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Ac.va.on	
  Spread	
  by	
  Tissue	
  Type	
  

•  Smooth	
  muscle	
   •  Skeletal	
  muscle	
  



Tissue	
  Types	
  Con.nued	
  

•  Neuron	
  to	
  neuron	
  conduc.on	
  



Tissue	
  Types	
  Con.nued	
  

•  Cardiac	
  



Electrical	
  S.mula.on	
  

I	
  at	
  a	
  and	
  e	
  =	
  0	
  
Im	
  at	
  b	
  =	
  -­‐Im	
  at	
  d	
  
Im	
  at	
  c	
  =	
  0	
  	
  



AHer	
  ac.va.on	
  starts…	
  



Ii	
  causes	
  propaga.on	
  
•  One	
  area	
  of	
  Im	
  causes	
  
adjacent	
  Na	
  channels	
  to	
  
open	
  

•  Ac.va.on	
  can	
  spread	
  in	
  
both	
  direc.ons	
  



Propaga.on	
  Models	
  

Thevirtualheart.org	
  
Java	
  scripts,	
  modify	
  ion	
  conductance	
  



Rela.onship	
  between	
  Vm	
  and	
  Ii	
  

€ 

Vm ≡ φi + φe

€ 

∂Vm

∂x
=
∂φi
∂x

+
∂φe
∂x

= −riIi + reIe

Taking	
  the	
  first	
  spa.al	
  deriva.ve…	
  

€ 

∂Vm

∂x
= −riIi + re (I − Ii) = −(ri + re )Ii + Ire

€ 

Ii =
−1

(ri + re )
∂Vm

∂x
− Ire

⎡ 

⎣ ⎢ 
⎤ 

⎦ ⎥ 



Vm	
  and	
  Ii	
  (Fig	
  6.6)	
  

€ 

Ii =
−1

(ri + re )
∂Vm

∂x
− Ire

⎡ 

⎣ ⎢ 
⎤ 

⎦ ⎥ When	
  I=0	
  (no	
  s.mula.on)	
  

€ 

Ii ∝
∂Vm

∂x



Rela.onship	
  between	
  Vm	
  and	
  im	
  

€ 

∂ 2Vm

∂x 2
= −(ri + re )

∂Ii
∂x

+ re
∂I
∂x

€ 

∂Vm

∂x
= −(ri + re )Ii + Ire Take	
  2nd	
  deriva.ve	
  

Remember	
  that:	
  

€ 

∂Ii
∂x

= −im

€ 

∂I
∂x

= ip So…	
  and	
  

€ 

∂ 2Vm

∂x 2
= (ri + re )im + reip

€ 

im =
1

(ri + re )
∂ 2Vm

∂x 2
− reip

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 



Vm	
  and	
  im	
  

€ 

im =
1

(ri + re )
∂ 2Vm

∂x 2
− reip

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ If	
  ip=0	
  (no	
  s.mula.on)	
  

€ 

im ∝
∂ 2Vm

∂x 2



Conduc.on	
  Velocity	
  

Hodgkin	
  and	
  Huxley	
  found	
  that:	
  

And	
  

Where	
  d	
  is	
  fiber	
  diameter	
  in	
  μm	
  and	
  θ	
  is	
  m/s	
  
€ 

θ ∝ a

€ 

θ ≈ d



Myelina.on	
  

•  Myelinated	
  axon	
   •  Saltatory	
  conduc.on	
  

€ 

θ ≈ 6 × D


