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5.4 Temperature Determinations from Radio-Continuum 
Measurements

Nebula: optically thick for low frequency radio
⇒Emergent intensity is the same as blackbody(Planck func.)
⇒brightness temperature = temp. within the nebula

(include non-thermal synchrotron 
radiation/foreground radiation)



Measure the optical depth of nebula

Considering the beam size is necessary to derive temperature
• Low frequency→(beam size)>(nebular size)
• Sensitivity is not uniform

Overestimate optical depth
Correction and deriving distribution of optical depth 
are required



Derive he distribution of optical depth and temperature
How to derive: 
① Assume nebular temperature T
② Derive optical depth of high frequency radio(optically thin)

③ Transform optical depth from high frequency to low frequency

④ Derive the brightness temperature

⑤ Check the differences between ④ and mean brightness temp.

High frequency
=good angular resolution



Planetary nebular:
Smaller than nebular⇒same correction is required

(use Hβ surface brightness)



5.5 Temperature Determinations from Radio and UV 
Absorption Lines

HI 21cm line: 
• Occurs as an electron spin-flip transition
• Possible to measure the excitation temperature 𝑻𝒆𝒙

(hyperfine structure)

• 𝑻𝒆𝒙 = 𝐓 when collisional excitation is dominant
(usually, 𝑻𝒆𝒙~𝐓 is a good approximation)

𝜒௨௟: excitation energy of the line
𝑛௨,௟: population of lower/upper level
𝜔௨,௟: statistical weights of lower/upper level



Line optical depth & temperature:
Line optical depth:

Opacity 𝜿:

L: path length
a: absorption cross 
section

(UV like Lyα)

(Radio like 21cm line)



5.6 Electron Densities from Emission Lines

How to measure average electron density:
Observe the effects of collisional deexcitation by comparing 
the intensities of two lines
1. Of the same ion,
2. Emitted by different levels,
3. with nearly the same excitation energy

(Examples: [OII]3729/3726, [SII]6716/6731)





※[OII] 2 lines are so close in 
wavelength

Purpose of deriving electron density

Correction of [OIII] and [NII] for collisional deexcitation
⇒important to derive electron temperature

Planetary nebular radiates other lines([CIII], CIII])


