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Q: if now we shrink the size of the planet, how would Pc change?
A: Pc would go up.

Concentration towards the center à higher Pc .



• Stellar Properties and Lifetimes (C.3.3)
– virial theorem states that the time-averaged potential energy of a bound self-gravitating system 

is twice as large as the negative of the time-average of the kinetic energy of the system, 
 ⟨EG⟩ = −2 ⟨EK⟩ assignment 1, P6
– Planet radius – gas giant planets have similar radii

• Polytropy with n=1
• Additional reading
https://en.wikipedia.org/wiki/Lane–Emden_equation

• Nucleosynthesis  (C.3.4)
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Physics and Astrophysics (C3)

https://en.wikipedia.org/wiki/Lane%E2%80%93Emden_equation
https://en.wikipedia.org/wiki/Lane%E2%80%93Emden_equation
https://en.wikipedia.org/wiki/Lane%E2%80%93Emden_equation


Gas giant planets have similar radii

       Fig. 3.8

The mass–density relation for spheres of different 
materials at zero temperature, as calculated 
numerically using precise (empirical) equations of 
state. The second curve from the top is for a 
mixture of 75% H, 25% He by mass; all other 
curves are for planets composed entirely of one 
single element. The approximate locations of the 
giant planets are indicated on the graph. 
(Stevenson and Salpeter 1976) 

Pressure increase, so does temperature. Eventually 
nuclear reaction begins.



Solar Heating and Energy Transport (C4) 
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Supplementary reading
https://en.wikipedia.org/wiki/Kirchhoff%27s_law_of_thermal_radiation
https://en.wikipedia.org/wiki/Stefan–Boltzmann_law
https://www.tf.uni-kiel.de/matwis/amat/elmat_en/kap_3/basics/b3_2_2.html
https://en.wikipedia.org/wiki/Emissivity
https://en.wikipedia.org/wiki/Spectral_line
https://en.wikipedia.org/wiki/Limb_darkening
Convection instability https://websites.pmc.ucsc.edu/~glatz/astr_112/lectures/notes12.pdf

https://en.wikipedia.org/wiki/Kirchhoff's_law_of_thermal_radiation
https://en.wikipedia.org/wiki/Stefan%E2%80%93Boltzmann_law
https://en.wikipedia.org/wiki/Stefan%E2%80%93Boltzmann_law
https://en.wikipedia.org/wiki/Stefan%E2%80%93Boltzmann_law
https://www.tf.uni-kiel.de/matwis/amat/elmat_en/kap_3/basics/b3_2_2.html
https://www.tf.uni-kiel.de/matwis/amat/elmat_en/kap_3/basics/b3_2_2.html
https://www.tf.uni-kiel.de/matwis/amat/elmat_en/kap_3/basics/b3_2_2.html
https://en.wikipedia.org/wiki/Emissivity
https://en.wikipedia.org/wiki/Spectral_line
https://en.wikipedia.org/wiki/Limb_darkening
https://websites.pmc.ucsc.edu/~glatz/astr_112/lectures/notes12.pdf


Blackbody Radiation (C.4.1.1)

• A blackbody is defined as an object that absorbs all radiation that falls on it at all 
frequencies and all angles of incidence; i.e., no radiation is reflected or scattered.

•  

The power emitted by a given surface, per unit solid angle, per unit projected area, per 
unit frequency.
– Bν(T): brightness (J s-1 m−2 Hz−1 sr−1  or W m−2 Hz−1 sr−1 )
– h: Planck constant
– ν: frequency
– k: Boltzmann constant
– T: temperature
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Solid Angle
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The power emitted per unit area, per 
unit solid angle, per unit frequency

The power emitted per unit area, per 
unit solid angle, per unit wavelength

W
 / 

m
2  /

 u
m

 / 
Sr

https://scienceofdoom.com/2010/10/24/planck-stefan-boltzmann-kirchhoff-and-lte/



Rayleigh–Jeans Wien

Peak?



Check out https://en.wikipedia.org/wiki/Planck%27s_law#Peaks

https://en.wikipedia.org/wiki/Planck's_law


C.4.1
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• Stefan–Boltzmann law F = σT4: the total energy radiated per 
unit surface area of a black body per unit time across all 
wavelengths and all solid angle.



