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On the basic processes of bioinformative activities. Kensuke Sato
(Department of Physiology, Nagasaki University, School of Medicine, Nagasaki)
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b MRk LieEA TR, TZo
RIBZSEELR T L LB L, BEEFHD
LLEZB LT, EYOEFERBOR,LTH
Db e, b LB OEERSS T 0—HRD
R, BE, MM Eogkx, ZHL
T NIBRBEORIBIE T T L, AR, 2%
D NEIEREOREB LA (RE, AA) &LT
ZURN, BeoREFER, B 2RI Lk
BHBRED & VL VEEHICH L kv Tv 5.
Ld, Fice MEIKREEEESRIVEISIIT
xL, BxOXHAOFEFEESS VHIL, £FiC
BT 50 CHANBREEUET 5 —F, BAA
HOBARTOLRPN T B X 5 KNNREE
THELT, BxORBEOBEMEL TR L 25
LHER BIcEE S SFTV 5.

52Dk 5t bRBOEFIRE DA
BRI, EEPIPIRRNREN B O—DF
i E R ORI GRERE) KX LEEE
BT L) AFEROTN O EARIBEOF 5
LEMESOEHEBEIEVICTHI L LM
DBEZLHTES.

I. EHomERROFIN

FEERCIREORE ZSBIc L b1 2FA D
BESEBPEEBINEHMHML TS, Th
VG D S F TS CTc R DR AR
PGB RRZT. ZOBMEIZERPLTTY
B3RO MR O~ ORI L e Y, %
DIFEL LTZOBMDAZ VTS U EER
ROROERREA VAV ARFIEBIL, 0
PIEZEEL, T OfRE, 2% D PRMRER
D=2 YRV EDYF TS AELMICERET 5.

TIRELIBEEDA v ANREZOEOEE
ProZE (%Y F 7 AEM) BRELLTEZ
KEBREE B, —oOD= 2 T v VICEEE
FrrhU Eov T 7 2AEE»» b h&FHE
PHDA VARVARFIBRA 2 ICHEY ZENATY
L., ZTheEDYFFRITEA v ANVADEFET
JEEAL 2 W b TR O % Y T 7 A BANEPSP)
FEITLOL, BEEMEHESE5MEECR
> 7 ABAN (IPSP) gz b0 & KT
LB 2D . HAICEFEPLDA v
NVACL VBRI ENDEEOHRY TS AEA
REVEHEL, EEOLOREVGICHELSA
58, *TITik, EEO%ky TS ABLSL A
CREFIESN, oY v v O BEEMND “©B5
E” BEZ T35, ZLTHEEBNRD 5 —E
DIE (FEKVA)V) CET BEIC T ORI
HD 5T T B HE 1RO HHERRHED b HREA ~
IV AREIHERS.

ZH LT, HERROBRNERICIZAS
EAL, BBy T ABMNE DT S e S
TR DL, MEA VAV ARIIOT
4 VENETEEED 2BERD 5. BiIEEH
WD ¥4 V5 B integrative action (She-
rrington 194739) % ¥ 57 F v JAMKERL
HEEITH Y, BERIOT T SAEKERE
KD & HIRE~, BB VIXEDOHEDFE~,
Z L TP RNE D & 236 b RIDO AL & s
RETBTAVINEREETHS.

I. BB FHEOER
—RRICAELR, 7ok 2 EERRONHESTEE
BREOEFRORELEETIREEREISE

DEED O OEZHE effective stimulus 3,
b 5P TciE (BIE threshold) & 2 vidth
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Dbz, »ARE-ES (F/NIEL minimal
gradient) & % WiZZhIAEOWES TEL, L
b H B E o o & R (F AR utilization
time) FRXZThI VELFRTL2L0, 2%
p fERE, WE) & R o3EFOTN
CEHBRTZILOTHAI LRI MbhT
3. ez iuE, ZhbOBRELKEOFTE
e LToEo—mPAREN TS

g & EF) OE TR, HEM excitability
L) BRRIESREOHE L LTERSAT
w5, = h CRE: X, BEREEL T3
&,

Td 5, BIEDSORE L ORE ORI T
BEBI AT, LB L, FEOBEDX
DRPIC X B & B AROISED, BEREIC &
éﬁiﬁwﬁﬁ?m ez rigEnRETHbN
rE5e, 5xo (21) Rk THENE E 28
AREEEINE CEMEO SRR (T]
MR law of excitability, Sato 1968%D)
LV OEDODHDL LVERPEHA DD oTC
Powodmeohsd (K1) Larbsbig,
HEEORS X ORETiE, 2E0BE&:
Xe(ae A)y= 7 e (2.2)
PRBICELZLRTES. Zhix R+ AT
SRENBZWERE LR, BEs XORETy
EOoBRORERRE = ¥y (FEEOER] law
of activity, Sato 196820) Z & #&EIF T\ 5. %
LT
X;Xuﬁawz=1}
X<X, sbid 2=0
Th B L 57 A all-ornone FFB)E

Xy = £ |1
AI
%l|ll
X A} A | r

1. ASEFETZ2EERORKRA (E) L&
Bk D7 (T). (Sato 196827).

(Sato 1969) %, A 13 THHAI = g, (Sato B
19613D) E 713 [£¥aiE, transforming action
(Sato b 195730)) LIFTh TV 5EETH 5 (F
1)

RE 2 b O EFE~ORIBIZE, F, Bk
B, ZOMEEOLORDY, ThbHOKEX
AT BHEHEE > TL 5. ZOFATILHNE
LEEHC—oDRTFA—F—pEEZ, TO
g 35 (21) g,

Xup)» E(p)=1
Linn. T2L, ROEEEHE T3
DEER, F~OMERE T p 3RBEEOHE
EEEELTECH X ThiE, X0 E(p)
BERZNRBEROZEO Ry b VIEE (B
BE) dhi (Suzukl 5 1960%), FEE ROLIOIE
%38 response area (Galambos 2 Davis 194310) ;
Tasaki 195441 ; Katsuki 196019)48) <oE /12
WCHERBE K audiogram (Stevens & Davis
1938%) &% Bk3 5 Z LT i 5 (Sato 19682D),
B, TIZT, FomEOMBELAonT
VB, FOBRESICOVCTIEHBTRRS.

. AERTFICETZREEEFHE

Hg X oBiE, Zhor#s dX/dt ©
Fb¥EBDOT, B/NARE @X/d)un & L, T
DY E E. L¥5L, 21) LRCHEG:

(@X)d)min © Eg=1 ceoeveeemneernnnens (3.1)
Rz bhd07T, E, 3AREFETHEE
Hrgbt. i, EEOAR dX/dt ORIFIC
L BEKOIRERY, FINARORIBIC X 5%
BED 1, FETholckthl, 22) L2&<H
CBR O AER T+ 3 EEME oA

(dX/dt) . (lg . Ag)=1rg .................. (3,2)
YEBEELNS. 2T, A RARERTI
B+ 2 BAEEEIE 2R L, 2, 3FEEA all-or-
none JEEMEEZ ED L,

dX/)ds2(dX/)Al)min 12 H1E 2e=1

dX/di<(dX/db)nia 2 51F 2= 0
Th 5.

B, ZRMC D 3B EE OIS L OBEIE
FOMOTEL DANF U EEORBICKHT S =

}(33)
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U v v ORBHFREOWRDEMT I > TE
7. Tho ORAOFBIEERI RS OfLR
Y, ZEHHMS R X U EENMS D 5 v
BRBICRRB L5 b DEFETERbER
BECHB. LihoT (21), (2.2), (24), 3.1)
2 (32) RERZhLOEAOEABRIC LA
> T35,

V. REETFICEAYT S REBE S FRiE

BoRs XoflBof iR Z L. LT 5%
L, TBAX-Hifphi#s, strength-duration curve
o Weiss 0EEBRRIX

X=a+b/t,. (a, b: EH)----eeee (4.1)

ZIZT, alEER (F) rheobase THBD

THRIETFORMEE Vx5, Elre Xy —
2O0LL, 20O¥EE E T5L,

e=X,=1/E, b=0/E,=1/EE, ---(42)
Lid07T, 41) ReEERLB L

(X=X ty s (EE)=1 oerreneees (4.3)
LB, 2T, (X=Xt E—2>DFZH
BEOEME FE) Lvxd0T 21)REeE
2%5&, (43) 3 HRE - FHEETF B33
BEHEOERZRD L, £ xEHERFET
PREMERDT LD, EBX o
EOREBRBY X () :

0<t<t, Bbid X(t):X}

0>t ol X(@H=0
LHBRDBZELINTEBHDT,

(X—ngf{ﬁxm—xnm ...... (4.5)

LEXBILERTES. ThT @3) X, Lk
2o T Weiss D RER I HIE o R IR o &I
LTOBEEHOEHNZEIKL TS Z L Bby
5. T3k, BEREROBART TR, £
ORIWEE X () orHEg, 2%V HEs .
BRRIET) B L C o4 ERRE! all-or-none
EEhME L AR EIME E 2 h B A & Ag 2T
5L, ZOBEO—BEREEMEOERIE LT
i, o¥0 kiR

S:X(t) db o (Agr Agt)=7Fsp coreereresnsnns (4.6)

EEZXDBILENTELD.
V. IRk & RO KA

¢ Weber, E. H. (1846) 38 x I OBl T
PREDCHIRE 4 L+5L, PEEOHMA
DERE OFPH TIRAXITEBR 41/1 3—7E :

AI/I=k, (B EEE) ceoeeerermnmnnenns (5.1)
THHILEBESOREZTOMTRLE. TD
Weber 0#:R1%, B EOUEE Es 2 LTE
&z Bl,

(AI/I)-E,;=1 ........................... (5,2)
Rz bhsd o T, Weber oAkt kIR
CET s EEROEAEZRL, Ei XT0RE
HERLTZENbPS.

