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—In the mountains of truth you will never climb in vain: either you will
get up higher today or you will exercise your strength so as to be get up
higher tomorrow.— Friedrich Nietzsche, “Human, All Too Human”
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5.2 UDO0OOUOoooognd
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00000,0000000000 VExtk=12....N)ODO0OO00O
Ve(x, ) 00000O00000O.

12Vi(x 1) 1 0%Ve(x.1)

Im(, ) = —— 2 = =2 T80T goVe(x, t 5.1
m(X, ) ri axz re axz + gD e(X, )7 ( )
O(Vi(X, 1) — Ve(X, t 1

n(X.1) = G (Vi( )at e(X, 1)) -
m

(Vi(x, 1) — Ve(x. 1)). (5.2)

000, 0 fee 000D O0DODODOODOODOOOO [Yem|OOOOO
O [Qem]|O000, Memd ChemO0 000 [Qecm|O0O00OC0OO0OO [F/ecm]
aogo.
godoooodboooodboooo, oo oooonoo
0000000000000 0o0oOo,NOOODODDOOoOoOooooooooo
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00000, VimeXt) O Vin(x,t) - Vex(x, ) 000000, 0 (5.1)00 (5.2)
ooooooooo.

OVmemr(X1)  T'mem 0*Vimem(X, t)

r = -V, X, t), 54

menftmem ™5 lin + Nfexe  0X2 men(X. 1) (54)
I'mem (92Vext(X, t) _ M'mem azvmem(X, t) (5.5)
Fext (9X2 rm + N’rext (9X2 ‘ -

O00000oooDooooooooooooooooo.ooo,o (G.50
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O000O00o0o0oOo,00o00o0o0oo (€CsSb)unooooooooon
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Stuart and Spruston [24], Inoue et al. [25], Golding et al. [26], Omori et
al. [27]10 Akiyamaetal. [28)0 0 0000000000000 00O00O0
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O000000.05610000000,00LONOOOOOOODODOO,
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0X x=L
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X=L
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0X x=0
OVext(X, t o N
% . = _rextlstim(t) + NrextgLVmem(L,t). (5]_]_)
X=
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S(X=L+AX)0 Vmenr(L,) 000 0000000000000 000,0 (5.4)
00 (5.5 00000000000000000000000000000.
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memCmem ot r + Nfoq 9 mem(X, 1)
Mmem .~ ¢
— —————— Fextlcg(X, 1), (5.13
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I'mem azvext(X, t) _ I'mem 62Vmem(Xa t)
Fext 8X2 r|n + Nflext 8)(2
I ~
o 5(X o L)rmemgLVmem(l—,t) - &rinlcd()(, t)- (5-14)

lin + NFext

oo oobobooon.

v t \Y/ t
ax . 6X _
x=0 x=L
Nex(% )| _ o Nex(X| _ (5.16)
aX x=0 8X x=L

0 (5.15)0 x=0000000000000 x=LOOOOOOOOOooOoO
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lcd(X, ) = lstim(t)(6(X — AX) — 6(X — L + AX)). (5.17)

Niexe 0,00 0000000000O00O0DO0OOOOO NDODODOODOO
DDDDDDDDDDDD,rstim(t)/ND,NDDDDDDDDDDDDDD
ogogoooobobooboooooo. oo, bbb ouod
goobdg,bbougoobgobobuoobboooboo,oobbud
gobboboooobboooooboooobboooobbouoooo,gobn

guboboggobooooooo.

MNVmem(X, t *Vimem(X, t
fmem mzr:( ) - /l%em rgexrg( ) — Vimem(X, 1) — /l%emreXtICd(X’ B, (5.18)

rmemazvext(x, t) _ 2 azvmem(X, t)
et  OX2 mem - gx2

000, AmemD TmemD, 00000000 [cm 0000 [msec]O, 000

goooboooag.

M'mem
Amem = and Tmem = mem X Cmem:

lin + lext
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OMNVmem(X, 1)
0X
8Vext( X, t)
0X

V,
aLm(X’t) = —(rin + rext)gLVmem(La t)’ (520)
ox x=L
Nexd(X | _ (5.21)
ox | |

000D e DO0ODO0O0O reqooooon,goguog, o

O0dO dxi(dexy >d) 000000000000 DOOOOOOODOO. O

g, 0ugoogood

O0DO0o0oooooooooo (o 22C00). 0

(5.18)-(5.21] 000000000000 000,0000000 lgim(t) O

gboobooogobbood.
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O0000000000000,00000000000 lgn®)O0OO0O
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Fexid2
Vinem(X, t) = Xt mem
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Tmem

) (),
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000,000 wo OODOODOO [O G.29)]000.000 x,000000

googg.

Tmem

- m [mseC] (526)
n‘fmem
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go=0000,0 b.24)00 G255 000000,00000000000
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googd

go, bbb obuobobouobood
gobouoobboobb.boobobgoobouooo.
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gooboboouoboboooobooobbooa,booobobouoooon
ubougoobooobobggon.

lstim(t) Finlext
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ex(X. 1) 2 Tin+ lext

2 32
+gLrext/1mem 1 Son(l—) ¢n(0) n(l—)f dr’ exp(

Tmem =0 ,Un

r
(2 - I—) - ;X:_Vmem(x t)

)lst.m(t) (5.27)

go=000,0000000D000D0O0OO.

lstim(t) Tinlext @2x— L) - Fext T Ve, 1). (5.28)

Vext(X, 1) = —
ex( ) 2 Tin+ lext lin + lext

5.6 UOUOUooond
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0000000000000 000000000000000000. O
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065000,de=12xd[um00000 (0 6.1-6.4).0000000
Rx=100QcmO000.0000000000000000000000

guobugoobgoboogao.

_Rmem _ _ Ra Rext

Mmem = ) in=—""—>5, lext= ’
™ ~(3) (%) - (9)
2 2 2
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00000000000000.0000,00000000000,000
000000000000 0000000000000000000000
0000000000000000 (0 8.100)000000000000
000000000000 0000000000000000000000
00000000 (0 8.200)000000000000000O0.

0 (5.22)- (5280 0000000,00000000,0000 {¢n(X) )}
0 {cosfwx/L)}000,00000000000000.00000000
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D000000000000.0000, lgmt) =loxu®) 000,000
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goooggnd.
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o lin + lext lin + lext mem

rgxt/l%em S ison(L) —QOn(O)QO (L) 1
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[pPS)OO0O0CO0O0OO0ODOOO.
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[msec]U0D0,00000000000 3[msecldOOO.

