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The Maunder Minimum

The reign of Louis XIV appears to have been a time of
real anomaly in the behavior of the sun.

It has long been thought that the sun is
a constant star of regular and repeatable
behavior. Measurements of the radiative
cutput, or solar constant, seem to ju stif].r
the first assumption, and the record of
periodicity in sunspot numbers is taken
as evidence for the second. Both rec-
ords, however, sample only the moest
recent history of the sun,

When we look at the longer record—of
the last 1000 years or so—we find in-
dications that the sun may have under-
gone significant changes in behavior,
with possible terrestrial effects. Ewi-
dence for past solar change is largely of
an indirect nature and should be subject
to the most critical scrutiny, Most acces-
sible, and crucial to the basic issue of

John A. Eddy

The Sunspot Cycle

Surely the best-known features of the
sun are sunspots and the regular cycle of
solar activity, which waxes and wanes
with a period of about 11 vears. This
cvele is most often shown as a plot of
sunspol number (Fig. 1—a measure of
the number of spols seen al one time on
the visible half of the sun (7). Sunspot
numbers are recorded daily, but to illus-
trate long-term effects astronomers more
oftenn use the annual means, which
smooth out the short-term variations amd
average out the marked imprint of solar
Fotation.

There 15 as vet no complete physical
explanation for the observed solar cycle.

zero. In contrast, in the years around a
sunspol maximum there is seldom a day
when a number of spots cannol be seéen,
and often hindreds are present.

Past counis of sunspot number are
readily available from the vear |70 (7],
and workers in solar and terrestrial stud-
ies often use the record as though it were
of uniform quality. In fact, it is not, Thus
it is advisable, from fime to time, lo
review the origin and pedigree of past
sunspot numbers, and o recognize the
uncertainty in much of the early record.

A Brief History

Dark spots were seen on the face of
the sun at least as early as the $th cen-
try B.C. ), but it was not until after
the invention of the telescope, about
1610, that they were seen well enough to
be associated with the sun itself. It
would seem no credit to early astrono-
mers that over 230 years elapsed be-
tween the telescopic “discovery™ of sun-
spols and the revelation of their now
obwvious cyclic behavior, [n 1843, Hein-
rich Schwabe, an amateur, published a
brief paper reporting his own observa-
tions of spots on the sun for the peniod
1826 to 1843 and pointing out an appar-
ent period of about 10 years between
maxima in their number (3]

Rudolf Wolf, director of the Observa-
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The solar sunspot cycle
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in the Maunder minimum AD 1645 to AD 1715
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Abstract. We present a unique collection of gquantitative
sunspot observations recorded at the Observatoire de Paris from
1660-1719. These data contrast significantly with that of earlier
observers who bequeathed us a sporadic set of drawings from
hefore the Maunder Mintmum in that they are quantitative mea-
surements, they span most of the Maunder Minimum uninter-
rupted. About 8000 daily observations were made from 1660 to
1719, on which we base our description of solar activity prop-
erties. Sunspot numbers, butterfly diagrams, active longitudes
and rotation rates are all reconstructed and compared to mod-
ern ones, and the comparison with modern observations of the

I I-year solar cycle provides us with a better understanding of

the solar cycles over the Maunder Minimum.

Key words: the Sun — solar cycle — differential rotation

of Nantes in 1685 marked the onset of a slow decline in french
domination, causing the departure of the protestant intelligentsia
abroad. Leadership then gradually shifted to the northern coun-
tries of England, Holland and Germany (Hazard 1961). In the
early 1660°s, however, France was still the uncontested power.
One of the first initiatives of the Academy of Sciences, in 1667,
was to create 1"Observatoire de Pans, which remains the oldest
observatory still existing in the world. Colbert invited to the ob-
servatory 1D Cassini, who acted as director, and Ch. Huygens.
Cassini gathered around him a school of brilliant scientists, one
of the foremost of whose was J. Picard, who instituted a number
of new technigques that made astronomy a quantitative science.
Picard deserves special mention because he took the ini-
tiative of improving observational technigues and started the

systematic solar watch program.
S
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‘he Maunder Minimum (1645-1715
~approximately) was a period of
v" very low solar activity and
v’ a strong hemispheric asymmetry,
with most of sunspots In the
southern hemisphere,
v' corresponding to the special mode
of a Grand minimum.
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THE MAUNDER MINIMUM IS NOT AS GRAND AS IT SEEMED TO BE

