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Outline

e Radiative transfer equation

e Thermal emission
Blackbody radiation
Free-free emission

* Non-thermal emission
Gyro radiation
Synchrotron emission
Synchrotron self-Compton
Pulsar emission

e Spectral line emission (See Anish’s talk)
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Radiative transfer
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Exercise 1

* The specific intensity of the sun at 10 GHz is
I, =178 x 107" Wm2?Hz 'Sr!

Calculate flux density of the sun at this frequency.
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* The specific intensity of the sun at 10 GHz is
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Outline

* Radiative transfer equation



Thermal Emission



Blackbody radiation
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Blackbody radiation

e Stefan-Boltzmann law

B(T) = /O B,dv B(T) = AN
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Total energy increases with T
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CMB

Black body at T=2.725 K

WMAP




Exercise 2

* (RL) A supernova remnant has an angular
diameter of 4.3 arcmins and a flux density of
1.6e-19 erg cm”-2 sA-1 Hz”-1 at 100 MHz.

Calculate the brightness temperature.

* At what frequency will the emission be a
maximum (assuming BB)?




Exercise 2

* (RL) A supernova remnant has an angular
diameter of 4.3 arcmins and a flux density of
1.6e-19 erg cm”-2 sA-1 Hz”-1 at 100 MHz.

Calculate the brightness temperature.

* At what frequency will the emission be a
maximum (assuming BB)?

4.3

= _ - = (.25 x 10" rad
2% 60 x 7/180 He

6




Exercise 2

* (RL) A supernova remnant has an angular
diameter of 4.3 arcmins and a flux density of
1.6e-19 erg cm”-2 sA-1 Hz”-1 at 100 MHz.

Calculate the brightness temperature.

* At what frequency will the emission be a
maximum (assuming BB)?

B 4.3
- 2% 60 x /180
Q) =76

0 — 6.25 x 10" rad

I,=5/0=13x10Bergem 2s ' Hz tor!




Exercise 2

* (RL) A supernova remnant has an angular
diameter of 4.3 arcmins and a flux density of
1.6e-19 erg cm”-2 sA-1 Hz”-1 at 100 MHz.

Calculate the brightness temperature.

* At what frequency will the emission be a
maximum (assuming BB)?
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Radiation from an accelerated charge

* Electric field q SN/ ieasno

* Poynting flux (power per unit area) HF

202 a2
o _ Qs in-o TN kN
1672€ec3r? i

* Total power emitted
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Free-free radiation

* Electron accelerated by encounter with a charged particle

hv




Spectrum of an HIl region

* Maxwellian distribution of electron speeds
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HIl regions

Orion Nebula: well studied region with
ongoing star formation.

HST image of the Orion Nebula

Radio spectrum of the Orion Nebula



Exercise 3

* (ERA) An HIl region has a flux density of 0.1 Jy at 0.3 GHz, where
emission is optically thick. The flux is 0.8 Jy at 10 GHz. Calculate the
optical depth at 10 GHz.
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* (ERA) An HIl region has a flux density of 0.1 Jy at 0.3 GHz, where
emission is optically thick. The flux is 0.8 Jy at 10 GHz. Calculate the
optical depth.

Rayleigh-Jeans extrapolated flux density
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Outline

* Radiative transfer equation

* Thermal emission
Blackbody radiation
Free-free emission



Non-thermal Emission



Non Thermal radiation

Electrons accelerated by magnetic field

* Gyro radiation (non-relativistic)
 Cyclotron radiation (relativistic)
* Synchrotron radiation (ultra-relativistic)



Gyro radiation

* The magnetic force on the particle

F=q(vxDB) S RNEIES

* Gyro frequency

w=qB/m



Synchrotron radiation

e Synchrotron power in the electron’s rest frame
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Relativistic beaming of synchrotron power

Lorentz transformation

electron's own laboratory frame
rest frame of reference
Ve<<C Ve®C

Lorentz-Transformation
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Synchrotron spectrum

* The critical frequency
Ve ~ Y
C /- VG R

log,F
A

logoF

contributions from individual electrons
log,, v

For an ensemble of synchrotron electrons:

* Power law distribution of particle energies
N(E)x E7"

e Spectral index of radiation



Exercise 4

* (ERA) Interstellar magnetic field strength in a normal spiral galaxy like
ours is B¥10uG. Calculate the electron gyro frequency.

* Assuming that Galactic synchrotron radiation at frequency 1 GHz is
produced by electrons in this magnetic field, calculate the Lorentz
factor of these electrons.



Exercise 4

* (ERA) Interstellar magnetic field strength in a normal spiral galaxy like
ours is B¥10uG. Calculate the electron gyro frequency.

va=eB/m=1.6x10"" x 10 x 107197 /(279.1 x 107%!)= 28 Hz

Assuming that Galactic synchrotron radiation at frequency 1 GHz is
produced by electrons in this magnetic field, calculate the Lorentz
factor of these electrons.

)
Ve = YV VG
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Synchrotron self absorption

Synchrotron Self-Absorption

Relativistic electrons moving
in a magnetic field

* In the Rayleigh-Jeans limit
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Synchrotron self-compton

Compton scattering — photons loose energy
Higher energy

electron
Low energy
electron /
©
N\A ’\’
High energy

photon Lower energy
photon

Inverse Compton scattering — photons gain energy
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* Photon energy increased by 7y~
e 1 GHz radio photons -> X-ray for gamma = 1074



Exercise 5

* SN PTF11qgcj has a flux density of 6 mJy at 1.5 GHz. Assuming optically
thin emission all the way, calculate the expected flux density at 15
GHz. Assume p=3.



Synchrotron sources

- OPTICAL

INFRARED

VLA image of Cygnus A

The crab nebula

X-ray emission condensed near the
central pulsar and in jets



Thermal/non-thermal
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Pulsar emission

Extreme objects

* Mass ~ 1.25 - 2Mgn

e Radius ~ 10-12 km

* Magnetic fields ~ 1078-10714 G

* Brightness temperatures: 10725 - 10730 K

 Exact emission mechanism still unknown

e Coherent curvature radiation from charged bunches




Thank you!



