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PREFACE

t historians ot science debate whether there is o dsunctively American
science, there is litde doubt that there are distincavely: American ~aentic
institutions. Intluenced not only by a century and o halt of saience and teeh
nology, but also by national, regional and 0 Cvents, the UL SONal Obier
vatory is among the oldest of these institutions.

The occasion in December 1980 of the 130th auniversary of the touna
ing of the Depot of Charts and Tnstruments, torerunner of the Nawal Ol
vatory, provided an opportamty to retlect on the Observatony s past, presoin
and tuture. Te was also an opportunity for celebranor, Throngh the ettore
ot the Ul!.wn‘.unry':. Public Atfars Committe: and the Compnttee on the
Preservation of Historic instrimentation, l’imtngr.lph,\ and Docaments bam
diarly huown s the History Commtres ), a wide vanety of celebratny 4o
ey was organized, There was a0 consoious attempt to present the s
gon motur to tie Novy, the acadenne commuee. and the pubheand
Observatory penonnel, carrent and pastc O the mormmg ot Foday  Dec
ber 3, an othicil ceremony was hield i the Librany 0T prograne or peade
N printcd on page st in the aftzmoon the historical sy TITITNTHITINE Lok,
Amd i the evening there was a party for statt and toends of the Ok
tohy, .\.e!illti.l} was devoted to a ‘i.l) ll:ll:_:‘ vpen Bosise toi the P RIVER I
troal cvent, o AMOIEY oML Was 1e sVIpPeaiint ol Gatter tow
ot ot vl

Phere are mony wans to acasure the saccoss of o festn e the e
duim:;unm-.i \i"”k"!"' the xi'.uiil\ ol the proshbations o docntiess by
this solue s, e nuinbe: o visttots, the exbatintnon ot o 1. i
cjpen Bome o Saturday L December 6w overwnelmmgh oo
&nn'u};n"; ;l_\ ;:a‘llhjnl AL '.uin‘!, BIU NS t]t.x"-- Gl pu-)llr vimted che o s
tory . vicaang e '.r-.u.»i cahibaes aad oo, rear !r!x'n..! ot
vie b e Natrad € J!‘i:.té Antraaoitntty ansisted by Drengos Lo o ae
vt and orelosoope Lo ol obsenvanions, AT i tha s o

.
PR Nk by B it et

weny hear-t e vy Washanston Coahiednad s B

ofaive sjrarter poad of Monmayg Star Trebic Bob Mmoo, Pl v o
ahic by MG Neviine Withington, whe nowogernber o8 boah e oL -
staft and the Rimgsn e Sooety

Puoaanoee sohodasin vers, te tawo “Lanpe s tethoe oot the fer oL
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vi PREFACL

the Observatory s hite: o rich Instory wiich thus tar has recewved hede e
ment,! and the ongone; saentific programs, which resalt i publicanon . ind
data used by the government, the Navy, the mternational saenutic connen
nity. and the general public.” All of the papers appearng herem e basod on
transcripts of tapes of the sy mposia, and have been aliered onlv o retieat
the not abwavs anial ditferences berween the spoken and winoren wond. T
only exception wothe paper that appears mothe Appending which was e
part of the sy mposta but was wrnitten on the occasion ot the sesanicentonnl
tfor Skyv and ’l}‘f«'\'n';u‘.

Taken together, 1t iy hoped that these papers will represan wosmii o
tribution to a badly needed hstory of Awerican scenubie imsutut s, as
well as relp o fulbill thie no less pressing weed tor public mndasanding o
the work ot modern saenufic imstitutions.

Thanks wie due o the members of the Obsenvatony s Public Attais oo
mittee’ ton then |w|p e onganizing the annneisany cvents, to the memier
ot the Conanittee tor the Presenvation of tistone Instiumentation, Photo
graphs and Diosuments* 1or then help o prootrcadimg this volune o N
Sowlau tor ilcip e cotposing the Ly posaaapt, and 1o LR Radtarny, 1L
Sclimde and Mo NMirani tor then phoogiaphne work, Foullc ok
o o Captan oy taond AL N oliden, USN L and Commander Johae b o b e
TH, UISN, u'-.pnm.'i) the Sapenntendent and Doputy Suponntondont o1
Naval Observatony daing he aanversan, and e G weseecboa s B
Sendeineann and b the SVIPOsG P s, wWhion vt

s tpost sty olume ot Proncs daee pan RS
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PREFACE Vi
NOTES

1o The major exceptions are the aging monographs by 1 Lo Nounse, Momcor of ol
Fononding and Progress of the United States Naval Obsercatory. Waalingtor - 0a3 Cand
Cutavas A, Weber, The Naval f)"_\‘a-n'.:yur_y It History, Activities wnd Cnpanazation Bl

e '
o

tone, 1920 0 Arthur o Nothere, Stmon Newconth and Naineteertdi Congursy |
Ltreocmiy Phob. dissertanion, Unversity of Wisconan, 1974 0y closedy robircd to o
Lacet of Nl Obsenvarony hintonys Other aspects o the Tstoey are discana 3 e b oo
W. Wanland, “The Centental of the Anrerican Nauticad Alnanmac Ottee 7 s Lag ik
seopes T Decembor 19S5 27 790 Onen Canench, “The Saclbres ot M beair
winl Disconverny Jorerial tos the Flhisiony of rnenomy. 11970 0 10% 1S 10 W e
batees, N\ Hhistone Retiacter s 109th Annaversan . Sky oid lale,»‘u-,vu. T N
1973, 251 AL Janicsch and U Howddin . “Hransats of Venes and the Amies a1y,

Sy wind Lo TR Dovambor 1078 0 360 371 At b ey

dtiiton ol IR

SN Nowooni's | ..ul). Actromonical Caner a6 Jues 1975 2 0
Plothan, “Actionomens versus the Navy the Rovolt of Amenican Avirono s o 1
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SQUICENTENNIAL CEREMONY
U. S.NAVAL OBSERVATORY

December 5. 1980

el Sifhg Remark
RADM R.N. Willians, Oceanographer ot the Naoy

CAPT RO A Vohden, Superintendent. Ul SO Naval Observatons

Brief Remuarks

Mr. R. A, Frank, Adminstrator, Nationad Oceante and At
pheric Adnimistration

RADM AL ). Boaoooo, Jr. ¢ et of Saval Researoh

Dr T Calio, Assodiate Adnsmestrator, Nattonal Actonaguses wnd
Space Adnnantration

RADM B AL Wilkinso, Jr Depury Director, Detense Mapypg
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D, . Awbicr, Directorn, Natona! Burcan of Standards

D RoBorend en, President, The Amencan Unneersiey

Dro b Prcdian, Chawsan, Do of Mathenatica, 4 Pl

tead SCieness, Nationad Academy of Saences

Do Lol Johes o, Assiatant Dhirector dor Astrotonacal, Attioos
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NAVAL OBSERVATORY TIME DISSEMINATION
BEFORE THE WIRELESS

Wil

T B

i

Lan R Barthy
National Burcau of Standards

AT
l‘f_; £/

L

.

