.there & tranaitional paredeter? Whers is the
transitional point?  Has 1t"anythirg to do with Buper- -
conductivity? ; ‘

..The above are some’ of the DroblémE“ I suggdested. The
solution of those probléms will be helpful toward an- - -
explanation of many 'phenomena’in étdl”gemicofiductors = '
and ionic crystals,’may also reveal the'characteriatics -
in new crystals, .and.may perhaps solve the problem of
superconductivity. o 0 o 0 MR e e

AR TR

i

Gz 9-as0]

~ DISCUSSION

P'eng Huan=-wu

I do not sufficiently understand the area which A £
may define, The area which may be deflned by o will
be larger thanithat by L, . Isdj 'related to the mean
distance between background positive charges? Is A,
larger or amaller'thqn'it?u;‘wi“ S Ll

Dyl
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Ch'eng Xk'aischia .

From the point of view of the theory itself, they
should be related. If A, 18 smaller than -the d’stance
between atoms, then the average positive charge distri-
butlon will be meanlngless,  In -principle,r, should be
larger than the distance I's between atoms.  However, as & -
matter of fact, Ap~ 0.6.8 ahd *s~3 Q for metdls. Indeedy:

the questidh of an energy band 1is involwed here, for A v -
is very large and energy band structure will.definitely. be
involved. .. ne Ve R

Chanévch'eng-hsiu,

‘Recently a. paper by Idhikawa on electronic collective
motibns is s6lids was published (Ichikawa, Y. H., Prog.
Theoreti Phys. 18 (1957), 247). He did not employ the
method of canonical transformatlon used: by Bohm and Pires,
but defined the coordinates of. electronic: collective motlions
by the fluctuations of electron density. -His method has
the following merits: (1').It way avpid the difficulty
caused by the lIntroduction 6f auxiliary conditions;. (2) it
may be applied to other forms of potential energy than the
Coulcmbian potential; (3) it takes into consideration the
periodic field in solids; (4)_Lt~trééts the kernel elec-
trons of ions and valence electrons “gimilarly, and there-~
fore the polarization effect of an lenle kernel may be
discussed. (5) Owing to the use of second quantization,

the property of Ferml ‘statistics of electirons has been
vaken into conalderation. ' '

Ch'eng K'ai-chia

Bohm and Pines also worked with second quantization
and then Helisenberg representation. Usually we hope to
make use of the Hamiltonian., ¢

Xaﬁg>Li-miﬁg -
" It makéé”nb differencé in the applicatioﬁ of'éanonicalﬁv
transformation whether the second quantizatlon 1is used.

The Japanese have a set of methods of their own in intro-
ducing collective motion, - -

The collective motion in ah:atomic nucleus is an Bnother
foru.,. It seems to me, therefore, that the statment in the
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report that the theory may offer the possibility of solving
the probleus in this respect might not:have eny foundation.

Ghéﬁ"nch'en ~halu- O (RNE A

. . In soue nuclear:exclted statés: corresponding to volume
. vibrations, 1% is possible’to: apply sueh'a.description of
collective tiotlof: to the nudleon in: thernucleus [Ferenti,
K.; Gell-lann; M,; and Pinesj. D, Physs Rev. 92 (1953}),"
8%6), However, it is gurfade vibration 1ln the.case of a
low-energy nuclear state that 1s more easily excited. The
deseription glven abové of .colledtive motion fnay fot be:
applied to nucleons under that condition (Pines, D.,

Solid State Physics, Vol 1, 19554 page.449). .

30
e 1

Cgén5=fsﬁng~3uiﬁ SR %“ ¥5 ‘
‘" 1t the Hamiltonian#ith the forw of E° 1n electros ”
dynamies 1s not satlsfagtory, Wwe may consider directly
the interaction betwess: electrons and lons, using second
~quantization, Auxiliary ‘conditions may be avoided in
.this way. - In quantum-theory, the divislon of .H into
and_fhus 1nﬁg 6611ééti§é ahd'ihdiwiduﬁI:mbéiﬁﬁs, appeabé.“
to bg the play of trial-and-error -in order to get the

answer -because the original Hamiltorilan and the auxiliary
conditions are both independent of A’ + _ L

It seems to me that.the most essentlal factor hinges
on the criterion of the 'division of those two types of
motiong-~collective and individual. In this respect I do
not agree completely with the classlcel part, . The cri-
terion for distingulshifg the collective and individual
motions © and 7] is not Whether »; and £ may satlsfy a
single equation, The difference between the indivAdual -
part ;4 of ~ and the original » in theory conslsts only in
that & similar shielding is added to each ‘electron.. There-
fore, » should be able to be divided into two parts--the ~
collective and the individual; thus there is also a ¢ol~- -
lective component 1n / ‘ I I O

.. The theory of dlvislon into two types of motions does
not only originate from Newton's formula, but should also.
concern the correlation between two electronic motlons,
which 1s to be used as such a criterion.

