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THE ONE "JORLD OF 3TARS

-~ by Harlow Shapley

(Address of Dr. Shapley on retiring as 1948 president
of the American Assoclation for the Advancement of
Science. Printed by permission of Dr. 3hapley.)

The G6th president of the United 3tates is accredited with the
rather astonishing statement that one can judge the state of cul-
ture 1n a nation Ey the condition of its astronomical observa~
tories. I trust that he meant that the better the astronomical
sltuaticn tne hizner the culture. It would be most distressing if
ae meant thal when astronomers progper, culture declines.

. John “uincy Adams, wno after persistent effort incited his
Harvard Col.eze to undertake the first ambitious development of

astronomical researcn in America, was succeeded in the “hnite
louse by men whoge devotion to culture did not include active
oremoticn of national efforts to take care of the stars. Their
interests were earthy, planetary in scope, or even merely conti-
nental. But the dZnd president (Franklin Roosevelt) took an im-
portant vart in celebrating the quadricentennial of Covernicus,
wio wes tne father of modern sciences as well as the promulgator
of the neliocentric theory of the solar system. Privately f.D.R.
expresscd whimsically a lack of sympathy Tor Copernicus -- "He
looked through the risht end of the telescove, bthus magnifying
hig problems. I use the wrong end of the telescope and it makes
thinzs seem much easier." Tonight the Thite House, through a dis-
inzulshed representative, has again joined in a program involv-
stars and telescoues.

Stars and govermments have long been associated. In ancient
times the rulers made use of the charlatan astrologers to guide
their acts and justify their sins. “Te now uge professors in
that role, and investment bankers. The Zabylonian, Ihgyptian,
Ohaldean, 5reek, and Roman cultures supnorted through their
covernments astronomical instrumentation and interpretation --
soretinies with philosophers, sometimes with star-measuring
devices. }

Jut tine modern assoclation of govermment and astronomy is
wore siznificent. The creat Royal Ubservatory in Greenwich was
feunded by Charles II; The Russlan observatory in Pulkowa, which
witil its_destruction in the recent World Yiar held a dominant
nlace In Duropean astronomy, was founded by Czar Nicholas I
Sermany's famous observatory at Potsdam was created at tne re-
cuest of the Orown “rince who became Laiser Freidrich; the
Jatican Observatory, located at the “ope's summer residence, is
one of the most important of the Zurovean astronomical institu-
tions; President Avila Camacho versonally subsidized and inaugu-



rated the new astropnysical observatory at Tonanzintla, Puebla,
where the largest telescope bears his name; and President John
Quincy Adams Took an outstanding part a century ago not only in
the founding of the Harvard Qbservatory but in the dedication of
the people's observatory at Cincinnati.

I cannot fully explain why heads of governments in these
notable instances have been so keen on astronomical exploration --
why they have been friendly and promotive of that most "useless"
of human enterprises; only in small part, I would say, because
of its association with navigation and almanacs; only in part
because of the prestige of its erudite aloofness; and only in
part because of the noncontroversial nature of celestial mechan-
ics. Perhavs our primitive ancestors, who were not bothered by
mazdas and neon and were therefore in closer contact with the
stars, had accumulated over tihe centuries and millennia so much
cur1051ty concerning those untouchanbles that we continue to dis-
charze the inherited resvonsibility of satisfying that curiosity
avout heavenly bodies. But these explanations are not complete.
T remain surnrised and also, guite naturally, pleased that as-
tronemy, along with some of the other sclences, is able to main-
tain wood international relations when economic, religious, and
divrlomatic intercourse is so very difficult.

In 1941, when Mserican-llexican relations were strained by the
confiscation of oil-producing provertiec and also by politics
and by tne church-in-education policies below the Rio Grande, the
covernment of liexico invited 30 American astronomers to hold a
convention in ilexico and participate in tne inauguration of a
new observatory. This astronomical zambit was followed in suc-
ceceding years oy cxpeditions into Mexico (under Kexican govern-
ment auspices and exvense) of physicists, chemists, and mathe-
maticians. )

The first postwar technical scientific congress was held in
1946 by the Russian, 3candinavian, English, American, French,
Vatican, Dutch, Delgian and other astronomers. T¥as the confer-
ence vermitted by susplcious governments because astronomers are
harmless, or because they are convincinzly devoted to non-nation-
alism in science? Iine Rusgian astronomers tspent many months in
fmerica in 1947, vigiting all the ‘merican observatories and
takin~ part in conferences. Last month the U33R Academy of
Sciences invited the International Astronomical Union to hold the
next worldwide conference in Leningrad -- an invitation that was
of course welcomed, vecause a scorc of Russian astronomers are on
the International Astronomers Jommissions and one of them 1s vice-
president of our internmational scilentific union. Eight Russians
and several from Finland, Poland, Czechoslovakia, Austria, and
Hungary attended this summer's meetings in 3Switzerlandcof astron-
oners from 30 countries. Avparently the Sun, loon, and stars
ride high above the nation-separating curtains.

To some extent also in meteorology, agriculture, geodesy,
ané svecial branches of medicine has The famous curtain been
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permeable durinz the past year or so. It is a net, which tangles
operations sowevhat, %ut with patience and perolstence the ob-
structions set up by politicians and the a?en01es of statesmen
are bv-‘acseu or overflown, and the natural two-way traffic in
zoodw1ll and cocperation continues.

The "One TJorld of Btars" is a reality, and its significance
should net be ignored in other fields of science and art, and, in
LaCt one-worldness need not be confined to the cultural fields.
The stars are supranational, as also are the laws of gravitation,
f*enetl"ﬁ,1 rediation, nutrltlon. Cannot zoodwill, human brother-
1000 and a cotmen u_moltlo*q for the highar cultures also develop
28 OOUﬂOorV pasuer°9 Cur series of @vmmm lectures this week
are almed to i1llustrate for many fields the one-worldness of
science. Lo wore hopeful anc constructive theme could be found
to celebrate this 190th snniversary of our issociatilon.

_ 21l vrocezd ny discussing tie internationalism of some
major astro e

¢ astronericnl adventices and show that International collab-
orthon is eszanvinl for the orogress of our science, and 1n
these nEryLius Jays coublr immortant for tae progress "of inter-

natlonal meity.

