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Galvani – 1791: Electrophysiology
Nerve-muscle action potentials

“animal electricity”
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EKG: Centric Dipole Model of the Heart

f ~ 1 Hz
low enough 

for EQS!
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Courtesy of the U.S. Army; image in the public domain.



Glomerular Capillary (rat): Transport in Kidney

inside

out

“Black Dots” = stained negatively charged heparan sulfate 
GAGs (on Heparan Sulfate proteoglycans). Together with 
Collagen IV, they regulate transport of charged proteins/solutes 
in kidney (filtration of blood)

Basement 
membrane

endothelial 
cells

epithelial 
cells
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IGFBPs can bind to ECM macromolecules and 
inhibit IGF-1 transport, uptake, & cell signaling

Inside 
the Cell

ECM
IGFBP-x

IGF-1

Implications for Drug Delivery: Dose and Timing
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Endocrine Reviews, 2002

• IGFBP-2, -3, -5, and -6 have basic ( + ) heparin-binding 
domains that can bind (  ̶  ) HS glycosaminoglycans…. 
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J Biol Chem, 1996

• Increasing the salt concentration in the incubation buffer 
results in decreased binding of IGFBP-5 to fibroblast 
extracellular matrix. 
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J Biol Chem, 1996

• Increasing the salt concentration in the incubation buffer 
results in decreased binding of IGFBP-5 to fibroblast 
extracellular matrix. This suggests that binding is ionic
(electrostatic) and not hydrophobic

→ Charge-Charge interactions!

• (But how do you distinguish between real “E-binding” 
versus “long-range electrostatic attraction” forces               
(i.e., Boltzmann probability)…need to look case-by-case
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Functionalize drugs to nanoparticles, to target tissues via 
electrostatic and binding interactions to (▬) ECM: 

Avidin: highly basic; Ruptake ~200 

9 lysine (+);  
8 Arginine (+)    
7 Glutamic (-) 
5 Aspartic (-)

+5 per chain; 4 chains
Total Charge +20

Dex

Dex

IGF

I GF

Avidin
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Courtesy of Alan Grodzinsky. Used with permission.

Courtesy of Jawahar Swaminathan and 
MSD staff at the European Bioinformatics 
Institute; image in the public domain. 

https://en.wikipedia.org/wiki/Avidin#/media/File:PDB_1sws_EBI.jpg
https://en.wikipedia.org/wiki/Avidin#/media/File:PDB_1sws_EBI.jpg
https://en.wikipedia.org/wiki/Avidin#/media/File:PDB_1sws_EBI.jpg


Gradient Gels for Protein Separation

E

Find E

+−

("Steady Conduction")...sec 2.7

Φ = VoΦ = 0
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PNAS 2007

Microfabricated slit-like fluidic channels form an excellent 
system to confine and observe the electrophoretic motion 
of individual fluorescently labeled biomolecules, such as 
microtubules, actin filaments, or virus particles.

“Electrokinetics”  
in action

MEMs
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Courtesy of National Academy of Sciences. Used with permission. 
Source: Van den Heuvel, M. G. L. et al. "Electrophoresis of 
individual microtubules in microchannels." Proceedings of the 
National Academy of Sciences 104, no. 19 (2007): 7770-7775.

http://dx.doi.org/10.1073/pnas.0608316104
http://dx.doi.org/10.1073/pnas.0608316104


Molecular Interactions

Force

Force

molecular 
Electrostatic 
Interactions

molecular 
Electrostatic 
Interactions
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1777-1855

Astronomer and 
mathematician;

Discovered Gauss' 
Theorem in the 
mathematics of 
electricity;

With Weber (right), 
he constructed an 
electric telegraph 
and extended data 
on terrestrial 
magnetism 
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1775-1836

Mathematician and 
Physicist

Established 
mathematical theory 
of electricity via 
experiments on 
adjacent current-
carrying conductors
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1791-1867

English Chemist & 
electrical experimenter;

Discovered
Electromagnetic 
Induction, laws of 
electrolytic action and 
magnetic rotation;

Discoveries led to 
motors, generators, 
transformers, large-
scale distribution of 
electric power for 
homes & industry
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Induction Motor
used in the 2015

Tesla Model S Sedan

• Nikola Tesla’s original
Induction Motor patented 1888,
on display in British Science
Museum, London

• Currents in Stator windings
→ rotating H(t) → induces
(current in &) rotation of Rotor

Stator

Rotor
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“The Tesla Model S sedan is widely regarded as not just the 
best electric car, but best car of any type on the mass market”

Tesla Model S (P90D) is the fastest car Consumer Reports has ever 
tested: 762 horsepower, 0 to 60 mph in 2.8 sec, “as fast as falling!”   
(No Gears; No Transmission; Range-single battery charge: ∼275 mile)

“The Tesla Model S sedan demolishes 2015 Consumer Reports’ 
rating system: …the best car (of any type) ever.”     “…scored 103 in 
Consumer Reports' system, which by definition doesn’t go past 100” 

Faraday’s Law 
in action!!
vel =    accel x     time

61 mph ⇐ (9.8 m/s2) x (2.8 sec)
1 g 
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1777-1855

Astronomer and 
mathematician;

Discovered Gauss' 
Theorem in the 
mathematics of 
electricity;

With Weber (right), 
he constructed an 
electric telegraph 
and extended data 
on terrestrial 
magnetism 
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VALENTINE'S DAY

MONOPOLE    
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VALENTINE'S DAY

MONOPOLE    
Poem written by Stephen Weinberg (Physics Nobel 
Laureate, 1979) to the author* on Valentine's day a year 
later (Feb 14,1983):

Roses are red,
Violets are blue,
It’s time for monopole
Number TWO!               ......but it never arrived.....

(*Blas Cabrera, the Stanley G. Wojcicki Professor at Stanford, head of 
cryogenic dark matter experiment)
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Nature, 1990

Henry J. Frisch, 
High Energy Physics, Enrico Fermi Institute, Chicago

• “The experiment (Feb 14, 1982) created a flurry of 
excitement when it recorded a single candidate 
event……The experiment would have seen 2,000 
events by now if that one event had been real.”

• “Those in the field joke that it may have been 
the only monopole in the Universe, but having 
traversed California, it’s not coming back soon.” 

24



1831-1879

Physicist & electrical 
experimenter;

Developed 
mathematical theory 
for electromagnetic 
fields;

Led to the discovery 
of electromagnetic 
waves and the 
relation to the 
nature of light
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Good Will Hunting movie poster removed due to copyright restrictions.



Head of Royal 
Institution of 
Great Britain

1791-1867

English Chemist & 
electrical experimenter;

Discovered 
Electromagnetic 
Induction, laws of 
electrolytic action and 
magnetic rotation;

Discoveries led to 
motors, generators, 
transformers, large-
scale distribution of 
electric power for 
homes & industry
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Faraday's contributions to Physical Science
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Faraday's contributions to Chemical Science
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1831-1879

Scottish
Physicist & electrical 
experimenter;

…Publicly credited his 
theoretical insights to 
the fundamental 
experimental studies 
of Faraday (English) 
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E HH E

f = 200 MHz;    (f λ = c = 3 x 108 m/s)   ⇒ λ = 1.5 m

Fluorescent 
bulb

~

DEMO: Standing Electromagnetic Wave

2 x 108 Hz
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E HH E

1.5 m = λEM-wave >>> Lcell ~ 10µm

Looks like 
a "uniform 
static - like 
field"

low freq = long λ⇒ Look at Electro Quasi Static Limit

75 cm
Cell ~ 10 µm
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