Introduction to Biological Physics: Collection of physics equations for final exam

ksT=1/40 eV = 4.1 pN-nm =4.1-102! J; kg = 1.38:10723 J/K; N4 = 6.022-10%/mol; g =9.81 m/s> ~ 10 m/s?.

Coulomb force: F = I 44, 7, potential: U = ! q‘lgz :e=1.6101°C; g0 = 8.85-10712 As/Vm.
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dipole field: E = w ; interaction energy (IE) for static dipoles: U = —izg
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IE between charge and rotating dipole: U = — g1 — ; polarizability (Bohr atom):a = dre,a;
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IE btw. charge and polarizable molecule: U = —Lz —; Keesom energy: U = — ~ L —;
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Debye energy: U = ——2'u 605 ; London energy: U = — > altfz —
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Lennard-Jones: U(r) = 415[(r/r0 )_12 —(r/r, )_6] ; Gauss distribution: P(x)= 1/ ) (x-x)' 207
statistical mean: f(x))= 2 f(x)P(x) = I f(x)P(x)dx ; variance: var(x)= ( >= >— <x>2
4y’ -

¢ Ty (v) = BT T

ideal gas: ( n> 3/2k,T ; speed distribution: P(v)dv =
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generally: (E)=1/2k,T per degree of freedom; statistical weight/Boltzmann distribution: w, < e ™%/"
partition function: Q=) e /" =)’ g e /"
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thermodynamic energy/free energy: (E) = k,T* a—Tan ; (F)=—k,TInQ ; entropy: Froe -S
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end-to-end distances — freely jointed chain: R, =, /(Rf,) =JNI ; freely rotating chain: [, =1- - Ezzg
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persistence length: [ = }/1m< ll an> ; Kuhn length: a =2/ ; diffusion of spherical particle: D = 6 - R
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end-to-end distance distribution: P, (R)dR = ———=¢ * dR; radius of gyration: R; =—R_ ;e
(vV2zni) 6
. . oqe . 3
statistical entropy: S = k, InW ; probability of knot formation: P, (0)dV = 1/ (\/ 2nNI )
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free energy of deformed polymer coil: F(x)= kT x ; resulting reactive force: f(x)= klex
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entropy associated with statistical weight: S = k, InW ; binomial distribution: P(N)=—
by s ’ M= v )< (v)2):

Stirling's formula: InN!= NInN — N +0.5In(27N) ; displacement in #-dim. random walk: (Ax)=2nDt



Stokes formula: { = 6nR ; Einstein relation: D -{ = k,T ; Stokes-Einstein relation: D = k,T /(67nR)

Ie(F,1) =-Vj(7.t); Fick’s laws: (1) j(F,t)=—DVc(7 1) ; (2)

o . r.t .
continuity equation: acgrt ) = DAc(r,t)
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membrane permeation: j =—-PAc= —DTC ; lon mobility: v, = % (¢ : friction coefficient)
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Einstein: D = kBT ; Nernst-Planck formula: j = D{% Ec— acj ; Nernst equation: U =U, — ks In(c/c,)
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information content of sequence: I = ——NInM = —InQ = —(lnN! — ZM ln(N. ‘))
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Shannon’s formula: I/N = —EZp,. Inp,
n2<limp

statistical definition of entropy: S = k, InQ ; Ideal Gas: S =k, ln[(2mE )SN/ 2oyV } + const (Sakur-Tetrode)

s\ ds dF.
Free Energy: F = E—TS ; Free Enthalpy: G=F+pV ;T =|— | ; p=T—,; f, =—
gy py p ( dEj =T =g
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level occupancy in Two-Level System (1= 2 ; state 1 is low-energy level): —< = K = ﬁ =Tkt
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probability ratio in TLS: p, / D, = exp(AE / (kBT)) ; probability to find system in state 1: p, = T3 o T

probability ratio for two generalized states with Free Energies F and F>: P / D= exp((Fz - K ) / (kBT))
Van’t Hoff equation: p, =c-k,T ; flux through semipermeable membrane: j, =-L, (Ap —Ac- kBT)

Poisson eqn.: A¥ =—p, (¥)/(&,€); Poisson-Boltzmann eqn.: A = —ﬁ[exp(—e‘P/kBT) — exp(eW/k,T)]
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ionic strength of an electrolyte: I = Zcff’zf ; Debye length: A4, = (SongTj =(87l, -1 )_1/2
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potential decays as W(x)=—=e " with distance x; specific capacity of diffuse layer: —— = —
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Ap ~ 3A/ J¢, for 1:1 electrolyte (co in mol/L); Grahame eqn.: ¢ = [8c0£0£IcBT]l/2 -sinh(jc : j
B
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=3 ; 1(p) = 1(py)+ [ V(pXp = G(py)+ k,T In p/ p, (Ideal Gas)
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dG = J9G dT + J9G dp + Za—G dN,, ; Arrhenius equation: oK __AH,.,
oT |, x, P17, « N, PN o1/ T) R
Gt = Zn -T- RZn ln(ni/zn,)
[L]‘[R] o [L]/Kd B (C/Co)e_AE/kBT

ligand binding: K, = s Dy = =
tgand binding: &, [LR] Py 1+[L]/Kd 1+(c/co)e_AE/kBT

" L|/k,)
multiple ligand binding sites, n: K = M s Py = ([]/—d),,
[LR] +([L)/K,)



