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regarding the request, please contact Lucy Coble, Attorney Advisor, at 202-482-5048 or via 
email at LCoble@ntia.doc.gov. 
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THE PRmiCTION ~F- SOIA:,;__ACTIV • 1 

AS A BASIS FOR THE PRElJICTIOU 0~' RAIJIO PHOP.AGATIOU Pl~BNA 

I. Introduction DI1C flit COP1 
The close correlation between variations of ionospheric phenomena and 

tho vo.rio.tion of solar o.ctivity. wt.ich beccune !ipl"'rent within a t• years 
after the first measurements of ionospheric critical frequencies were mo.de. 1 

enables· the prediction of ior.uspheric phenomena. upon which hir;h-frequency 
radio ·propagation depends, it first a prorliction of solaro activity is made. 

Solar activity. as rnnnifest in tho variations of solar dio.metor. corona, 
prominences. faculae, flocculi, SU!lSjlOtS, lir;ht emission. am & large number 
of depenient terrestrial phenomena, oxhibi ts a pulsatiSll,; bel1avior 1 cmpo.ra­
tively reoble, but in many respects similar to the pulsations of other 
variable stars. Its prediction is based upon study of the frequency. in­
tensity, and duration of these pulsations, as observed over a lo~ period 
or tb.o • 

or all ~1e solar phenomena which exhibit such pulsating variat1ona, 
sunspots are those for Jf'hicb tairoly accurate mnsuromants have been made 
over the longest period of time. The study of tl:air behavior, therefore, 
forms, at present, t11e best basis for tho prodiction of solar activity. 

AI early as 1849, R. Yiolt b~gan the stu!.ly ot sunspots as an index of 
solar activity, and exproGsed their variation tor this purpose in tenna or 
11rolativo sunspot rumbor" - the sum of the total n.ll!luer or sunspot$ observ:.i 
plus ton ti:noa tho number or spot r;roups, this sum beinc multiplied by a 
factor d$pend1nr; upo:1 soeine condi tiona and obsorvinc apparntus • an ar­
bitrary measure which has Iince proved, by 1 ts excell~Snt correlation with 
a wide variety or phenomena, to have boon A very forturate choice. BY 
correlation or hla own extensive observations with those or other in .. • 
vestir,atora, tlolfZ elttended the period over which monthly estimates or 
relative sunspot 21UIIlber mir;ht be made to the your 1749. This aories ot 
relative IIUtllpot rutti)ers, extenied to tho present ti:ne, 11 presented in 
the report IRPJ...R23, "Solar-Cyole lJata for Corr.,lttion with Radio Fropar;e.­
tion Phenomena.• By investlsation of ~11 previous roco~!s. tim&s ot o.ll 
:naxima ar¥1 millilll'-' were eatabliahed with an accun.cy or about :!:2 years 
as far back as 1610, and occasional t1111o1 of maxi:llA woro detemined tor 
even earlier t:\.mes, the most oor.spicuous, as selected by \':olf, being those 
or the years 372, 840, 1076, and 1372. 1-'rom thole llolr dotem1ned the 
cycle duration of relative sunspot n.unber to be slichtly greater than 
oloven years. 
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Following the discovery by Hnle3 o£ the ma~netic fields in sunspots~ 
an~. later observation at Mt. Wilson Observator~ w~oh showed that the 
direction o£ such magnetic fields reversed £or alternate elev~1-year 
wnspot cycles~ it became apparent that the pri:no.-i:~~ 12er~cd ,_ot p.tll&• 
tion o£ a'olar activity should be approximately tw'i'c"lii tfuit 'ot:trut sunspot­
rumber cycle~ Additional evidence £or this 1a afforded by tho variation 
1n relative sunspot numberJ also, tor recent years whore tho obsorvatioDI 
•re likely to be of greater aocuraoyJ these short alternate hi&h ani lc:M' 
maxima, with ·charaoteristicd'ly diti'eront variations oi' the sunspot rum• 
ber with t\me from the IIJlxirruril, in oo.ch of the two types. (cr. Fir,s. 11 
throu,;h 21, IRPL-R23, "Solar-Cycle Data for Correlation with Radio !Topa- . 
i';ation Phenomena"}• 

Deyond the outll'talldlrif: evidence or an approximately twenty-two or 
twenty-throe year perioct or J;Ulsation in solar activity, the aeriea of 
sunspot 2l.llllbora baa afforded a aomewhat ambicuous baaia tor aocurato 
knor~ledge ot fUturo sul'lSpot JlUJIIbers. Inference or all available solar 
data conoorninr; tho bade nature 'and oauaoa of cyclic solar activity, 
or which the rour;hly determined empirical lawa oi.' sunspot behavior are 
a part, ia, of oourao, the ultimD.te moana of predicting solar activity. 
Unfortunately, however, althouch several plauaible theorioa of sunspot 
rormati~n have been proffered, lack or sufficient aolar data preventa 
verification oi' any ot them. 

It aoema poaaible that the cyclio behavior or tolar activity, 
althour;h feeble, may be ekin to the oyolio behavior ot J.:WlY other atars, 
auoh •• thoae ot the Cepheid type, and thoae, ~&rtioularly, of loncer­
poriod "f&ri&bility, ainoo, u.s for tbe btter, the periodicity of solar 
variation 1a very lone;, an:l far fran preoiaely eatablhhed. It h of 
partiodar interest in thia respect that the shape or the curve ot eun­
apot tumbor veraua ti~ beara a strikin& roaemblance to thAt of the 
C\trvo ot light emission with ti~~~e tor atara or both tho Cepheid type 
and for lone-period variable a (e om pare Figs. of IRPL-P-.23, "i:iolar-Cyo le 
iJllto. tor Correlation with Uudiu l»ropa~;ation 1-'henomena," and Fit;•• 259, 
250. 262• 2?7, "Aatronomy. II. Aatroph;rlica ani Stellar J.atronomy", 
l!, ;;, JOaucll, Uo So i..ue;o.n, J. Q• Stowo.rtJ OiM and Coo), havillG a 
a tocp alope before mnxi:JV.l.ln, full awed b;v a gentler elopo fro:n ::~~~.xil&Uill 
to the i'ollowinr; minimum. The pronounced vo.riationa exhibited by many 
other variable atara are thought to be dependent upon naturally poriodie 
oxpnnaiona and oontraotiona oo~itioned by travitation and tho elaatic 
propertiel or the ~aaeoua material Cor.lpoainc the atar. However, there 
also aeema aome reason to believe that the feeble periodioity of solar 
activity could poaaibly result from a solar state ot oanparati ve in­
stability, where wriationa mir;ht eaaUy follow the i:npoaed periodicity 
of oven a relativftlyweak force• 

U. Theories ot Solar-Activity Variation 

Tiolt, 6 notinc the deproaaion ir• sunapot mmbor oocurri11g in 1063, 
at tho tiiAO of Jupi ter• 1 aphelion. and similar anOCI&litta tt the times 
or oarller aphelia, rirat proposed that the oauao or tho cyclic varia· 
tlon or solar activity lay in the action of the planeta, particularly 
Ju?1tor, upon the non-ricid ~~&tter or the sun. 

