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Negative velocity and advanced waves in electromagnetism

HUANG Zhixun
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Beijing 100024, China)

Abstract: Wave is a special form of material motion, wave mechanics has unique content, methods and
meanings, and its concept and connotation are significantly different from classical mechanics. For
example, wave velocity (whether phase velocity or group velocity) is scalar, "negative wave velocity"
does not mean that the direction of motion is reversed, but a special phenomenon that is not consistent
with causality from the surface. In any case, research in recent decades has shown that negative wave
velocity is not only theoretically possible, it has also been repeatedly demonstrated experimentally.

Moreover, negative wave velocity is a special form of faster-than-light speed. In this paper it is pointed
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out that a wave with a negative wave speed is advanced wave. It corresponds to the advanced solution of
the electromagnetic field and the basic equation of electromagnetic wave. The past practice is to abandon
the advanced solution, which is not appropriate! As for the advanced wave, although the concept has long
existed, it has never been clearly shown that the wave is real. In this paper, many experiments with
negative group velocity (NGV) have been done to prove the existence of advanced waves.

Some people use "violation of the law of causality" as a reason to say that the existence of advanced
waves 1s impossible. However Chinese scientists have made a deeper and more comprehensive
explanation of causality, which is an important contribution to both wave mechanics and quantum optics.
As we all know, the classical law of causality has lost its rationality and supremacy in quantum
mechanics. It is unusual for the Nobel Prize in Physics in 2022 to be awarded to Alain Aspect and two
others, Because Aspect's experiment on the Bell inequality, completed in 1982, is still a key experiment
that proved Einstein's EPR paper wrong and quantum mechanics correct. The 2022 award to Aspect
shows that mainstream physics has been forced to accept that quantum entanglement does exist and that
the "speed of light limit" theory of special relativity is a false theory. In this paper the relationship
between negative wave velocity and faster-than-light speed is profoundly elucidated.

In 2013, the author of this paper put forward the concept of "negative characteristic motion of
electromagnetic wave", pointing out that it contains not only three aspects—negative wave velocity,
negative refraction, negative GH displacement; it even extends to the study of negative physical
parameters(e <0, p <0). This is an unprecedented generalization and summary in the electromagnetic
theory of the past, and has important significance for future scientific development. In this paper it is
pointed out that the negative characteristic motion of electromagnetic wave is an inherent physical
phenomenon reflecting symmetry in nature.

In addition, the near field of antenna is deeply analyzed and expounded. It is pointed out that there are
negative velocity and advanced wave phenomena in the near field of antenna, which should be paid more
attention to it. In this paper, evanescent field theory and evanescent wave theory are creatively introduced
into the analysis of antenna near field, which has not been done in the past. In addition, in the paper
Einstein's negative velocity theory is criticized; Sommerfeld-Brillouin's classical wave velocity theory is
critically inherited and its shortcomings is pointed out. Finally, in this paper a new insight into time travel
is given, its unrealizability in classical theory and its value and significance in quantum theory being
pointed out.

Keywords: negative wave velocity; advanced waves; faster-than-light (superluminal); field of near-

region; causality; time travel
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A, RHAR R R AT RE LU G R

— M, BV AT BB B Ak T, D KA B[R]
LRy R Mgy, SEPR R BT

T2 5 AN G2 S ] g HoA X S Ay
PERRAIE? AT AR 2 2R, HaBA 74 5 AR
TR A o

7 Newton JJ 5, Ji A7 51 1 BB AR -5
Ft i H (Inverse Square Law, ISL) , 5AELL B
m,m,

F=G—= (19)
r

A G H Newton 5| 1%k :
G=6.673x10"" m’/kg-s’
H ISL 48 H J5 19 300 2452k, ik 1 A7 ViR~ B 7E
TS ARG BT 522 A L
R TEZ R R r BRI AT RN
S=4nr? (20)
W) 5 2y B~V 5 B LU R S Aol i SR AEAS [m] 19 40
PP G h . ISL/Z7E 1687 4F H 1. Newton £ i} 19 5 7£

