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Making a Synoptic MapMaking a Synoptic Map

YOHKOH & HAOYOHKOH & HAO

K-corona in white light (i.e., visible)K-corona in white light (i.e., visible)

HundhausenHundhausen, 1980, 1980

Carrington LongitudeCarrington Longitude

S
ol

ar
 L

at
itu

de
S

ol
ar

 L
at

itu
de

Predominant magnetic polarityPredominant magnetic polarity
+-



In situIn situ observations: n, u, T, q,  observations: n, u, T, q, B;B;  

also geomagnetic activityalso geomagnetic activity
((NeugebauerNeugebauer, Tues. PM), Tues. PM)

Mapping back to the SunMapping back to the Sun

Comparison with Comparison with disk and limbdisk and limb
solar observationssolar observations (also radio) (also radio)

YOHKOH & HAOYOHKOH & HAOHundhausenHundhausen, 1980, 1980

InferredInferred
magneticmagnetic
neutral lineneutral line

Carrington rotation 1610Carrington rotation 1610
(early 1974)(early 1974) RecurrentRecurrent

geomagneticgeomagnetic
activityactivity
(mapped)(mapped)

Solar windSolar wind
speed andspeed and
magneticmagnetic
polaritypolarity
(mapped) (mapped) 

CoronalCoronal
polarizationpolarization
brightnessbrightness

CoronalCoronal
x-ray emissionx-ray emission
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Extension of the Solar Wind into the Extension of the Solar Wind into the HeliosphereHeliosphere

The Interplanetary Magnetic FieldThe Interplanetary Magnetic Field

Parker (1963)Parker (1963)
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Stream InteractionsStream Interactions

Hundhausen Hundhausen (1972)(1972)



Extension of the Solar Wind into the Extension of the Solar Wind into the HeliosphereHeliosphere

 Fast
Wind

Slow
Wind

 Fast
Wind

Slow
Wind

Spin EquatorDipole Equator

 Fast

Wind

Slow

Wind

 Fast

Wind

Slow

Wind

Spin Equator

Dipole Equator

Meridian Planes Separated
       by 90o in azimuth

Four-Stream SourceFour-Stream Source



Extension of the Solar Wind into the Extension of the Solar Wind into the HeliosphereHeliosphere

Four-Stream EvolutionFour-Stream Evolution

Hundhausen Hundhausen & & Pizzo Pizzo (1976)(1976)
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Coronal Mass EjectionCoronal Mass Ejection

Hundhausen Hundhausen (1972)(1972)



Extension of the Solar Wind into the Extension of the Solar Wind into the HeliosphereHeliosphere

3-D CME Evolution3-D CME Evolution

Odstrcil Odstrcil et al.et al. (2004) (2004)



Extension of the Solar Wind into the Extension of the Solar Wind into the HeliosphereHeliosphere

Interaction with the Interstellar MediumInteraction with the Interstellar Medium
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1s 2s

2u1u

Conservation of ParticlesConservation of Particles
ˆ  :  direction of particle flows
 :  particle flow speedu
 :  particle densityn
 :  area of a face of the boxA

1A 2A

1n 2n

 :  number of particles in boxN

111222D=D-DNnuAtnuAt

 :  volume of box=DVAs
()112212;   =+D=-AAAsss

()DD=DDNVntt

()1∂∂=-∂∂nuAntAs

222111Êˆ-=-Á˜DË¯nuAnuAAs

()1D=-DnuAAs



1s 2s

2u1u

1A 2A

1n 2n

()1∂∂=-∂∂nuAntAs
Conservation of Particles and MassConservation of Particles and Mass

()1∂∂+=-∂∂nuAnQLtAs
Particle ConservationParticle Conservation

with sources and sinks:with sources and sinks:

Mass ConservationMass Conservation
(no sources or sinks)(no sources or sinks)

()10rr∂∂+=∂∂uAtAs

 is the mass densityr

The DivergenceVector OperatorÈ˘—⋅Î˚rrnu



()2-pA1pA

Conservation of MomentumConservation of Momentum
Conservation of Momentum (General Form)Conservation of Momentum (General Form)

()21rr∂∂+=∂∂uAutAsF : momentum densityru
2: momentum flux densityru
: total force densityF

Pressure Gradient ForcePressure Gradient Force
: pressurep11F=ppA

22F=-ppA  :  volume of box=DVAs
12FF-=pppVF

21-=-Dpps

∂=-∂ppsF

: pressure force on a faceFp

Ds



Conservation of Momentum and Equation of MotionConservation of Momentum and Equation of Motion

Conservation of MomentumConservation of Momentum()21rr∂∂+=∂∂uAutAsF ∂=-∂ps 2ˆˆ r-⋅GMrrs +wF

pressurepressure
gradientgradient gravitygravity waveswaves

Conservation of MassConservation of Mass
()10rr∂∂+=∂∂uAtAs

Equation of Motion Equation of Motion (without wave or (without wave or Lorentz Lorentz forces)forces)