18



Huang K'un

Lo |

I wonder 1if the Justification of), consists in that 1t
is actually possible to make .the term of individual motion
in the part of colledtive motion, a8 well as the term of
collective :motlon in the part of individual motion, very
small. It seems that the purpose of the vgrlational method
is to make setting those terms at winimum the most ‘appro-
priate mé%ﬁbd.of choosing the demarcation point A, . Of
course, thé demartation between those two cannot possibly
be absolutely rigids .. .. . - i ¢ o

In connectlon with thé interpretation of the Bohm-Pines
theory, I wish to add an 1dea of my own. The interaction
between elettbons had in the past been represented by an
average field. Apparently, an average field had not
solved the problem of -inteéraction, because, as a result of
‘taking the solution in.an average. field as an approximation
of O-order and then taking interaction as perturbation, .
the difficulty of divergence arises. Bohm and Pines solved
that problem from an entirely different angle, because the
collective vibrations with very high -frequency under
general condlitions do not excite electrons which are acted
upon by the remaining so-called individual motions as if
there are Coulombian forces. :.: - '

' Therefore, a solution has-bgen found for the assumption
made 1n the past that electrons are basically treated as’
free electrons,  Free. electrons, though not entirely un="
shielded exhibit only shielding Coulombian forces among ..
themselves (thus greatly reducing the short-distance :
action). Vonsovsky polnted -out that one of the purposes
of the study of the theory of multiple electrons 1is to
show how the single electron theory succeeds so trimp- |
hantly. I feel that the Bohm~Pines theory has basically
achieved that. , T

" ¢h'eng K'al-chia

" Ap may be treated as a variable parameter in the
ordinary variational method. Variation makes the first
approxlimation a minimunm, - o
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Li Xins-yuen - .ﬁfgé,'**' TR

. IN&*méntion has been made in. experiment 4P in the theory
as 4o whether it 'is possible to-excite @lasma vibration
with elsetromagnetic wavesi ' wonder ivar. Ch eng has
examined this problem.:J e AR

Ch qu K ai*chia

‘1 have not. Pineé dld geVeel bhat anféleotromegnetic
wave could not excite vibrations when passing a metal -
plate which was too thin.h,,ﬁ_,_,. s by

FELV
3 v o
‘j) _','7,:_,', 0

-{r
¥ Jib e

ay

r'?"-f

Huang x! un o ;;ff‘“

~ In connection with an 919¢ﬂ£ f 7
necessary to consider the -transvérs
cof. transveree waves 1eildwer

v,,v‘

ﬁetic wave. 1s 1t not -
PeE, wave? Thé frequency
Iiwdﬁdeﬁ how Towit lsi

Gh egg K ei-chia

It 1s of the same owcer'of magnicuqe.

Chang ch engnhsiu NEIT

On the blackboard Mr. ch' eng wrote qg as the vanishing
operator of the 1ong1tud1nal wave photon in the longitu~
dinal wave-expansion of:. A, and later on q appeared asain
in H as the collective vibration coordinate.- - _

Ch'! eng K'a1~cn1a ry'o _s{» 2

PR e O A

Both a and at are 1ncluded 1n q.u

Cheng: Ch eng-hsiu '

My question is whether or not the plasmon mey be treated
as a longltudinal wave photon. . SRR U

ch'eng K ainchia o

Yes, 1t may.

20



Pleng Huan-wu -

But connectlons may be made between this longitudinal
wave photon and the auxilliary conditions, while a lairge
portion of the problem cannot be seen if 1t 1ls placed
under the auxiliary conditions. :

This 18 bhf of the unique specifications of the elec-
tromagnetic eld: =0 and A £ 0, whlch is just
opposite to that in the methbd lised in ordinary quaﬁtum o
electrodynamics. ‘ , ORI ,

| vaj*:cpess,,as, 260-261] -

L
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A BRIEF ACCOUNT OF THE RESEARCH
 WORK OF N. N. BOGOLIUBOX AND OF .