ISL B 98 4F & , B 1785 4F , vk E W P24 5 C. Cou-
lomb ‘& A, th 18 32 5256 & BR < 47 [R5 5 R %) R K 1] 719
J¥ 1 5 WER GG TR AP 7 BUS LG, 545 F i v fap
FeAUNIE L, B

Fk 1L (21)
r

X2 Coulomb &, & 5 A 5| J1 @& At A\t AH
L, 3% 85 A AT — 20 0 LA iE o . SEBR L,
Coulomb 5& L J& ISL, {51 4% # FE  HOtGH
i), Coulomb 37 (i L 35 ) 48 3 JB2 2 75 0 LU OGP 7
OEAARERY, B bR LA g s R T RS, A1 Ok
RS ik e Mo R X5 | 7446 o B

2000 4, & V5 BF Y 2+ % R. Tzontchev* i i van
de Graaf ftHL & B 48T R IESY . & JEBRE4E 10em,
R (8] 15 3m, 55 b T 5 B 1. 7me T AR B H ik
o A5 R S, Coulomb 1F F A8 A% 4% 3 )& v=
(3.03+0.07) X 10°m/s, 75 Bl v=1.0107c, LGB T
1.07%,

R.Sminov-Rueda J& P4 HE A Y1324 5K, 2007 4F- i fi5
T 58 LM 18 3, H— i A.Kholmetskii™ ) 3C 7 “ I
EVERE AR S5 S5, SO R PR R AR5, ik
17 7525 AR5 AN G Bl (v=2¢,v=10c) . XTIE
FA) e T S 3T X R 2 3 1) A Ry 38l 5 (nonlocal prop-
erties of bound fields in near zone) ., FAJH1IE , F JRy
4 (Non-Locality) J& i F JJ 2% (Quantum Mechanics,
QM) 1y HE B 2 — |, % SOJLF- 55 [ T 't vk
(Super Luminality) o PEITIT , 3 fief 18 SCAY WL £ 02 B IR TR
K EH PSR R IE X

A Kholmetskii® ¥ &y — SCF 2 “ UL X R AT 1L
iRl B AL 7 o Vg S R o 1 3 ST S S
K WKL N IARL, LHRAE R KT 3m AR R
Fo SEEEE T vie 5 r R TELIX (7280 cm) , v=
c; fE T X, Y4 r=(50~60) cm, v=4.3c; 24 r=40cm,
va8.2c, LI, M r<2m, WE g LML #E , %
TR BH S A R Ry S

2011 4 O. Missevitch®™ 9 i 3C &) 24 Smirnov-
Rueda 1§ 5 I 56 WA A 3 0 X LT IX A4 37 1Y
5%, IR AR LA O . SCE A A — N
LERIEv=(1.620.05) e EF TN A K TAE R T8
ot B 1 HL I A% #E ) B 2% 7 (Physics of EM wave
propagation at a speed exceeding ¢) .

2014 4F- R.Sangro™ )£ 3C “Coulomb 37 % i J&
A FE 7, 5 AR I IR 51 7 A% 4 3 BE [n) @I 4R ) o



70 T AR B 2 4 (A AR R 2 D)

5 5 1]

3 IE AT A4 4 I8 IE A, B ) 75 A (Static) B
#E#H 2 (Quasi- Statlc)%ﬁﬁ*ﬁfﬂﬂﬁﬂ@ XT bﬂ]Tﬁ?
75 00 BT SE o M 8 TR 75 P 3 A AL 7 1 f
far , T AT AR AR AT A2 Bl 1% HL R, R B DR e
iy L far , H AR B L A5 & Coulomb 7 . SE56 4%
I ZRMTHG A, 45 5 vh oA B A T 1Y) 3 B 45 i HLIE
ST CHL TR Coulomb 3 fAEYE

P b SCHRAE IS 1] 1 55 T 2004 4F 2 2014 4%, 3k
5 1 Coulomb 37 1% % 1 4b 78 88 S 3 B (1.01~10) ¢
TN . AR RS 7 XHE X IFGHIAR ik
FEFRATRE T 51 S AL G B O .

