PHY 4523 Page 1 “Statistical Physics” Spring 2002 Formula and Fact Sheet (Version of 25 February 2002) Professor Mark W. Meisel

k_B = 1.381 × 10^{−23} J/K = 8.617 × 10^{−5} eV/K 1 eV = 1.602 × 10^{−19}J k_B =^R_{NA}

V (r) = 4 ϵ [(_d r )_{12} − (_d r )_6]

ln(M!) ≈ M ln(M) − M sinh u =^1_2 (e^u − e^{−u}) sinh u = u +^{u3}_{3!} +^{u5}_{5!} + ... +^{u2n+1}_{(2n+1)!} + ... |u| < ∞ cosh u =^1_2 (e^u + e^{−u}) cosh u = 1 +^{u2}_{2!} +^{u4}_{4!} + ... +^{u2n}_{(2n)!} + ... |u| < ∞ tanh u =^{(eu−e−u)}

(e^u+e^{−u}) tanh u = u − 1 3 u^3 +^2_{15} u^5 −^{17}_{315} u^7 +^{62}_{2835} u^9 − ... |u| <^π_2

∫_∞

0 x^{2n+1} e^{−ax2} dx =^{n!}_{2an+1}

∑_∞

n=0 e^{−nx} =^1_{1−e−x}

∫_∞

−∞ e^{−ax2} dx =

√_π a e^x = 1 + x +^{x2}_{2!} +^{x3}_{3!} + ... =

∑_∞ n=0 x^n n! ln(1 + x) = x −^{x2}_2 +^{x3}_3 −^{x4}_4 + ... , |x| < 1 , x = 1

∫_∞

0 e^{−x2} dx =^{√π}_2

v = ∫_∞

0 v f(v) dv v^2 =

∫_∞

0 v^2 f(v) dv v_{rms} = √ v^2 Φ =^1_4 n v P =^1_3 n m v^2 P V =^1_3 N m v^2 3 2 k_B T =^1_2 mv^2 ϵ =^f_2 k_B T

p_i =^1_W ∑ i p_i = 1 p_i = lim_{N→∞}

(_{ni} N ) p_{(i+j)} = p_i + p_j p_{i,j} = p_i p_j nP_r =^{n!}_{(n−r)!}^nC_r =^{n!}_{r!(n−r)!} W =^{N!}_{n1!×n2!×n3!×...} x = ∑ i n_i x_i

N x = ∑ i p_i x_i (Δx)^2 = ∑ i p_i(x_i − x)^2

P_G(x) = e^{−(x−x)2/[2Δx2]}

(2π)^12 Δx

P_L(x) = 1 π Γ/2 (x − x)^2 + (Γ/2)^2

P_P (x) = x x! e^{−x} P_B (x) = n! x!(n − x)!

p^x (1 − p)^{n−x}

S = ϕ(W ) S = k_B ln(W ) M =^{μ(n+−n−)}_V =^{μN}_V tanh

(_{μB}

k_B T ) ΔU^2_A = −^{kB}_{S′′} = k_BT^2C_A M_z = −^1_V ∑ i p_i

(_{∂Ei}

∂B_z ) V Z = ∑ j e^{−Ej /kB T} Z = ∑ n g_ne^{−En/kB T} p_i =^{e−Ei/kB T}_Z F = −k_B T ln Z U = k_BT^2

(_{∂ ln Z} ∂T ) V U = −^{∂ ln Z}_{∂β} β =^1_{kB T} dF = −SdT − P dV P = −

(_{∂F} ∂V ) T P = k_B

(_{∂(T ln Z)} ∂V ) T S = −

(_{∂F} ∂T ) V S = k_B

(_{∂(T ln Z)} ∂T ) V S =^U_T + k_B ln(Z) d^′Q = ∑ i dp_iE_i U = ∑ i p_iE_i dU = ∑ i dp_iE_i + ∑ i p_idE_i λ = (_{2πh̄2}

m k_B T

)_{1/2}

Z = Z_{trans} × Z_{vib} × Z_{rot}

Z = 1 h ∫_∞ −∞ dx ∫_∞ −∞ dp_x e^{−E(px,x)/kB T} Z = 1 h^3

∫_∞ −∞ d^3⃗r

∫_∞ −∞ d^3⃗p e^{−E(⃗p,⃗r)/kB T}