Sed"lon 2.3 : Fi"r%Hugh ~Na@umo mode) [ epproximat e asymptotic reduction of the ]
Hodgkin - Huxley mod ef

Asaimptions: ) Ty is small S0 M3 m(|) el e @
(m rap»dlU reaches its quasistable velue, vsing @) M

D =T, (ot perfect ,See groph 2, bt a decent appmmmaﬁm)
8) Nutha =const, b (motivated by graph 1)
< wth=h (wing @ and ®)

This reduces the Hod\,kin-H vrley model ( four 0DEs for V) n,mh) to the two -dimensima)
fystem for Vand h:

cmd,\L = Tapp {9 (VU ¥ Gy, (V=vy,) m2 (VI(K-n) 9, (v-V;,)

T (V)%ﬁ;’ = nco(V)‘n

leds non-dimensiondlise. he system -

ve VoVey oo 1o (00 4

vol-taae, v—
Na_VGq, v sets o 0 Qimensionless parameters
( rather than Vag,.
resting potential for Nat I*= Topp ] ‘(VH 3
This leads to 1he dimensidnless system 9,\/,('\7M;Vaq3 Vio - \/;“'
%ﬂtm Nu(V)-n O Vs~ %S Al M
o Nﬂ V-ea’
Ed.gal:*’g(\/,n) @ KLz g—L 6; C’
dt Do, 9A’q'5n
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where  JUM=F (VT VIIn L ¥ (V- ¥ - (-0F-nYm3y)  with J
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This is why we nom-dimessiomlize — kb gae the refative parm meter S73es

Hev point:€<<l, SO Quickly reaches @ quasisteady equilbrivm in @ and y) ¢¢)
50 (v, n) simplifies: > you w@n see this thmagh @

Jwm =yt nt-c-nlh-Mmi) - dv I*-q(s,n)
PHRASE PLANE ANALYS IS dt P

Start by consid ering the wse

¥ 0] (;-e. ™o applied wreent, fom (@), v is
given by g=0)
&Hﬁrﬂdf’:yft’ In @ gives i = M on algebraic reloti 0nship
(identified [ ¥\  betwee rd v
as sran) hm XK(V:V") e
" %!% = r)(’j(v,v))
A )
9 70
\ & S0 v decreases quickly here
v m}@}ﬂm,vho
- Vil > Note that incheding This ¥
Since £<<| v term doesn't phan ge these
we know that qualitgtive features.
the system quickly
J umps onto this
llcline.

Now we just need do add the n=0 wulldine (m=hy, (v))

(nuilchines in genecal are when you
d
n [l l N nulicine (n=Nw(v)) set ﬂ’ea—t- to 3em)
\ l T rs‘(—- Ml cline when %%_L' 20 D PH=N(V) by eqn (D
\M I 4ﬂt->o 50 ke move up
= \ below the n-nulicline, P PLhue
Lysis
__), \ re(ﬂ" bl’ (D dd_{3= nm_n
7V

V nuiiddine (3 =0)

'] | 4 s1¥=
nullchne when_gﬁ, 2 glvm=I7=0 byegn®



ﬁ""t“’bihg around the fixed point we see that trajectories spiral around So the
fired point i5 a spira).

STRRILITY

Linearize near the fixe point,  =nes, v=0
Sﬁt VvV

n=hm 'l"k)) v, N<| __‘:.4
d
and 00€s Yegome _OL( Nl- [+ cT?/m (N
dt \ v - A3 -19q /(LY
tan  Egv

Stability Is g jven by det (M) gpg trcm) = det(M)<o o saddle
/
trace det (M)>0  apd +r (M) <0

2 mode or spiral
Trace and determinant method

E«‘genvo\lues @n be witten ag

T (Y2 [ (P> g get (o)
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We have det (M) - ‘?(-ﬂ
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Now det (>0

f'l"_‘.: Now Sslope of ‘n'nulldine_-o\n

—
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dv

Di {ferentiake g(v,M(vY)=0 wit v:

Slﬂre of v Ddine = -%SV_ since 3(V,I’D=O 0 N+ ~o , Q0 - .la__ﬂv;

m on
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and fwm graph'. Slope of > shpe of
7 Nolicline vV nulldine A o nulicline

3 N -
) d__nw_ 7 T @av_ , This implies that v nvlicline
Y 20 N
on
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det (M)5g and tr(M) = ~( -QL%SV lﬂ=ﬂ
\"