• 



The consideration of planetary action as a. cause of solar-activity 
variation has been the subject of numeroos later investigations by Wo 
De laRue,. B. Stewart•and B. ~~16 H. Fritt 0

7 K .. Birkelandz.3 t:, Vi .. 
Brown 9 s. Newcomb~lO A0 Sohuster 0 ·- E .. F.rankel,l2 D .. Alter,l;, and Wo A. 
1Jlbyll,l5,.16. Since the period of Jupiter (11.86 years) is not far dif­
ferent from the length or the sunspot.mmber cych, and Jupiter is the 
moat lllllasive of the planets, the action of Jupiter is considered ohiefly 
responsible tor the. variation of solar activity by advocates of its 

· planetary origino 

Eo r1. Drown9, amonr: others, has considered simply the gravitational 
attrnction of planets .in causing solar tidas. He r;!ves the tide-raising 
force or each planetp in terms of that of the earth, as followsa 

Uercury 
Vema 
Earth 
Mara 

8.6 
2o06 
1.00 
Oo03 

Jupiter 
Satt.~rn 

Uranus 
Neptune 

2.24 
0 .. 11 
0 .. 002 
0.,0006 

Neclecting the effect of the inner planets as probably contributing little 
to the long-period variation or solar aotivit.y,. this variation ia chiefly 
a.aoribed to the tidal varia tiM resulting from the ecceni;rieity of Jupiter's 
orbit, because of which the tido.l foroe will vary by :!:Oo33, and to the ac­
tion of Saturn on this variation. By combintne two simple variations hav­
in6 Jupiter's orbital period (11.86 yenu) o.r.d half that or Sa.turn rela­
tive to Jupiter (9.93 years)&, :.!rown obtained a !'o.i.rly eood repretJentation 
of the aeries of sunspot numbers. It 1s difficult~ however, to reconcile 
this explant.tion ot solar activity varut.ion "'ith the relative amplitudes 
of the planetary tidal forces# particularly tlib lack of any pror..,unced 
periodicity related to the motion of u~reury 

Jt. more reasona\Jlo explan ... t.ior. ts r.iven by". }.- J.uLy~·~.l&,lti who has 
co:,siderod the action ro:n.lt.lni; fi'O.':'I the precossio!alll .:ouple of oach pl&.net 
upon tho equatorio.l bu l::e of tho sur. :il1<.owin!'; thut l'oincnre • s cond 1 tion tor 
the precession of o. 1'luid body in tho man:1o:- of n ri1;ld body 1a not !\<l• 
filled in the case of the sun cmi its planets. o.nJ that their precessional 
oouples will result in VKriation.s in t 11e sun• s equa:.tor1o.l b•Jlr;o. he Gives 
the relative values o1' the mel\!l ::ou!Jlcs nnd their OJlltre:ne vo.lues as 1 

Uercury •• 
Venue 
Earth 
JJars 
Jupiter 
Saturn 
UraBJa 
Neptur.e • 

. . 0. 3250 •• 
l.l3~ 
1.0~ 

0,024 
1.6~ 
0.083 
o .. oo1ao 
O .. OOM 

Extreoeo \'alues ot' CouEle 

::. .. 59, :>.17 

• t:: ... ls, 1.11 
~y0~7tl, ,J.OSt:S --! 

!!ere the couple due to Jupittlr is seon to . ., the greatest. ·rhe ceuplo ~-----~ 

eo.ch planet will vo.ry through r.-,ro at tl.a of t!1o plare::.~ ... , ·~ 

1
1"'1 I .l 
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orbit with respect to the solar equator. Comparison of sunspot r.umbers, 
crouped accordin£ to the various orbital periOds, with the variations in 
precessional couple shows fairly ~ood correlation in oach case, with a 
decrease of sunspot number ~anerally follcwin& nodal positions. The 
cie~ree of correlation in each cue, and the amount of la~;, however, are 
rather variable, and, as for other planetary explanations of the varia­
tion of solar activity~ no cood explanatior1 is r;i ven for a 22-2 3 year 
pedodicity, which seems to be the outste.nding observed fact. 

other possible evidence tor the action of planets on solar activity 
(although later shown to be better evidence for Bjerknes• hydrod~mic 
theory) 1a afforded by the observations of Mrs .. /l.S.JJ. Maunder,l corro­
borated by R. Jw Pocockl8, that more sunspots are apparently formed on 
the sun• s eastern hemisphere as viewed from the earth, than on the sun• s 
western he111iaphere. That this result might be only apparent, depelldita& 
upon the tilt of tho sunspot erosa-section was aug,;ested by fdra. Mnurxier 
in the initial pr!Ber,~ation of these data, arxi has later been discussed 
1Jy w. Gleiasberg, •2 who has shown that an averace tilt of only o.G0 

woulc be sufficient to explain the observed effect. Follawin& Urs. 
!le.u!lder• s observationa, Av Schustorll showed that the distribution of 
sunspots was related to the &enith position, relative to the sur1, of the 
various planets, to a r.reater degree than that attributable to chance. 

Consideration of sou.r hydrodvnamio vortices as a cause of sunspots 
followed ~en' a21 investi!:ations ~r the hycrodynamics of gaseous spheres. 

Although larcely qualitative it1 nature, the hydrodynamic theory or 
solar activity variation proposed by V. Bjerknea22 is outatnndint; in 
that a simple, plausiule expb.nation is thereby affon!ed for a great 
nany solar phenomena.. Bjerknes shows tl.at the conditions of thermo­
dynamic ~quilibrium in the solar atmoaphere are favorable tor the 
forJ:JAtion or stratified circulation, which may entail the exhter.ce 
or r.ona1 vortex rin1~s. Observed sunspot phenomena m&y be explained 
on the assumption of a pc.ir of such &onal vortex rin~a in each hemisphere, 
north arx! aouth. each pair particlpatinc; in the ceneral circulation, 
nr.d each vortex rinb or each pair 1 in turn, ridn& to cut the surface 
or the photosphere in limited recions above or below the sun's equ~tor. 
If y;aves exist in each vortex rinc. the intersections of the vortex 
:-1n1; with the photoaphe:·e surface will result in paira of sunspots, 
each sunspot correspondin~ to a cross-sectionnl aroa or interaection. 