~ " Chang Teung=sul "%

(Institute of Mathematics,
Chinese Academy of Sclences)

. The report 44 divided into three parts. ,One part =
concerns the approximate theory of second duantization -
of Bogoliubov (with an additional description of the
method ‘he .used in treating the perturbatiori theory of the
degenerate system), Another part relates the maln polnts
of hils paper on thé\supercondu¢‘1¥ity theory. The third
part gives an account of Lifshitz’'s work in the study of
the properties of metals under a magnetic fleld. The
last part is to be supplemented by Comrade Kao Llen-p'el,

{page 274]

- DISCUSSION

Heieh Hsi-te

The Lifshitz theory described by Mr, Chang has much to
contribute to the study of the de Haas-van Alphen effect
in metals. The resultipg quantizatlon condition

r -
b} Py dpy = (n + r)k—zﬂéﬁﬂ is the same as that obtalned

by Onsagerl. By measuring the perlod of the oscillatlon

of wmagnetlizatlon, .
o P

4 may be solved.
Sty OPx mEY

lonsager, L., Phil. Mag, 34 (1952), 1006.
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The effective mass of the closed surface of equal energy
mentioned by Mr., Kao may be expressed as

CSER
| 2 E
In fact, this fobp of effedtive hass has been adopted in

the experiments op ¢yclotron resonance of ptype germanium
and siliconi‘X;f,%he,velocity of the cavity perpendicular
to the magrietld field i1s v and tHe wmomentum perpendicular
to the magnetld fleld and the velocity is p, then dp = g vH dt.

m# é

27 = ¢ ¢ dp and v 202K | where k- 1s the component

w v eHv & X,
of vectoir k¥ in the direction perpendicular to H. From

W o=

e

mie

and dp = kf,;, d?p‘, we obtaln m¥ = h2 Q/'_km,g dz, If2E is

2 ot QE, - r:/] »i[J
9K

independent ofq?, then the above equation becomes the sane
as
m* -h°;8, From the study of the change with temper-
T 272E

ature in the oscillating amplitude of magnetizatioﬁ'in the
de Haas van Alphen effect, w¥ may be deterumined,
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Moh Tame - e .
Having heard Mr, Chang Teung-sul's and Mr, Kao Lien~
. prel's sccounts of the thegry on gslvanic phenomena of
a magnetic fleld in metals advanced by I« M. Lifahitz
et ales I wonder if 1t is possible to give a more configu-

" pationized interpretatlon to the theory in a-rudimentary

WaY .

" "Lifshitz et al. ¢learly and definitely polnted out that
twe bypes of energy-quasimomentum (E=p) relations of elec-
tronie states in wmetals should be distingulshed, that 18 to
say, the two types of surfaces of equal energy in quasi~
momentum space should be distingulshed. Flgure 1l 1s a
two-dimensional dlagram indlcating the two condlitlons

[’

> Fagu(‘e {




dlstinguished by Lifshitz et al. In the figure, A repre-
sents a non-closed surface of equal energy. What 1s the
fundamental difference betWeén those two cases?

According to the accounts given by Mri Chang Tsung-suil
and Mr. Kao Lien-p el, in the tase of a closed surface of
equal energyy when there 18 the action of an external
magnetic ¥18ld, the quasimotisntum p of electrons moves
along a oléﬁéi curtte (the curve of intersection of the
plane perpeﬂa dulap to the external magnetic fleld with the
surface of edqual energy), reburning to its original posi-
tlon in a definite period without cessation; therefor
theieffective mass m* may be positively defined by the
period T 2 ;

In a non-closed surface of equal eneréy,hcwever, p may
extend toward infinity along the non-closed curve, without
returning, and therefore u% c¢annot be defined in the same
way. The two forms of motions of p are indicated by the
arrows in Figure 1,

It sesms to me, however; that& = £(p) must also be
periodlic, considering the periodicity of a crystal lattice.
Therefore area I 1s physically the same as area II; and
point A 1s physically the same as point 3. When p goes
from point A to point B, it 1s tantamount to its return-
ing to point A and repeating hereafter the motlion along
line AB without cessation. Thus, in the-case of a non=-
closed surface of equal energy, the motion of electrons
in p space is stlll periodlc as in the case in a closed
surface of equal energy. It 1s not necessary to envieage
it as extending to infinity.

In line with the idea that occurred to me just a little
while ago, I wonder if it 1s possible to view the intrinsic
difference between the two situations from the standpoint
of symmetry. Since the periodicity of € =¢ (p) has already
been mentioned above, it is only necessary to examine the
surfaces of equal energy below (Figure 2 and Figure 3).

The shaded areas represent the electrons in the vicinities
of Fermi surfaces. The energy levels within the Ferml sur-
faces are almost all occupled by electrons, It may be

seen from Figures 2 and 3 that the distribution of electrons
is symmetrical, both with respect to a horizontal axis and
to .a vertlcal axis,




Figure 4. . .

YA
b

»

Under the action of the magnetle fleld Hz-in g
direction perpendicular to, and away Irom, the plane |
..of the figure, the electrons move in thie p space only .

