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As explained above, the biphasic CAP results from the difference of two time-delayed
monophasic recordings (Fig. 7). In regard to excitation what is measured
extracellularly is a negative potential towards the unexcitated areas. i LAk, XA
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Jpassive” »active*

membrane properties

X P B SN BRI R AR BR G I BAR, RO e DR TR AnlE] 2 M 3 Fm Bkt RS8R AR
HE,

#%

1. R 1 IR B OS2 Na*t ith, BBS2 KY il GificfE, miprs o, mligdk
R KRIZRIRIERD .

2. HEE 1 R, SRS RBALRE T, A RS BRI RETT 1 B A AR b
LA CRIATT A= IE R TT D .

3. WA 2 gl AR A REN-40 mV IR, il A HAL T 0 R b A/ fRE SR N [
CRIBAE T D .

4. TEEE 2 o d e AR R A (] F £

5. RMRIEE 2 A 3 ke, At A RN 50 Hz Z8iiH (AC) iR B U K 3h1E
AL, T FIRRIE L) 50 kHZ (22 e AR s BiX A ROR .

14



-90
200 ‘
1/nA‘:
i <400
100
0

For furthet information and some experiments, see www.clabs.de,
NeTron/m:embrahe characteristics, and also iwww.virtual-physiology.de.
200 : ‘ 3 i
o & time [ms] WEI
25 BALITES N, www.clabs.de,
T‘Eﬁﬁfﬁ/ﬂﬁﬁ"ﬁ, JRW:  www.virtual-physiology.de

B 2 : fESREARSEE R A AN F A R AR E R, BT 38R RC e
FE AL
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M embran-Potential M embran-Potential
bei AP AP (nur Umladekurve
biz zur Trigzer-Schwella)
[L0 3 T LTS B A
TV S S chwrelle | —Schwells
' Zeit : Zeit
! Reiz-Amplitsde } _I\E Reiz-Amplitsde
3
rh -
Ch Reiz-Dauer Feiz-Dauer
(English?)

P 3. GREE-FREm I 2, A AT, SRR E

ik [a2]: £ASC

Nur Umladekurve bis zur Trigger-Schwelle [f15£i% 3N Only
reload curve up to trigger-threshold

Schwelle [J 9% A threshold

Zeit y time

Reiz-Amplitude f¢ji% 3y stimulus amplitude

Reiz-Dauer ffJ %3 stimulus duration

Bei [fJ1% 304 with, at, in the case of

X TR AR EEIN (8], Dy 7R IR A AR A TR B Ak B, 2 R A B R R A
Wi MTHEERRB, ARACERRMELT, FEERBRR. MM, RBGREBA, EHRit
B R R AR ORIVEPE T E)D o 0 R 82 [0 JE D0 B B A LR AR BB (Rh) o gk
SEE (2xRh) FEERI AR EE (Ch) o XEEARE R R B . A EIWER T — R5iL 5
fuh R R R R 2 CRIED , BLRGHRE R AS R FRR SN [ AR EE AR CRIED o B G1EE,

ol 85 RS R S I ) 5 RS T R N e 2R, RV A5 B0 i 2 - e 42 ) i 25

2. BTEENITRESRA (MEERE)

A A ) fih AR Rt ey B GEE T o e - RIS ) - OB T P e o BB REL S 25 A AL S B Nat Sl An K+
WEIERITR, BERELMZ Nat @l KIT R ER. 2R ERAGEE]—E R 2 LUE Nat @il Ir e
W, SSBURME B ERL, WTITREL R Nat liE, M “S a7 K Nat @i+ 77
Ftb. BT K EIETRI AR, 75 Nat F S ERREZ G, K BERIT RS, i
[ Na* @ik, SHEML. 25 Nat @i K @l ima TP ARG, sia sl « ek
W7 o PRBLZIER R “J ML LML R R ITER IR . MRS S 3 AE s AL SR TE X
HAARFFERIE LTI .
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K+ S LA A T 8RB PR R AR, X el AE B AR ORES TOT R A RARACRE TR, REHA
WEFICIR ( “IERER” RHED , T Nat JEENEA — BT IHE A2 FH 0 A Bk . X Ler 1 iE
BIAS PR A0 28 27 2 P 3 1R R B STk AN 18] 4 R .

