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Measuring Solar Properties

• The Mount Wilson Observatory Solar Synoptic Program of the 150-foot Tower
Telescope has made up to about 20 observations per clear day since 1986. Prior
to that time one to two observations per day were acquired.

• A 24-channel spectral sampling system has been in use since 1996. The primary
data set is from λ5250A. Additional data sets for λ5237A, λ5896A and λ6768A
have been acquired for various time periods and have not been compared to
λ5250A except for some restricted periods. Those comparisons do not indicate
substantial differences between the different spectral samples.

• The torsional oscillation discovery observations were made with a system having
higher noise than we presently obtain and data prior to 1986 have not been used
for the current discussion.

• The data is processed by applying a differential rotation correction to each ob-
servation. Each corrected data point is weighted by sin(CMA) and cos(CMA)
and all available observations for each rotation are combined to obtain vector
components that we term zonal and sectoral respectively. The torsional oscilla-
tion pattern comes from the zonal velocity maps while traditional magnetic field
strengths correspond to the sectoral magnetic maps.
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Setting Zero Points - Doppler

The proper fixing of reference values is at the heart of studying deviations in
the velocity and magnetic fields. Drifts in the zero points can augment or
reduce the deviations. Alternate approaches to this task have lead to differing
interpretations of the nature of the solar processes identified with the solar
cycle. Our methods are as follows:

• Doppler

– The overall, rigid-rotation parameter A is adjusted for each observa-
tion.

– The B, and C parameters giving the smooth differential rotation rate
are fixed by historical data not included in the current reductions.

– For the Zonal velocities all deviations in Doppler velocity are averaged
together as a function of latitude and central meridion angle (CMA).
This function is symmetrized to remove north/south differences and
subtracted from each observation.

– For the Sectoral velocities a limb-shift function is determined along
an equatorial band 12◦ wide. Any pixel with a magnetic field strength
greater than 20 gauss is dropped from the analysis along with a
symmetrically placed pixel on the other side of the central meridian
line.
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Setting Zero Points - Magnetic

• Magnetic

– The zero point of the magnetic field for each observation is derived
from the mode of the distribution function of weak fields. This rep-
resents a fitted field value where the distribution function reaches a
maximum. We do not use the distribution function itself but rather
use a quadratic fit to the histogram values in a range of ±10 gauss
near the peak. This peak magnetic field is set to zero.

– In the plots and discussion here we do not apply any saturation factor
correction to the observed magnetic fields. The presence or absence
of this correction has no impact on the variability other than as a
scale factor applied to all field strength changes.
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The Magnetic Patterns
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Zonal Magnetic Fields

Sectoral Magnetic Fields

The top figure is the average East-West component of the magnetic
field and corresponds to the net toroidal field strength while the
lower figure is the more traditional synoptic field strength. Note the
stretched color scale for fields near zero. The polar field strength for
cycle 23 is weaker than for cycle 22.
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The Doppler Patterns
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Sectoral Velocity Variations
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The top figure is the average East-West component of the velocity
and corresponds to the torsional oscillation velocity while the lower
figure gives what has traditionally been called the meridional circu-
lation velocity. The color scale in the torsional oscillation plot is
linear rather than stretched. Note the strong north-south rotational
asymmetry.
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The Time-Trace Plots

• The contour plots give an overview of the evolution; however, these
plots can be difficult to interpret quantitively.

• Time trace plots at the end of this report extract the quantities as
a function of time at each latitude.

• The values at each latitude are smoothed with a Gaussian function
having a gaussian width parameter of 1.1 Carrington rotations.

• The resulting zonal velocities and sectoral magnetic fields are pro-
vided in the next set of figures.

• The zero line for velocity and magnetic field is included as a reference.

• The times of solar minimum are indicated along the zero lines as X’s
while the times of solar maximum are shown as the diamond shape.

• The sectoral magnetic field near the poles shows an annual modula-
tion due to its near radial nature and the b0 rotational axis tilt.

• The sectoral velocity shows an annual modulation whose cause we
have been unable to find.
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Comments on the Magnetic and Velocity Time Dependence.

The following comments are based on both the contour plots and the time trace
plots.

