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Topographical Analysis of the Hypnagogic EEG
Hideki Tanaka, Mitsuo Havasm and Tadao Hori

Department of Behavioral Sciences, Faculty of Intergrated Arts and Sciences,
Hiroshima University

Abstract : The present study examined the topographical characteristics for the typical
nine EEG patterns during the hypnagogic state. Spectral analysis of the 12 scalp EEGs
(Fp1, Fpe, Fr7, Fs, Fz, Cs, C4, Pz, Ts, Ts, O1 and O2) was carried out on 10 male
students (20-25yr). Topographic maps from consecutive samples of 30sec period for
six frequency bands (delta : 2.0-3.8 Hz, theta : 4.0-7.4 Hz, alpha 1 : 7.6-9.4 Hz, alpha 2 :
9.6-11.4 Hz, alpha 3 : 11.6-13.4 Hz, sigma: 13.0-14.8 Hz) were studied from the light off
to the stage 3 onset, which was scored by standard sleep stage criterion. Topographic
maps demonstrated that the dominant areas of alpha band activities moved from the
posterior area (Pz, Ts, Ts, O1, O2) to the anterior area (Fpi, Fpz, Fz, F7, Fs) on the
midline of scalp in association with the progress of hypnagogic EEG stages, which
were scored by the criterion of Hori et al. (1991). On the other hand, the dominant area
of delta, theta and sigma bands activities were on the central area (Fz, Cs, Cs, Pz)
of scalp. The differences of EEG activities between the central and the peripheral
areas (Fpi, Fpz, F7, Fs, Ts, Ts, O1, O2) increased as a function of EEG stages. To
describe the topographical characteristics of EEG stages quantitatively, the EEG
anterior-posterior (A/P) indexes and the EEG central-peripheral (C/P) indexes were
computed for each frequency band and for each stage. The A/P indexes in alpha band
started to increase from stage 1 to stage 9 as a function of EEG stages. On the other
hand, the sigma band C/P indexes did not increse in early stages, but started to
increase rapidly after stage 7. These results show that the sigma C/P indexes are
sensitive to detect the EEG changes in later process of hypnagogic state, especially to
the vertex sharp wave and spindle activities. The results of this study suggest that the
alpha band A/P index and the sigma band C/P index would be good objective
indicators to describe the hypnagogic EEG activities.

Keywords : EEG anterior-posterior index, EEG central-peripheral index,
EEG topography, Hypnagogic state
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HEEEIRERERE L COARBIE, ARBIE., FEBEIESOFE L CEEREE) 2 Lh
Oy LEFRICHTEBR SN TE T/ (Shacter 1976) LA L, ZOARBIIBHEOARRERE EAH
HIEIC &) [HEEE L BRI OB OARE R BITIREEORI (Johnson 1975) ] & L CHZMICE
BEINBIZELETFoTWA,

ARSI ERI RIS EHE TH S Z L5, H < 25 Davis et al. (1938) < Gibbs & Gibbs
(1950). #EA S (1954). Dement & Kleitman (1957) & D4 RRFEZIZL 0, REOEEOE
BEBEBER T EHNICEKE L, EBREILO VOO IBEBRE CEANLL LD LT 5KATH
NTELH, ARBOR G513, HFEEB T2 ) OMESASK, LA L, BIEEROERHE
#YE (Rechtschaffen & Kales 1968) 758k S L TLI%, EIE% R EMEER & N R E MEEIR (2451,
SHIZNREMEERZ 4 BRFEICT L TR TN CTnb, ZOEMEIZHRE) &, BIRORFE
HZOPARB E LTI L 72X, 20O KERTHVAIRETERER 26 BIREM 1 L wH 2 &
2%, 2E 0, FHRALGMIAEEICL ) @EMICRA SN TEB- LK L BEBROERIE, ¥
RTIODEEE L TERASNAZ LR 5,