Fechner (1862) ix 5 x DRE OHEXITEFIFR
AT/ I DRI L BRFEOENEE AS L L, W
FRECICEREF+ S L LT Weber 0iER|%Z
EaEpzT

AIJT=K'A4S (B : B oevvmveerens (5.3)
&L, Al b A4S LEFBESREMSICRES
2 I, BEL LT EROmI2ESL

10g (I/Io)= 'S evverevnreesnneenneinnnens (5.4)
FEE, HEOBRS & SEERc i,
BRETEEREMCET) L L. 22 THhAl
ESE OWEE A LT B e (5.3) Rk

(AIJD) e Ay=dS «oooevvnrieininniiinnns (5.3"
L3N, BREOEE 45 2RERLEER D
TERTEBHOT, (5.3) KiTMEsRkBIRE B
THEBEOEINE RTINS, 272/(5.4)
ik

log (I/Ig) ¢ Ag=>Seereeeeansareaeennnnn (5.4")
LRBDT, ZORITENEEIRTOEMED
ERZFb LT3 (Sato 196820).

Mathews (193120 (X% = Vv DEEEHEEN B O
KOS VANV AOEE (RER) i~
DEAFERONE RIEE) <hflT s eir
Liz. %7z Katz (1950)10)p% #4l4ED generator
potential DIRIF (LER) FFHOMEOR S (l
HWE) SHoOMBRE, 2 VHoREeLE
+5L dL/dt (WBE) LT, EFkHEE
T (1966)2D 1% ~ = DLFZRHFEMOIRE



662 RS HAEEE O EAE R IT DWW T

2B, ThEE I TRERRORE (IHE)
B U CIadih i Bk e 2 /e, Shlich BE
FERNORS O FHPLRIE OB E oxfg L v b
DR EMEOFERER (REIRE O 2 X7
MVERE) L BRMEOLEEESRE (A7 b
NEE) OFEFT A bahTw5 (Sato
¢ Kitajima 19652), Z i 5 ikfmi b ¥extdsE
BT OIEBME O BRI M HALE © AR
Lo TwB I LEYFESTVS.

i3 Katz (1950)8) [ZE55H5EDROMEA v~
NADBEEDYR, ThEBITHOWECL 5%
FHEED R PTROB 4748 (generator potential) 12§k
HECERF + %5 Z LERL, ZEHEWUT
(1966220 3 N DILRGRENLFET B A L3
WV A DPEE PR BREMICHER I ERR 2 B
RichbsZ Lz RHLE. Zhbiz, 22)KT
A=1 ORE ORENEBNE D BRI R ERL
HoEREBRICE - Tw5.

VI. Stevens @ ~Ba¥y, &iEEMEDKRRI

i, Stevens (1957, 196187 REE ¢ &
FBOMS o 3FEZ 0 £T5 L, 2EDIR
B

¢=klp—qo),  (n, k:EE)--eee (6.1)
THRbENB L), ZTZTEREPENOR
RELTBL, ¢/k TRER (BER) 2Rb
¥5. ZLTCEROWTOMNEE L > TEEDP
25¢&,

10g (90— o) » B=10g b/ Brvereerererennenne (6.2)
Nzbhd, ZIT e>p LLTIVD T,
22) KT

=1, X=loglp—eq,), r=log¢/k (6.3)
LEZNE, B0 AFERERER T OREES)
Hx®RDTZ L5 (Sato 19682D),

Werner » Mountcastle (196513 2 Xk 3 &,
koo b v CRUEFIEEE I X 5 B E~D sk
DEBIC & % R JE OEAL & EP RO ROMEA
VNV ADEERY Y OFEEE L1 Stevens @ TR
BRI SHEEL, KEEoERAEL, Z
DOHEE»D £V T S ABEERTER T 28K
W OKEEE LR OBy BRI S &

v 5 (Mountcastle & 1963120, F7 R a2 Dk
JEBRDO B~ D—E D F DRI & T 4 DR
26 DA BEROERME O EIEE b T By
12 L7e 23y (Janig & 19681%), il » B Mz
BB D OROMEA v AVAFELFEHETH B
(Nilsson 1969). & k0K~ BE—EHIEIC &
5 MESFFHF BN (Keidel 19651D), FEHIBIE
HRIC & 5 ESES %S EAL (Kitajima 196718)),
X o O BRI X % BBEEAL & KHEIE
(HRHH) O PHRER (X7 M) (Tagawa
196010)) % H[REEET, (M bR To
EEHEOHBRIIC Lo Tvd. ekt v
VX DG OENEE & EROMZHRERNP D D
ROEA ¥ R v ZPFE ORI E BSEMRBER L
75 % (Brown & Iggo 19679 o T, GAREFIC
B L T MBI T OB EME ORI A 5
TV 5. % h CHEAEER T OEEEOER
b, FRERAEES O ERERO—D Lo
TV 5.

VI. #agib SR & EEE

BEOREBL FOBLILEEET, Thd
DAEG~OEE ORI L 55, ZhbofExD
I AR URBL L, (i facilitation W4 occlusion
BB, BEIEY, KEOPEZ WL 2P0
FM oKz EL 5HE, TOFETREHK
v, FRT, EB0—o O flgoms X &
MIE X, © x4, o%) ZOFEOBRS &
EDx

L¥Be, FARBEEOMMTLERITOBME
CHEBILShCH@Bicly 2 L RN TE 5. (2.2)
KT B L S ICRE 7 RO PO HBLL TS
BOT, BREEEArofDa:

A=AJE «ovveeeniniiiiii (7.2)
LLUTHEET 5 L, 22)ReRLLiES
HOERIE LT

X @ AQ==F svevvenerenneanrssasanionciosessases (7.3)

RNz ohsd. AEEFBLTEB LM
FEEMEOEART (B.1) & (3.2) X b
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(dx/dt) e Aga.=7,
Qg =Ag/Eg}

Brbhb., £ RS -REETF) LT

1%, BEARBERELLT
Sgk(ndt-unaﬂy=n,
st =Ast/EEt}

PEZDZILNTED. FLTEMEERTO
ﬁ%méhkﬁﬁﬁ®&%®%$%t%@ab
Tik

log x + (la aa)=74 } .................. (7.6)
ag =As/E,
Brbihsd., El, FxEERCEALTLSE
lOg X e (Zs as)—_—_log P oereeriineiiniineeaas (7_7)

EEARMBLOLBELDILBTES. W
;—6’ Xd k Zs bi;}s/ﬁ?’éﬁgb‘ﬁ&y aq k as L
X ENZh OB S hIoRBEEIE 2R T

VI. EEEEEDER

IO DRIBBB T 2 HEEEZ DD,
HB LS NS Te DRl E 4 & 4 b
T35, ZhoDFICLBERDIEEER M b T
L35L, (131D

Xy Ay au"-"u}

Xy ¢ Ao Upp =73
NERND, 22Ty & A & IXIEREERE
-f-

%=1 mbiE u=1,
0<x:<1 B 2;=0,
(i=1, 2)82)
THY, anl an bR FRTNOEE OB
FHETHD. THLZODRIEK 1, & 1. & HF
RFIC E 7 T B IC B2 B W T T 5
BRICE, 525 OHE»OHREOED TH]
Ry Ry ox:

X=Xy, Xp) +reerreerrrrernernuorarnieracnnne (8.3)
¥E2D. ZOORESIT S o I i,
0<%, ThY, Ladb 02, TRITNEES
WEDT, M2IFTES R (JEEA allor-
none FHEJEENME] 012 & pur:

2. HEEHEORE.

X, 0%,> 0 716@: P12= 021 1} o (8.4)

Xy 0 %=0 BT pre=pu=0
EEZBVLERDD. LrbIK L L ORH
EELZTFIEBRIREDRI 22 VD
T, ZhicET 2 IR EIREE 4. & An:

X+2,2 1 BHE A== 1}

Z+2,< 1 5B Ae=4n=0
LEZBULERD S &bIT 4 ORBERIT
% %, OMEMERICY: P REEEEE &
LT an %, %OIECHTs 5 OHEERC
I BB ETEEMEE LT an &2 5. ZL
T, &0 TEEESME~ M) 72 a:

a=(, )00 2)o(5 o)

A1 @i P12 012) ............ .
—(_,021 Aoy @2y Aoz Q2 (8.6)

 RERy vy T
r=(%; 411 @11+ %2 021 Ao1 Aoy,

Xy P12 Ayz Quz -t %2 Aoy Qo) eevrerensess (8.7)
¥EZBL, DEORAEBEOER
X O Q=T +vevvereerresranasetoncsssassacrnces (8.8)