.. The z4th presicent of our Association for the Advancement of
aclence was Dllon Hewcomb. Someviiat Jr01dentall he was a novel-
ist, an CuOHOVISU? and a fOernment offlnval but primarily he

L) magq“vat cal astronomer and one of the createst of American
scientists of toe 1Jth Jentury. One of his Cﬂrly studles con-
cerned the positions and motions of the Sun, lloon, and planets.
Te¢ sousht to bring order out of the chaos recu l*ln& from much
imcoord inated mesiurement, in the many nz tional observatories
Juoiter and 3aturn are rabaer costreperous in the way tne/ Dush
and pull around the smaller planets, ours included. 3ut using
all the old and modern measures of their positions, newcom and
nis assistants, after cleaning the observations properly, could
develoo thoories to nredict accurately what Woulg happen in the
years to comc.

It is definitely an Intcrnational job -- this rellned study
Qf DLanLtnTJ motions” == and in 1871 we Tind Newcomb in Germany

Locking up the oid recorcts and titn in 7 ‘rance digoing into the
certurv-old archives for the observations made by =zone and for-
gotten observers. At the Paris Cbeervatory he worked dilizent-
Iy on the stars and planects that are the oroperty of all nations
and rerained cssentially oblivious to tie cannonading which the
Trench were then ueing to settle a political auestion.

-

{

Joling "wvtder back, we rccall that in 1780 the 3ritish mili-
tary zovernor of U]L renobscot Bayv area gave. permission to the
lC‘;CoCIL&t'VCQ of the "merican Jcadan" of Arts and 3ciences and
cf Jarvmrd iniversity to 2o the i Jaine coast for the obeervation
of = total eclipse of the Sun. Although tne Americans and
Jritish were busy with the Revolutionary War, this astronomical
entervrise scemed to be sufficlently . ortay, and arrangemenis for




the trip were easily made. The avallable maps 0{ the way, were
faulty, and the observers missed the totality %y ocating at the
south’ ed?e oi the path. But the expedltJon was not a fallure.
Tn Tfact, the Q“tIONORCVS through this accident, observcd some-~
thing movc interesting then the solar uolona ‘hlch they journeyed
to sce. Thc Rev. ir. oa‘uel dilliame, the idarvard professor o
natural vhilosophy, saw for the first time and described the
bf17llan£ bcAG~ ol ngnu vhich frecuentliy avocar just as an

lipse is JL ng or endlng 1*“'uot 17 ‘i;c. these brizht
Ilaleo are th b of sunlignt pourins turough tie deep “mount-
ain valleys on ! The Cwli?gb W“"du of Kevolutionary ar
tl‘u vere descrined rﬁ”ln 20 years later by an Englishman and are
new up*”111v known by his name. They are Paily's beads, not
?

llﬁm:' beads, as they should be 1n tne name of JUSthG- But
v

onomers are nob inclined to make an 1ntbrqatlona1 incident of
; r@+t"“.. They arc not asking His Hajesty's Government whom
devil they think they erc pushing srcund.

n fact, setronomers and other scientists are not natural
Thc resl fi~vht is agszinst unknovus, not against nelgin-
1sts oroblems are world problems. The laws of
hiology are universal. Therec is no place for selfigh
n Q\Ewonomv or medicine, in mathematics or meteor-
one scientist dis DOVLrSllo the property of the world
nd the ~orld of all men.

There 1s another well-known illustration that science and
mon's interes t in sclence transcend war hatreds and work to de-
crease nationa orevudlue Durln: his great travels of scienti-
fic dlSCOVir] in the late 184 Cenfury, the femous English navi-
gator, Cent. James uOOk was protected by order of tne Amerlcan
40Vblﬁx nt, through & the agency of Benjamin Franklin, from the
)ubrl an privoteers that roamed the ocean and harassed British
shipping.

During our recent World War the astronomers kept up a_sort
of ¢m3crsonal contact across or around the battle lines. I re-
member, for 1ngbazc that =2 Hw551an astronomer at his observatory
00u+H of the 2 auoasus on the Turkish frontier in Asia discovered
a ney comet. The German armles Tere OVCITUDQIEQ Testern Russis
and terrible battles were in progress in the northern Caucasus.

i

L. 4t lcast that is ideally true. In practice, in a soolety of
free entecrorise, many scientific discoveries in paysics and chem-
istry are not at all free to all men. Lhe discoveries become
tradt scercts and are develoocd for prive roflt and only
eventually for "all men." s business becre% he discoveries
and deveWOpm(ntu arc not open to inspection bv r1v als in busi-
NeeEs, or o tue United Natlons. Our owm American system of ex-
ploiting the fruits of 501cnou oints to the dlfflCUlty of in-
%{r%1t10n11 inspection, for instance in the search of atomic

nLO .




The discovery was radieed across the battle lines to Moscow, and
Moscow found time and interest to radio it directly to the Har-
vard Observatory for further telegraphic distribution.

Alsc during the war, in Rumania, which was an ally of Ger-
many at the time, a comet was discovered and reported to the
Reval Astronomer in Denmark, who transmitted it to the Chief

i in Switzerland, vio forwarded it to America. The
vavy, by the way, checked up on this Rumanian comet
LG ogee i ih owerae subversive.

criv in canorting astronomical eventg, but in prolonged
earalen, nolronomers contiroc to denonstrate the One World of
21s.  here is a sbriking recent story of coeperation that

Lo rosed, name v, tac new anag wost accurate measurevent of
oo 4 . ; } 1 1
supnos from the e.rih to the Sun -- the solar parallax.

5
istense 1s the so-called "astronomical unit" of approximate-
000,000 wiles. It is a fundamental unit of measurement
—noat the extraterrestricl universe. The ancient Greeks

to eatimate the distance and during the 18th and 19th
rizs much attention was civen to the various ways, direct
Wdirect, of finding the sclar parallax. The direct measures
e & from this liftle »nlanecy of ours are clumsy; but since
oeh sravitetional orinciples =li the distances between all
vodies in the rolar system are linked together, 1t has been
seet to operate indirectly and to wmeasure the distance to
the planets and deduce from them the solar distance. A small,
ranidly woving plagct has adventeges, and therefore much atten-
tion has turned, since its discoveéry half a century ago, to the
minor planct Lros, which is weriodically broucht, In 1ts somewhat
elonzalted orbib, very near to the Earth. The sharpness of its
image on bine photorraohic plate permits a precision that is im-
cossible in measuring objects of large angular diameter like the
3un and Joon. About 18 miles in dismeter, this asteroid Eros is
not ordinary. iost of the 1,500 tabulated minor planets stay on
heir rescrvation between the orbits of Mars and Jupiter. But
Tros and a fev other small ones follow comet-like orblts, and
occasionally =ive astronomers the important opportunity of making
highly precisc measures of wotion and position. These minor plan-
¢hs, althouzh merely planetary fragments, accuratel{ obey the
planctary laws of wotlon and reveal, after much analysis, tne
Gistances separabing Darth and Sun, Koon and Earth, and the other
planctary separations. As a by-product, the analysis of the

measures of Dros gives us a determination of the mass of the loon.