FEA AR T Nat @il S BARRHE, ROV EA TS A BAIR R R — B IR H R R,
FEXA LI, FAVEN AR WA FERARASE CRRHD MZTTEN KA m R, BLK
FERBRRACIRZAS S, F T e e S 17 T 7 SO D 20 3 Al A P 109 PO AW 7 e e R T o B 0 A4
AU PR B SR TUISE 2R S RIE o IR RN R G R MR 0 HRS 4 73  Se ek fF,
G A AL RA S 77 BCo DGRV IR AR AL, Gl Nat @M ks, 8 E BELC AR RE
Moo

POEEIE AR Na* EIER K+ 3818 i 3 28 o e OB IR TR U B B 5 s fE A I,
Na* @il RIE L (h) IR, 7SR MEREL0y -70 mV i, RE KL 70% 1 iE se g
(1=100%) . &K 30%CLLTRIFERE. HEWAR -40 mV I, JUFPAR Na* Eib#st
THRIERE . RRET m TSI RET h EisfsxE GLE4) . JFEmT Nat @Err
JRPT K EERI R (LA E a i i) , A ST ERA MR, 1A, BT
gt DME 52 1 Nat 383l FBFE) T3 W) LARTE BT Na* 33 pg s LR K SEIE R TT R B 200
SAMEN o EERIIEMMIRE T, i E WA A, hfE A A . MR, Bk
AR AL SN TR ) Nat S T8 it ORBIRRIT A

apen

closed (inactivated)

cosed
closed {resting) closed (inactivated)

B 4: KY@Ea A TTEhEL YRR AT ASC .. Nat 8 7l iEa mA s, — AN BoE
(m) FLEAM—NRIE (h) Bl m ITENLEIE SRR T, AR R KA. h 116
g, I HA —ANER
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1 1
L R Ry el etaatets
) F S S W O SR N R
i - i
80 -40 0 [mv] 40 i 1 2 3 4 5 [ms]

B 5: Na' BRI (m TEPLE], 200D IR Ch TEspUs], B0 A GORIR A Rk DU K
WIERBOEMLL (n A, SO .
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IF

1. R4 R, REARKEEREA (A -80 mV, (B) -70 mV # (C) -60 mV /K L
fil R FAE AN, AR Nat sl 83T T ok i 2 ek 2202
(a) at-80mV: ___ % (b) at-70mV: ___ % (c)at-60mV: ____ %

2. (a) fE_LIRWBANER R RALRES T, ShfE AR R KR ?
(b) fE_EIRWRAE BIEHRALIRA T, Al A S v AL 7 ZE R R R A B/ 2

3. WAL EARAZE-30 mV B R RER AL, ARAEFT Y Na*t Bl | ot 202
%

4. PRBLiZ NI GE B #E S AL T s Bk, ISR XA E 4 R T O s 2
mV

5. AEEBIRAL 60 MV I, BXAMERFEEED?
3. FfEmffeRt (MEERED)

MAFREA ARG F A FriEB s mE S L, B BETREN SR T R BIYIEER 1/e
(e=HARFH, 1/e £1936%) KIEEE, JWHMN/NT 1 mm 5 mm. Kk, 750 fEEkh, JEH
BAUCAAIIE AL 1% A7 . DO Fhos 2, 7E/NTFH8 iR A Ak i Fa) e ok 200 e o o A (1 B0 4 R A 7K
AN S AL FPEREN R Z 0.