EZAD, ARBRLEIL o« WAER L THE L TV AR, T2bbERHERETIERL %
HEHIP LT TICASONS Z LM EN TV 5 (Foulkes & Vogel 1965), I ki, AR
DRFHHEREFE 1 ORBICERITL TERLTWAZLEZRLTWS, T/, AEHIBICHT 5K
JoREEE, BB 1 ORI CIERE 2 B4 3 % (Ogilvie & Wilkinson 1984), & Z & I3 HEIRERE 1
TTCTIATHHARSERL TVWAZEEZRL TS, S50, EBHELESIEEINTHLS.
BEROFE (AIR) (ZEREME 2. 5 VIEZOFELMERETH AHEEOHBBE LT,
BERE %> TEA, ERERSERL COMBOER CREBREIZ LW EDEMINT
W5 (Kamiya 1961), T Z &id, FEHAAARISEREE 2 OMBELUBRTERLTWSL I L 2R
LTwad, ZOXHIT, BEIRERE 1 & ARZFRICE) CEEBEORICE L OFEEIRE T
5o ZHIE, TOEBHELREITKEEREOZBEMEBAL LT VL D2, MEEEL KT
LHEMBEICZoTWAOTHY) ., ARMOFMLMELL 2RI A CEEL TV ERVWE ) ICE
b b,

ZIT, HAZABRBOREZEL 2 MR T 572012, BREISEEANOBITHICALNS
P ¥4 ~ % Gibbs & Gibbs (1950) DML MFEEBIE L7z, A S (1954) D5k
2BEZIZL T, Fig. 10X H 1292123 L7 (Horietal 1991),

72, BREOEBHEEETIE, EAOFLE (C . Ci) OWIhr—HORiE: b & TR
HEAMTHONTVED, NS OE—FMICARMOZHAESE TR ENTVS &) R
LTI RV, EROEWRM MR 2 BT T, BEERO o RIITETED — AIESEM BT
H—HT. Sk, 0L EDRWEITAITETEMICHIA L., BIROZB I L CHEE EOLE %
BAANEED > T 2 ik b F-MEIRKGER D, 14Hz O IIFETESR. 12Hz DBV 5T
L —RISEERIC 3 95 (Gibbs & Gibbs 1950), & 9 L7 @I OBEERAFZEH A550 L 72 A RN
WOFEIE. BIEOEEREEROEIICMAE, ZOHEE LA OEANEELERTHLI L%
MRLTW5S, 2F ), HEHDOERBAOBITICMNE D A2 SEMIcRR T 57201003, Kk
DUERZ EZRE oM AL, SEMETORMEBERL EENIIKATILE DS, MNRST
74 2 HWT, ARBIBEORHEE., ZEORENE 25T LY (Hori et al. 1990) Tik, AR
WO FEZEBN G THH 6. 0. a. o WIBIHSORFHEIR, BENEH Y S IZ—HTIE%R L,
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AR EIPSH e A X A IRIRECRE 1 BMART A ST ), R 2BGHR LITS (HET 42
EEREHL TS, LoL, AIRBIZAS N AEI R MK/ Ny > OLE LK 2255 L D
RIZOVTEICIRET T 2 F TIZIRE > Tk vy,
% T, ABFZETIE, ARBUCEBIZ 9 DO/ Ny Y Ii2oWT, VRS T 7 g s #
LEBRZGH L. TNODRNE/ Y O L TEEERS O BIBERIZOWTHRET L 72,

7 &

1. WERE [ LHELIRET, BREEOLZVE TRFABLIUE T RFRELINS (20-25 7%,
F¥22.61%) HARE L7,

2. EBREM | EBRZ XA TE3I00W X 2680D X 3300H DEFEERER Y 7 X (FiB : 225+
1C) #HW-, HITR, SEEFHBL, R I 743848217 o7. ENOBEIIEL, Fi g
FHVTRI AT R,