NBrbhsd. FLT, % & 1 &ORMFBIC X
YV ERCBH S BIRE 7 iX

r:r(i) ................................. (8.8’)
THExbhB. TRATLEOERPLOEFOHE
EEMEOER]

A1 @i P12 A2 @ 1

(ri 2) (, Jr s 23200 (1)

I F ereseccsccccnrectsestaccisniteiasstatenins (8.9)
Bzbhbd., ZZT



664 AT RIS B O RASER T D\ T

rxg':’?l * 012 A1z axz}

Va1=X3 ¢ P31 Ao1 21
LYBL, Tkt OHMERHEMoTnick
5 HEREISE) T, a3 5 OWEERZ
PEote % Tk B MHERBERE Ths. &
o ZoRERCROBTERI LI AL
VB, TOBIZEEEEZHDET 7

Taa =1z Vg woererervmnsaremnsiuronnecinns (8.11)
L33, ZOORBMOMEE S Ha ORE
7 1%

Y U B e B S PP (8.12)
LB, TRT, 7 3EBRRICOE OBE

Tae=7—(V11+712)

PHEZBNBN, ThbbRDE e H

@>0m6@ﬁﬁfMM@m}m®B)
. 712< 0 755 1I3eA occlusion
ThY, TOHLHLT D LBESHTH 5.
T TRBRLMAPE I e DiciX, HUR

1012':{721':112:121: T ceeeeonnnnncaanan (8.14)
ThRFhERES R, ZOR, HEEATEEME
Gy & Gy DFTENEN X & %, OEBED
FrMEREE an:

Q15=(%1 Q1o+ % @21)/ (% +x2)}

X =%1+%,

L33 L, (8.10), (8.11), (8.14) & (8.15) 25,
2 &0 EEIESED LR :

K Qygm="Fg oreererereernaeeneeanaaanins (8.16)
NEPNB. B EBELSLr I TRIFAE
mHREVHPD,

2—'112> 0 f;%@i:{)iié facilitctition} (87)

@1,< 0. 7.5 ¥4 occlusion
ThY, ZOWLRIE2TEBEZICHB. L
TedoT, HEE) & A L ik ZhZhE
LADHEEIE L L OR—ICBNFRRT
%5 (Sato 1969%). 7135, MM % & % 13Kk
ETh, MOESESETL XL, SOEBE
Ti1s T2zs F12s Y21 B HREMETDH v

FHRIC O SOERIZEN TR0 b o
(20) iwhxte¥5. T5LFABGE % 0)
L %(r) THRbLES. FLTIALTAIC X
BIE IR < BRI s 0T r(t) LT
5L (8.9) RoBAESMEOBANX

w0 50, 2 aaan)
( i )_: P(2) worerereeenrieneenreeennnns (9.1)

s, 2LTRIROMEFRSRE 7. b
T CBRTEOT, @ THL

712 (7)=%1(0) A1z @1 (z) %, 021(‘5)} (9.2)
. P12=pP21= 1 y Ap=1
LB, ZZT(8.15) L ERRIC
B ()= A O)F o) eevevsreneseenssenens 9.3)
32 ()= {21(0) * A1z @13(c)
2 (7) @D} JH(T) veerenenenns (9.4)

ETnk, (92), (93) L 04 XpbEHICHE
DI EIEEE O AL -

HT) o @a(t) =712 (1) coververiiinnnnnn, (9.5)
Bzxbhd, EEmEAEIC X 5 IRE 7@ X
(8.12) K& HIIE

7e)=71+ 72t ;'12(7) ..................... (9.6)
THEx2 BN ZLBT I 5.

MOBZBMOFBRBMOKEEPL b Y %
TRIZE M A 7 V) excitability cycle 3L i L
ERObND. ThE Rr) L¥5L

RAz)=(r (€)= 111)/ 722

= 1 A 7p(T)] Tageeeeereererereeerees 9.7)
thz bh 3 (Jarcho 19451 ; Chang 19509,
19515 ; Gastaut & 195111 ; Schwarz & Schagass
196139 ; Allison 19620 ; Cigdnek 1964%) ; Berga-
masco 19669, ZDfl) & T, ZHAH 5(0)
LRBOIM x.(r) LRI BEROMIC D 5
¥, BB RSMEDO OB E2 DN B D TE
BLEZTIVOT,

£,0)=c¢,> 0, Xr)=c=1, .

(€1y €2 ¢ EHR)-+(9.8) .
EBLZEHTES, LEEXFoT, ‘

: ;'12(7):(01_’}“02)'1‘12 512(7),‘ ¥a2 =02 @z2-++(9.9)

L BDT, Rer) 1%
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RAzr)=1 4+(1+c1/2) Az @1o(7)/ 222 (9.10)
LB, TTT, —HBIC 7> 0 LEZBZL
75§VG%5@'6‘, U >0 LT XV, =T,

212 (1)> 0, 0% D {B# 7 51T,

R,()>1, BEH

412 (< 0, D F VIRETE B,

Ry(0)< 1, WEH#
THY, ThbOHF LIRS T 5.
(9.10) KCEHL PR X 51T, Rir) RBEH
E L aE#BEmEs R, MEEEM 0, ()
CBRLTwS. 2R T BEEYA I &
FEE DR FY TiE iz <, MEEEBESF 1 7 v
ERERFRZETH B (Sato 196928)),

X. BOFREMICHT DHEFEEIHE

FHOBY FFARE i & T, 0&oD
FIET, ODLoDIERELAET TH X v
(Lloyed 194619, 7o) 2, %3 F S AR T
EZ 5 LR V. RIMOFEREMEETYH
%5 T, H—HlT% SKEE L BOOHIRE
TN T, W ORDEADAE L OREES
DIFIE 2 YPISER, &b IR EBMEBIRESD
HbhTL 3. HOEFERET 2R 512X
Thbo el LTBET 32 2 L bLETH
%

-(9.11)

X 3 o C v A O FE 0 PRI o B — 52 B

R 2 T X 2 BREHARBOFBREN, ViZH

CeRR~DBE—FRERIE 2. & X R UHAL
DHFERHEMDO LFERT. ZLTZEREEE
BRI 2 R 0 T, PORBRIE 2 Xl
THEXBOFREMN 27T, FERIBBOE
B0t oz BB 0 7

0-_-;..1-’ (-L-g 0’ tgz-) ............... (10,1)
EyaE, HIE 1 & % OFIC X BIREDOED

ZORZIOEE Riu(0) & Rn(0) DT L

PTE 5. £l RBROWRMIC X 3 5%
F 072 i, FEHER c i bR T 0T,
R@®,7) 2 L THRb¥ 3. EELIAGIIHERK
L¥F, FEZT 28R L TEL 5. 1)K
DEATESOER & Z 0 BAKESP LB
&,

e 2 A
0 gt
A N
e
X1(0) Rll(e)
f__:%%VQVAc v
b Xa(2) 20
. :}Rll(9)+Rzz(e)
O TNt R0 +Rul0) *RB)
. i :‘; - Z
foereQunnst

t :
X1(0) Xa(g) “e-er -

H3. & BERBEICEATBOET X 55
FEBAOMAELEWR (Sato 72h, 1970%). C: Skl
X100 WX BHRER. V:RBAE Xa(r) T
X BFHFEL. 2 WERH X:0), Xo(x)) X5
FBFEBAL. 0 Wkl o B2 SN ARBRFIE B O
REBReMH].  « 2 e & B ORI Sk ORI
. t: R E 5 2 Sh T B ORERR.

(5(0), xle)( o iy ﬁi((g,) 7)

"G Al (1) Re. 0002

Brbhd. ThpbE30CLE VICHYET 5
Ry(0) & R (0) 1

%,(0) A11(0)=R11(0)}

xa(t) o Azo(6)=R;(6)
TEz2BbNB. 72, 2,0 28 20 KBLEF
TEROMEESIE Aw(0, 1) X 2HEFERHR
& R, (6,7) 1% (10.2) X

%:(0) © p12 A4z A2 (0, 7)=Ry, (0, 7) ---(10.4)
TEzBR, %@ H %00 cBXETEDOHE
HEGME An (0, 7) 12 X 2 HEEBIEE Ry (6,7)
=8

%2 (2) » P21 Ay Asy (0, 7)= Ry (6, 7) -+ (10.5)
THExbh3. 21T, K38, ZiwRtXonk
%,(0) & %, (r) ORRFEAFIHIC & 515 R (6,7)

-

R0, 7)=R,, (6)+R,; (6)
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+Ry; (0, 7)+ Ry (6, z-)’ ......... (10.6)
LLThExbh, HEESHREXSED
"Ry, (0,):

R(0,9)=Ry:(0,2)+ Ry (6,7) ++vee-- (10.7)
Thz bR B, TNEEBRNICED BICIX
(10.6) & (10.7) Ke»bx b HHMRK:

R@G9=RO.7

—{Ri1 (0)+ R @)} -------- (10.7.1)
OEDOFXEEEBRMCEDNTE I . Z0X
OEDOE1IEIM3 D ZiT, %2HEIYITR
EhTwvd '

