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Detailed neuron models:
Hodgkin-Huxeley model

1: Introduction to Hodgkin-Huxley models

2: threshold in the Hodgkin-Huxeley model

3. Comparison to Integrate-and-Fire model

4. Synaptic input (conductance input)

5. Dendrite model and cable equation
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Chapter 2:  Detailed neuron models 
Hodgkin-Huxley model

BOOK: Spiking Neuron Models, 
W. Gerstner and W. Kistler

Cambridge University Press, 2002

Chapter 2

Biophysics of neurons
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Hodgkin-Huxley Model
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Question for you!

Exercise 1 now:
dynamics of ion channels
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Where is the firing threshold?

pulse input
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ramp input

There is no threshold
- no current threshold
- no voltage threshold

‘effective’ threshold
- depends on typical input
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Type I and type II  models

Response at firing threshold?
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There is no threshold
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- depends on typical input

threshold process not immediate
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Hodgkin-Huxley type models - EXERCISES
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From Hodgkin-Huxeley to Integrate&Fire:
Where is the firing threshold?

1: Introduction to Hodgkin-Huxley models

2: threshold in the Hodgkin-Huxeley model

3. Comparison to Integrate-and-Fire model
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Full Spike Response Model

ϑ

( ) ...)(,^

0
+−−+ ∫

∞
dsstIstt iε

Last spike of i

( )^
itt −η( )=tui

( )

0
)(

≥

=

dt
tdu

tu

i

i ϑ
Firing: tti =^

threshold

potential

Threshold model adapted to Hodgkin-Huxley Model

100

mV

0

0 20ms ^
itt −^

it

Spike emission

( )^
itt −η

Full Spike Response Model

ϑ

( )

0
)(

≥

=

dt
tdu

tu

i

i ϑ
Firing: tti =^

threshold

( ) ...)(,^

0
+−−+ ∫

∞
dsstIstt iε

Last spike of i

( )^
itt −η( )=tui

potential

Hodgkin-Huxley Model
100

mV

0

0 20ms
^
it

s

Hodgkin-Huxley Model

0

1

mV

( )stt i ,^−ε

Full Spike Response Model

Hodgkin-Huxley ModelHodgkin-Huxley ModelHodgkin-Huxley Model

I(t)

0

5

-5

mV

mV

0

100100

mV

0

90% of firing times
correctly predicted

Kistler et al., 1997

C glgKv1
gNa

I

gKv3

Validation of neuron models

I(t)

ϑ
Spike

threshold model

90 %
of spikes
Correct
(+/-2ms)

75 %
of spikes
correct

Kistler et al. 1997

Hodgkin-Huxley ModelHodgkin-Huxley ModelHodgkin-Huxley Model

Where is the firing threshold?

There is no threshold
- no current threshold
- no voltage threshold

‘effective’ threshold
- depends on typical input

BUT:
- threshold model is a good approximation
- (voltage threshold)

Detailed neuron models:
Hodgkin-Huxeley model
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5. Dendrite model and cable equation
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Model of Synaptic input: conductance change
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Spatial structure, Dendrite model, axon model
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