


Prefacexiii

Introduction3

1.HistoricalReview7

1-1DiscoveryofSolarCosmicRays7

1-2NeutronComponent8

1-3Low-EnergySolarCosmicRays10

1-4RelationtoFlare-associatedPhenomena12

1-5PropagationofSolarCosmicRays14

1-6ContributiontotheOriginTheoryofCosmicRays17

2.SolarAtmosphere,InterplanetarySpaceandSolarActivity19

2-1StructureoftheSolarAtmosphere19

2-1-1Thephotosphere

2-1-2Thechromosphere

2-1-3Thefibrillestructureinthehydrogenchromo-

sphere

2-1-4Thecorona

2-2ProblemsofRadiativeTransfer(RadioandOptical)36

2-2-1Elementarytheoryofradiativetransfer

2-2-2Radiopropagationinthesolaratmosphere

2-2-3Radioemissionfromthequietsun

2-2-4X-rayandEUVemissionfromthequietsun.

2-3SolarMagnetism,Sunspotand"General"50

2-3-1Thestructureandmagneticfieldofsunspots.

a)Sunspots,theirbirth,growthandmagnetic

fields

b)Thepolaritylawandclassificationof

sunspotgroups

c)Sunspotmagneticconfiguration―general

consideration

2-3-2"Large-scale"magneticfieldonthephotospheric

surface



2-3-3"General"magneticfieldofthesun

2-3-4Formationofsunspotsandtheirmagneticfiels

2-4SolarWindandInterplanetaryPlasmasandMagnetic70
Fields

2-4-1Hydrostaticmodelofthesolarcorona

2-4-2Hydrodynamicmodelofthesolarcorona:
theoryofsolarwind

2-4-3Multifluidmodelofthesolarwind

2-4-4Transportofsolarmagneticfieldinto

interplanetaryspace

2-4-5Theplasmasandmagneticfieldsininterplanetary

space(observational)

2-4-6Terminationofthesolarwind(heliosphere)

2-5SolarActivity(Short-andLong-TermVariation)90

2-5-1Short-term(transient)variation

2-5-2Phenomenaassociatedwithactiveregions

2-5-3Eleven-yearvariationofsolaractivity
2-5-4Eleven-yearvariationofterrestrialphenomena

2-6CenterofActivity104

3.SolarFlaresandAssociatedPhenomena105

3-1GeneralPropertiesofSolarFlares105

3-1-1Opticalobservationanditsrelationtosunspot
groups

3-1-2Definitionof"importance"ofsolarflares

3-1-3Associatedopticalphenomena

3-1-4AssociatedradioandX-rayphenomena

3-1-5Moustaches
3-1-6Homologousflares

3-1-7Whitelightflares

3-1-8Physicalstateofflareregions

3-1-9Yearlyvariationofsolarflareoccurrence

3-2TheDevelopmentofSolarFlaresandAssociated126

Phenomena

3-2-1Thedevelopmentofsolarflaresandenergetic

phenomena
3-2-2Accelerationandejectionofhigh-energy

particles

3-2-3TheMoretonwavesandtheoryofblastwaves

3-2-4SolarX-rayburstsassociatedwithsolarflares
3-2-5Geophysicalphenomenaassociatedwithsolar

flares



3-3Definitionof"SolarCosmicRay"and"ProtonFlares"140

4.GenerationofSolarCosmicRays143

4-1GeneralPropertiesofSolarCosmicRayEvents143

(BevandMevparticles)

4-1-1Discoveryandearlystudiesonsolarcosmicrays

ofBevenergy

4-1-2Solarcosmicrayeventssince1956

4-1-3Statisticaltestoftheincreaseofsolar

cosmicrays

4-1-4Theinfluenceoftheinterplanetarymagnetic

fieldonsolarcosmicrays

4-1-5Solar-terrestrialeventsinNovember1960

4-1-6Solarcosmicraysfromsolarflaresonthe

invisiblehemisphereofthesun

4-1-7DiscoveryofMev-energysolarcosmicrays

4-1-8Promptanddelayedsolarcosmicrayevents

(Mev-energyparticles)

4-1-9Classificationsystemofsolarcosmicrayevents

4-1-10Summaryofobservationaltechniquesfor

solarcosmicrays

4-1-11Long-termvariationofsolarcosmicray

events(BevandMev)

