
Chemical Sub-system
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• L1: Introduction to random processes, Brownian motion,
and the Boltzmann distribution

• L2: Diffusion as a random walk and the Stokes-Einstein
Equation

• L3: Fick’s Laws and conservation of mass in differential
form, steady-state diffusion

• L4: Diffusion with simple binding reactions (e.g.,
irreversible ligand uptake/degradation or simple
production)

• L5: Diffusion with complex binding reactions including
ligand diffusion through extra-cellular matrices
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What is a Stochastic or Random Process?
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© Wikipedia. Some rights reserved. License: CC BY-SA. This content is excluded from our 
Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/. 

© Frothy on Wikipedia. Some rights reserved. License: CC BY-SA. This content is excluded from

our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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http://ocw.mit.edu/help/faq-fair-use/
https://en.wikipedia.org/wiki/Stochastic_process
http://ocw.mit.edu/help/faq-fair-use/
https://commons.wikimedia.org/wiki/File:IE_Real_SandP_Prices,_Earnings,_and_Dividends_1871-2006.png


Brownian Motion
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Text from "Brownian Motion" article on wikipedia removed due to copyright restrictions.

Text from "Robert Brown" article on wikipedia 
removed due to copyright restrictions.

© LatimerScience on YouTube. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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https://en.wikipedia.org/wiki/Brownian_motion
https://en.wikipedia.org/wiki/Robert_Brown_(Scottish_botanist_from_Montrose)
http://ocw.mit.edu/help/faq-fair-use/
https://youtu.be/Xscn-QSmFo4


Brownian Motion  
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Text from "Brownian Motion" article on wikipedia removed due to copyright restrictions.

Text from "Robert Brown" article on wikipedia 
removed due to copyright restrictions.

Figure from "Brownian motion" article on wikipedia removed due to copyright restrictions.
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https://en.wikipedia.org/wiki/Brownian_motion
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Macroscopically Observed Brownian motion  
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© usfstars on YouTube. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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http://ocw.mit.edu/help/faq-fair-use/
https://youtu.be/FPvcfmiuyIg


Microscopic versus Macroscopic Brownian Motion
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© John Munro on YouTube. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Brownian Motion inside Cells
7

10 microsecond Brownian Dynamics 
simulation of 100 proteins in the E. 
coli cytoplasm 

(from McGuffee & Elcock, PLoS CB, 2010) 

How big is an E. coli cell? 

Courtesy of Rocky Mountain Laboratories, NIAID, NIH; image in the public domain.

Text from "Escherichia coli" article on wikipedia removed due to copyright restrictions.

Courtesy of Sean R. McGuffee and Adrian H. Elcock. License: CC BY.
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https://en.wikipedia.org/wiki/Escherichia_coli#/media/File:EscherichiaColi_NIAID.jpg
https://en.wikipedia.org/wiki/Escherichia_coli
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Brownian Motion inside Cells: Super-resolution
Imaging of Ribosomes in a Living E. coli 

Bakshi et al., Mol Micro 2012 

Figures removed due to copyright restrictions.
Source: Bakshi, Somenath et al. "Superresolution imaging of ribosomes and RNA polymerase 
in live Escherichia coli cells." Molecular Microbiology 85, no. 1 (2012): 21-38. 
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