When | began o prepare tor this k. Edougho e would bo a st
forward watter: 1 would discuss qualiey work by a tine msuwation, Ac
began 1o dig a it mto yaour history o history that excepe tor Steve’s weon Ie!
iy whinost unpubiished 1 tound that there were a number o mcador e whidh
would mdicate o grear imsttution, Oue ot vour tounders was court narsaded
tveice betore he retired as an adminal: one of yvour wstronomers was banned
from the ournals and exiled o Calitornia tor the rest of by carear And sl
concluded that we had here aninstituton of unasaal peopls: we bad con
veny, and thus an environment exnted tor creative work,

Now, the second dhang T aoted was that i ths arca of ame divcnnta

ton, the Naval Observatory had dooe o gemendoas nambor ot things For

today 1 have grouped thicm mio bve arvas: Longitude, Controlled Clocks,
Public Tane, Untborm Tane, ana o v aee-hour sympostim, i
. )
lml ('IC\ A et piving e .x” lln' tittae P ” tl.‘x\ VO gt vt {f:.. ATNFY STRY -t
) : [ Y
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We oaie talhing about o dbsemegron The yob ot doreroa ot
" y . R s .
e L. \u‘"_ that s WP o LN asironotness, Mo osetdt <t dot's any at e

Jon of the observatony, the tme has been determmed | e bang o oo

M

place, wd we want to et tosome parti ulan grouy ™
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BARTKY: TIME DISSEMINATION

Table 1. Time Dissemination for Longitide

June 1844 Washingten  Baltimore Wilkes
1845/1846  Purt of Observatory plans Maury. Vols, 111
Summer 1846 *Wires connecteing the main lines at Washington
with the Washington Observatory . .. set up by
the U. 8. Coas: Survey.”

Oct. 1846 Washington  Philadelphia S. Walker
Summer 1847 Wuashington - Je_sey City S. Waulker
1849 Washington  Cambridge Coast Survey

Civil War.) The second and third dates in this table are notlisted o the his
tories. As you see, the first Superintendent, Matthew Mauory L indicated that
the telegraphic determination ot longitede would be part ot the Obsavaton
plans. The next two determinations October 1846 and surimer ot 1847

were performed by the use of the first connmerciai tefegraph line, the line
between Washington and New York City. want to show widh the Tast duare

1849 thist very carly on Washington was ticd in to the zero ot the longioude
net of the United States, which was Cambidge because of exdhanges af
chirvaometers with Greenwich, Your bistory gives nany more of these
longitude ditterence detenminations beoween Washington and other plices,
but | wanted 1o show with this series of dates that the Noval Observaton

Wals dnllig state of the-re work i this area from the 14

Fable 2. Conroficd ¢Clogks

1HLE Navy Deparunent
IR71 Army Sl-,;n.nl(”lhc

Ay 1873 Treasury Depattinent
1873 Western Unjon, Wohington Ottie
1% Sate, Wat and Crenuary
1884 Autunatic transtinion of tine
[BES Gasdier (USNO Syatens

Faccutive Matngon
SNetale

Nttonal Muscim
Nunthsooat fustitatyon

vithens

1XRA Coardner cdocka: fiom U o 8
Lann 200 Goandieer vlocks on Jhod ks Gireaat
IEL P P bk coatrodled B ESNO tae e

Pden Svatent decontinuand

e m e as A a e a
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BARTKY: TIME DISSEMINATION 3

Controlled Clocks

When you dial up the Naval Observatory Time Service. vou hear abont
the master clock. Well, obviously if there is o master clock. there must be
slive clocks. So 1 dug a bit into the history to see at what stages vou were
controlling clocks i various other parts of Washington, and I show 1
Table 2 the Navy Department, the Signal Office, and so on. e becons
rather interesting in 1850 when you are able to give out time tcks along
your telegraph fine automatically. And so in 1884 we have thi. rather farge
clock system, which is a cleck Line fronr a mean time clock at the Naval
Observatory controllig clocks in government buildings in Washington.

We should say soinething aboet the mention of Willam F. Gardaer m
Table 2. He us your instrument maker at the Observatory trom 1863 to
1898. For those of us who are experimentalists, it is this sorc of person whao
nakes Haboratories run. Now, Gardner has six patents on these cdock
systeins, docks which he can adjust automatically frem the Naval Observ,
teav. | reatly wanted to shew vou u picture of one of the docks. butwhae |

show s about all that is known abour this pardicalar vmie dissenvnation

sostemn of the Naval Observatory,

Ponlic Time

Nty % e

The Naval Observatory is also giving out time to the general pubic, T,

LY

oo, starts tather ey onas vousee from Fable 30 The Naval Obsenvaton
connected e 1305 by o (clcg;‘.nph hine to the Wastingron e Al Ot

and vngs dhe te bells thiee tmes duroeg e dave Phe b cacv foeed

Tabic 3. Public Lone

Acg 86y Washington fire bells {7 wme, 12 noon. 6 pom,

165 To State O:phan Asviuon. via tue betl ciramt
c PRGOS Westertt Umon branch to nan otlice
1804 Wertern Ungan oon frow Obscrvatons then o Faon S g bR
AManc b 1A T LISNO) to Western Uinien reque oy tune dintrby ted 1o won
g Smithuonian obacivess
I8/ Army Signal Corpaavstem of Obacivatony thne oxpatdoa to e £

tor micteotodogaal stations,

RIS B USNO to Weatern € njan tor “spread ot Standed Tune ey

cteatiots vl L sepvie e fo s e Jo
AN R UNNOY prepats ilhzu Par NYU tune ball 1o Woateen v o
Ap b0 Weatern Unton anpotina oy new e aviviee.
Wk zon Tine toul poent
1O Rep i USNO diops NY U taue ball New Yok Tove
thh o Several Washibpton hordlogival astitates on e o Ut

