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Negative velocity and advanced waves in electromagnetism

HUANG Zhixun
(School of Information and Communication Engineering, Communication University of China,
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
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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
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 is 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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Wheeler-Feynman [ W2 15 # B2, 55 28 35 04 1F 44
WA LR R HEY G AR Z A . AT LATERT, P
ZHAE B TR AR, T DL AR S Dy T R
MR — 3T . X Bl interaction 7%, K H #&
PSR iR SRR d S o (RSB Y 7 N o ¢ 1
EIEIA V2 AR LR AN R e BRI
F B G IF A K IR fA7 B4 B JER B S8 Ui H g Y
A i S Bl (B AT ) P AAAE (B AE R I
PRI h 25 R R IR 5 5 B 1 (B<0) (I 42 e
b b J— o i, i FLT B A B I R T R
Z%ﬁ%{ﬁﬁi?& (Evanescent-State Like) [l 5 4¢ , A1
I BN DGR EE 2 AR (NG V) |, 33X 2 HL
WMz s T DL EBRAR A N DL —Fh e DE SR BRAE " 1)
ST o AL, FRATTASTA TR FH AR iy U -5 68 A R 73X
—fEik

42k, BT 8 42 F #4 B} (Left-Handed Materials,

---------

LHM) & & Rl A A4 vt , & 3 1 N 9] % (In-
ward Waves) o HJ& , 3 ] WAL L4 00 R 7E
LHM 5 AF T AT X T — 4R 508, & i g 1)
VL g8l ) 20 L a7 SR B ([l SMERE ) TR 2
Z% o TETRAY B (near field region) , 7] 67 P JE £ 1K
[ NATHERY RS . N.Budko™ B4 L) S 56 WL 2% S Jé 7
T XA BLG A Ny 2 17 3 B (Negative Wave-
form Velocity) , #1 )¢ % JE /& travel back in time, iX2&
1B 5 LHM J&E JC &) . itk B # 3)) R.Feynman 1 J.
Wheeler ) 1945 4F 38 3C , i} 3% Vesselago™i¢ SCHB L
WA E A LHM 50 IR o H 88 i ) AR
RO T X R EERERN.

M 1958 4751 2004 47 A AN 1] 8 i 48 B 1] 3
(Backward Waves ) I 25 2 “FH 8 5 F 3 1) O< 5 7 1] A
B ARFRATTE i 0 A R — A B Sy 1] Y i
HAE Y AREE(NGV) BA AL,
B S T 8 s 1 2 1 =i B Y e L [ wA
NGV S5 A A Pk b5 NGV I8 5T H F i ik A He
B, M Tk s 1) T T A ks A 1 R
FIIE A RIS ) o X PR ATILA " S 80T
B E VRS (e U (Ut QU K (Sae S N SULE S
IR YAEC N LB UE A AT LA R AR RS T e I,
61 PR DR IH AR AN, AN B TA U 1) S0 Rk
4

12 John Bell 1 Alain Aspect i & X 53 #k

M 190545 19164, A.Einstein FH 11 4F B i) 5¢ A%
TEESLARA IR Y AR, B0 O 20 i 22 B AR Y R
A7 AHFE 2022 AR EEH S SCE A8 Y, SRARME UL &
Einstein il 37 5¢ i i B i& ——1900 4F J 1904 4F H.
Poincare™ (438 3C, 1904 4= H.Lorentz® i 3¢, G5 T
SR LA 16 ) AR, Binstein #1 £ 78 HAg S [3714 1
PIULP . Einstein 5 3L MORH A AL S 5 S0k 3%,
A TE 1905 4F Z AT 2l AR o7 RBF# I SCE, H
A Einstein [ A FNIE . 48K, FRATHIBr b2 B2t 1
. 4R Einstein 7£ i £ Z J7 £ K 4& #] i Lorentz, {H
Lorentz Y AR IF AN —Be——1F DXy 40 il 4 ok
A A “Lorentz #1 X} 1& 7 (Lorentz's Relativity) A% 5 7% o
KEHHAITAE Lorentz j& — (i Bl 1, A & (WA
2 Fl Einstein §+ “fL 5640 " . % T Poincare, Einstein
B4 Z 05 A AN 48 K, A5 ok 1 A TN FEAE s (HL S,
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E=mc’ > 142 Poincare £F 1900 45 H Y, £ & Lorenz
AR (LT ) WS i Poincare iR 44 8 o +++-+ TEX HIRATIH:
ANJE 15 Einstein 55 5157 , U At B O B9 #5872 TR
LA Z ] b5 AR ot D R AA & H B
20 Binstein Y5 K .