3. KBRFR | HBRED, ERORKEL O 2EMATICERBICAE L 2%, ERELELELT,
MR BERNICHEEREA 0 S AIRFAE IESM1985) ICEEAR, M E2ERICAREHT L.,
MEAR BT R B 2 O TR BEIRE] (EIRH E 2 EOBIRER 3 ) HEE TOHREROKY) 75 7 152
ATV, £O%, HRELRE IS, HEBREIIEEKOS Aﬁf‘?ﬁﬁiﬁﬂﬁ WCREA L., ME#HE Y
1072, EBRBRMD S 3 57 LI U CREER 3 2SR o Nz a %, HiTH%305%248L T
%Mﬁﬂ%QK%L&W%%@\*ﬂ‘W%%%ﬁﬁé&ﬂ%ﬁ%%ﬁﬂtto%®&\ﬁ01%
S, RV TT 718k E To72, OSARERMFMAEIZ (1) BELEERAZHME LT, AAEW
R REERE  AHILE O SR (HPRTEI AR L. k. B9, BUl. #H&E, BE0E#H%
1o NDBRAL) &L (2) BIRATO HRRY - HHRELIEEYT L2 L 2B E LTiIT- 72,

4. KIVTZ7«BFE  PEIEERE10 — 200 12862 (Fpi, Fpz, F7, Fs, Fz, Cs, Ci, Pz,
Ts, Ts, O, O2) ZEGEF (A, Az ZHEMEFAME L TREFL, BREBHES X U AIRY
B DB FIE 2 IE Ca DRk it gk & FVa 7o BREKGES) K FIRERES o r HE L, WEZR
THEUEBEWE LCHBRAN 1 cm OB ICE W IEEEE» S BN L, HERIES P VA%
(M. mentalis) &fA6 REEME TSR L7 IS IITHEEMEE (HE= KB 1A97E) 12k
STHIEL., XD EE 1.0 cm/s THELHT AL L HIZF—2 L a—% (TEACHESR-50) 21.2
cm/s THESELER L 72,

5. ABRMOKKEEEHERRE | AIRMIZAONZHBRIK RN/ Sy V2 UTFD L )12 9 DDk
WAL (LUF, BB Ltk L, ERRH e 12 X 2 EIREER & XAT %), BikEERs 1
(a Wsdihe]) 3 o HAHERBMIGES L CTHIEL TOW LTS 5, MRS 2 (o AlERE
B 3 a IRATERZD, « WOHBAT50% LA EIZR 72T B BRI, BMIEERRE 3 (o AN
H) 3 akOMBANS0% LT IZR 26 TH S, MkER 4 CEEE) X 0BHMESLLR
e < 7% DARARIEASRBIE AT B L T BB, BBy 5 (0 W) 1k 0 dkAnER: L T BB
HThbH, MR 6 (GHTHSRSKECED) [ IHEHIETMSHETXBMNIC 1 DHB L Tv 2, Bk
BeBE 7 (CHTHERSE A ER) SHESSEE S XENICEREE L TV A TH 5, MBS
(SHTEERSR L + RSB BCR ) (STHTEIRSME S 5 VIS EIRIE 0 9% 1S HV CTIRIE 10 .V UL, WK
11 — 16Hz, +##ehksf] 0.5 B K OMSEEREA R IR T 20 TH 5, IR O (Rh5E ) (2 3RETE
20 u VEL L, FEWEE 1] — 16Hz, Fhbsf 05 L LO#EERISHIE L TW A TH 5, Mk
1. 22EEHEREOTE., MR 3 ~ 8 2SHEARELMY 1. AXIREXRS O 2SIEIREXFS 2 TH 5,
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Fig. 1. Typical EEG patterns during hypnagogic state; stage l.alpha wave train, stage 2. alpha wave
intermittent A (>50%), stage 3.alpha wave intermittent B (<50%), stage 4. EEG flattening, stage 5.
ripples, stage 6. vertex sharp wave solitary, stage 7. vertex sharp wave burst, stage 8. vertex sharp
wave with incomplete spindles, stage 9. spindles.