R T N I R PRI T N . Mo w e e
R X ARV PLIRL IS T ) '_-"_-.\_-",,,"_. cate a.';-"-.‘:’\‘,“:p.*.,"'...“ .':.‘-" OO O
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4 BARTRY: TIME DISSEMINATION

ran from the Fire Alarm Office to the State Department, and they  too had
asked tor a time signal in that year.

in the Orphan Asylum, the building that housed the Suite Department,
there was also a branch office of Western Union, Western Union Jooped into
this particular signal system and brought the dme signals from there to their
main oftice in Washington. We are notsure, but we think that they probably
distnibuted ic throughout the United States. What we are sure of is that same
time before 1869 there was a direet telegraphic oop from the Naval Obser
vatory to Western Union, and those tinie signals were distributed v the
Baltimore & Ohio Railroad and to southern railwava.

The 1871 date is a very mteresting one because it shows the start ot o
very cluse relationship between the Naval Observatory and Western Unieon,
In 1871 the Naval ()h.\cwutnry asked Wesrern Union to prn\idu W mhm:;mn
time to the Smithsanian meteorologicsi volunteens. Alsoo e that vean the
Signal Corpy” clock, which was conuectad 1o the Observatory along anotie
line. was expanded as 0 system fer the amhiary meteorologieal stations,

The 1870 date w “Table 3 iy very interesting, too, because 1t s at this
te that dhie Naval Observatory suggests to Western Union thai they provad
anew e serviee the distribution of Washimgton thne taasy cav wh
populaion of 20000 or Lnger. Weare gotng o be tolhing ubout teae badls o
hede Lner b E thought it was mteresting that durimg these negotiation o th
plans tor the Western Union ame buadl in New York City were devel ped
the Naval Observatory, In April 1877 Western Uiaion announces st
setvice, and the New Yark Ciry vime ball o dropped e Sencembors e
In i encilimg oag oo P«'n“l\" llu"\' RIS \\'l"l‘.:_: l‘l; uses of t'!s‘\(!h tin '.i!- vy
seemy the .l\.li[.f‘l):“l‘\' ab acenzate tine. Poblic mereat s v tated by uocee

trom Harper's Monthly of INTS (Figure 1

Ui form Foie

This was alse the e ot Standard Tone, and seme moportant e an

'

shown i Pabie 3 Previons to 1SS 30 as many ot yvou ke cities wept Do

Table . Uevjonag i

18 Nov, {823 Stadard cantway tune i BOSUSNO retand e NY Gt !
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6 BARTKY: TIME DISSEMINATION

seen. This is the U, S. Naval Observatory at Mare Iland widh 1. ). ). See,
your astronomier-in-exile, standing m front. His tonr of duty there was
longer than anyone else's.

The need for accurate time was a very lmportant one for cites and for
railvoads. and one of the ways astronomical observatories made money tor
astronomical research was to sell tme o them, There is o paper have seen
in the files of the Smidnonian that savs when Langley was duector of e
Allegheny Observatory he brought in £66,060 as a vesult ot selling e o
the cities and railroads. So. needless tosav,in 1890 many obscrvatonies were
vather unhappy about the cdose retationship beoween the Naval Obseivatory
and Western Umond § have yet tosee e the Aveloves the acteal compliome oo
the Scearetary of the Navy  but | have seen the answer, Tt goes sometiang Bike
this: the determmation of time is relatvely ines pensives it s the distribunion
of time that is an expemsive proposition, Obviously . Western Union bas the
telegraph Tines, and obviously they can vetuse thar ase taall the Sbsonv
tortes, and obviowsly we end up with umtorm time. This means. vot ome
from many recogmzed authorities such as the 22 observarories that von
plained, but nme from one place the Naval Observatory

i think of nmifornn tine, m the sense of tine from one places s sty
m 19260 when Westenn Umon tenminated the use of Mare IhLind nmes And,

as vou G osee o Fable 0 m 1908 e brom there was oby sty ohede

bic ditterent nom the time \\.nhlll:,;('ln.

Frine ball
We e ol To o see ot of pretures and thete s a [REY Gl et ool
heres A Longe mumber an people were most helptul neacguomeg e ne e,
and oot senton Brends CGorbine ot dhie Naval Ohavatony Tibea s e
Steven Ihich ot die Obsenvatony statt, Moo Pinsed oty Navad o
.;;r.«;»hn Othoe di Bav St Lo, aind, of conrse, D Naron Gabbe ot
Navonal Achines,
Thoe balls what wac liu-_\' bt s droan fie Vecerde s Pvacts N e
Fuot ai the e
I certan porcewinch are i relesraping cotiang g o n
i‘umli\.:l Chaeraatony, a tise bl ..n-o“\n‘f L and ERUIT NIV
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woith ot the cisonometer reading e v wnoa b et tare s
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BARTKY: TIME DISSEMINATION

it. Someone clse was watching the clock and. at
a particular time, he dropped the ball. In Eng-
lend and her colonies, the time ball was dropped
at one o'clack. In the United States, it was drop-
ped at noon. Where were they? Where were the
first ones? ‘Table 5 shows that one was at Green-
wich in 1833.2 The next once is on the island of
St. Helena in the Atlantic Ocean. The Naval
Observatory's time ball is also u very early one.
Telegraph Hill in San Francisco is in 18332, The
next two b istare very tamous ones, and the last
one in the tabie is the firsi ume ball v Canada.