l'he circulatinr, motion of the vortices explaina J{ale•s obsena-
t. 1on3 of a mar,netic fi ~ld in every sunspot. Tho c•ocu1•renc' of aunspot.s 
in pairs, each 111eC1ber ~f tho pair havinr; opposite IIIA&netlc polarity, 
ensues !Tom tho assumption of a contilblous, wavy, tonal vortex, sir~ce 
lt must always be cut doubly by tho surface of tl:e photosphere. ':he 
l:;vurshead effect follow• fro:a the contrHucal p.ur.pinc action of the 
vortexo The darkness of sur.spots with rc.spect to the reat of tl:e 
solar diac, imicathl£ lower te:uperatures in their upper surfacea, 
may be ascribed to tho dip cauaed by the vortox in the photosphere 
surface, and lt1 corrospondin:~ cora ot• coolod caaea fro:~ upper re­
~iona. The spiral atr·.tcture, observed in \Oho hlr;h layers of the solar 
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atmosphere near sunspots, follOI'fa from the re.ul.ai 1nl'lcrN of !;IJ.Ses in ao:nr. 
pensation ror the sink caused by the vorte1C r,l'Jtlon; the spiral ohe.ractor 
or the inflow depends upou solar rotation only. and therefore~ as observed, 
does not change with the lllt.lgnetic polarity or th., sunspots. 

Since the general circult.tion 1n the stratum where the spot.s are 
fonned may be assumed to consist of motion toward the poles in the lower 
part, utJWard motion near the poles, and :no+..ion toward the equator in the 

. upper portion, the t;ree test tempera1•ure contrast occurs in the regions 
just above an:! belON the equator. where masses of gas, cooled by radiation, 
descend am come into contact with the hot ascendin~ masses of the next 
lcwter ~irculating stratum. This results in oonoentration of the circula­
tion in regions just above and below the equator· • with Greater likelihood 
for the formation of thto vortices causing •~nspote in the~a ret;ioneo 

If t.hfl aaswaed paira. of waY}' &onal vortices in each solar hemisphere 
po.rtioipate, aa they wst, 1n the ~eneral sola!" CJ.r,•u.tauon., one mll nse 
to the surrnce or the photosphere at a eo:npe.ratively hi~h latitude. and 
pror,ro1a slcwly, with an increased number of intersections, toward the 
equator, then, with a decroasinh number of intorsectione, descend, as the 
aecorxi vortex riles in high lr.titucloa. Thil proct'lll explains 'both the 
latitude change of the sunapot belts with tr.e solar c:,rcle, aud tl'.e re­
versal of maf11otic polari tles with each oleven-yonr half-eye le .. 

Variation of obaerved solar rotation wit.h latitude also ensues from 
the above a .. umptiona of cenerlll cuculo.tio:~. Uoth polar e.nd equatorial 
region•, po.rticipatinr; least in tho t;enernl c:u-,~uh.t1on., v:ill rct.e.te n:ore 
nearly in the manner of a rigid body than rer.l•''lnl in irl<:-erveninr, latitudes. 
where a la& will occur in tho ou tor r"t;lOna of the photoapher., ~ IP.ck of 
evidence, ao far~ for a aborter rotation pflricd in polr..r rer,!.on1 .• n& well 
aa for tho hiY1er temperat•lrea in polo.r re~icns prer.ii~ted hy t.r.ia ~~--~cry~ 
ia polllibly because Oi' dlffl!!Ult:: C•f {.C'~. ol~S~"'.'t:-1\0'1 in polar r'to;;Jons. 

The ea1t current ir. the low.,r pii~'Co:s;•hnt! s•:rf!l.::e when• th"' zcw:d vot·•.:.;-.,a 
give ri•e to auuspots !r.&Y. 

1
1J.Ct:U'.lnt fQr ':r,!! ' .. ;. .;et.r;, i.lrcpertl"l cf aunllj:o•~ 

binariea.. W. Gleiuuerr;O::·- t>.e.a ahown th.a+,. th~ observed excou oi' s~nspots 
in the sun• a ea1torr1 hollliaphere, aa ,·iewec! from tho eartl,.,l7 1~3 nreVloutl? 
mentior.ed aa pou1blo ov1douce for tt:o vlan,tar:: 'tl-eoriea of E'.lr.$pot 
orir;in, 11 thua accountec! for by BJ~rkne'' ':ht~or,\· .. 

Another explanation of many o:,aerv~ prope1·ti~s of suna;:oots, tos~ther 
v;ith IOllle quantitative check vd.th solar ohn"Vatior.a .. haa b'!len dev('loped 
on the Laah or a &~·Item of .. ·~la~ ~·~~rn~t().oo r.yurodyaamtc wnvS!~' :,r: a ret~e!lt 
series of pe.pors b;1 JL Al1'von23 ·~· ..... ,,,, ~z;a ~~· ::. ;,al~n." 0 uec&:;se of 
tho difficulty in explainln~ t.he atrenr,th af ~hfl .;,bler .. ·eu 1tlllf:netic fioJ.ca 
aaaociated with aunapota, on the bus!a of r-rov~oua theorlOa,, tina theory 
poetulatea tho obaervod f1eltia, u.d ~th<.'tlra that hoth t.he relat1n c.iarkneu: 
of sur.apota a:d tho Everahead effoct fell~ frcr.t :~ecreuoa in hydroatatic 
preaaure, wi tb c OllSt!<jUent ,. o.•lint; c.r -:;!11, solar t;a ""', dopendln~ u[.'t~n 
m&cnetoetatic preasure, 

Genoail ot· the lllll~'}lOtic fiel•.!10 in "un&pot.ll iii auu!!:od to oc.::ur r:ear 
tho aun1 a center, whero an initial r.:-"~:rc..!yr:a:uc &i:;r,-whirl. split into 
two parts, eaoh atartinr. off 1n O;'i.JOS:it" direc~iona ru a me.r.neto-

l .. 
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hydrodynru.1ic wave alorl(; the magnetic lines or force foming the sun• s 
general 1nD.gnetic field. slcmly travels" •.mtil in about forty years. it 
reachea the solar surface, and causes stronE; nacnetic fields there. The 
wave fror.t first intonecta the solar surface at high la"Ci"b.td!l!!~ ~!'l.d 
gradually progresseS' toward tl:e equator. In thic manner the oppoaed 
polarities of sunspot binaries in the sun's northern and southern hemi­
spherea, aa well as the variatior: in latitude of tho sunspot .zones~ are 
explained. 