Coug

In 1951 Eros and terrestrial astronomers had one of their
occasional ncar anproscies -- o separation of onlvy 16,000,000
miles. e knew about it long in advance. In 1928 the astronom-
crs of the world met in Holland, and plans were made in detail
for the coming "ovwposition.” llany observations snould be made
of many stars in many countries. ~Thirty-six observers on five
continents and Australia took nart. No oune explained the plan to

he divlomats, no onc even mentioned to them what was going on,
because governments zenerally recognize that the planets are not



controversial subjects. 4 special committee examined the possi-
bilities and made assigmments. From ‘ustralia to Canada, Trom
‘reentina to Sweden, from the Japanese Royal Observatory to the
Harvard station on the Yodder River near 3loemfontein, grange
Free statc, e did our work at the apvointed times.

The famous apectrum expert, Dr. ‘nnie J. Caanon, of the

darverd (bservatory, classified on a snecial scries of photo-
Zraohs tone spectra of the stars that would be used to compare
c1th Dros as 1t nurried through tae star fields. “here it would
zo we had roughly nredicted, but, to luprove the varallax of the
Sun, wicre 1t went must be known vith the nighest precision
nossible, and the colors of the stars vere deduced from Miss
Dannon's’ spectrum classifications 2nd had a bearing on the
procision possidly from micrometer sotbtinzs. Eros is yellowish
and e would get into trouble with refraction and other difficul-
ties 1f its position were derived from comparisons with deep red
stare or those voculiarly blue.

fter a fcr weeks Eros vwent on about its business, becoming
boo Taint and far cway to interest sstrovowers further: hub the

thousonde of measures remained. The orelonzed labor of deducing
the parallax lay ahead. The measures by international arrange-

ment vere sent to His Majesty's istronomer atb the Canec of Good Hope

-

ho 1s now {he stronority Rowal of Zngland, 3ir Herold Spencer-
Jones. To nim nad been assigned the heavy job of analysis.

The micrometric ueasures of Iros from 15 obscrvatories en-
tered the final determinations of the parallax. Leipzig, Green-
ich, and Berlin took lmportant observing assienments, comnleting
the work belerc Sthe British-Germen cxchange consisted only of
murderous bombs and proveranda. Finally, in 1941, at the hcizht
of tuc worid's worst walr, in which maddened, Trightened nations
Tere trying ob rreat expense of human life and wealth to destroy
cech otner, the lstronomer Roval calmly announced that the best
valuc of the solar distance, thenks to” the intcrnational coopera=
tion of scicntishs, is 93,005,000 miles, with an uncertainty of
only 6,00 miles. The new value of the soiar parallax was not

i

greatly diffcront Trom the valuss previously determined, but the
by J‘J oA b : : 1.5 T %
uncertainty of the determination nad been reduced to o bwenty-
Fifth of thue ewrlier uncertainty. The new value was, of course,
immediately communicated to the sclentists of all the warring
nations. Thman knowledze of a constant of Nature ha gained

o2 -

through cooperative internationalism. Who gained, and what did

they zain, by the concurrent bitter hates of nationalism and by

the sTauraters of g science-enzulfing war? But war could not be
avcided, wc say. Perhaps the éccontricity of the orbit of Eros

needs internationzl cooperation less than the eccentricities of

human behavioy.

the onc vorld of stars could be illustrated indefinitely. I
chooge 2 few modern incidents that introduce the never techniques,
or snow tihc nccessity of international collaboration.

?




The Sun is an international power plant and plaxs no favor-
ites. The solar astronomer:s the world over bexan active collabor-
ation 40 years ago. Tney set un central bureaus for the recording
of solar phenomena. 3pecial oouervatorlea for the study of the
Sun have heen established in India, C Lliornlﬂ2 nortqern Chile,
France, Col or3603 Hichizan, uﬂltuL“lano fustrig, Holland RuQ31a,
and QTQc”qereo Some of the observations are reﬁorted daily
throuzh a tel e”r°nh1o excaange because certain phenomena asso-
ciated with the Sun operate m1f’t]y and they influence, in a
05~p111rant fashion, the ionosvheric layers of the Earth's atmos-
hicre

- The Sun brlnbs togetiuer not only diffe lcnt countries but alse
the diffecrent ClbﬁCGS == 1t nas shon cteudily for l 079,030,900
vears and more. The preblene of 1ts : oz;“lon unite bhe ﬁotanlst

and tie autvcpomer the oc°m0101‘st nd the physic 18k, the valeon-
tolozist and the westaerman. 1% has 1n:p1rod the ordhip of
primitive men, an@ its transformation of atoms of nabier into the
enrrvv of rad intion inspires the utmost in wodern tecanolozy.

Toe Sun is indeed the guiding light to the atomic age.

But we krow so little about the 3un -- its spots, its spic-
U1Co, its prominences, and corona. 1o solve such mysuelles the
combined efforts of alW estrophysicists are needac Let's start

our exvosition with the corona, tuut bthTC&l hien solar atmos-
phere that was formerly seen only auringz tae total eclipse of the
Sun. An inrenious young French astronower, Dernard ont less
than 20 years =70 behan tc solve the tfo-*eleratlon old probLe --
how to see the elus ive sQlar corong wl 1thout the necessity of the
rare solar eclipse. e 1nhta4tcd nis owm cLIJUSe‘WrOOULlnT lioon
inside his te‘es“ooe. H¢ did it so carefully that' the resultlnﬁ
coronagraph, wien used on a hizh mountain above the I Darth's layer
ol dust -~ on Plic du lidi 1n Moufnern francc -- brought out the
Taint glow of coronal light which is lost in the ”lare of sunlizht
UﬂLCuS thie disc of the Sun is ob;epu1}] concealed by the loon or
by 2 roascnablc and effective facsimile thercof.