715 (QM) Y EE S JETE 1926 4F £ 1928 4R 3
M), B HAE SR — R AR 6 5 2 5805 A
E.Schrédinger ., W.Heisenbery , P.Dirac ,M.Born L) }2 N.
Bohr % A . QM MY 5E J5 ik 5 AR XS A [FH] BIR
2 T AE TS B A B SR AL (LA A R
2 T, e AR TR BT . QM 2
Bl 1 5. QM — 8 ] i, Binstein 37 BV 5
AR, — A BB AR LE e s AN, SR, Bl S Y
AR RS54 R AZ Einstein 945, QM & @ ot . —
FETCHT, WG| T TR B2 58, JFRE T AR 22 1 i FH 43
W, BRI, QM AN X AR IS A Al 1 B IE 4 Jak !

1935 4 Einsteins™ % 3 4 ) EPR1E3C, S )
WG QM L ar T . XM SR I¥Z
[B) @) 28 JE R 8 AL B E bR & . 1B U R RTE
{Physical Review) 2% i I+, i Einstein, Podolsky &
Rosen = A& 44, NI B AR N EPRIESC. 19354F5 1 4
H , 3 [ (A 20 if 4 ) 7 =Kk ik 4% )RR RT3 “Ein-
stein attacks Quantum Theory” , [ 1§ %% 8 — i} . EPR
V& SR O 12717, SR 5 QM X A Ff S Aisf
25 WL PR P 220 2 22 31K

fE EPRISSCHY A — 2Ly 25 FUE Sl (1 an , 3564
RIS A CEERA M H 258287 3, i 1 )2
R RS 25 H BN SEAE IR AN A ) o ARARERY
RVGRAEX FIUER RS (WD T RGN RS
MEAEHE T R, fEX BRGNS
THORAR 2 BNk . A F RGAE =0 LRI SN
CH, =0 2| =THARI AT EAER , & TH NP BAE
FH (i Gn i 25 FIANEDT 53 9F) o WP (x0,x,) N
R Mm-S, Al | Y (n)sea)A
FIAAE PRECR TR TT ,  n] Heill &t T A9 & B AR
TERRE RN R I o AR & 2%, I B i 40 23
A6 M P () K (T 40, 3 O T 0 i 25 5% ) 11
AR BT VTTE 40T, i 25 1) 8 54 FH 52 i)
EAARERA R . TR SCHXHS R E A SR S 1 AH
AR HBEDMR T i SE B, 23 4] 2 9 1R 3R N 2
Jry sk ) B B 1 A g T AR R B A T O

M T S5 BN AR FA TR N XL = EPR IS
SO EE AR,

H AT UL, A — MR T T 1Y 22 2 HE 8k SR X e i
EPR Ik 2 75— 5 Al LA, EPR SR 48 1F J2& LUk SO
XPVeAE R FER AR 1 . ok, AT X HE 5
T R R B S 1B R R A Rk
SEAE I R AR R UM T SRR A R E . EPRB SR
Einstein 75 56 4/ B, 55 A BR B M iz FH O 24 i1 )
2= DAt A BB R DT E T

Einstein TA A, EPR 18 3C ] DA 5% 5] Heisenberg f4) AN
B M D B, IR IE B i 122 AN 8% . EPR TP
AMERZR”CT AT e BT e BRI 467 S
HE SRS AT DAY B R T A e B B IT A
------ K FR G N.Bohr M K 5%

Bohr (4 & 2, EPR & 3CH 19 358 2 7] DL gk 5%
[l —— A e PERE S e T S0 I, 7e i & 1 A 1057
R 57 5 i A T 4l 25 SR 55 Newton 22 1t — 205 X Fh/E
SR & A B T T AHBEAR G, oo (EPEXa Ry
M BL2= 28 (4N Heisenberg) 145 1§ Bohr AR AL 25 A1
Einstein #{1 .

M W V.Fok g 158« “ 7 it JIS & S 1]
JEAE T £ TAERY Einstein, 37T A A 77 12420
T B A SRR A AN . EPR BL4Erh
P R G Z RN B TR EAERT, — -l
RERZ IR ) — 1>, Binstein A AN 0] B , TN N &7
JIEARTE

Fok A}y, QM H Pauli J5 B A4 A1 . FH (B2 ) 2
— AR . B LRI R &R AR F (EPR
F40) Z [ AR E AR G2 ) & 1 2#ay AR A B
YEH Gz ) 19 5 —FoE . JE 7 B9 A BAE H (2 )
MIFAEANAS BB, 5 X FME A GG 1