RAEAETHAERZAET, SERA IR A R TTREN . X9 % 3 R O B T3 T8 . 72T R T 4t
o, IRESE AT E MR AT, MEE R, MR EPTRRR R, alREE (L%R)
FTRIERAL. XL R PR L E L 1-2 mim RIREIRE A . (R, AEAEAE SO s AR T SEFn s
B, SMAMARBIE IR ALECE AR R IR A 22 RS OR, DU R A 2 A A LI F S AR
TIAE . XEtAE A —ANET R SL AR R, R A R T XA R AL B A T T

J\/ﬁ_\\ S NGy -
- +

A+ A+ +

+ L 5®- ->
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B 6: il B S A gt o . A W, SRR, R TR OB
HAI Na' SPHTRLAL) TS HAR AT ARG TR WIS B (RALHEGE K Pl an o WA, #HERT
RPLTIR CERATT D o FEIRR 7ERCRE T R T7 i, o G o 3 B 28 A% AL AT B ARSI R B% T
PEFRIR . A R R BETRY, IXR—ANBLI,  TE A BRI T e S AR I T e i R AR
fro X SECLRITMELT AR, TR KRNMERKIEE R TAEE (R RHAES C 78RR R R
e 72T — DR, — 0 UG BRI, XAIRIK RS RC STAFAT FE o IR A ) L AR AL IE T RE A
Na' JEIETF R BB, 20 mf A — AN E AL, Bl S 2L B B AL HLAr R A Na ' e CREZR) -

A2 AL SR RS SR R AR IR RAR, T ILT N — AN EBAL A Y, 955 A2 LS| AR T
WALRBIAE . ERBEENE AR A 2 R M R B sk, J2A — AN, “ B3 BAKN
BRI A AT . AR, b TR T ZEAN R, A a) M V(2 2k PRI, BRA
TRERFT A Na'™ S8 (¥ R 76 PR I K o X RAEAERR AR, i EFTR

A E AL R R g IEE BB R 2 SRS, (B AR R AR AR R L L kel S A
R T AR AL BT — MR B 1R F A ERUAR AT o7 B AR, T I R sk SR T AN
PRI B AR BE TALH BTSN . FEACRERI M LT, ISR B A AR O L B O T e 21 4R (1 P B
R BOR T LR . 24, BB/, ARURASOR, ARG RN AE f L AR A RE AR R .

FEA BB SS, BRI AE OO R Rl BEE SR AL — A ER TR R T — AR, B
AL RRE LA AN R (6, BERAMES) o ERFMER T, B 1 ATIREIh LT g
G, A AR MBIt SR E, XAEIRR SR O

BESH S R OV IR . B BE R AR M il R th 58 4 S AN A BERR B, (RN AR AL A A I
R . X5 BRI M BB 6, IR MR B FE I A . BRI R (KSR T
AT BAE B ZBIREEED o XA TR R A A R SUE L 6D, g
THESHEE. Rz, EREEQIINARTFE, IR E R Sl AR A 1% Sl T LA
PR I B3 ) B S bR

BOAEEMRFEE L, AL g, B RIRET T, AR o RN AR
JErdRE . BERA AR AR, BRI . 3 B AT R o R B e i) K 38
g ok, X8 K Sl IE RS S R R HRE R

Ie]

(1) FEI TR, Pt QAR TR ? ot 42

W2 R £ 4
B B 2
B B A2

(2) NI ET Yl T8 A BB AN S MBI AME 7259 2 0 0 MR AT e ELAR S0l H 2 K2
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(3) M S EE RN ThREXT 2 47 4tk 4740 25, M3 ¥ Erlanger & Grasser fl Lloyd & Hunt fibsitE,
Xy Gk A AN 2

(4) HEFH A Z MBI OPER, FFHSEHAE 50 m/s G SEET, —/MEEREY 1 ms 3]
A R LR 22 AN BE R
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4. EEKRHE

In particular, the time constants of activation of voltage-dependent ion channels have
a relatively high Q1o of 3, which means that with a temperature increase of 10°C, the
ion channels open three times faster. FHABHTH AW E—FE, L SREE 2 2RZ T
M, ERPERIREES, IERAERRER. X5 FERBI R4S RA KR, HE R
AR AT 0o R, F R AR 1) 28— A T B T o O AR ) Quo L (55 T
3) , XEMREREET S 100 C, B iliE s e 3 5. B 7 SR TH#E SimNeuron
PP AR I ER IO AR A ik B B R T AR (R K R A

