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Demo from previous Lecture:
Electromagnetic "Standing Wave"

E HH E

~

(λ/2) = 75 cm

Power Supply:     
f = 200 MHz

f = 200 MHz;   λ = [c/f] = λ = 1.5 m
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E HH E

~

Power Supply:     
f = 200 MHz

What E field does a       
7 µm diam cell “see” in a     

1.5 m wavelength EM wave? 
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E HH E

λEM-wave >>> Lcell

Looks like 
a "uniform 
static field" 
of a battery

low enuf freq = long λ ⇒ Electro Quasi Static Limit

75 cm

E
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From EM Waves to Quasistatics

• Show that this quasistatic limit corresponds to the case
where the wavelength λ of the EM wave >> characteristic
length L of the system (e.g., “L” of a tissue, cell, etc.).... 
…..use scaling analysis with Maxwell’s eqns.

• RESULT:    (∇×E ≈ 0) can be replaced by (E = -∇Φ) and
don’t worry about EM Waves!

PSet 4, P1       (Show that……)
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FFF: Complete Description of Coupled 
Transport and Biomolecular Interactions

Navier
Stokes

Diffusion-
Reaction

C E

M
Quasi-Static 

(EQS)
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FFF: Complete Description of Coupled 
Transport and Biomolecular Interactions

Navier
Stokes

Diffusion-
Reaction

C E

M

σ = ∑ (|zi|Fuici)   ⇐ J = σE

• Assume for now: all current is "Ohmic"
(neglect diffusion and convection)

Quasi-Static
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Charges ρe migrate to 
insulating interfaces

8



LAW Boundary Cond.

Gauss

Faraday

⇒ E = -∇Φ

(4) J = σE  (+ other)

Cons. of Charge

EQS subset of Maxwell's Eqns

*

*(constitutive law)

o

0
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P5.1: EKG: Centric Dipole Model of the Heart

f ~ 1 Hz
low enough 

for EQS!

(Obese) Spherical Person
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J = σE

≃ 0 ↔  "Steady" Conduction (sec 2.7.1) 
(since τheart >>>   τch. rel. )

~1 sec

∇2Φ = 0 (Laplace)

~10-9 sec in 
physiologic 
media

Beating Heart is still a solution of Laplace: ∇2Φ = 0

∇•J = σ∇•E = 0
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≃ 0 ↔  "Steady" Conduction (sec 2.7.1) 
(since τheart >>>   τch. rel. )

~1 sec ~10-9 sec in 
physiologic 
media

Beating Heart is still a solution of Laplace: ∇2Φ = 0

= 0 inside a uniform conductor 
carrying current

J = σE

∇2Φ = 0
∇•J = σ∇•E = 0
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E

Electrosurgery: Cutting and Coagulation

Universal 
Hemi-

cylindrical 
Patient

1 MHz !

R

τsource ~ 10-6 sec

Prob. 2.7 in Text
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Power ∝ J•E ~ |σE2|

Electrosurgery: Cutting and Coagulation

Universal 
Hemi-

cylindrical 
Patient

1 MHz !

∇2Φ = 0 (Laplace)

"Steady" Conduction 
(sec 2.7.1) 

τsource ~ 10-6 sec   
<< τrelax  ~ 10-9 sec

E
R
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FFF: Complete Description of Coupled 
Transport and Biomolecular Interactions

Navier
Stokes

Diffusion-
Reaction

C E

M
Quasi-Static 

(EQS)

≃ 0

τsource >> τrelax  ∇2Φ = 0 (Laplace)
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PSet 4,  Prob 2

Poisson’s Eqn

“Poisson-Boltzmann Eqn”
(linearized)

….Find Φ(x)

Φ(x)

x

̶
̶

̶

̶

̶

̶

̶

+

+

+
̶

̶

̶

+

̶

Φo

at x=0
BC:

0.1M NaCl

Cl_

Na+

Φ(x)
(ρe ≠ 0)

Φ(x)→0
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ARG (R)  pK ~ 12.5 
LYS (K)   pK ~ 10.5

ASP (D) pK ~ 3.9  
GLU (E) pK ~ 4.3

p. 18 of Text

Dissociation 
Reactions 

Depend on pH  
(& ionic strength)

Charge of Amino Acid Residues
17
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