Weighing the Earth

GMm
Fgrav — 7“2 = ma
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The Moon and the Inverse-Square Law

rar = 384,000 km

27T7°M
= = 1.02k
M= 973 days m/s
22
ay = 2 = 27x10°m/s”
M

a
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M —928x107t =22
g Y

-> inverse square!



Circular Orbital Motion

V2 GM
a=— =
r r2
GM
= =
"
27T rs
p=2"" _ 9 3/2  (Kepler
v d GM X’ (Kep )

HST: r=6500km, v=7.83km/s, P = 1.45hours
GPS: P =12hr, r = 26,600 km
Geo: P =24hr, r =42,200km

> Earth: P=1year, r=1AU = M, =1.99 x 10°°kg



Two-body Motion under Gravity

r = xz - x1

r o= |r|
center of mass ; = Gmym, /12
(my + my) xepy = myx; + mzxz m,

/



The Two-Body problem

_ sz (X2 — X1)

aj

mi1X1 + MoXo

mi + mo

mia; + Mmeodas

mi + Mo
Fi1+Fs

mi + mo
= 0

T =

X2 — X1



The Two-Body problem

Relative motion: r =Xo — X1, a=ag—a

Gmir  Gmeor
= a = - _

r3 r3
G Mr
r3
rn = X1 —XCMm
s = X9 —XCOM
miriy + meolry = 0
mao
ry = r
mi1 + Mo
mi
ro = — r



Conservation Laws

M
a=—V¢, where gb:—G
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Kepler's second

law: 6A; = 64,
64 _ ,d9 _
5t | dt

constant




Bound and Unbound Orbits

E>0 = E=3u unbound
GM

E <0 — Tcirec = _ﬁ bound

E=0 = 9% = 2GM marginal
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Spectroscopic 4\3
Binary
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A Spectroscopic Binary System

High-mass star A and lower-mass B orbit around a common centre

of mass. The observed combined spectrum shows periodic splitting
and shifting of spectral lines. The amount of shift is a function of the
alignment of the system relative to us and the orbital speed of the stars.
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Primary Eclipse (cool star 2 eclipsed)

(hot star 1 eclipsed)



Measuring Stellar Masses

Visual binary with velocities = M, M,

Spectroscopic binary with 2 velocities = M—l, M sini
2

Eclipsing binary: i = 90° so sini =1

Spectroscopic binary with 1 velocity

. , M3 sin® i
— mass function f(Mi, My, 1) = &

(M1 + Ms)?

Typical measured masses: 0.1 — 100 Mg



Double Prism Experiment

white light is

split into colors

light of a single
color is not split
further




Diffraction
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gap width

Diffraction angle «



Double Slit Experiment
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Photoelectric Effect

E photon = hv

5
200 nm Viax = 6.22x10 " m/s

1.77eV 550nm -~ 296x10° m/s

2.25 eV e
/ 400 nm
3.1eV
IQ 'e
no " I'
electrons o’ '%‘ o’
4 L4

Potassium - 2.0 eV needed to eject electron

Planck’s constant h =6.63 x 1034 J.s



Inverse Square Law

source
luminosity
L watts (W)

\
flux = —— (W/m2)
ux = Tr2
“solar constant” f=1.4 kwW/m2
distance r=1 AU
solar luminosity L = 3.96 x 102 W standard candle

_ L
I = 4 f
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Blackbody Radiation
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Blackbody Radiation
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Blackbody Radiation
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Blackbody Radiation

5000 K

Spectral curves for blackbody radiators

- 14000 K

Increasing flux ——

500 K

3000 K
/% |  2000K — —

AT )
1x107 5x107 1x10% 15x10® 2x10% 25x10® 3x10°
Wavelength (m)




Solar Radiation Spectrum
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