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BRFZRINE, B v, > wr, BIFTIBA LO-TO B# (LO-TO splitting) .

Ihttps://github. com/phonopy/phonopy/tree/master/example/NaCl

o B A # 2024 4 4 H18 B


https://github.com/phonopy/phonopy/tree/master/example/NaCl

LO-TO Splitting

w WFEAFE, RIEERFHTUASRSHERECHEX, W

Er) =Epe*" 1 = VxExkxE=0 = E=0 (1)
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LO-TO Splitting
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& BRRTMEERYEFRD R - WRSEN (BEHAFERY 2FHM
1B — AR T E TS ST

..the final form and the wording of this book are essentially due to Dr.
Huang...

..Dr. Huang, who is convinced that science’s main purpose is its social use-

fulness, found my plan of an abstract, deductive presentation not to his taste. R
Therefore, he has written some introductory chapters of a more elementary (1919-2005)
character which should be easy to understand, and which leads slowly up to

the general theory of the second half of the book. He has also rewritten my & {4 B8 2 5K
original text, generalizing it in many ways, and adding new sections... FSEMIEFER

= J B Xia, “Major scientific accomplishments of Prof. Kun Huang."”, J. Semicond., 40,
090301 (2019)

& 1951 F, HRRTIRH T KELFRIER AR, AHNT RENFEF FHERIFHESR
RN, WA "EAE
= Huang Kun, “On the interaction between the radiation field and ionic crystals”,
[Proc. R. Soc. Lond. A, 208, 352-365 (1951)]

= Huang Kun, “Lattice Vibrations and Optical Waves in lonic Crystals”,
[Nature, 167, 779-780 (1951)]
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https://doi.org/10.1038/167779b0
https://casad.cas.cn/ysxx2022/ygys/200906/t20090624_1810058.html
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W = b11W + b12E (3)
P =021 W + bxoE (4)
Hep, ARSI AZE R ATRIEERBE] b2 = b2
= (Bt g o i 5)
W'\fv[“ R VA VA

2024 £ 4 18 B



HEAE

& BRRTRUNIAREAREFHEFRAKKEHE

W = b11W + b12E
P =021 W + bxoE

He, AN AFRERIXIFREERBE] b2 = b21o

M7 M-
W= Bt —u], o= 2
Vv My + Mo

& FEERIANIERT, W=0, AKG)TUEE2

buW + boE=0 = W= f%E
11
RN (4)FTIAAFE]
b2
P = bW + boE = {zm — ﬁ] E
b1y
MEFER AT L ANE

D=¢gE+P=¢cgcpgE = P= 50[60 — l}E
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W = 011 W + b1oF (3)
P = b1 W + baoE (4)
HA, ATANSIAZREITIFREZREE] bio = b1
_ B MMy (5)
W—\/;[u u]7 M_M1+M2
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HEAE

& BRRTRUNIAREAREFHEFRAKKEHE

W = b11W + b12E (3)
P =021 W + bxoE (4)
HA, ATANSIAZREITIFREZREE] bio = b1
Vv My + M2
® @i —bn = wi, MEATATABEUTEER
bin = wd (12)
boo = [eco — 1leo (13)

b12 = b21 = wov/€0 [60 — Eoo} (14)
= FAVEERR wo MRBIAZRMINE wr, FTRUNREHIZLIMRBGE N E RS E].
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V-Wr=0 VxWgr#0
V-W,#0 VxW,=0
HeaimEmERE A
VW ok W

W =W, ei[kmfwt] -
V x Wak x W

EERAEHBRE. RAUINER. NEMBLE D ML E HREERNFHE.

V-D=V-[gE+P] =0
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w FERFR (TO) , KANERAEQGR), FXFWUBEE VX
VX Wr=0b1V xWp+ b2V x E (19)

WT = blle = (20)

2
wp = —b11
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w FERZER (TO) , KNERAEQG), SFXHEBBUEE VX
V x WT: 011V X Wr+ 012V X E

Wr=0b1Wr = wi = —byy

w FPREFER (LO) , WMEERFR(4IMHE V-
V- -P=b2V-Wp + b2V -E=—¢9V-E

b12
€0 + b2z
RANERFEQG) EXWmINEE V-
V-Wr=01V-Wg+b12V-E

= V.-E=-

V-W

b2

b1 = —wh = [bu - L2 ] V-Wg

€0 + b2

boo = eo€xn — 1]

eoleo — €
—b35/b11 = eole0 — €w] = —uw [1+ ol€o OO}}V-WL
€0€c0
= WszefOUJ?TWL = (,,}%:670 2T
€0 €xn
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Lyddane-Sachs-Teller XZ&R;

& %?%Wﬂﬁ‘]ﬁi&ﬁ'ﬁi&ﬁ%ﬁ@ttﬁ‘—iﬂ%EEI%SZE‘J?E%%’JJLST X% (Lyddane-Sachs-Teller

relation)
U’% — fo (27)
wh  €xo
Nal KBr GaAs
wr, Jwr 1.44 £0.05 1.39 = 0.02 1.07 £ 0.02
NG 1.45 £+ 0.03 1.38 + 0.03 1.08

- LMY RENE TFRANIHBIES LST XRMLL.

w LST REAMEMHRE (LML ARER). BAFIRBINERER.
e SPFIEREMR, EMERIAE. 2% BF LO f1 TO ZiEHH, EREXEERP o =cx

nttps://en.wikipedia.org/wiki/Lyddane’E2%80%93Sachs4E2%80%93Teller _relation
5 3
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https://en.wikipedia.org/wiki/Lyddane%E2%80%93Sachs%E2%80%93Teller_relation