6. BUEDANRY MLAT : ARS PAGHIZIRHESRE 7P 7oty FTTISA 2T,
AR 2 & BIEER 3BT TDI2F ¥ Y RIVORKEZ 30s (5s X 6 [XH) HIEFAIZTH L
720 ) v 7R 125ms T400 5D F— 4 % AIDEHB L%, BFE7 - &% (FFT) L.
508 M/ ST ARY MV ERDT: (BEBGHE : 0.2Hz)o 2N % 6 BEMAEFYL T, 30s K
DEHNTRZEH LT2e ARY PVOTFRLREBE LTNI Y I 4 Y Ko HV, BbohizX
RZ MUVF— %% 6 (20— 34Hz). 6 (3.6 —74Hz). «1(7.6 —9.4Hz). «2(9.6 —11.4Hz). a3
(11.6 — 134Hz). ¢ (13.0 — 14.8Hz) ® 6 HIRIZ5F T 12 EALEICFRIRIGHE (V) 2RO, 30
HEDONEZT 714 2ER L7, %8, artifact DIRADPRKBD20% LA L% Loz X, €DK
BAamr oz, 72, BB L ARBICHEORE LIRRESHOZEBLRETHLDIZ, 2
Hz D F O BEHE S 4 EO5H 2 S BE L7,

B - POEBIEREO VIR, 30s % 1EARME & LTS, 128k, 4FEEIC,
B BEpE 1 205 9 $ TENFROMIEERRERDIRIBOFHEEL KD, i HVT, Fig. 20K
CARALTER L7
7. DEOK . 1 EROBDELETFT VI K B8R % Greenhouse & Geisser DF % HH
B (Winer et al. 1991) 2HWVWTHE L7, TMHEEIZIX Newman-Keuls % Fv, AEKHEIR
5%& L7,
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Fig. 1 O AREICEBE 2Bk /38~ OBRMEIZOWT, K M RZ 7 7 1 2R L. &8BURS
DG LM SO R L7 1 BIAFig. 3THb, TNEFRDLNETT 71 O LB S, TH
WHEETH D, ENHS. 0. al, a2, a3, ¢ D6 DO EESE RIE . v— Ft7) IZon
TR S L BEMEES R RLTnE, BREDEENS S, 0% o« DIREDO /4, 12 TERBEL,
LRIOEFTIIHET 20 OREREZRT. REPOMKEER 1. 2 0FEEHBT I o« 2 FIRIHE)
THhH, THIITHTER, FHEMBAICHR L7255, MEERME 4. 5 TERLZRBLER LT, FD%,
a HIBHEEDIRIGIZIE A CEIE L, T3 ol WSRO 5. o2& «3DFRIIA LENT, BN
WERRE 7 2 S RSB ALICIRIE DS RN L 72 ANIKEXFE 8 . 9 Tl « 3THIMDEB VSR OB L 4D |
MR E MBS TAS L ZDEHIZ12Hz DBVIERSBEOHEBL L —F L T 7z,

—H. o WHIEENICIE, BIKERRE 125 7 T CTIRE V72RO N A, KR 8 127k
5 EETASNEMNONRY HPBBR LI LSO, COHEBERBMOY ST EFIEEE D &
14Hz O#FsEHE OB & —F L Tz, 8k, E@MMIZEER SN T & 72 12Hz O#55EH & 14Hz DFf
SEIR DR E ML FOMEL PRI T 7 4 ETHRATAI ENTE T,

O FIBIEEN XN B D L L & b2, RIFASR A Pl & LTI UL ER D & SETEERN & TR A5 -
TWL ZEPBEENT, FHOFEHIE, G OHIBIZNIT TSI DMRPALNIH, TO
RENMETENE L3 L b AR IA R 4 7R S 3, B8 HE - HIER TR 2 BB 4R L7, %
7o, BERFTHD D6, 0 DIEENL o HATHET 2 LUET. BIEERE3 (o <50%) DB S
TTIIRIBOEADIIEE > Tz, THITH L, o WEUEENI T TR L 912, kR OE

Table. 1 Averages of the duration time of EEG stages in min. (ST), the rejected artifact

epochs(RE) and the sampled epochs (SE). (N=10). * Figures in the parenthesis
show the standard errors.