FERGERIIEIE T, Emf (5) SoRmER, HRW BT, HRIES g
VEfE, RMRMEER, X FRANIMERMTS, ZRUFIRAD, HEEE

TESARE AL ES, IR 1SR A T R 2 ;
1.5 m/s/° C. 0 §

___________________________

B 5 1 R T SR BIR B A (. SRR, BN LR

FIRRAT, WA/ o 35S 1 T IO 9 O ARt 22 WAk, Nat HL 3 AT

b K+ SO A T . ZERGO BRI T, X T e S B

RSy PR ENT T AR LRI IS, DA F AR A 1445 120
1 TnAl 1ms

Koy, EAEFRMEE R, BIUeY g FHLHEEE 0° C B, AFEMZ 400 .

FH IR B A HL L AL 1R 2 LI . X T RS Na* BB ses o B A8

S, T S R T B AE 3 = A 2 BRI T AT, e [ TR
BURI AR A BTSRRI USSR, B A 1 R [t
AR R 15 Y AT 0

& 7+ S e IR A
EBRBB AR B EATIARAMET R, BT SRS . RN, BT
A, BENELS SR AERMERRERES L. ERMT  EIFBCER, SBEERRN
HLPE AR BB E LR R A BB SR BB IR . fERR I, IR DRG]
FEF, S T RN R KT R . fEXUR IR T, e

AT AERENE. 20k SRR, S B0% B39 40 HOK 88 S M AR

CHRITE) 3N BT AMC S 2 I I VBRSS9 4 R Ao

8. PO X > T R AEIR) T A

8 AR

Ie] A
(1) BRE 2 AT Rl AR K R 2 A IR 2 S L PR 3R AT A2 T2 AR A PRS0 2

(2) LAl fARE L P9 AT AR B B3 A R TR B I M A A
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() FERKIRE D 27° C HINME, WEFML L SEE R 60 m/s, WRIRE TR 32° CHF, A
SEE e STYE ¥ 20
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5.

FESMRIBIFNICRAHIE

5.1. ENASE-FIRICHE

A AEHOR B ARE T B LR BRI SIE AL e R R T RS AR AR (B0 o AR
B, dISMERFINE SAER A, RN BRI E Ll RFI8, A A C R B RS E
AL IER AR . EERAOB T HARE R, IF SR T IE R, Rl R ICF R & . X R
NEW PABFTIE R “ 228K PRI RPN, BT R R B 22

WWMM 9: ZAHOABITIE: WHTH
D o . PSR F A

Inputs ARALES, EATH L4 e 2 bR .
MO CARULE 8) Inputs: #iN,
W\/\M\\M/\WM\ Output: #it

ZENTIRB AWM R AR M RE 2, AR —ERBIFEM (+) 8N, S NEES
S ) BN RPN S R AR SR TR (5 5, 220 BORAS OB R v %l iAoy 5,
ZEIP AT A BR — BRI TN (BN, JCHOZ RS (LB 9) o IEZ R PIEA
JER, JUFTA ARG S HIE oyl R, BB BT E AN ES RO

IR Z D OSSP N B A MR R R, WS S B e T . ek SUaEE —EnAh
YR, DM e — A RN EIL R BIR S E AL, SRR AR — 2 NI (A SR 2 J5 78 25 — A Hbk B
REXMET. B 10 i T ZEEIERMENI BRI R

]

Lo R (D MIBRARMREEIE, (i) [MBEARARSE, 2k (i) MBI, RICNEEIEE
frex RAM 2?2 — WSS 1.3,

2. WK E A B F, BESMERA A BRI — S 1. 12

24



K 10: EaafE e sttt n C“ Bz ) ) @ e S IAAS F AR
B, CLRAEZ2 03 IORER I SO () AR (206D BN AR b 45 5 Rk (5 5 i
R ChEP L .

1) The Compound Action Potential (CAP) is approaching
NS from the left as a cloud of negative potentials spreading
into the llular space.

N Zero voltage is recorded until the "cloud' reaches the first
: slectrode.