"along the surfaces of equal energy (representsd by the

eurves in the figures),. The;aenshﬂfof.&ireetion’ofltﬁévf

motlons are indicated by arrows. As. to the motlons in'',
. ordinary space .of the corresponding electrons under those
two different conditions, Indication is made dlagramnma-
tically in Figure 4, o D
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Than the influenee of tha Btvang magnetic field on tha
electronlc directional motion produced by the setlon of an
electric fileld is the same as that ceused by revolving the
shaded area in Flgure S around the origin in circles, - Thus
the electronle’ dlrectional ‘motion no longer maintains a de-
finite direction, but takes &all directions, and if viewed
in the entirety it is completely cancelled,
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Very clearly, the electrons in a closed surfate of equal
energy, such as (1) are always travelling in e¢ircles. Some
electrone on & non-closéd surface of equal energy, such as
(11), however; have moved 1n the directlon of X for a
lengthh of path after the lapse of an interval 6f time. At
the saté time there must be some other electrons such as
(1%1), moving in the opposite direction (the direction of
—x.

T

Therefore, a8 far as all electrons in the entlrety 1s
concerned, there is no motion in a fixed direction. Here,
if the magnetic fleld 1s strong enough, then, in the time
interval between two collisions of electrons, the number
of turns an electron in Figure 2 revolves will be the
same as the number of times an electron in Figure 3 re-
peats its motlon.

If the action of an electric field is introduced in
addition to that of the magnetic fleld, the situatlon will
be different., We may view it in the following way. Figure
5 and Figure & represent the situations where only electric
field 1g applied. Under the actlon of the electric fleld,
the entire electron distribution moves along the directlon
of the electric field in the p space. At the same time,
due to occurrence of collisions which cause them to return
to their original distribution, stable distributions such
as shown in Figures 5 and 6 are thus reached. These dls~
tributions are not symmetrical.

The parts remaining after the symmetrlical components
have been taken away are represented by the shaded areas
in the figures. Thls corresponds to the fact that the
motion of some electrons in ordinary space cannot be off-
set by the motion of other electrons in the opposlite direc-
tion. Hence, in both cases of the two types of surfaces
of equal energy, there are directional motlions of electrons.
In other words, electric current is produced.

When a magnetic fileld also exlsts at the same time, the
action of the magnetic fleld will cause the electrons to
move along the surface of equal energy in the way des-
eribed above. 1In the case of a closed surface of equal
energy, we envisage a spherical surface of equal energy,
that is, the area occupled by an electron revolving on the
xy plane with the origin as the center.
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It 1s the same as revolving fan blades and appears to
be a circular disc. ' As far as the motlon of electrons ln
actual space 1s concerned, the individual electrons situa-
ted in the shaded ared in Figure 5 at that time, acting as
(1) in Figure 4, are notlproceeding uniformly in a certain
direction. A conclusion ‘may thus be. reaoheg that 1n the N
metals whose Ferml surfdces are closed surfaceés of equal
energy, as tlie magnetjc, ield Hy inoreageé to a cone*aerk:
able magnitude, the cuﬁrent (that is, the conductance) '
perpendicular to the direction of the magnetic field
approaches zeroci LR o . "

- In the case 6f a non-closed surface~of equal energy,v‘f
the influenceé of the magnet ¢ field on gonductance is = -
entirely different. The ﬁotion of the: magnetic field
causes the eleétrons to - traVel ‘along . the surface of equal
energy lh the p space. AS may be seen. from Figure 6, '
although the electrons inithe shaded area may travel back
and forth, they will remain ‘in, the: vloinity of the shaded
ares (moving in the direction as indicated by the arrowe '
in the figure).

Therefore, the directional motion o the electrons
produced under the actlon'of the electric field, as re-
presented by the shaded:rarea, still exists. Therefcre;
-the electric current does not disapperr and the situaticn
: is generally similar to th@m wiihout the magnetic field.

