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NASA Grart NSG-R24K pag ipitiated in 1979 for ore vear durirq the
stav of the Principal Investioator as a Visitino Research Associate at
the Harvard-Smithsonian Center for Astronhysics. It was qranted several
extensinns orn z no-cost hasis through 1281 to cover the Prfncﬁnal
Investigator's work on a series of shorter, return visits te the CfA
from his reqular emplovment as a2 Senior Scientist at the Matinnal Center

for Atmnspheric Research ir Boulder, Cnleorado,

The tasic purnose of the Grant was to cnver a broad area of
researck in Lonqg-Term Solar an Climate Chanaes. The specific profect
charged exclusivelv to the Grant was the research carried nut hv Dr,
Eddv or long-term variations of the snlar diameter as derived from the
analysis of records in the historical holdinas of the Harvard College
Libraries. Several nther studies af lonn-torm solar and climate chanaes
were partiallv supperted hv the qrant and resulted in the napers listed

at the end nf this report,

The purpnse of the snlar Aiameter studv was to test for evidence of
_anv secular variatinns in the diameter or shape of the sun: a fundamen-
t21 narameter of the sun and its variations which can be shown te he
related to the solar luminositv and in turn, to climatic respense, Stu-
dies of the snlar diameter alsn serve as a diaonostic of internal nre-
perties nf the star, and particularlv of conditions in the snlar convec-

tive zone,

Work accomplished nn snlar diameter variatinons under the Grant were
t... unalvsis and interpretation of dailv phservations of the sun's (¢fam-
eter made at the Greenwich Observatorv in the period 1836.10E2,  The

oriainal data were ahtained in the fom of noohtjmp &wriﬁian transit
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timinas for nurposes of celestial mechanics studies, hut one car derive
from them information on the apparent horizontal and vertical Aiameters
of the sun. A rumher of worlc nhservatories have accumulated such meas-
urements in the conrse nf their routine work, The Greenwichldata vers
selacted for this studv hecause of thair cortinnity: snch mea-rrementg
viere hequn there in 1750 and have contirued on a dailv hasis until the
present dav, The Greemwich data have the added advantana of prior,
thouah  less therouok, examination kv nther investigators, and were

rear'ily availahle in the accessihle lihraries at Haryard,

In the ipitial phasec of the wark the origiral data were
.transforrpd from dailv, nrhlished measurements to digital form whick
were ther ccreened ane nrocessed in the comnutatioral facilities of t“w
Center for Astrophysics, In addition the less accessihle data from the
earlier century (176N-123RY were alse located and conied far later
analvsis. Puhlished, early fescriptinns of the ohservatinnal nrocecures
emploved 2t GCreenwich and the characteristics of the instruments
erploved (chieflv the Airv Transit fCircle anc Airv Chronometer) were

also investicated to remnve svstematic effects.

then the characteristics of the historical data were understnod a
stur'v wvas made of th2ir temporal hekavior, employing corrections to
upate the enbemerides used in their orioinal reductinr to more moderr,
accurate values. This study resulted in the f{ndinq, anrounced in 1070
that the horizontal diameter of tke sun measured at Greenwich appeared
to have decreased svstematically hetween 1RP0 and 1982 at a rate of

about 0,1 ner cent for 2" arc) per century,
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This nreliminary firtirn was later corrected to 2 final, apparent
rate of decrease of 1.7 4 N7 "arc/century (nr rouahlv half of the ari-
ginaltv announced valuel, after centinued tests of the rata revealed
that the pffoct nf tvo sustematic factors rad heen underastimated in the

-1t

orinipal analvsic, Thron dmnortant svstematic effects ware those of

nheerver errar for hizel apd nf s nlar trerds in the trarsparency Af
the ety at Greenwich, The DPrireinsl Invectinator was ahle tr derive
frem the rfata or Yexact envrection” far the latter, atmosnheric effoct
he tgbing advantace o tronde inoa cwstematic arrudl cvele in the
snparent Aigmeter of tha gqup that reanlted from the seaseral chanrae in
the altitude of the cyr at freenich, A ree and ohiective wav was alee
"“ri\f@:' tn jloptify volatiye rereerver arvar, A disrussion of thece
correctiong, alenn with rovieod yalpeg far the sactlar trend in anparent
diarieter ard » cormaricor with ather apalvens of sncular ehangrs in the
Aiamnter of t‘znvsun are qrncluded v a2 naner rpw in nrpparation kv Fdde