2) The first electrode begins recording the negative potential
of the CAP. The instrument indicates a current flow from
the red to the blue electrode (plus to minus). However, as

the blue electrode is connected to the inverting input of the
diffe | amplifier an upward deflection will be seen at
output (inverting a negative value gives a positive one)

Fs

§) The CAP is moving forward. Its maximum value now is
iomewhere between the electrodes. The voltage at the first
Hlectrode decreases

The second electrode is still not recording any potential

{ence, current and voltage decrease according 1o the reduced
sotential at the first electrode.

1) The CAP-cloud has reached the second electrode where
he potential increases while it further decreases at the first
Hlectrode.

At a certain point both electrodes will have the same potential
vhich means zero voltage difference and no current flow.

i) The CAP cloud has completely passed the first electrode.
Inly the second electrode is still recording a negative potential
Now, the current is flowing from the blue to the red electrode

again from plus to minus).

As the red electrode is connected to the non-inverting input,
regative values here will give a downward deflection

3) The negative potential at the second electrode is decreasing
Nhen the CAP cloud has also passed this electrode the
ecorded potential is again at zero.

”E y IE i umE il “E 4|||:E ¢ h'E
] 4

D GD_%__ _g) ; ﬂ) D

\ltogehter, a biphasic potential has been recorded as the
esult of the difference of two monophysic potentials.

M

2)

3)

4)

(5)

SENERAIE T M, TR R AL F A0 A2 [ 78 5y Bk 3 — Sl T
Py iReEt iR

FE AR RIC R B SRR S AL AR RN B 2L r AR I i AR (AL “+7
F =70 KRR (HA, BT O AR E R B TEORAS R AR, R B B
BRI REE O BT R4 — N IER B D .

RENERARTE3). Hm KEIAE MBS AR Z MR E . A A iz
BITREAG. B ARRARBE IR ENEM RO Fit, T8 SRR ARG, 315
T8 AN AL BT R

HEEERN = OERIEE AW, SR BT, MRS — AR A — P K. 7E
Kz, WA ERREAEMFER AL, XEWE BEZ A%, BIScH B

HEMEEM R QRSB E AR RASE AR IR T DAL R A B Az . il
RN O EBR AL ORN OANEBGRAE A o« m T ORBERRFMRA R, XEK
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BB i T i o

a3

6)  BAHMKIAEMA N BEEEE B S I A BRI, E R B RO E
BkUL, d TP SRR AR ZE R, TERCT T AT B A0 R

5.2. FESMEIEARYBEDD- - Pflueger SRIRTARHANY"

22 By A1 B AR 7 A 32 B o T A AR KA S ORI, T PV T P T TS S AR T A 0 R P A
fr &AL

ST BRI, LA, A R RAEBREWRIL: MRANE RS RIRA . X
SR E YA (CCE) .

TR RIS TR IE S R S PR R R 27 7 AL AR AL SR T AE AR AL T A, S ISR A4 I L
FEREN T AIBOTIRAS, IF HOWT DAERR R A B AL 3T 0T o S BRI TING , I FIAR RS AR B St 2
B R A R SR A R BT T, W& S BOERBT 4% (AOE) .

Bk, AOE W AR E i CCE XHIIFR, BIVE S_ SRBMEHRA R, HH A ARIEEHE L2/
Al KRPVMRFHRE QLB AR & E—EMrE. it SasifEiff
AOE fRAEILF] CCE [INRAE, X T g2 R A AR A I AR YR A R % 2 1K) Na© 3 T8 7E I T LI L Ar 978
WAl 5 A 2 Ja wT DABEHGE A= A sh (e Rz MHELZ TR, FESREF 4RI TR b, 7R M AL R B TR
I 7 A R B AT R o Je Y B B R A 3 B B, AN SR RO AIAK) Na™ BRI AT ARG I
XF B R DTHR .