R Following =nd modifying Lyot's technique, ilenzel and Roberts,
of the Hervard Obscrvatory, duilt up and havc becn using for

several years the only coronazranh of the Yestern Hemisphere. It
is Jocated high in the Rocky Tountains ut Climax, Colorado, and
iz operated under tie Q01nt auspices of Jarvard and the Uhlvbr-
5ity of Ooloradg. It aaily records the corona and 1ts changing
1nu\n51tv hut it also ::cords with oroper acceoorj aoaarauuN.
the solay Wfowinenoes. Tnose hot boiar clouds, as recorded, for
examole, at fhe .ciith-nalbbft Cbservatory of Ehc TM1var31*v of
Michigen, change form from hour to hour, somc cxaLoqvv :1ly and
some slovly. The cornnegraph permlt& the makinz of contlnuous

pictures -- one exsciure every half minute, for enzinA Uncn
these cxposures arc yroserly s DCcded up, we have a mobion plc
ure of the mirhty s storms on the surface of this nearby 1nd

tvoical star of ours.

The v vheborraons from the Climax station of the Harvard



Obgervatory arc sclected to show various types of activity. Some
Are CTUD+1VL flashes, others lonz-continuing storms. The speeds
of the nobions ars 3, ,700 to 4, 090 times the speed of the winds in
our oumn atmc"hgzu. The phot o::aﬂllh reccords are best made 1n the

red lignt of {h3 atom of aydrocen, but there are similar convul-
siong in the ;:qu bluc, and vloict radizulons of hydrogen and in
the light snitted rom otqur atoms of the Zclar atmosphere -~ for

. and 7xon. The ten nperaturcs are several thousgnds
rede. The OlvturCS snow that more of the motions

LXﬁﬁD1e
¢ aowny wrd into the Sun than uoward from its surface.

O'f

hy ranze tendency of more material coming dowvm than going
7 7z do not fully kne.  The radiatine material aonarcntly 18
clevaibcd to some thousands or tens of thousands of miles above the

colar éurfacc without c“ltt“nt tﬂb rec¢ aydrogen light. 3everal
mecnaniems for tjiq action heve beon susrested. More observations
are needed, in [iner detsil.

It 1s of intcrest to record that the boLwr cynlosions gre in-

tOV«at¢unalJ" studied -- ngTV%ulOﬁ 211y and theorctically. Amer-
lcon, French, owedisi, Lﬂ“l «ucfrﬁuimn, German, and now Aus-
trian and Rh5811n "“lCPtlotu erc working on ufcuC roblcrrn in
part beeausc Q* their basic sciontific Interest and in part be-

cauge the radiations from thc promilncnces and tﬂu overIV1ng coro-

n~, =00 other qu&l radiations, operatc at long distance on the

* 's atmosvhere, affccting the radio transel I1sslon, thc Northern

1' to, the mdmnct; needle, and pogsibly to some exbont the
rtn s weatner.  The ~olﬂr corona 1z stlll something of a mystery

unC“lqlly its actonishing Lowperature, which may be sometning

like 1,000, )) C 11tqou~H the surface of the 3un it surrounds

nos g tcmo sbure of onl y 6,0000.

2

8,

?

The chaniczl composition of the material in the solar corona,
for 60 yenrs o mystery, anpears, ho"ver to be solved, and again
tac OOUQL”V}Lu Dbb.bﬂﬁ netions sere iznored. ﬁOllOTlng ideas and

ntima ons “1ﬁ77d ¢é by many “DGCLrOoCOblot“ and cspeclally
follo~ lW' nc of ontrﬁwn, rerman o thWhybl“luf Dr. B.EdLen,
2. FOUnE S1aC ‘L)lCl: has come out with tne Nstonlbhln*
tn@ory'that 1nt1115£1n* 21Ty corona of the Sun owes 1Ls

2

chicf redie
Edlcn, ovlb
oomrd ot vcry

o)

atous of Neavy elements. Beforc Grotrian and
menerally velieved that tn“ corona must be com
clemen s; but now we find tnatl the excilted
atoms of ivon, and CWWnlun providc most of the radiation.
Those atoms arc nighly lconilzed. Their cuter electrons have been
blovmn awsy oy the oxcessive rediations, or Nl atever 1t is that ex-
citice and lonizes =0 v1ol¢nt7y tacsc common heavy elements in the
usper atnosvncre of the Sun.

_) (ff“

+
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e muet learn wore ”bowc tnis business, becausc what works on
the Sun doubtless works on the billions of stars of our dilky Way
galoxy.  And e sanll learn wore, if you keep us out of a civili-
zation-ruinine war, becouse the ¢ Scienbists of dozen notions are
turning their mﬁthum%tICPl observational, and intcrpretetional
skills to the oucstion: QOt did that iron get into thc rarc vppoy
solar atmosphere, and vhat is agitating it so excitcdly that the
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excitement jets across 95,000,000 miles of space and disturbs our
terreqtrlal radios’

_ _The recent war, whicn we fougut to preserve freedom and civil-
lZathD% and doubt‘ess Tor other reasonb did brett{ badly by
scientilic civilization 1n many countrles especlally 1nterruptlng

the energetic and ambitious Jepanese s“lentls s. In a devgstated
and V%ﬂ“U]aﬂ&d comtry, the surviving scientific laboratories and
onservatories are not vrosperous. 7We record, nowever, one ex-
ception in Japan. Before the war there was 1n that country a
kindly old rentlﬁmc wno was recognized the vorld over as our lead-

er in a cersain phese of zeodesy -~ in the hizaly organized inter-
WQulOﬂ%; _enternrise called "The Study of tae Var iation of Lati-
tude.” Or. Hisashi Limurs Jag tae vnalrwaa of an international

comnlssion invelving zeodesists of a dozen nations. To this
commigsion had been asalfned oy "01en+¢ ts and govermuents, the
Job of keeninz track of thne vandering of the pole of the Barth.

The true latitude of a place, of this hwll for instance, 1s its

L
anculnr distsnce from the equstor, or 909 minus its distence from
the Worth Pele. I is a constant, of course, if the Pole stays
3ut but tast is just what the North Pole doés not do. Tor rea-
uors that I shall not outline for you, because in part they are

-

complicated and 1In part th ey are UnKnozn the Pole wanders errat-

cally over sres, aoout_tac Q17b of this room. If you should
uOﬂHflmC go to the Hortn Pole and want to place a flag or carve
your ini tials you should wmske your observations of position and
act ou1c«ly or” the Pole will be elsewhere.

0f course we do not need to zo to the Pole to study these

randerings. Je cen set up an observatory slmost enjvncre and,
Jlfn observations of a mOuClal sort, on stars in or near the ze-
nith, check up on the uns tC&leGS». To do 1t rlgut however, sev-
eral obscrvatories ars neceded. The stations must be, for the best
eIqut in GIILCant lonzitudes and preferably all on the same

latitude circle. TYears Qﬂo a, net”org of b observatories was sect
JJ one_eacn in Italy, vo&uncrp Russia, and Japan, and two in the
United states, one in California and one in Maryland The observa-
tioms should be continuous throuz shout the years. They were con-
tinued throushout the second Torid | Yar, but with serious inter-
ruptions, excent in Russia and Japan.