anr' Parpnazian, wha recisiad ag A reontract onloven ip the ariginal

reduction of the Greenvich data at the Capter for Bctronhvsics,

Nther Pecylts of the Studv

Tha oriniral findines of the werk sonnorted hy this arant /that the
sun anneared to chanan its diameter cr shape over parinds of recades)
has nrompted a new interest in this fundamental narameter of the sun as
a possihila index of the total snlar luminnsitv and as a cdiaaqnostir of
irternal conditions within the sun, A number nf othker studies of possi-
hle chanaes in the solar diametar have heep initiated hv nther investie

aators as a direct result of the speci€ic work funded by this arant
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includina ayamirations of historical selar eclipse data and data on the
trancits of Yepus, a re-syamination of cola= transit data taken frem
other ahcapystoring, and a re-nvaminstion of protanraphic and proteelec-
trie imaces made of the suyr in rontine patrnls, This bhas resulter in

tts puhlicatinpg nf at least einht othor relaterd paners,

A ceapavisar of fipdiras so far nuhlictal chows 1ittle agremsment,
nycrnt ta singect a aoneral frepd tovared a cmaller snlar dizmeter in the
nast centuryv apd the pnssitility of lona-tern escillations in the Aiame.

ae

ter with nerinde af ahout 70 and nprhans voaars, The disanreement in
tv+ amplitice of nnscihle charges in the cun's dfameter emphagizec the
nngeivility nf cueliec exnarsion ard cortraction on cerplar time scales,
het it alen poirts ta the fact that the histarical data nov keewvm are
prat2h1v inaceanate tn ansuer the question of secular charoes more thar
annrayinately, Tris in turn hae nromntec the initiation of tun new
nheerving preocrams at the High Altitude NWsarvatorv and the Kitt Peal
ietiana? Ohservatary), the hnilding of 3 peu solar ohservatory solalv
decicated to solar diameter neasurements (at !'AR/MCA? §r Poulder), and
the fundina nf a prelirinarv Pesion Studv kv NASA Heedanarters to lonk
at the feasihility of measuring the calar diameter fram space: the so-
calle! "Splar “racan” Science Stucv Croun inftiated in 17981, The Prin.
cipal Trnvastinatar is a memher of this Studv Group and a collahnrator ir
the HAN prooram of Aailv meacyremorts of the cun's diameter, Thus 1t
seems fair to say that tre imnact nf the orininal studv funded hy Grant
MSG=5278 Fag keen sianificant and wisespread, Prohahlv jts mnst fmprr-
tant result has heen te call attention tn the nractical immortance of a

parameter nf solar variahility that hac lona been ianored,
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Scientific Collonuia Presenter’ tv the Principal Investinator on the

Srecific Suhject of Crant MSG-FRAE (Salar DNiameter Varfatiors in the

Greepich NDatad:

ﬁm'%’?wp
July 2, 1070
Sentenbny 2N 1070
Sentomber 7€ 1770
Lecehar € 1070

Maregh 27 170N0

’
“au 14, 1rep
Fekruarv 17, 007
Pareh 7, 1073
i1 3+ ton
Ap»il 27, 1
(8l n e “
Sentemher 720 1727%
Sentemher 720 1001

Decomher 2 1701

Frhryary 22 1009

Hiak Altituce Nhservaterv, Boulder

Lrs Plamng Scientific laknaratory
Harvard-Smithsonian Center for Astrophvsics, Camhridan
Columbia Unijyer~ity, Now Yort Citv

Pagtor University

Sarstia Lahnratories, Alhunuerque

Califarnia Institute of Tachknnlnay, Pacacdena
Hrivergity of Mew Hamnshire Curken
Urivercity of Colnractna, Novlder

Uriversitv of Teledn, Ohie

Celorarn Seheel of Mireg Galden

Frnyer UInjvercitv, Colorado

MOAA Space Favirepment |shorateries, Ronlder

i nbrv Collene, Verriont

Paners Pyhlighed witk Full nr Partial Suppert of the Grant

Efrly, J.A. end Peorraziar, AR, (1077)) Secular Necrease in the Solar

Riameter, 102017020 oylletin AAS 1, 277,

Eddv, 0, A, 11790Y ) Climate and the Rnle of the Sun, Jourral eof Inter-

disciplinarv Historv 10, 726,947,

Eddv, 2, A, (17R0Y, The Histarical Record of Solar Activity, - The

Arcient Sun R, 0, Pepnin, J, A, Eddy, anc P, h, Verrill, Eits,, Per-
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aamon Press, 1172127,

Paper in Preoparation (1009)

Eddy. 1. A, ard A, A, Poornazian, A re-Analvsis of the Greenwich Transit

L ] Ve

Nata for Fvidence of Snlar Niameter Varfations,
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