With moré ‘specific reference to the eituation 1n the A
actual space, the electrons moving as.(il) in Figure 4
will exceed those moving &s :(1il), with the result that
directional motion ‘cannot be cancelled completely, It
may ‘thus be seen? that in #he metals whose Fermi surface
is a non-oWOSed surface of equal energy, - -as the magnetic -
field Hz increases to a considerable magniuude, the con-
ductance in the direction of x will not. approach zero but
will actually approach a stable value°

lVote'after the Conferéﬁoé', Tis point was not ex-
 pressly brought out when the ‘speech was delivered. -
Later on, Mr, Huang K un supplemenued ny. dea.‘

QSamejaepl. ‘
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In ahort to summarize«the above analysis, the differ--
,ence ‘of the two types of surfaces ‘of "gdual energy liss in.
the difference in symmeétry. In'e’ pléne ‘perpendicular to -
the external magnetic field, the" electronsxon the closed |
surface of ‘equal -energy can ‘travel: éentinuously .along the-
surface of equal energy to a position- symmetrical with .
respect to thé origin of the p apace; While the electrons.
on the: noﬁeclqéed surface cannot. IR : ‘

rr ‘i

Though the two points symmetrlcal with rQSpect to the
origin.of the p space possess the same energy, however,
they ‘are on. dlfferent branches of the intersecting curve
of the'surface of ‘equal energy and the plane perpendicular
to. the -external magnetic field; therefore, they cannot .
eross, over continuously along the lhteresecting curve, . -

, It may ‘be eeen freq he Fopiilts that the mean veloci-
ties under the. actlon of "dn -elestric field and a strong
magnetie field dre. different for ‘slectrons .with dlfferent
types of surfaces of equal energy as their Ferml surfaces.
If the surface is closed, the velocity is almost equal

to zero. If the surface is nan-closea, 1t 13 not so 1n
certain directions.w_ B SO R A

The above is an. abtempt to expléin the physical aspects
of the theory of Lifghitz et.al. 1in a woreé intultive. -
and slmplified. mann _Of .course, the rigorous theory which
desoribes : the actualf-ituatlons 18 far more: complieated and
1nvolves many more. problems. o 3 ¢~»”.» .

In addition tQ the ”ntroduction, with much emphasis, _
of the most significant?concept of the necessity of dis-.
tinguishing the two types of surfaces of equal energy, -
Lifshitz et al. also threw further light on the Boltzmann
equation and performed: galculations on conductivity, with-
out any assumption of the concrete form of the surface of
equal energy and of the collision mechanism.

Thelir findings, 1f compared with the experimental
results, should furnish information on electron: energy band
structure, However, there has not yet been any definite
work along this line.. There has been conslderable. progress
on formulating a phenpmenalogical ‘theory on different phen-
omena of transition of:electrons under the action of an
electromagnetic fleld. At the same time, some of the new
advances in experimental technique are eliciting lncreas-
ingly more useful dataﬂ
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It is of great importance to coordinate those two
phases of work, in ordeér to study the concrete states of
electrons in metals., I understand that the work of
Lifshitz et al. is precisely of this nature. I have not
read the full texts of the papers by Lifshitz et al., but
only the abstracts of séme of thelr work.

I know that, id addition to the theories clted at
this confébéhce, they alsd did much work on theories of
solids and metals, for example, in the fleld of galvano-
magnetic phenomena inh metals; the influence of the quantum
effect and of the Fermi energy level change elc., as well
as cyclotron resonance in metals, some magnetic resonance
phenomena, the skin effeet, and other macroscopic theories
and crystall lattice theories related to the electromag-
hetlc field in metals.

Ch'eng K'ai-chia

I wish to submit a subplémentary account to Bogoliuboy‘s
theory on superconductivity, Bogoliubov made a contact
transformation of the generating and vanishing operators

af, 1/2 and ax',-1/2 of the electrons:
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gy = u,(dk‘,,;,'v-;' vpadpieagay v L '

@y, = W pi

This transformation is tantamount to. making a.lihedr .
“apubinatlon of the wave fung@;&n‘oﬁ:thg,elactnona,rso‘
that the energy level may be adjusted. -Howeyer, such
s tpansformation will cause the new Hamiltonlan to contain
fLerms wlth v : Ce

oL or &

Ko C;"(K" /o .
IS FEVEE l.
Thése terme will cauﬁﬁ“diye?gwng@yat-the;flrsb;ﬁerturba»

. i \ o
oy "

tion. Bogollubov apﬁliéd?@hé%ggﬁditibg;tq.determine
u, v, 8o’ thiat the sum of the elementg of thé transitlon
nEtPix in the»fcllowxng‘fobm m&y.qu&l;&grﬁi‘ -

- 5
O -—-—-—*—\w
~%§0 — ; - H;
" —y
iy
Hy
There may be two different sets of (Yk, k), one set belng

the old Ferml distrivution (Yk, Vi) = (1,0), and the other
peling the new dlstribution:

u} = .% {1+ F®)}, v~ —%!1 —Fk)},

where Fik) is a function of k, and when B - ko {(the value
of k¥ on the Fermi spherical surface),

The total energy of the new dlstributlon (in unit volume)
1a lower than that of the old Fermi distribution,

[FCR) =1
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where g 18 the &oupling conbtant, N(£) 1s the energy
level density on the Fermi surface andw 1s| the frequency
of ionic vibrationi This distribution is known as the
basic state, which deséribes the state of superccaducs
tivity., T e

- DBogoliubov 8&lso sﬁOWed%tﬂét,the,én¢§gyarequ1red‘to L
excite ohe electron out: of the basibfétate'is at least .

