Astronomy 12 Spring 1999 (S.T. Myers)

Equations and Constants - Final Exam

Last Updated: 26 April 1999

Constants

c = 2.998 × 10^5 km/s G = 6.67 × 10^{−11} N m^2 kg^{−2}

h = 6.626 × 10^{−34} J s σ = 5.67 × 10^{−8} W m^{−2} K^{−4}

k = 1.38 × 10^{−23} J K^{−1} 1 eV = 1.602 × 10^{−19} J

m_p = 1.67 × 10^{−27} kg m_e = 9.11 × 10^{−31} kg

M_⊙ = 2 × 10^{30} kg R_⊙ = 6.96 × 10^5 km

L_⊙ = 3.83 × 10^{26} W T_⊙ = 5770 K

M_⊕ = 5.98 × 10^{24} kg R_⊕ = 6378 km

g_⊕ = 9.807 m/s^2 Solar Constant = 1370 W/m^2

1 AU = 1.496 × 10^8 km 1 pc = 3.086 × 10^{16} m = 206265 AU

1 radian = 206265^{′′} 1 year = 3.156 × 10^7 seconds = 365.26 days

1 Jy = 10^{−26} W m^{−2} Hz^{−1} 1 Å= 10^{−10} m

χ (H I) = 13.62 eV χ (H^−) = 0.75 eV

Mass^1H = 1.007825 amu Mass^4He = 4.00268 amu

1amu = 1.66054 × 10^{−27}kg σ_T = 6.65 × 10^{−25} cm^2

e = 1.602 × 10^{−19} C k_q = (4πϵ_0)^{−1} = 8.99 × 10^9 Nm^2/C

Equations

Orbital Mechanics

M = m_1 + m_2

GM P^2 = 4π^2 a^3 E = 1 2 μv^2 − GMμ r = − GMμ 2a v^2_{circ} = G M r ⃗r = ⃗r_2 − ⃗r_1 m_1⃗r_1 = −m_2⃗r_2 μ = m_1m_2 m_1 + m_2 L = μv_θr = μv_pr_p = μv_ar_a F = − Gm_1m_2 r^2

v^2_{esc} = 2 G M r ⃗v = ⃗v_2 − ⃗v_1 m_1⃗v_1 = −m_2⃗v_2

Electromagnetism, Light, and Atoms

E = hν = hc λ F_{surf} = σ T^4 B_ν(T ) = 2hν^3 c^2 1 e^{hν/kT} − 1 B_ν ≈ 2kT λ^2 (hν ≪ kT ) F = q_1q_2 4πϵ_0r^2

λ_e = h p = h m_ev r_n = a_0 n^2 Z^{−1}

a_0 =

4πϵ_0h̄^2 μe^2 = 0.53 Å 1 λ_{mn} = 1 λ_0 ( 1 m^2 − 1 n^2 )

Δν ν ≈ v_r c u_{rad} = 4σ c T^4 = a T^4

F = L 4πr^2 λ_{max} T = 0.29 cm K B_ν ≈ 2hν^3 c^2 e^{−hν/kT} (hν ≫ kT ) U = q_1q_2 4πϵ_0r F = q⃗v × ⃗B μvr_n = nh̄ h̄ = h 2π E_n = −

E_0Z^2 n^2

E_0 = e^2 8πϵ_0a_0

= 13.62 eV

λ_0 = 911.8 Z^{−2} Å Δλ λ ≈ v_r c P_{rad} = 4σ 3c T^4 = 1 3 u_{rad}

Intensity, Flux & Radiative Transfer:

F = ∫ ∞ 0 dν F_ν = ∫ ∞ 0 dλ F_λ F_λ dλ = ∫ 4π 0 dΩ cos(θ) I_λ dλ dΩ = sin(θ) dθ dϕ F = I · Ω dI_ν = −κ_ν ρI_νdx dτ_ν = −κ_ν ρdx z = x cos(θ) −dI_ν/dτ_ν = I_ν − S_ν τ ∼ κ n ℓ

I = ∫ ∞ 0 dν I_ν = ∫ ∞ 0 dλ I_λ F_{obs} = ∫ ∞ 0 dλ Φ_f (λ) F_λ E_λ dλ = I_λ dλ dt dA cos(θ) dΩ Ω ≈ πθ^2_R dI_ν = j_ν ρdx S_ν = j_ν /κ_ν τ = τ_0 sec(θ) I_ν(τ) = I_0 e^{−τ} + S_ν(1 − e^{−τ} ) τ ∼ σ ρ ℓ

Stellar Distances, Magnitudes, and Properties

f = L 4πd^2 D ≈ d θ f_b f_a = 10^{ma} �m_{b2.5} m_b − m_a = 2.5 log(f_a/f_b) L ∝ M^{3.5} [MS]

L = 4πR^2 · σT^4 d_{pc} = 1/p^{′′} L_b L_a = 10^{Ma} �M_{b2.5} m − M = 5 log d_{pc} − 5 t_{MS} ∝ M L

Binary Stars

m_2 m_1 = a_1 a_2 = v_1 v_2 M sin^3 i = P v^3_{rad} 2πG R_B = v 2 (t_2 − t_1) I_B I_A = F_{max} − F_{pri} F_{max} − F_{sec}

