)&HE @ﬂ&iﬁ £

——SEMs & ISR BRER—

. ® E A

ARBRES) L, EIROABOEENWITICEHNT, MEEWATEERBET
b5, ERFFICEE IO ZEERESNICIT, WIRERM FE { 8 SHIRREE
(rapid eye movements; REMs) X IRFREDIE &0 158 & %78 3 RIRERES)
(slow eye movements: SEMs) & 7345 %, REMs i3 BER DMz ERE & EIEE
HADYIREHAE E UTEELINTE Y, $BREROFME b LA ROTEER
THBVUY, chitd L, SEMs BEERORFEOIRELHFES 28 E UTE
BILI N TR0, FERHOBE 1 » SBE2ICH T THIRT 5 T &
B LHSN TN S1,8,10,11,13,14,20 | F 4o, B BiC o BEIZ D S
FAIRZHIFIC & £ D HIRNH 0, (EOLEFRELER O BEBIRE & DEFEMED
ERI N T35 5,12,17719, 21,22 . ¢ o SEMs [CBd 2 HIRERET 5
&, AROBIE (B REOHFEZERE L LT SEMs 2R3 T EMFEYTIE
ok, EHRINDY, FBEIT, SRR, O RFER B3 & 4)
ICE BERE 1 Fiflc 2T SEMs O E: & TENIIRS (sleepiness) &
DB 2, ARHORBNEEOHTEIC SEMs 3G TH 3 L0 HE
28T 56,7,

LT A5T, BEROIRGER D, ARACT S 280, ME/IC~1 728
NBZNTNIIET 5 AHR-MREAL (corneoretinal potentials) DJFE L
U7z EOG (Electro-oculography)15 i X 0 BHiEgRIn B, /2, KFEHA
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DIRFREED E O GEIFRIC DL T, HRD 2 0T AR 2 EEBRIBAL &
UCEEDRESMUG L » Zh 2 h B H S 5 J5H0s APSS (Association
for the Psychophysiological Study of Sleep) IT & » TIEHE(L X T2 516,
COBHFER, EH2F v Y AOEOGHEBOREEICEH LT, £50
BRERDS[E—75 [ [Bl§R 3 5 LR M ARERES) (conjugate eye movements) £ R Hi
TELELBTBEHNTH 5, BEIL, FIHY ICT  DNEEIC X 5508 % &
%, REMs & SEMs ssZ2h 02 F » ¥ 7L DEOGHBOEHES, H 5>
BRPNISHNIEDRMOEERE LTH o b 2 IEBEEHTHS &, fi),
EEBRICHNET 27 ~F 7727 Mz 2 F + 2V DEOG #iigs L CRER
BHSHIC RUACIROIS 2 & &b & HERIASICEA S 3 T & ZTEh i,

Uh LIshs 5, ¢ OAHEEIC & 5 8 HEERIC B0 TE O G g »RMHED IR
BLAERUIBE, TObx2TRCT—F 7 77 b & BT LT ENS
5o MR G, KFEHGADBREENC I ILEHEZOMIC, TIRBRA SN T A
WCEIEE T 3 NS IR BREE] (convergent eye movements) 734 O, C OIRERE
BIABE—REENOERICLYD 2 F + ¥ 2D E O GHiEsFEAHED RN %
RN LGS N B 06 TH 5o APSS |17 D ERIREE O BEEREIRD F5[ &1
&5 &, BEERA, [NEHERBGES) O BB ERBGER)ICHE LTDab &
FEINTWLSE1® , Ud L, EIRGOIRBGESENCEE 3 5 /ESROWF5T I LS
BB &9 5 b ONERMMIICSE , BRPONEHESHOHEREIC DT
BFTaHenTHIENEEZEZ NS,
Kﬁ%i,ﬁ@%i@@%@%C%Hém$ﬁﬂ®wﬁﬁﬁ%uﬁ&C&O
EOGED# U, (NEIHEIREREE) D BFEAY 7L HBIRRREZ IR D 3 RICh 7z » TR
7o _ , . :

1) EHRE2F +vxrDEOGHEEDRNMEDIRAD D & [ IRBRET)