1. The polar magnetic fields for cycle 23 are definitely weaker than they were for
cycle 22. If these fields provide the seed for the subsequent magnetic activity
the weak polar fields indicate a lower strength cycle 24.

2. The torsional velocity pattern has three separate parts not previously recognized:

(a) A polar region component where the pattern is nearly sinusoidal in character.

(b) A low latitude component where the speedup has a pulsed character.

(c) A boundary latitude near 40◦ where there the velocities show weak if any
variability associated with the solar cycle.

3. The polar oscillation velocities are largely in phase over all the higher latitudes
with the time of greatest slowdown coinciding with sunspot minimum.

4. The low latitude component just below 40◦ is exactly out of phase with the
polar component and is approximately sinusoidal in character.

5. The torsional oscillation pattern consists of a latitude of maximum speedup that
lags in time in successively lower latitudes.

6. Going from mid latitudes to the equator the pattern becomes pulsed near 20◦

and then breaks down into multiple periodicities below 10◦.

7. The phasing of the torsional velocity pattern suggests that it will be at least 12
months until the sun reaches its state of minimum magnetic activity.





1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

5
8

.5
N

– 2

– 1

0

1

2

zone 32,  58 .5N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

5
8

.5
S

– 2

– 1

0

1

2

zone 3 ,  58 .5S

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

5
2

.6
N

– 2

– 1

0

1

2

zone 31,  52 .6N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

5
2

.6
S

– 2

– 1

0

1

2

zone 4 ,  52 .6S



1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

4
7

.3
N

– 2

– 1

0

1

2

zone 30,  47 .3N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

4
7

.3
S

– 2

– 1

0

1

2

zone 5 ,  47 .3S

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

4
2

.6
N

– 2

– 1

0

1

2

zone 29,  42 .6N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

4
2

.6
S

– 2

– 1

0

1

2

zone 6 ,  42 .6S



1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

3
8

.1
N

– 2

– 1

0

1

2

zone 28,  38 .1N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

3
8

.1
S

– 2

– 1

0

1

2

zone 7 ,  38 .1S

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

3
4

.0
N

– 2

– 1

0

1

2

zone 27,  34 .0N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

3
4

.0
S

– 2

– 1

0

1

2

zone 8 ,  34 .0S



1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

3
0

.0
N

– 2

– 1

0

1

2

zone 26,  30 .0N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

3
0

.0
S

– 2

– 1

0

1

2

zone 9 ,  30 .0S

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

2
6

.2
N

– 2

– 1

0

1

2

zone 25,  26 .2N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

2
6

.2
S

– 2

– 1

0

1

2

zone 10 ,  26 .2S



1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

2
2

.5
N

– 2

– 1

0

1

2

zone 24,  22 .5N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

2
2

.5
S

– 2

– 1

0

1

2

zone 11 ,  22 .5S

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

1
8

.9
N

– 2

– 1

0

1

2

zone 23,  18 .9N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

1
8

.9
S

– 2

– 1

0

1

2

zone 12 ,  18 .9S



1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

1
5

.4
N

– 2

– 1

0

1

2

zone 22,  15 .4N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

1
5

.4
S

– 2

– 1

0

1

2

zone 13 ,  15 .4S

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

1
1

.9
N

– 2

– 1

0

1

2

zone 21,  11 .9N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

1
1

.9
S

– 2

– 1

0

1

2

zone 14 ,  11 .9S



1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

8
.5

N

– 2

– 1

0

1

2

zone 20,  8 .5N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

8
.5

S

– 2

– 1

0

1

2

zone 15,  8 .5S

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

5
.1

N

– 2

– 1

0

1

2

zone 19,  5 .1N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

5
.1

S

– 2

– 1

0

1

2

zone 16,  5 .1S



1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

1
.7

N

– 2

– 1

0

1

2

zone 18,  1 .7N

1 9 8 5 1 9 9 0 1 9 9 5
Date

2 0 0 0 2 0 0 5

A
ve

ra
g

e
 

S
e

ct
o

ra
l 

M
a

g
. 

F
ie

ld
 

(g
a

u
ss

),
 

1
.7

S

– 2

– 1

0

1

2

zone 17,  1 .7S