X. AOKBFEREL OHEBENEHIE

I 4 0 Z& AT 35PN & RERDIYE O mIRE
(DF) %40, 60, - , 250 msec 4% DHIER
B (o) T, AR L BRI
HewE (Cut+F) % 0, 40, - , 200 msec
DEDOHRRRE () TH X 2O NDBEHD
SOEMMESESHREN O 1 HlERT. AE T
PR & 5 FEFREN (SF) 25 (10.3) K
@ Ru0) & Ry (6) BRL, BECIH—EE

. ‘:,.\ "\ :
A 9 \/\f« 60
V

P [T

L
A
3 IR LY i
AN SN T ¥

]
/\/‘\/"\/ AN | 10pV
5-242 %

BT OFHRHEN (Cut. Stim) 38 Ry (0) %,
Wi X 5 FREN (SF) 2 Rz (0) 7R L
Twvs. £hT, RBEC X 5HBEMESK
B X 52X Y bR B0 A
~SHET, WEORERmERD, (10.7.1) X
DABOE2TE (R (0)+ R (0) DB, %
I 5 ORIV E R AR R TR S
THY, KeEREedt L RROERRKIC
L BHREM, %Y (107.1) KROFTDOFE 1L
H RO ) ThHB. chbhb, BrORME
Wt OEAOHEEEGE R0, ©) ¥RES
25, FRHEE6 IR, I THE ¢ (R
BRI DRGEREE) ThB. BRIV LT
DESHBERENE (BB) & A (KE) DA
B L > T\ 5. BIE-BIRRIE T, K
JEEE-FRAE T bEQOILEADR L PR
LTBbRT5. BxOMgEE o icsd 5
FREOW LA L TEERERD, Hhic 2,
et 2 L - REEIC & b OEERER
REEGYHEL, RTRLEE R THE
FEBHEM | contour map of interactivity (Sato

Cont.

Cut. Stim.

Cont.

®4. PIE-PIEEEEEE-PPLOLRC X 5 AOMETFEHFREBAL (Sato 725). LO: -
FE%EEE. S F.: B—POLEAREA. Cut Stim. : B—HEBRC X HFHEM. D.F.: &

R
Cont.

TR ORFRIHING « - SRS,

: EFEE ORI OInE. B e EEE50E.

~BURBDLRIIC X 5 BRERL. Cut+F. : S TR-RPDRIIC X 5HREL

FRELOGRORTF 3 FHEEHARD
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5 1970°D) R Bz & h, HEESGE s
(B16) Zdp b dzdbhhFTRAEZEY
CEhs.

PAE-POEAI & B B -PIYERIBK O 5 D
THEFESMAEIE C, FIKERE « (ftdh) 2549 110
msec fHET, {EBOIL (EHR) REDH
(RO vl (REBURITEE OFEIE 0) 1
RoTH) 45msec THEEMWEZENREZETH

5-242-L0
Cut-F

[10pv

]
500 msec

5. FELFEROBEEIKT X 5 AOX%
SHERATEAL (RVEMhR) &L HBroL4 X
TROFNHIT X BBRBAL OB IV R E 7o
V3R HnH) (Sato 7o), 7t ¢ B3 ER BT
#% (DF) o4& (N4 A£588). SF 3Bk x
H50EIMEEEFERELL. AROR 13 R D
WRRHIRIRR (msec). +VE4eMBAE & BRI & & 5451
TE, LIIFDIEBITE R BRRBHITEL
{70, —RBEANTELro7bD. LAZDOR
ENVERNE . A St BB -3 BRI (Cut. F)
DEE (M4 E5MK). SF i38—L9k, Cut. j3E—
EEEE X 5 50 @ BB REMN. SR
BERT X 3 InE B FEEA O I Rl
DRI (msec) ZRTHFELRT. LAE DR
EMaRhgRe s, Eibfgssivg (%) dix o k5
HBXEE E o MEESE (BB, @E),
THEH XA OHEFEEE (BA8, KED)
ZnT (BBEER).

. " 2 y
[+ 500msec 0

5. MO aFE Ol LR L 254 50 msec THAY,
THILEELDL, KMOMEREEMN a &
ESCOEVHEZRTE LD 5 2 L B8Ebh
5. ki, IE{RB) & & (RA) OHEERBEIMED
W & B0 BE-PIRFNE DA 0 T5 23, B2
EBE-PICHE © BA4 X0 b VHAKT,
L b B O IR & S84 L ASHedhc 34T L
TE->TVSE. ZhiCH L THE ORI <Xl
iR & 8 ORI LT A EA N R
bR, Fiz, WERLFFIFEOHKEL Y LM
MLTRY, LALZEAL BT L T
BATVAX5iCbR25.
PSSR & BIYERBRIRIC X B RO
BRI b EICHBRRA R EN L CRMRSE
CEET S THA95. ThicdL T, REER
SRR PIRRBOE T, ThEhEICHE
BN R LR BRIRI R & 238 > TRINRMIC
ROEBERBESHEALLE 2 b h 5. £h
T, ) ZICRH S iRk 22 I
RITB U HEIEBM: & FERERER L BRI 0
HEESMEOME R RT3 L PRI S.

§-242-L0 DF

rgss%cwvAVAL wm; §-262-10 Cut-F
200 Aty l .
180 MﬁV» +
110 ‘é\’ + &év!é
N 604y A\v% 150 WW
80 %é%é\m\f + :

200~ 400 0

G
6200500 msec o

6. SHPRE-RAREE () a%ﬁ&”%%%%—
HEPDEDEDBHED A O KINBIEH O EE)
JSZ (Sato 7253). X 5 DA WERK (10.7.1) R
R0, 7)) oA () #ifR ((10.7.1) XD Ru (6)
+R2 (0) 25| &F 5725 D (Ri2(0). FEHEX Y Lo
HOVEE (B58), ToOHNSWRE (KE) OHEED
&R El O£ LR ORB O
MR (z). Zf (DF) T 1k £8P0 50,
FHH (Cut. F) CraftiEBE-RREDt oS54,
+’ _’—_9 _@%%Pi[zsétlﬂﬁ

200 400
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Ny P, NaP3 N3 Py

n

1 0. mmwy Vi v
~10
o

[ Py s
0 S0 ~5045 % 20151050
P TS A AT LR I R

AR TR B OB IL O WT

5-242-10
30=10pV

Py -

Y -
[
S

50 100 150

290 10 10
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250 300
msec

5-242-10 CutF

“
o 0 10 17 55 05 w10

'Ill||IIIIIIIll'|||l||||llll]l'll|l|llll'lllll

0 50 100 150

X7.

200

250 300 350 400 450
msec

AOKBETEROMTIETHELE (Sato 72B%). il : AR ERORERH ().

ot - Stk L RO ORIRIE (). EMZE (BE), AE#HE ) OMLEER
B, SAEEIEEREL. 5 OMUEIE GBI RIRPDERIR OB A T TS OMRITSIHREE
B ABRBIAHORE. Ny Ny Ni, m SRPDeBREN (VEP) 0 AORNO HBRH

VEDRE, Po, Ps, Py EREOHRNOERIMEOMEZRT. 1, 1,

------ , VIvx Ciganek

(1961) O&LIck b 0. +, £, —12X5 OHMESE.

XI. AOXBFREMOME

BT E T B ADTEE_EBARD B A
wHahz, ZOBEBHEORMICE, cbxf
B Z 52 < & bEBORIMEA VoIV A
REBA 4 CEVIREN, EhbIC X - TER
o EPSP ¢ IPSP & Bl xiciBZ &h, Thbd
DEASBML LTOFRBAIZ < LBbIT
WBETHD. hblk, HaEHIh DM
WL ECEROLDTHS ) .

NDIRTEER D E—PIeE B HFEREN &

IPpEoRES Tk s (M8). ZOFHEMT
a PicBE L CEE 2 BOoRBERRED LD
D, BoTHLHBELOEZLE. ZOBKE
fi# 1/2, 1/3, 174, -, 1/245 DT,
SEVEH2, 3, 4deeee , 245 [EDEETE
REDELERO 12K 8 O 2D 2FED
bFHicH-> TECRLTH B,

B O P & 0 WD FREFOEREDEHE
(1 ~3E/BLK5~TE/P) CEEBEAR
AT LA E RIRBOAPPES L &£ > TV
%. kil aORABEEOBEREDEHEE (10~
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14E/%) OMBETRRE 2 ERERE 5o T
w5, FhX D ER16~245 B/ DERE
DHEIEE CRKIRIEER &% v D BERO b O
i oTv5 (Soto & 19703D). =iz x L
BIHOFRBMNIRACLOOR—MBTNOLY

Ez LTiRAEY. BRI VIELEER LA

RO ;
10 A . 2N

NP e SN
VY '
P A A ey 1\
20 7 T AW 1 FA

i

5.2

[A]

10

12

iL2)

123

140

183

%45
i

8. B—PPBEic X 5 AOKKEESRE
KrOME. & RO 3 BE—PhenEFi55
FEA, Lo—FHBrSTHEL, 82, 3,
4, 5, 6, 7, 8, 10, 11, 12, 14, 16, 19.5%
IOU5EMELE D ©. REROFREMTE
El2s BRENE T3 1 B,