CkBEDET—FT7 > 7 b EDHI

2)  UNBRMERREREE) O B & BXi BRI & oD BRE

3) INEHERRERESE) & SEMs O HIRE O LB
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M, AR OIRIRCEEES 2HE SROBER ARV ACTESTH S
¥, CSREEOEANKEEE L%, £ T, —OEEFFIC DD TIRERES O
D CE& % RIRFIC A7, ‘ '

1. wWBE

D8 & b BRI AR AT HENRE (FH20—23%) T, WThOWRE bE
RO Y 75 7R OREBRE TH - 70 | |

2. mEHE | |
RERR@I3INEE (Cz) , KE - BESAIOIRERES), ISHARIRET &0 K
) 7’5 7k OFER Lice TN o OETREEE ETRNRESE ORI HEON
MWD ICBO TR D EAFETH ZDOTERT 3, KEHHOIRIRE
B2 AP S SOFELY \CHE U TAEAD IRESMUGEE & o BIREH Licss, £
DEE, WREID = A F ZABAMICK UTERERO R Vs B IR T % L 2icE
Hl7, EOGEEOHERIZ 2R 108) & 38 (134) #Hi, BIRE
ZDOD CEERIZ, SZDOWEEIC DT, AHNAIEK0.9%) C—HE L7z
8- HAVERERE =222/ 5 7T v P (AKBHAN—601E) 2HTE
i UZco E O GERSRERNL & BB O REE(LAEIc RBHOER - B
MOENE = # HEMLEEIR+ v a7 — (BARER 2B |
3. T |

MERRECARIC ST » T, IRERES O Al & E O G iR DRAL & DX IG 4 RDE
HETHEA T, LRMIERESOEN L, 3, MHBEBOWEBREIC LT 1.3m
DRIBICH 5N 10PMBER S ¥, BOTHERETE 3EVEPHICES
BZRERESANEE IS BICHUTONBICERI®ZH5ETER Lz, X
FEIREGEENC DT, BB ICRIRBIC_EJT DAL BER S ¥ o ts, THRRER
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A TEBBOBPLLICRBICEL Y, BULONBICERI ¢/, MIRERE
BOEBRIFEIZ N T OHERATL0E L, |
EEARECER D Fhe X IR L RARRIC, Big v — v For— 2 RICTER L7c#
BAZ 12IRAT1.65mIC T0.5Hz DIEE TEMEE ¢ DRTRNAL 4 4 — FEHRER
B0 Ui, TOMICEEINEROREEMEEZLNENMTTICS 5
RA vy FEMTCLETREREITERL 2 X 28R hic

4. BERO%E |
RIRIREREE) (SEMs) DWW Tid, BIRY EEKEDITET, TOHEAE L
WD 5 A — 5 ZEHE Lo 2 F + ¥ 2 A OKEHAD E O Gl ORI
DRI DWNTHE, RUGEOER (ETF) 2KBILENT, EOGHE»S
DI LY (F7zi3, TTF0) K 5EE & TORBMS0v L ET, € OIELE
RS 1R U LD DETNTHIH Ulce 5 N/ERDIMEZERIC XS D
THBd, 7T—F 777 FTH20OHEICIT, RRNICHEE I i NgEE
E)DOEOGHDRA 2BEIC L,

R LEEE

1. REKEBFHOFHF & E O GRBRORAL

ERNICHEI 0 IRREB O S FH & E O GHEBORAIGR & OXiih4 Fig.
1 & Fig. 2 KR

HIGMHEZKES L E O GHMBRORAL : MEERZED 3 I EICECLICRE)
IEBE, CHIERBLT2T + 2D EOGHIGIIMMMEICRT 3, %
FHWCRERABEI I E3E2F + 3 VOEOGHBREL AL Fig.
la), HHEICKEISE 2 & 2RO EOGHIRIIEER S 3 (Fig. 1b). D CEis®
(L2&XDi#) BIXUACHE (T2ADHE oLFNRICEHTSHEM
EENC X BHNIEORMSBD 55,
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Fig. 1la. Experimentally induced conjugate eye movement. The rotation of
the eyes in the left direction produced corresponding deflections on a pair of
horizontal EOGs with the opposite polarity. The beginning of the eye rotation
is designated by a solid triangle. The upper two traces (A, B) are EOG records
with DC coupling, and the lower two traces (C, D) with AC coupling (time
constant 2.0 sec). (A)and (C) are monopolar EOGs from the left outer canthus,
and (B) and (D) from the right outer canthus.
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Fig. 1b. Experimentally induced conjugate eye movement. Notice the deflec-
tions on a pair of horizontal EOGs with the opposite polarity, produced by the

