PHY 3062 and PHY 3513 Page 1 “Thermal Physics” Fall 2001 Formula and Fact Sheet (Version of 31 October 2001) Professor Mark W. Meisel

N_A = 6.0222 × 10^{23} particles mol^{−1} 1 atm = 1.01325 bar k_B = 1.3806 × 10^{−23} J K^{−1} 1 Torr = 133.3 N m^{−2} = 133.3 Pa R = 8.3143 J mol^{−1} K^{−1} 1 bar = 10^5 N m^{−2} = 10^5 Pa 1 J = 2.39 × 10^{−4} kcal 1 kcal = 4184 J (T in^∘C) = (T in K) −273.15 (T in^∘F) =^9_5 (T in^∘C) +32

(1 + x)^n = 1 +^n_{1!} x +^{n(n−1)}_{2!} x^2 + · · ·

x = x(y, z) dx =

(_{∂x} ∂y ) z dy +

(_{∂x} ∂z ) y dz

(_{∂x} ∂y ) z (_{∂y} ∂z ) x (_{∂z} ∂x ) y = −1

P V = nRT P v = RT ( P +^a_{v2} ) (v − b) = RT β =^1_V

(_{∂V} ∂T ) P κ = −^1_V

(_{∂V} ∂P ) T P v = A +^B_v +^C_{v2} + · · · dU = −d^′W_{ad} Q ≡ W − W_{ad} dU =d^′Q−d^′W ρ =^m_V d^′W = βP V dT − κP V dP d^′W = P dV

C =^{ΔQ}_{ΔT} C =^{d′Q}_{dT} c_V =

(_{d′q} dT ) V c_P =

(_{d′q} dT ) P c_P − c_V =

[(_{∂u} ∂v ) T + P

] (_{∂v} ∂T ) P c_V =

(_{∂u} ∂T ) V c_P =

(_{∂h} ∂T ) P c_P − c_V = −

[(_{∂h} ∂P ) T − v

] (_{∂P} ∂T ) V η ≡

(_{∂T} ∂v ) u μ ≡

(_{∂T} ∂P ) h c_P − c_V = R γ ≡^{cP}_{cV} P v^γ = Const. T v^{γ−1} = Const.^′ w =^1_{1−γ} [P_2v_2 − P_1v_1] w = c_v(T_1 − T_2) q = c_P (T_2 − T_1)

H = U + P V h = u + P v ℓ ≈^{ΔQ}_{Δm} ℓ = h_i − h_j ( h_2 +^1_2 ν^2_2 + gz_2 ) − ( h_1 +^1_2 ν^2_1 + gz_1 ) = q − w_{sh} dH = d^′Q_P P +^1_2 ρν^2 + ρgz = Const. u = u_o + c_v(T_2 − T_1) −^a_v

Q_1 Q_2 =

T_1 T_2 η = W Q_2 = 1 −

T_1 T_2 c =

Q_1

W =^{T1}_{T2−T1} η(Otto) = 1 −^{Q1}_{Q2} = 1 −^1_{r(γ−1)} r =^{Va}_{Vb}

η(Joule) = 1 −

(_{Pa}

P_b

)_{(γ−1)/γ}

PHY 3062 and PHY 3513 Page 2 “Thermal Physics” Fall 2001 Formula and Fact Sheet (Version of 3 December 2001) Professor Mark W. Meisel

dS ≡^{d′Qr}_T Δs =^ℓ_T (Δs)_v =

∫_{T2}

T_1 cv dT T ΔS ≥ 0 dU = T dS − P dV T ds = c_vdT + T

(_{∂P} ∂T ) v dv (Δs)_P =

∫_{T2}

T_1 cP dT T T ds = c_P dT − T

(_{∂v} ∂T ) P dP T ds = c_P

(_{∂T} ∂v ) P dv + c_v

(_{∂T} ∂P ) v dP c_P − c_v =^{β2 T v}_κ

U dU = T dS − P dV

(_{∂T} ∂V ) S = −

(_{∂P} ∂S ) V H = U + P V dH = T dS + V dP

(_{∂T} ∂P ) S = (_{∂V} ∂S ) P F = U − ST dF = −SdT − P dV

(_{∂S} ∂V ) T = (_{∂P} ∂T ) V G = U − T S + P V dG = −SdT + V dP

(_{∂S} ∂P ) T = −

(_{∂V} ∂T ) P

(_{dP} dT ) s−l =^{(ss−sl)}_{(vs−vl)} =^{ℓs−l}_{T (vs−vl)} g_1 = g_2 lim_{T →0}

(_{∂ ΔG} ∂T ) P = 0 lim_{T →0}

(_{∂ ΔH} ∂T ) P = 0 lim_{T →0} S = 0

d^′W = −σ dA d^′Q_T = λ dA_T dU = T dS − P dV + σ dA dU = [ T (_{∂S} ∂T ) P,A − P

(_{∂V} ∂T ) P,A ] dT + [ T (_{∂S} ∂P ) T,A − P

(_{∂V} ∂P ) T,A ] dP + [ σ + T

(_{∂S} ∂A ) T,P − P

(_{∂V} ∂A ) T,P ] dA dU = [C_{P,A} − P V β_{P,A}] dT + [P V κ_{T,A} − T V β_{P,A}] dP + [ σ − T

(_{∂σ} ∂T ) P,A − P

(_{∂V} ∂A ) T,P ] dA dU = [ σ − T

(_{dσ} dT ) − P (_{dV} dA )] dA dU = [ σ − T

(_{dσ} dT )] dA S = −A^{dσ}_{dT} s = −^{dσ}_{dT}

P_i − P_e =^{2σ}_r ln^p_{p∘} =^{vℓ}_{RT} (P − p_∘) r =^{2 σ vℓ}_{RT ln}(_{pp∘} ) E = −^4_3 π r^3 (Δg) + 4π r^2 σ R_c =^{2σ}_{Δg}