PX 144: Introduction to Astronomy: Useful formulae

The following is a collection of formulae that are useful rember. Please see the handouts for an explanation of the
symbols used. While you will be given all the constants inneg@nd in the homework, for sanity checking answers and
for getting a feel for the order of magnitude of things, theniiers given are useful as well

1 Gravitation
1.1 Ellipses

Eccentricity:

oo distance between foci d
B major axis - a

Perihelion and Aphelion distances:

dperihelion =a(l-¢ and daphelion= al+e

1.2 Gravitation

Newton’s law of gravitation:
m
Fgrav = G?
Gravitational constant:
G =6.67x 10 Nm?kg?
Center of mass:
My = Mpl'z
Centripetal force on a circular orbit:
m?  4r?mr
r P2
Newton’s form of Kepler's 3rd law (generally it is usefu
to know how this one is derived, at least fog — 0):

a® _ G(m +my)
P2~ 42
Kepler’s 3rd law in units oM, AU, and years (sétl, = 0

for planets)
3

a
—2=M1+M2

P
Mass function for binary stars:
misin®i 13
fMm) = —— ==
MM = Mme = P

2 Propertiesof Planets

Typical densities for terrestrial planets and gas giants:

<P>terr. ~55 g Cm_s <,0>gas giants™ 12 g Cm_s
Typical masses:
e Mgarth = 6 X 1024 kg
Astronomical Unit:
1AU = 150x 10°km

Typical size scales for Solar system:
e Mercury: 0.4 AU e Earth: 1AU
e Mars: 1.5AU e Jupiter: 5 AU
e Saturn: 10 AU e Neptune: 30 AU

i MJupiter = 318MEeann

3 Propertiesof Stars

3.1 Distances

Angular distance between extrasolar Planet and star or be-
tween two double stars:

Gza

Parallax angle (2nd equation forin arcseconds and in

parsecs):
_1AU 1

d d
Parsec:

1pc= 206264 AU=3x 10'°m = 3.26ly

3.2 Magnitudes

Luminosity and flux:

Apparent magnitude:
F
m—-m=-25 Ioglo(—z)
F1

Brightest star: Siriusm = —1.4 mag
Faintest starsm ~ 6 mag
Absolute magnitud:

magnitude object would have if dt= 10 pc

Distance modulus:
d 2
m-M = 2.5I0910(Wpc) =5log,,d-5

3.3 Stdlar Structure

Typical “solar” composition (by mass):
e 75% Hydrogen,
e 24% Helium,
e 1% “metals”

Equation of hydrostatic equilibrium:

& =S

Ideal gas law:
P =nkT

Mass-Luminosity Relationship (solar units):

L o M*

1As a general rule of thumb for doing physics, knowing dethitembers by heart is not necessary since for day to day wesetban be looked
up. Whatis neccessary, though, and what makes a good physicist, igghathould develop a “feel” for order of magnitude estimateabling you to

check the outcome of more detailed computations.



3.4 Compact Objects

Schwarzschild radius:

2GM M
rs= = ~3km(1Mo)

3.5 Typical Numbers

Properties of the Sun:
My, =2x10¥kg L, =390x10%Js?
R, =700000km Te =5800K
m = -26mag M =5mag

Properties of the stars:

0015 L/L, <10
001 M/Me 5100
-7 mags My < +13mag
3000Ks Ter < 50000K

4 Radiation
Energy of photons:

E =hv =hc/a
Doppler d@fect (nonrelativistic speeds):

Aobserved— Aemitted _Vv
Aemitted c

Doppler dfect (relativistic speeds):

1 o 1+v/c
observed= “temitted 1_ l)/C

Planck’s law:

_ 2hc?/ 25
17 expic/AKT) - 1

Stefan-Boltzmann law (power emitted per square metre by
surface of temperaturg):

P=oT4
Wien'’s law:

AmaxT = 2.898x 10°mK

5 Cosmology

Hubble relation: The redshift of a galaxy is proportional
to its distance:
v=Ccz= Hpd

whereHo = 72kms*Mpct = 2.3x 1018571,
1/Hp is roughly the age of the universe.
Critical density:

o h 3H§
= — wnere it = ——=
Dorit Pcrit e