rotation of the eyes in the right direction, are the reverse of the ones in Fig.
la. (A)-(D) are the same leads as in Fig. la.
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Fig. 2a. Experimentlly induced convergent eye movement. A pair of horizo-
ntal EOGs show the deflections with the same polarity when both eyes converge
on the bridge of the nose. (A)-(D) are the same leads as in Fig. la.
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Fig. 2b., Experimentally induced convergent eye movement and its concomi-
tants. No remarkable change in an EEG record but a downward deflection on
a vertical EOG are often seen when a convergent movement occurs.

INEEEREREE & E O G B : ML B BICNE I3 E, 2F +
v VD E OGS ek LT EsmicERrd 2 (Fig 2a) » ¢ ORI
HORME, AE—EEENOEEL D HEIN 2 BERAD <A + B DK
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BARMULTWHWSEELI 0%, DCEEERBIXUACEEOLITNICSH, INH
HEEBICA 5 E O G HRO RO RINED bhs. COBE, Rkt
WCZHIL - 72240378008, EEIBEREE)O EO GHIO T AR Z=/HES C &
HE (Figo 2b) , €T, EOGHIRES L UKD C D & 5 5 RG/ 4
—vERZE LT, BRBICAEFENCHT 35 NEHRRER O Bl 25845
776

2. BRAZINSERTRESHDOEH

BEDOWHED 2 F + v x VOKESED EOG HIRIC DL T~k T
%, #ETL,079ED RN DIRALSE S hic, €DH, 553{E(51.3%) 2 L5
MNTHo, F0526/H (48.7%) I T LRI TH -7z BEDIRIIT, AE—H
LN OJRBED ST E 2L, MohoEE BIZiE, KEERKRIIKE
AbNB) KEBT—F 777 bTHBSEEZ BN, CCTid, HIEOR
PR D BTG RALC DWW THES Ui,

F—F7270b:2F % 2D EQG #i#g ORENMFED EHRAS3EH,
R HAR DZE B AshERE ™2 & D343 (77.9%) TH - 720 € DRI (42118
i3, KEFEDE O GHE#RE &R BENMHEICEML LTEBY, /-7, HE
BRICHK S 2T —F 777 FTH -7, FHOIVED E O GEIERDORAIT 2K
B HEAR DN AR D RAL SR UTco COBRBDOBR ST RBAED LT ATSE
BOPs, =BT —F 7727 FEHRLTHRI ORI,

INBERREREBIDE O GIRAL/ S 2 — > & 2 F + > 2 L DKFEE O GEiAiFE
NAED B RA 27 U7 BRISS3MEH , & NIC I FhAR OB HsEERE LIZ W b D
(F122H (22.1%)1CF XI5 - 7288, 063 EBEE O G OEE D 5 3
DORN - Z — ICHE I/ (Fig. 3), i),4— YA hid, EEEOG
MR O F A RATOHERE S 3 & DT, HEBRYIC FH S hi EOG R/ 4 —
(Fig. 2b) SIZIZRAKEDO D TH B, ii),v2— B : Zhid, EBEEOGHR
i & BT » B LA RD I DRAL $F —~ v T B, i), 8% — ¥ C : Chid, K
EBIUEED 3ADE OGHMENENMED LA RMLAERT CF—~VTh b,
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Fig. 3. Three patterns of spontaneous convergent eye movement. Pattern A:a
convergent movement accompanied with a downward deflection on a vertical
EOG, pattern B: a convergent movement without any deflections on a vertical
EOG, and pattern C: a convergent movement acco‘mpani'ed with an upward
deflection on a vertical EOG. '