Let's go to the North American o 2 balls,
which are hsted 1 Table 6. We have done a tot
of Ciggiug to find out exacdy when the Naval
Observatory dropped it it dmie ball. But you
see there are siv daces, and we really cannot de
ternnne whneh one 1z, Based on swhat we know
so far, it laoks ke 1853, and that NIy S 1w
not the st e adt i Nordh America, ento
lnn.m{\. but it nnght have been the dind T
The 1877 dare s the thime ball 1 Now Yeak that
the Naval Obsevatony drapped by dieecr cele
praploe sinal tom Washington. The Last e s
Hoovand Callege Obwnvatony diopomg the Bos

ton trne bl

Pipere 4 is w bic of winstoneal tind Lo s,

Pooo 3 booan il
Poosdoor Vi vt

IR AT

3

Niowe “l"k b date ton

: . . ot i
sonsething about te balls i the Archives ot the Searctary of the Sy o

when Ulooked ot breahized what it was, 1o the wdea tog tha fiest anee Dol

]

The mventor was Captan Robort Wanchope ot the Boval Naoy tie e s o

Table a0 Fi i dne Gindls

CHthr NG Hoyval Orecpvats oy Girernw b

Do 18 St Helesa
INAY Natgonal Chacgvatoas, \\.::Eu"kh»n
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Ay 18 The Stoand b ondon
Iass Navy Yasd et by b Faglaad
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8 BARTKY: TIME DISSEMINATION

Table 6, Nowth Vinerican Fime Badis

Early Forties™

1844
1845 Nutional Observatory, Washingion
27 beb. 18457
<184y
1855
May 1452 San Francisco (City Obscrvatory
1855 Quebiee (Ghaervatory at CitadeD

1859/61  Albauy. NYC (Dudlev Observatory)
186263 Montreal (MceGill Observatory

Muarch 1870 Fort Howe, Sajnt Johu, NJB.
<871 27 Toronto (Magnetic Observatory
18747 Cincunat Observatory
1O Sept. 1877 New York (USNO Telepraphic Signabi
1878781 St Loun (?)
& May 1879 Bostan [Harvard College Observatany:

to lave two balls one 1s fixed and you drop the other one ata paracular
e, wind so o The matenial s sixo years carlier than any or the detes oven
in histortes vould indicate, so quite obviously it is scimethieg weeoa hinde
exvcrted aboat, and we wall write something up on this partcular nadd

Now we will shiow vou some proames. Figure 3 s Greenwadhoan 1570
wieh die tme ball displaved prommendy. Figure 6w cbennly codence tor
stantig dute carlier tran 1833 101 tite Navaa aneivatony e balls o prove
when trow Valume 1ot dhe INaduigron Obscrvations of Mauey I8 G0 W

do hnow trom mforsuition m 1881 how 10 was dropped. b tcdl o eie dome

of the Observatony and then relled down onto the toot, Towas not sy

down sttt

Frgure 7 anven simphy o show comce lookmg tme bali nocanano 1

ball tn cage v andea tor tying to gt 1 to drop a hode Dot an wme
tme, Dado not know sery much sbout the time ball an the Castom HEase
New York iy shown i bigure 8, Badd hieos aboat the vie e b e e
B othe New York Gy vme ball e Naval Oesenvatony deoapjea By
goaphic ol ke et s o Soeanins e oot 1S

Frawe 10 sinnes the Boston tie ball thac swas dropped by et
v cdodk gl ae e Pravand College Observaron, The parncebe 200 v 0
tous fecl m dianeter anad \\m!_;h.\l 411 !v.-mnlx. Phe woatann o o c
danmed fore were 0.2 I wumd, attd thal v cot ity sutinenr s o .
Ha\ l:,:.illvlll &\lili,‘u\c\.
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Fig, 4. Plan of the st tand ball.
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Fig. 6. Earliest evidence of 4 time ball at the Naval Observatorny.
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PR

from Mare Ishand. By this 1 mean: we raise the ball, hold 10 up wath an

B Y T T

cleciromagnet, and then a telegraphic signal deops the ball precisely at nioon

time. Some of the ones on the East and Gulf Coasts were dropped by direct

telegraphic signals from the Naval Observatory ac Washinton, Those sbown

b Set Il 3

pretty much ta the Central Thae Zone were dropped by brandh Hivdio
g,mphic Offices. They got the Observatory™s time signal at cleven o' ock
thew time. They had their own cocks, and so they droppad the time bal

an hour her, The dog on Betrait 1s one that | tound only in o Gernn

PPl

document, and in no other list. Newther the Naval Observazonn nor the

branch offices had anything to do with that partcular time ball,

g
L

The Gues given i Frgare 12 are the same as on the precedimyg map. Whae

N

I want to highlight s that the hevday tor time balls began about Taxo il

A P ) _
o went to 1925, That s when radio time signals became importasc ity o oan
Py . . e
{':- AT TDNC 0L st Yo n'.lns RITON ITY] luugcr nterested m neLEIE (I iy W hieli _:,.
N ’ S48
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. pimtn};np!r ol 188, bat we hnow that date s wrong bocause >ae bean :"
=¥
SR
:: - . Foe M. ai ':‘.'1
,-\ s %
i i N
g" 3 . ¢ m- s-m‘ ‘i’s
M wien- T Le s &,
r:‘.- . PO ! ! ! ‘{ i
Ls N e . ' ; - gb"
crias i i : Em
v 182 } PRE
osl e g o,
ae ot ! H H f:, d
L g 3 l !-‘llq
{ b
st e ! IR
o) ; : i
' | aaem -
R T v ! ’ :
e P ' . - \ §
. * ] .
i ¢ i i
- H e i
2 i § T
5 ¢ l ! i
e : i akss {
e | | e |
i : 1 i
favy i i bt
[ i f d | 1
ity 1 HEFYYRRN st t B el ot £

'("r.‘v ..\"'f"qt * "'.. '..l ‘.\ "Q




14 BARTKY: TIME DISSEMINATION

A R i A S

-
Clie

PAEACNCS ot we e

P

e
s

L

L

e %
s
v. P
£ b2
2 o
2
'S 1
By o
' i
d
«b.'t . 91 s e . 5 : . g . Q
e P 13 Telemaph b, San Franeboo, From California Histon, Ll ;J
&, oo . . . . i
- Sodiety/San Franciaco, with peimission, =
.
"

2 8
.
’
!
L ]

.

L4

L% :
L.‘ u‘ 4
N l-‘.'

w‘|

™ WRF

-
€ )
L& poy
O LI i
I ! ; "';
.o R
» ) %
. - ¥
ot pe se®
1 2% P
et
L

F&
|
T

rH"‘ :
¥ 2
e . :::

S TS AN

- - E

LT B i.‘ivgf.x;u?y P, San Veanotn oo Bt Ahtoraga bl ooy sl R

o

ISy Nocin s Satt Peanotag o, weth presriian ‘-

W ‘e
.