L TOLE) BH3ETHB. ThT, HAI
Bivbhs al THHUEOPL ERRLENS
rvz k. BREMZAPNCEREDES
BEo&4icd b &) 2RHFCETERIR
BOWELEDbNh, EEO aic Xk ViEVHEE
LTCTCETCIVTHESH. RS IEOHEDS
FiEL VWEIBRIZIE R RVELTY, 5
BERTHREATLVVR bR,

FREN OBREEE BT R ERR R
OPREFEHCLDbDOLENTVS. ThiEKR

TMELE i RAE O ICRPR IR BRIZ 0 b SR DT

12

X9. A@M&@f@aém&w%%”uzg
FRUEE AR . BT A TIZE 11Hz @ e
B, BEBTREIEREBE N ZFVER,TWVS.
Tk : AL Bo®s o ge 1/120 #aE 12 F57
TG & o 7ol (14440(8) e A /T A, TH:
LR ST A DESREREESMMEROHER
Mo Ry b Lizd O (Milhx RRESEE, MM
WoME). AL BOMhOBKETD IROEMRE K
5> TWHDT, ERHHD WHE ZRLTY
5. BHEOAEE W5 ¥ OEERREDOHR L
S TWHEDT, EIRIED BOEMBONE DL A
OFNEIDDATHLTENHEFTELS.
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BRBEVIAER, RECHREM®L VIRLE
THLEFRLTLIVTHA D, ERoEREE
R 2OREOFHH L BHMMIT X » Ta
W OB, OWSPEEOEHLLY 552 L
ERRLTVB L2 X 5. 2T, BRME
EvbhTidvaR, BRMICEZ 4 cEHE
HREE O BMC A 2 SRR X Y A % i
LENBFHEMOMETRI > TwBL v
3.

XII. B &HREBEMAEHO NPD &)

HEMEICS, FREMCD L&) B84
bhs. K9 R NOBELRMIE KN 11Hz
D o JRES (FREA) LIRIRED BN F v (B
2 B) BHbhE, FHROSTLRZPEOES T,
W5 EOHLIHE I R (B 2 58%131/120
# (8.3 msec) FICfEEFERL Y, FHFh1440
FEDEI L REERINE 2 O AN T T A
M9 TEIRT.

D S0 HEORD L ESRRRIEE
FHERDTENL OEEHERKC Sy T
efMhd LROEMESL o7z (R9A). *
NT, TOMEDYL ERERSAFERT L
%5 %7, [10A 23 ABPI IR o A 0%

CONTROL X

cont-

immed,
after

2"

rol 1

v
il A AN AA A AL B4 A4 AG 24 LA AW L AN AL AA AA
25" f“l‘%l
32" H—WWVWW%WWV 3%
ANAN AMMAANAAAAAANND
i%nWWWWW.‘,M‘,‘.‘ﬁWW‘v‘N AVAVAVAVATRVAVATATATAVAYAVAVA VAraTATAY

SRR 3 & OV Z ol X 5 10EINESEEH
ZEEAL (R & R AN & oFE EARRER)) 2 5R
T Zhe b Eofl R L TESRRBE
ESHeRD THRERIC 2y b T58, R
D il b BRI ERS 0P S E 2 EES
BIERER L (MIOB). 2 fh, % 209 L0
RIMEE D&, SMERIRGE, PRRERE AR Z o4l
O TR D 5505 0 BU I R T b FIRR OB A
Z bhic (Sato & 1970%). 7z, A THERE
e, EAOEER, AEH-CREEmSED
g chEfETH S (JEH 1965). Lizhi- T,

AT TEED b B RBAL b AR I IER R RE R
LEXTIVTHAH. LT, HIEOMETF
BFFELLO FEINE T b REERS A DD
LEEEZERTIVIEL IBRbRS.

XV. REEEEMED RAD

Y, 7V v, REBREOHERIFEIC
X BFHEREALL B RORIED NSRBI ORI D4
s, ZOEWMOEENIREL KT 5% v
THbhD., LaL, ExofEick 3 b0k
DBFLE—ETEAEVE, BEY B MERE
BHREBMACRBRANR bOEE L VR B,
= CEAL (FE) BRI X 5 EH BRI O

CONTROL Y

-

A AR AT A A A A e

Ve o v e ™

Y.
vvvvvvvv v

Sec

HHHHHHHHIHHHHHH

1.9 &s

5.40.6_RO

11.9 ftrsec 5-40-6 RO

KI0A.  EMPOERISE OB & FFEBAL (Sato 7ob 1957%%). X & F4TH R BEHHE H 5.
£ 5T AR ER 119 o B HPDERIRE AT O BRI, FIAItAE, 12718, 25014,
32101k, SOMEROINE & BMPIERIE Y 7 v, Y B & F ~EC IR O R
@, FRBAMAER:, 12f0%%, 25704k, 2MER I US0BBOBREA. LA S ORANIENK
T I Fb . BREAGRREIAER L 12B T TR L&) BAE,r o7, FRIENNE» -
Y THD. LORMBORREFTIRIBIERL, PLE] WPILoTL.
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DEEHFREMEEZL T I .

BEAERRE L c ThExbh, ThilE
DEBORZ] t TOEHBBHHE O KOFEEFH
HEI (BAEREE) VERgETHE, Th
i3t bt R T A0 T, gllt) 2ETS. 3k
BAESNE 2 =1 OFAT, EORENEEMED
BAEOHEANTER 5 &, gt o) RO
B —0) KR T A L i BT LT B.
T,

g(t, f):g(t——‘[)’ (tZT) ............ (14.1)
Lin 5. EHEEHHEOBMICIIE 4 0B E O
BWEERA & L Ao TL 5. FRNTVE, RED &
REOEHE T At OFHEOBERIFHL c it AY,
ZORENREZ] L T dy() OFHBEMN ThHoTc
L¥5L, oXOEHEOER

% (c) dr « Ag(1—7)=dy({#), (A= 1)---(14.2)
BEZ LN, HACAZEREOERIZLY Z
5 LI RER 0L~ ORZIcRZ Sh s D
T, Bt CEHERICEAONBIEEE ¥()
ETaE, 2h

%}x(rk) At « g(t—1p)

=Zk:dyk (t)_-:y(t) ........................ (14,3)

ThEzbhky. FLTILUBOA LI ALE
Bz Y AL () Wil HELEv 0 T

o>t BT 2Ap(f)= 0 ceeeereene (14.4)
LTIV, 2 h T43) &k (144) L 2FEN
25k,

| 5@ gE—nde=y() e (14.5)

8’; 2(2) glmt) de= 0 oreererrrnrnnnes (14.6)

PELND., &5 IERERIC X - TR
CRFAESHEOERE vz A HEN

So_omx (I—7)gt)dr=p(t) --cevreeeee (14.7)

Bzbhbd, ZZTIi REEEM @P=—-1)¢
L, FIE x(2), BATEERTE g@), IBE y(@) O
EOREE S BT BAEEAI v vEETh
#zh X(@f), G@f) & Y(@f) &LTH> 20
(14.7) KXoz Fourier &3 &

X@Ef) o GUF)=TY (6f)reerereermereeeens (14.8)

o RO ..
% 121/ 5-40-6 Cont, *

9399 MM[. 124/s immed. atter 5_‘5_9_.
8999 T
% - i ERARRERAN
o9 - ;
% N FEG . Yf 4 | /]
80 : _.f_ 4 i g : b _’Z A I
o] - i
50 - 1 g v =
4 :
7 : »
10 = 10 =
= -
B v :
1 :_(f‘ o ' "
01~ i i = 01 = : :
Fl i ! piadil
< -6 -4 -2 0 6 -4 =2 0
Z. 12¢/3 153ec after RO h e 121/s 25sec after 5-‘52-3
%9 T S0l g999r
99 I/ 99 - [ ';;E.
N «
80 - - - ]
% VERNYEERT %0 | -EES
- AR, - e :
50 - 7. - ‘ { i
P A g 4 11 ;
= AT i
‘0 - > = -
B o]t = Y EN
R e 1o .
. |
o1 - : Ol el Hbr
I Ll |
. -6 -4 -2 0 -6 -4 -2 0 2
ggs_;;/'[. m]/: 0sec a[m : s_m.‘ - 99-951. 121/ 50sec after : B 52-5
) L S 99
99 L B am :
o o2l L .
i
jRnE— 1
80 - T 80 !
50 - A 50 B8
10 - I 0 e e s AT, SO ___ E B e
f o
. R kd 1 ‘ : ..... .....
o1 "N :;_ cpetge o o b 00 ; ,_ T et T BES  BE
[HENN | JLeltieiirg
-6 -4 -2 2 . =6 -4 -2 0 4

H10B. [k L BREMLD (W5 E | OHHE (Sato
Fo b)), 1 I8 RIS BIRAELRT) & Hligkeh O B (EEG)
LHRER (VER) OEOE S RRREES R &
KW b 0. B (EBE) © AV 3
ik D AR, _REA I RIMBIAE . R
7 LA RREIIAEI12 G L 5%, TREZ
HVEKI32R 4 & S0 R, ik (EEG) dBREAL
(VER) &+ _C LADEME R, [ThdIERS
D IDLEE) 2RTEELTIV. HEOHEKRDS
REFBMOEHL D DAEBDPH2 » T, WL
OEVFISRBIAE SIS R DR & L, ROl
/XL, S0RETIEIENRRLKR > TV,

Brbh, ThREROARY W\VEEER X()
Gfyr Y(f) £33

X(f).G(f):Y(f) .................. (14,9)
Bxbhah, Thbmir (22) ReedR
Fchy, FEEEERICIT 5 EEEDEARE
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A< s, 22T, ROBEERZ 20 L,
RECEVIZIRBTOSINIREP L 0O BR
FMEeT2L, Thbick- TR ShEBHE
iz b2 bhaIE vy X HRBME 25D T
S TklitinBd. Ee, BAUERIGE g() 0HE
FHRE %% dee(r) :

T
P ()= | (0 g (t4+0)dt -orr(1410)
Eyal, Thk gt) DARY M VEE G(f)
LixHE\IZ Fourier Z8¥iyt «

bu(e)=\" Gl ersireas
L or }nﬂmn
G ()=, fuale) e~ 2eirede

D% 5 (Wiener-Khinchine oAz, *#
hT G(f) & Pulr) & 1x 22 BN BRI
TGO FERBFER L FEFEIRTO T 7 » 7F
WIESEE R T T L 5.