N. V. ZoLoTOovVA AND D. 1. PONYAVIN
St. Petersburg State University, 198504 St. Petersburg, Russia; ned @ geo.phys.spbu.ru, d.ponyavin@spbu.ru
Received 2014 Au eust 18; accepted 20 14 December 9; puha’n.’m! 2015 February 6

ABSTRACT

The Maunder Minimum (MM), which occurred between 1645 and 1715. is mainly known as an almost spotless
period on the Sun. We analyze the nominal number of sunspot groups for each observer individually. Comparing
the sunspot drawings and textual reports, we conclude that the latter underestimate the number of sunspots. We also
argue that the different points of view of observers in the seventeenth century on the origin of sunspots resulted in
the underestimation of sunspot groups or even gaps in observational reports. We demonstrate that Jean Picard and
Giovanni Domenico Cassini of the Paris Observatory did not report any sunspots, while other observers reported
on the occurrence of spots. Moreover, compared with other observers, La Hire underestimated the solar activity.
The MM looks like an ordinary secular minimum with a depressed 11 yr solar cyclicity.

Key words: Sun: activity — sunspots




Usoskin et al. (2015) The Maunder minimum (1645-1715) was
indeed a Grand minimum: A reassessment of multiple datasets,
A&A 581, A95.
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Gomez & Vaquero (2015) The sunspot observations by Rheita in 1642,
The Observatory 135, 220.
http://arxiv.org/abs/1502.06772
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PROVINCIA AVSTRIAZ AC BOHEMIAE
QVONDAM PRELECTORE

Opus Philofophis , Afronomis , €5 rerum celeflium aquis afti-
matonibus non tam wtile quam iwcundum..;

Quo omnium Planetarum veri motus, ftationes , & retrocefsiones, fine
vllisepicyclis Sczquantibus, tamin Theoria Tychonica, quam Coper-
nicana compendioffifime & iucundifsimé demonftrantur exhibentur-
que. Hypothefis Tychonis quoad abfolutam veritatem ftabilicur ac fa-
cilior ipsa Copernicana redditur , teformatur, & ad fimplicifimam nor-
mam & formam reducitur.

HISCE ACCESSERVNT

INosue harmonice determinationes molium & proportionsm Planetarwm ad inuicem. Ttem plurime
alia nouitates calo ab Aullore deducle. Probabilifsima canfa fluxws & vefluxus Oceani.R atio
Brenis conficiendi Telefcopinm aftronomicum. Ex vitimd Planetologism mechanicum ¢ nowwm,
guo panceSimis rotis Yers omnium Planetarum motus iucundé exbiberi queunt.

Qi deleflafti me Domine in fallura tua:ts in operibus manssum tuarim exwltabo. PL 91,
ANTVERPI E,

Ex Officina Typographica Hieronym1 VErDvsSIL
M. DC. XLV

Cwm Gratia ¢ Prisilegio.

Quidam
Selem fie
milem
monti

242 LIBER QVARTVS.

& Sol morboillo palloris,& [xcu-
lum criftiori caligne laborarint.
Idem [ub Conftantino Principe,
& Irene contigifle ferunt circaan-
num Chrifti 797. Quorum tem-
poreper 17. integros dies, aded
nufquam vifus eft Sol,aded tenues
radios telluri immific, vemundo
aut omnind abreptus,aut certé ra-
dijs & gratifsimd luce (poliacus
exutusque crederetur. Enimverd
in vaftifsimo tunc oceano ober-
rantes,neque curfum fuum per te-
nebras dirigere, neque telluriinfi-
ftentes coeptum iter & negotia-
tiones humanas profequi potue-
runt.

