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a) Noting that

1=1S =2.8
*=0 1 +gg(h)

the top carve is the s-nullcine.

Isee plot!)



b) On the s-nullcline:

a =(0.4,1)

c =10.0,0.28)

On the h-nulloline:

i =0c= - h +1.19(h) =

0

For b We know h
=0.4:

-0.4 +3 10.2 =0

fram which follows
b =10.4,2/3)

For o we know h =0.8:

- 0.8 +31 =0

from which follows
b =(0.0,0.27)



c) 10.5,0)

n =
- 5 = - 0.1

1 =2 =
0.056

I see plot!)

a) Isee plot!)

e) (1,1)

=ese---e
8) Done after the g lat, es egested.

Fixed pointis steble!

/See plot!)



91)
Nullclines de lokumingg(t) =1)
- h +101 =

0

2.8 - 101 =0

Hence

1 =0.28 (Always, regerdless of h
es long or h10.8)

h
=0.84

Fixed pointis of 10.84,0.28)

92)
-
1 ↳

I -E t

0 -

Es

det(s - +5) =(- E - x)( -6 - x) - 0 =



=(x +ti)(x +10 +, -2) =

=x+/lot, ++
-

2) x +lott, =0

1 =
)- lots - (-2) I(lots' + t

-2)2- 404,
2

93) t=0.2 t, =0.02

(-0.2 - 0.2) +10.2 +0.2) - 40.0.2.0.02
x=

2

-
-0.4 +10.16

--0.2

2

Fixed pointis steble er both eigenvoller
here negative real component



- I

94) to the limit to ->0, ts ->a

x
+

- -10ts' + 100 ts2-40t,
=

2

-I
-1

-lot, +10 t
S -

I 0

2

To the limit ts -0, ts" ->0

XI -4 4
-2
- 405-1

- -

I

2

Fixed point -0.2 =0.04 -40.0.2

stays steble!
I
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h) No. Increasing to shifts the fixed point
to the right, but 9(h) stays the same,

egenveller stay the seme, fixedpoint
remeins steble! ↳

Because there is

e zero in the

off diegonal of J.



Exercise 2

a)

I(t) =E Ult.-

=[etortillt -I-til]- 2

-
It.-th/t, (to-t)/t.

to(t) =IoSe -2 JA(t) dt

b)Asingle spille producen

g
=f(t) dt =

-fe
- *t_e -
*

=wo(t - 2)



Assuming Ais a constant, I,is also
content:

I =N A wo(t - tc) =

syn

= AS. (tc - tz)

Plugging in the values:

Isyn =A => A =I syn

Atthe limitN-co Alt) converges
to P(t),

from which we get (ebuming consientI):

A =j(c)

Here is the plot!
A A

I - -

0
I

Esyn



c) Three fixed points (two stable, one
unsTable).

Adding external currentchiffs the orange
ave left:

A
8

I

0
I

Esyn1

Only one stable pointremeins!
the stable pointpersity if textis even higher.

6)- the green line becomes les eloped
the high-velued fixed pointshifts right.

->the gree line becomes to sloped
only one fixed pointremains in 0.



Exercise 3

2)Each opening deposits

q =fov -E)g(t)dt =

=I-E) go tol

->It is also the
Hence number of channel

open ofeny given time
<IC =0 (vo-E) 9. tol

b)At eny time, the number of open channels
is distributed es

0 ~ Pois (Pta)
whose verience is to. Hence

ver (5) =ver (Ivo -E)9.0) =

=(r-E)s." vor (0) =

=(ro-E)s" tol



c) The number of openings/closings that

heppens in an interval of time to one

distributed es No!!

closings
st S~Pois/Pt) depend on/

↑I I(t)!

Identically andindependently distributed!

As a result we here
~O

-
=(t +t) =I(t) +st - s

Hence

(s- 53 =0

(I(t) = ( ++t) =

=(t)(t() +5 -5) I
GI-(Ilt" +[H)(st-s) =

is

(1) +(5(t)(s+ -5348x!
Revispatol



Exercise 4

a)

V() =P. (E) +(8. (r) -Vo(E)) (e- e
-i S

3) Because TCIt, II) converger to 00 (0)
very early in the observed window.

-> Time between closing andnextopening is thus
distributed exponentially in 0. (V):

-Vo(u) t

f(t) =f() e

-> Time between consecutive openings requires a

shift by to:
-Vo()(t - ts)

E
%.() C if tsto

f(x) =

0 otherwise



c) Between two consecutive openings the channel

epends:
->Istime open

->An emountof time closed that is

exponentially distributedin 1.
Tol

Expected value:Id

As such, the channel will be open (approximately)
HALFof the time.