O000,0000000000 storage facton 0O 0 0O.
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(B)g. =880 [pS|0000D0O0D0O0DOO o(w) [S/MOODOO
D000 elw) (DODODOO). (CODDD0O0OD 7(w), defined as
€(w)/o(w). (D) e(w)/o(w) O OO0 OO storage factorl{ O 0O 0 00O
O00000oo0oooooon). oooooooooo, g =880
[pS]0 g =0[pS]O00D00O0DO0O. 00000000 DOO
00 100000000000, 000000000000000
0000000, storagefactoo DO OO g =0([pS]O0O, O 0.25
O000.00000000d=212wm]0, 000000000
der = dx12000.
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O0000.0 6.5B-CO0O00OO,storagefacton OO0 OO OOOOO
oo, gggobgooouo,guboobuooobug
O00000.00,storagefactod 00 000000000000 0O0O0O0
googgo.

O00,0000000 (dew) 0,0 6.5A000000000000000
000 storagefactod 0000 O000O0O0OOO. O 65B-COOOOOO,
l1HzOOOOODDODDODDODODODDODOODOOOoOoOooooooooboO,000
O0000000000. 00 storagefactonl 000 0,00000000
O0000DOo0ooOoDooO.od,storagefactol DO O O0OO0O00O0OO
gobgoogb,gbugboooboob,bobobonoobuoobooon
goo.
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/7 00

gotdob,bugbobugbobougbobuobobouobood
gotdoboouogboobobgobobug,gobuobuooboood
oo, bbb obuobobouobobooobd
gobgogb. bbb ooboooo,gbbooobaoon
oooooooobooooooo.ooooo, oo uod
guobbdoobuooboboo, bbb, buoobobud
oo oobobbobuobuob.ogobd
Oo000O0,(1)o0o0ooooooooooooooooooooon,
(2000000000000 0o0d0o00o00ooooooooood
O00o000oooooooo,@ooooooooooooooooon
oo, bbb obouobobooobd
g, 0bbgobbouooboboobobbuoobboooboo,obbbod
doodgooouoooobobobbbbooooooooooooooon

guooboggobogag.,

71 OJO0U0oouooooon

guobugoouoobooooobooobooobuo,gobobougoon
oo oobobbobuog.gbuoouood
O000,0000010-30%0000000000000000 [55-57].

gooobodo,bogbtuobobuobobuoobobuoobobobnobd
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7 00

oot uooooooonn
go.tdodbogo, bbbt obooboooobod
ooboooooobob.0obootoboboobooboo,bogoood
ogdgooooooooobooboog.

guodoboooboougbuobobuoobuobo.ooouoon
oo, bbbttt boob.gouod
gobooog, bbb ooboobuoobboobooog.
go,0boboggoobog,gbbobogobbuoooob,goooon
oo, bbb obouobobooonon
O000.000000,00000000000000000 [58].000
godbuoudobdg,gbbouobgogbobooou,upoboboog,
goobobdoooboooooboooobbouooobbouoooobo,obn
O@U0OO0o00)0DOoOo.0000o0O0,0000000o0O0oooOoO
oo, bbb obouobuoooood
gogogoo.ogbogboobog, oo uouououod
gooooooog.

godobgood, bbb obuoboouobood
O0000D000000000 (0 6.5).000000000D0D0O000O0O
0000000 10-20%0 0000000 [59,60]C 0000 CALOO
000000 5% [6l).0000000000000000O00OOOO0O
goooboooooodg, bbb booobobooooon
gobgodo, oo, bbb obouoog,ouoon

gogbogogoogbobooboooob.oboboo, gboobogouod
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000000000000 0000,000000000 44%00000
0000 [0 6.2-6.400 6.5A(0)].0 6.5A@Q00000,0000000
0000000,1025%0000.0000,0000000000000
00000 (00 CAlO0D0)0D0O0DO000.0000000,0 65800
00000,00000000000000000,00000000000

gobouoooboobboobbuoobobooobog.

7.2 Maxwell-Wagner-dispersion

00000000 000,00000,8-dispersion (1 kHZ1 O 1 MHz) O
O0000000000000000 (Maxwell-Wager-Sillars theory) [8, 12]
gooootd.ddooggo, oo ood,godoougod
O000000000o0O0Doooooon. Takashima&ooooooooOo,
gobdoododdooodoooodoooodoooooooog, oo
gododotooooouododoooooooodododooog.
Takashmad D0 0D 0000000000000 DOOOOOOOO [12],
AsamiD 000000000000 00000000OD00O0O [6e2]. 0000
,00ddoddodootdouobodoodooboodoooo,odo
gibooootdooootdouooodoooo.gog,oodouoodao
D00000000000000000o0go Maxwell-Wagner-dispersion
gooootobodoouooooooodoog.

SchwanO O 1 HzOODODODODODOODODOODOoOOoODODODOOOO (a-
dispersion)D 0 0 000 OO0 O (counterion displacement) 0 000 00O

0000 [7,8,63,64.0000000,Bedardetalll, 00000000
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ddooooooddoooo-oodooooooodoooodd
0 [22,23,65].0 0000000000, adispersion 00000000
0 GabrieletalJ DO OO0O0O0OO0OO0O0OO0OODOOOODO. Grossel Fosterd
D00 [63], 00000000 rq(=¢/0) 00 ROODODODDODODOOOOODO
O Dpn0000,00000000000.

R
Dion'

(7.1)

Td

R=1[um]|0O0,7q 0 1[msec]0 00, R =100 [um] OO, 10 [sec]d O
.0ddddoooooog, oo oooood
[msec]0 00O (0 6.3C),00 0000000000000 DOODOOOOO
O0o0o0o00ooo0ooooo.oo0,0000000 12mO0O00O0o0on,
bodotdotobodootdoodotobodootdoououonooood
O.0dodtdoodoodootdoouoouoodoouoodoogd,
dododooooooooouoodoooooobooouoooooda,
bdooddouooodoooodooooooo,dboououood

oot ooobuon.

/3 O00000O0OOoooood

0 6.2B0,00000000000000000.O00000000OO
O, 0000000000000 00O0000O0000DO0O00O0,000 1Hz
00 05kHzOOO,1.7b[dB]JUO0O0OO0O0OO. OOO0O, Logothesis et al.
0 10HzOO 5kHzOODODOO0O0OO0DO0OO0O0OO0O0OO0DOO0OOO0DOOOODOOO
19dBO00O0OOO0O [16. DOO0DODOODDOODDODOODOOODOOOO
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00000000, Logothesisetalll, 00000000000 O0OO0OOO
goooooouodouodo.od,gouod,gouododgogn
O000d00o0o0o00D000oOouod,1HzOO 1kHzOODOOOOO
O0,00000000000000D0000000DO0O (0 6.2.00000
ododouoooogodouooon.