MAERATIHE — A A B 0]
A FTH R M . FRE D A ) B AR PR s e 2,
Horp z AL TT 10 (R A bR (RE B ),y SR AL 4% % 5 (y=a+
B, o TR BARALR B o X T 4@ RS AR I 5
M, N ECIR S A HUE M Y, IR o,

=2nf, (TR c {3 cutoff) . AT LIUEW] 5 £, %6} 1 A A% 1
2
L= (22)

A b JEAE{E (Eigen Value) , AN 2 Planck %8
AR T AR AN A S i R GRS

e L —Z B 4L 35 - (Propagation Fac-
tor) :

k. =-jy=p-jo (23)

DAL T A% i 22 6 7T 49 T DX 3, A B DX 1k
X5 TR L DX &, TLF 2 0 1 0, 0 107 A9 1 O PR oy g
I % (Imaginary Wave Vector) , #H W BY 38 MY K B )%
(Imaginary Waves) . BLTEFRATT AT LG 5 4 09 P b
CERR I (A

Ok X (R of > £, a RN, B A H
G y=jp A4 T I UE) k=p;

@BUEX (HRE) :f<f,, a IBRK, BRI
BOERUE) y= o BEHEFGERUE) k= -ja,

FEIRS O T, 5 R 0% i o ) 4 7 22
Hy /2 (T BEE R 38 1 HRE T, TE BURT b3 E
8 A ; Poynting 2% Wf B5f {5 (EXH™)/2 Jy 4l 1% %,
Poynting - F-Y{H Re(E X H ") /220, i BHATL ¥ A BT,
PR BEARERE A BT . X T/ NREOE X 37, E
H (ARRL2E 4 (-n/2) , H T ; Poynting 2% Bk I (B 46
HEEL, P HME AR . IR ARRE SR, (R B s b ik
Gyo weeeee IR LL R P A B LT o A — A

NG H

ANBUUR I, P 47 i A 0 A g s g, U

TR F—H RS e A, L X ik 5
() R R, RATAE—E &M
Wi AT AR 360 s BOH R A
E =E,e” (24)
LN KLY 758 N
E,|=% (25)
r
BAEAEAE |, 1)
r
U i 45 B SR A, 19
InE,~or = InK-Inr’
[
1. (E,"
a=rln(K) (26)

R PR, A PR E ek, XRTE
FPr EAKRAHE(H B a5 r F56)  HEZHA
Wi 258 A T AN T 553 11 3 (%) A R L A

Hhh, W%%‘Wﬁ*ﬁ%(Quasi Statie Field) 45
T A6 B oh | ARSI AR (X T s 2
F 053 Br , 38 w0 E 76 B B L A A S 3 (M
R S i) TM AR SE 3 28 28 7 A b B, TE 5%
AR R ) . FEH /N RIS WA 5
1 Ol —— 58 1 K 2k 19 3% 23 3870 Poisson 5 % , K1 AT
Fiefi g b B

T R FPRR R P T 2R S 45 4 R R Rl X b 4
Fay e, ER e BT DG AL R LS . 2009 4, N.

Budko'™ 75 B HE A7 5 %, % BT 3 IX b 1 0k
ERE PG s S DS S P e TR R e, FRCIB ok o v
W AGHZ WA BI B SRl T3 . 5340 20114, O.
Missevitch® 7E K i #4752 5 Ti&l:%ﬁﬂ?ﬂifﬂu
G LR v=(1.610.05) c; 2013 4F , B 5T C7E S i
S A 20MHz 1E 5% AR 6 B PR R L I, K 4t
KL HAE 25em; JH 2/ HA% 3em 4k BBl 7EAN R #E = 1
FLUWAF T o UEBAAE T DX ) ok B T 3K 10 £ 3 DA
T (v=10c).