4-1-12Preferredlongitudesofsolaractiveregions

associatedwithprotonflares

4-2CharacteristicsofSolarProtonFlares177

4-2-1Opticalcharacteristics

4-2-2lonizationenhancementoftheionospheric

F2region

4-2-3Developmentofsolarprotonflares

4-2-4Sunspotconfiguration

(a)Relationtosunspotclassification

(b)Configurationofsunspotgroups

(c)Thegradientofsunspotmagneticfieldsand

itschangebeforeandafterflares

(d)Rotatingmotionofsunspotgroups

4-2-5AssociationofradioandX-raybursts

(a)Radiobursts

(b)X-raybursts

(c)TypeIVradiobursts

4-3TheoryofTypeIVRadioBursts202

4-3-1Interpretationbygyro-synchrotronemission



4-3-2Theoryofgyro-synchrotronemission

4-3-3Theinfluenceofionizedmediaongyro-

synchrotronemission(theRazineffect)

4-3-4Theoryofradiativetransfer

4-4ObservationofHigh-EnergyElectronsinInter-222

planetarySpace

4-4-1Relativisticelectrons

4-4-2Energeticelectrons(1-102Kev)

5.MechanismofSolarFlares229

5-1Mechanismofsolarflares229

5-1-1Energeticsofsolarflares

5-1-2Sourceofflareenergy

5-1-3Theoriesofsolarflares

5-1-4Configurationandstabilityofsunspot

magneticfields.

5-1-5Triggermechanism

5-1-6Transportofsunspotmagneticenergyto

flareenergy

5-1-7"Tearing"modeinstabilityasacauseof

solarflares

5-1-8Fluidmotioninsunspotgroupsanditsrole

ininstability

5-1-9Theoryofforce-freemagneticfields

5-2PlasmaInstabilityRelatedtoAstrophysics255

5-3PredictionofSolarProtonFlares259

5-3-1Characteristicsofsunspotgroupswhich

producesolarprotonflares

5-3-2ProtonFlareProject―short-termforecast

5-3-3Long-termforecast

6.AccelerationMechanismofSolarCosmicRays263

6-1GeneralPropertiesofSolarCosmicRays263

6-1-1Fluxandrigidityandenergyspectra

6-1-2Nuclearabundance

6-1-3Neutronsandelectrons

6-2TheoryofParticleAcceleration･276

6-2-1Briefreviewofaccelerationtheories

6-2-2Motionofchargedparticlesinvarying

magneticfields

6-2-3Theoryofparticleacceleration

6-2-4Interpretationoftherigidityspectrumand

nuclearabundanceofsolarcosmicrays



6-2-5Otheraccelerationprocesses

6-2-6Thermodynamicalconsiderationofflare

energetics

6-2-7Energylossprocessesandtheacceleration

ofrelativisticelectrons

6-3InterpretationoftheObservedPropertiesofSolar298

CosmicRays

6-3-1Timingandefficiencyoftheaccelerationof

solarcosmicrays

6-3-2Syntheticmodelofasolarprotonflare

6-3-3Classificationofsolarprotonflares

6-4PossibilityofNuclearInteractioninSolarFlares306

6-4-1Thebombardmentofsolarcosmicraysto

thephotosphere

6-4-2Isotopeabundances(deuteronsandHe3)

6-4-3Neutrons

6-4-4Positronsandgamma-rayemission

6-4-5Neutrinos

7.PropagationofSolarCosmicRays313

7-1HistoricalReview―InteractionwiththeEarth's313

MagneticField

7-1-1Earlyideasonthephysicalstateofinterplanetary

space

7-1-2Geomagneticeffectofsolarcosmicrays

―asymptoticdirection

7-2PhysicalPropertiesofInterplanetarySpace319

7-2-1Studyoftheinterplanetaryspace

7-2-2Solarwindanditstransportofthesolar

photosphericmagneticfield

7-2-3Finestructureoftheinterplanetary

magneticfield

7-3DiffusionProcessesofSolarCosmicRays332

7-3-1Ejectionofsolarcosmicraysfromsolar

flareregions

7-3-2Propagationofsolarcosmicrays―summary

7-3-3Theoryofsolarcosmicraypropagation

8.SteadyFlowofEnergeticProtonsandSolarActive349

Regions

8-1EffectiveLongitudeswhereSolarProtonFlaresOccur349

8-227-DayRecurrenceofEnergeticProtonStreams353

8-3ConnectionofSolarActiveRegionswiththeSector360



StructureoftheInterplanetaryMagneticField
8-4ContinuousAccelerationofEnergeticParticles364
9.ContributiontotheOriginTheoryofCosmicRays367
9-1SolarOriginTheoryofCosmicRays367
9-2ProblemsofFlareStars371
9-2-1Flare-likephenomenaonstarsotherthanthe
sun(stellaractivity)

9-2-2Natureofflarestars
9-2-3Evolutionofstarsinthepre-mainsequence
stage

10.RetrospectandProspect377
AppendixA381
AppendixB384
AppendixC387
AppendixD397
References399




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

