Chinese Physical Society

ME#’ Acta Physica Sinica

. Institute of Physics, CAS

FRMRLSE AR 35 A& 442 TS B Y SR S AR AR F 34k

THA Fxet

Phase noise induced single or double coherence resonances of neural firing

Ding Xue-Li Li Yu-Ye

5| 15 & Citation: Acta Physica Sinica, 63, 248701 (2014) DOI: 10.7498/aps.63.248701

7E 2871 View online:  http://dx.doi.org/10.7498/aps.63.248701
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2014/V63/124

EATRERCH B B S &
Articles you may be interested in

BT/ L 28 B R 6 AR T 2R 48 ()28 7 YRR 5%

Research on synchronous method for photovoltaic supplied micro-grid based on small-world network mod-
el

YyP2EH%.2014, 63(23): 230502  http://dx.doi.org/10.7498/aps.63.230502

S TR 22 TC R HEF 0 P18 5 e 48 0 0 2% AR [ 26 1) 52 )

Effects of arrangement of heterogeneous neurons on frequency synchronization of a ring-coupled neu-
ronal network

YE=4.2014, 63(18): 180507  http://dx.doi.org/10.7498/aps.63.180507

A ) Newman-Waitts 2% 55 35 75 [ 2% [ [ 25
Optimal Newman-Watts networks and synchronization of Ergodic network
YE % 4:.2013, 62(24): 240510  http://dx.doi.org/10.7498/aps.62.240510

— 2R RR R BHIINBTCAR BE M 2% e JL R 2D 6E F1 70 W
A weighted scale-free network model with high clustering and its synchronizability
YE A 4.2013, 62(22): 220506  http://dx.doi.org/10.7498/aps.62.220506

R /N A 22 I 245 R B B LR
Stochastic resonance in coupled small-world neural networks
YEi=4.2012, 61(6): 068702  http://dx.doi.org/10.7498/aps.61.068702


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.63.248701
http://dx.doi.org/10.7498/aps.63.248701
http://wulixb.iphy.ac.cn/CN/Y2014/V63/I24
http://wulixb.iphy.ac.cn/CN/abstract/abstract61871.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61871.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61871.shtml
http://dx.doi.org/10.7498/aps.63.230502
http://wulixb.iphy.ac.cn/CN/abstract/abstract61113.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61113.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61113.shtml
http://dx.doi.org/10.7498/aps.63.180507
http://wulixb.iphy.ac.cn/CN/abstract/abstract57247.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57247.shtml
http://dx.doi.org/10.7498/aps.62.240510
http://wulixb.iphy.ac.cn/CN/abstract/abstract56585.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56585.shtml
http://dx.doi.org/10.7498/aps.62.220506
http://wulixb.iphy.ac.cn/CN/abstract/abstract45540.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract45540.shtml
http://dx.doi.org/10.7498/aps.61.068702

) I8 ¥ 48  Acta Phys. Sin.

Vol. 63, No. 24 (2014) 248701

PRI PR35 & AR 22 SRR Y SR SR AR T 4R 4R

THA!

% Eot2)

1) (B BRI AR 2 B FERli %3506, BP0 236031)
2) (AU BB 5 0B, 750 024000)

(201445 A 4 HIgH; 2014 45 8 A 8 HILREMA)

P 70 HLIE B AT A g I8 I Hopf 70 2 SISO, TR AIARAT (i8] € i 300t m] AN 208 I 95 - 45 0 22 3
TR, TR B T AR BAT A I B AR A e 7S A TR B Hopf 70 2 AN 45 70 2 s, #8  E AR T L
PR W B0 90N T Hopf 73 4% st BT A0 0 HEL B0 ) SIS, AR 28 75 T DA SR AR 22 R G077 28— O 36, Ar T
ARG A SR AL MR s 1) 1K 1 AR GE A [l A T YT, AR 7 A ) DA S S AR, X I IR e 7 9 FEE )
FER P A AR MR P A B3, o I e M 7 0 P2 0 IR 7 A AE 2R G0 O [ A 3 BRI 0 U R A 7 A R R 84T
TR, AERE 2500 B R, TEIR MR R B IR /N, AR 2 Sk LR, AR AUE SRR S T AR R
FEAE R P 5573 8 i AR TR A B0 7 SR PR AT L P 28870 22 1R SR 22 X A 1k K 22001, 3 et 39T PR AR £

Mg P 8 5 A B OB AIR (R AN [RDBIE TR 45 R 1 7 g

KRR AHTIEIR, ML, Hopf 70 7, 8 -45

PACS: 87.19.1c, 05.45.Xt

1 5 =

=Rk, MR FE AR SN ) RG AR A
B RGN O Iz s 7 o), RLR i R
GUE SR 5 BN T 32 AR 2 7 A 5 U
RIS, FOAREHLILIR 8. i RRH 55
MIPEH, ARZRME R GUAEME RS AE T 2 ik 25 Fh
B FI LS, AR AR T 34 10101 3k
3R T ) P Ao 22 TR R B 0 3 9 A5 MR bE S5 4R A it
AT A,

FERRAEN e, FE PR 2 BRI RO AR T3
PRAFEN T RE. W0 & ML -45 > 2 A Hopf 73
7. Xy E ST 0 T Xk LA 8 T ) e
P, BYTRURIIT B Ak =181 TH N A5 1 2 R 0
A1 8 Tt T SR G851 6 FEE RS SRR, TR PR A A A T DA
ARAR, LTI F AT S AR O 05 i T 2R % iy 1 2
5 X 471 8 it o SRS 55 P58 A X AN BBURK, RO A R

* 5T AR AT EIH (kS 2012MS0103) %5 Bl URRE.