Budko TA A FETE— A~ X3, 78 H i TR 32 14 Bl sf
] R 3 )2 Bl —— il A 25 U5 A BE B I Kk, s w3
Y PR AE B I TR S A . BB A PR E 5% 3
W, LR f=4GHz, X 5 r=10~100mm 3137 |
By X3, XY BT SR e 3 IX (]
10~13. 6mm)7ffﬁ B, JRHD outer edges shift right-
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B < U LR v Y Sk R T U 71

wards (1E % B4 ) , 1] inner part shift leftwards( ﬁ gt E
W) . TR GBI, R 7E B2 rh 2 it
Budko 8 78 (135 57 L WG 52 4 ANt 1) 4 fth Jre

------

B MR SRR () TR AY . RS SR
%’i[’ﬂﬁ@ﬁ],Wﬁ%ﬁﬁ%ﬂ@ig@,ﬁﬂtravels back in
time, SEHRIESE T IR ABIRITTEA, SEPR Y 67 3 BE X
K2y 8mm., AR IR ) s () 3 A7 RS Bh /N, X AT
U5 2 WK 2R 1) (%) A0 B AR F 45 DF 2217 £ B . Budko
T Je 77 P B U8 0 1) B 52 DA 25 L B8 - BRI AR i
B (HRAR B & i SCAE X 7 T A S . A — R
SRR Y < T 3 A0 ] 3 B A AR — N B A E OGT
TG 37 B AR F ) JE 330 B A G A1 Bl o 2 37 R R S A
BT 2R R o PR AR S A 04 R R
ZH RN — A B LASG ) A B Bl R AR X 1]
Wiz, X 8T AR AR R Y BT R R R
TR Y R B S T O

ZEHNN T G B G T O Ok A BLE
B 0T 00 1 B T ) Maxwell- d'Alembert J5 2
AT UL . AR LTRSS B, X — D18
Sy n] B Y BESCAE o SR 1T Budko )P AN A X 4L
PR, e A5 A 269K .

PRAEFRATT 22350 7 BHIS i B 30T X 37 M ' sk B
% . 2007 4 Kholmetskii ™45 75 B , flufi 17 KLk T 3552
B H e UESE T HE SR dlrE”, BRI XS X ) Non-Locality )7
HEEZIW T EXHNNET I12#2(QM) I 344
A AL A IR A
e . 3 S Bkt A R 4 2
g5 & FHIe Z A AR, FA R X

1971 4 C.Carniglia®™ % 2 18 3C* Ha 04 11 2K ik 11 &
TR, SO R R T O B O TR R ok R ik
Y7o 1973 4F S.ALP AR F 8 3C it F HL 3l 77 2% (Quan-
tum Electrodynamics, QED) H [ 714 & i, SCH 15 1H
PP SR S AR R AR A E AR 0 67, M
TH IR W BN — A AL BEIE B9 HE R TR s TR 5 1
HF e AR Y 3 A S — B =X 482 =AY ] —
PE. 2006 4F A.Stahlhofen®™ % 18 SC“TH 2% 155 2 fig i
TRE”, SOP 24K LT QED BT FTIA TR 2k A 5
FEGT I — 0, R S I Chn = JRy 3 A ]
D) i3 B T AHXT IR PR . 2000 4F G.Nimtz HHZ 8
FREF UL AT AR B QM B, T R A A ik
759 3] TE B 45 2 R T R AL B O BT HE AR