Cd

Ay

3
kS
.
2
. c
N . - Y
. o o * ™ CRSCITIN NS s
(M ALY Y P SIS Sl B T LA (3 Y
Sac Y
b SR a2 A -~ TaVEVEYE l‘-',ﬂ'g‘_‘,"—




NIRRT |

v

o

BARTKY: TIME DISSEMINATION ]

cizco's time ball was controlled
by the branch Hydrographic Of.
fice, and it didn'c start until af-
ter March 1885, The new Ferry
Building was built in 1898, and
Figure 15 is a picture from that
era. The branch iydrographic
Office pur the ume ball at the
top, in 1909 lltL‘)‘ switched to

the Fairmont Hotel, and Figure
16 shows the tme ball on top
uf it.

We ail know the building in
Figllh‘ 17. We wall it the Gid

Exceutive Ottice Building now.
bt was the State, War and Navy

Building. Figur: 18 is 4 picture

.‘

'

-
i

o g

of the time ball on the roof.
This tme ball was in wse until
1936, The ball shd Jown into a

o

AT e s oM YV VN N S T I L T W W TV Y T

- -
-

ot a1 ’ s . t ’
STHHIEE tub (Figure 195, and Fig. 15, Ferry Building, San Franciaco From

-

you don’t see 1t exeept around

v California Historical Soaeiy rSan Praiics, £

5: noontime, Dropping 1t m feads with pesnisnon. =
: ‘ 5

h to prublcm\, of vournse. When b

L v

. the tub s wed over, vou reang .

» g

cannot rane it and give a siged
that dav. The ropes to rase 1t
brohe cecastonsiiy, Sonctimes

vou lose the tme :-i_z;ful from

TR ARV e

-

the  Observatiry.  Somctimes
¥ T

vy fmgu‘: the f\c\ $er e atisg,
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tial o, Ui badure tale W

5 L.
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Fip. 17, From Exccntive Office Building: General Services

Vdmivistration Historical Study No. .
Wi ton: Goveranent Printing Oftice, 10700
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Fig. 16, Time ball retaining
tub. From Executive Office

~ R

Ruilding: General Services

Administration Historical
Study No. 3. Washington:
Gaovernment Printing Otfice

1970,
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Group 37, Uty 64, 1482 1885, é\ ‘
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18 BARTKY: TIME DISSEMINATION

the 5 cond time ball structure on the
Western Union bulding in New York
City. ‘This next sequence iy trom the
Acchives of the Savannah Hyvdro

graphic  Office. Figure 22 shows
some sketches of suppores tor the ce-
taining tub, and they are obviousy

trom blueprints. The rest of the

structure shows in Figure 23, with

the time bali at the wp. Figure 24
shrows the time ball as o scries of ribs

C()VL‘I'L’d \.\'i[h canvas. Now we sec

el L %

them totally the same. Figures 25,
26 and 27 show Dualuth. Norfoll and
Philadelphia, respectivels,

l nlL‘ll[inllt‘d [h;lt PL'I)}‘IL' Wure

very excited about clectricny and

Y AT P

science  and :_;ct!in; accurate ume,

aud they wanted v balls. How

ge v

cver \‘»g\tun Union Illli J Vet oh

Fig. 21, Tinw Yall on Western Unjon Wit Ve ball structure thas was i

Buildivg, NYC. From South Streer land n dhe United Stazes. Figure 28 L
Reporter. X1 (Winter 1977 8), i5. shows ore of the last ones, onacthen ;
Reprinted with penmission. new  Baltimore l‘lll]\illl:_‘,. Weosee g )
ring, struciure with snnall e balls ::
and revaming tubs (the reai+ e bail iy at the top of the sttt L They worked j
the tme ball concept ot omamentation of the building,
Now, thie balis st being dismanded, desuoyed and o ons Figore 29 ’
sows the Detroir oie. Cpiciure s trom the tarn o the contany a1
facks ke they e destroving the whole neighborhood! ‘
Fraure S0 iy the one that sSharon Gibbs Tikes the bests Tess e by \
Nationsal Avchiven and s duced 19370 The Lady e the proane s aosatcd on
there s an wharm cdock hcher hand, od e “Save the Sar Francsoo fane )
Ball.™ And so o osave s 200 g vear the H\‘imu.nphu of the Navy ahuasndon.
the tme ball e San l'r.n:u'm'u. ;
Frgure 31 shows Mare Bland Navad Shipyard, Thice of te valamgs e :

. . o L . .

tne ball s on the dosest onen were Navonad Historie bandmiars, and 1w
. N . .

L'.\l:l('ti .|l)nnl lh.ﬂ. Then ) lu.u'ncd. (lrln' inonths RN that these aaind inat ks

Wad been donemded, There were !:ntnl tearons for doang soc thins gy prim
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. From National Archives, Record Group
W 37, 232883-187 Savannuh.

pla 1 Fig. 22 (top left’, Details of retaining rub :
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Duluth, Fron National Archives Recod ‘

Group 37, 574381911,
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Archives Recond Granp 37, 56840
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Fig. 28 (left). Maryland Casualty Building,
Baltimore. From National Archives,
Record Group 37, 151070-187 Ba.:

