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senting the heat motion in a solid according to Debye’s theory. It is
possible to give a very simple and vivid interpretation of the corre-
sponding results, using the ‘individualistic’ description of the motion
of the electrons, as we have done before, and introducing the fictitious
but sometimes very convenient conception of ‘phonons’, i.e. sound or
heat quanta associated with the elastic (or acoustical) waves which
serve for the description of heat motion in a solid body.

Now just as for light and electrons it is possible to associate the
acoustical waves with certain particles which we shall call ‘phonons’,
and to replace the study of the heat oscillations forming these waves
by the study of the motion of the corresponding ‘phonons’.t

1 It is not in the least intended to convey hereby the impression that such phonons

have a real exi:

On the contrary, the

ity of their i ion rather

serves to discredit the belief in the real existence of photons.
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LHWmEgY, §hERkRPE
YL E B, (EIXFERY K R
T, 1R 2 TR DA 2 A S TR
17, 83 H & 2% F phonon — ia] fi
W DAl Fh 5 B B S
F7 AMRKHERE, A EZEA
REATEYH S NI R
AU T B, TEABUE T £
WELE L TAER DG S, B mfE
X R B ELE
1951 4t BHBE 2 1% Jm) HE AR Y. (4 B
R

- 860 -

(a) (HBE-7 21

VA 27 35 Tk 75 - R AT 7=
Wy B A ] PN ) £ 47 R A Je i e
TR TTEK, LA RS T IR
E % —A CERpEaE), KRG
HEARE THRERE—F LT
PP SEHOM . X LBk Xt
FLIRFEI RN 28 T B,

4.1 hEYEFEWIEF RIS
STk

H 1932 4E g ar 2 46k, Hh E R
okt 4y AR SO LA 4 TR
YL T/, phonon 151 AFI N
hES AT S EpEES
LI TAE B YIAH O, (6 E 4 B
PRI LKRSE B, Z2EME
SEHRPETEN B PRI A R A
Z RS, HAERITWE Y 4R F
"YW, 1933484 H BIFR KX
B pities” ik T4
AT SR ) E
HWET, WhE T E R & TR
DS, ] Bk e 15 4 3 A B 2 4% 3R]
R H T E B S TR, 1933
ESHPEYIASESE, B
2% iS4 I I S R (AR 0.
EFw. MER. AU, AE
Fi. Yty R T N B
FHEHEZRS, RS A

W e TIEY, S0t kB e
G TAE, ZRAT 1934 T
F—RREY (PR 40D (G SO
B4R KRR AT T ), BRZE
A T AR 5147 A4 1A

3AAERRIN (R0 HA
FrARmIE Y, BRHRES TA
1920 2 “HRPERBERE ZF
W, B fE—BET Y, XAk
(PR 2R RATIE W 2 A,
FE1950 4 K AT T AN RA . Ak
34 ARl (R PR A S0 4R R (Bt
#2000 FH % A YL % phonon — 1],
HRAEFAT SR ARE, X — B[Rl
I 317 phonon J A% {SUFE 5 1 A 3B
B/, Ik 34 4R (B2 44 00D
% A Y57 phonon T Ho v 2 47 1E
WY,

PLH RSB, b E R
mPEERE, BEL b, EisnZk,
— A B, JRITCE, WA T
AR RS TIELEEh . % H
B3, WEREZh A —BH X
fRUMEEE: R bait, £ Ll
AP An . Bl . FAR
(R KR F R E R FE)FAN
{E 5 INHBIWTIRG , Az i JLIE JC LA A4k
HIALSE TosioRIl, ZERAE, X
I HE T, B BCE: AR
et AT i L T et A 8 A ) A
s, ARAWEME, AJLRHIE
—A &0, EHINE, HHRE TR
AR E A, A, TR
7, 2 AT R R 0k
F 24 A5 B A A b A A S
%, BRUMZEREZSA AR
Xt Fe A PR B B, B H R S R S
HI1947 429 H 18 H, 4yl 4 ia]
AR RS TIESIL, a4
KRB, FREAZPUR M R
HIBCR, xt 34 4R R (A BE % 44 10D

3L - 515 (20224F) 12 0]



BEATHENT, TERLT (43 4 1] 3
ITHEY (5 CHRRATE (EITHRD ).
X — YT T RR AR [ ke A B A 44 1]
Gi— LIEREMABENEL, i
PR T R, BITERR
Je bt FIAT

A E o, e MR BURF
st mEALEAR ARG — TAE,
EXHEEZE RS VIR T EARA
g — TIEZE RS, SdEYES
S, iEEMIR, TRE.
Tt phaG . i W RE
1% Fn A% 2 B N K AR /N,
15 34 4 (4 B4 2 A) LA T 47
TR myskak b, B R
(P 0 F 1954 42 1E 0k 47,
W 3 44 18] 9696 1, TEIX R (4
gAY, RANE THRET
phonon ixX —1i] 4%, %I F SCRIA
T
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FE19514F3 H Ay e TR LA
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R LA F phonon F1 “FH -7 {1l 5%
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75 UE W B 7150 e B i) Hh, 2 ip 32 1951
. ZIEFXA (WHEE 4R )
RTTHY 2R HE L 34 4ERR (B
A Fn4TAE CHEITRDY, M 344
i €4 EL 2 ) IR A B
phonon ix —ial 4%, 5 phonon 5]
IR ORI AR K FT RE A 1 S R
MNAEDT H RS IR CGBTTRY B
o BIBHIR IR AL 47 45
CEITREY WIETACTTRE, TE3kiE
A RE H T AR A
XAATA (TR Careks)h