BB o At S “ FRIA R I AR 16 /2 Galilei ANAZ
EL

A, )\ & F 3% 1 (Quantum Field Theory, QFT)
i3I 1% (QED) MM EH 11 R BB FH#E
SVARTTRR A ZE S . BRAR H R R 3 S 0 A AL RS
(R FNE K ) S 2 RS FH A O B b7
RIS AE A AT X G I () i B2 25 1 . 1)
U Nimtz ¥4 8 4, 7£ Feynman B 25 18] |, 6T X5 WL
) 2o R R 2 ) B R A I B ] AR AR | ik sk AR AT
TETE R i R T o X (B3 SRR, T8 Bl i g B
FERR AR T, R PR 1 X AHA 5 B0E TFY, X 4R
SR H R SRR B Z R B R O

MZL RIS —TF, — A gaim btk &
SRR R, A D2 (7 IR R A D) D)
HI XTI RE I PRI v b A7 DX A - T
B LGS R ARE AR S A BRI . AR RTEE
AT IR b 5 e BT R O AL B I g R A7 U AT
FEIG , X P ER TR Z ke . A A4 5 4l
K Coulomb 37 | LA B 70 2E 517 Hh i 751 1 35 il Dt i A%
PG AR R X PP L RWE T 28 ATk T 211
JA7R .

ARICH T 243 Bl OC R —H 4
SR G IR fif 5 R A  TE B ERD G RO
SRR 551 I EHE & Ui e 2= i 5
FHIS ST IO 5L SR 0T
AHEIE TE S YA AR

7 Einstein B 1 3% £ I2 2 X Brillouin £ 2% 1%
IR SKIE

IAEFRA TR 71 TR A, B 5 [l i 7 4 B2 AR
SR EIEL . 20 2822 H], A Einstein®™ 81|57 1k X
AHXF 18 (Special Relativity, SR) , 7£ it 3 [] il % [& 1o 171
B F1E . Einstein A, 75 L0 5 ¥ FEAE 2 2
(Velocity of Physical Action) Fll {5 5 i# & (Velocity of
Signal) /& 75 BE M 2 G, %F A R 0 HH PG A TR 10
H 1907 4F Einstein™ % & Y SCHE & TAHXS M J5 1 K
AL g e, Hide § SCsBE Rk e B (1
HRESESHEEA G, VSR EA G, SCEDL, B
TS IR S0 x i — K MR (& 2) AR T B mT L
FHIHEJE w388 FE AR T ON SR iRk T ), 5F A
AAE Xl A =0 A) | T HLAE S x (e B) AR Xt
SHr LRI s 7 ALLIY N A5 il i K AR A
TELRTE BALI N, K SRR LU v( <) W (—x) Jy )48



5 5 1]

72 T AR B 2 4 (A AR R 2 D)

o R4 MR SROEFE G A, (55 N

u(ll

|
]
% "

= (27)
b
Tl 1y
=1 (28)

Hodr RYIRK . duse, MEERE v(<c) , BHE
fii¢,<0., R BT A A i B i LA B B B £ 5k
J¥ . Einstein Ay, R e s AL i Al 45 28 L IR
SR, PR AT BB AT X R M5 5 158, sl R T
FLAHOEE”

XA X R 63 B FH ARG IER . TR
T2 %5 SR FIRAE 1L R A 23 B A 4% HE Y, 3x HL
ANHIHE SRA H AT Einstein AN A =L,
SAERIERA IR . A AYJE , Einstein ARAEH T 1%
5 N R G AN T SO A 2 E
W1 E o M : “ B ARIX PP ZE )= BB 5 1 2% T )
52 IJEAREE P JE H e FIRAT 2L 50 R 2
IR 2AEREAN, BT LA uc R B AN ] BETE B R 2 1
FEOrHBAESE T /) 7 #E X B, Binstein 7 185 52 [H SR
P F A IR R, HJER T e R ANREE,
DM 5 3 B AN AT Rl L