M = 4π^2 a^3 G P^2 = P v^3 2πG f(m, M, i) = m^3_2 M^2 sin^3 i =

P v^3_{1r} 2πG R_A = v 2 (t_3 − t_1) T_B T_A = ( I_B I_A )1/4

Stellar Structure:

dP dr = − GM(r)ρ(r) r^2 dL dr = 4πr^2ρϵ(r) dT dr (rad) = − 3κ̄ρ 16σT^3 L 4πr^2 U_g ∼ − GM^2 R P_{deg} ∝ ρ^{5/3} M_{wd} < 1.4 M_⊙ dM dr = 4πr^2ρ P = ρkT μm_H + 4σ 3c T^4 ∝ ρ^γ dT dr (conv) = ( γ − 1 γ ) T P dP dr U_{th} ∼ M μm_H kT R_{deg} ∝ M^{−1/3} M_{ns} <∼ 3 M_⊙

Atmospheres, Photospheres, and Thermodynamics

p_{gas} = nkT = ρkT μm_H p ≈ p_0 e^{−mgh/kT} N_B N_A = g_B g_A e^{(EA−EB )/kT}

g_n = 2 n^2 N_{HII} N_{HI} = 2.41 × 10^{21} N_e T^{3/2} e^{−157882/T} N_{II} N = N_{II}/N_I 1 + N_{II} /N_I u_{gas} = 1 2 ρ v^2_{rms} = 3 2 nkT ℓ ≈ 1/nσ N_{i+1} N_i = 2Z_{i+1} N_eZ_i ( 2πm_ekT h^2 )3/2 e^{−χi/kT}

Z = g_1 + ∞∑ j=2 g_j e^{(E1−Ej )/kT} N_{HII} N_{HI} = 3.33 × 10^{−2} P_e T^{5/2} e^{−157882/T}

N_2 N = N_2/N_I 1 + N_{II} /N_I

Dust, Interstellar Medium and Star Formation:

m_v − M_v = 5 log d_{pc} − 5 + A_v

B − V (obs) = B − V (true) + CE p k = n_1 T_1 = n_2 T_2 τ_v = 0.4 A_v ln 10 ≈ A_v CE ≈ A_v/3 σ_λ = Q_λ πa^2 Q_λ ∼ a λ

Sound Waves and Pulsating Stars

v^2_s = dp dρ ≈ γp ρ P^{ceph} ≈ √ 3π 2γGρ ( γ ≈ 5 3 )

Relativity & Quantum Mechanics

E = γ m c^2 ≈ m c^2 + 1 2 mv^2 (v ≪ c) ϕ = GM R λ_{obs} = ( 1 − 2ϕ c^2 ) λ_{em} Δx · Δp ≥ h̄ γ = 1 √ 1 − v^2/c^2 λ = h p R_{sw} = 2GM c^2 ΔE · Δt ≥ h̄

Galaxies, Quasars, and Clusters of Galaxies:

v^2_c = GM(< R) R E = K + U L ∝ v^4_{max} M_{vir} ≈ 5σ^2_r R G σ^2_r = 1 3 σ^2_v t_{ff} = √ π^2R^3 8GM ⟨U⟩ = −2⟨K⟩ L ∝ σ^4_v T_{vir} ≈ mσ^2_r k L_{Ed} = 4πGc κ̄ M

ϵ_{ff} ≈ 1.42 × 10^{−40} ( n_e 1m^{−3} )2 ( T 1K )1/2 W m^{−3}

Cosmology:

v = Hd + v_{pec} R_0 = R(1 + z) (R_0 ≡ 1) Ṙ^2 = 8πG 3 ρ R^2 − kc^2 + 1 3 Λc^2 R^2 R̈ = −4πG 3 ρ R (Λ = 0) H = Ṙ R ρ_{cr} = 3H^2 8πG T_0 = T R H_0dt = R^{1/2} dR (u_{rad} ≪ ρc^2)

ds^2 = c^2dt^2 −

R^2dr^2 1 − kr^2 χ = ∫ t_1 t0 c dt R(t) f = L 4πd^2_L d_L = (1 + z)χ v ≈ cz (v ≪ c) ρ_0 = ρ R^3 Ṙ = dR dt R̈ = d^2R dt^2 q = − R R̈ Ṙ2 Ω = ρ ρ_{cr} u_{rad} = a T^4 = a T^4_0 R^{−4} H_0dt = R dR (u_{rad} ≫ ρc^2) d_H = R(t) ∫ t 0 c dt^′ R(t^′) χ(z) = 2c H_0 [ 1 − (1 + z)^{−1/2} ] (k = 0) θ = D d_A d_A = χ (1 + z)

Important Energy Thresholds

Ionized Hydrogen 13.6 eV mass of electron 511 KeV/c^2 mass of proton 938 MeV/c^2 mass of W,Z 90 GeV/c^2

Solar Magnitudes M_{bol} M_V U − B B − V Sun +4.76 +4.83 +0.16 +0.64

Characteristic Absolute Visual Magnitudes

O and B stars +0 – −6 Classical Cepheid −0.5 – −6 Type II Cepheid +0 – −3 RR Lyrae Variable +0.5 – +1 Globular Cluster −5 – −9 Spiral Galaxy −15 – −21 Elliptical Galaxy −9 – −23 Irregular Galaxy −13 – −18 Type Ia Supernova ≈ −20 Type II Supernova ≈ −18

Common Elements and Isotopes:

(Key:^{mass}_{num} X)^1H^4_2He^{12}_6 C^{14}_7 N 16 8 O^{20}_{10}Ne^{32}_{16}S^{56}_{26}Fe

Solar Composition:

X = ρ_H/ρ ≈ 0.75 Y = ρ_{He}/ρ ≈ 0.23 Z ≈ 0.02