XV. ZREMKE

ERREE 52 58, i 2 ofitic 5485
BbEz6NhTw5s. FRTHHEIC L 2HHE
PE I HEIC L DERMEC X > TELE D
F72h, PLEREZY LT3, BRI E E
Bl Bt cBLTEh Eh %0 &
@) ¥B. THL, M oFo x(0):

()= 2o ()42 () veeeeeernrreerennnnnns(15.1)
DL LTHzbh (Sato & 19613D), Zih
DEEE y0) LT5L, (4)RKE B12)KeL
»o

2= _5(=7) (& (0)+ 20 () de

+ Sojgxlk(t—r) {g1(0)+ g ()} dr

Bibhad, ZIZT, & & & tidEhZnE
SR & BRI L CoIESME (BALER
) T, o 1 % TS % Tk BAHERE
Bt (FAEIEEAERISE) 8o & % Xy
% %, OMEFREMETHS. 52 0ROWED
Fourier 8z X v

Y (if )= X, (if) {Go (if )+ Goy (i)}
+ X, (i) {G1 (if )+ Gro (i)} --+(15.3)

L7nb. —fRiw z() » Fourier &# Z(if)
WREREE Z¥0f) L L, Thbd 0EEHR
& RelZ(f), m¥% Im{Z(f)} ¥ 5.
FLTZ{E) DAY bIEER Z(f) 215
&,

Z(N)=1Z if) » Z*(f)|
=(Re{Z i/} ¥+Um(Z (if )} (15.4)

ThbB. THE, (152) XD y() DARY M v
BE Y(f) 1x (153) & (154) Xp b

Y (f)=Xo () {Go (/)4 Doy (f}}
+ X ()G (F)+Dwo ()} - (155)

T,

LB,

Do1 (f)=D-10(f)=G01 (f)"l“cm (f)
Gor ()= {Xo (f) Gor ()
+X, () G (/X (S)
Cor (£)=1{Xo (f) Cor (f)
+X, () Cuo (S R/ X(S)
X(N)=X (N+X ()
Co(f)=2[Re{G(if )} +Re{Goi(if )}
+Im{Goif )} o Im{Go(if )} ]
Cuo(f)=2(Re{G(if)} + Re{G1olif )}
+Im{Gy(f )} o Im{Gyoif )} )

ThbH. DEY, ERHEEPOMEDO RS K
WVEERERMIED AT v, BREIMGE
DALY b DI EIEEB O ALY bV
¥Eb. thEng Yo(f) Yi(f) e Yulf) &
T35 (155) Kb HL»iT, o2& D (15.7) R
DHEREBEE L BN B, D&Y

Y(f)=Ye(H)+Y1()+Yu ()
Xo(f)» Go(f)=Y,(S)
X (f)e G (f)=Y.(f)
X(f)'DOI(f':YOI(f)

(15.6)

~— e

I

<(15.7)

~

Th 5.
INESEEH R BALL R £, () LD
DO () & OMEMBERC S 2R, &
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he dusly) LT3L,
Gras ()= | 32 () 3 (¢4

[>e]

oo¢““ (7—7) {g1 (O)+ g1 (2)} dr

8 1

+

It
L B Sy }

_ 8¢x1x0 (n—7) {0 (1) + g1 (7)} do

Th5B. TITT, $an ZEBRHEOE AR
B, axo TEBHIM L BRI L © FHEAEE
B Th 5. T TERHIEE BRI L E
RERFRrdcEx 5L

| feaxs (p—2) | > | Praxa (9—7) [ oerenenes (15.9)
YELBZENRTESBDT, ko (15.8)Ri

Puy (7))=——%—g °—°°°¢nxl (77_7) {gl (T)

F g0 (@)} dr e (15.8")
LY, Zho Fourier Z#iiz ¥ - T
Vs (0)= X () {G1 (i) +Go (i1}
............... (15.10)
BrbhadnT, MEFEFEREM (FHEFEE
M) DRy bEE Vo, (f) &
Vay ()= X2 () (G1 (F)+Gro (f)
+ 2[{Re (G, (if)) » Re(G1o (if))
+Im (G, (if ) » Im (G GF))} )
=X2(N){G:(f)+Dy(f)} (15.11)
Dm (f)=G10 (f)+C10 (f) """""" (15-12)
LLThEz6h5. RLiiZ AOGEEEORE
B 5 2{EHPTA & B O BHIBSCHIEER O B &
FREMOARY "NVEEERFRT. FBP MK
DAy N VEE (TA, 1B), (15.7) %0 Y(f)
ERERT, —OOEIRATRTRIBE R
R, Mo— > HIEETO B MO o KE
BEOLDOTHB. flhFRBHIEK L Bk OMEE
BN (IBEEHFEREMN) Mo AR v
B u (f) TRBEEECHEEREKOER T
Lo T\w5B,

EBFIE % () 3EE b Bt e DV RE
EREROEY 1 BoESRETH S L
TBHE, TORARY MVEE X (f) 1

xn=rwe{ 3 (V771

=0

(2 cos f [ f )N~ 27— 1}2 ............... (15.13)

T2 (Sato 1963%), 7z, ZZT [ ] ik
Gauss DIELETHB. Lizh-TIhi
X (vf)=K, (K : &%) }
X,(wF+1/2f)=0, v=0,1, 2,
............... (15.14)
b0 T, Vuy(f) 1% fi, 211, OFFEEK
TRTEPHDN D 228, £hbH 4 (f) ick
BIE (BHREM) ThBILERLTVA.
FI1co BRI X BHED R =7 b
Yo(f)RIA L IB thb5. 21T, f=fiT
TS i
Y(f)>Ye(f), LiedisT
Y, (f)+ Y, (J)> 0 cevvrnmniniennians (15.15)
Ths. ZhicKLT fxfi iz Yi(fi)=0
TdY,
Y()<Yo(f), LichioT Yy (f)<0
............... (15_15)
ThHDH. Thdz, fIERE /i TORKOE
Btk (o BEEEWT) (EB %, =hlDS o Bk,
L7edd o THERE TRRAEZRLTVS.

XV. BEBFESC KT DO EEE

OB FRBIAO R 2 7 + VEEE
R(f) &¥5k, zhix (1511) & T (f) €
fi7e s xv. E¥2 ZORT

H(f)=G1([)HDyo(f) wooevveveeeeens (16.1)
eB L, EREYIE X () Lz oRE
R(f) L oRlic> X oiEMEO R

Xlz(f) . H(f),—_R(f) .................. (16.2)
Brbhd., 2T H(S) i EHEBIHT DR
OFEBEIRIC BT BIEESMEEZRT, Zhix
FEBHIBCB T B EEME G, () & EBRAK L B
R & T 2 HETEEME Do (f) L2256
> Tva. —EBORYL7 Y v 7 0ER fEO
AEREE 52 5803 f omfdic b b3

X2()=K2 (K : BE)--wevreemrreens (16.3)
T, L»bIoRSTEY 2/E, 3FE, -0
HELEARICEZ SN TV BDT, REDRN
7 WVEEE R(f) offiic R(2f), R(3f),
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13) THLREEABRERRLNG. Thb R

RE—PEI X A MBS FHREM O RENE
(K8) TxbhicbDLFKRTH 5.
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5.

BB SRR E L OFEEO—EDRS
DOEHHE (X(N)=K) cXsEEEk Lo
DT, Thd ORI E RIFFCE X EOINE %
B35, 2L, ThblEoEEES)R
BREELRR, EOFIO X 5 TR 2
A7 MVEE LR O THIE, (14.9) K
o, HRRERMDO A7 PVEE X(F) dER
Bz X

XN Xy (N)=K, (K: EH) - (16.4)
LEZTEV. BHIZEVCTVARIZIEED
BHOEHOZFHRL, PREMREROEH S
BHERHHL O BICTRA 3 5 BB O RUEEE
ekl LTRFBICRE - Bl % v 2R
ERTHAH. 5 L BRI & » TER
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Tz BRI AR A ERBRE O WE R
Tz X595, ZOART M VEETX—
B, 2EVH 20 (64 ROBHREZTIART
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By )= | O3 (7) oo (16.5)
++5%%, Wiener-Khinchine »Z&=5 5 (14.
11) K& Rk BE%
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1T . }uwmm
G )=\, b () = 257 de
Bz bh, (164) XD T T (14.9) i Fourier 3
EHERT LR
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(X(f)_—_KN : @ﬁ) ..................... (16_7)
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The tip potential of capillary pipette filled with electrolytic
solution Motohiro OTOGURO Department of Physiology, Tokyo Women's Medical College,
Shinjuku—ku, Tokyo) :

The tip potential and resistance of capillary microeletrodes filled with 3M KCl or 1/3M
K;3Fe(CN)s solution were measured under different conditions.

