Astronomy 201 Formula Sheet

- Final Exam - Modules 1-4 - CGS Units

Electromagnetic Radiation

he
=\ E=hy=—
C v v A
Planck Function
2h13 /c?
B,(T) = ehvfksT _ |
2he? /N5
B)\(T) =

hel3haT — 1
Wien'’s Displacement Law

Apear T = 2.898 x 10°nm - K
Stefan-Boltzmann

E =0T} L=4rR%T}
Planetary Equilibrium Temp (A = albedo)

B 1/4
T o L,(1-4)
€q 167wod?

Brightness, Magnitudes, Distance

T 4md?
(apparent flux)
my —my = —2.5logyo(F/F)
m — M = 5log,(d/10pc)
M =4.83 —2.5logo(L/Ly)
d[pc] = 1/plarcsec]
1rad = 206, 265 arcsec

Kirchhoff's Spectroscopy Laws

(1) Hot dense source — continuous. (2) Hot low-
density gas — emission lines. (3) Cool gas before hot
source — absorption lines.

Gravity, Energy, Virial

Gmym, GM
k= r2 9= R2
GM 2GM
Vorb = T Vesc = T
1 GM
Ep = -mv? U=— n

2 r
E=Er+U (E <0Dbound)
Virial (bound):
2B, +U =0
Binding-energy scale:
E,~—GM?*/R

Bound orbit:

E=—-GMm/(2a)

Kepler & Binary Orbits
P2 — 4n? a3

G(M, + M,)
M, +M, (a/AU)?
M,  (P/yr)?

Spec. binary:
KI/K2 = Mz/M1
Center of mass: M,a, = Mya,,a = a; + a,.

Main-Sequence Scalings

L oc M35, tys < M /L oc M—25

Doppler & Telescopes (non-rel., v < ¢)
AN Aps—Ag U,

TO )\0 c
Ao =7mD%*/4 «, =1.220/D R=\/AX

Stellar Structure Equations
dM

— =dnr?p
dr
(mass continuity)
dj _ GM(r)
dr p r2
(HSE)
% =dnripe
(energy gen.)
dT  3kpL(r)

dr ~ 16macT3r2
(rad. transp.)

One-Zone Scalings

GM?
Pc“‘? pe ~ M/R?
uwGMm
Tc ~ kBR ? st ™~ (GM)/R2

B, ~—(GM?)/R
Toy MS scalings (radiative stars):

Lx M?/k  Ro M37
Pressure Laws
pkgT
]Dgas = nkBT = [LTB

p
1
Pu=(3)oT* (a=1o/0
Eieg, NR X p5/3/me Eieg, R X P4/3

Ijtot = IDgas + IDrad + Rieg

Mean mol. weight (ionized):
1/p~2X+(3/4)Y +(1/2)Z
solar p ~ 0.6, pure-H p ~ 0.5.

Stellar Timescales

tdyn ~V RB/GM ~ 1/ V Gﬁ
2

GM
b ~ 1Byl /L~ o
L e ME

nuc

L
f ~ 0.1 (fusible mass fraction for H); ¢, ~ 0.007 (H-

fusion efficiency).

nuc

Nuclear Fusion

H fusion:
4'H — “He
, AE ~ 26.7 MeV, e ~ 0.007.
epp X PT*  egno o pTY
Triple-a:

34He — 12C + 7.3 MeV; &3, x p*>T*0
Coulomb Barrier & Tunneling
Z,Zye?
Ucou(r) = - Aag = h/p

D~ e 26 G o (4,Z,)/VT
(Gamow)

Radiation Transport
L =1/(kp) dr = kpdr
tae ~ R?/(le) = (kpR?)/c
Ko = 0.34cm2g™! (H-rich).

Eddington Luminosity
4rGMc

Bdd = Lpgq © ~ 3.9 x 10°L

Quantum Mechanics
Ap Az = h/2 Agg = h/p
h=h/(27)
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Compact Objects
White Dwarfs
Ryp o M~13  Ryp ~ (0.01R,)(Myp /0.7M)/?
Mgy, ~ 1.4M,,
Neutron Stars Ryg ~ 10-15 km ~ 10°R, Moy ~ 2-
3M,
Black Holes — Schwarzschild Radius
2GM
Stellar Mass Limits M, ;, ~ 0.08M M, ~ 100—
150M,,
Galaxies & Cosmology
Enclosed Mass from Rotation Curve
GM(<r) rv?
2= = M = —
v " (<r) a
Hubble's Law (low z)
v=Hyd

Hy ~ 70kms~! Mpc~!

Cosmological Redshift & Scale Factor
142= )‘obs _ aq
B )‘cmit B

With ag =11 agp = 1/(1 + 2).

Temit

Cosmic Cooling (from Wien + redshift) For thermal
radiation that redshifts with the universe:

T Ao
Zemit _ Aobs _
T ) te

obs emit

CMB today: T, ~ 2.73 K.

Matter Density Scaling Mass conserved, volume « a3:

pxa = (1+2)°

Math Reference

Order of Operations — PEMDAS Parentheses —
Exponents — Multiplication / Division (L — R) —
Addition / Subtraction (L — R)

Exponents
b _
vyt =yt () =y v =1y yt = Yy
Logarithms

log(ab) = loga + logb; log(a/b) =loga —logb
log(ab) =bloga; log;; 10 =a; Ine* =a
Sphere Geometry
4
V= 571'7“3 A, =d4mr? A, =mr? C=2mr

Useful Approximations (small z, small 6)
sinf ~ 6 (I14+2)"~1+nx e~1l+x

Ratio Method
For Q o A*B?:

Qz/Ql = (AQ/Al)a(BQ/Bl)b
Use before plugging in numbers — units and
prefactors cancel.

Astronomical Values & Conversions

M, 2.0x 103 g

Ry 7.0 x 10'° cm

Lo 3.8 x 10%3 erg st
T 5800 K

tys, © 10 Gyr
My, Ry, 1.9 x 100 g, 7.0 x 10° cm
Mg, Ry 6.0 x 10*7 g, 6.4 x 10% cm

1AU 1.496 x 1013 cm

1pc 3.086 x 10'® cm ~ 3.26 ly
1kpc 3.086 x 102! cm = 103 pc
1 Mpc 3.086 x 10%* cm = 108 pc
1ly 9.46 x 10'7 cm

1yr 3.156 x 107 s

TomB.o 2.73 K (present-day CMB)
H, 70 km s~! Mpc~!
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Physical Constants (CGS)

Quantity Value

c 3.0x 10 cm s7!

G 6.67 x 1078 cm3 g~! 572

G (galaxy units) 4.30 x 107¢ kpc (km/s)2M !
kg 1.38 x 10716 erg K—1

o 5.67 x 107° ergcm=2 s K™
a=4o/c 7.57 x 1071% erg cm=3 K=
h 6.63 x 10727 erg s

h 1.05 x 10727 erg s

m, 1.67x107%* g

m, 1.68 x 10724 g

m, 9.11x 1028 g

amu 1.66 x 10724 g

e 4.80 x 1071% esu

1eV 1.60 x 10712 erg

hc 1240 eV nm

Ko 0.34 cm? gt

CGS Derived Units

Quantity Unit Base units
Force dyne gcms—2
Energy erg gcm? g2

Power ergs! gcm?s3
Pressure dynecm=2 gcm™! s72
Density gcm™ —

Charge esu g'/2 cm3/2 g1

Powers-of-Ten Prefixes

n (nano) 107° k (kilo) 103
w (micro) 1076 M (mega) 10°
m (milli) 10~® G (giga) 10°
c (centi) 1072 T (tera) 10'2