April 24,1918,

Fig. 29 (bottom). Time ball un Wright,
Kay & Co. Building, Detroit. From
Detroit Public Library, Burton Historical
Collection.
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T “‘4‘22 is that therc are other examples of industrial
i buildings of that era. Those buildings had been
constructed about 1865.
The building in Figure 32 is the Prudential
Building in Buffalo. The architect was Louis
Sullivan. This is considered his finest example of
a commercial building, so Buffalo is spending
scven million dollars to restore it. I'm afraid
they might ask for the time ball structure again,
Scaman’s Church Institute in New York City
et e TS is shown in Figure 33. The structure at the top is
Y AT iy SR »_‘,;z-.;s - the Titanic Memorial Light and Time Ball Tow- e
- T RETEN | cr, shown in closc-up in Figure 34, wnd it was in "
Y, e service from 1913 (the Titanic sank in 1912) ;:::'.
:_!‘ 2 until 1967. When the building was denolished, P:E
i i Exxon speat $200,000 to build the Titanic Me-
cmorial Park and put the time ball structure £
. (shown as Arabic 1 in Figure 35) as the gateway :}_i'
! to the South Street Seaport Museum, ::3
' There are a tew time balls left. Figure 36 -:3
shows the one at Greenwich, And there s the ‘z
‘ f time ball in Times Square at New Year's Eve. 1 :
B should point out heve that this time ball comes
‘f Fig. 30. Fairmont Hotel, from a somewhar different tradidion. The time,
3 San Prancisco. From Na- the noontime we are wlking about, is the mo-
tional - Archives, Record ment of release of a tme ball. Here it is a bit at
oty - DRI diﬂl‘rm‘lt because these people usually are having E
. March 15, 1937, " . L KT : g
P AR . a lot of vauble navigating ar thic dme. You x
i s - make the ball tloar dewn very slowly. There iy & man named Roussel! Brow,
s who probably is the oty non-scientist interested in the leap second, and iv
' Bis job to auke sure it lands exacdy at the New Year. o
We have now seen some time balls, Let me atop here wad say, thank you !:_
very much, ‘:
St
R. E. Schidt (Nautical Almanac Otficei: De you know anything about a o
time ball in St Louis? There was a refeience i tive publications of the Moy <7

riaod Observatory,

s

Barthy: Yeu §oread o couple of papens of 1S, Pnochett, whe was madly

here and then went to Morrion, He was abo director ot the observatory



BARTKY: TIME DISSEMINATION 23

{)

o

oy R G

PR e
., )

ST,

Ty

Y =R

Fig. 31. Mare Island Naval Shipyard, California. From S. Leiamon and E,
Wichels, Sidewheelers to Nuclear Power. Annapolis: Leeward Publications,
1977. Reprinted with permission.
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Fig. 33. Seaman’s Church
lustitute, NYC. From South
Street Seaport Museum
collection.
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SRR A Washington University (St. Louis),

then was superintendent of the
Coast and Geodetic Survey, and
then president of M.LT. He is very
unhzppy with the Naval Obsecrva-
tory because the Naval Observatory
is interested in Standard Time. He

H v

LY aal SOV

T R A A

loses business because of that. Mor- Ky

rison Observatory had two time A

balls, one in Kansas City and one in %
£
\

St. Louis. Rather than talking

Lo
Cr

A:’ - about those, 1 wanted the talk to
e ’ focus on the Naval Observatory and 0y
the sca navigation time balls. *%
1‘2‘ a : » . . E-&
Captain R, A. Vohden (Superin- )
tendent, USNOj: What were they i
J 1 * - .
3. made of? About how much did o
o . >
2 they weigh? g::
LY o
N . o
) Bartky: About 120 pounds. They -~
B i Wt Wy gL started ot being ray  {segment) i
e structures and then there way thay Fik 35 Titanic :‘tmuml Park, New York %
2, . City. From South Su caport M : i
o huge sohid shell one 10 Boston, Y. Erom ) Strese s."_"' useum N
0 " " Reprinted by permissjon, N
" which was 900 pounds, Thev ended .
o up as a framework covered with black canvas. Then they were quite reason- N
! able 1w weight, 5
\
I
L\ a“pn A age’ » . . 0 . Y
" R. T. Clarke {Time Service Divison): In one of your examples, you said that ;
;x‘ the loss was $66,000 w one observatory that was providing tne. How did "
gt e R . . . . i
' Co : e astronomy survive the loss ot this much money in 22 phcrs? e
. ) ) -,

~ T

Barthy: | have no idea. Maybe s was the time of the large endowments

that were starting. | sunply don’t know, That is a lot of money.

it N N
-"':':".'-'o'-

Clarke: Did the other 21 observatones also u.mplaiu"

Lartky s That was the only one 1 have scen where there was that amount ot

muoney . Pickering at Harvard is very concerned that his observatorny gets to

drop the time ball in Boston. He says two things: we provude the time trom
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Cambridge, and we 1eccive not inconsiderable sums of money. There is
moncy here. And it is obvious that Western Union finds out that there is a
great deal of moncy in it too, and that is why they wipe out the others.
Now that is a good thing, because 1 would much rather get one source of
uniform time than to have to do some sort of averaging among 23 obscrva-
torics. So the right thing happens, but we might not like it.

Clarke: How many observatorics went out of business that way?
Bartky: The small ones did, but the big ones . ..

T. E. Corbin (Transit Circle Division): What happened after a week or two of
cloudy weather?

Bartky: The error got up to a second to two seconds ard that is about as bad
as it was. They had reasonably good clocks.

Corbin: Back in the 1850s a week or two inight get you up to several sec-
l)“ds.

Bartky: I agree; | was talking of 1885. Therc is a reference in one of your
Annual Reports, where in 1880 Gardner takes ap.rt the mean time clock,
cleans it and puts it back together. Suddenly, 1t works better than it ever has
before. They say the rate is, at the very worst, a tenth of a sccond a day,
wihich is very good. He was obviowsly an exceedingly clever man.

G. H. Kaplan (Nautical Almanac Office): The time ball in New York City.
Was that invaived in the real tine balls?

Barthy: No, @don't think so. The New York Tunes cecapied that building
antd 19135 so i cazy i scarch in the literature. s one newspaper, onee o
year, su you read about it Whae they did is drop it down; as soon ax it hit,
lights on the three sudes of the budding were turned on showing the New
Year., That was anather excitement for the general public using clectnary,
No, it is not i this tradion, but there 13 mnstant recognition for 1. When
vou call hsterical socicties and say, “Time Ball”" they don’t know what v ou

tacan. But when you say, "New Year's Eve ” then they do.

S. LoDk (Transit Circle Iivison s Doy ou care 1o say a tow words about the

CORMTUNEESY uver the \\'.uhingxun e ball? Why there b 4 contusson
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dates?

Bartky: | have looked through the
history, and we have gone through
the Archives. You have notes of
dates and | borrowed one sct from
Dr. Glenn Hall, and then 1 looked
through your Annual Reports, and
so on. The notes say 1844.45, and
that scems about right because of
the picture of the time ball on tl :
title page of the Washington Obser-
vations,

Dick: The date of the Washington
Observations is 1846,

Bartky: Yes. two years here |

wauld not mind ac all! Bet then

you sec Pritchett’s paper. He was

here; hie was born in 1857, but he

was licre as 3 young man and ob-  Fig 36. The Giscawich time ball today.