The resistance of KCl electrodes stored in distilled water or 3 M KCl solution decreased with
time. Whereas the resistance of 1/3 M KsFe(CN); electrodes stored in distilled water increased
with time but that stored in 1/3 M K;Fe(CN)s solution did not show any definite change. The
potential in the circuit from the grid of the recording input to the ground via microelectrode
and bathing solution showed a considerable reduction the microelctode tip was severed.

There was no proportional relationship between the tip potential and electrode resistance
measured in horseshoe crab Ringer.

In K;Fe(CN)s electrodes, the tip potential was irreversibly much increased when external
normal Ringer was replaced with a Ringer containing 50 mM ferrous ions. The increased
tip potential was also abolished by breaking the tip.

It was found that the polarity and magnitude of the tip potential of both electrodes were
influenced by the concentration and the kind of external ions.

(J. Physiol. Soc. Japan (1970) 32, 679-687)
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U Hodgkin & Huxley (19399 & & iz Ling &
Gerard (1946) 5121010 2R CIZiFML S h,
ZDH%EL DRFEFIC L » TH L OHEIC A
bhBXdiChotk. Thick Y, HBEANEN
DMEHMEDOERHENFREL In o7z, Z DR,
B0 X 5 B ILEBMIC © v T REBREO
junction potential AT 72 5. & & 2 &
Hodgkin & Katz (1949 X% U A b 0 E KA
RAEDOIREM FRET B0k EH L
BT 544, junction potential iz & %
BES UmV Bz 5Z e PBLETHE I L
EHALPIC L. 20tk 3M KCl &3 Licil
BB IES FROMIBICHER s h Twy
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BOBEEHE LLBEAOREL T, ZOBESE
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#10mM TH 5. —F Nat OBEERHET
#5120 5 130mM ThH Y, BHE T 400
25 500mM ThB. FDkdiEE BRE
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FIMBERY, IMROSEMC XV ERTERVE
Wit b 5 A EEMEMN S 5. Adrian (1956)D (3 b
T VERGCIREMEI E T 58, 3M KCl
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Fig. 1. Diagram of bath and microeclectrode
mounting. To measure the ‘tip potential’ the output
of the potentiometer was adjusted until no deflec-
tion of the oscilloscope spot was produced by clos-
ing the switch.
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Fig. 2. Time-course of the change in the 3M
KCI electrode resistance stored in distilled water
(open circles) and 3 M KCl solution (solid circles).
Abscissa ; the time in hour after filling 3 M KCl
solution into microelectrode. Ordinate ; electrode
resistance in MQ measured in HC-Ringer.
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electrode (open circles) and “tip potential’ measured
in HC-Ringer. Abscissa ; electrode resistance in
MQ. Ordinate ; ‘tip potential’ in mV.
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Fig. 4. Potential changes following various
operations. A :3M KCl electrode, B:1/3M
KsFe(CNJ)s electrode. Abscissa ; operations. Or-
dinate ; potential change in mV. All potential
changes were measured in normal horseshoe crab
Ringer (N. R.).
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tion of 1/3M KsFe(CN); electrode. Abscissa ;
operations. Ordinate ; potential change in mV. Note
the remarkable potential changes following the
replacement of N. R. (normal horseshoe crab Rin-
ger) with Fe-Ringer which is a horseshoe crab
Ringer containing 50 mM FeSO,.
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Fig. 6. Effect of NaCl concentration on the

‘tip potential’ of 3 M KClI (open circle, square and
triangle) and K3Fe(CN)s (solid circle, square and
triangle) electrodes. Abscissa ; NaCl concentration
in mM. Ordinate ; potential caused by earthing
the grid. Potentials depending upon the external
ionic concentrations in Figs. 6 and 7 were much
reduced after cutting the electrode tips.
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triangle) electrodes. Abscissa ; KCl concentration
in mM. Ordinate ; potential caused by earthing
the grid.
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Relationship between the visual evoked response and the ponto-
geniculo-occipital spike during natural sleep in the cat

‘Toyohiko SATOH*

Laboratory of Experimental Medicine, Faculty of 'Medicine,
University of Lyon, Lyon, France

It has been reported that the amplitude of
cortical evoked responses elicited by electrical
stimulation of afferent sensory pathways is
tremendously enhanced)) when they are evoked
during the occurrence of ponto-geniculo-occipi-
tal spikes (PGO spikes?) ; erratic potentials
which appear synchronously in the pons, the
lateral geniculate bedy (LGB) and the occipital
cortex, and characterize paradoxical sleep (PS).
The amplitude and the discharge frequency of
PGO spikes, however, are not uniform ; they
tend to appear individully rather than in groups
and to be larger during the initial period of
PS as compared with the later period®. The
present experiment aimed at investigating the
changes in the amplitude of the evoked res-

ponse of the visual cortex as a function of the
discharge pattern of PGO spikes. ,

Experiments were performed in a semi-dark
room on 16 freely moving cats carrying chro-
nically implanted electrodes in the LGB, the
skull over the posterior lateral gyrus, the orbits,
the nuchal muscles and the optic tract (OT)
immediately caudal to the optic chiasm. The
cortical response was elicited throughout sleep-
waking cycle by stimulation of the ipsilateral
OT with 0.01 msec rectangular pulses given
at 200 msec intervals. The responses displayed
on a cathode ray oscilloscope were photograp-
hed and their peak to peak amplitude was
measured.

The PGO spikes recorded from the LGB

Fig. L.

Remarkable facilitation of the visual cortical response during the occurrence of

large PGO spike in the LGB. 1 ; electro-oculogram. 2 ; nuchal EMG. 3 ; left occipital EEG
on which evoked responses are superimposed. 4 ; right LGB. Stimulation of the left OT at
5/sec with an intensity 2 times higher than the threshold for the cortical response. Upper
and lower recordings are continuous. Around the middle of the upper recording, the animal
entered from SS into PS and went out of the latter around the last one third of the lower
recording. Note large cortical responses and myoclonic jerks occurring in coincidence with
large PGO spikes in the LGB. Calibration ; 100 #V, 5 sec.

* Present address : Department of Physiology,
School of Dentistry, Aichi-Gakuin University,
Nagoya, Japan
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began to appear towards the end of slow wave
sleep (SS) preceding the onset of desynchroni-
zation of the EEG and flattening of the nuchal
EMG, and disappeared prior to the end of PS
(Fig. 1). Confirming the previous reportD), the
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Fig. 2. The relationship between the amplitude

of PGO spike in the LGB (abscissa) and the size
of the evoked response of the visual cortex
(ordinate). The data were collected from a single
episode of PS shown in Fig. 1.

cortical response was facilitated when it was
evoked during PS in the presence of PGO
spike. The facilitation was observed also during
SS provided that PGO spikes occurred. Regar-
dless of the difference in sleep phase where
PGO spikes appeared in burst it was noticeable
in all cases that PGO spikes of larger amplitude
tended to be accompanied by larger cortical
responses (Fig. 2).

Further, when the OT was stimulated at
an intensity about 2 times higher than the
threshold for the cortical response, myoclonic
jerks similar to those occasionally observable
during PS in intact animals were, in coinci-
dence with largest PGO spikes, frequently
recorded in the nuchal EMG and also observed
visually in the extremities. The peak latency of
the induced myoclonic jerk was 12.24+0.2 msec
at the nuchal muscle. With strong electrical
stimulation of the LGB it was also possible to
obtain similar myoclonic jerks with a latency of
12.7+0.2 msec.
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On the generation mechanism of PGO spike
in the LGB two hypotheses have been propo-
sed ; depolarization of the incoming OT fiber
terminals®) and depolarization of the cell bodies
or dendritic processes of LGB neurons sending
centrifugally their axons into the OT®. The
present results showed that the amplitude of
the visual cortical response is closely related to
that of PGO spike in the LGB. This striking
parallelism between these two events might
lead to a conjecture that the amplitude of PGO-
spike in the LGB might be an exact counter
part of the facilitation of transmission through
the principal LGB neurons, which has been
shown to be enhanced during the discharge of
PGO spiked).