EEG Mean

stage ST RE SE
1 2.0(0.2) 1.6 (0.4) 2.4(0.2)
2 2.4(04) 0.7 (0.3) 4.1(0.7)
3 1.6 (0.3) 0.7 (0.4) 2.5(04)
4 0.9 .1 0.2 0.1 1.7 (0.2)
5) 1.4 (0.2) 0.2(0.1) 2.6 (0.5)
6 0.9 (0.2) 0.1 (0.0) 1.7 (0.3)
7 1.5(0.4) 0.80.7 2.1(0.3)
8 1.3(0.1) 0.3(0.2) 2.3(0.1)
9 2.9(0.3) 0.7 (0.3) 5.1(0.3)

Total 14.9 (0.7) 5.3(0.9) 24.5 (1.3)
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EEG ANTERIOR - POSTERIOR INDEX
= (A-P) / (A+P) x 100

ANTERIOR : (Fp1+Fp2+FZ+F7+F 8)/ 5
POSTERIOR : (Ts+T¢+Pz+0:+02)/ 5

A\ s> EEG CENTRAL - PERIPHERAL INDEX
= (C-P) / (C+P) x 100

CENTRAL : (Fz+C3+Cy+Pz) / 4

PERIPHERAL : (Fp,+Fp,+F7+Fs+
Ts+Ts+0:4+07) / 8

Fig. 2 The formulas of the EEG anterior-posterior index and the EEG central-peripheral index.

FizoN T, EEEICIEEE IS 2 0 ODE L CTHRIESEN (MIEERE 1 ~3) » 5 arsEilE
(RAIEEERE 5~ 9) ~NEBITERL, BRWMUOBEIIIZ-> &) LROOLNIZ, —H. o WHOWE
IR 8. 9 THIESEMICHN, BEBMNOBEIALON L o7,

Db, "R 74 0RELID, (1) o« HHOEHIIELIAEFRRETEREHTLH L, (2)
8. 0. cHWHDOEE BRI L FOEMMTHEENET LI Ebhrol, 2T, 2D L)
REYULELE RBWEM LT CERTA 202, A, PLLEBL V) 2ODRTICHK > T
F— 5 ERILL. ARPORBLHEMEETERT LI L xA M/, 7220, 22T o WHIHEE
O 3 DDOFFRBFIC OV T BB RIR M E V) RTLTEANICFE LEBZRLIZOT, INDH
1ol LOTHE L.

FTCICFig. 210R Lz & 912, AENE 2 20 E Fv 7z, Btk EREUIETEM O 5 A2 (Fp,
Fp:, Fz, F1, Fs) OEIEOTEHES S HBEBO 5 A (Ts, Ts, Pz, 01, O2) DIRIEDFY
BHBWEXTHEOMTE DY, 100 28T TEH L7z, F2A0EIEREERLER O 4 3107
(Fz, Cs, Cs, Pz) OF¥fEL ENIMD 8 &z (Fp, Fpe, Fr7, Fs, Ts, Ts, O1, O2) DFH
EDZEE, MBEOHMTE -7 DIZ100 ZH#TF THB L7,