Table 1 Classification of EOG deflections with the same polarity

EOGS deflection patterns : EOGs deflection patterns |
Ss A B C Ss A . B C.
TN 13 11 9 YKu 1 0 1
MYo 7 15 1 TK 3 0 0
NY 2 4 5 YKo 3 0 0
YO 4 2 1 NN 3 0 0
YKa 3 2 1 SM 2 0 0
NT 1 1 2 CT 1 0 0
I F 2 3 0 "YH 1 0 0
MY 1 2 0 YT 1 0 0
SA 3 0 1 AS 1 0 0
YM 1 0 3 KT 0 0 3
MK 1 0 1 MM 0 0 | 0
EH 0 0 0
Totals 54 40 28

Table 1 {3, ¢ 5 3 DDIRAL/YE —  OHBEH A HERZINCR LI DT
Hb, ChiCEtiL, 3/ — 0 mgNTURNTEDNOK, YZF—ALBbH 3B

(100)



WG E— Y ALECDODOLTNDERTEN 6%, 1 DDRA YF—DAHEIR
TERILTH D, B0 2 ZICIHAFEE O GHiEO RO RINIEY & his
W otze i, 1DDRMLCE— 2 DBERSHREDKIENG €2 — VAT
Holeo TDLIIT, 78—V ARTEA EOBREICH N TTOHERNED
SNBH (208, 91%), D2 D052 — v O HEITHREE T—R TR,
EOGHIRICH b3 3 DD % — v OEBNAICE 5OPIEBEED & C
ARPTHBDT, AFEZ NS EZXF LIENT, LI INEEREGEES)
WEBHDEHLIL LT,

3. HEAECD R ERRE & INSIMEARERE B D TR B

Table 2 (2, SWEAZIC OO TINHEIRERES O 15324 b O FAGHTIEE
RO BB K D7 & DTH B0 INGIEEARIGER) O HIEI S AR
THI, 10380 ICHELT 1~ 2 BRETH -7, =OHRREBRIERE
KL > T EILY, HiEEEROWGICBINT ZORRES #/RTHE (8
42, BEERICIREE(64), FOHCERAICE - THon3E(78), &30
B&<{ COEREFERIBOE(28) EERTH 5, IHIEIETRES) O B
iz, = 0FESE RN R CHETT 3 &, BESEDICE > TE 5
Bk s L5cBbnnsg, ULk UEBHEONEROER (B4~ - 7R M)
2, WTENOBBEIC & FEEFRD L - 720 U ED L 51T, INEIEIRTRE
B BFRMNTHRRADTH O, T, €O HBICRHRN B % R H
TEHBRETH -7

4. BEROBMER s SEMs OHIBE

Fig. 4 3, BEEBE 1 ICBOTHEHEIN/K SEMs ORREHTH S, CD &L
51, SEMs {3, 27 + v 2 DEOG HifED FPo LB AHDRMOED
ELTESE S h, HBRHERESDOE OGRA (Fig. la, b)2/Rd, ACIE
® SEMs 3¢ (F2ADOEOGH 3, DCEEOPWE (L24ADEOG
i) SHEILT, TOBEAMIBERE LIS ICEDbN B,

SEMs @ 143% b O FAgHBIECE Table 3 lCR, cin Table 2 & L
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Table 2 Mean frequency of convergent
eye movements per minute and EEG
stages of sleep