I E R H A SRR AR

& BRI FBEBER NaCl &k, ERAFERRT. ELBFHEMTES. ROREBERS, X
u=u; —uy, WAUEH v WiEzIHE 3

.. e e* 1
u+w2Tu:—E = ll=fm (28)
K W
& M @EIRB IR T AT IS AL
ne*? 1 Q2
P, = ne*u= 5——E= 2:’ SE (29)
Bowp—w W —w

He, QF = ne®?/p RETFHAREBTIRMAE. BEAMHS (BF) WRUHTHER

€00, JnJJ

_ @ 20
e(u.))7500-1-w%ﬂ_w2 (30)
o HFURER,
V-D=0=V":[eoe(w)E] x gpe(w)k - E (31)
= ¢elwy)=0 = Qi = em(w% - w%) (32)

3“Polaritons: the electromagnetic modes of media”, Rep. Prog. Phys., 37, 817 (1974)
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https://iopscience.iop.org/article/10.1088/0034-4885/37/7/001/pdf
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® XA A e(w) AL AL
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® HHE » SABREHE () BXFRH ¢
n =+ew)=n+ikr (34)
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& RHTE R MRKEREY o SHHE » BXER
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:(n )2-1-1i27 T (35)
(n+1)2+k c

_‘1—n’

14+ n

“https://en.wikipedia.org/wiki/Refractive_index
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EFRAEIT (Phonon-polariton)

& BTREFHRKAEIHRE—MHAE/LTTHz (JL w=cq
Bom ') HBR. Rif wo = 20 THz, MRHIEEES :
hwo ~ 82.7meV, HHNEEERNRFEFLING, KXFH
! wLo ————

40 =22 ~ 667cm™! (36)

c
WTo —f——

w HEMEMRT - ~ 105em™1, g « ﬁ B AR AL
KT B A5 BN R~ T2
w EFRERREE v, ~ 103ms™, WHRE c = 3 x

108 ms—!

Acoustic
w = vsq

> (

B - 45t (BE) . # (4') fgl
() k)‘ta&i‘i*ﬂk%%—“i‘i (%8) M
BaE, BEPRIRLIMBETFRE

B/E.

5%%;%5(71: :ﬂ?%‘ﬁlj’u*ﬂt?ﬂ;ﬁﬁﬂﬁ'ﬁf TR EIT. B “Polariton panorama”, Nanophotonics, 18, 549-577 (2021)
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EFRAEIT (Phonon-polariton)

& BTREFHRKAEIHRE—MHAE/LTTHz (JL w=cq
Bom ') HBR. Rif wo = 20 THz, MRHIEEES :
fiwo ~ 82.7meV, HERIEEBRITFEBFAINE, HFHY
HEEA WLO —of———m =

40 =22 ~ 667cm™! (36)
C e N
WTO -

o FEMRMRT © ~ 105em~!, g0 « - EAERE
HFHD BRI BRMRA R TR
w EFRERREE v, ~ 103ms™, WHRE c = 3 x

108 ms—!

© RFREARBMGNET, THETRETOELS Aconstie
SHEERA, AFREEETHEATANES, & W= 1.
BFHAEFARILHIT (phonon-polariton) . ° "

= BUHTRETREN—FTHE, ERAEXBEH

#R. B - Mk (BE) . & (4E) fl
(@) KigEmks sész (38) 1
EHiE BRELANRRAETRE

|:|g

> (

5%%:&% :ﬂ?%‘ﬁlj’u*ﬂt?ﬂ;ﬁﬁﬂﬁ'ﬁf TR EIT. B “Polariton panorama”, Nanophotonics, 18, 549-577 (2021)
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EFRAEIT (Phonon-polariton)

® EBRIEN RPREETTI BE TS A iRk ©

V xE=-0B
% ¢ D = ggeE

VxH= 0D H=yu;'p"'B

> copoepdiE+V x (VxE) =0  (37)

BigmaR vl kR, AR 2 = 1/cop0, ERTUEMK

kx (k xE) + t—je(k,w)u(k,w)E =0 (38)

= ZEREMRE, RNTUEENTRFE#EHNEEXRRE
2K
w?2

e JEREEME, pkw) 1, ERBFAFHERND, ckw)rek=0w)

= e(k,w)p(k,w) (39)

6Polaritons: the electromagnetic modes of media”, Rep. Prog. Phys., 37, 817 (1974)
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EFRILHIT (Phonon-Polariton) HIEEIXF
& FEN(33)FR(39), BRATUBRIETFRILHITT (Phonon-Polariton) KIBEXZRA:

1
wi (k) = \/26 [(c2k2 + ewd) £ 4/ (R + eow?)? — deoo c2k2w%} (40)
o0

| - GaP FETRU BT EEH
% Hd w, = 403.0cm™ ', wp =
367.3cm™ Y, ¢ = 10.944, e, =
9.091, ¥IBELE Phys. Rev. Lett., 28,
811 (1972). EBHEMLNBABNKRRETE
BEFIZREERILLE, ENER 1951 £
phonon-like XE (5.10) R.

w [wr]

/
/ ™
’ /
II/
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EFRAHTHEES A L THZ:
w k— 0, wy > wp

photon-like

0 | | ) |
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k [wr/]

w o k— 00, w_ —wr
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.28.811
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.28.811

BRI

& ETFRUHTT R RIEEERIARE R AL AT
[eo — exo][1 + (w/wr)?]

Platt = P Prad = 1 — Plart (41)

2[eon (1 + w/w)? + [eo — €x]]

0.8

0.6

Platt

0.4

—— Upper Branch |
—— Lower Branch | |

0.2

k [wr/d]
- X EFRABT R EEEEI A2 ERIENXER.

7Huang Kun, “On the interaction between the radiation field and ionic crystals”, Proc. R. 56¢. ‘Lond= A, 208; 352-365 (1951)
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