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RUTWD. §RTOHINGTFICIEFEL A A — R (LED)



Un (t)/V
1.2

0.8
0.6
0.4
0.2

02
04
0.6

X 9: V= 13571

(n < 25),
U72G4E. n > 25 TIRART MVEED =D
WERRELHFNT WS,

vy =0.62s71(n > 25) LE
ISV AD

MR I NTNT, 7OV ADIRIAYVE NG R_IRD & 5 2305k
D UTHHTE S, BERDEE vy = 1/2RC 35T
WZDBRNR->TND 2DDT FHRTAAwF (DG441) SW1,
SW2 #FIHUT, vy =13s71, vy = 6. 7S_1, vz =0.62s71
D3R (F1:1/2:1/20) ICETFHICEMATED LD
IZHE->TWS. ANGEHIIRIE 1V, 7SVAE 7 = 1.0s
D ONRERE N2, AJI/SIVAD AT NVIEIE
dw~4/67 =4.0Hz L AME 6N, EEROENELEZ
FYRNAYAAD—T TSR .

F9 vg DG ITKFET 225G EFAND 720IT, 40
BORgE 2 DOME: n < 25 (I I) & n > 25 (

WD) 12T, ENTNOFETOREEE 1) = 13571,
v =6.7s7 (~ 1y /2) EEE L. B8 IREIE & H I DAL

& (B DEE) n LI ¢t OR% L LT 3 Rt TREL
2EDTHD. HE] 2EHZE, I % BEIT 12 & K8
IS % 5 2 UL, Z OFREITENDOFEER % [T
RaV—hrF25DENR5.

THIR I T, I ATRDNNIVAN 1 #dH-YD 13O
ITHEZZATICEEE 2 BB TN I ENSNd. 2

DL, dw/vy ~ 0.31 RO TARY NVEM (13) 72
LTCTWADT, 7WVAFREOERIER SR\, fHk D5
Hon =25 T’V ADERRENHFESITR>T NS Z
EWaMD. 24 BEH & 25 BrH ORI DS T/ A1E
R ER I DD > TR ITNIER 520D T, /8
U AlE (FERTIE) o7 X B 5D TEEDLL RN, A
R MVEHZHHEETEHET D L, dw/vy =031 < 1,
dw/lve =060 <1 &2V FHE I TESRM (13) 2/~ L
TEY, WL NS Z &id\. 7OV AR in I$58% 1 T
ony = 1071 ~ 13 B, fEIK 11 T dng = 1007 ~ 6.7 ERD &
DUTESTHEY, fHIE T T/ VIV ATEAZEMIZ 1/2 (ZJEHE
INTWD.

ERREEZ I HIESTDILE2ERAT, HRI % 1y =

10: HE % RER L2
EBur =135 56 1y =6.7s71

BRFEEE. SV AIEt =4s Tl
2T 5.

vn(t)/V
1.2
1
0.8
0.6
0.4
0.2
0
-0.2

11: 7OVADHEE. Wiglt =4sh 6t =T7s TTORMIS
IWARHFEL T Y, TOREHREZFHAL T3,

13571 SHIEK I % v3 = 0.6257(~ 11/20) & U CTHER%
1272, NI A=L7Z1F % ANUX, EEIXMEE 1T T 1/20
285D T, 7IVAIRE 1/20 12725 LT hE. Ly
U, EERAERIZK 9 D &SI, §H% T TR E 7OV ADE
MPHANTUE>TWD. ZhuE, AT MVEA: (13) % i
ZUTWARW (bw/vg =64 > 1) NHTHD. JOEEEE
JEALDEBRICBWTERU LD BRI ENRIY DD, AN
mw\@x&ﬁ NVIEDS EIT OZEFEE LY & K E 0
ZIXFABRD 7OV A DE UV NERBIEZ 5.

’)3? 12 vg WIEFIKIFET 255 %2 AR 72012, &k

DRHTT, HE vy B2 THD. Wt = 4s THEZ
vy =135 5 1y = 6.7s L LB X /2 & TOERKERIE
10 D& o7z, Wil t = 45 127V ARIRDHEE M
12 1C@#HINT WD, TOME, 7OV AE (Z=HP) én
FZED BN, 7OV (RFEIK) o7 135128 > TV 5.
HE vy M1/2128>TE, THIEST, 7OV AD ARY
NV 6w £ 1/2 12722 DT, dw/vg lE—ETHY, AR
2 MOV (13) 13 XN 5. 2D & S BRI,
DOFEHEE HIOFEERTIX, EIT BE AV A 2K BNA -



THOOHEEREZ D I LIZHYT 5.

ZDEDIT, REEMIEE vy 2EZXB 28T, AT K
NWEMEBRREURITD ZEWHREL 25, LAd->T, X
HILEWMER, T U TSV AZIEDD Z X XAEEL 25,
EEREMEDUEZ, vy =135 Eo/oHERZRL t =4s
T3 =062s"IZEX, At =7s THU v = 135!
DEIIZRUZFER M 1112359, E I E < &
t=4sMHt=T7sDET/NNVANZIZLEFH>TWVWEZ
WML, EEFoTH2IVRAFECYt = 7s TEk %
HET5. gidko@Ey , EORLTE dw/v; Id—ETHD
DTARYT MIVEMIIRZNT WD, TNPR, ZD&D
BRERIZBWT/ IV ADEESES 2 F F, 7OV ADHKE
BIUHENAREL RS,

7T HDHLYIC

FETIEX X AR L2 HET2 FCIENICE
HTHd. KFTHY BT EEMEHROMIZE, &T7R%
ML NFERBEDY I ab—ya RS FHEINTHY
5. \EEIINT A—ZEROHBEENPKRESL, IEXFEAR
ROWEBEEZHBTEI2RZMMEE2F>TND. —7, HIKHE
GBERTH D Z s, YIEIZ IR D R\ R
BTERWEWSEYRHIRGEZRF>TWS., ZHidH
BREBEY I 2L —ra v B RZETHE. ATk
R7ZEGBIEEEE I BN T, ORI EAM 2 B L, 88
HEEHE ORI B W TR T3 N T S 2 REAZ
LMITDIEMTE . F/2, VOV AFRED & S B
fRD 72 DI EOEMMEE B S BRE HiLR DL U TR
JKTEDZEHFTHD. ILIZEEEIZEDETIVILDOF]
RUE, BTUEEBICEEEE BET 2 BENRNE NS T
ETHD. MBEETINEEL ZENTEINZ, MKV I 2
L —4&Y 7k (SPICE, Octave, Scilab & &) (Z& > TIH|
BEEBXZ2BLRICHEATEIINSGTHD. LIEWVZR, F—
R—REZBTC, BALEITERRES>TWAELELZ N, &
FZDLEATHD. ARTHOZEEEOFEMIZ WEB R—Y
(18] IZHE# LT\ 5.

AR D —ERIE, 21 th#d COE 7173 A, BIFEHFLE
B DX’ % Z T Tirhh.
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Simulation of anomalous wave propaga-
tion with electric circuits
Masao Kitano and Toshihiro Nakanishi
abstract:

Owing to the recent development of quantum optical
experiments, one can make light pulses propagate faster
than the speed of light, c¢. It is also possible to make
them run at the speed of bicycles and even come to com-

plete stop. These anomalous light velocities, attracting



attentions from the viewpoints of applications but also
provide opportunity to review the physics of wave prop-
agation. We present electric circuits that simulate wave
propagation and discuss the physical implications of su-
perluminal propagation and the mechanism of freezing

of light pulses.