Table 3 Mean frequency of SEMs per

minute and EEG stages of sleep

EEG stages EEG stages
Ss W 1 2 3+4. Ss W 1 2 3+4
NT .03 .17 .00 * NT .90  8.87  1.66 *
CT .00 .00 .00 .17 CT 6.50 12.74 1.08 .00
IF .08 .00 * * IF 3.82 12.78 * *
YM .16 .00 .00 * YM  5.44 10.72 1.28 %
YH .03 .00 .00 .00  YH 3.58 10.63 .90 .00
NY .05 .19 .48 * NY 5.144  7.90 54
MYo .05 .00 .00 * MYo 2.72 18.00 5.00  *
YT .06 .00 .00 .00 YT 9.48 4.51 1.14 .00
SM .00 .00 .05 .08 SM  2.24 2.16 .22 .00
AS .00 .00 .08 .00 AS  4.84 15.92 1.84 .00
MK .04 .00 * * MK~ 2.44 30.00 = *.
MM .00 .00 .00 * MM  8.04 17.69  3.76 =
EH .00 .00 .00 .00 EH 4.12 9.3 .38 .00
TK .00 .00 .86 * TK 4.18 6.14 28 =
YKo .00 .00 .21 * YKo 5.20 8.3 .34 =
YKa .36 .04 .04 .00 YKa 7.20 8.22 1.00 .00
KT .04 .00 11 .00 KT 17.52 17.30  1.52 .00
TN .07 .33 48 1.33 TN  3.46 11.50 .00 .00
YO 11 .06 .17 * YO  3.50 3.67 58 =
MY .31 .33 .19 .34 MY  8.06 9.29 .88 .00
NN .05 .00 .00 .18 NN  6.22 12.11 .74 .00
SA .00 17 .00 * SA 4.30 4.36 .50 %
YKu .00 .07 .00  * YKe 7.78 9.09 3.16  *
Mean .06 .06 .13 .19 Mean 5.51 10.93  1.28 .00
SD .09 .10 .22 .38 SD 3.31 5.92 1.23 .00
*no data *no data
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Fig. 4. Spontaneous SEMs at stage 1. SEMs are defined by the slow deflec—
tions on a pair of horizontal EOGs with opposite polarity. The upper two
EOGs are recorded with DC coupling, and the lower ones with AC coupling
(time constant 2.0 sec). The continuous runs of SEMs are observed typically
at EEG stage 1 with low amplitude mixed wave frequencies.

1100 v

5L, BE3+4UADOLTHOBREICK TS, SEMs O RIS
BEOZN LD BT Ebh B, SEMs OESHELIZ, &< ZOHE%E
ROEOREER BE3+4) 2k, RE1>EBEWSEE 2 ODIETHE
IR Ute (2=382.67, df=2, p<.001), |

i BeFE Alic SEMs O B (REBREOKBXBERICKd 5 SEMs HBIXH
BOESEK, 1XKEIZW) 2H/ECH, BE1 TE2B3EHRI9BIC DT
SEILI FOXET SEMs O HEMID & 72 CEEHIHRER6.6%), ByfE2
Ti321ZH152 05 3 F LT OENGHBIREK AR Ule CESHHMERE29.1%) . REW
@ SEMs HIHEGFH5.0%TH 0, BEEL B2 DIZIZHEDETD -
7o SEMs HBIHE O BRSO ERMEHICER TH - 70 (3 = 32.88, df=2,
p<.001),

SEMs OHBEEICEIS 3 L LR, BiE” Ci3iF—HTINETHO,
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RIAEORALE LT, % 7 INSUEARERES)E 2 F + > % v D E O G g A A
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EYE MOVEMENTS DURING DROWSINESS

——>Slow eye movements (SEMs) and convergent eye movements—
Yoshiharu Hiroshige
Experimental Psychology Unit, Shinwa Women’s College

Slow eye movements (SEMs) and convergent eye movements, spontaneou—
sly occurring’ during waking, drowsy and sleep states, were studied in 23 female
subjects. Horizontal EOGs were recorded monopolarly from the right and left
outer canthi. Simultaneous records were obtained of EEG, vertical EOG, finger
pulse volume and motor responses of sleepiness,

Two types of eye movements, conjugate and convergent, were evaluated by
comparing the phase difference between two monopolar horizontal EOGs. This
phase method revealed that experimentally-induced eye movements produced
the corresponding deflections on a pair of horizontal EOGs (Figs. 1 and 2).
Spontaneous convergent movements, manifested by deflections on a pair of
EOGs with the same polarity, were observed few and had no relation to EEG
stages of sleep (Table 2). Most of the observed deflections with the same po-
larity were considered as artifacts. SEMs, as one of conjugate movements and
defined by slow deflections on a pair of EOGs with the opposite polarity, were
very frequent and showed the certain relation to EEG stages of sleep; they
occurred most frequently at stage 1, more frequently at stage W, but less at
stage 2. No SEMs were found at stages 3 and 4. The results suggest that SEMs
will give a useful criterion of the decline in aroual level (Table 3).

AC and DC recordings of horizontal EOGs were tentatively attempted to
examine the distortions of EOG wave forms. Distortions of the wave forms
recorded with AC coupling (time constants 2.0 and 3.0 sec) seemed small in
comparison with the DC records (Figs. 1, 2 and 4). Further detailed study is
needed for determining the value of a time constant adequate to hold the dis—

tortions to a minimuin.
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