Ater the death of Dr. Kimura, =n Italion tock over the co-
ordinating responsibilities, and the four united natlons -- united
in ceodesy, that is -= no continue to tracc the wanderings of

the Aole,vﬂag variations of latitude, the internal and cxBernal
connges 1n our Barth that cause tnese irregularities and caal-
lung€ the human intellect. Here again it Is as though there Vere
2y 1nternational wmind that wrants to know aoout the 1qtrlcacleg of
the Uﬁv:lch world and, to attaln its goal, hopes not to be
bothered by national boundaries.

o

Q.

-

Hy Ofory of the onc world of stars gces ull the way from the
wobbles of the axis of a =1l planet bhat makes onnual trips
around onc star to the total of all stars and the spaco-time n
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which they arc involved. The relativity theor¥ a%Flies to the
tiniest of wmits of energy and mass, and also to the zalaxies at
thefoutcr dounds of the realm that Is populated with galactic
systens.

-rm

ey Albert Tinstein began to write his epoch-making theories,
he wes vrildivre dirvectly on the mathenatical exvlorations of Rus-
sisn, Farmen, ltalien, Irish, and other mathemsbiciens. The
world-m.r.2 o waloeraticsl phvsics was ot work on the basic
probleme of %hv naturc ol the universe. Nasicral vanity, racial

< c
oresbige, and stuplu numen strife were irreiuvant.

The famous reletivity theory, it was soon learned, could best
be verified by astronomical ftests; and 2t the ead of tie first
Ylorld Jar, walle tne zenerals and diplomats wrangled, the British
astronomers, wnder the ~uildance of 3ir Arthur Eddingéon, went off
on a hazerdous eclivnse expeditidén-to test the accuracy of a Ger-
man's prodiction about the hendingz of light ot the cdze of thc
Sun. The formicable ecurtions of the relstivishis cosmogoniscs
were solved by the hussien, Friedman, the Belgian, Lernifre, and
tnc fmericans, Roberteon and Tolman.

> most famous little eouation in the world, B¥ lice, devel-
Linstein's early work just at the time astronomers

0 hely account for the coviously long life of the 3un.
sbotanical records, coupled with geochemistr{, indicated
that the Sun had been pourins cnergy into the plant leaves for
1,000,000,000 years or more. That zave us 2 serious puzzle ==
the source of sc wmuch long-enduring solar radiation-- but it was
rcsolved by nuclear vhysics. To energizec the plants and us, the
stors fced on themsclves. Their matter graduaily melts into ra-
diation. Atomic encrgy is released in the Sun ab just the right
ratc, through the buillding of hydrozen into helium.” Thus 1t has
becen for = few biliion yéars, and so it will likely be for a few
trillion years morc.

g
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Mready, vears ago, the atomic age was budding. For the
astronomers 1t was in full bloom many years before the splittir
sengation of Uranium 235. Experimenzs and interpretations in the
ficld of atomic encrgy were made by the scientists of a dozen

ations at the beginning of the atomic scare about 10 years .
The one world of atoms was demonstrated as clearly as the world
unity of astronomy, of biologzy, and of chemical reactions.

e can now build and split atoms in our laboratory, but there
is nothling we can do with tic galaxies, those gigantic wheel-
snaped glar systems, strevm by the millions throughout the re-
cently discovired outer svraces. Nor can we do anything with
tacse swmaller siderc 1 systens, the beautiful gloéular clusters,

except to study theow and learn of their enormous populations of
iant stars, measure their oimes, encroies, poslitlons, and mo-

iong, guess ab tneir origins end destinies, and bring back to
the pniloscohies and relicicns of men tne raw materials useful
for the reorientation of man and his works in the wcs s21d of
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knowlcdge and intellectual opportunity.

' These O"1"<::Lt spiral galaxies arc probably similar in form to
the onc in which we are located. Others are irregular, like the
nearby Loudq of Magellan, to which the Harvard Chservator has

‘pald much abtcnbion for the past 650 years. Still other galaxies
are snheroidal 1nd s mmetrical, looking much like super-ziant
globular clusters, ich indeed they may voe.

A monti ago about 40 of us (from a dozen countries), who were
particularly 1ﬂt rested in the problems of gslaxics, met in Zu-

rich, '1tzeriand to telk over the nroblems dem%wdlnﬁ further
\tuov. Tt =as an intern >tloﬂ°l rathering. i’C go=l was the solu-
tion of difficult problems. Therc was no i ck c’lﬂ” for national
orb ¢, no manioulating of small obscrvabori ca no strubs about

rl?@st destinice 2nd national nspqutlonu. It was en assumbly
of tnose representing a unified world uvlof4‘} a unl fied dosire
to understand the universe, 2 united front in 2 speci 2l batble
ageinsl our comaon enemy, 1lgnorance.

In our confercnce we discovered that we needed additicnal
obscrvatlons to test the cxisting theories wbout the nature of
space, time, “Q] the oxnandlnm universc; and we needed morc the-
orv fﬂ ~“L=rn scme of the newer surprisc-observations that do

not fit into tl“ currently aocontmbl stterns. ¢ wmnt the
«)0=-1nch teclescove, when ren dy, bto tell us more about the speed
of recesslon of ?”melbg herctofore too remotc for spectrum onaly=

81s; and w¢ went the new Scimidt-tyne rcfleotora to 1lncreasc oo-
servatinnallj the stability of our census of the whole metagalaxy,
1 scerching out the millions of individual galaxies thet

in reaci.

