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How did Wolf justify all these adjustments? And are they still valid today? He [and others] had 
noted as early as the 1850s that the direction of the Compass Needle [today called the Declination] 
varied systematically during the day: 

This variation [~10 arcmin] was easily measured in the 1840s. And clearly depends on solar activity. 
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The classical instruments were simple and were in use for more than 150 years [now we do it in 
other ways � fluxgates, proton magnetometers, digital recording � but the instruments of old were 
reliable and easily calibrated]. Even without photographic paper, a small telescope could be focused 
on the suspended magnets and their movements recorded [�eye readings�]. 
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Wolf posited the following linear relationship: 

 
where rD is the range of the geomagnetic Declination from its extremum in the morning to its 
extremum in the afternoon and RW is Wolf�s newly defined Sunspot �Relative� Number. Wolf 
labored the rest of his life to determine the �constants� a and b, several times lamenting that �by now 
the last of the doubting Thomases would have to give in and accept my results�. Unfortunately they 
never really did and the �constants� varied from station to station and with time and with season, and 
Wolf�s relationship was eventually abandoned and forgotten. But as you can see, Wolf was clearly 
on to something: 
 

 

rD = a + b RW 
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Even going further back in time: 
 

 
Note that there does not seem to be much sign of the �lost sunspot cycle� between cycle 4 and cycle 
5, supposedly peaking in 1793. It was the size of the variation shown here [and a similar one for 
Paris by Cassini] that caused Wolf to double the Staudacher-based SSNs between 1749 and 1795.  
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Adolf Schmidt [~1900] had analyzed the data for two intervals on either side of the start [1875] of 
the RGO sunspot observations for several stations and determined the diurnal ranges: 
 
obs name  lat long interval 
WDC Washington D.C. 38.9 283.0 1840-1842 
DUB Dublin  53.4 353.7 1840-1843 
MNH Munchen  48.2 11.6 1841-1842 
PGC Philadelphia 40.0 284.8 1840-1845 
SPE St. Peterburg 60.0 30.3 1841-1845 
GRW Greenwich 51.5 0.0 1841-1847 
PRA Praha  50.1 14.4 1840-1849 
HBT Hobarton  -42.9 147.5 1841-1848 
MAK Makerstoun 55.6 357.5 1843-1846 
KRE Kremsmunster 48.1 14.1 1839-1850 
TOR Toronto  43.7 280.6 1842-1848 
    
WLH Wilhelmshaven 53.7 7.8 1883-1883 
GRW Greenwich 51.5 0.0 1883-1889 
WDC Washington D.C. 38.9 283.0 1891-1891 
PSM Parc Saint-Maur 48.8 0.2 1883-1899 
POT Potsdam  52.4 13.1 1890-1899 
COP Kobenhavn 55.7 12.6 1892-1898 
UTR Utrecht  52.1 5.1 1893-1898 
IRT Irkutsk  52.3 104.3 1899-1899 
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It might not have escaped your attention that the factor 1.4 is just what would be required to remove 
the difference between Rz and Rg. So, using the Earth itself as an instrument resolves the issue. 

For each station we now compute 
the average <Rz>, <Rg>, and 
diurnal range [converted to force 
units, nT, from arc minutes] and 
plot <Rz> against the range <rY> 
[blue diamonds, left]. You can see 
Wolf�s linear relationship in action. 
For the eight stations with data 
after 1880, the <Rg>s are also 
plotted [pink dots] and they match 
the <Rz> points reasonably well. 
 
This is, however, not the case for 
the eleven stations from 1850 and 
before. Their <Rg> [red diamonds] 
lie well below the fitted line. To 
make them fit it suffices to multiply 
their values by 1.4 [giving red open 
diamonds]. 
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How Does This Work? 

Solar activity is the source of EUV and FUV causing and maintaining the ionosphere. Ionospheric 
winds and tides move a conducting plasma across the Earth�s magnetic field inducing a current, 
 

 
 
 
 
 
 
 
 
 

 
Consequences 

Since past behavior is the key to successful prediction, the possibility of a revision of the sunspot 
series has an obvious impact on the tuning and calibration of models and correlative works. The 
sunspot number is input to a great many �models� and methods used to predict solar activity, climate, 
and even the stock market [as is sometimes claimed] 
 
As an example, we offer what TSI might look like with a revised Sunspot Series [matches the 
reconstruction by Dora Preminger et al. nicely]: 

the magnetic effect of which we see at the surface, so the 
magnitude of this effect is a measure of the conductance and 
hence of EUV/FUV and thus of their proxy, the sunspot 
number. Wolf�s �linear relationship� is thus physically sound 
and the vast storehouse of geomagnetic 19th century data [as 
yet not digitized] can with our modern understanding serve 
as the medium for a solid calibration of the Sunspot Number, 
so we can get a list we can all agree on, and use as a common 
base for work on the temporal evolution of solar activity. 
Such work is ongoing. 
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We expect and have 
already felt serious 
resistance to the 
suggestion of any 
revision of any of the 
Sunspot Series, because 
of the obvious impact 
on so much other work 
and studies, but we feel 
that Rudolf Wolf would 
agree and perhaps be 
delighted. 
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