Bedardetal D OO OODOODOODODOODOOODODODOO, Logothesis
etal0 0000000000000 000O00OODODOOOOOOODOO
00000000 [22,23,65]. 2210000000, 0000000000
OD00000000oo0oDoooooooooooooo (212)—-(2.160 00
0 [8,11]GabrieletaD D0 OO0 ODO00OOO0O, 000000000000
O0o0do,0 71A(@UOD0D0D0000O0O0OoODOOoOoOoooOoooO
OO000.071AMoO0O00000, 000000000000 oOooOO
oo oouoooonoouooonoo,
BedardetalD OO D OOODOOO.000OODOO, Logothesis etald 00O
ODO0000000.BedardetalD , 000000000000 O0OO0DOOO0O
oot obdououooboobogoud.

go,00douoogouoooouo,bgoouoooouoog
Oo00oooooooo (o 71B(b),00000O00OooOooooog,on
OO000000000D0OO000000DoOoOO00ooo 0250000000
00000000000 (0 7.1A(c)). 00000, GabrieletalD 0000
00 Logothesisetal OO0 OO0 O0O0O0OO0OOO0.000,00000000
oo ouoo,gdoooouogo

oo, oboooon.
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gotgooouogbdobg, bbb obouobood
gogb.gbogo, bbbt obooboooood

go,bugbobogobuoobuoobooobooobboobn.
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00000 (CSD)0O0D,000000 (LFPOOODDOODODOOOO
0 [13,14].0000000000000000000000000000
000000000,000000000000000000000000
0000.000000000,000 CSDOOOO,000000000

goougooogoooog.

O'VZVext = —lcsp (7-2)

00,00000 (Ve(X ) DODOODO0O0,0000000000 (e(x w))
0000 (r(xw)D0OO0O0000,000000 CSDOO (lesp(X w)) O
000000000000 [3]. 000000, lesp(Xw) 00000000
oooo.

lcsp(X, t) = (2n) fV (o (X, w) + jwe(X, w)) (—VVexi(X, w)) el“dw (7.3)

O0,0000000000000 (Uooo, storage factor, 2fe/o?) O O
godouoo,oododoooodonoodouoooooonog,
OO0 csSbOoooooooono.oo,0o0o0bo0o0o0o0ooooon,on
Oo00o0oo0Oo0oo0oooo,csbo0oopooooooooooooono. oo,
LFPOODO CSDUOUOOOOUODOOO,00000 100-200pmjO0oood,
sinkO sourced 0O 0O 100-300m|00000000OO0OOOOOO. O 6.4
O000,00000000 120wm|]0000, 000000000000

gotdbooouogbdobobuobo,oobobouoobouobood
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O0000000,00000 120um]0000 sinksourceD 000000
gobgbougbogooooboobob.oboobobbobouobod
gooobooobooboo, bbb bobtoobobuooobon
oo, dgubbdgubbooouobboobobbooobobooooon
googgoo.

/5 U0U0ouooobouoobobouoooboon

0 6.2A0,00000000000000000000000,0000
0(x=L)00,00000000000000000000000000
0000000.0 7.2A0 7.2D0000000000,00000000
0000000000 00000000000 g 000000 Tmem3 O
000000000000, 0 7.2B-1,7.2B-2,7.2Q 7.2E0,00000
(x=L)0O00DO00OO0000000000000000000000000
000000000000000.00000000000¢. 000000
Tmem0 0000,0000000000000000000000 (1-30Hz)
0000000.00000000000000000000000000
(1-12Hz)0000O00000.
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7 00

O000,000000 20msec 00000, 00000000,000
0000000000000 00 OHzOO 20HzODODOODOOODOOOOO
gooboooooobobobo.oobobo, bbb obuoubod
doddodoooooooooooooooboobb,obbbbbbbo,n
gooduboobuouoobobooboubooboubobog.gog,
O0000000,0000000 4-12HzO0O0O,00000000000
00.00000000,00 CAlOD00O00OO00O0ODOODbOODbOoDOOoog,
goodooouoobobobobobbbbooooooooooooooon
guoooboggobgag.,

0 6.2A00 7.2D000O0,0000000000,000000000
gotobooouogbgobobogob,buobobouoobouobobod
gogbgoguooobodboobd.gbgbuobuoboboboobooon
ogoooooobooboooo,goobobooooooboooo. o
gotdooouogbodobobdobobou,bobouobouobood
gobbgoobdobbouoobouoobouooooboon.

gobbdoboboooog,goobobbooubboobnboouoboad
oo ooob,gobbooobood
oo bboboboboodbobuudoooooooooon
O [66-70|0,0000000000,0000000000000000A0
gooobooboboogboo,gbuoboboboobotuobobuoboobn
OO0000.00,Na0D00O0D0 CaDOOODOODDODDOODOO
goodubooobodboboubobouooboonoooobon

go,dobgougog,bugbouobobouoobou,buoouoon
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ddoodoooddo.dbooodoouodooouoooooodd
oo, oogtdooodtooodooooooodooodd
gooodoodogogao.

O00000000000000000000"dendritic bundlet OO0
O00000O00D0o0oo [49)(@ 7.3).0 650000000,000000
OO0O0000doOo,(Co00d0bodon)0bDd0o0ooooooooood
goooodooodooooo. oo, gtoogooodo,dod
goodoooodo,ogoouodoooodooooonodoonod
gbooooooodoon.

oo, doodouootdoooodoououo,ouoouodgn
D0000000000 (ephapticinteractionN) D 00O 00000 O0OdO
ODO00o0oO0oOoog[29,50,71-75]0 000000000 dendritic bundle
bodotbodbodootdoouoobooootdoooooboood
gooogn.

O000o0,000fd0don,00 300b00000ooooooooon
goodooooooodgoogao.

(HooooooDooOoDOoODOo0OoOO0O0DoOooDoOOoO,D00D0000
ddooddooodooodooodo.odoououooouood
gboouotuoboodoodoooon.

(20U0o0ooU0oD0o00O, 0000000000000 UDOUOoOOoon
gogoooooog.

LUuooooooooooOo,0bDo00D0ooooooooooo.
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(Dendritic bundle) D O O OO OO0
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gd. dooddoduoooooooon,
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Bot, 20090 O [76])

073 0000000000

69



goon

oo

[1] Cole, K. S., 1968. Membranes, ions and impulses: A chapter of classical
biophysics (Biophysics series, vol.1). Cambridge U.P.

[2] HODGKIN, A. L., and A. F. HUXLEY, 1952. A quantitative description
of membrane current and its application to conduction and excitation in
nerve.J. Physiol. (Lond.117:500-544.

[3] Miyakawa, H., and T. Aonishi, 2012. Apparent extracellular current den-
sity and extracellular space: basis for the current source density analysis
in neural tissuearXiv: 1209.4722

[4] Schwan, H. P., 1957. Electrical properties of tissue and cell suspensions.
Adv Biol Med Phy$:147-2009.

[5] Schwan, H. P., and K. S. Cole, 1960. Bioelectricity: alternating current
admittance of cells and tissues. Yearbook Publishers, Inc.,.

[6] Schwan, H. P., 1963. Determination of biological impedanBéys Tech
Biol Res6:323-407.