. R A
. Y r/.
A T e
:.-A’C

Energy betweeﬁjthe'bxcxﬁéé stete and the baslc state 13

not continuous, That is Pregciseiy the¢ conditlon that. .

superconduetivity may produce permanent current, o
: . I v'é’r»‘-".h'.‘-: , N e |

Huang K'un e

Yesterday I exchanged some 1deas with Comrade P'eng

Huan-Wu on the subject matter of the Conference. We have

gome views 1in common;;‘tﬁmtsh;to take this opportunity to
express some of my-feglingé.on.the content of our talkh,

A special feature @f the reports to the Conference ls
that wore emphasls iséplaced-on some toplcs where theore-
tical work is concentprated. Therefore it 1s necessary
for us to take notice‘of the fact that the theory of solids

ig not included in itg emtirety.

At the same time, there 'are two -aspects which should

be stressed. In the ﬁibét*pIace;*the-problems being ..
worked on today in différent countries are not necessarily
those requiring most:attentlon. If we have not yet obtalned
a firm understanding qf some comparatively older flelds,

it is imperative for ys to do so with urgency and dispatch,
according to the needs ofour own program., On the other

‘hand, one of the most “essential tasks in expand ing theore-

tical work in this field“1s. to coordinate 1t with experi~-

~menta1,work and to'meet the needs of further development.

It seems to me that the: above two aspects concerning
the fulfillment of our actual objective must be glven -
special consideratlon when we evaluate the signiflcance
of the various problems reported here, (
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Hsieh Hai~te

"I wish to give a’ short aceount of sohe Wwork. on’ the i
bound state of electrons in solids studied with the” ald’
of spin resonance absorption, mainly 1n comnectioh with
an F centér. -An F centér is produced by:the presence of
negative lonic vacguey in halldes of alkaline metals. It
is tantamount to & centér of positive electricity and may
bind the electrohs moving: 4in its vicinity. The following
results have beeh obtaihed 'in the study of the electron

spin resonance absdrptibn'of an F eenter.ﬂ:;

1. Shift of factor ga~w«he it fgy 1eVel of 8 froe s
particle whode epin is 8 will dplit intd (25 « 1) levels
in a magnetle fleld, The distandy between levels 1s
g BY, where g 1s the wellsknbwh fddtor g. If a high-.
_ frequeroy magnetic field with .a vertical frequencyw 1s
“ applied in addition to- ‘the: atatic magnetic fleld; and 1f
”tne frequency satfsfies bhe ; véwing condltion' S

'~(where¢{ B étands f0r Bohr magneton) then’ the’ particie*

may absorb energy from thé high-frequency field ard pro-

duce a transition betwesn levels, Thus g may be deter=-

nined’ from a measurement ‘of hish-frequency power absorp-

5htion. As ‘there s only: one ‘electron bound in the vincinity

of the negative ionle ‘vapancy and 1t is moving, the spin
;1s /2. ana g s’nould Pe 2 0023._ o A o

T However, 1t 19 found from the study of F center spin
_.-resonance absorption in Xfl that g = 1,995 £.0,001. Then
Ag = -0,007, and this i known as the shift of factor

. g« It is generally belipved that the shift may possibly

be due to the coupling of the spin with the orblt, and.
therefore it may be deduced that the wave function of an
'F center certainly contains the component of £ #.0, To
interpret the shift of factor g, the following assumptiona
“have been made concerning the wave function of an F
genter: L .

(1) In addition to the potential field of the nega-
tive ilonic vacancy, which acts as a posltive electriclty
center, there 1ls also tne 1nfluence of the potentlal field
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of the six surrounding h* ions. Therefore, the potential
+field 1is not' in: spherical symmetry.and the basle state .-
does not necessarily ‘¢onglst only.af the function of £ = 0.
If the potential field 1s in cubld ;symmetry, the basic
state may contaln components both of /= 0 and of{ = 4,
Calculations show that 1% 18 necessary to assume the com-
ponent of L= 4 at a gonsjderable magnitgde, in order to
give 4 g a satisfactery 1nterpretation.

~ (11) Another appﬁdach Ls to° ekpress ‘the Wwave functlon
as the linear combindtioniof the wave functions of the

six alkaline metal atoms with K¥ ions as the centers, Due
to polarization resulting from the existence of the nega-
tive lonic vacancy, the wave function of the basic state
contalils components 8 and' p. Assuming that the component
of funoction p is: oomparabie to that of function s, then

A g obtained from experimsntation may be interpreted..

