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The Story Begins Here at
Godhavn, Greenland in 1926

The Observatory . The Town. The Beach
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The variation of the Horizontal Component in the minimum year 1932. The recurring
‘dips’ are not magnetic storms. In fact, nobody knew what they were at the time. 2



Johannes Olsen (1894-1991) drew

Attention to those Recurrent Dips

PERSISTENT SOLAR ROTATION-PERIOD OF 26 7/8 DAYS AND
SOLAR-DIURNAL VARIATION IN TERRESTRIAL MAGNETISM

By Jorannes OLsEN

Summary—An examination of the daily means of the horizontal force at Godhavn
Greenland, during the years 1926 to 1941 shows that there seems to exist a recurrence-

tendency for the mean values of H with a period of 26 7/8 days during that epoch, the
values being rather low in the first half of the period and rather high in the latter half,

Terrestrial Magnetism and Atmospheric Electricity [now JGR], 53(2), 123-134,
doi:10.1029/te053i002p00123

Olsen concluded:
The persistence of a fixed period during 15 years points to the possibility
that the origin of the effect is to be found in a layer on the Sun with a fixed
rotation-period during a long time.

And there the finding languished for 23 years with no citations at all
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‘ To earth

“A rotating magnetic dipole may be lurking within the sun”
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Discovery of Sector Structure

Quasi-Stationary Corotating Structure in the Interplanetary Medium
John M. Wilcox & Norman F. Ness (1965), JGR, 70, 5793.

The large-scale structuring
of the IMF was a surprise
at the time
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The Heliospheric Current Sheet
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Artist: Werner Heil
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Where did W&G get the Idea to look at the IMF Polarity?
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Magnetic Fields on Earth and in Space

The solar system is permeated by magnetic fields coming from the Sun with the
Solar Wind and connecting with the field of the Earth [and other planets]
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Long-term Evolution of Sector
Structure (Hand-drawn)

INFERRED SOLAR MAGNETIC SECTOR STRUCTURE DURING FIVE SUNSPOT CYCLES

2684 DAYS CALENDAR SYSTEM STARTING FEB 19, 1926
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Alignments are Easy (Phil)
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Can We Extend the Sector Data to Before 19267

YEeS: M. V. Vokhmyanin and D. I. Ponyavin

Sector structure of the interplanetary magnetic field in the nineteenth century,
Geophysical Research Letters, 40, 3512-3516, do0i:10.1002/grl.50749, 2013
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Both ‘27-day’ and '28.5-day’
Structures In the Early Data
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Are the early data (including mine) reliable? This we investigate next 15



Using the Inferred Sector Structure
we [the computer] can make a List
of Well-Defined Sector Boundaries
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The Geomagnetic Response to the
Passage of Sector Boundaries

30

— N [x+]
o o wn

GEOMAGNETIC ACTIVITY (24 HR. SUM Kp)

S

T T 1 1 T ]
+ FIELD AWAY FROM SUN
H.}g. — FIELD TOWARD SUN
°o FIELD AWAY + FIELD TOWARD
+Hoo® o Wilcox, 1968
o o
++ o -
_— +
e +%°{+H HH i
+ -8 Coogt
o —°° === "0500
+ #F -oH
o o
0 —— oy
- 00 oo -
®

- oo

_?_ o ++

| +:+° +-|-6 o

*_o
+ ooo _WH-
— OOOO
0 2 3 4 5 6 7 8

POSITION WITHIN 2/7 SECTORS (DAYS)

Geomagnetic Activity is modulated
by the sector structure. An early
analysis showed an increase in
activity following a sector boundary
(that was misinterpreted as a solar
property), and there did not seem to
be any difference between the
response for different polarity.
However, it is not that simple...

SCHEMATIC OF SOLAR SECTOR BOUNDARY

X

D Photospheric magnetic field
predominantly of ane polarity
(into or out of sun)

m Photospheric magnetic field

predeminantly of opposite polarity 17



Measuring and Modeling
Geomagnetic Activity

[Momentum, Reconnection, Modulations]
a =kn’)"”(BV) q(e.f) S(T)

B = Interplanetary Magnetic Field strength

V= Solar Wind Speed

g = function of angle o between IMF and
Earth’s magnetic field

f = variability =V(cgy + os,” + 08,")/0B

The K-index is a quasi-
logarithmic measure of
the amplitude, a:

K= log (a)

Kruns from0to9
18




Geomagnetic Activity Data

P.-N. Mayaud has derived the well-known aa-index using
magnetograms from two antipodal observatories. The index
IS available from 1868 to the present (2016).

H. Nevanlinna has extended the series back in time to
1844-1897 using the data from Helsinki, Finland.

Data from Russian observatories 1850-1862 is also
available, although slightly less reliable.

Mayaud’s superb am-index (1959-Present) is available too.

| have constructed a composite of all available data for the
entire interval 1844-2016. The data consists of 3-hour K-
values with a third-unit resolution (0o, 0+, 1-, 10, 1+, 2-, 20,
2+, ..., 8-, 80, 8+, 9-, 90).

19



Month

Superposed Epoch of Geomagnetic Activity around Sector
Boundaries During Space Age 1963-2016
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We see the same pattern in each
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| interpret that to mean that the data is good
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Justifying Calculating the FFT

FFT of IMF Sector Polarity
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Recurrence Peak: Fine Structure
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The 27.03 line is an artifact having contributions from the 26.9 and 27.2 lines

This was an early run using 1926-2013 data, can now be extended
23



Average Recurrence Period In
Solar Wind Data
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Figure 5. The difference between the highest and the lowest
values of B,(-1)" for the time-averaged B(-1)" versus longitude
curves as a function of solar rotation period from 25 to 31
days.

Neugebauer et al., 2000
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“On average, solar magnetic field lines in the
ecliptic plane point outward on one side of the
Sun and inward on the other, reversing
direction approximately every 11 years

while maintaining the same phase. The data
are consistent with a model in which the
[equatorial] solar magnetic dipole returns to
the same longitude after each reversal.”



We can now make the 26.863 d

Calendar Recurrence Plots

Solar Cycle 16

Solar Cycle 9
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81

27
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And even a
Douglas-style
Superplot

And begin hunting for alignments
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Hunting... Don’'t know what it means...

Superposed Epoch of Geomagnetic Activity around Sector Boundaries
1844-2016 (normalized to mean]
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Month

Sector Polarity Randomizaiton
1963-2016
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FFT Sector Polarity
1844-2016
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