With permissian, National Maritime
Museum, London.

viously he talked to people. He was
the one who says, “You drop it un
the dome, it rolls down the dome
onzn the root,” and ke is the one who says, " 1855." Then there 1s one other
reterence, Loemis’ Progress in Astronomy. The finst edition does not wlk

about it. The third edition 1 have nat seen yet. Have vou seen that edition?

Dick: Yes, Just h\da}‘. It has a reference tor in 1856, bt does not gIve any

spevitic date.

Barchy: As you hnow, that s just an upper bound. There is visual cvidence
of an 1846 date that s the shde that you saw  but there o no wnitten vt
dence unnl 1835 tu 18536, The Archives are tremendously big. and the ques-

tion is, do we have an idea how to get mro then: tust? They talk abour 20

fect, 1060 fect of reconds, and s0 on, How do you find 112 And so vou think

the wuoncmers were obrerving naybe they wrote 1t dewa in ther dag
baoks, and thea that minght do e faater, There Just a rremendous ameunt

uf matenal to go sfa-nug'n w the Archives.

':. o A.’M

Y

RDE L X

ST

o
a
PSS PR

—n

.,_., .
E YA

%0 " e %
prr re e ate

gy
.

B B W

AR

A

TS

.
f T e

-

3

I e I

i




4% .
"{’ "‘gq“’ - ,_ AT 4 T S
& "“4“' W-‘;h P ‘.’ ol : 72 AR RN LAY s \

28 BARTKY: TIME DISSEMINATION

Dgs ;: "vayf'u.ox LAV e

‘;\t?‘;t »ra ; Y
e T RR S S N 543.37‘ Ry NOTES

1. Steven J. Dick, “How the U. S. Naval Observatory Began, 1830-1865," Sky and Tele-
: @ seope, 60 (1980): 466-471. Reprinted with corrections and footnotes in this volume.
: 2. Sincc rthe Symposium, some additions have been made to the chronology. Sce the
x . paper by 1. R. Bartky and S. J. Dick, *‘The First Time Balls,” Joumal for the History of
J e Astronomy, 12 (1981): 155-164.

3. For evidence found since the Symposiumn, sce the paper by 1. R. Bartky and S. ).
Dick, *“The First North American Time Ball,” Joun:al for the History cf Astronomy, 13
(1982): 50-54.

4. Scc footnote 2.
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OBSERVERS AND THEORETICIANS:
ASTRONOMY AT THE NAVAL OBSERVATORY, 1845- 1861

Marc Rothenberg
Smithsonian Institution

This afternoon I would like to provide some context and background for
the Naval Observatory and its work during the two decades prior to the
American Civil War, spcciﬁcally during the period of the superintendency of
Matthew Fontaine Maury. This was a period of tremendous growth in the
Amcrican astronomical community. The seven obscrvatorics that existed in
the United States in 1840 had become thirty by 1861. None of the ubserva-
torics active in 1840 was considered a center of significant research. Two
decades later at least six obscivatories were able to conduct important
rescarch.! An Amerscan youth in 1861 who waated to become a profes
sional astronomer could anticipate finding experienced and skilled instruc-
tors ard employment opportunities.” By European standaids, Americans
were generally not in the torefe Fo b T they were viewed as
competent astronomers who oceasionally exhibited tlashes of brilliance, not
vet in the same class with the best of Europe, but as 4 conimunity probably
compuiable to the Russians and ltalians, and gaining rapidly upon the Eng
lish, French, and Germans, who constituted the astronomical clite at the
time.”

There were o number of factors contnbutng to this great growth. Pase
of it was the innate interest that wstronomy generated among the general
public. 1t iy 4 very fua sdence, and wstionoiiers were able to explont this
interest to gam financil suppart. International nvaley also plaved 4 pare
Achievernent in science was viewed ay one benchmark i a nanon’s progres
w wmternatonal competition, wuch as the l)l_.-mpics perhaps may be viewed
tday. To have st Jass observatones and a first dass scientific commun
was tmportant to some Aticrtaans, espeaally when they loeked overseus at
European accomplishments. Fually, there was the role ot sectional nivalry.
One of the factors in the abihey of the Harvard faculty o raise large soms of
money for Harvand College Observatory was the tact that both Pialadelphig

T

std Yale had observatornies. How could Hamvard (and therefore Boston nat

. 9 . 3
Have some sort of obscrvatorny un the same wale?
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The community th~t developed in America during these two decades
had a number ot very clear characteristics. One of the interesting things I
have found is that the men who staffed the Naval Observatory during the
antcbellun period (during these discussions 1 will exclude the passed mid-
shipman and other temporary naval staff who were stationed here, concen-
trating on the professional astronomers of the staff) were in many ways very
typical of the American astronomical community as a whole, particularly
regarding cducation and cxpcricncc.5 Most American astronomiers in this
period were college educated, and it was during their collegiate days that
they were formally introduced to the science of astronomy, although with
relatively little hands-on experience. The observatory staff was also made up
predominantly of college graduates. More particularly, the Naval Observa-
tory staff had been educated at places like Yaie, Harvard, Bowdoin, and
Middlcbury ar a time when most American astronomers had been educated
north of the Mason-Dixon Line and cast of the Appalachians, with Yale and
Harvard being the leading institutions. Like those astronomers outside the
Naval Observatory, the staff members of the Naval Observatory who under-
took the most sophisticated rescarch were those who had reccived some sore
of specialized training or had acquired a knowledge of the foreign literature,
- wticularly that of the German astronomical community, the acknowledged
leaders in practical astronowy "~ " werind Thae istronomers who were
sclf-taughe, about twenty percent of the astronomical community during this
ra, usually offered as partial compensation experience as observers, particu-
farly as surveyors. Morcover, many of the self-taught had carly in their ca-
reers become attached to the academic community, inculeating its values and
norms; i.c., they had become part of the professional scientific community,

general

which had been centered in the academic world. So, too, was it in g

with the seit-taught astronomers of the Naval Observatory.

In terms of training and past experience, the Naval Observatory statt was
atypical of the American astronomical community as a whale in only one
regard: the lack of any West Point graduates on the staff. The Usited States
Military Academy ranked third in this period as a source of education for
Amcrican astronomers, With this exception, the Naval Observatory had o
Very Fepresentative group of American astronomers.

