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Newton Implies Kepler’s 3rd Law

Easier derivation: Assume orbit isacircle. Ignore numerical constants such
aspor2.
* Newton's Law of Gravity: Force between sun and planet
Force = G massg,, Mass,,,o/Distance?; F = G M m/R?
* Newton's 2" Law
Force = mass, . acceleration; F=ma
¢ GM m/R2=m a; massof planet cancels out.
« Velocity is approximately R/P, where Pis period. (It is exactly 2pR/P.)
« Acceleration, changein velocity/time, is approximately (R/P)/P.
* GM/R2=a=R/P?
+ P=R3(GM)
What did Newton learn about Kepler's 31 law that Kepler did not know?
Q1 Does P2= R3, where Pisthe period in years and R is semi-major axisin
AU apply to aplanet in orbit around another star?
a Yes Physica lawsare universal.
b. Yes. Gravity causes the velocity of any planet to change.
c. No. Yearsapply only to earth.
d. No. The other star may have a different mass.

Kepler's 3rd Law

P2= R3/(G M)
» How can you use Kepler's 3 law to weigh Jupiter?
Thisis how we weigh planets, stars, and galaxies.

Accurate derivation

constant = 4p?/G = 2x10% kg yr¥/au® I
P2 RY(M gyt My )

* Massistotal mass= Mg, + Myane

Kepler's Law of Equal Areas

» Law of equal areasis conservation of angular
momentum in Sun-planet system
m v r = constant
esmaller r = larger v
« Skater speeds up by bringing armsin
¢ Planet speeds up when closer to sun
» Emmy Noether (about 1910) showed

¢ Laws of physics are the same regardless of direction
implies conservation of angular momentum




Light

* Almost al we about astronomy
comes from analyzing light.

« What do you notice about the light
of the globular cluster M10?

« Color: Red stars are brighter than
bluestarsP Red stars are giants,
about the size of the earth’s orbit.

«  Spectra show M10 has much less
oxygen (and other elements
heavier than Li) thansunb M10
isvery old, one of thefirst systems
to have formed

«  Spectra shows the speed of M10is
very fast compared to that of stars
near thesun b orbits of globular
clusters are long & thin, whereas Globular Cluster M10
sun’sisamost circular

Wavelength, Frequency and Energy

Wavelength | = distance between ixi
successive crests. v v
m  meter AR

o

nm nanometer (10°m)
A angstrom (10-19m)
Wave moves at speed of light c.
Frequency israte at which crests pass.
o f=cll
« Cycles/second; Hertz
Photon is the smallest amount of light.
Energy of aphoton

E=hf =hc/l  (h=Planck’sconstant) [Appendix B]

The E-M wave in action

The Electromagnetic Spectrum
¢ Light isgiven different names according to its wavelength |
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¢ |Invisble passband, different | = different color.
* Blue=smaller| syl gov] s
 Red =larger| = |

¢ Only visiblelight and
radio waves pass freely
through Earth’'s
atmosphere.
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Thermal Radiation
(Blackbody Radiation)

» Heat up hot plate
|t glows more brightly asit gets hotter

« It changes color asit gets hotter
Temperature Color

Completely cold. 0 -273 -459| Does not emit light
Body temperature. 310 37 99| Infrared
Blowtorch. 4000| 3727| 6740| Red-hot

Blast furnace. 6000 5727| 10,340 White-hot

Hotter till. 7500 7227| 13,040| Blue-hot




Black-Body Spectrum

* Intensity distribution depends only
[Fig. 5.10] on

/15‘000K star

* Temperature
» Emissivity=Light absorbed/Light
incident
* Mirror: e=0
* Black: e=1
oL o L = L » Characteristic shape
Wavelength [nm] S * Sharp drop towards higher energy.
€ Ener . « Slow drop towards lower energy.
* Peskwavelength arven by Wien'sLaw. , Star is an approximate black body.
* | e =0.0027m-K / T + Sunisan approximate 5800-K
« hotter objects have peak at smaller | . blzi(:k bOdy'.
« Total energy emitted per s per unit surfacé H;il?l')%gyang s an exact 2.7-K
area isgiven by Steffan-Boltzmann Law: ’

« E=sT4

 Increase with temperature is very steep:
factor of 2 for afactor of 1.2 in temperature

the Sun (5,800 K)

3,000 K star

Thermal Infrared Light

« Wavelength is 8,000-12,000 nm (8-12" 105m)

» An object with atemperature of 300K emits most
of itslight in the thermal infrared.

» Doesinfrared light show the samething asvisible
light?