19144, A.Sommerfeld™ & L. Brillouin®™ & 37. T £
S S, BN FRARE HA (B P T Einstein A9 T
VEo QBT TN, iR A T A [ B A —— A v, R
By, 8RR P E SR TAHE . 2 T X
VR, A7 78 9 A AN (] 1) 46 [r) flitad e 5 At
i T 1) 02 0 [ 19 P B8 2% 5K Lord Rayleigh,
1877 4£7E H. 2 /E (Theory of Sound) 1 AL L T Hf
B, AR S e RS G IR AT
TERNTE X AW 8 RAE— 8 5 A B . A 5
NN R B A L EE S g — U D B A At 1

T AT E B (TGie TR B S0 5 ) AN A
BN S 28 38 X0 33k PR A 1) RN T [R] o SR AN
SEREE, A2k ey FEFZIH0LT B 55
HEAS o3 2 A%, SE bR boME DL YR o % AT BE (Front
Velocity) , £ SB B Hr 9 I\ oy J —Fh 5 SR PR 3 11
TR R, FoE ORI . AT DAUE, 783018 HEL D (B
VLGS 5 ) B9 5 (] RIS B AT AR AT JE At v A
FEM, FENREER A SHEMENTOR, Gk
TE 5256 v R BUE JE (Reshape ) 385 it , LA/ E 2k B
SR e AR B IR A GO T

1914 4F A.Sommerfeld® B4+ 18 T I 3 ] 5,
A E =0 s} 7 85 5 3% T (2=0 b ) 28R Y B — A~ 1E 5%
B f(0,0) , 41 T z A WO EE B HE 1=z/c W A e B I A
MRS LA . IEETE B BFSE 5 T, X it
A A G B 1Z% . Sommerfeld 7£ & M, (p=c+jw)
F5E, LLA0,0) A BT, b T LR R B0 05 A2 4
T z iy

1 o+
ty=7~—
ﬂz’) 277.j -j-cs-oop2 + 60(2)

P o ZARUERR M AR E— 2 XN, 00, 2
g, EAWERE

1 o+ o 1)
-1, %
fen "2mj s p t o,

SR b BB =z/e, A BRT (R FE) 235, 5 F
JER o3 Y r=z/e FRAS RS AN A R . Xk
NMa T BIENEREL S . oz/e, A

fz,t)=e"sin(w,t-pz) (31)

o B4 S A I T 1 e el B AL A TERRS
S A HENT ZHT AL AR AR A B (Precusors) , 4L
MY i JK ——"& 2 3 1 0 Bl b R e, ¢ N — > 2L Y
L

R T TGS AL A AR O R R T
FERAE . [AIREZAE 19144, L. Brillouin™ FH#% s A5
KA Sommerfeld AR I . Z8ad 5 2B B AIFE S
ST VR ST AR T AR . K302 1960
AF Brillowin AR H5 FR 53 7 B 45 0 v, Al v, 550038 114 ¢
R (TEBEPALRIEGH ¢ SiaE v HE, Bl ev) , R
IMTEREA ML, B v, > Heh, ATHRER T 1(v,<c) , 1l
FIRE/NT 1, BVFAAE v >0 iX S A5 JUE XS . {H Brillouin
HEBR AR A AT, 3X D25 R IFANIE#f . Brillouin X
AR IR A = S, B 3 AT BB v <c I L,
NA v e WENL . AN TE O MR T, 25
3PS, BIREHR G (v >0) , BEE TERR K (e/v =0) ,

@,

ePU*%)dp (29)

ep(t'%)dp (30)
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B < U LR v Y Sk R T U 73