Assuming current hleo.u ~oncerni11g the change of solar dend ty with 
rud ius, as ,;1 ven by '::aldm~ber28 and by G. Blanch, A. 11. Lowan. H. E. 
1~rshnk, nrvl 11. A. l'ethe ,c: Alrwn27 obtains mathematical expreui.on 
for tl1e latitude variation of the sunspot zone with tilll8. -;:hich is in 
f;OoC a~roement with observation if the wave front cfl.UIIf~ sunspots upor: 
a ;olr.r surface generated by a ro.aiua between 7.0 x 10 em arvl 
ti.5 x 1010 em in lerl{;th, on the e.ssu1!1ption or a homor;encws solar mar.­
netio field within a ro!;ion dif.tant 1 .. 5 ,_ 1olO em to 2.4 x lolO om from 
the SUI11 11 cenrr, the s~n1 S mB.r;netic dipole mOlllont beill£ between lo5 X lG"' 
and 6.2 x 103 r;o.uSICfiL:s. these latter vnlues heine in ~ood agreement witl• 
Zoenan-effec t observo.tio:lS. 

III. Empirical Laws of Solar-Activity Variation. 

J... General lnvesti!l-tions C.:oncerninr; Variation o1' ~r l'se'.:ivit-:. 

So far~ lack ox' sufficient exper1:r.ental cata px-ev:mts both cboico 
amo:r.:; those thecries nrd t!tei.r qu&.ntitnth·o adapUitirm for r,·reci.ictiou 
fl.lrposes. Tho practtcc.l prec:iction oi' ~;olt.r acttvity is therc>fore "Lased 
upoto e:npirical laws of l••.:havior, for which tlte so..-:o lact of sufficient 
experi..enta l datE& re1k.! ers 1:-oth rt.,ter•;u.r:o.tion or tho la~1s ar-.d c otHHquont. 
prediction of !'.J.turo solar activity crossl:.: lnexa.ct .• 

Fro:u r.olf'e earliest rasenrchos, !:.11 noted 'bcoforc, an npp:ro;dJ:ntoly 
elevcm-~•eo.r p~Sriootcit;.· wr.s noted iu the series of rolati•te su;t3pot nur.J­
'bers, ua well (US c.s;;m::~etry about tho 1:11\xi::Ut1 vnluo ir. each periru. the 
r.i/lr) of approach l'ro:a mim:,:u:a to :"1D.:d::~1:n boiur, considerably l:l:orter tilnn 
ti1e t1:110 from !llllXi:aurn to tl.e follc:wl.q; r:iriiUII:J.. Thi.a ao~ym;uetr~ Las t·een 
'thG subi~t of conslo;eru.ble ~:.·.r..,ntt(atiou b·-1 -: .• !Je la Ru.,. ::. :ltC'rart O.!:d 
!I. Loe>·;ySJ v For the pu :1 I. c 6ntt.r;:, ~~here ':~e~nure~:r.l'nts !.11 v~ t-een :-t(\1''!! e:r.nc t, 
o.lter,,;.,.te I'Jlevon--yeo.r :;unapot-mu:1bor cycles !:twa borne si.~.iJnrit.;; to each 
otr.or. nrd sua:spot-r.•w,! or t:lll.,.l.:lfl have !Jea•1 ••l tor:;11. tel:: ht[-;h f.u:d 1'-"''• hll 
sLCI\VIO it. U1c1 followi11t: to.Lle (fra:a ''· C. S.iu!or3.:.), 

c::clo : .·; .·l•! :!onth z.:o::ti'.ly 
!Je11k ,Lf.Xi:ISII.I ~~.x~~ --

1!14 ;s..}9fo6 1~-1 - 1:-.•1 ., ... 0:';" lf347 ~ l30A 
l056·1A57 ltitJ~\ - ·'~' ' . July HI£(.• 4 J.lt,. ~ 
186'/-1879 }8tU - 13:· .1 l.tl.y 1870 - 176 .() 
1879-1889 l!J!jJ - tj ..... , April 1682 - !J5.~ 

1569-1901 1093 - a4.0 Auc;. 1093 • 129.2 
1901-1913 l9J5 - 63~5 Feb., 1902 - 1·~ .• 2 
HHS..l92~ 1917 - lO:S. 9 A"t:· 1917 - 154.5 
1923-1934 1923 - 77.fJ Lee:, 1929 - lo-.• o 
1934-1943 1937 - llf:.(l July l93!J - l.-35.~ 

\ 
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If this l::eha.vior is nnintained. which seems e reasonable e.sswnption 
on the basis of the approxi~a.tely 22-23-year periodicity also indi~ated 
by the magnetic polarities of sunspots, tho next l!'msnot rnaxi111um should 
be tairly low, as indicated by the extreme values or 05,7 and 63oS tor 
lo.v maxima in the above tables, and the time variation of sunspot numb~r 
that ot a typical low-maxinum cycleo Figsu 1, 2v and 3 present the 
averaged sunspot numbers of the last three or four law oyclesD taken 
for ooincidmt times of minimum. r..~.ximum~ an:l first appearance of a 
spot belonging to the c~~leo 

Search for empirical l£1WS r;oveminc solar activity have proeeedlrl 
r;enerally according to b'lo uifferent schools of thour;ht,. one holdin!'; 
that solar activity is a periodic phenomenon, the other considering 
each solar-activity cycle as r.n in:iependent outburst .. 

Bo Investigations Concerning Periodiclty of Solar J~tivitX· 

From conaiderations of the solar c~~le a3 a periodic phenomenon, 
}%'ediction is based upon harmonic analysis o1' a number of provious 
cycles; and synthesis of the results of this analysis t~ extenrl the 
values to future times, If only the reoent. moro accurate, da~a are 
used in this analysis, there is risk ~r inaccuracy in prediction should 
any pronoumed lon~;-period cyclic variation exist.. If the analysis 1s 
extended to include the data of remote ti:nosJ their inclusion will 
add inaccuracy should there be no very loll(; perio:Hci ty. Ane.lyse• of 
sunspot rumbera ~n the basis of perlcclic1!2 ~ve be'!tn mo.de by :.~e fol-· 

34 
los 1 11G' H. i"ISlf, JJ, Frit&d7 A. Schuster.. S Opponheim)33 A. ::!l.cholson, 
s. Hirayama, H. Kuura

4
3 IL Turnsr 3· .,33 [Arnor and Yam.~r;a~~9 r." Yule,40 

D. Alter,l:S J,.., .i.lou&loss, 1 llu Clrtyton .. 42 ani C. Ander·son .. U 

Probably the best e.rcument f~r th~ validity cf this oethod of 
o.nalysis liea in thu good a~ree:nent, fouud between the periodicity of 
the principal oanponent dstor::dnad fro::: 1ndusion of t.'le- vo-:-y olciest 
observations, ILl years, by r.o}f uru b:' 1-'rit:., unJ that dl'1.:eru•1nod !"ror.o 
a.nal;tais or only tho relatively prtJ~t&el:; ~:n""ll datn Slnce l-:'?3 b:: Clay­
ton, 11.17 yoe.rs., Roasol'l/.l.bly b(IO<.: nr.r oem~!lt hAs also bMn fooud for 
other periods as dotsn:~inod hj• vnrii)IIS ll1Vosti&'lt:lrs,.32,.42 where :'erurl­
ic1tios have been founJ w::. thin the !'ollowinr; li:r.itl< t:y h':o or 'more o1f~ 
ferent researcho~a 