[7] Schwan, H. P., G. Schwartz, J. Maczuk, and H. Pauly, 1962. On the low
frequency dielectric dispersion of colloidal particles in electrolyte solu-
tion. J. Phys. Chen66:pp. 2626—-2636.

[8] Foster, K. R., and H. P. Schwan, 1989. Dielectric properties of tissues and
biological materials: a critical reviewCrit Rev Biomed End7:25-104.

[9] Epstein, B. R., and K. R. Foster, 1983. Anisotropy in the dielectric prop-

70



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

goon

erties of skeletal muscléed Biol Eng Compu21:51-55.

Gabriel, S., R. W. Lau, and C. Gabriel, 1996. The dielectric properties of
biological tissues: Il. Measurements in the frequency range 10 Hz to 20
GHz. Phys Med Bio#1:2251-2269.

Debye, P., 1929. Poler molecules. New York: Chemical Catalog.
Takashima, S., 1989. Electrical Properties of Biopolymers and Mem-
branes. Adam Hilger.

Nicholson, C., and J. A. Freeman, 1975. Theory of current source-density
analysis and determination of conductivity tensor for anuran cerebellum.
J NeurophysioB8:356—-368.

Mitzdorf, U., 1985. Current source-density method and application in cat
cerebral cortex: investigation of evoked potentials and EEG phenomena.
Physiol Re\65:37-100.

Plonsey, R., and R. C. Barr, 1998. Electric field stimulation of excitable
tissue.l[EEE Eng. Med. Biol. Magl7:130-137.

Logothetis, N. K., C. Kayser, and A. Oeltermann, 2007. In vivo measure-
ment of cortical impedance spectrum in monkeys: implications for signal
propagationNeuron55:809-823.

Nunez, P., and R. Srinivasan, 2005. Electric Fields of the Brain: The
Neurophysics of EEG. Oxford University Press, USA., 2nd edition.
Pettersen, K. H., A. Devor, I. Ulbert, A. M. Dale, and G. T. Einevoll, 2006.
Current-source density estimation based on inversion of electrostatic for-

ward solution: &ects of finite extent of neuronal activity and conductivity

71



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

goon

discontinuities.J Neurosci Method$54:116-133.

Nitsche, M. A., and W. Paulus, 2000. Excitability changes induced in the
human motor cortex by weak transcranial direct current stimulatibn.
Physiol. (Lond.527 Pt 3:633-639.

lyer, M. B., U. Mattu, J. Grafman, M. Lomarev, S. Sato, and E. M. Wasser-
mann, 2005. Safety and cognitiviext of frontal DC brain polarization

in healthy individuals Neurology64:872—-875.

Perrin, J. S., S. Merz, D. M. Bennett, J. Currie, D. J. Steele, |. C. Reid,
and C. Schwarzbauer, 2012. Electroconvulsive therapy reduces frontal
cortical connectivity in severe depressive disordenoc. Natl. Acad. Sci.
U.S.A.109:5464—-5468.

Bedard, C., H. Kroger, and A. Destexhe, 2004. Modeling extracellu-
lar field potentials and the frequency-filtering properties of extracellular
space Biophys J86:1829-1842.

Bedard, C., H. Kroger, and A. Destexhe, 2006. Model of low-pass filtering
of local field potentials in brain tissuhys Rev E Stat Nonlin Soft Matter
Phys73:051911.

Stuart, G., and N. Spruston, 1998. Determinants of voltage attenuation in
neocortical pyramidal neuron dendraitdsNeuroscil8:3501-3510.

Inoue, M., Y. Hashimoto, Y. Kudo, and H. Miyakawa, 2001. Dendritic
attenuation of synaptic potentials in the CA1 region of rat hippocampal
slices detected with an optical methdgur. J. Neuroscil3:1711-1721.
Golding, N. L., T. J. Mickus, Y. Katz, W. L. Kath, and N. Spruston,

72



[27]

28]

[29]

[30]

[31]

[32]

[33]

[34]

goon

2005. Factors mediating powerful voltage attenuation along CA1l pyra-
midal neuron dendritesl. Physiol.568:69-82.

Omori, T., T. Aonishi, H. Miyakawa, M. Inoue, and M. Okada, 2006.
Estimated distribution of specific membrane resistance in hippocampal
CA1 pyramidal neuronBrain Res1125:199-208.

Akiyama, H., Y. Shimizu, H. Miyakawa, and M. Inoue, 2011. Extracel-
lular DC electric fields induce nonuniform membrane polarization in rat
hippocampal CA1 pyramidal neurorBrain Res1383:22-35.

Monai, H., T. Omori, M. Okada, M. Inoue, H. Miyakawa, and T. Aonishi,
2010. An analytic solution of the cable equation predicts frequency pref-
erence of a passive shunt-end cylindrical cable in response to extracellular
oscillating electric fieldsBiophys J98:524-533.

Mel, B. W,, 1993. Synaptic integration in an excitable dendritic trée.
Neurophysiol70:1086-1101.

Rall, W., 1959. Branching dendritic trees and motoneuron membrane
resistivity. Exp. Neurol.1:491-527.

Rall, W., 1967. Distinguishing theoretical synaptic potentials computed
for different soma-dendritic distributions of synaptic inplitNeurophys-

iol. 30:1138-1168.

Plonsey, R., and D. B. Heppner, 1967. Considerations of quasi-stationarity
in electrophysiological systemBull Math Biophys29:657—-664.

Durand, D., 1984. The somatic shunt cable model for neurBraphys.

J. 46:645-653.

73



goon

[35] Kawato, M., 1984. Cable properties of a neuron model with non-uniform
membrane resistivityd. Theor. Biol.111:149-169.

[36] Cartee, L. A., and R. Plonsey, 1992. The transient subthreshold response
of spherical and cylindrical cell models to extracellular stimulati&iE
Trans. Biomed. Eng9:76-85.

[37] Costalat, R., and B. Delord, 1999. Ephaptic Interactions Between Neu-
rons. In R. R. Poznanski, editor, Modeling in the Neurosciences: From
lonic Channels to Neural Networks, CRC, 321-355.

[38] Klee, M., 1973. Intracellular biopotentials during static extracellular stim-
ulation. Biophys. J13:822—-831.

[39] Krassowska, W., and J. C. Neu, 1994. Response of a single cell to an
external electric fieldBiophys. J66:1768-1776.

[40] Mclintyre, C. C., and W. M. Grill, 2002. Extracellular stimulation of cen-
tral neurons: Influence of stimulus waveform and frequency on neuronal
output.J. Neurophysiol88:1592-1604.

[41] Mclintyre, C. C., W. M. Grill, D. L. Sherman, and N. V. Thakor, 2004. Cel-
lular effects of deep brain stimulation: model-based analysis of activation
and inhibition.J. Neurophysiol91:1457-14609.

[42] Rattay, F., 1999. The basic mechanism for the electric stimulation of the
nervous systemiNeuroscienc&9:335—-346.