Fr € nev (ev- chmidt telesoono -~ the internationsal
enternrige of Alr:, the United Statbes America, and Horth Ire-
land == we necd more detailed 1ﬂrornnulon on thc nucleus of our
owmn galaxv. To be comoleted = ycar from now, this »nowerful new-
type instrument will b mounteo on Harvard Kopgc in the Orange
Free 3tate, South Africa, wnd tacre 1t will be in a strategic lo-
cation, with tﬂﬂ hub of our wheel-shaped galaxy passing conven-
icntly every day di irectly overhead. 1t should bring 1in ansucrs
to scme of tue pressing cuestions about thne nature of our galaxy
end of galaxies in genecrel.

it is flttlng that thesc basic researches on the nature of
the prhysical world, for the enlightment of all the human world,

13 D¢ accomplis hed with tue 21d of an internationally ovmed.

20 ated ins strument, the Eirc- kigrlca-wornh Ircland reflcctor.
The o3t valu nble vrittén document in the Harvard arcnives, 1t
SECIE e mc 1s thg agreemcnt betueen the Dunsink Observatory of
the gov ,rnu:pt of Eireé, the Anpaék Observatory of the ‘irchbishop~
ric of Horth Ircland, and the ; Harverd Observator It is a2 simple
statc;;pd, wt its 1ﬂoortﬁﬂoc 1Lrb in the Tact Bhat it is jointly
signed “y u“ uauoollc ulSﬂOp of Dublln and the ‘roteutﬁnt Arch-
bishop of Armegh, Forth Ireland -- a document unicue in history,
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I believe, and symbolic of the willingness and desire to cooperate
aCcYoss zcilrlouo and political boundaries when led by the stars.

Herc we nave revealed, it may be, a rime function of
science, and of our tesociation for the Advancement of 3cience
a5 it entcrs its second century. Supranationalism and coopera-
tion across national DOUHd?flGS are 8o simple and effective in
tne sciences that e have a clear rubDOW°1blllty to lead the way
into an cra of peace and human oro#rcos rithout which our efforts
LOY huran knowicdze and human comlords ,1l“ have been in vain.
Cur epecles of mzn is now at one of its cribical enochs. Does
it survive the crig iz, throuszh the usc of intel llvcncc and the
submiszion of avqr‘cc or does it join tag fossil “biclogical
failurcs of the past, which, through inability to wmeet their
scs, have lon

of rcrahlu to the Lost High, to whom lgnorance
creteful than knovledge. ---- COQCIBLCUS-

cris nz ceagcd Lo zrcct nightly the world of enduring
starc?
To know the mighty works of aod, to comprchend His wisdom
and majesty and pover; to eppreciate, in degree, the wonderful
sorkins of His Lays, surcly all this mugt bc a DWc351pv and
de
¢

11
accevtable mo
caniob be wmor

-~ by Williem H. Pinson, Jr.

In the modcrn astronomical aze of spectroscony pho tometry,
and photorranhy, tae thrill of looking throuzh s be 1cscope which
dwarts all otﬁ“rq in existence comes rarely and to few men. Bub
it recently was tag gccd fortune of the amateur astronomers' and
tclescops mekers' friend, Russell 7. Porter, to be ¢ ziven an hour
2t the eV@“icCC of the 200- inch glant at raioma vountein -= re=
vard for his important oart in designing the great instrument.
Can you imaginc thb thrill of looking a oF the zreat globular
cluster, M-1%, -- “right throuzh it] s2id Porter, "into the
black smaoc ijODd-

Over = CFnturj 0, on the night of March 5, 1845, a grou
of astronomers a cwaﬁcd in ?arbonthJn Ircla nd % Birr Castle
on the cstate ol Loro Rosse (an amateur astronomer in the
strictest sonsc, too), for a first-night look throuvh his giant
six~foot reflector.

“hat vonders bac now telescops. revealed ! Sir Jamcerouth '
described the event in the London lebs of April 16, 1845, and in
he [Dlustrated Londen News of April 19.
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The ovening night was one of the clearest ever seen in Ire-
land. Of foremost Interest were the nebulae. "For the first
time since their creation,"wrote sir James, "were many nebulae
seen as clusters of stars." At a vower of 548 the great spiral
nebula, -1, in Canes Venaticl was resclved into ifs stars and
condensations. The spiral structures of some of the nebulae were
ascertained. This wag before the day of tie photographic plate,
end many astroncemers, viewing the gpirals throush Tesser instru=
ments than the great telescope at Parsonstown, failed fo_see and
refused to belicve in the existence of spiral ncbulas. In epite
of their skepticiam the Barl of Rosze made 2 remarkadle draving

* TRt

of ¥-31, thne "Thirlpool nebula,” as he fancifully called it.

he external galexy 11-94 wes redorted resolved into stars,
and soon a2ll astronomers, including the ~reat 3ir John Herschel,
vere velieving that perhans all nebulae could be resolved if
large enoush telescopes were used. 7ith admirable scientific
caution Lord Rosse did not take this view. It remained, however,
Por thne spectrescope finally to prove the zascous naturc of the
plenctary and diffuse nebulae.

Ta¢_astronomers then clearly recognized that, spectacular as

the nobulac were in the glant reflector, they werc no test for its
ovtical cuality. o they turned to the zreat red star, Regulus,
ivy Leo, znd with a power of 800 Zir James reported he saw "the
star free from talls, wings or optical appendazes, not indeed

Like o planctary disc, s8 in my larze achromat (a twelve-inch re-
fr=ctor), but as a round imagc, resembling voltaic light between
cnarcosl points; and so little abberation nad this brilliant

imazc that I could have measured its distance from, and vosition
with a spider's-line microueter, and o power of 1000 without bhe
slizhtest difficulty.” )

On farcn b D'irrest's comet was observed. 3oon scores of
neoulae vere resclved and put in their proper clasgs as ster clust-
crs. Double stars, including Xi Uras l=ajoris o~nd Gamma Virginia
Yerc ovscrved, using poyers of 360 and 8)0. The ~lobular cluster
1= prescnted "suchTe sidercal picture =8 man before had never
scen.” Then tho great telescope was bturned on the Moon 3ir James
creleamed, "with my 12-inch achromat e logk af the lloon, but here
we look late it."  3pecial attention wes iven to the planetary
nebulae, and soon the numder of these mysfericus objects knowm was
increased from four to nine. The fancilul, but not too descript-
ive nemes of the "Owl Mebula", the "Dumbell debula,” and the

C
“"Crab Febuls” we owe to Lord Rossc.

3y modern standards of design tne gilant telescove was crude,
indecd. 3ut noneticless, we must not overlook the fact that the
old astronomers accomplished observational wonders with their
crudf mountinzs. e romeuber the monumental works of the Her-
schcls.