Yoars 

4.8~ ·L9 
5"6- 5 .c 
7_.3- ., 6 

EL 1- tL4 
e .. s- :L9 
9,9-l:Lo 

11.2-ll A 
11.9-l3.f 
14 .0-H 9 
19 .. 9·"20.5 

\ 
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or particular interest is the 33-yoar recurrence of hirh maxilllll. noted 
by A. Schuster32 which he traces back to Chinese records near the bo~in·· 
nh1r; of our era, the unus\lally hit;h rnaxi.rum in 11337 being ascribed to 
coincident phase or the partials uf periods 4.38, 4.80, 8.38~ and 11.125 
years, that in 1S70 to coincident phase of all of these as well as the 
partial l~vi~ a 13.5-year period. It is of interest in this respe~t that. 
·l;he ln.st maximUIIl, in 1937, which occurred after Schuster made his analysis .• 
was one of the hir,heat on record • 

.:".1 ter l:S obtained a i\mlaoE'!ntal period of i!52 :.'ears for the series of 
sunspot uumbers, an:! pointe<! o'.lt that this was very nearly equnl to 21 
orbit~l per~ods of rotation for Jupiter. 8~ for ~aturn, 3 for Uranus, 
nnd ll~· for l!eptune~ in possible suLstantiution of.,. planetary 'theory for 
the oriGin of aolar-acti:dty variation. Claytol"''\h 'ltained a fundarn,ntal 
sunspot periodicity of S9.36 years; ber,inninf'. witu1.linimum occurrinz in the 
yer.r 1793, which ./olfer Yleie;hted as B on n sc•~le of 10, nnd adv11ncinl all 
'Aluos b:: 39.36years, fairly r;ooc! representation was obtained for later 
cycles. 

t..ndarson• a ana.lysis43 resultod in the deter;ilinatiou of a funiarr.ontal 
perioc of 312 years. His ar.e.lysi& i ... >:to roc roc t. ~'assessed an i:nportant 
a.dvcntar;e ovar precodin.:; analyses in tl.at it was bo.sed upon reversal of 
nltcrnate sunspot-nucbor cyclec; analysis of sunspot data since 17'~ re­
snltod, upon ayr.thesis e.nc! oxteMion to eo.rlier ti::tos, in re::lllrbbly o.c­
\:Urnte location of mnxba u.n:i minima between lGlO anc 17~9. It is unfor­
t-..me.te for p.~rposes of S'.tch analyses thAt accur11.te separation of tho ll'.ln­

spots neo.r ti.lnes or :ninit:a into thoir proper half-cycle ic only possible 
for rocent years, sinott the cnS'..11!:::; o..~bir,uity ::WJ.y well affect the accnracy 
of such analyses to a co!'lSiderable ce{,roe. 

J.lthou:;h, as note-.1 above, fo.!rl;r i~ood ar.;roe;uent o.xists amor:r; e. !l'tnhor 
of i:lvoa' .. i,;ators for sovoral porie>..!icitios .. all sus:spot-:umber c:·.:l"' porio­
t:icities save the ono of npproxbiatel:: eleven ;roars ar.e charact'lri.ze<! by 
rola'.:tnl:t low a::.plitudos. t.n! poor!:: ::efined (o"se r&lc.tior.s .. J.ccr;rd:~.~ 
to t.:u> 4Xt:-ticularly thora.lGh anal::sis of Yule, the p'•aso of ~ven ~!.a ;)ro. 
··zy;·,co·l eleven-year FDrioc;icity is rather Vll.(;uo; ht• cvnsi<ior.o otl.or r;er:o­
dicitha so poorly oste.!.:lished as to Le insicniflcl'lnt, o.rd t o best r•lpre 
;:,,r· -~-l.on probabl:· t!.at o1' l!.n approxi:uatoly elovon-yoe.r sinusoidal f\.tnCllJ!l 
.f multiplied by o.n.oth~:- function of tho tiu;c, ,~ovorni:IG its a:nplitucto, 
n.m .. !'tliU"osentativu of l.ts socular chaT~t~e. In :r.Jb.!:tA!ath.l ar;rou:nent wit.:. 
thuso viuws are tho roport~ (If !.!lchclsonM O.tlt: Lar:nor ar.(! Yl\:na.~e. .3£1 r:: 
s-..:l1s ln.!it!!\tiou of Yule's re::Arlca cone erni:.r, thu indefini ter.ess oi' plll!.scs 
1\:J:JOCi!lt&d with avon the approxlcatol:t elevon-:;uar ;.:erio:!icity. •·,_ GhlS!­
uerr.•B :11\s r.oted a proe;reuive decreaso. d•..~rir:c tho po.at throe huu:ired 
:rears, ir. tho ratio of tho duration of ll.llcendinc activity to thr.t of 
dt!scewain~ activity duriJlG tho approxhAt.,ly elevon-~•eo.r t~unspot-rr...a;~har 
c:1c le. 

:; • !jta.tiltical Inv•lSt1t;ations of Sohr-Ac ti vi ty Ve.ria tion. 

/.J•e.lyses of tho aeries of aur.spot nun~ers on the basis that each 
r..pp:-oxil!:t.tdy eleven-year cycle ro?resents a relatbely in!eponJent o~1t-
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burat of solar acti'Yity h&vo been mado by J. Halm,45 H. bldendorrr,
46 

50 
U.W~ld:neier,47,5l5 A. Durkee~tasi• Stewart ani Ho }llanof'aky,4:9 B. Thtfring, 
J. Stewart and F. Eggleston, • · w. Glohsborg,54,55 alld. '\t. Brunnor.56 

Waldmoier•a extend ve studios of tho behavior of' S1nspot-numbor 
oyolea ha.ve resulted in th" f'Qllcrfling e!!!p1rio&l l.w~~·5 

then 

If Ry : maxillllm smoothed monthly aunapot number or a oyolo, 

T : till10, in years, from minimum to maximm, 
Q = tin~, in yeara, 'from maximum to a sunspot number of 7.5 

(an average minimum value), 
~ = sunapot number five years before tho -.xilla.lm, 
s