[43] Svirskis, G., A. Gutman, and J. Hounsgaard, 1997. Detection of a mem-
brane shunt by DC field polarization during intracellular and whole cell

recording.J. Neurophysiol77:579-586.

74



goon

[44] Tranchina, D., and C. Nicholson, 1986. A model for the polarization of
neurons by extrinsically applied electric field&ophys. J50:1139-1156.

[45] Jack, J. J. B., D. Noble, and R. W. Tsien, 1983. Electric current flow in
excitable cells. Oxford University Press, USA.

[46] Tuckwell, H. C., 1988. Introduction to Theoretical Neurobiology: Vol-
ume 1, Linear Cable Theory and Dendritic Structure (Cambridge Studies
in Mathematical Biology). Cambridge University Press.

[47] Koch, C., 1998. Biophysics of Computation: Information Processing in
Single Neurons. Oxford University Press, USA., 1st edition.

[48] Segey, I., 1998. Cable and Compartmental Models of Dendritic Ttaes.

J. M. Bower, and D. Beeman, editors, The Book of GENESIS: Explor-
ing realistic neural models with the GEneral NEural SImulation System,
Springer-Verlag New York., 149-168. 2nd edition.

[49] Bokil, H., N. Laaris, K. Blinder, M. Ennis, and A. Keller, 2001. Ephaptic
interactions in the mammalian olfactory systeiNeurosck1:RC173.

[50] Bikson, M., M. Inoue, H. Akiyama, J. K. Deans, J. E. Fox, H. Miyakawa,
and J. G. Jéerys, 2004. Hects of uniform extracellular DC electric fields
on excitability in rat hippocampal slices in vitrd. Physiol 557:175-190.

[51] Spruston, N., and D. Johnston, 1992. Perforated patch-clamp analysis of
the passive membrane properties of three classes of hippocampal neurons.
J. Neurophysiol67:508-529.

[52] Bekkers, J. M., and C. F. Stevens, 1996. Cable properties of cultured

hippocampal neurons determined from sucrose-evoked miniature EPSCs.

75



[53]

[54]

[55]

[56]

[57]

goon

J. Neurophysiol75:1250-1255.

Major, G., A. U. Larkman, P. Jonas, B. Sakmann, and J. J. Jack, 1994. De-
tailed passive cable models of whole-cell recorded CA3 pyramidal neu-
rons in rat hippocampal sliced. Neuroscil4:4613—-4638.

Press, W. H., S. A. Teukolsky, W. T. Vettering, and B. P. Flannery, 2007.
Numerical Recipes 3rd Edition: The Art of Scientific Computing. Cam-
bridge University Press., 3rd edition.

Nicholson, C., 2004. Extracellular space as the pathway for neuron-glial
cell interaction.In H. Kettenmann, and B. R. Ransom, editors, Neuroglia,
Oxford University Press, 387-397.

Chen, K. C., and C. Nicholson, 2000. Changes in brain cell shape create
residual extracellular space volume and explain tortuosity behavior during
osmotic challengeProc. Natl. Acad. Sci. U.S.87:8306—-8311.

Thorne, R. G., and C. Nicholson, 2006. In vivdtdsion analysis with
guantum dots and dextrans predicts the width of brain extracellular space.

Proc. Natl. Acad. Sci. U.S.A03:5567-5572.

[58] Attwell, D., 2003. Interaction of low frequency electric fields with the

nervoussystem: the retina as a model systdrRadiat Prot Dosimetry

106:341-348.

[59] Wolft, J., 1968. The role of the astroglia in the brain tisséeta Neu-

[60]

ropathol.33-39.
Reichenbach, A., and H. Wolburg, 2004. Astrocytes and ependymal glia.

In H. Kettenmann, and B. R. Ransom, editors, Neuroglia, Oxford Univer-

76



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

goon

sity Press, 19-35. Second edition.

Ventura, R., and K. M. Harris, 1999. Three-dimensional relationships be-
tween hippocampal synapses and astrocyteNeuroscil9:6897-6906.
Asami, K., 2006. Dielectric dispersion in biological cells of complex ge-
ometry simulated by the three-dimensional finit#ehence methodlour-

nal of Physics D: Applied Physi&9:492.

Grosse, C., and K. R. Foster, 1987. Permittivity of a suspension of charged
spherical particles in electrolyte solutioh.Phys. Chen1:3073-3076.
Grosse, C., 1988. Permittivity of a suspension ofcharged spherical par-
ticles in electrolyte solution. Il. Influence of the surface conductivity and
asymmetry of the electrolyte on the low- and high frequency relaxations.
J. Phys. Chen92:3905-3910.

Bedard, C., and A. Destexhe, 2009. Macroscopic models of local field
potentials and the apparent hoise in brain activityBiophys J96:2589—
2603.

Narayanan, R., and D. Johnston, 2007. Long-term potentiation in rat hip-
pocampal neuron is accompanied by spatially widespread changes in in-
trinsic oscillatory dynamics and excitabilitileuron56:1061-1075.

Hu, H., K. Vervaeke, and J. F. Storm, 2002. Two forms of electric reso-
nance at theta frequencies, generated by M-current, h-current and persis-
tent Na current in rat hippocampal pyramidal cells.Physiol.545:783—

805.

Ulrich, D., 2002. Dendritic resonance in rat neocortical pyramidal cells.

77



goon

J. Neurophysiol87:2753-2759.

[69] Hutcheon, B., and Y. Yarom, 2000. Resonance, oscillation and the intrin-
sic frequency preferences of neurofigends Neurosc23:216—222.

[70] Hutcheon, B., R. M. Miura, Y. Yarom, and E. Puil, 1994. Low-threshold
calcium current and resonance in thalamic neurons: a model of frequency
preference.J. Neurophysiol71:583-594.

[71] Jdterys, J. G., 1995. Nonsynaptic modulation of neuronal activity in the
brain: electric currents and extracellular ioRhysiol Rew5:689-723.

[72] Francis, J. T., B. J. Gluckman, and S. J. &I#003. Sensitivity of neu-
rons to weak electric fieldsl Neurosci23:7255—-7261.

[73] Anastassiou, C. A., S. M. Montgomery, M. Barahona, G. Buzsaki, and
C. Koch, 2010. Theféect of spatially inhomogeneous extracellular elec-
tric fields on neuronsJ Neurosci30:1925-1936.

[74] Frohlich, F., and D. A. McCormick, 2010. Endogenous electric fields may
guide neocortical network activitNeuron67:129-143.

[75] Weiss, S. A., and D. S. Faber, 2010. Fieftkets in the CNS play func-
tional roles.Front Neural Circuits4:15.

[76] Nathalie, L. B., 2009. It takes two photons to tanddature Milestones
S17.

