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Å Line-of-sight observations of the photospheric magnetic field 
started in late 1950s and calibrated digital data exist since mid 
1970s.

Å Information about the radial magnetic field Br is important 
especially for coronal and heliospheric models. 

Å The simplest and most widely used assumption is that the 
photospheric magnetic field is radial and BLOS is a projection of the 
radial field.

Å Pseudo-radial magnetic field

Solar observations

ὄ ὄ
ὄ

ÃÏÓ‗



ÅOriginally justified by Svalgaard(1978).

ÅObserved magnetic field in the same 
region is proportional to the cosine of 
the angle from central meridian.

Å This method does not pay attention to 
meridional inclination of the magnetic 
field.

Å Assumption of radial photospheric
magnetic field is used practically in all 
the studies which involve synoptic maps 
of the photospheric magnetic field.

Å How valid it is?

Solar observations

Svalgaardet al., 1978



Å The average large scale toroidal magnetic field (East-West,ὄ ) can 
be derived using observations on consecutive days, since viewing 
angle changes about 14 degrees/day.

Å A systematic pattern of toroidal magnetic field was found already 
in 1970s. ( Howard, 1974; Svalgaardet al. 1978 and Duvall et al., 1979).

Å The averageὄ is systematic, but rather small.

Å Net tilt in the direction of rotation (to the west) of 0.6 Á(Shraunerand 
Scherrer, 1993)

Toroidal magnetic field

Ulrich and Boyden, 2005



Å Poloidal field (North-South, ὄ ) is more difficult to derive from 
BLOS observations since the latitudinal vantage point only varies 
+-7.25 degrees per year.

Å Equatorward inclination of the photosperic magnetic field is 
often assumed, since coronal magnetic field is known to expand 
æsuper-radiallyç in the Ìpolar coronal holes.

Å Ulrich et al.(2013) suggested that the polar field is few degrees 
inclined poleward, but the field lines donét converge anyway. 

Poloidal magnetic field

ÅThis assumption and 
related correction decrease 
the annual oscillation in 
observations.



Å Synoptic maps of full 
vector magnetic field 
should provide us  
information about the 
inclination and azimuth 
of the magnetic field .

Å Different data sets:

ï SOLIS, NSO 180*360 
pixels

ïHMI, ærandom 
calibrationç 1440*3600 

ï HMI random, 360*720

ï HMI random, 180*360 

ï HMI radial, 180*360 

Vector magnetic field



Supersynoptic vector map

Å Longitudinal averages 
(supersynoptic maps, 
magnetic butterfly diagram) 
for three vector 
components, SOLIS/VSM 
observations.

Åὄ and ὄ have typically 
same sign in the north but 
opposite signs in the  south.

Å This indicates equatorward 
inclination of the field

Åὄ depicts expected patterns 
in active regions, following 
Hale rule but weaker field 
indicate systematic eastward 
tilt.



Å Faint annual "wave" of positive 

or negative polarity in ὄ and 

ὄ between active region belts.

Å Is the instrument sensitivity too
low to observe weak transverse
fields?

Å The annual variations due to the 
vantage point effect appear 
already around 50-60Álatitude 
in vector field.

Supersynoptic vector maps

Å Very weak ὄ and ὄ in low latitudes, where both components 
correspond to transverse component in the observations. 



Å Inclination: Angle between vector and radial direction, varies 
from 0Áto 90Á.

ÅMeriodional inclination: Angle between Ƕὶand  B-vector 

projection to r -—-plane, varies from -90Áto 90Á.

Å Azimuth: Angle between • and  B-vector projection to •-—ä
plane, zero in the direction of positive ὄ and increases 

clockwise from 0Ǔto 360Ǔ.

Inclination and azimuth of the field



Å Left: ὄȟὄȟὄ , Carrington rotation 2100, SOLIS observations

ÅMiddle : Inclination, meriodional inclination and azimuth.

Å Right: Distributions of angles in latitude bins

Orientation of the magnetic field



Å Field orientation is 
most radial in active

regions.

Å Inclination and 
meridional 
inclination have 
obvious latitudinal 
patterns.

Å Field is inclined 
towards the equator.

Å Azimuth distribution 
is wider and most 
typical directions are 
northward and 
southward.

Orientation of the magnetic field



Å Longitudinal medians of 
inclination and meridional 
inclination.

Å Inclination is smallest in 
mid-latitudes around 
active regions and 
increases toward poles and 
equator.

ÅMeridional inclination has 
a systematic pattern of 
being negative in the 
south and positive in the 
north

Ą Magnetic field is 
inclined towards the equator 
in any latitude.

Supersynoptic median inclination maps



Average inclination

Å Average inclination and 
meridional inclination of the 
magnetic field based on all  
SOLIS synoptic vector maps in 
2010-2016.

ÅOne sigma error bars.

Å Variations are quite large

Å Systematic poleward  increase 
of the inclination angle.

Å Field is inclined towards 
equator.