1 
= aum of the smoothed. monthly average aunapot wmbor1 from 

minlnwn to maxiiiiWil, 
s2 = aum or tho a:noo~od monthly average aunapot numhora from 

maxinun to minill1llll, 
Q • r/e, 

lo~ Ry: 2.69 - O.l7T 
.:t: ).0J ~1.02 

loG R,.: 2.4S • 0.101' 
••• >.10 .. ~.02 

G ~ 3.0 ~ 0.030 Ru 
t0.6 iO.OJG 

Rs = -ll.·l t o.29 nu 
JG.7 ~0.06 

s1 = o.4 Hr.! + 2539 
13.2 iMO 

s2 = -57Z + ~o.r; Ru 
t600 tt.~ 

~ • 15 .€4 - 5!.! l lor. i(,, 

J.o + o.J30 Ry.t 

3 • .J + 0 •• /W H,. .... 

for even oyolea 

tor odd oyoloe 

for both odd and oven cyoloa 

tor even eye loa 

tor oM oyaloa 

Valuoa found for ~ lie !.lotweon tho Urnit:a 0.:!7 and 1. 72, with an avorar,o 
value or 0.7. 

Dru n:tor S6 hAa obtA lned the follcwir.r~ law ar 

If T
1 

: time~ in yeara, botwoem tho of ber;1nn1ng of cycle (ap­
pearance of first apot ~olcnt;i:lt; to tho oval~) and. maxi:num, 

r
2 

: time, in year a, botw.,er~ 1Wlx1rnt~:u fllod prooedill£ alnillllll, 
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: 2.74 - Eq. (h) 

rsinr; these relo tionships, tor;etl:er ;-; i th an estl!r.nted R • .i t•c.sed on ·the 
o.ve:-ai-;e rr.tio of hir,h to ir.J:,;t!!Cintel~.' succeedinG low maxi:!.t, f~r tht'l last 
four lor. cycles, A· ~hnpley;)7 has predicted vc.lucs oi' r 1 : 6 .. G years and 
T2 : ·1.7 years for the next sunspot cycle, r;ivin:; times or ~in!:::t.uu c.m.: 
mnxin:u;n at 1941.9 and 1()40 •. 6. His estbatec! value of SO for tt.,, nlthouri: 
in roesonnbly ;;ood a;;recmcnt lilith the low vah:es indicated by Fi~s. 1, i, 
and :~as representative or recent loYI cycles, and with th, predictions of 
Clayton and 1"Uid erson on the Lnsis o1' harmonic ann lySis, is one of the 
lowest values currelltly predicted for the next sunspot mnximum. If ti:e 
e.bnor.l· -..~:· hi,;h rntio of loS7 between the .aaxi.111l occurrinr; in 1370.!) and 
loS 3. ~ -r1eret omitted in o.vern~inr; the ratios between o.lternate hir;h and 
low 11axiua, am the more probable vnlue 1.35 adopted instead of the 
averac;e used by Shaploy, itr,t y.ould l•J predicted as SU. Il" the time of 
iMepti on of the nert cycle Ylere t.oJ:cn as that of first e.ppeara.r.ce o.r the 
hig. lat1tudc spot n;::pearin{; April 2 and ~. l!l42 1 at lati tuc!e 34'1:,58 
instead or the lnter da";e, Doc. 20, 1942, used by Shaple·•, tho ti::le of 
the noxt a:axi!:IL1111 r.oo'..lld :·e predicted llccordirlt; to the t'IOt:.od • ~')·. •. · o.e. 
as l:J4S,3, an4 tho t.i~o~.e or tl,e precedbr; mi11i1um would be l94;).S. The 
latter ls ir. f1.irb· 1;ooo ar.:·eel'tont with the rocent u.iuilla.lm r.enr tho 
Let;imdn~ of 1£-44.~9 

:.n ide~ of tl.c i':'•J<" • r.: o:. il•:iu:-ent in t.~is method ma:• I: a obtained 
t:! i:l:spection of fii'::;. -& nr.u 5, r1hich show r.rnphically t!-:.e rolo.tion­
ships of ::Cis• (a) nnd (t.) above, for which tho coef!'icienttl of corrole­
tion c.ro, nspectively, -0.86 atd -0.93, ond or the followint; tn"blo which 
;:ive:~ t.he vo.lues of Rz.:• T1 a!d r2 predicted in the same manner for the 
pt::~t t-;:o cycles (~he do.ta for these cycles, however, be1nc uae.i in the 
i re~ictior.j, in comrl(trison with obsorvod vo.lues 1 

a .. Tl T2 ·-
Ol:sorved CO!!!~ ted OlJ&erved CCl':t~ted Obaerved CO!llil\lted 

7:3 71 s.e ... 2 4.8 4.9 
ll!> lll 5.3 .;.a 3.6 3.9 

!!•o ol!lpiricnl laws obto.i1.od by W. Gloiss't:orc5'1 .~ • lead to a predicted 
vult.'l of .sunspot :umber for the naxt l'tllXilll.lo tar 1 n oxcesa of those ob­
:.ul:lO<! Ly other ,,;etht'lch. Thoir c!et.er;;dJ.ntion la be.sod upon tho &j·pHcn.­
tiol; ol' j'rolnt.il:..ty laws tor a Gauuian error diatril!uUon to tr.o de·tla-
t Lo1.s fro::. uvon&r.u four:.! for ~o:-ttli:: approxi::.!ltoly conatant c;.uo.r.tit1oa 
doto:.-:::luod fran. aur.spot doto.. If .. in t.mch aunapot-nu:tLor cyclo, 

t : tho timo. i:• months, duri:•~:; which tl.o amootho.i rolotivo nuabor: 
r it&C ron so frO!l 1/4 Ru to nl! 
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tr = the tin.e, in months, durin@: which the smoothed rolative numbers 
decree.se frau Ru to l/4Rn 

t 1 • the pe:icd ?f _ 11~ acti v_ity! ~!.'- m~nth~, betw~en l/~14 on a wan in~ 
- cyc.t~ A.l'11'1 ''41fll nn t,t1,. t•(\Jll"'lftn~ 1nr.re""1."'- ~·,,.1,.. 

R14(4), t1C4), tr~4). tr(4) being tho anra&os of nery tour 

successive vo.luoa of R14, t 1 , tr• tf' reaf.OCtlvely, in the 
sunspot-number aeries, 

A : tr (4
) + 0.2RL:(4 ) 

B = t (4 ) - 0.4t (4 ) 
r 

C = t <4 > + 0 ~t <4> r •<: r • 

each of the quantities A, H, and C are tourd to be nearly constant for the 
entire series, beint; approxbately 55.5, 16.5, and 77 .5, respectively, 
their distribution beint; approximately GAussian, with nearly identical 
StCUldcu'd deviations (cr. c.pproxirnately 1.95) in each cc.ao. Ullin;; t.i".is 
\~lue in the expression 

where h i.s the constant of Gauu • s law or err ora, h is determined n.s beinr; 
J.~G. 