G (v,<0) . AWIVE B BRI K, 15U 2207
TRMRKZIT ASEI G . 38572 R bk i

ZHR W

c/v

P

3 Brillouin 312 Fh B 48 33 F1 &% i

A RIAT anfal & 15 Sommerfeld-Brillouin I 3 3!
w7 MEefTEREETEME AN, EHE
HEA TR S, Oz BeHERR Tt B A (
I B AT S ) BT R L 5 E T B R S
R EERALT ; @i IR B fs 11 7 PR H A AT
A, (HHI AN BE e B 4y BEAIL ) L S ; @iz B 5%
{55 BRI 7 5K, SRR B BR o 52 SR T B KA
FESZ R TCTR SEB, (N BE R STk 5 i 2
AEAE IR, IR R IR I AR — A B E S
B E ;@ T SB HIS AR 1 22 & W Z T
ZAF, TR A AT Be Al T 21 1 522 52 0 -5 1) B
PR T 2 AT () DGR L4 5 1% BRI X iy 8 e =
JERE B E Lo e Axt, SBHEE XA K5 Bt
I —EZHME.

WA 3 AR BRI e/v, B /v, B c/v,;
I, AR SR 0 i 258 3 /v =0 AR — A, e n ik
IREITERR K, H L, Brillouin K 4RE 52, EHE THE
BRSO, B G JoRR K, A IR B e, X
FE L, NGV AURR— 7 b I BRI 18 30 KA G
AL T LAFR AR, (H JF AR 0 A NI aT . 2021 4F, 28
B — 8 O AR PG Casimir 5LV %2 T —F“ L A
PR L2 R B ) 67 R L i — R S BL R B
PRAT AR BE : (B 242340 L0 BIR R B 3 PR A i 3221 Ao,
AT DA EE (B 242 L B A i 25 Y HL25 2V H | AR R

PR EHEA T IXEERIBN B, BEANTTATRA K IN—L8
MET B A S, B SEAE A BB UE W el S g
EHE

XA RAVE B — a5 . LRA G R A9 I

Chu™ M T — AN 5256, i R A BE . Al
SRR LY Rl B SO AR SR . 7E Chu Z 0 3
4E(19794F) , R.Ulbrich™* " 4K (GaAs ) i FE TR
SUEAT S5 LSRRGk b 18 AL 4K  BE v, 7T ¢/3.6
B R €/2000, B ARX AN S — i T B S0 H
T AR R, R 3. 7um, T X 200pm X
500um, ‘& FREAGEAM T (1.3K) . 7EMLA L5 R4t
L JE T UL B o, , AT ARSI/ I ; 78 S 560
BRI AE 7, =35ps. XFEHEA TE v, (7.

S.Chu""& F38 3 “ W U o v i R AR Bk v A5 4%
IR FHSE B UE A NGV AE7E 55— A, Je B0 e 5256
FHUESERE ., Chu {58 Ulbrich (19592 , il A AMEA: K
) GaP/N, JEJE K 76pum 5 9.5um; A JE A L, A

V= (32)

O 7, BEAT TR v, TR DO 6 Hh e AR
BUBJESCRA R . AR, ani 2] T 0 4E (7,=0) , gl
ME] T ICBR K (v=c0) o Kl 4 EHLL=9.5um i )
SEER . ATLVE =I5 (v, >0,v,=00,v,<0) # 1 B
A T T L RSP P R . AR X LR AT BRI
X 4z 2k 5 2 4E 1 Brillouin (936 1154 i 2%
(Brillouin ] i A FEEE i 2k ) 2 143 A ABLY !

t/ps

[1=9.5um]

vmssy |10

8.6X 107
N

0 —

-7.6X10°

3.8X10¢

S/ meV

B4 REANGV ELIELER(Chu, 1982)

Ch 781 519 B o 67381542 91 A K o A
A 0 B 8] 2 5t A XFE B0 T (when the peak of the
pulse emerges from the sample at an instant before the

peak of the pulse enters the sample) . XX F Bl % ,
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5 5 1]

2000 4F Wang!"“I41 % & B, A 09 FRIS W) P27 50N k&
ARTRE IS SR AR RIS . (HHSL, BAE 184F
HigtH Chu 8L 1!