On the fdllowing page is a drawing of the great reflector.
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The round tube was 58 feet lonz, including the speculum cell,

anc 7 feet in oLmueter

large enougﬁ

for a man “to wa*k throurh

CArrying an opened uabrelra, as a friend of tm udrl s once did.
The tube was clobﬂd and made of pine staves, bound together by
1ron 100ps. stronomers had not yet rocovnl .ed the advantages of
onen tubes. Tac base of the tube rested on a universal joint on
waich it was freely moved oy cranks, windlasses, and chalns. Its
f¢¢ucon ton wrelht could be easily manipulated Oj two men. Ad-
Jacent te the universal joint was a Sua%l rallroad track, used in

rbvovipv the mirror from its cell. Tae [ifty foot masonry walls
nlaced uwuﬂbf-L}LCC Tfeet apart, restricted the gast-west movemen
of the tel cshone to 100 either side of hhe reridian, but it

frce to swing a;wf from the southern horizon nearly to thc )o‘ar
axis. ImmglnL thc impatience of these astronciers, waiting for
soue new object to turn within the narrow

1cldy aa the teles COPE appears

to 0u63u?‘y 1@110” a star.
a5 the large
in the onen alr

stency as a fObk

e speculum as
in the Nev 7ronla,n menner,
cone of 1'vnt from the sp
the tu; “Culy rarcly -
wircan) form.” Built anlly

Drf“er erfo
wan madc of bpccu1jm metal

star round (howgr dJ()
and a strong wi

of 54 feet focal length (F-9),
r, using a small,

cted making silver on vlﬂSb mirrors,

cu an
ratio of 58.9:126.4 resocohve1

20° strin of uk% Un-
in the drawing, it could be wmade
‘rote 3ir Jemes 3outh, "for not only
but the telcscooc althouvh

ng blo owing rather fresh, was as

and mounted
flat mirror "o divert the

eculum to an cyeblcce in the gide of
vas ih used in the Herschelian (or Le

a generatlon before Joucault and
tae giant disc.
of tin and’ oopner in the

allo
Zﬁe oreat disadventage in using
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speculum wetel was thet it cul:ly tarnished, necessitat-
ing repoliching: end tores, volioUring.

"ot f”t ontical discoveries were soon to make the

Earl cf ?assc s belescore, uhcolgtu. Piarﬂb Teoule Gulnand
discovercd how to make opbical glass of - Ly]lf“L “H”llty
and also hov to cast it Into large discs. nd Joooanlt

“

Ils
greakly improved the optical design of achromabic lsnses
over tﬁat of Peter Doliend and the ot; r old leng wowicrs.
The Heyday of the glant refractors had arrived.

N

“That kind of man was the Zarl of Resse, and what led
1im to build tnc giant telescope? o was man of @reat
cientiflic ~ and technical skill and was possessed of zreat
cn oA maturc man, Tith little or no Drovious
1 astronomy or fulefhuncu he cast about hlm for
01% in vhich to indulre his technical and sci-
1 ; Jde soon dec oed that the construction
rcores ould cerua¢n1j tex his skill to the
in his lifetime he invented the ac icate
ing the huge speculum metal discs, and he
Tish the mctnod for ;*1nﬁln\ 11 Lizning
ceraber's Zdinburzh Journel of 1 ree,
£ilc of the wmn nimsell 1a Hul SLory
In the obscrvatory. Then one asaist~
“broke e mirror upOﬂ which Lord Rosse had
7 l=berious hours, uis only comuent was,
; ll heppen.”

Irf s {.‘-)
0o
(') -

ws
|

regmained in conshant service
Eerl of Fosse always kept
rencnors to use the giant in-
solve many of the astronomical
iz, perhaps, significant to
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note that many nineteenth century astronomers considered Lord
Rossc's reflector the ultimate in glant telescopes. %hat we won-
der, will the telescove of 2049, A.D. be?

THZ FTILAR MICROMZTZR
-- by C. H. Holton

\s the ecuioment for the biz Agnes Scott telescope will in-
slude a filar micrometcr, 1t has becn suggested that we consider
hore what this instrument is and how it Is used. No doubt =
n fair persentage of the members of this club could win
nrizes if asked now on some ocuiz prozram to identify the article.
Tuie rerort iz not being written For them. It is rather for
or dzvotecs of astronomy who have not yet had occaslon to en-
counter such a refined device for messuring small angles.

_
o

ﬂ
Do

IS

filsr position micrometer, as the instrument is named in
full, is a moderately small attachment for the eyepiece end of a
telcscope, vhich holds in view in the focal plane of the eyeplece
w0 fixed cross-wires, mecting at right angles, and 2 movable

iisment parallel to one of the fixed wires. The plate carrying

movable wire is mropelled either way by means of a thumb-

< atb the side of the micérometer, so calibrated that the
amount of its robaiion for each chanzc in position of the wire
can bc detormined. Tais rotation cen then be changed into units
showing the anwle through_which the wire has been moved in the
{ic1d of the tclescope. In addition, the framevork containing
511 the wircs can be turned about the axis of the eyepilece. And
tac ansle throuzh which it turns can be found by weans of a gradu-
ated circle and a vernier on the circumfercnce of the instrument.
Tac wirce arc unobtrusively illuminated. They are uasually fine
filaments spun by spiders, vhich unwittingly cooperated with
science.

w2 ot o

LY
o

(O

)
&

In obscrving visual doublc stars, the filar micrometer is
used to measurc Fhc secoaration and the position angle of the two
cormonente of the syston. To do this, the instrument is orlented
50 thet its narallel wires run nerpendicular to the line joining
the star-combonents. Thesc wires are made to coincide, and
wonarently to bisect one component. Then the amount of shifting
of thc movable wire as it moves across to the other compornent 1s
detormined. This gives thoir separation. Thelr position angle
is found by getting the angle between the line jolning the two
commonents and the great circle from the star to the celestial
nolc, bv means of the graduated circle around tne nirror meter.

tnother use of the device is the determination of the co-
ordinates of a celestial object from those of some knowm star at

2 small angle from the direction of the object to be located.



Tols 18 easily accomplished. The parallel wires are sct parallel
to the celestial couvator and adjusted so that each of the two
objects under obscrvation appears to be bisected by one of these
wires. Then the amount of weparation of the wires is found.

This zilves, of course, the differcnce in declination to be added
to or subbtrzcted from the declination of the star of knowm posi-
tion to obtain tac declination of the othcr object. 3imilarly,
the difiercnce in right ascension is found and applied, the
parallel wires being aimed at the celestizl pole during the pro-
CCBS.