Thus the followinr; probnbili ty laws nro detenninech 

1. The probability tho.t A lies, in any set of four aucceaaive cycles, 
between 55.5 - 8 and 55.5 t 8 1a equal to erf(0.36 8 ). 

2. 7ho probability that B lies, in nny aot of twr suoc tuiore cycles, 
htween 16.5 - 8 nrn 16.5 t 8 is 8<lUa.l to erf(O .~6 & ) • 

3. The probnbility that C Hoa, in nny set of tour e;uccor,.\•:n 1"'-clcs. 
htweon 7"f .5 -8 nnl 77.5 • S h oqual to or.1'(0.ZG 6) whore err 
denotes tho o:-ror fc ::c tiou. 

In ol"<!er to efi'~t tho prodiction o1' sunspot :;•J.C11Jor b~· moans of th6:lo 
luna, char.r.oa in tr (41 aro also nu\uaod to hAvo a :.iauaaian distribution" 
Cn tho bc.sia of t!.:o.e auu!ILption, Olohaborr; silallarly obtni:·• Ulo follcrr.­
inr. "law" 1 

4. Tho ~obnbili ty of t.- (<l) c1111ntin~; frozs ono aet or cycles to U.o 
next by not t~ore than 8 h oqual to orr (0.16 6 ) • 

Althou:h tho nuu1r.pt1o:• involvod in thia 11 ll.w11 at flrct 11Aj aoo.':l 
r~r.!lo:~n1 :<l, 1!1a;ectlon of thu acco::~r.anyinG hh~otru. Fir;. 6, ah11Wa thc.t 
•.!:Q r.~tunl t!istribut!.on of U<O chant:,OI in t {4J 11 far frotl that or a 
.__;c .. :a1t~:. ·1i.:trlwtion. ~-ihero"t nppl1ca:.lor.ror a }'2 test to tho dovh.-

\ 
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ti9ns oi' J,, lJ, o.nd C about their meo.n values r;ive values, respectively, of 
'X.' as 2.26, 6.06, and 15.8, ll, the rurnber of clan intervals, .;. H, H.,. 13 
with consequent valuea of p~ the probo.bility of obtaininf!:, by chance,, a f:tt 
to the theoretical distribution o.s poor c.s or worse than the one obto.l.noo 
beil"-t• respectively. ~A.) better the.n Oo99, (D) batter than 0.,05 c.ni al1~htly 
wone than 0.99, and (C) better than 0.05, o.l1 of which exceed I!Suo.lly a<;A 
ceptablo fiducial limits, values of'J(2 obtained for the devio.tions of t {<!:) 

r 
o.re so r;reat that neither they nor +.heir correspondingly lOI't wlues of p o.re 
even consider9d)in any ordinarily usod probability tables. J,:oreover, the 
ohD.n,;es 11• tr \4 are auoh aa to mo.nifest a ao:n~hat periodic tirne vo.rio. t1 or: 
o.nd therefore ahould not be treated in this ma~,er. Predicti?n~ baaed upon 
the above laws, therefore, since all involve the quantity tr 4: • are r.ot 
1U:cly to have great o.ccuracy. 

G1eiuberr;, on the bnsis of the rolo.tions ~iven above, makes the 
follovtiz<r; predictions for the next sunspot c~clo1 

1. The P"obabi li ty that the hi:;hest a:ncothed relnti ve nur~lJer or the 
coetinc; Cj'C1e will exceed 115 is no;:. 

2. Tho probability that hl the co:nint: c:tcle the redaced perioct of ruir.0 
will be shorter than 32 mouths ir; n:~. 

3. It nay be expected with a probnbillty of !)~·~ tl.nt the redO!! of low 
nctivity\ThlchTlill pre.:ede tho !'loxt spot c:;cle will be ahorter 
than 40 month&. 

-L ';ho probability that the into:-V'fll fro:n tho l&.st &1!111pot r.;axi!llun to 
the next will be ahorter thrtr. 11.1 yet.rs. thua occurr1nr l:efcr~ 
:.~y 194H, is 19 t.o 1, 

It ll'.lly be noted tho.t the value of Hu llllpliee by (1), n'bove is r:l­
:~or~lly hit;h. If the "moat proba.blu" vo.lue <lt' ft,. corr~>pont!ir:r, tc o. 
r-roLr.uility vuluo of 50';, il compete<;, thia vo.}uo .. fl'r the co:ulnr. r.ycll!' 
ia 2113, t. value for a:~:oothed relative au:;apot nur:a~er which hns never 
!·cfo:-e boon attainad. 

(Tho writer il UJin.:,lo to chock Gl•Jiaaoborr;'' :.u~:~uric(l.l vnl1uu t"N" 

"lnw" 4. ea.nd obta!.r.a nn o.vero.r.o Vlllue ox' b. tr\4} o!' s.:m. with fT 
the atan:urt! devint1on : 2.!i!i, a.n..: h : ,).2'."a. t":oi:lr; these vulu~s 
but.. othenvho follgw!.r:r. Gloiulorr,'a pr·oced\:rtt, tl.c":noat. r'robab:-:·• 
value o! ;t,. for tho next cycle h r;ive:1 o.:; l:JZ i'• Octo'be:- H•<l~: 
~h· •• • , 
<l .. !Jeil;t attair:ed i11 July 1~!). 

Had ,l!eiaaborr;•a :..eth.xi Leen \:1&~ fo:- the vea.hes of i{1, for ... h., 
put two sunspot cycles, vuluos b en:eu ot' 1~2.3 nnd 94!.~ wOt:ld hn·;~ 
t-ee!'l ?re>.! icted, taldn:; ac!va~ta:;o ol" t!.e tin h <>f those c~-c lea, wi. tl: u 
jlrobt~L111ty of SC':; l!lo "::~ost £1roLt.blo'" \"t>luea 'rlould l.nvc bee=:. 
reSIJt!ctivol~·. l>l'e<!i.Cled &I l!H Ill»! ltil for tho laat C&r.tl r.ext-tc."-lt~at 
cyr:les. (,uaorvo.! values were, ro.:pcctivoly, ll!.i.l azlQ 7:J.l 

' 
l .. 

' r 
), 

\ 



Stewart am Panofskl9 have shown that the relative sunspot nu:nber. 
at nny tine, R, may be exprl\ssed as 

where 

a -b(r-s) R ~ F(r-a) u 

I ::. the tiJhe of outburat of a nem Cycle 
r : the time, in yeara, thereafter 
F, a, and b are constantG for any one cycle. 

