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op 0 3
E + E(p\/]) =0, (456)
) i) _dp
E(pvz) + gj(pvzvj) e (4.57)
ds
- =0. (4.58)
BiR e UC, Ty EIXARMEZ R, L WO &M% TH L.
BEARGE UTIRO LS BIREE2E XD,
o GHEHEL
o BAFHNT—FE - —5E (o = po, P = Po)
WrEvo A2 FESHHZ THL.
dp _(9p) dp , (9p\ ds _(3p)  dp o dp
dr ((9p)s dt +(6s )p dr (ap)s(p’s) ar =GPy, (49)
ZZT,
cf = (a_p) [m/sec] (4.60)
op ),
BV,
AR ICHUN R AL Z A, IRD K D ITKFELT 5.
vy =y, 4.61)
s=s0+5, (4.62)
p=po+p, (4.63)
p=po+p. (4.64)
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op 9 B
v ’ (V) = 4.

5 + axj (povj) + (9)6]' (p vj) 0, (4.65)

0 ’ 0 ’or 0 0 / rrN ap,

E(povl) + 6l (p Vl' a (pOVZVJ) + 6 ( l ]) 6xl' s (4'66)

0 ’ /8 n _ 2 ’ /(9 ’ /a ’
5;0m+19)+vjaw(po+p)-—CJpo+p,sO+S){at0m+4>)+vjaw(po+p)} (4.67)

BIAL ¢ DOVWTWBEIZ/NIWVDT, TO—REIT2DI L, IR EOIEIZEHR T D)
T e, MFORARDELNS.

op' 9V
0 4.68
ot po@x] ’ ( )
ot 4.
ot 0o 0x;’ (4.69)
op’ op’
L = X (po.s0) (4.70)
G E=ERGBORN)IUTOIIIZLTHELND.
ap’  ,0p" _ , ap’ ,ap’
E-H}ja =c;(po+p’, SO+S){6 +v 16 4.71)
op’ dc? dc? op’
v { < (po, s0) + ( op )S (o, s0)p" + ( 5s |, (po, s0)s’ T (4.72)
ap/ /
= 4.
o ¢ (Po,so) 4.73)
FEARGIIBA AN —FRR DT c2(po, so) IEBHATIZ & S22\,
4.4.2 FBE}ARENX
EFHEAEGEOR S v 2HETHIE
apr azp/
= . 4.74
a2~ ox2 (79
BRIz LY
2.7 2.7
Oy 207 (4.75)

012 “Sox2 T
l

ZHURIEN GRS, RO, RO THY, ¢ FHFETHD.
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BEN AR TEmEREZ KD D, SFHIHE L ZR2TOYBED— DO B & K D A

RAFT D Mz RET D &, BEI R
82p/ 1 62p/

oxz 2o

BB, CITEREMEBIRD.
E=x—ct
n=x+ct
P HREE
82p/_i82p/_0
axz 2ot
O _1o)[(o 1o} _,
Ox cg0t)]\ox c50t p="5
0o 0
— 2 =0
0& 0n
L85, ZOX%E E THATD L,
op’
=F
an (1)

F(n) & n OEEREKTHD. HIZ,n THDTI L
P = / F(n)dn + F'(£)

£-oT,

p'=filn) + f2(é)

AN f1 et fz li’f}.%ﬁﬁaﬁf%é X 2T, (ﬁ@]ﬁ*%ﬁ@gﬁﬁﬁﬁﬁl

p' = filx+ct) + folx —ct)

Lo nr.
I

1. FEIZDWT:

(4.76)

4.77)
(4.78)

(4.79)

(4.80)

(4.81)

(4.82)

(4.83)

(4.84)

(4.85)

(a—p) BEEOE(LD LT X 2 RTHHETH 2. . 132 OWO T IR DT,

op ),
WIBEIFE S HIIRKRINWI LIRS,
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FHIE—RNZIRO L D IZRBXIND Z & & H D (Flierd, 2015, FDEPS L 7 F ¥ —,
https://dennou-k.gfd-dennou.org/seminars/gfdsemi/arch.htm):

d(p,s) d(p,T) _

d(p,s) d(p,T) (4.86)

(6_p) _9(p.s) _
d(p, )

o

apJ,

Z 2T, BB

HARSUR DI
cpley) EOD’C

&7316.