Fix—FE .
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LHRERI 2R AT,

4.2 HEFENKREFFUEFER
RESTHk

A F [E] 4 PR 27 2 Y P PR 2 4 1]
g TAR MK Az dt A A Iy, —
KAl O R 2 B B S R 2 R L
A, AR FRS Pl 3 AR
THE AR R, Hrh s xR E
AWy B R A e B R el i
TR R R e A, R
JerE AR R e .

MRAEFATHI VAR, 1950 48 4 [
HRETT H (I8 6(a)) i A7 SCPHIF
wxhE R “FE T AR
N, TE1956 4 & RMECh™, 2
TFHSE T R ol B — 2 LR ]
REAFIERILL AN R R 7 . 5
BWESE, BRAFPRE X TR
W] A v B i A 7R 1 AR T A
FH A A AR EL AR 156 S5 (RIVERAR & 10 »
Bt LA~ BB A S Jee & ARl t
g7, skah, BRI HIELE
1958 4F % R T 5 — R k™, W
#h “E kT —E T
OYERMEIE. B
AR R AR R,

A 19504842, F2IF
ALK, Rk

%ﬁ@T%i@%ﬂ@%ﬁ %\"’{
ol mE iy
TAE. fE19594F, fft (1918—2018)
TE T 7R F Hz [ R :

B2 P P A UF SRR
FAT M, HikR T H
ISR — A I f 4 B
) A (E 6™, 1E
HE L —T, 2
TR AERERS N T
AT RES:
MR A o, IR
TR R B AT

FeBlfEn =1, FREA A
T, BAR I, BAHE
hoy/c, chFE”, [Al LR 24
e, BT A FERRAE T
W35 v G AH LR S R
TEAENE —AE Y EE, X
AAS X T A B H ¥ S R
EE TEEEM, KRB kAL
WEEA A5t

1960 4, FeJFHES —HLI T
W ESE L AR, 2 mls 1
SRR, e AR B T 1 A JR
S EAR AT REEIEHT, A
E W E PP a4 %
. SEIFHP LU A thry
i sz pE (& 6(b)),  AIEDLE
AT B A, 3 0 b
“PusE— R JTith. EREIE A
THE - EE e, R R
JH - RV RF 9T [ O ks P B
HEIAN, 19404, HERLL (BT
BB SR S F ARk b
B R Y ( “Application of quantum
theory of electrons to the mechanical

and thermal properties of metals” )

(b)

)

prr =
A
(1915—2007)

(1919—2005)

E6 FAH. ZEX. REREEE (@), @)
TR A R IT R C[E (R B2 ) Erif s (b), (o) 2
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20 B AE 58 BH TR SR
ARREZE TS 1], R AEER A AR BT ST B ik
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FI R T B X i 8 — B2 BB A 2 IE
(BN Z: 7% SCHR[S2]) Hh Bl B — 2 4
S5 R Ve B A B4 R AR X — I Y T
PESY, 1947 45 [a] [ iy 52 08 8D+
Gi/NEN MR R, IR ER
[PNE NI R =D NN P N 2F € -3
'\ hY, JFBRIOSIE & A B
KU S E N AR R W B K 4 T
HER LS, M, SHERA T
PR — BT ERE RIS, W
WIARE g IR T, (T
HORESRE D REEE
DI R R, AR
ARG AZ AR I T TR
A,

WEA hES R
N7 3 RS A (18 6(c) s [ 7
e TR S SO - “pho-
non” (WL 1951 4 1 18 3™, ifii
EHEZH, WEEECRER
TPy P T R R Tk,
Ml E AP TR )E &)
e PR AT Y,
FECF[60]H, HEF M A O
(975 FEAC B T B 1 ah A rh d A Pz 3
JEHR S R R D IR A TR, R
T BRI R .
EL AL B A X RO 55 i b B 2 O A8
TR T R, BUERRRA
“RETFRALEOTT . fECE[62]H,
B B A oK ] phonon — 1] (R
i lattice vibrational quanta % ia]il[.),
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SRR TR R R A “Z
BRIEFIR” T, R AL
F 5 i P SR 2 P SR (R,
NINARBA—F A R
A ke B2 R WS AT 1) I €1 A
M 3CE W 5l AR R KT AT 75
TR EHE 2 Z/ T &N
K-S, ka8 — A
(Huang—Rhys factor) . {H 5 &
AL, X RS 1950 Ry SR SEIR B
WERT HFEFE S,
L 1963 4R k% 55 A (Roy J.
Glauber) & Hi HI4H T 06 T & (a4 B
AR 2005 41 DR 2242,