2. IU.dth of the linef . 8pin.: resonanee absorption. “The
experiment with KCl show: that: the width of .absorption line
184 H ='56 oersteds and the form: ‘is: that of 'a Gaussian
curve. If the width of tHe line 1s thought to be caused
by the spln-spln 1nteract£on between the F center elec~
tronsistheg for erystals iwith an Fcenter concentratiog
of 10 the width of  the line can only bed H~ 107
oersteds and the form of &he line will be similar to that
of the Lorentz absorpltonicurve. This serves to explain
that 1t '1s ifmpossible to interpret the width of the'line
of F center spin resonancg absorptlon with the ald of the
~spin ifteractton between ﬁhe electrons., It is now be-'

" lieved™ that it is caused“by the superposition of the
superfine Interactlons of’ nuclear magnetic moments of
electrona ‘and the 8ix bied 1ons.'

If the F center electron is envi saged to move in the“
vicinity of X* for a considerable interval of time, the
magnetic moment of the nucleus of X is I = 3/2, possibly
in four positions, . chsideging that there are six k* ions,
‘we Bee the possibility of 4° = 4096 forms for the pos*tion
of nuclear magnetic moment. The disuribution of these

! i:’

lKohn' A. H., Kitvtel. C', Phys. ReV- 89 (1953) 3150

s

lKip, Ay F., Kittel, C., Levy, R. A., Partis, A. Mo,'
- Phys. Rev. 91 (1953). 1066.v < e
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positione 1s 1n Gauseian-fbrm, and therefore the abeorptlon
~curve 1s ‘also ‘1n: Gaussleh Torm. ‘The: e?ergy of: superfine
1nteraction may be ekpresee‘ in- the f 1ow1ng»way. P

whets /4 stands for magneton"qf potaseium nuéleus . Wi
stands for the Value of eleqtron’ vave futiction at the
atomte hucleus of K* lons, ‘Hénce it may be seen that ‘the
‘pattern (11) desoribed aheve*"'eonnection with, wave : -
funetlon 18 more approprigte' 1f viewed from,the angle of
.1nterpret1ng the width of. he'epin resonance absorption

line.~

In- natural Kcl, there are 93.087 of K39 and 6 91p of
’- and 4 41/"0 0 55 B . : k -

‘s',-:

K4l

Therefore, the width of the ggin resonance abebrptian e
1ine 'should be-smaller for:K -Gle=being A H ~31 oersteds as
obtained .from theoretical alculation--although 1t "is 4”

obtained*experimentally,that¢stw36 + 2 oersteds for K 1c1.

In order £6- 1nterpret thie Fesult ' 1t ig’ assumed that
the electrons not only move: in the vicinity of k%, but-
also may move 1ln the vicin;ty of the neighboring cl .and
may produce: a euperfine 1nﬁeraction with the C17 nuclear
magnetic . moment. Thé above: experimental result may serve
_-to explaln that the electrcqs of the F centers are not
'.localized in the vieinity of negative 1on1c vacanciee, but
enjoy: greater freedom of’ motion. L . e

It may be seen from the above that the experimente on
electron spin resonance absorptlion are helpful to.an under=-
standing of wave function:.of gn'F center. Moreover, from
the study on.the electron spin resonance abeorption in n-
type eiliedn2 - the energy level splitting due to the -~
superfine 1nteraotion of nyclear ,magnet moments between
electrons and donor impurities has also been obtained. The

2Lutt1nger, Js M.; Kohn, W,, Physl Rev. 97 (1957), 883..
- 35



value of the electron wave function at the position of the
atomic nucleus of donor impurity may be obtained from a
study of the distande between absorption spectxum 1*nesa

hang gh eng-hsiu ~if-?-“4*fk¥ St

Is 1t not possible that the magnetic moment 1ﬁteraction
- of the electron with the heighpboring C1”, .as mientioned by
Mr, Hsieh, 18 the 1nteraction'W1th the adjacent quadrupole
moment ?

A

ﬂsieh Hsl=-te

. The question of the action with quadrupole moment has
not beeen considered.h

" Kao Lien-g‘e;;‘

3 What problems have’beeﬁ sélve& by Bogoliubov 8 theory?
For instance, some’ probléms’ are ‘mentioned 'B¥ Feynman in

the recent issue of the Modern Phyeics Review (April 1957):

specific heats of supercopductors; the fact that super-
conductors are not simple»elements, but mostly the elements
in the middle rows of the.periocdic table;  the relation be-
tween superconducting alloys and their constitutents, since
some alloys are supercondyctors although none of the con-
stituent elements of suchialloys are superconductors; the
reiation between superconductivity and crystal: structure,
as some elements may become superconducting in certain
structures but may not become superconducting in other
‘structures% etc. . ‘Are those questions considered in ..
Bogoliubov 8 theory?