Iterum Anno 1§47, pertotam
vaftifsimam Europa plagam, So-
lisradij fanguineo colore aded de-
leti videbantur trivm dierum
{patio; vt mundo vltimum iam
quafiinciperent praniitiare diem,
Denique tempore , quo Rudol-
phus II. Auguftusex humanis ab-
reptus fuerat , Solem per plures
dies,fud eriftifsima facie & luce ob-
fufcata ingentem terricolis denud
metum & horrorem incufsiffe fe.
runts

Horum igicur {olarium prodi-
giorafn meritd caufam indagare
liceat. Aliqui putant Soleminftar

-ﬁ':"‘ M- alterius montis /Ethnz,aut Vefu.
Hanl

uij recrementafuain extimam fu-
perficiem proflare,& veluti pluuid
favillarum inde aded conlpergi
& vndique circumdari, vemundo
inde quali eripiatur dies,(plendore
omni Solisintercepto, donec eru-

@ante flammi agmen illyd fa-
uillarum ab extima fuperficie
difpergatur, aut faville depafcan-
wur. Que fententia, fi Solis ignis
fupponatur alimento & pabulo
foueri, forté aliquid probabilitaris
obtineret.Quod fi verd Sol, velut
purifsimum elementum & im-
permixtusignis , pabulo nulloin-
digear, fed divin potentiz, vo-
luntatis & conferuationis vis ei
vtique, vt conleruetur fufficiat;
non video vade Soli illa recre-
menta, & vibrina materia proue-
nu‘eqllea(.

Forté haud etiam inepte ta-
lium accidentium ratio a?:i nari
poffee; feilicet fi dicamus Soli fre-
quentem illum luorem & pallo-
rem,ex macularum, feu ftellarum
folarium nimiiim quadoque con-
currentid agmine cotingere. Aded

enim quandoquedifcus (olaris di--

&is ftellis & maculis featet, ve mi-

rum haund fiteivs inde lumen no-

tabilifsimé hebetari debilitari-
que.

Certé quod jam diximus, pro-
pria experientid Coloniz Anno
1642. experti fumus : dumingen-
tem ftellarum folarium turmam
maiorum & minorum per 1 4.dies
& vltra fibi inuicem continui fe-
rie fuccedentium cum fupore, fo-
larem difcum aded occupare vidi-
mus,vt lux eius, maximé media,
& intenfifsima, haud leuviter illis
fueric heberata. Nam tubo opti-
mo,in medio folaris difci globum
perfedilsimé rotundum, fubni.

grum,

irumuta- ' s infoni & 4
wsm  pet acris infigniores , & magis
“wfist.  notabiles . mutationes ex diéta-

CAPVT SECVNDYVM. 243

{ubnigrum, pugni magpitudinem
quali excedentem confpeximus,

~ ddque diretifsimo afpetu ; qui &

per octidunm Solis haud- exiguam
portioné ecliplauit : maximalQue
airi turbationes , 'vepoté ventos,
imbres, & frigorain medio [unij

_ artulic: prou crebris obferuatio-
Masle  nibus iam d:mults annis com-

pertum habemus:fcilicet feré fem-

rum ftellarum folarem difcum
{fubeuntium agmine contingere &
Etneolefo nerfallumell ma-
culas illas. penitiori obtutu di-
ret¢ per optimum & lon-
giorem tubum aftronomicum,
(qui torum fimul folarem
dilcum difcoperiat exhibeatgue)
confpeétas, aliam quim circula-
sifsimam & rotundam figuram
oftendere, vt frequenter experti
fumus. leaque toties femper fola-
res eclipfes contingere necefle eft,
quoties ftellz dictz Solem fub-
cunt; fubeunt autem frequentilsi-
mé; ergo multo frequentiores &
plures contingunt nobis folares
cclipfes , quam vulgusarbicratur.
Sed quis obfecrotalium eclipfium
arcanos refpectu telluris noftrz
effe@us haltenus penecrauic 2 ve
quid ergo paupelliilli deceptores
Aftrologi, ex aftris de futuris con-

Ryrebea- tingcn:i‘tfus diuinare non cml:u:_f-
daw 4- cunt , cim multa prafentia in
JE;E "'aﬂ:ris:‘gnurcnt fidera & ita caecis &

uis prognofticis procedant,

falfis
- Pars I

ac fididta aftraaue penitusin re.
rum natura non eflent;aut fine in-

-Auxu eflent.