8 BRIKEEAREERK

9% Chu™ 1 Wang™ #0 H T NGV, {H F # /&
M 2z 7 vk 5 # e O k. AR
J2, Wang 38 SCHE 44 Fl{Nature) [ & & )5 , Tz
H PR — A HDOGE S0, 5 R S A X 1 AN -
51 1 SRR [42]%F Wang (1938 SC K it 5 78 5% e 44 74 21
AL o HIE, SCHR[42]0 VE & BAR PR ARXTE  (EXT
Born Fil Wolf FIT 18348 1) “ I 2 A it 7 4F 2% 7 5N
i, % Sommerfeld-Brillouin I 33 5 th — JC Fr 01,
MR TR AIEH] . SCHR[42]08 , Wang [ 5255 25 3
T (v==c/310) , B XI5 15 3] ¢/310, PR T 2 DG
o XF L SE A KT s Wang B SE 56 45 R & —¢/310,
A2 /310, X P EAAAERRAS 1A

AALHI , B 98 SCRR [42] 09 7 & /2 54 FF Einstein
), AHX I 1907 4538 ST i & — JC BT T, [ml st
1907 4 Einstein™ Fy 1 i , G 1% 128 I 1] 5 67 45 5 2
(7] Fsf 0 R AR A T LS i e 2 B ol 2 Dl
YRR Z — , IR Einstein 4& 8 T 8 0E“HOYGHE A
TEA R TSR .m0, OGRS 0, a2
S FER CR{UA S WKD S2EGEY 3R A A T £
S5 ) T80 R AEAE IR R W D SR AR AR -
XA A2 Wang B REAh A S50 2 — 88 O 38 S0 5 9 i
Rl P STk 42109 2898 SO R A . AT, 2
RS Y R T LA B R T ] SR AN R Y, R R i
BN A bR AR R

SCHR[42] Al Uz Ak s 5 5, EAE T TEDE SR
O ] R R R A AR I R L O Ok
k2L (=¢/310) T AR 1] A FLAR RS 3l 33X 45 4 AT
X7 B % B A Bl B A TR 5 1 BE 9 N G R
R RN S S AR T R I R 7

YR FE S SRAS ALV 7 3 A A i L
SCHR[4214F T3 L9 ikl " %St : “SR A HERR
JCTE A A T AN 2318 s A5 L o bk, SC s
[ A i ST T R SR U, 3o o R e R il A TR R
A — D15 2 #2062 R 2R 5 f5 2C Einstein X
PR A R J ARV X R s A 7E 7

fHJ2 X AS AR R IR AR " e X1k, S 4E
AR SRR . TR B R A i R A
P, PR XT3 e 1 5t 2 i e e LR SR A Y . FRAT

FROCHR PR AT A S A7 AR S T BERY X E N
RZ NGV LA X L Pk s . EH AN,
o 2 [T 4t 5 0 i B G2 nl LAY By B o BB g
WangPU RS2 5, n] LTI 5 4t ik . Ho L2 %5
JE o XA AT T 3] Cha™ B9S2 58, L) S R i
JEJE

b
/a
: #
| t
1 /’
:
I
}__I L //
s
b dento~, 7
i -
I |
I I
] I
I c I
1 I
]
I I
| I
| 1
i
0 l, L

B 5 RRAEEHREE

] S AR AR bR 2 B[] (1) , DA bR 2 B (2) , =0
Sk E Sl ) 2 B 1] 7E O~t, 13X AR [ [a] B ik
e A P LOGHE (0)ig 8. 24 =t ek b ik AR
L BRSO T (v,==c/310) . 24 =t,, SElk b e i 1
AR B AH t,<t,, AR t,-t, <0 (FEHE]) o M, TFUG O
Jik wh 4k 52 LI ¢ [ viz sh, R e R k. e
XA —E A, (A AR SEBR AT I T 4 2%, ¥
X Ik v 5 B 114 2% B, 1Ak DA

(FIARELR)
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