I8 2 F K EPR 16 SC X 34 2 350 AE 2 —
PRIXER A . —7 2 /K == 3 58 John Bell (J5 2k —
BEAERRIIAZ 7058 He (CERN) TAE) , flxt EPR 18 3CHY
XTo ARG . b AR — A RS e f
EPR, i Z AT Bk 77 . BESR EPR [0y A, B AT AL
T FR G804 e FLALT AR & 24 48 (Quantum
Entanglement ) AN BB ST, AR A L X BT 4R . 1965 4F
JBell B — N5 &7 ) A A R B s AR AR
NS R OB s e S N E6 2 N T AR K= 2ot Es WA i
5L T PR VR A AR TR R A e
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5 6 1]

— R G PR ) IO G A2 N A K
|P(a, b)-P(a, ¢)|<1+P(b, c) (33)

iR, HAT SEGR R =S 1T, AR IE ] QM
IEB AR XIS (SRS T o Frlh, 1E & J.Bell ffi SR 5
QM Z[H] 7 J& N4 1 FH S 36 e AR 1 T 7 7T g o
1, 1965 4F 1) Bell 1 SCEA AR AR 5 5L,

Bell & #UE L, — a8 i S AN RE S I QM 1Y
BRI L R 0 5 T8 an ey, 0 200 R S 50 R 1
FE o GG T E Y HE2E R Alain Aspect™™ T [ RS
TSRS o 40T 50 1Y S 5 DA e G B IR W 45 SR R
i 1 Bell AR, 175 68 F J1 5 i B 5 A o — 3K
Bell A~ 45 28RS 1 52 30 UE BN BT, B % EPR B SC
BT Wi T SR IER R . T LU, Bell P a T i
RIS EMpNEN

Bell i 3 J& 1% 7 #3735 Einstein AH{E 9 B SE 70
FJm S Y o A R SR B AR N T R 2
HORRRR B R VR o SEPR AT DA R — A B
ANEE S ORI 25 R 5 186 1% 20 ) , NTTIESE EPR
WICHT UL & F J1 22 R 58 &1k o Bell B 31 @ 57
D.Bohm Y H g #HC 5 58 M fa s s B A il 1o FR
MITIRAE o B o B, AR IR 48 1 - Bell A 55X 5
T2 A3

Bell 7¢ 1965 4F- 4 H At (i B I, i85 J2: Einstein B
AR o 20485 (1985 4P ) Ml T Fexb . Albula) 9%
) 4% >\l (BBC)AE T BRI 1125 AL e i (s
1)) 2% ZAFTE, INRIDURAATE . MUk G AR
AIRE, MAHXT S AL T 8 PR & e B , 1M Einstein (1)
AR, B2z, b 32k B2 SCRIXTHE Z Al
HJ Lorentz fl Poincare

Bell 28k SCHHXT 8 M EPR B R 7E— i i VE I8
(1, R oA A BRI AR OC FR BNTRAT 15 S R U 21 A
SR WL, EPR LASO T J12F P AR IS4
FEYT 5 1982 4E 1Y Aspect SEIG ; J5 2K 40 4 B 115 B 2%
KA, E— 55 T Einstein IS 0" .

i TGS B T LI i AR
WL 58 4 o 0T Bk SCREGF IS TH DL S5 e T W
Fla) 2 28 A RS MR L (Aspect) 1) 15m , 240 & Jie )
25km, J9 & 1045 (1 144km. 20174F 6 H 15 H H K
(Science) 2 EHRIA T H ERFA K A B & T T
BR300 T T LR 121 2 O T VA 14
WSS B = B A 1 e T uh R S O 1203km) o 3K — AR AT

MRS, B2, — RSN 56 S HUE B SR XS I
28 WAFAE AR, B R 5

H 1965 4F LUK , Bell AAE T 4453 2 Brilk, ik
SRR BE, DAV AT 3 1o i w4
g B — R T T ) SRR X —
MRS R 5 5 — BP0 A e G, W—4 &
Gt R T XAAE A GRAEAE! B2, Bell A5
OB BT , O —MhRaE TR & . e
SEBGAR A AR SRS i T ) 2 I S AR R ——SL 50
S5R39 Bell AR IR AR . Bell 14
HEN TR AN 0l A28 D7 s ek
HIRkE R Z—"

55 ST AR (SR BB AHXTE SR) B2
Sk ZOMMERUREME . XN RS I R AR
AR 2 ML W B SEAE MRS SRl A R 2R, o JLAE
SR DA i Sh A S B AL R Y
PR BR s AN AN IR 2 A 2 S AEAE AT BE

2022 4F 10 H 55— 20 482k 74 N ishiiE
. ——2022 4 Nobel ¥32= P2 T YIH2- K Aspect 5
= No MEHUFUL, AT MO T2 285055 i 2 Bell
ANEE LR AT AR T5 BR A TAE k% .
PEABAT AR =R E AR T A S
P A PRSI AR TGS AR 22 e A L AR
TE—ii, X4 Einstein JBE N2 AR LA 1 R Y
ImHEER .