;=+_/°H_

%Kathode Anode
= = S— +

KSE\ﬂ% Z J;LVAC)E
- +
KOE N AS

— = ASE

Y

FE—EHIZEAT T, WO BSR4 B 53 SN AN BT 40 o XA T Y AR FA]
#7 2a (ACE) M “BIARMTHL” MAr (COE) o AR S AR & (X S it 73 (4t L 5 B 73
BRI RBAR, BESHETUE DRI E LR E BIRA R (LE 1D .

B 7 W BT YR BN SRR T A AR s 0 Ak Ryt 4, 3B a3 R R A A, RITAN BRI ARG A 5
IRATFIEANYIN . X T ARSI IR L A0 0), SR AR T SRR, TR AL A 1 R IAR -
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B, BT G E BE A N A4 IR B T 4R 4k, TR S ACE Al iR ZE L% S COE HUEE
B UG e B S 1 A S e LA PRI, BRI A% B S Lk A B T SR b
A REMEEH] ACE,

K. Kk,

AT R X Ay (COE) SEXESKEL; X skbr EAEFIMNEAL, R 128 IR ELSh, EIE i 2 AL 05 i 8]
D38 3o S PSR M SR P S

1859 £, Eduard Pfluger fEJNERLEIEITFSHIONAMREEEN 7 LT SRR, BEKN
“Pfluger FUTAHN” (WL 12) -

CCE > AOE > ACE > COE

Amplitude [mV]

10

L N o N & o

5.3.

stimulus application

ARIFBAIRIZIN

12: BA#% (CCE, COE) (#sitadhzk) FpHK
(AOE, ACE) HEAZMICsR, HRITT MM, R
Z IR A A% SR W, B85 SRR (6 ms) M
BTN, AR BRI . REREN -
1 mV GEEIIZ) , 0T, ol riiui s
+6 mV,

WRAEGA R LRI — AN R EBERA, TRALPAE Amlinds (V]

Al RS I S S AN, e - A
A 2 0 B PRI o SRR S I K T D A : I
5, JFRF T ACE RIS S AR coF wems L]
ATEBARETR, MRS (8 13, REd) . 8 1l ;
B, BAERUNOE A CCE (s G M4 om B MEEEE 5 2 [ N
WA, KRETF AR, MALFAEARR LB g . ° —— SN
, y v
A

5.4.

ICRESHZHEUR T RIEGEE

10

0 1 2 3 4 3 6 7 8 9 10
Time [ms]

B 13: AOE (H5thilizk) F1% —A> CCE (414
W) W EREESMAR CBEL
) o B BIRRIER K .



SRR R SE AR, BEaE AR AN BT BSR4 58 n T3
PN 2 R 2 2T 2 2 B0

LT LT YRR SZ BRI, B BROCRISBIE, 25, R (A bR AT T3 n A R
S EAFE R A EE A, B BRI BB R E R R T Amplitude mv]
Brps R RAR KSR (L 14, BETL *

R RS TR KRN, W e AT (EaMge o A

ek, B 14) o FEREEI R, RA- MBI ARRIEL . Fa

THE A BT, TR LR NG R » M-\

A, AT RS AR o Rt AT R AR SRR S A ML Y — e -

B, ATk B R 2 — RAUR e A

Wb B RN AR . SRRk
BRI S, 5 B TR S N, > —
LT P

B A A E LRI AN R R, xR e B 14: (E 3 MORFRBCRAE T, &

ECTUCHRRE T+, R 2 R 05 5 Bty 7 7 o B if@ﬁ@ﬂﬁﬁ?iﬂﬁiggg

PRI I . SRS L 1) ST EREBANI o by Bin i

NI EE S| (£ SimNeuron HH 23, @& 15 FiR) . BB (6, o) HMTXFA
o o ‘ B2 T, K 24— B £F 4

SRS 8 A 22 30 £ o 2 1) (0 RE SR B RN ey

1. e R B, A S B

SR ) A AR A M (2SR, TR P A TR RO, DU B

T A S R R 2 BN
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Bl 15: ASERERECN I S Bl AR, B

________ Y FUBTRBE PG, RHEAK, BN B s B0 R 3 e A A8
: % . GRA SimNeuron [i3) -
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