2. BIHBEISE & BOkEREE OIS

Fig. 4136. 0. a. o D 4AHEHDOEHI OV T ORERERBERLIZODTH b, HENIZHKRE
BEFE. Wi OB EER L. FOBENIKE 22 13 CRIEMEN., BOBREFRE L2
B3 L HREAEN A R, SHBIESI—BELCEDEE L 0, BIEEEM E R Lz, BEER 3
(a <50%) TEBUZERD L7275, o HEDRRIZFHEAL L, IR 7 (HEMSEBEREY) <
—BHICETLEMIIZ—COKELZHER L, PEOFTOKE. MEEEHICEEE (F
(3/29)=3.17, & =.40, p<.05) WSRO SMNIH, FTHAREDORER. MIKBR 1 E BB, 5.
6 DRI, T IRk ERRE 2 L INIEEERE 7 OBICAEELED Szl T &3, RN L EIZED
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Fig. 3  Typical patterns of topographic maps for six frequency bands corresponding to 9 EEG stages. Upper
side of each map shows the nasal and lower side shows the occipital side. The numerals on the left
side of this panel show the 9 EEG stages and on the right side show the elapsed time from the start
of light off.

SN hol, 0 wmBIHENIMIEERE 5 £ CIIATSEM B 2R L7225, BHTEER SR AT ¢ 5 Bk
BRBET7. 8 TIIRBAMMBN Z IR L 72,

SEOTHTOREF ., MRS R A SNz (F (3/31)=8.25, ¢ =43, p<0l)o THBRED
REE. BUEEERE 1. 2. 3. 4. 5 ETMURERRE 7. 8. BNuBRY 1. 2 LIRS 6. OMICA
BENALN, SOXIITHBEAIRD N, 2RWICHRIIHEC, T, EBRE 9 29K
WERE T, S LR L AHMER L2720, INEEREBOBEBEALRTIERE LY. —H. «
TIIEB OFR BRI RIS 2 (o EAERH | « >50%) 25 HFEML . o« WATHKT D e
B 4 TRBUCHINL 720, SETEERSIR OBIRE T B TRIBLRE 7 2 & ATHEER AN LRI L 72 TR
DAER, MIEB RS EEIRO SN/ (F (4/36)=50.77, ¢ =50, p<.01)o THIRE DR,
Bk BERE 1. 2. 3 LMMIEERE 4. 5. 6. 7. 8. 9DMTHEEMNRD LN/, S OITHMEE
Bed, 5. 6 EHMEERET7. 8. 9O THAEENALN, ZORKRIIARMATH & PO FH
%Tﬁrbtoit PRI EC RS 7. 8 LIPS 9 DT Y AEAEI RO L, ERHERLED N

OB E RIS L XS HTRR ST, o WU INIEERE 3 005 8 ORI T, MikBRME6 ¥ - L
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Fig. 4 The EEG anterior-posterior (A/P) indexes for four frequency bands. Filled circles indicates delta
band ; filled squares, theta band ; open circles, alpha band ; filled triangles, sigma band. The x axis
shows the EEG stages and the Y axis shows the A/P indexes. Vertical bars show the SEs. Note that
the A/P indexes in the alpha band increased from stage 1 to stage 9 as a function of EEG stages.

TEHBUFROGAMZRLIe FRITOKER. ZOFHNS VIZABETH -7 (F (3/24)=3.16,
e =34, p<05), THIREDFER., MR 3 L MBEERE 6 OMIZHEBEN A ONIA, MR
8 LOMITIIENROONL o7z, 47 L R L T VBV AMBER 6 2.0 L35 AR
RO IR TWE I EFbh D,

3. Ful - ELDERS & BB

Fig. 510, 0. av c DAFBIIOVWTORLELERBERL TV 5, BEDRBERRE. #
AR OREAERR TH B, BHESKEVITEFLEMN, ASWIZEFAEMEZRL TS, 07
MOEB) T, BIRERBTIIELOHMBATBIIRS - 7oA, FULEEERK TR EERRE 3 25
SHUCHII U ATRER O A BRI L o5, BRIRERRE 7 2 THE & LT L. ARSI OB
B8 . 9 Tid. MMIRERE 6 DKHET TR L7ze TGO E. MEEREMICAEEZENRD
bz (F (3/27)=27.20, e =37, p<0l), FRBREDER., MR 1. 2 L MEERE3. 4.
SOMTHEEN AL, SOICHEERM1., 2. 3. 4 LhEEEG6. 7. 8. 9O THLAE
ENROONT, T, BIEEREEL, 2, 3, 4. 5, 6, 8. 9 LINEERT7TOBICOAEEEN
HAbNi,