-1l

i

~A(p,T) d(p,s)
ds
) a7,

op (ap
T

~d(p.T) d(p.s)

ap

© (@) e

oT
— (4.88)
) 3),
i), (67
— — (4.89)
» dp | \oT »
ap
8T)p (4.90)
%
_T) (4.91)
il) (4.92)
Tp
P
_T) (4.93)

Bl e
{6

B pV =plp=RT/u (u 35 F5), BIEGEETIX p ~ p¥ (v IXELELL,

_ p
Cs =LY
V' p

Tldy =7/5, i =29 x 1073 kg/mol DT, HIZ

-1

(4.95)

L T (4.96)

u

BIFD ¢, 3B &7 300 msec”!

main.tex

2022/01/17 (45 IE A



AN BAE ZEERE 62

KD EEIZ 1.5%10° m sec™!, BEARFDEEIE B km sec™ FEEMEHRAIHR (o = —
E) Tl ¢y = 0

2. E=ROHEIIDOWT:
SERIARD RIS D 5 B SREAZ 2 72 DIZHFREOXIL 2 FELU 72,
YD 3 BT HFFER SREATH L.
FIAL S Nzl FE R TR, EE SRR Dot 2 £ 5 Z2IZLVEDIZED

ns.
ow
= = (4.97)
w=rotv THD. Lo, EHIERTMEITLY D 3 B,
AT DR ERIRAL U 80 IO R RIFERE GRS DV TSR,
443 DEERI
fRE UTBATORZRDEDEZE XD, 2
p; — Rei(k-x—wz)’ (4.99)
p’ = Pe'thkx—en, (4.100)
y = Veltkx—en (4.101)

INHIFTFHIEETH D, WEEROMBIZIINSDOE— REOEREDETEHTE 5.
(k -x —wt) DFZENMEND . AL & IEBEBUET NEOILR] 2RKTHOD.
N6 % (4.68)—(4.70) IZRAL, R, P,V DFREITH

—iw ipokl ip0k2 ip0k3 R 0
icdw  —iw P 0
ikl/po —iw Vi =0 (4.102)
ikz/po —iw V2 0
ik3/p0 —iw V3 0
DITFIAZ 0 & B < Z & &, PR IRBBOBEBA»ELND.
W (w* = cilk[*) = 0. (4.103)
BEB, ZORNFBEHHERNARATL I LICLYHRISKOSNS.
2k ) — I, IS DEREG DY
o = %Z[Rke“k'x-wt)] (4.98)
k
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w? — cflkl2 =0

(4.104)

ThHd. TNNHFHONHERARTHD. ZORIE, 4.75) I EHEMHZMRAL TEDIZE

LbN5HDTHD.
k J3 0] OO AH R E 1

ERD. Lo THRKIIAEMU BN, BARAIZ | IR OAMHEEIX

w L3
Cpi:k_i = icsk—i.
F 7, BEEE X
0k T k|
LRD.

444 T— KRR
SR BT O LS 128 5.

p’ = P!k = R[(Pr +iPi){cos(kx — wt) + i sin(kx — wt)}]
= Prcos(kx — wt) — Pisin(kx — wt)

DHBEREMED &

p’ = Prcos(kx — kc,t) — Pisin(kx — kc,t)

MELND. ZHBETH Y, p/, v IZDOVTERABKORAPELND.

4.4.5 EE

(4.105)

(4.106)

(4.107)

(4.108)
(4.109)

(4.110)

F RO IR (4.99) - (4.101) % /iR (4.68) — (4.70) IZRATNIE, TOENE LN,

Z DB, 2 EEERN (4.104) ZEE AW S.
HEHE G (4.69) 5

4.111)
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INEY, EI (R B L HE L IXR UM 0 £721% 7 D5%) 2> TH R IER
L. ZORBRAN S, FIRIFHEKR, $20b5,

v | k (4.112)
ThHdIrEhhnbd,
BOR (4.70) £V
R= lzp. 4.113)
cS

JEJ & B IEE UAAH TR T TR 580,
HiED A (4.68) £V

v’ R P
NS R S il (4.114)

FEDCR E BE (X 7-I13ED) i a2 MHEABTNTNS.

LIRTTHIET 2 & K48 DL DIZRD. KIFEAANAERET 2 FHDORNERLZEDT
H2.BRECEIERLTVWEED a2 I NTEY, ZONRNEL HE2AHIZHEE)
IHTWK. RZREOBENE TOEMORRIRIZL E R >TRI S, < UTHAAHIFNEREA
HEZBH L TN DTH 5.

R AIFEDEICDOWVWT

p’ DRI

p’ = Prcos(kx — wt) — Pisin(kx — wt) (4.115)

THo7z. 2T U T dive’ D&

P .
divy’ = i 2 —ikv=en (4.116)
Cs PO
1
= R[i2 —(Pr +iPi){cos(kx — wr) +isin(kx — wi)}] @.117)
5 PO
= {~Picos(kx - wr) - Prsin(kx - wr)} (4.118)
POCs
w .. T T
= {=Pisin(kx — wt + =) + Prcos(kx —wt + =)} (4.119)
pocs 2 2

IHE Y, REBUZ i B2 & MM S B0 2D 5.

2 RTDiFE

(x,y) 2RTDHEDFRDREEZ M 4.9 ITRT.
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4.4.6 wHEMRERBOERE
B E 3
W ST S AL TH 5.