21ˆˆ r∂∂∂+=--⋅∂∂∂uupGMutssrrs

()+¥rrsJB

LorentzLorentz

total forcetotal force
densitydensity



Conservation of EnergyConservation of Energy

General FormGeneral Form

()1∂∂+=∂∂tAsFES
EnergyEnergy
DensityDensity

Energy FluxEnergy Flux
DensityDensity

SourcesSources
& Sinks& Sinks

Energy DensityEnergy Density

23122r=++wupEE

Energy Flux DensityEnergy Flux Density

()222511222r=+-++TgwuAuvvqAFF

FlowFlow

Mass FluxMass Flux EnthalpyEnthalpy
ThermalThermal

ConductionConduction

GravitationalGravitational
PotentialPotential

WaveWave

Source/Sink TermSource/Sink Term
=⋅rrJES

FlowFlow ThermalThermal WaveWave
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The Transonic Wind SolutionThe Transonic Wind Solution

Steady State Equation of Motion Steady State Equation of Motion (without wave or (without wave or Lorentz Lorentz forces)forces)
21r∂∂=--∂∂upGMurrr

Pressure Gradient Force Pressure Gradient Force (isothermal case)(isothermal case)

Steady State Mass ConservationSteady State Mass Conservation()0r=duAdr 111    rrfi=--ddudAdrudrAdr

2111rÊˆ∂-=+Á˜∂Ë¯TpdudAvrudrAdr

2r==TpnkTv



The Transonic Wind SolutionThe Transonic Wind Solution
Steady State Equation of Motion Steady State Equation of Motion (isothermal)(isothermal)

2211Êˆ∂=++-Á˜∂Ë¯TududAGMuvrudrAdrr

AdvectiveAdvective
termterm

GravitationalGravitational
termterm

Pressure GradientPressure Gradient
termterm

Solar Wind Equation Solar Wind Equation (isothermal)(isothermal)
()22221∂-=-∂TTuvdAGMuvurAdrr 2201042Êˆ=-Á˜Ë¯Tgrvvrr

AdvectiveAdvective
termterm

PressurePressure
GradientGradient

termterm

GravitationalGravitational
termterm

Pressure GradientPressure Gradient
termterm

GravitationalGravitational
termterm

Spherically SymmetricSpherically Symmetric
ExpansionExpansion

Critical Radius Critical Radius (isothermal)(isothermal)
22004=cgTrrvv



The Transonic Wind SolutionThe Transonic Wind Solution

22Tuv

0crr

()2222010412∂Êˆ-=-Á˜∂Ë¯TTguruvvvurrr
22004=cgTrrvv

Solar Wind EquationSolar Wind Equation Critical RadiusCritical Radius
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((RosnerRosner et al., 1976) et al., 1976)



Topics to be DiscussedTopics to be Discussed

Some relevant physical principlesSome relevant physical principles

Conservation laws for a fluidConservation laws for a fluid

Chromosphere-corona couplingChromosphere-corona coupling

The transonic wind solutionThe transonic wind solution

Freezing in of the ionization stateFreezing in of the ionization state

Potential field extrapolationPotential field extrapolation



102

107

103

104

105

106

1 2 3 4 5 6 7 8 9 10

Radial Distance (Rsun)

C
ha

ra
ct

er
is

tic
 T

im
e 

(s
)

Equilibration
Time

Expansion Time

Freezing in of the ionizationFreezing in of the ionization
state for  Ostate for  O+6+6 and O and O+7+7

((OwockiOwocki, 1982), 1982)

1263-110 K0.4510  km s•Êˆª-¥Á˜Ë¯euT

Solar wind speed andSolar wind speed and
coronal electron temperaturecoronal electron temperature

((GloecklerGloeckler et al., 2003) et al., 2003)

Freezing in of the Ionization StateFreezing in of the Ionization State

()1∂∂+=-∂∂jjjjjnuAnQLtAs
Particle ConservationParticle Conservation

with sources and sinks:with sources and sinks:
Temperature DependenceTemperature Dependence

of Sources and Sinksof Sources and Sinks

()() ,  jejeQTLT
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Potential Field ExtrapolationPotential Field Extrapolation

PneumanPneuman & Kopp (1971) & Kopp (1971)
Newkirk (1972)Newkirk (1972)

Solid lines: isothermal Solid lines: isothermal mhdmhd simulation simulation
   with dipole lower boundary condition   with dipole lower boundary condition

Dashed lines: potential field sourceDashed lines: potential field source
   surface model with same    surface model with same b.cb.c..

0—¥=rB

f=-—rBB

()0=rJ