.. Annoninfipientem medicum
illum iudicares , qui autignoratis
penitus, aut faleem non atcentis
interioribus humani corporis mé-
bris,eorumQue in totum animale
corpus naturali &neceflarioinflu-
xu; ex fola inferiorum quorun-
dam infpectione pacienti, longio-
rem , aut breuiorem vitam preefis-
meret vaticinare, longiturnum
motbum, fortunam & fimilia?
Qud ergo ratione dictorii Aftro-
logorum pleraque cceli nobilifsi-
ma aftra eorum{uein inferiora
influxus & energiam, aut omnind
ignorantium, aut [altem vix vm-
bram virtutumillorii cognolcen-
i turma czco iudicio, & progno-
fticts fuis fictis tantopere hodie
mundum exczcare, homine(que
inanibus ac mendacibus verbis
czcoquali verbere ferire non du-
bitat ? Cumque femper zquiuo-
c¢ mentiantur prognofticando;
mirum non cft ea quz alias reuerd
cafia tanthim contingunt quando-

ue,etli preter intentioné progno-

Rican:ium,nccidcrc, ficquepra-
dictionibus eorum 2 fimpliciori-
bus fidem haberi. Certé iplo fta.
tim fronte zquiuoco pradictio-
num - fuarum produne, a quo ta-
lem dininationem,(cientid,aut ve-
ritis infipientiam fuam hauriant;
feilicetnon nifiabillo , (puta dia-
bolo ) qui hoc ipfisimo modo
quondam famofum illud & no-

Hhz tum




Vaquero & Trigo (2014) "Revised Group Sunspot Number Values
for 1640, 1652, and 1741" Solar Physics 289, 803.
http://arxiv.org/abs/1307.2725
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At ita reftat amplids nihil, nifi quod ad\m(‘)ner.;d‘um in-|
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penitus degeneravére; reliqua vero duz debiliores, die 7.
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We have some doubts about the
quality of the sunspot records
during the Maunder Minimum

¥

What can we do?

\ 4

\ 4

Stablish “models” or Use of
sub-sets of the Hoyt & “high” quality observers
Schatten database Hevelius &

Vaquero et al. (2015) A&A Flamsteed




Vaquero et al. (2015) “Level and length of cyclic solar activity during the
Maunder minimum as deduced from the active day statistics” A&A 577, A71.
http://arxiv.org/abs/1503.07664

§ Sunspot Group Database by Hoyt and Schatten (1998)

Loose model (ML)

it ignores all the generic
statements (longer than a
month) in the HS98
database, and considers
only explicit statements
that mention exact dates
of observations.

It includes 13512
observational days, which
is nearly half of the HS98
database.

Optimum model (MO)

For each year, we
considered observations of
only those observers who
reported at least one
sunspot group at any day
of the year, which would
prove that the observer
was “active”.

It includes 8089
observational days for the
period analysed, which is
roughly one third of the
full HS98 database.

Strict model (MS)

we consider as inactive
only those days when at
least two observers
independently reported
that the Sun was spotless
and when there were no
other records of sunspots.

This model includes 5159
daily records or one fifth of
the full HS98 database.
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Fig. 6. Annual (panel A})) and triennial (panel B)) sunspot numbers re-
constructed in the three models as denoted in the legends. Years with
low statistics (Nt < 10) are not shown. Stars indicate that the sunspot
number cannot be assessed from the active-day fraction (see text) and
is greater than 18/23 for the annual/triennial data.




Carrasco, Villalba Alvarez and Vaquero (2015) "Sunspots during the Maunder
Minimum from Machina Coelestis by Hevelius" Solar Physics 290, 2719.
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