Stefan–Boltzmann
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Flux density



C.4.1
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• Stefan–Boltzmann law F = σT4: the total energy radiated per 
unit surface area of a black body per unit time across all 
wavelengths and all solid angle.

• Albedo (C.4.1.2)
–Monochromatic albedo, Aν: the ratio of the radiation reflected or 

scattered by the object to the total incident light at a given frequency ν
– Bond albedo, Ab: the ratio of the total radiation reflected or scattered 

by the object to the total incident light (from the Sun)
– Phase angle φ: the angle between the incoming and outgoing rays
– Geometric albedo: A0(φ=0)
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Everything else being equal, the 
higher Bond albedo is, the cooler 
or warmer the object is?

https://en.wikipedia.org/wiki/Bond_albedo



C.4.1
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• Stefan–Boltzmann law F = σT4: the total energy radiated per 
unit surface area of a black body across all wavelengths and all solid 
angle per unit time.

• Albedo (C.4.1.2)
– Monochromatic albedo, Aν: the ratio of the radiation reflected or scattered by 

the object to the total incident light at a given frequency ν
– Bond albedo, Ab: the ratio of the total radiation reflected or scattered by the 

object to the total incident light (from the Sun)
– Phase angle φ: the angle between the incoming and outgoing rays
– Geometric albedo: A0(φ=0)

• Temperature (C.4.1.3)
– brightness temperature Tb: the temperature of a blackbody that has the same 

brightness at a particular frequency ν as the subject
– effective temperature Te: the temperature of a blackbody that emits the same 

total amount of electromagnetic radiation as the subject
– equilibrium temperature Teq: at the equilibrium temperature, the incoming 

solar radiation (insolation), Fin, is balanced, on average, by reradiation 
outwards, Fout





97https://www.scienceabc.com/innovation/how-does-a-temperature-gun-infrared-thermometer-work.html#how-a-temperature-gun-works



NASA / JPL



For a blackbody, albedo = 0 and 
emissivitiy = 1

For an object without an internal 
energy source, eventually its 
temperature reaches Teq

Jupiter generates energy 
internally. It is still cooling down 
from its formation. It is also 
generating energy from 
contracting, by converting 
gravitational energy into heat.



• Three mechanisms to transport energy  (C.4.2)
– Conduction: the transfer of energy via collisions between molecules 

(C.4.3)
– Convection: the transfer of energy due to the bulk movement of 

molecules within fluids (C.4.4)
– Radiation : the transfer of energy via radiation  (C.4.5)
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Convection is extremely efficient at transporting energy whenever the temperature gradient or 
lapse rate is superadiabatic 

Convection thus effectively places an upper bound to the rate at which the temperature can 
decrease with height. 



• Three mechanisms to transport energy  (C.4.2)
– Conduction: the transfer of energy via collisions between molecules 

(C.4.3)
– Convection: the transfer of energy due to the bulk movement of 

molecules within fluids (C.4.4)
– Radiation : the transfer of energy via radiation  (C.4.5)

• Kirchhoff's law of thermal radiation: For an arbitrary body 
emitting and absorbing thermal radiation in thermodynamic 
equilibrium, the emissivity is equal to the absorptivity.
– Thermodynamic equilibrium: in such a state there are no net 

macroscopic flows of matter or of energy, either within a system or 
between systems.

– Emissivity: the ratio of the thermal radiation from a surface to the 
thermal radiation from an ideal black surface at the same temperature 
and same frequency 

– Absorptivity: ratio of the absorbed to the incident radiant power
– Look up wiki for these concepts
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Thermodynamic equilibrium



Photons and Energy Levels in Atoms

Absorption

Initial State

Final State
Initial State

Final State

Emission

C.4.5.1



A solid, liquid or high-density gas produces 
(glows with) a continuous thermal 
spectrum.

A low-density cloud of gas between the 
observer and a hotter continuous spectrum 
source absorbs light at specific wavelengths.

A low-density cloud of gas produces 
emissions at specific wavelengths.

En
er

gy

Wavelength
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Wavelength
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Fig. 4.7, C.4.5.2





Greenhouse Effect (C.4.6)
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Greenhouse Effect (C.4.6)
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