Hodes and Suzuki? have reported that at the
time of rapid eye movement burst during PS
the excitability level as revealed by peripheral
motor responses to the electrical stimulation
was high in the cortex while depressed in the
vestibular nuclei. In the present experiment the
threshold for elicitation of the myoclonic jerk
with electrical stimulation of both the OT and
the LGB was remarkably lowered in conjunction
with the occurrence of lage PGO spikes. The
latency for the jerk was longer by some 0.5
msec in case of stimulation of the LGB as
compared with that of the OT. Thus it is not
likely that with OT stimulation the jerk was
elicited through excitation of the LGB neurons,
but that the OT fibers destinated through the
hypothalamus to the superior colliculus may be
responsible for the jerk.
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Enhancement of the spontaneous skin potential responses by
elimination of the proreus cortex in the cat

Katuo YAMAZAKI, Tetuo TAJIMI, Ken’ichi OKUDA aud Yosizumi NIIMI*

Laboratory of Psychophysiology, Waseda University

By the extensive studies of the mechanisms
of the spontaneous skin potential responses
(spontaneous SPRs) in the footpads of the
unanesthetized cats, it was revealed that there
might be five excitatory and five inhibitory
sweat centers in the cat brain2®49. At the
cortical level, it is considered that the area
responsible for the excitatory sweat center is
situated at the pre-moter area and that for the
inhibitory one is situated at the frontal area.
Murray and Wang!) made the rostrocortial and
the caudocortical cats, and they observed that
the spontaneous SPRs of the rostrocortical cats
were consistently of low amplitude and of high
frequency, whereas those of the caudocortical
cats showed high amplitude and low frequency.
Recently, by means of the electrical stimulation
of the anterior cortex of the unanesthetized
waking cat, Wilcott?) found the cortical inhibi-
tory area on the evoked SPRs. However,
judging from the map illustrated by them, the
strict cortical area for both excitatory and
inhibitory sweat centers have not been clearly
demonstrated.

This paper is to report a successful attempt
to produce high amplitude of the spontaneous
SPRs by elimination of the restricted cortical
area in the chronic animals.

Nine adult cats were used, two in which the
bilateral proreus cortical areas were removed
{proreus cat). To make the proreus cat, frontal
bone was removed just on the frontal sinus, and
then bottom bone of the frontal sinus on the
cruciate sulcus was drilled by a dental burr.
After removaling dura, bilateral proreus were
removed by suction method under direct obser-
vation. The dental cement was poured on the
drilled hole to close the exposed area. Seven
intact normal cats (normal cat) were used as the
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control. The experimental condition and the
method of recording the spontaneous SPRs
from the footpads of unanesthetized cats have
been described in detail elesewhere®.

At the end of the experiments, two proreus
cats were killed with an overdose of pentobar-
bital sodium injected intraperitoneally and then
perfused intracardially with 10 percent formalin
in normal saline. The brain was removed,
embeded in paraffin, and serially sectioned at
15 s Every fifth section was stained with cresyl
violet. Cortical lesions were reconstructed
graphically and then adjusted to a standard
diagram of the cat brain.

The spontaneous SPRs in the proreus and
the normal cats were analysed on the arbitrary
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Fig. 1. Typical patterns of the spontaneous skin
potential responses (SPRs) in the cat. A shows the
spontaneous SPRs in one normal cat. B and C are
ones in two proreus cats. Each two traces shows
continuous records. Note that the spontaneous
SPRs in the proreus cat are higher amplitude,
longer time course, longer time interval and fewer
frequency than those of the normal cat.



parts of 10 successive responses (more than 0.3
mV) in awake rest condition which was iden-
tified monitoring behavior and other indices
(EEG and EMG which were recorded from
previously implanted electrodes by conventional
method). Amplitude of each response, time
course of each response, time interval between
adjacent responses, and response frequency per
minute were measured respectively.

Fig. 1 shows the typical patterns of the spon-
taneous SPRs of one normal cat and two proreus
cats in awake rest. In general, this figure
indicates that the spontaneous SPRs in the
proreus cat seem to have higher amplitude,
longer time course in each response, longer
time interval between adjacent responses and
fewer frequency. These relationships are con-
firmed on the statistical analysis of each measure-
ment value. Table 1 shows the results of the
comparison of each mean value between the
proreus and the normal cats.

Higher amplitude, longer time course, longer
time interval and fewer frequency of the sponta-
neous SPRs in the proreus cat may be produced
by the release of the cortical inhibitory mecha-
nism. These results suggest that the restricted
cortical proreus area seems to have inhibitory
effects on the spontaneous SPRs in the cat.
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Table 1. #-test between proreus cat and normal
cat in each measurement

Mean df ¢
Proreus Normal
cat cat

Amplitude (mV) 59 34 408 7.586%kk
Time course (sec) 2.7 1.9 398 8.990%%* ¢
Time interval (sec) 3.2 2.0 288 7.807Fk*
Freq./min. 19.8 26.0 38 3.142%¢ +

** P<0.01
*% P0.001
+ Cochran-Cox’s method was applied.
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Effects of estrogen on the unit activity
of the rat hypothalamus

Kinji YAGI*

Department of Physiology, Yokohama City University
School of Medicine, Yokohama

Tt has been thought that the medial preoptic
area of the hypothalamus, espcially the suprac-
hismatic part of it is an indispensable neural
structure for the ovulating discharge of luteiniz-
ing hormone (LH) from the adenohypophysis on
the day of proestrus in the cyclic female ratD.
On the other hand the increasing amount of
estrogen secreted by mature follicles in the rat
ovary on the day of proestrus was found to be
essential for the ovulating surge of LH®. The
present study aimed to provide evidence for
the existence of neurons responsive to the
exogenous estrogen in the neural structure
stated above.

Wistar rats, weighing about 250g, were
maintained in a light-controlled (14-hr light,
10-hr dark) and air-conditioned room. Ovariec-
tomy was performed after an observation of at
least two consecutive 4-day cycles. Two weeks
after ovariectomy the basal hypothalamus was
exposed following bilateral ligation of the
external carotid artery under the urethan
anesthesia (1.5 g/kg body weight, s. c.). Both
heart rate and respiratory rate measured from
the simultaneously recorded EKG were rather
constant throughout the experiment.

Spontaneous unit discharges were observed,
when the electrically- pointed stainless steel
wire insulated by the glass capillary with the
tip diameter of 5 to 10 um was introduced into
the preoptic suprachiasmatic area under the
dissecting microscope. After the recording of
unit discharges for more than 10 minutes as a
control period, 50 ug of estradiol-17 8 (Teikoku-
zoki, lot no. Y1-05) dissolved in 0.1 ml of
propylene glycol was slowly infused into the
femoral vein through the cannula attached
to an injection syringe of 0.25 ml. Successive
infusion of 0.1 ml of Locke solution ensured the

* RARERIE BRI AR EERE M EE
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completeness of estrogen infusion, since the
dead space of the cannula was 0.06 ml.

Some units augmented their firing frequency
for some time following the estrogen administ-
ration as shown in Fig. 1. Five out of 11 units
examined in the preoptic suprachiasmatic area
(POSC) and 2 out of 10 units in the medial
preoptic area (POM) showed this type of
response. Five out of 11 units in POSC and 4
out of 10 units in POM simply decreased their
firing frequency after estrogen injection and did
not restore their activity within upto about 2
hours. The other units did not appreciably
change their firing frequency after estrogen
injection throughout the observation for upto
about 2 hours. The latency and the length of
time from the onset to the peak of response did
not significantly differ between two types of
responses mentioned aboved. The mean values
for these parameters of responses are given
in Table 1. Table 1 also includes the mean
duration of response in the case of activated
type of response recorded successfully to its
end.

Remarkable depression in the level of unit
activity followed the enhancement of discharge
frequency. These units did not restore their
activity to the level of control period within
at least 2 and a half hours. This long lasting
depression following an activation for about
half an hour was also observed in those units
which had shown an increase in firing rate
after an estrogen administration in the anterior
hypothalamic and arcuate nuclei®). A dose
of 5pg of estradiol-17 8 also induced the
responses in 4 out of 5 units examined in
POSCH.

Lincoln® reported that the mean firing rate
of the “spontaneous” activity in the preoptic
area of castrated female rats was lower in the
case of the administration of 10 g estradiol
benzoate/day for 3 days than in the control
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Time In minutes

Effects of estrogen administration (50 pg estradiol-17 g iv. at the mark E) on

the unit activity in the preoptic suprachiasmatic area of the hypothalamus in the castrated

female rat.

Table 1.  Characteristics of the response of hy-
pothalamic units to the estrogen administration.
Tv. : latency, Tp :time interval from the onset
to the peak of response, Tp : duration. POSC :
preoptic suprachiasmatic area, POM : medial pre-
optic area. Each figure in the table represents the
mean -+ S. E.. Number in parentheses indicates
the number of units examined

T P D
(min) (min) (min)
POSC 14+14.2 “16+4 9.7 36+13.6
(10) (10) 4
POM 18+14.3 16+12.9 14

(6) ©) (2)

castrated rat. The discrepancy between his
and the present results may be ascribed either
to the relatively short duration of activated
response, or to the averaging treatment of the
firing frequencies of differentially responding
units.

The ovulating discharge of LH has been
reported to occur approximately 12 hours after

the peak of estrogen secretion on the day
of proestrus in the cycling rat®. It was also
demonstrated that the administration of estra-
diol-17 8 induced the LH secretion in the
sheep with latency of about 9 hours®. The
difference between the latencies of the response
in electric activities and of the response of LH
secretion to the elevated plasma estrogen level
remains to be explained.
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