The filar micrometer is not new. Tien T vas in colleme, I
usce ong to mensure the anzular dismeters ol Jupiter in its
equetorial plane and betieén 1ts poles, In order to get a more
accuratc idea of the oblateness, or couatorizl dbulginz, of the
sun's larzest follower. ‘nd that s more than a scorc of years

o~

[P EN WA )

8 I the advances made in the £icld of stellar photo-

d aking measurements from photographic plates, the

t cribed here is stil) employed donsiderabiv by
nomcre. It gven holds the advantagt over photogralhit

in wmencuring close visual pairs or feint corpanions and

] . 30 we mey expect that the filer-micrometer

t trne telescone we hope soor te velcore hicre will

0

rtant in the observing proaram ab ‘ymnes Jcotu College.

WO TR T 3T
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Cleseses in telescorve makiny are being held every londay night,
under btinc direction of Dr. Calder, in the basement of the Science
Hall at fznes Scott Collezme. Anvone interested in making a tele-
scope should order a telescope making kit as soon as possible, in
order to ~ebt in on this class. These kits, which contain all mat-
crials necessary for completing tihe telcscope mirror, are adver-
tised in_Zcientific Americen, 3kv snd Telescope, and other popular
science waranines. Price o, tas b-incn ki is about $7.50. Total
coelb for tus tele

sconc may ve kept ot less than 330.00. The 6~
cORL 10 . VS pu e 20 ; .
inch rirror 1s recomtended ror tne telescope maker's first effort.
Larzer slzes presemt difficulties lnat are greatly unprovortional

to the incresse in size.

No excentional skill is reoulred to make a serviceable tele-

scooe, althousn manufacture of a perfect ovfical instrument will
a¥ tac expert's ability. Tomen as well as men are invited to

t g
e thelr ovn telescopes with this class.
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Conrad ilesders, local amateur astronomer, succeeded in taking
a oeaut¢IWl and excéllent Kodacolor biodo~rawh of the great
Bcliosc Comet," 1948 1, last Fover ber. This nouo:raph is but
one of Teny s saccessful UlCthGu that he has taken. Those inter-
ested in ccl”“tLal vhotosraphy should contact Conrad leaders
Johm Brovm, SBerry vyron ‘and élll and Anne Belle Close, all local
Astronomy Alud members

Rill Close, using an ailr brusn, nas comnleted some unex-
celled ﬂ”tronoploal Tt ork.  Thes 8% paintin s 1nclude a partic-
ularly splendid ¢ ly—mornvng view of the "Bclivse Comct" as it
rose in the sky over %tlﬁnta a painting of the head of the
couet as 1t a0h”qrcd in his O“lDZd homemade reflector. This

k]

Palﬂtln" 1s s0 real that it is casily m mistaken for = _bhotozraph
out close insnection brings out a hunan touch of perfection tlaﬁ
the oﬁotorravuic clate can never achileve. notnbr paloting is
thunt ol tle "mew Loon in the old loon's arms”, with tnc daTxened
Jurtl on feintly lizhted by Barth-shine -- 2 £hiliar phenomenon

to those vho turn Their eyes hcavenward.

"THES 3TORY C7F PALOIAR"

The notevortny film, The 3tory of Palomar, will be showm at
the iarch mbculnr 01 the Atlants ;otxonomy OLub at Aznecs 3cobt
Jollem.  Horw . T“at opportunity to see and follow the con-
strucvion of the g iant tclescope from its daring conception fto
its present cowplé tlon.

The ghowing time i 40 minutes of sound and color, depicting
the grinding and oolishing of the sreat disc and its transporta-
tion to Foua Palomer. Mot only this, but also many snecctacular
vicws of the ereat spiral galaxics are shovn. It is ab these
igland univerzes, like our ovm GFalaxy, thal the optical giant
will be airopucd in an effort to determine the nature of our
universc.

ryons iﬂtquDtLd in astronemy 1s invited and urged to

come. Lriny vour friends, for tnis is an onportunity too good

to miss. Tae orssl Hale telescone 15 ranked as one of manfs
reetest sclunuilic and enzineering achicvements -- eaualled only

0) deculder Jan and the atomic projéct, some say.

C

, Tacre will be tvo showings on the nizht of larch 4, one at
7200 for the ~hildren. ore at 8:50 for sdults.

LR RN T R TR Y
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PLALTT NOTE3 FOR i1ARCH, 1949

-~ by P. 0. “arker

The Zun continucs its northward march. Its jeclinatlon changes
from 7 deorees 47 minutes south to 4 dexrees 20 minutes north
during the month. b 5:49 P LT Larch 20 it crosses the
celzstisl coustor, entcrs the sign Aries, and spring officially
COMNENCES .

is in \ovarius, rizing about 45 minutes before the
too near the Bun for coservation.

.  in Pisces. It is in conjunction with the Sun on the
™I 3 b . 1 ~ Jh y £
17t end ©ill remain too mear the Sun IOr Casy observatlon oY

5

citor is in Caoricornus and riscs about 5:50 A.l. on the
fine morningz object.

Soturn is 1
transits, or rea
iv slowly clioslng

0

Leo and is 7well up in the_east at sunsel,
hes the meridisn 2t 10:41 2.i. The ring system
1t present the Tarth is aboub 11 degrecs bhe-

(@R

low the planc of the ring The anw.c decreases aboub a degree
ver montn, =nd Ly year's-end it will be enly 1 degree, but the
riazs vill net be seen exactly edgc on untll the last week of
Ta -, 1950, At that tiwme {qey i1l be invisible for a few
511 bub the larzest telescoves.
Uranus on Lre 19th is in R.i. 5h. 41 @., decl. 25 37-N, some
three decreos novoncast of Zet Teuri and four degrecs west of
G Fan. It transits at 6:12 7.0

in Virgo, about midway beticen 3nica and Gamma.
2% 12 h. 93 m., decl. 04 10-3, rising about

ing the meridian at 1:20 AL

Gistant knotm planet, sppears as 2 15th magni-
. constellation Leo, R.L. 9 k. 21 w., decl. ‘
“morc tomn e desree nortasest of the 4th magni-

conis.

gl

. on the l4th, new at 10:1L L.
21,700 miles on the ldth,
cs on tne 28th.
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CBETRVERS' 7155

Fay he loceted on a line ccnnecting v Ceti with
Ilrﬂ (C uu‘l) 20 from ¥ire on thiz line. This obj ccl,
knom to fuw «Mﬁtcur , aonears a8 a faint, hazy patch
It iz round, 7ith a frirly br imrt center.

M0 7Oz, Andromcedae, 2lsc knowm as HL.VII 92; 1 hr. 50 min.,
27020'. This Iz » beaut tiful onen cluster, OVJO“Cd
of seventh to ninth wmarnitude stors and is a zood show

objecl cven in mma

11 tclescep
incacs aperture.

n 3
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