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For Problem 4, 
set 1:



HII Regions

• Orion Nebula

HST, NASA/ESA



Trapezium stars in Orion Nebula (HST Optical/IR)



• Electronic transitions 
of hydrogen





• NGC 604 in M33;
100x size of Orion





M51, HST



• Cold molecular: H2, ρ>200 molecules/cm-3, T<100 K, 
M~2e9 Msun, Volume~0.1% of Galaxy

• Cold atomic gas: HI, ρ~25 cm-3, T~100 K, M~3e9, V~2%

• Warm atomic gas: HI, ρ~0.3, T~8000 K, M~2e9,V~35%

• Diffuse ionized gas: HII, ρ~0.15, T~8000 K, M~1e9, V~20%

• HII regions: HII, 1<ρ<104, T~10000 K, M~5e7, V<0.1%

• Hot X-ray gas: HII, ρ~0.002, T~106 K, M~1e8, V~45%



Ultracompact HII 
regions

Radio recombination 
lines, VLA



• NGC 346, in SMC



Pismis 24, 
HST



• NGC 3603



• Eagle Nebula



Eagle Nebula



Protostars in the Eagle





• Proplyd in Orion disk





Jan. 23rd
Star Formation



Homologous collapse of 
molecular cloud

Carroll & Ostlie, Fig. 12.8



Cloud cores in
Pipe Nebula

(near-IR extinction 
map)

Alves+07



IMF of Orion
vs. dense core mass function

Alves+07



“Proplyds” in HII regions

Orion, HST





Herbig-
Haro 

objects

optical Spitzer IR

BHR71



Jets from young stars,
 still accreting

HH47, Spitzer IR



HST