T AHER. E-mail: dx1.751@163.com
© 2014 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.63.248701

FE—EJB Bl . T, TERY M w5 M 5 s A3 | T r A
2 A1) 451 2 g o7 i 288 0160 R £ o ) g 2 071 4%
FRAE B B A A, Rinzel A1 Ermentrout's) F| FH 54 /1
LI TR T TR A M REANAR B b )8
243 28, T TL ALY A PR B2 IE Il 7 Hopf 73 75 4
Morris-Lecar (ML) A5 7 [18] 25 g i Y ) 7 A= T 74 %
L PE R T Hodgkin-Huxley (HH) 57 121 A1
FitzHugh-Nagumo (FHN) 574 [19] 25 f it 71 =
AR TE AR A 1k AR,

AN TR 28 B 75 4 M RS L £ TR 7S R Levy W 7S
5 RO=24) 5k p A T L PR B OCTE. Fe b g
AT DIORIE T HALAE =, RIFAIRE =, B R 4R AE
FEL N 22 Gt N e A A R P 51 R ) 45 S AR A
MIBEALAR A, TEH A AR ) AR AL S L gl
V2 MR TR AR AL B o0 R e A B —
SE R P, B, Kang 28 PR 50 & BUAH (7 e 75
FEHH BRI ehP A IR IR, 4657 1 AR 75

http://wulizb.iphy.ac.cn

248701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.248701
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 24 (2014) 248701

A LB A YA 4L 4R, Liang 25 32 ) B FHN
B AR7R T AR RS AT LA R LRI .

FESCHR [31, 32] H1, — A& HH B R () 51 3
P, — 2 FHN B R L3R, s2br B Sk 31,
32) W FL IR & Hopf 43 4 1 TL B XA, AT 44
AR IR, FR A7 R CEH T @R A
70 75 1 31/ T Hopf 43 2 A5 BRI F A 1 i 39
IS, AR B 75 1] DA 5| S — UM T 4R e s ) A
K80 H 1) [ A5 R TS, R A e s T DA 5
o A SOEWEIT T 5 -5 43 70 B3 1A D42 1 11
MTHRIR. T s R amE R 7O EH
NG OB AL ST 55 43 7 BT I BE ML BN 712

2 METERRE LG

2.1 HHRZF Hopf &

HLH AR 193340 385 5 FH R ik o 228 78 1A P ¥
2, et 4R AR LS & 6 7 R ALK

C% = Ip + Text — (gnam®h(V — Via)
+gxn* (V =Vk)+a(V-W)), (1)
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B (V) = 0.125 exp(—V /80);

C RN Via, Vi ATV 20 3l 2o A LI 4
HL O AT FRL AP A AL g, g AT gn 73 A0 9 AR
LR fe K LT To AANFHEN L, Texr JIAHALIE
. HHBER XSS HIEN: C =1 pFcm™?,

Vaa = 115mV, Vx = —12mV, ¥ = 10.613 mV,
gNa = 120mS-em™2, gx = 36 mS:em 2 flg =
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HH [ T P B S 3G O, T R E e T m S
FEAR (B2 D = 100, fH32Zk D = 1000, 40522k
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.
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Abstract

Neuronal firing activity can be changed from the resting state to firing state either through Hopf bifurcation where
the firing exhibits a fixed period or through saddle-node bifurcation where the firing frequency is nearly zero. Phase noise
with periodicity can induce coherence resonances near Hopf and saddle-node bifurcation points. When the period of
phase noise is shorter than the internal period of firing near the Hopf bifurcation point, the phase noise can induce single
coherence resonance appearing near the frequency of the phase noise. When the period of phase noise is longer than
the internal period of firing near the Hopf bifurcation point, the phase noise can induce double coherence resonances.
The resonance at low noise intensity appears near the frequency of the phase noise, and the one at large noise intensity
occurs near the frequency of the firing near the Hopf bifurcation. The mechanism of the double resonances is explained.
Unlike the Hopf bifurcation point, only a single coherence resonance can be induced near the saddle-node bifurcation
point by the phase noise with long or short periods. The results not only reveal the dynamics of phase noise induced
coherence resonance of the equilibrium point and identify the distinction between two types of neuronal excitabilities
corresponding to two kinds of bifurcations, but also provide an explanation about the different results of phase noise

induced single or double resonances simulated in recent studies.

Keywords: coherence resonance, phase noise, Hopf bifurcation, saddle-node bifurcation
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