IRTE, Aspect TR MR EN o RIRER A E LA
PN T 240 SR (XS R 1933 4 —4F) |, T Hid &
XPFSY RN & R B TlAE T TR IR S,
A AR S MR B HRIH LR 590 Aspect
SEYGEIREE N T , Al TESEAS H O FAHIXE A I
Bell ARt 245 1 TEA% (A IAE R (Bell 71990
AR 1T Nobel 2 U REM & 45 7 I . HLSE, 215
AR B IR T EL, SCAE A & T L A Y e 2 U8 |
T ST A .

John Bell T 1965 4-42 i B2 s #Hie, 45 tHA S,
ATER T ZHAXE 1 855 558 Aspect RSS2
B RTS E (Ja 2 A 245280 5 KF Aspect) . 7140, %
JE B R S T SR S R B R 52, Bell 24 F7F
1985 A E A 1 SAHRHEE M, K T —fFRE R IEE
RS, JBell & 20 22 i KRR Z — K 7 24l
TEVEE ARSI IIE 42 .



20234 B < U LR v Y Sk R T U 73

i) 1l @, 6a)

o, |

E7 MEEREHBHNE/RZWIEFRK John Bel EEEFEAR
wE
CRARES T IR 44 AR SE D

SN, A QR R R R R AR (TC PR )
YRS L TP 5 B 2R KR R3S T KA,
Nobel Z 51 23 A4 AR F] 1982 4F Aspect 52 5 i 61 P &
SR, IRt 27 2022 4F Nobel YIHE% . T4
VL, BRI Einstein [ “ SEEAR R UL 05 A€ , 28
BN AR A Y o

{02, BT AR EREVE R . iR ul, 248
AR AR TCPR A, TR A PR . (HX
JE DG, 2007 4F Salart™ L S UER] v=(10* ~ 107 .,
XA M ARWAR K (HPAETCRR K. 2= F ik, 78
A G R A R IR IS .

B2, T4 40 5 J5 , Aspect 5 3K Nobel 2, J& X
Einstein B AL PEE 20 S

13 AftAR“SERRIEEETF UL

RIRHTTRIAY N A T RDEDCH ] REAAEA B, X
AR T EHATHE . A NI PR AL, U
ARNEDCH P IR FIR . BEA TN CHEN G
Sy EAEIR  HIXZRTE SRIGHE T DO R e 28
FIrE I o i B A — SRR O A R

“There was a young lady named Bright,

Whose speed was far faster - than - light;

She went out one day in a relative way,

And returned the previous night. ”

—by Reginald Buller

RAEXERHE— R 2, EA15 SR—3%, RIIA
TE I BN ] REAEAE ) — A EE B P 2 X 2 A
TR o A PP ARDOT P 5 o B AT DX AT 1
TE S [ () 2R A T B ] 9 N R0 ) 5 B PR SR AS SO 1]
fE 7 L R IR AR AR . IR 4 G A2
T R T ENAT e 2 B AR R, Y v<e B 454 1E
BF 7, SRCERE R S 60 1), 30 mT FH s ) 18 D A5 PRk AR
RVERGAR . B2 v>c B, v i e [7] 1) 44 3 B ORI 281 ) o
SROEIIN P, M2 DI B i IR 25t BRY
SEOL L DONAE SR R IR, TR AR R A5 T X
KRR AT R . 4RI, Y v>c LY (2,-2,)<0
UAFIRKT ¢ W AT RE B, (UL e 2
B AR HGE s kLT

PR, SRAEPR ES2 A UE 756 Y Lorentz
A (LT Ao DGtz o)y, RSB EIF I . #iIE SR,
HEDCHEIZ Bl AR A A ERE P ARG 1 A 0 T T30
AT A1 B 4 %8 e Y ) Sy A 8 2 v g BT SR AP 25478
Einstein 510 T LT A @G HVER . S22, S50
S5 R AR AN — R

DL FRATTIA R, ZEANE A 852 0 254, AT LA
B2 Ml 0 s T (B U, 3 L AT DU s U 25 0 < e
JFGEJF A 0, 37 A t<0) B AXTHE——HA v<c, P
ABLXTEE L o v>c B3 AT BEAT LI B L. S5 4h,
NI B AL 00 R IR Y GEZ 3, 2 By