78



8 U0

81 UUUUODUOOOON

O000,0e6.1BO0O00O0ODOO0ODOODOOODOODODOODOOO,DOO
gobgoboboobboooboobboobouoboboo.obooobog,
gooboboouoboboooooboooob,ggbobboooobooooon
000 00DOO00OD0,0000DbO00b0DbO0O0OD0DbDO.0b0O000,0000
goougooug.

gogougbuogboug,bgbugbougbou.ob,obouood
O0000O00,00000 6ABOODDOODDOOODO,O 81A00
O000O0O0O,NOOOODO0O0DD000O0O0D0,0000000 gpOooOooOo
oo ouououon.
gp=000,000000,000000000000000000.000
00000000000 0,0000000 go/NOOODODOOOOO
000000000 00oooooooooooon (o 8.1B).gp=000,0
OO00000D0O000 e lCO00O0DOODDOODOODOOODOODODN
go.tgd,bgobgbobgbboobobboobo,boobuoobd
gobogbtugbgobotoobooobobbobuobuoboo.gobd
00000000 gopOO0000oO0oo0oooooooo0.0oo,0o0o000
O000000000D000,gph - 00000000000 DOOO0OOO
O0000000.00000,00000 61BOODOODOOOODOO0O

gobbuoobobdobbuoobouooon.

79



811 OUUOUOUOUDODOOOOOOO

O0,00000 61BO0O0O0O0ODOOODODO0O,O0 81A00D0O0O0O
OO0,NOOO0ODO00OD0O000000,0000000 gpOOOOODOOO
oo oobobboobou.bobuoouood
00000000 goO00O0000000000000,00000 VegO

gobuoobboobbooobboobboobb.

80



I, (1)

8r

>

Intracellular space

0 8.1

(ADDOOOODOO0OO000,0000000 GPUOODODODOODODOOO
gooboooooboboogoubooboooouobobobooooon
O g 000000000000 000,00000 VexODOOOOoOoOO
00000000000 000000.gp=0000,000000000
00 6.1BOO00000000ODODODOOOOODO.(B)ODOOODODOOOOO
OO00000ob0Odb0.gp=0000,00000000000 6.1CO0O0ODO
goobooooobobboggd.

81



8 OO

0000000000000 k(k=14,---,N)0O00O00O00O0OO0OO,O
D000 VE(x)DOOOD000 Vex ) 000000000000 0D0.

- i azviﬁ(x’ t _ 1 0°Vex(X 1)

— = 8o Vexi(X, 1), 8.1
ril’l =] aXZ Fext 8)(2 + gD ext(X’ ) ( )
1 9?VE(x.1) AVE(X 1) = Vex(X, 1) 1
— 5 = Cmem——" e = (VK (% 1) = Vex(% 1),
fn  OX ot Fmem

(k=1,---,N). (8.2)

0000000000000000000,00000000000000
000,NO00000000000000 VE(Xt) =Vin(xt) 00O, O
00000, Vinen(%1t) O Vin(x,t) = Ver(x, ) 00000000, 0 (8.1)00
(82)0000000O0DO0O0DOODOO.

OVmem(X, 1) 1 3*Vimem(X, 1)
mem ot T fin 4+ Nfeyy  OX2
L Vet ) + —29 v (x 1), (8.3)
mem ’ Fin + Nfext o

_azvmem(X, t) _ Fin + NFext azvext(X, t) B gD
OX2 NFext Ox? N

FinVext(X, t). (8.4)

0 (8.3),(8.4)0000000000000D0O0O0ODOOOODOOO

O0.§p=000,0 (8.3),(8.4)00 (5.9), (5.11)000000.
000O00000,0 (5.4)00 (5.5 0000000000000.00

000000,0000000,N000000000000000000

82



8 OO

OO00.000000 GI3)0oodoo,000o0oonoooooooooo
gobbdobbuoobbgobobuoobo,boobobuoobo,bud

goboboooboboobboobobooobobooaon.

ONVmem(X, 1)
OX
OVmem(X, 1)
O0X

= Poxtlstim(®), (8.5)
x=0

= Fext|~stim(t) — (Fin + NFex) 9L Vimem(L, 1). (8.6)

x=L

avext(xa t)
O0X
aVext(xa t)
oX

= _Fextrstim(t)a (8-7)
x=0

= —Fextrstim(t) + NFext9L Vinem(L, t). (8.8)

x=L

DDD,rstim(t)[l,D[IDDDDDDDDDDDDDDDDDDDDDDD
Oo0ooo0ooooooobooo.g. =0000,000000000000
oo, gobouooobggon.

gotdo, bbb obuobobuobobtuobood
goooobod.go,bbouoobobboooooboboooa,oon
oo oobobboobouobuoooooboo.

000000000000 (83)0 0 (84)0000000000.

OVmemr(X1)  T'mem 0*Vimem(X, )

r = -V X, t
memCmem ot -+ Nfeq 9 mem(X, 1)
rmemF exth rmemrext d
+ ————Vex(% t) - ————lca(x%,t), (8.9
o+ Nrext ext( ) Fin + Nrext cd( ) ( )

83



Mmem azvext(X, t) _r g_D Mmem
NT ext ox? "N lin + Nfext
M'mem 62Vmem(X, t)

rmem ~
= _ —o(x—=L)r V, L,t) — ————=Trinlca(X, 1),
Fin + Nfext OX2 ( I mem@L Vmem(L, 1) fr + Nfox inlcd(X t)
(8.10)

VeXt(X7 t)

000, fea(Xt) = lsimt)(@(x — AX) —=8(x— L+ AX)). ) 0000000 O
O000000,AxO00000000000.000000000000

gooogoogaon.

vV, V,
NmerlX | _ o NmenlX D) _ L NE g Ve LD, (8.11)
(9X x=0 ax x=L
MNe(x 1| _ 0 NVe(x. )| _ 0 (8.12)
X x=0 0X x=L

0Doooo (5.15), (5.460000. .

NFext, O0/N, Tstim(t)/N O Teg(x,t)/N 0000 0, Fext, Io, lsim(®) O Tea(X, 1)
0000000,0 (8.9 —-(8.1200000000000,00000
goooooooooooooooLooULLUULbLUULUUUULUUUd
(0 8.1B).0O0 (5.12)00,000000000000 leg(xt) O leg(X,t) =
lstim(®)((X — AX) = (X = L + AX)) DO O . Nfex O Tsim(t)/N O §o/N O OO
O0,00000,000000000000000000000 NOOO
gbbdooouddoou,guud,ddoouudooouudoon
O0000.000,000000000,00000000NOOCDODOOO
Do0o0O00ooooo.

ONVmer( X, t 0V merm(X, t
Tmem_mzr;( )=/1ﬁ1em rr(;exng( )_Vmem(xa t)

+ /l?nemrexthVext(X, t) - /lrznemrextlcd(X, t), (8.13)

84



I'mem azve (X, t)
[ oxt (9);(2 - /lrznemrin gDVext(X, t)

azvmem(X, t)
OX?