WEINA “Ed E IR — R
e N A BN B S s i S A
ESAR BRIBE.” X —EESAE K
MRS — AR ES, &
LERHE AR i F2 B AL Hh RN 2 —
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1951 20 E 5, HEEEEILRE K
A AR A R BN G L4 B
HI% TR, 195347145, #E4H
TEAL TR 5 [ ey B2 4 1AL B =2
FAE, hWFgEA . T E R R
FH A BT A BN 530 — 26 5 ik
&2 _E Ay PR AR, SHIRE D
[ ey BRI 5 T — 4B T A
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E PR AT FIK -, oar T AR A Y
FEFELME, HEREEEZE
B E AR, WA MR A A
HEAEX R RN,
(] B A St ) LR 3, Xk
FIMEEIPEE 5 T WA R A%
A, BOAREREFEIFLR S
1958 4E,  RFNiM A 1R
TONFE T 1956 — 1958 4 3% 7 4R #
SR BT UE SCH R T 8 v AR — A
Cl S Y okt (B 6(H) ", 1E
1958 4E YRR A IX A A5 v, WTLAR %
Sy AR E] “FE 7 X — v SO K

HAREHH N2,
5 Phonon FEHIEFEHAIE X

P, VB FRAE B 3 2h
RERE T, HigA SR
J&e, wmA D EL R AR
BEME, B T MR
AR IERBEAT 7, REREE L.
P (o —Z R SE LA & -1 1B W
R, X Bt FE - PE AR R B SC R
BRI R, sibr L # R IR T
Xt BB FIOE RIS . 0 b e
+(phonon) ix — i} & JC V& A& # L N
D 2 i 4407 A HS — i F 2
| 1t - (photon) ) J& K AIEE .

HAEFIREA 2R, BT
A R LR A ARAT (. — 5,
I & e RAESE T “phonon” — 1] J&
B B £E 5 v 4 2 A B A 1R photon
ABFERY “sErEdk” .

“Rifn, BRINHRAAARGE
OET MEAK, BR, X
FEAELTRAHARALY, B
A EEF R FZ RS e
HEE S R ERT A E)Z
£ ¥ —# Bk % (I do not think, how-
ever, that anybody would believe in
the reality of such ‘phonons’. This
does not mean, of course, that the
photons are equally unreal, for the
analogy between acoustics and optics
is just as superficial as that between
optics and mechanics (or acoustics and
the mechanics of single particles.),”

A LAE—JF 4, PBESE A
WA . JeF—HETLL
FAETEHZ P o, MUY
R R Ay — T AR ] A 9 2 1 ot
il 5T A R —Fldh S, kb b,
1F 1929 4E R /R #7 (R. Peierls) & %t
T i 5 2R i b v o8 A L
Y& JH A ) 33 it B2 (umklapp process)
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B IR R - . X R IE
12 A T AL B Ay 5T Hh Y 22 4 A
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K T R RE T e
Jy: A B AR IR ) P B £ R
AHELAE ™ A ) B R 13 B IR A I RE
s, WAL B A SRR T
¥ % (elementary excitation), JCIE %
X R PP ST, AR
Bk T B 5 O B R A
% Wy 5 Wy JFORL - & FioM BLAE
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B — A Teid k. MR Y £
e, ST AR T R Hh A BORE
FHIE IR AR AR, AH
Ak TELZRFEEMERAL, 0.
- (exciton, 1931 4F9h 45w /R1E
HEA™ ™, 1936 47 & 5 SR i
£, &t (polaron, 1933 4F B
EAR A, 1946 R KR (S. L
Pekar) @y £, %k 1t # JC (polari-
ton”, 1956 4F 7 i# (U. Fano) 2 ! #%
A9 1958 45 7 4F /R 44 (J. J. Hop-
field) diy ™), % 85 # IC (plasmon,
1951 4 B 4 (David Bohm) I ik J&.
1 (David Pines) 2 H §i 27Y, 1956
AR By 4T A, X Sk kL

FHIZESCHYLL “-on” TEASRER,
mCEAMYLL 77 B ‘o
&R,

75— 75 M, 71X FERY TC B
KRR PRSIk THHEER
AP B, Rk
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KRAE—TIFME, IS /RIEH
“phonon” — ARy, ik n 1 R4l
E(E3(d): “HR— R L RBELE
KEFAAREEGEIFGT R,
AR, BT AFIANTRAS LT A
A 5 M 4R B R £ (It is not in the
least intended to convey hereby the
impression that such phonons have a
real existence. On the contrary, the
possibility of their introduction rather
serves to discredit the belief in the
real existence of photons.),” f1F # £
SRS MR CBkEh e mEE
By A, bt S FE . A,
EARE TINALT RILEF LA
%, EEMEEL, TNEGLL
S My A kb = Gt e — R R e
BT 4] 1% 89 (1 am inclined, however, to
think that photons have no more real-
ity than phonons, and that they are
created by a reflection, as it were,
ofthe wave-corpuscular duality of mat-
ter in the phenomena of light.),”
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