IS LB GRS T RS S R EE AR
A IRESAT . T HBESAIMAE R (R )
BRI, ST UL B g A ARy, (B —
FE T AR TG c (3R B F bk, DB T &t 90
(B HLREIO AR S #RAN A TR, A BB A 6. o
T R A W BRI AR . A G LA
FEEE (v>e) I HER R, & A SR B H
FL R TR AN BE I i 8 . BRSR “ B AN UL ASBE R
“IEAE” BYUESE , Einstein BT 04 “ (- AR FE A
RER O SRR AR e A, AR,
b TAT 3 0Tk FH FEL R 1) AT B3R T 6 o 1) R &

B4 AR AL KA AR VIS B M B 52 5 A

HERTF s 56,

SEH A, Y O OB G I, M T 4
W5 & R o X — R S P . (H A TR
BF P ARG s AN BE AR AR AR M. Bz, KR
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5 6 1]

PH AR WLy, B BURD G F AU T by, Afid HUE R
AEETBAR . BER Newton )22 MR 12 AN TR i
B R, A S B ERR, FATTRL 2
DREIEE UL ETE

14 ZRiE

2 3 P, 14 PR PP ) Maxwell 7 FE2H 2 LA 1AL
i G T R A L R . G HR & T LA
R U 7 R 2L (HL K 2 2 AR 58] 28w £ 7 R ) B )
Dy A2 o WX PR 28 B) R %) SR Sk, 1 AT AT s Ak
5 A ) SR AT AR S o i A T e i R ) R
Ko TC MRS Jr i, #B2s J IAT P A™ Ik fit fi1]
TCBR I Iz By i) & B A ) P R B 2 Rk . B4
K, FATFRATE IR R, FRIG # AT . AR RAE
A 2E 70 4EAR, vh RN RO BT R AN e
AT ARF 3K P 2SI 94 (R R, e il 55 2 3R i GER I )
it , SR A0 GRIF) i, 4 Kok & YA A TR b
FURAZ Y, BARHA R RN 1 e 8 1 IR L

FERTTE 5 0 AT IR AR | 3 LAY B TR B
HONWV) o 37 20U J5T 1 £ 38 B 45 Ry TRIHEE , kA S
AMEHE T ST 12200 Hr A BT AR )38 s,
SRR, PR R Mz 8l . (X JC T
M3z SN, B b i, AN R UL B B (U R 1) )
TR R, 1 40 2 K v 2o 4 i s AT
FRBE(NGV) BB c/n,(n,<0) , EA kit &
25 B R Ok ) P, T EL BRI E ABE Rir st 2 T
BT, FERATTER S T H G S B s P RE S X
BTN, S D' Alembert 7 F2FBE FT AR , 4
RERRAR I iz sl vl AL, B AR DA i ECSE A
BT E TR

O NGV G5 A G Ak b 5 NGV 57 H R 1Y
Tk AT B, A Ik frist ] b elE A AR Bk CASH
FHARFE, HF RV ) . XM RTINS 8T
XTI R TR . B R E AN B A TR A
TRAREE WA, AGERAEH T, XRfE iy
MEZR P TV ERETIATE . LS f s () el PR
PEASI 0] LIS IST

ARG A A A —— R4 5
THR Y BB AL S WA (4 - B AR 3 (2
PP VIR 5 J5 A AL B P IRGRS , UR n B
KRBT, G faica i T, A TEA SRR oSN

Ko FAFRPIBA AT HUREAE A i 23 7] LU
HALREIING, 5280 IO EERN TR . i JLAFY
SEG X ARAT NS, 45 RIS S i A R i DG
(v=c ) IRTAERE UL o ARHERT REIT X N TCIR T L4
IR , B T R G 3_'3)?7%5?‘@ HSERGUuEE . dF
St MR R O SR AR Rl vT AR
S MR ST )5 Z S B R

ASCRPIAE T R IR LA, ¢h i T ELS
ERZAIHEIC R, TSGR 4 0 i ks
AR AEELS B R T R A G Y AR

e WA AR SCYE BB Hh A PR R U R Mis 3
WES, ) U F 2 3N OIS (NRD): @
1% B4 (NWV) 3 B 1 Goos-Hanchen i # 1l 4
(NGHS). BRFHRRE, AL FEIBRQ; X TOMG), 1
S EE W EEQER S SREE Y E™ . 55,2022
AR ET P (2R 22— FF A ) B AR O,
A AR B A SO E N 2%
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