- 5(X - I—)rmemgLVmem(l—, t) - /lﬁ]emrinlcd(X, t), (8-14)

_ 2
- _/lmem

000, AmemD TmemDJ 0000 [cm]O0O00 [msec]0, 00000000
0o.

I'mem

Amem = and Tmem = mem X Cmem (8.15)

lin + lext

go =000, 0 (8.13),(8.1411 0 (5.18), (5.190 0000 O. .
0000 O (8.11)00 (8.12)0000000OD0.

Vv t v t
aLm(X’) — O, aLm(X’) = —(rin + rext)gLVmem(L’ t)’ (816)
ax B 5X _
x=0 x=L
Ne(x | _ o VXDl _ g (8.17)
(9)( x=0 aX X=L

00000 (5.20), (5.210000. .

812 0O00OO0O0ODODOOOO
000000000000000000000000000000000
0 (8.13)0000 go 00000000000 DODO,O (8.13)00 30

goougoouogooooad.

NVmem(% 1 0*Vimen(X, t
Tmem$ = ﬂ?nem% - Vmem(x, t) - /lrznemrEXtICd(X’ t)‘ (8'18)

0000,0 (8.14), (8180000000 [0 (8.16)—(8.17)p 0000
0.00g00000000,00000000000000000000

85



ooooooooo.
000000000,00000000000000000000000

00,000 Ve ) 00000 lgm()0000,0 (8.14)0000,00

0000000000000000 I+(xt)0000000000.

rmem a2VeXt(Xa t)

rext axz - /lﬁ]emrin gDVeXt(Xa t) = _IT(X’ t)’ (819)

azvmem(xa t)

e + 0(X = L)rmemAL Vmen(L, 1).

(8.20)

IT(X, t) memrlﬂ Cd(X t) + /lmem

0 (8.20)00 (5.22) 000000, I+(xt)00000000O00 O (8.16)
00000000 {p(X)}000000000000000000000

|-|-(X, t) = memrln Cd(x t) /lmemZ An/v‘n‘:on(x)f dt exp( )lstlm(t)

- o(x- L)rmengZAngon(u [ ot ens-=Erante). 820

Kn

0000000 [0 (8.17)00000 (8.19000000000000
oooo.

0o o
Ge(X, X,,t, t,) = 5(]: — t’)g Z COS( 3 X)

L r mr\% 52
Mm=—0o %ﬂ (T) + AfenfindD

cos(n—:x), (8.22)

000 x0t0000000000000000000,x 0t 00000
0000000000000 00000.000000000,00000
[M]DwinDDD&DDDD{mq%%DDDDDDDDDDDD

86



8 OO

0000000000 Ve(x0)=0000000,0 (8.21)0 0 (8.22)0
000000000000000000000000000000.000
0000000000000000002000000000000000
oooo.

L UK cosérn)sinz(ukL) >0
f dxcos(m )gok(x) = ﬂE[(”r”) (@.>0)
0 g 50nk (L = 0)

Oodd,opddooooooooooon.
goubt, bbb buooouoo.

1--cos
Vext(X, 1) = /1r2‘nemrln sim(t) — Z ()

2
'mem ( Mt 2 .
m=1 Fext ( L ) + Amemr"] gD

+ MmemQL L Z cosfum) cos(m )

2 L
r m7r
Tt T) + /lrznemrin Ob

= AnSOn(I—) (
X dt' e
s )

cos ™)
L

) sim(t).  (8.23)

go=000 (COO0ODOOOOO0ODO),000000O00oooOooon.

2 © 1 — cosfmr)

nr
Vext(X, 1) = /lrznemrinlstim(t)t ; > 5 COS( 3 X)
1 %1 (%) + /lmemringD

)
_/lﬁqemz = cos f dt exp(

2
me1 fmem (%) + /lrznemringD

lext

) Istlm(t )

(8.24)

0 (8.23),(8.240 0000 {cos(™)) 000000000 000.0000
000000000000000000 lgmt) 0 —leam() 0000000

87



0,0000000000000000000.

0000000000000000000000000000000,
g - 0000000000000000000000000. 0000,
go=0000,000000000000000000000,00000
Ver(x) 00 00D0O0000.gp=000000,00000000000
00000,000000 [0 (8.22)00000000000000000
0000000,00000000000000000000000000
000000.000000,00000000,0 (8.23),(8.24)0000
00000000000 O0000,000000¢g »000000000
0000.000,061CO00000000000000000 00000
000000000000 000000000.0000000,0000
ooooooooo.

0000000 ([0 (5000000000000 0N00N0noNonoono,
0 (5.4), (5.5)00 (5.9), (5.11)0000000000000.000000
000000000,0 (8.13),(8.14000000,0000000000
000000000000000000,0000 [0 (8.16), (8.17)0 00
O0000000000000.082000000,go0000000,0
000000000000 0000000000000000000000
000000000C0.0000000,000000000000000

00000000000 go0 go=10x10®[S-cml000O00OoO.

88



f approximate solutions

\g

numerical solutions

Amplitude (mV)

10" 10™ 10™ 10™ 10™ 10" 10" 10° 10® 107 10° 10° 10*
g5 (S cm)

082 go#00000000000000000D0DOO0O0DODOOO
O.g9p0 10x10%00 10x10*4[S-cml0 000000
D000000000000000000000000. d
00,0 (8.13),(8.14000000,0000000000
D00000000000000000,0000 [0 (8.16),
(8.17)]000,000000000D000DO0DODOODOO
D000000000.0000000,g#0000,0
(8.23)000000000000O0O0O0O0O0O0,000000
00 (6.2),0000,90=00000 (8.23)0 000000
00000.0(8.23)00000000 n=10000000
0o.

89



82 UDOOOO

(QHOODOoODOoOO0oOooooDoOooOo0oooooooboooo,oo(@moon)

3. H. Monaj M. Inoue, H. Miyakawa,and T. Aonishi, Low-frequency di-
electric dispersion of brain tissue due to electrically long neurites. Phys Rev
E Stat Nonlin Soft Matter Phys. 2012 Dec 26; 86(6-1) 061911. PubMed ID:
23367980

2. H. Monai M. Inoue, H. Miyakawa,and T. Aonishi, Dielectric properties
of a passive long cable placed in a purely resistive extracellular medium. Pro-
ceedings of Asian Science and Technology Pioneering Institutes of Research
and Education (ASPIRE LEAGUE). 2012;

1. H. Monai T. Omori, M. Okada, M. Inoue, H. Miyakawa,and T. Aonishi,
An analytic solution of the cable equation predicts frequency preference of a
passive shunt-end cylindrical cable in response to extracellular oscillating elec-
tric fields. Biophys J.2010 Feb 17; 98 (4): 524-533. PubMed ID: 20159148

OO00D0000000DOO00000D0oODOOo0o00oo,0oo(@ooan)
11.000,0000,000,000000000000000-0000
0,0000,vol 111, No. 315, NC2011-72, pp. 5-10, 2011.
10. H.Monaj T. Ueta, H. Miyakawa,and T. Aonishi,fiects of passive

membrane properties of dendrite on dielectric dispersion of neural tissues. —
Numerical experiment solving the extended cable equation including the ef-
fect of extracellular media.—, Neuroscience Research, Volume 71, Supplement,
September 2011, Page €316

9. H. Monaiand T. Aonishi, An analytic solution of a passive shunt-end
cable model reproduces large somatic voltage-clamp errors in central neurons.,
Neuroscience Research, Volume 68, Supplement 1, 2010, Page €228

90



8 OO

8.000,000,000000000000000DO0DOOOOO,00040
DO0000 JNNS20090 1900000 00000, pp. 6-7. (01-3), 2009.