1248

AiAH &1, D ILBDALE %2 K 72O IRFERIMIT ONDBEDOZ & TH B, AikHIKIRZE
DB E UTHbND. BAT Z e AR & W58, ALAHBEBUS B 42 A 71 5 — BEK

0=0(x,y,z,t) (4.120)
ELUTEEIND. 272U,

00 00 06 96

——,—, — 4.121

ox’ 8y’ 8z’ ot ( )

FEH LU TV D EZEBEERTRE 22 2. AAHBEBOREBUE 2 O 1L A s S 1
5 & ITPRONUE, WOREE (11 - BODH) NIRRT ED. HDIUNSIRDINETD 1 HEE
DA DMEIZ 2r 225D E$D. > T, HlIRIX, 0=2nr,(n=1,2,3,---) &
DR EIZIET S, 20D BESIZHWONS.

VIR ¢ 2%, AAHBIECZ FIV T
¢(x,1) = A(x,1) f(0(x,1)). (4.122)

EREINDGE, THUE THESUWR] L \nD Zeizid. £ A 2r OB T H
D,AIMRIETH D, ¢ 1, NN 2 202 ZTLIZHEI UK f 2D BETEDE L THR
INTWVWBILIZRSD.

RENES, JRE, B, K&

BEUIBALR X H 7Y DAAHDHEA & U TRER X N, IREIBUS AL H 72 ) DAAHD B <
NEUTERIND. TNTNMHBEBOMAIZLVIRDESIZEZEND.

k=20 (4.123)

ox

00
k =, 4.124
"= 3y ( )
k, = 98 (4.125)

Z

00

__00 4.126
5 ( )
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00
/lx = 271'/%,

QQ
dy’
060
A, =2n/—,
¢ ”/az
06
=-2n/—
"/at’

Ay =2n/

DEDITEHREIND.

(AR

(4.127)
(4.128)
(4.129)

(4.130)

EALAHME 0 =const 3ZE[E] L2 BB T2 HEEZMAELZ L NS . 0 ~EDHIZEHT S &

00 00 00
0x oy 0z
=0.

df = —dx+ —dy+—dz+ %dl

(4.131)
(4.132)

INERWDS ZLIZEY, x fF, y JiF, z HEOAMHEERZNTIIRD & S ITEHS

Nd:
dx 06 06
Cx = — = —-——/7— =
dt |y, ot " ox
dy 00 00
cy = d_ ——/— =
AP ot dy
dz 00 ,00
CZ = d— = ——/— =
! ox ot 0z
DEEERI

-

Fle e e

(4.133)

(4.134)

(4.135)

FAHBEEI D ® - & & B A HIE, 72 BAREORR I w0 7578 X oD Fia B B e

ei(kx+ly+mz—wt)

DI

0=kx+ly+mz— wt

(4.136)

(4.137)
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ThHd. FIRIEANT—& ¢ IITLHA

P9+ Pa(5)9 =0 (4.138)
(P1, Py 132 HA) TR LT
¢ = goe!riyrmazen) (4.139)
(4.140)
LB RIRTHB. 72U w, k 1FHLTIEAR S
—iwPi (ik) + P (ik) = 0 (4.141)

i 72 IR TR SR,
—HRIZ, R SRR AR (RFERERGER) 20729 /2DIFET D w & k L DBFRAD Z
&z BRAE WD,

R
t=01ZB\T wave packet 25 X 5. KIZLDENMZn& LT

no(x) = e* " F(x) (4.142)
EREDETD. Fx) IXEEFRDIE 2 R . WRHIRO x HHDAT—)V% L& LT

L> 1/ky (4.143)

CIRET S,
IRIVF—ARY MUk, ZHDOE UTIE AL DFIZEF LTI EEZDIEMNTED
255, EoTC, F(x) &7 —V TP KRRT

F(x) = / A(K)e* *dk’ (4.144)
Ak
Y1%%. 22T
K =k —ky (4.145)
g} VC, no =%
no = / A(K") e FmtK)x gt (4.146)
Ak
ER5.
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4.10: PFHROBAM. WHROARIRDIL & X IBEHEE F(x) £95.

E(k)

x
3

Ak

4.11: RO Z XN F—ARY MNVDOFEAKX.
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n(x,1) = / A(K) !kt =ikt k) et (4.147)
Ak

BB EEZOND. ZITHHBERw=wk,+k) 2o/, 2% F(x) LXIED) 2
;c‘:@f%éﬂi/ BT 5.
KX kpy (2 ERTNSWVDTHEEGREZ T 17— BT 5.

ow ,
Wk + k') ~ @ (k) + 22 ot~ (4.148)
£-oT
n= / A(k"yexp [i {(kj + k")x — w(ky, + K')t}] dK’ (4.149)
Ak
. ow
:/ AUy exp |i 4 (ko + K)x — w(km)t — 221 ke V| ak’ (4.150)
: ow
= exp [i {kmx — w(ky)t}] / A(k") exp llk' { 9k |, } dk’ (4.151)
Ak
. ow
~exp [i {kmx — w(ky)t}] F t) (4.152)
ok
N5, AT EZEZ BN T
0
Co = % (4.153)

EVDHETHETTDEILRDNE. ZORENHEELIEIEINDEEDTHD.
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