Fixed point is sable H (M) <0 = %1‘ >-&
N

n d means : rate
23' >0 bewuse opf piclure ﬁ} =n u
oVlnen 9>° cof g i recti
n:Ng change of g in the vdirection)
Moo [“a<0 X whie ketping n fixed (stort an
fixed point is stable | \ ’ qeonum vnileine)
] 40

Atthough the fined poinY is stable, a $mall increase in v will lead 19 q large exarsim-
this is the actin potentia) again. If e ploHed v vesus t we would obtain the qraph

we drew eavlier. v
Limit cycles l7 b

If we apply o current then this  wil push us off the equilibium  point and send s
round the trajeclory before  Starling the process all vver again —we only meed
@ bl of energy o achieve this.

Sliah’cl\y different to a tonventional limit Ucle bewuse in 1his cose you ne&d bo give a bitr
of energy 4o kick it round the Yole (i-e.itdoen't cantinue on the loop wfo energy input)

The Fp‘hHugh"l\)Aﬂumo model rs the reduction of +he four-dimensimal Hodgkin-Hu)ﬁlsy
model 10 o fwo-dimensimg) §ystem,

ﬂ\he Fﬂ?Hugh-Nagumo 2qualions are ap ana!y'l,i(ayj Similar pair of e€quations that have
the same behaviour. easier to handle this mathematically

gv= [T+fv-w
—linear €€n

abic fen
f= v(v-a)g-v)  ocas|

ev=I™-glun)
. E—~— implicit functiom W = b’\l —W
= 'T)M[V) -n




Nerve signals can travel at Speeds of 230 mph. This allows ~&%_
you o rveact qulckl\lj to varous sHmyli, such as pulling your hand away from a hot
Wave propagation in meurons surfa.(@ of reacting to Q sudden loud noise

We vow explore spotial dependence of the Hodgkin -Huxley made).

exteal
( ) inteml )) )\
‘ v/ \a meuron
I, = transmembrane d
Current per unit length I8 Ueﬂkﬂge v/ 1hese axons beause they are not

carrent owr perfectly insulated)

i
C = wpacitance per unit (ength Sx

1, =axial wrrent

R =axial resistance

In & seqment Sy the total change is CV 6.
current out right
C}mresq_ tonservation ; g}(cvgx) = =T Sx v I, -(1,+81)

rremt ot rent i
wimreént \n
1hrov9h walls et
ASsum‘mj C = tonst.
C%\L,; §x = -I_LSX t Iq- 14 - &Ly
= C _g—‘é = - -I_j_ —-&[ﬂ
Taking the limit gs §x —o &%
C% = -I, -2,
%4 L = (%)
- 8V = T Réx Definifion of resistane (e, AV =T, Riotar)

=) 3.![
.bx :-LIR => Iu'= “é{-%

go n (%) CB’V 2
¢ -z = -1 L2V
el 1t R Tx- (4)

‘“)is (s (alled the ’I’deqrapb equation ( or the (able equation)
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assuming the axon has o ciradar cross secHor,

1€ the 'n:;:z\,mfir(mew s p= W,;i,‘lhen, @-— P(I; -Topp)

7 P& unit (ength di nead

ond CpCr ST it pe
unit

length

F R.= msfstivf(:y of wedium, then R = _gt‘- whee A - i—'n'd" is the neuron

cross- Sectional area. In () this gives ““(’»v?%% =~ (L -Tpp) ¢ %&E %I‘
9 G .1 -+ 4
N en-dimensio pal g tion
lbe choen later
= V~V . = fh
V —re ' ]:| ‘QNQCVNQ"VQ“)SCV\,V) , x:.b'é' t:u’f

oo-Veg
(same as eartier non-dimensjonlisadi on)

where L ic to be chosen lader

This gives
N X 2
Cat < I - g+ 8??1
See. problem sheet @ for derivation
A= Nl M of this

This is the [Space dependent versim of the Fifzhu gh- Nagum? made) |~its the same but

Just with a -g-z:(’,_ term. [gpohal variatim of { adds diffusioq tem |

let s analyze action pofentiaks 7h this tase - We toeld  analyse the equations akove but it s
esier to analgse, the  space-dépendent - fitzHugh-Nogumo. equativns (the equations that dispoy
the same qualitative behaviour bt are easier o analyse)

8%%;= f(vV)-wt EL%{ fov) = vlv-a)q-v)
X
%—‘_‘;;l gV -~ W and lmg.& cmwgh Yhat Co,0)
(s the unique steady State.