COIEhE, BEERET 2 Y -7 L3RBT PO bR, 6 FIRIGEE) b K
WEERE 4 T TROICHIIN L 7245, BRIEERRE 6 20 5 28U L., PiikBeps 7 2 THA & L CRbikE
B8, 9 TIREBA L7z FESITOER. BEEREOEENRO bl (F (3/28)=19.13, =39,
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Fig.5 The EEG central-peripheral (C/P) indexes for four frequency bands. Filled circles indicates delta
band ; filled squares, theta band ; open circles,alpha band ; filled triangles,sigma band. The x axis
shows the EEG stages and the Y axis shows the C/P indexes. Vertical bars show the SEs. Note that

the C/P indexes in the sigma band were sensitive to the changes in later process of hypnagogic
EEG.

p<.0l)o THRAREDKEFR. BB 1. 2. 3. 4. 5 LHEEME6. 7. 8. 9 DM, MK
1.2, 3.4, 5, 6, 9 LRERRE7OMIFBEENIRDOLNT, T2, BEERE 1 & RNEK
a4, 5OMICHARENALNI, —FH. o FHIEENI. BEEREOEITIIHIE L TERIZHE
ML, COEIIHKEIICIAEEISED LN (F (3/26)=19.69, ¢ =36, p<.01)s FHRED
BER. « ROMBHE BEERRE 1. 2. 3) &M, HEEDHESEY MEkRRE4. 6) O
THEEZEVALN, SO ICHERSFEOBEBHLA (MEERE1. 2. 3. 4. 5. 6) L&l
e (BRIEERE 7. 8. 9) OBMTAHEENROOLN, T2, o FIHIEENIIMEEROETE LD
iR & 2EEN L . BHIESSE AR T D MR 7 25 S8 L 72, SEEST O R, Bk
BEBIC A B R ZENTD LN (F (3/30)=44.42, ¢ =42, p<.0l)o THREDOER. MIEER 1.
2. 3,4, 5, 6 LHEERET. 8. 9DMTEEEZNFROOLN, SHIT, MKERE 1 &K
BRE6 DORBIT, TRk 7 LINEERES., 9B THAHEEEN RO LN, AIRMIEHHRIIE
FRNEFO EERLT,

£ =
AR IS 2 O BRBEDORME /Ny » OB EZESHEIZOVTIRET L2 2 A, KRS .

9 Tld, BV 12Hz DEEREEDOHIR E XTI L T « STHHIEE ICHISABMNDO/NY U D3A L LTz,
—F. o HIHICIIEEREM O B L, T 14dHz OBERSEEROBR & L TW
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7zo TR, fER. EMWMICER ENT X 72 12Hz OEEIRSSER & 14Hz OEIREEE O
ES A OME (Gibbs & Gibbs 1950) %, FEZ 5 7 4 FTHRIEL-LDEWVE B,

F7o, BREERICAIC L MRS T 7 4 - FOEBEBIEA S LR, MIEBREOETIC
v, o TGN E SR ATTHIEER - HRIEERD SRIEEEANE FH B LA BHTLZ L, 6. 0%
SIEE AT ¢ BEEMAL L LT, $72 0 WIHIGEENIHTER 2 BEEM L L T2 OREIE & %=
PEAIWCETZ > T S edbhrol, [LE (1992) 3, EEDSERICEBITT 288128V,
RISEEE & RIS ORI IRENI RIS A T WA EL A Z L IZEH L. ARBOKENELY « 71
EHORBRERBEEAERBETHAVTRIEAL, BB LELEEREL L) ERATV S, D
. BBORRFIZHIIARMOBMELICORS T L (IR TWAED, FOELERLTL 4D
OB LCERKBOSHMTIIRAINTB LY, SOICHFEMLZEMFPEOLES IR I,
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