This relationahip, which is that of a Pearaonian Type III distribution 
curve., r;ivesa 

Till~ at which maxi:m.u:~ occurs • v • a • ! 
b 

13 

If a cycle kala already paued maxiuum., therefore, the quantities a, b, 
o.nd F may be determined and the re •. illimor or tho cycle predicted. If s h 
known. and the quantities Ru• v, ard any other -value ot R tor a ginn time• 
are esti:nated by other means, or, in case of the last quantity .. pouib.ly 
known, the shape of the cycle can alao be estimatedo 

Fig.:. 7 throur;h 11 proaent comparison of twelve-month runnin~;-averar,e 
otserved sunspot numbera for the last two cycles with the prediction• of 
Clayton. and of Anderson, valuoa obtai~ed for there cycles by the Brunner­
Shapley zmthod, and 11:1ost proba.ble11 values obtained by Gleiuberr;' 1 method. 
Si:uilarj,y, predictions b? these varloua anethods are ~iven for the next 
t\'iO c ~:c lea. 

:., llelior;raphic-IAti tude Varia tiona of solar Activity. 

f•Jr conllit1ona influencin~; ra!.!io tranamiuicn which may be conaidered 
e.; <lepe01•:ent upon pclrticle o::~iaaion. rather than licht er.duion, frOnL the 
sun,. knar.ledc;o of the helio~raphic latitude of tho &pots il i::•porta.nt. 

Gnr rinr;ton GO disc overed 
;•hase of t:•e cycle in 1855 .. 
lc.U"..,:<!e -:r::-iat!on were :ande 

tho depornence of aunspot 1a ti tuc!e on the 
t:otable lo.ter inveatir;ationa concerninr; their 
by Sp8rer61, ·;;. ~.Auncler62• o.n<! 7:nldmeier.CS.G4 

·:.r.h!::lelcr !.ns ;-.i .... en the followin:; e::~pirical laYts relat1nr; the o.verar.e 
.s:~•·t>'.ho-.i l.elio::;rCLphio latitude of the aunspotG to the a :era::;o smoothed rolo.­
t i ~:c &'l!l& pot nur::1.::er a 

if .. Ali !;.,fore, 

it~ : tho 11.\"ero.;:;o :.::zvot.hed l:lllXi:!W~ 1'.11111 pot nw:~bor for tho ¢j'C le 

-~ : the ~"lllrAr.c ... ":ll.lOthed helio;;rarhic latitude Of the :lllntpo: 
.· -~·..) 

~01:e 50 z:oh•r rot!ltiun p.,rloda before aunapot r.~axi:!lutt 



then 

,(. = the uvera~c s:r.oothed helio;:;rnphic lE'ltituO.c of the sunspot 
zone ct S\U!Spot !.lUXimu1a 

rl : the avor:..~e smoothed heliot}'aphic lo.titude of tb.e sunspot ''.,.so 
zo~te 50 solnr rotation poriods after sunspot !!'AXi!ll!.tm, 

i_ ._, = (l7.!.d. 1.74) + (0.::>339 * 0.0189). ~:1!. 

~~- : (3.19 * l.3e) + (-:>.0699 :t O.Ol4S) • R!:! 
l .• 

yJ = (5.44 * o.ss) + (0.0427 * o.oooo) • a .. L' 
+50 ·-

•. :: interestinl relr,tion between the sunspot latitude and tho opeed of 
dOlnr r.;tr.tion hns been noted in 0. recent p&.J•Or by ~7. Gleissberg.€5 rr At 
ropresC::. h the th.e durint; which tl:o nvero.Ge helio;;rnphic latitude of the 
spots, j, ci:anr,es by 1°. it may 1o sha.vn that the values or A t sin 2j1. ns 
(;i·1on by •:aldmeior 1 s e:::niricnl lc.VIS, npproxitl(l.te a co!lStnnt value of' 3~ 
~i:lc(l it :.t·· · 3.::: , ·1·:~.· .:;:· .. Jan by tev1ton66 that the dependence of the 
sun's sioerinl dt·.ll:r :notion, ( , on the heliogrnphic latitude, ~~ cnn be 
roprcsentCY.I by 

·:.here ( .:Jd l• C~rf.; . '".': ':'l CO!!St&.nts, ~;d t~10 vnrintion of e fo.• one de• 
::roe ol latii':ude J."Ay 1.<.1 taken ns nppro:<b:t.t':llj proportional to sin 2)1, one 
.:::n:: coJ:clutie thnt t:;o speed of shiftinG or the sunspot :Glts tC7Nard the 
eranu":or is nearly proj.Jortiono.l to the r.rc.dient of '-he s•.m 1 s rotational 
·tell.lCity, provide<.! that tho b-:o rheno.r.ona are ns:~ocintod with ench other~ 

:.:~Jreover, i1' A t may 'bo considerod proportior:nl to tho c!ifre.·entio.l 
dt A ~ -c:.en, fro:n tho constanc:i oi' &.& t sin 2.1", by intec;ration, ap' 

loc th11 j: - oc t -~ loc; 3, 

~·;!1or·' tis l!to tir.o fro:-J the ar.o::tont Yl!:en 1f = 30°. tTsinr; :i.nr;arith:ns to the 
l:tt;;e !0, o.nc! substi btint: tl:o vnbe tl t sin 2j5 = :;, tho constant ot is 
<.oter::Ur:od tiS 0.05, o.ui thtt nbovo o.r..1at1ou may also be used for the prc­
C:icUo!: of S'AT.spot ltttitudes. 

IV . t;\lne b dons 

Survey o1' tho uuucrous OI;IJ.>lriclll lllws for the prediction of relotivu 
suns;;ot ru:n!;e:- as 11 ::too.s'.lro of solur (I.Ctlvity, and of averar;•.: heliographic 
lLtituue 01' tho sunspots ns a t.lOO:Iuru of the loce.tlon of this activity~ 
in:! icnhs the.t at prosont there fl.ro iusuf1'iciont solar c!ata to t'er:ni t any 
l:ut rouch esti:r.e.tos co!:cor::1::t: 1'u~uro solar ncti.vitJ for lon~;-cistant 
!\.tt·:ro ti:oos. Pr&~ctic"l prediction, therc;foru, must at present con:.1st of 
osthaUnc tl;o {'..at-.:re calrse of ~olt•r activity as well as possible, 
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preferably by several of t%e independent methods indicated in this report, 
{the method3 g{ flderaon, Waldmeier,5S Brunner,56 am Stewart alXI. his 
collea~u)a4 ' ' 2 being eapeoi!!lly re!H!!!!llended), w!th revie!cns or 
initial predictions based upon the accumulation of more recent data, 
made as frequently,_and continued for aa long as is practicable for 
the purP.ose for which they are desired. 
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