
2007Apr16http://www.cv.nrao.edu/course/astr534/Magnetobremsstrahlung.html #1MagnetobremsstrahlungLarmor'sformulaindicatesthatacceleratingachargedparticleproduceselectromagneticradiation.Inastrophysicalsituationsthestrongestaccelerationsofchargedparticlesareproducedbyelectromagneticforces.AccelerationbyanelectricfieldaccountsforfreeFfreeradiation.Accelerationbyamagneticfieldproducesmagnetobremsstrahlung,theGermanwordfor"magneticbrakingradiation."Lightchargedparticles(electrons,andpositronsifanyarepresent)aremoreeasilyacceleratedthanthemoremassiveprotonsandheavierions,soelectrons(andpossiblypositrons)producevirtuallyalloftheradiationobserved.Thecharacterofthisradiationdependsonthespeedoftheelectrons,andthesesomewhatdifferenttypesofradiationaregivenspecificnames.Gyroradiationisproducedbyelectronswhosevelocitiesaremuchsmallerthanthespeedoflight:.Mildlyrelativisticelectrons(kineticenergiescomparablewithrestmass)emitcyclotronradiation,andultrarelativisticelectrons(kineticenergiesrestmass)producesynchrotronradiation.Synchrotronradiationaccountsformostoftheradioemissionfromactivegalacticnuclei(AGNs)ingalaxiesandquasars.ItalsodominatesthelowFfrequency(GHz)emissionfromnormalstarFforminggalaxieslikeourown.GyroRadiationLarmor'sequationisnonrelativistic,sowefirstconsidergyroradiationbyaparticlewith.ThemagneticforceonaparticlewithchargemovingwithvelocityisgivenbyAmpere'slaw:
FThemagneticforceisperpendiculartotheparticlevelocity:.Nopoweristransferredtothechargedparticleanditskineticenergyremainsconstant.Also,thecomponentofvelocityparalleltothemagneticfielddoesn'tchange.Sincebothandareconstant,themagnitudeofthecomponentofvelocityperpendiculartothemagneticfieldmustalsobeconstant.Inaconstantmagneticfield,theparticlemovesalongthemagneticfieldlineonauniformhelicalpathwithconstantlinearandangularspeeds.Intheinertialframemovingwithvelocity,theparticleorbitsinacircleperpendiculartothemagneticfieldwiththeangularvelocityneededtobalancethecentripetalandmagneticforces.
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2007Apr16http://www.cv.nrao.edu/course/astr534/Magnetobremsstrahlung.html #2Allnonrelativisticelectronsinthesamemagneticfieldorbitatthesamefrequencyandhenceemitelectromagneticradiationatthesamefrequency.Wecandefinethegyrofrequencyas!Thisequationdefinesregardlessof.Thegyrofrequencyequalstheactualorbitalfrequencyonlyif.Theelectrongyrofrequencyis! 7:60rads(Gauss)Let sotheelectrongyrofrequencyinMHzis:

Example:WhatistheelectrongyrofrequencyintheinterstellarmagneticfieldofourGalaxy,G?
SinceLarmor'sformulastatesthattheradiationfieldvarieswiththesamefrequencyastheacceleration,thisinterstellargyrofrequencyisfartoolowtoyieldobservableradioemission.Gyroradiationisobservableonlyinverystrongmagneticfields.Anextremeastrophysicalexampleisthemagneticfieldofaneutronstar, Gauss.Forexample,thebinaryXFraysourceHerculesXF1exhibitsanXFrayabsorptionlineatphotonenergykeV.
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GyroÇresonanceabsorptionlinenear34keV(Gruberetal.2001,ApJ,562,499).Thisspectralfeatureisthoughttobeagyroresonanceabsorption.ThereforethefrequencyofthisabsorptionlinedirectlymeasuresthemagneticfieldstrengthnearHerXF1.Theobservedphotonenergycorrespondstothefrequency
Equatingthisfrequencytothegyrofrequencyyieldsthemagneticfieldneartheneutronstar:B
� :20Hz=hEÙ6:630ergsÂ1À27340eV:600ergeVÂ13Â1Â1À12À1Ù8Â118
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