
RADIO ASTRONOMY 17.9.

}TODAY:

}Emission mechanisms& 
Galacticexamples

}Radio MilkyWay

NB. Emission mechanisms in detail , and 
basic Galactic astronomy are covered
in ELEC-E4210 Introduction to Space .



EMISSION MECHANISMS

}Different kindsof spectraÝ differentemission 

mechanismscanbe identified(and physicalprocesses).

}Usuallythere areseveral

emission mechanismsat                                           

work in one source.

}Spectralenergy

distribution, SED



}Black bodyradiation

}Line emission 

}Zeemansplitting(pre-work)

}Synchrotronemission 

}Polarisation(pre-work)

}Faradayrotation (pre-work)

}Compton/ inverseCompton
emission

}Bremsstrahlung

}Maser emission 

Basics in 
Introduction to Space .

https://mycourses.aalto.fi/course/view.php?id=20915&section=4


SYNCHROTRON EMISSION (non -thermal )

}Relativisticelectronsin a magneticfield

}Emitsin a narrow conein the directionof movement

}Active galaxies, radio galaxies, MilkyWay,pulsars, 

supernova remnants



PULSARS -rapidly spinning neutron stars

}Discovered by their regular radio pulses 

} difficult to detect in the optical(smallluminosity)

}Strong magnetic field (108 - 1013 G) tilted at an angle of 

45° ð90° to the rotation axis.

}Linear polarisation, Faraday rotation.

}Radio pulses msŸ s, with steady increase            

(rotation slows down) or rapid sudden                     

jumps (mass movements, òstar quakesó).

www.youtube.com/watch?v=mXzwtp-KaoI

Bill Saxton, NRAO/AUI/NSF

http://www.youtube.com/watch?v=mXzwtp-KaoI


DISCOVERY OF PULSARS 1967

http://www.bigear.org/vol1no1/burnell.htm

http://www.bigear.org/vol1no1/burnell.htm


PULSAR TIMING

}Shapeof individualpulses

canbe erratic­

characteristicprofile by

integratinghundresof 

individualpulses.  This is 

then comparedto model

profilesto determinethe 

time of arrival.



}Angular momentum of a neutron star steadily decreased 

by the emission of em radiation, neutrinos, cosmic ray 

particles, possibly gravitational radiation (PSR 1913+16)

} rotation slows down
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n= pulsar rotation frequency, s -1

n0 =pulsar rotation frequency at pulsar age zero, s -1

n = braking index

Age of a pulsar for 
which n<< n0



}Addition to lecture slides:

}Around 2300 found.

}Max life of a pulsar is approx. 10 to 100 million years. 

After slowing down enough the radio pulsar mechanism 

most likely turns off.

}More info, for example, hereand here.

https://www.cv.nrao.edu/course/astr534/Pulsars.html
http://www.jodrellbank.manchester.ac.uk/research/research-groups/pulsars-and-time-domain-astrophysics/


SUPERNOVA REMNANTS (SNR)

}Most SNR detectedonly at radio frequencies

} synchrotron radiation

}Irregular, bright in the middle, rapidly rotating pulsar 

continuously ejects relativistic electrons

}Pulsar wind nebula

}Ringlikestructure or shell, no pulsar,                              

energy from the supernova explosion







MICROQUASARS

}Radio emittingX-ray binarysystems

}A normalstar accretesmatter onto its compact component 

(blackholeor neutron star).

}The accretion disk is very luminous in the optical and X-ray 

regimes.

}Relativisticjetsat                                                                  

radio frequencies.



TWO MAIN TYPES OF BLACK HOLE

Stellar -mass
Supermassive

>3 M
¼

- 14 M
¼

Observed in x - ray 
binary systems

10 6 ï10 9 M
¼

Observed in the 
centres of galaxies

Galactic

Extragalactic



Quasar : 
Å10 6 ï10 9 solar mass BH
ÅJets extend for millions of lyôs
ÅAccretion disk: thousands of

degrees -> optical/UV

Micro quasar : 
Åstellar -mass BH
ÅJets extend for light years
ÅAccretion disk: millions of 

degrees -> X- ray

Otherwise , morphologically
similar .

Extragalactic Galactic



HIGHER ENERGIES

}Compton emission

} high energy photon interacts with an electron

} the photon losesenergyand coolsdown, the frequencyof the 

emission decreases

} the energy of the electron increases

}Inverse Compton emission (IC)

} high energy electron interacts with a photon

} the photon gainsenergy, the frequencyof the emission increases

} the electron loses energy and cools down

}Synchrotron self -Compton emission (SSC)

} electrons scatter their own synchrotron photons



SYNCHROTRON + IC

Spectral energy distributions of active galactic nuclei
(Lecture 26.9.)



BREMSSTRAHLUNG ( thermal )

}A free electron interactswith a (charged) ion and 

changesits velocityvector (Ÿ brakingradiation)

}Ionisedgasor plasma:

} interstellarand intergalactichydrogen, HII aroundveryhot

stars, hot and denseplasma in the centresof activegalaxies, 

galaxyclusters)

}Temperature10 000 K - 106 K

Chandra/ Coma cluster



H II ( ionized hydrogen )

}Emission nebulae, HII regions

}Typically around hot O type stars

}H ionized by UV radiation, temperature 8000 -10 000 K



H II ðRadio

}Radio continuum emission from bremsstrahlung.

}Can be used for calibration of radio observations.

}Recombination line emission at radio frequencies

Ý H (5.01 GHz)

}Measure radial velocities of HII regions and from those 

obtain distances using the rotation law of the Galaxy.

} In addition to the 21 cm (1.4 GHz) line of HI.

}Temperature of the region can be obtained from the relation 

between line emission and continuum emission (depends on 

ionization).



H II region NGC 3603 (5 GHz & optical )


