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Name Equation Information Comment
Thermal energy kT at room temperature (298 | Sets the critical
°K): energy scale for
Boltzmann’s factor, £ ~4x10M™ ergs all stochastic
X ~4x10% =4 7] processes in
absolute temperature, 7 | Where k= ~4 pN-nm Nature!
1.38 x 10"'% erg/°K 1/40"
23 ~ eV
1.38 x 10 J/°K
_ RIN = ~0.6 kcal/mole
A = ~ 2.6 kJ/mole
Boltzmann relation N (E l) L AENT Specifies the relative Arguably the
N( Ez) - population (i.e., relative single most
probability) of two energy | important
states, E1 and E», at relationship in all
thermal equilibrium of statistical
mechanics!
Diffusive “speeds” < x2> =2D.¢ for motion in one Not a velocity!
, dimension The r.m.s.
<l” > =6D.¢ displacement
5 for motion in three goes as the square
(0°)=4Dy dimensions root of time.
for angular diffusion
Einstein- D, =kT/f, translational diffusion Provides vital link
Smol-uchowski D, =kT/f, coeff. between th;
relation . . macroscopic
rotational diffusion coeff. | 14 (D) and
(aik?' Stokes-Einstein fis the drag coefficient, microscopic
relation) defined by force F' = f, world (/).
where v is velocity.
Stokes drag f. =6mna translational drag coeff. Only holds for
£, =8ma’ ) low Reynold’s
(for a sphere) o = 0TN rotational drag coeff. NUMbET. fiuns
a is the radius of sphere; n depends only on
18 Viscosity biggest dimension
Reynolds’ number g = POV p is a density, a is a Supplies the ratio
N n length, Visa Speed’ n 1S of inertial forces

the viscosity

to viscous forces




Fick’s 1* law oC J is the flux; C is the Flux depends on
=D o concentration, D is the gradient; holds
J =—_DVC diffusion coefficient. for concentration;
Shown for 1D temperature, too!
and 3D.
Equation of oC oJ J is the flux; C is the Says that material
continuity ot + e 0 concentration. Relates is neither created
oC temporal and spatial or destroyed
—+V-J changes. Shown for 1D
ot and 3D.
Diffusion equation oC oC This follows directly from | Generally true,
‘ s U (1) Fick’s 1% Law but hard to solve
(ak.a. Fick’s 2" Law) oC & analytically for
o = DV*C (2) Equation of Continuity | many geometries
Diffusion with drift J—_D oc v C The flux J at a given point | Diffusion plus
B o x, due to velocity vy, convection. Also
aC 22C oc increases by an amount called the
— = ==V, — | »(C(x). “telegrapher’s
ot Ox Ox equation.”
Current to capture I =4nDaC, 1 1s the current to a sphere | Sets the peak rate
of radius a. Therefore k is | for any diffusion-
(for a sphere) the reaction rate constant | limited reaction
k =4nDa for capture (i.e., the flux
per unit of concentration)
Absorption by 1 1 1 is diffusive current, a is | Shows that a

individual receptors

sphere radius; N receptors
of radius s distributed at
random

mere handful of
receptors suffice
to do very well!
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