LRSS SO

Ch eng X! si-chia

Bogollubov s conclusion 19 that all conductors may
show superconductivity, 1rrespeo ive of their structures,

Keo Lienup ei

According to his theory, which 1s mo“e fundamental?
Total diamagnetism of permanent current?
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Ch'eng if‘”*?’“

"Yes, pevmanent current. ~I-Wish’to 'rafsé-a questlion 1n’
connection with magnetlo resonance. 1Is itlpqaqible,to' ,
solve for | ¢|* with the nuclear magnetlc momeént resonarice?

Helen Heiste . el
SR 16 studded whth the ald of interaétion
trons and nuclear magnstic mtients.

Kou Ch'ing-ch'usn

1 bghes to' the views exbresssd by Mr. Huang K'un a
1ittle while agb: A comprehénsive study should beﬂmadg of
the theory of solids, Differeht methods must be uped for
different kinds Lof solids),’ The electron theory has beer
stressed in, this. symposium,:but this does not mean that.
the elactron theory is'of exslusive importance, - Our pro<
_grem- should: not be confined td this"Tield in its Purther”
. exn&nsion. i ‘ S WL el .‘..\. ;._,‘.-_7-‘)-‘.. i ‘ ‘,_ L

T

e

‘between elec-

7
>

SRS DV P R,
.'t*.'.'.x.,; ERC RN R ot

' ThHe methods of study of solld ‘theory ‘in’ the: past gene~
rally were of twqo: extremes. i One was to emphasize electrons
and to overlook ‘atoms; the other was 'to concentrate on atoms
arid to ignore electrons. . We may as well try to &xplore the
possibility of establishing an over-all method Whioh empha-
sizes both the elsctrons and the atoms, -+ & ..

It seems to ‘me that we should devote attention to 'the
introduction: and extension of ‘the use of methods of & " =
quantum chemistry in studying solids. The study of -sollds
by means of methode which rely on atomle structure, mole-
cular structure, and chemical bonds may unite the problem
of atoms . and molecules with theories on solids, Some -
researchers have some work in this field, for lnstance,

L. Pauling, who advanced the theory of metal bonds. How+
ever, his theory is still in the quallitative stage. We
should examine whether this theory may be explored and.de-
veloped further. Moreover, the work of P. Lowdin 18 also
notéworthy. -~ . ... 0 oo S e

Li Ying-yuen

Baslcally, I share the view that it 1s necessary to
take into consideration research based on'ueing Qhe aton
as the unit, as brought out by Mr. Kou Ch ilng=-ch uen.
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To clte an example, the problem of the ferfaelectrio pro=
perty of the BaTlOz-type is not easy to dpproach by start-
Ing directly from %hejelectron theory.

Besldes the tregtment in thermodynamics, which is very
successful, there are some rudimentary theories whith
consider the question with the ald of chemlcal bohdsi An-
other example i1s the tase of the case of the antifervohmagnet
and ferromagnet. If ablidied exclusively frish tHe pbint of
vlew of superexchange action, then cebtain phenoména, such
as the change in symmetry of ¢rystal structures, will be
very hard.to explaln.

The theorles of solids may be classiflied into three
types: (1) the theory based on electrons, (2) the theory
based on atoms, and (3) the theory based on a plastic
(continuous) medium. The subject discussed in this con-
ference is the part with the most abundant and the most
systematic materials, but 1t is not complete as such.

Ch'eng K'ai-chia

I share Mr, Huang K'un's view that we should not con-
centrate solely on the field theory. It should be taken
as only one of the methods. Theories on impurity, holes
and displacement in the study of solids are mainly concerned
wlth Industrial application. Primary emphasls should be
glven to research work on atomlic impurity, holes,and dils-
placement, We should not exert too much effort to work in
the field of electron theory of solids, It is wrong to
work in this field exclusively. '

Huang X'un

I understand that the Department [the Department of
Mathematics, Physics and Chemistry, a branch of Chinese
Academia Sinica | hopes to be able to hold small symposia
like this one on a more permanent basis hereafter, mainly
for the purpose of lmproving our understanding of some
speclalized fleld, In order to be more thorough, the
scope of the sublect of each symposium should not be too
broad. The subjJect of this symposlium is not the theory
of solids, but the electron theory of sollds,.

[Pages 283-288]
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