7. H. Monaj T. Omori, M. Okada, M. Inoue, H. Miyakawa,and T. Aonishi,
An analytical solution of the cable equation predicts frequency preference of

a cylindrical cable in response to extracellular electrical fields., Neuroscience

Research, Volume 65, Supplement 1, 2009, Page S136
6.000,0000,0000,0000,0000,000,00000040

Df0ddddd0ddddddoooooooooooo n,oooooo0

O000,0 640 O 10, p. 298. (28pTJ-10), 2009.
5.000,0000,0000,0000,0000,000,000000

D0000D0D0doooodooDoooooooooo n,oooa, vol.

108, No. 480, NC2008-117, pp. 81-86, 2009.

4. 000,0000,0000,0000,0000,000,000000
oo oouo,obooooood
O00,0 630 O 20, p. 221. (21pVB-16), 2008.

3.000,0000,0000,0000,0000,000,0000040
obdoodododooodboooodoooooooo,boououood
JNNS 20081 1800000 ODOOOO, pp. 194-195. (P3-4), 2008.

2. H. Monaij T. Aonishi, T. Omori, M. Okada, M. Inoue and H. Miyakawa,
Mathematical analysis on dynamical behavior of cylindrical cable induced by

extracellular electrical field. Neurosci. Res., Vol. 61, Suppl. 1, p.71, 2008.
1. 000,000,0000,0000,00000000000000
O00000oOoooooooono,oood, Vol.107, No. 542, NC2007-138,

pp. 157-162, 2008.

oODo00o0Doooboooooooo,on
g

91



()000000000D (ooOooooon)

1. H. Monai M. Inoue, H. Miyakawa, and T. Aonishi, Dielectric proper-
ties of a passive long cable placed in a purely resistive extracellular medium.
International Symposium on Soft Computing, Kanagawa. Nov. 2012.

(A 0000000000 (@O0o00o0ooon)

2. H. Monaj H. Miyakawa, and T. Aonishi, Possible contribution of passive
cable property on dielectric properties of neural tissues.-An analytic solution
of the extended cable equation, including the extracellular media-. JINNS2011,
Okinawa, Dec. 2011.

1. H. Monaj T. Omori, M. Okada, M. Inoue, H. Miyakawa, and T. Aonishi,
An analytical solution of the cable equation predicts frequency preference of
a passive non-uniform cylindrical cable in response to extracellular oscillating
electrical fields. Computational Neuroscience, Berlin. Jul. 20009.

O00D00000D0D0 (oOoooooon)

4. H. Monai H. Miyakawa, and T. Aonishi, Possible contribution of passive
membrane properties of dendrites on dielectric properties of neural tissues.

3. H. Monai H. Miyakawa, and T. Aonishi, An analytic solution of the ex-
tended cable equation including the extracellular media-. Society for Neuro-
science, Washington DC, Nov. 2011.

2. H. Monai T. Omori, M. Okada, M. Inoue, H. Miyakawa, and T. Aonishi,
An analytical solution of the cable equation predicts frequency preference of
a passive non-uniform cylindrical cable in response to extracellular oscillating
electrical fields. Society for Neuroscience, Chicago, Oct. 2009.

1. H. Monaj T. Omori, M. Okada, M. Inoue, H. Miyakawa, and T. Aonishi,
Mathematical analysis on dynamical behavior of cylindrical cable induced by

92



8 OO

extracellular electrical field. Society for Neuroscience, 44-27, Washington DC,
Nov. 2008.

G)0DO000DbhOo0DbhO0o0ooOooDoOOoOobO @ooooooon)
5.000,0000,000,00000000DODOO0ODODOODODOO
oo -ogboobobuobuobooboouood
Oo0oO0oo0ooooo- 0340 00b0000,0000000, Sep. 2011.
4.000,000,00000D00ODO0DODO0DOODODOO0ODDDOOODDO
0000000000000 -0000b0000DOO00,0 33000000
0,0000000000000, Sep. 2010.
3.000,0000,0000,0000,0000,000,000D0000O
oo ououooouon,
0320 000000,00000000, Sep. 2009.
2.000,0000,0000,0000,0D000,000,000D0000
O0000O00DO0o0ooooooobooooooo,0 180 0ood
00 0000,0000000000000O00DO0O, Sep. 2008.
1.000,000,0000,0000,0000,0000,000000
0000000000000 0O0O000bOO0o0obOo00oO,0 3100000
O0,0000000004d, Jul. 2008.

0000000000000 oDoOoobO @ooooooon)
1.000,000,000000000D0O000O0ODODO0ODODO, O 19
0000000000000 2009,0000 00000000, Sep. 2009.

OO0O00O000O00OO00DbOOo0ooOOoobO (@Cmooooooboon)

6. 000,0000,000,00000000000000-00000
0,00000000000D00000 NC2011,0000, Nov. 2011.

5. 000,000,000000DbO0OO0O00ODbDOO0OObDObOOobODbDOD

93



8 OO

gbdddoooooud-gddooooouud,goodooood
0000000 NCz010,0000, Mar. 2010.

4 000,0000,0000,0000,0000,000,000000
0000000000000 00O0000000O000 ,oooooo O
O00,000ad, Mar. 20009.

3.000,0000,0000,0000,0000,000,000000
0000000000000 0O0000O0000000 ,ooooaoo
O000000000 NC2009,0000, Mar. 2009.

2.000,0000,0000,0000,0000,000,000000
bbddddoooooooudduooooouuou,oooooudg oo
00,0000, Sep. 2008.

1.000,000,0000,0000,000000000000000A0
O00000000000,0000000000000000 NC2008,0
O 0O3d, Mar. 2008.

(6) 000
00

(7Yoo oo

3. JNNS (Japan Neural Network Society) Student Travel Awards, Okinawa,
Japan, Dec, 2011

2. SFN (Society for Neuroscience) Special Travel Awards, Washington DC,
USA, Nov, 2011

1. OCNS (Organization for Computational Neuroscience) Student Travel
Awards CNS*2009, Berlin, Germany, Jul, 2009

94