It their educational expericuce was typical, their ~dministrative setung,
their institutional sctting, was very aty pical. Most American observatories
of this period consisted of one-or two man stafts, 11 there were any junior
saft, they were usually there in the role of students, nor as shalled
astronomers, 1 there was any hierarchical structure, it was in the nature

of a student-teacher hicrarchy. Thus, the Naval Observatory was very unigue
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in that ic had a hicrarchical scientific structure consisting of master astron-
omers. There were more astrcnomers at the Naval Observatory during the
1840s and 1850s than at any other institution in the United States, unless
one counts the mass of students that appeared at the Harvard College Obser-
vatory toward the cnd of the 1850s. But those were students, not skilled
astronomers. Indeed, the Naval Obscrvatory as an institution was much
5 closer to Furopean analogues than anything in America, with the closest
analogue being Greenwich Observatory. This analogue I will cxplore in more
detail in a few minutes.
Now I wotld like to make another point. Compared to most astronomers
e e K active in the United States during this period, the staff of the Naval Obser- i
B ' - vatory has kad a very low historical visibility. 1 would wager that few histo- .
rians of astronomy or of American science recognize their names, while few
astronomers could identify them. One does not usually find iheir names in
the histories of astronomy or even in the folklore of American science. They
had generally few articles to their credit, and in the hroad scheme of Amer-
ican and world astronomy, most appear, at first glance, relatively insignit-
icant.

The analogue with the contemporary Greenwich Observatory is quite
distinct. There, too, one finds low historic visibility. For example, how many
19th-century staff nmembers of Greenwich, aside from the Astronomers
Royal, can one usually name? The typical historiar would have problems
coming up with even one. Do most historians of astronomy have any idea

e
L e gl 22 DS R S A R W e e e Y s o o ]

=

how many staff members there were at Greenwich? 1 chink the answer
generally would be ne. Again, one finds relatively low predactivity meas-
ured in terms of published papers, and again, relatively few important
accomplisliments that made the history books. or even the textbooks of

]

7
.!

:lsll't)l'()ll\)‘.

I ewvould argue ficst that in both cases we have hicrarchical structures,
the Naval Observatory under Matthew Foraine Maury and Greenwidh
under G. B, Airy. Secondly, the rescarch programs were generally although
ot completely) limited 1o the painstaking work of astrometries rather than
what llf-.t()x'y books look on as the wore glamorous astrophysics,  And
thirdly, in both cases we have the ditffusion of resources ameng a number of

.‘,
P
L)

a
#te
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|

ficids of science: we are familiar with the tace, for example, that Maury was
mnterested i meteorology and hydrugruph_\', but perhaps less famiiar with
the tact that under Airy Greenwich conducted researchi in both metearology
and peophysies, To Maury and Airy these national chservatorioy were not
merely astronomical observatories, but aiso centers of rescarch i a broad

spectiu of the physical sciences, This tended o limit the accomplishcnts
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32 ROTHENBERG: OBSERVERS AND THEORETICIANS
sk of staffers iri a particular area because both resources and time were dissi-
pated.®

One can illustrate here the restrictive nature of the rescarch at these two
observatories by comparing and considering lists compiled by Stephen Brush
cf the top ten asironomers and astronomical accomplishments for each of
three fifty-ycar periods frem 1800 to 1950.7 1 have certain problems myself
with some of tuc specifics of the lists, but onc of the interesting things about
them is that they are compiled with the benefit of hindsight, i.c., they reflect
pretty much 20thcentury attitudes of what was important in astronomy in
the 19th century. For the 19th century as a whole, ten American and ten
British names appcar on various lists. Only two of these are on the staff of

L _ the Naval Observatory. I suppose you can all guess they are Simon Newcomb
and G. W. Hill. No member of the Greenwich Chscrvatory staff appeais. Was
Greenwich simply filled with nonentitics? No, again it was that the nature
of the rescarch done at these places docs not catch the eye of the historian.
Historians look at the forerunners of astrophysics and great discoverers, not
at the men who spend their evenings in this very fundamental, very basic
work. Academic astronomers and independent amateurs made the very
unusual, spectacular, and glamurous discoveries. They had the opportunities
and freedom which the restrictive, fundamental rescarch programs of the
national observatorics did not grant.

[
&
3

.

e TR ¢ 2T . R

What of the men whe were at the Naval Observatory during this period?
They were, as 1 have said, fairly typical in cducation and in carcer: yet they
were very diverse in personality. I would like to give you a few insights s

into some of these men. Perhaps the best of those who stayed at the Naval
Observatory for any extended period during this time was Joseph Stillman
Hubbard (1823 1863), who was clected to the National Academy of
Sciences as one of the founding members.® Hubbard was Yale educated,
graduating in 184 3. He then went to the Philadelphia High School Observa
tory, where he was part of an informal (one might say “graduate”) education
program where he learned the fine points of cbservationul and positional
astronomy under Scars Cook Walker. He was appointed to the Naval Obser-
vatory in 1845 through the intervention of Alesander Dallas Bache of che ‘
Coest Survey and John C. Frémone, the famous explorer. Hubbard had j
reduced  Frémont's observations during his Rocky Mountain expedition, '

Parenthetically, let me point out that one of the themes one finds through
this period is that it's not only how much astronomy you know, it’s whom
you know that often feads to an appointunent at the Naval Observatory.
The stronger the lobbying effort behind you, the better chance you have of
being appointed. At a time when few qualifications could be formalized or
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quantified, personal recommendations were essential.

Hubbard was an all around astronomer, who proved to be cqually at
home doing observational or computational work. His major contribution
was his discussion of the orbit of the great comet of 1843, which was spread
over scven issucs and two years of the Astronomical journal® He was also,
incidentally, Associate Editor of the Astronomical journal and has been
credited by the Editor as the man who actually saw it to press most of the
time. His work on the grear comet was a rigorous treatment of the obsecrva-
tions of the comet and a calculation of the orbit. It also proved to be a
reference picce tor Americans who did not know enough German to follow
the discussions of the comet in that language. Hubbard very nicely included
appendices in which he listed cquations and discussed what the Gernians
were doing, knowing fuil well that most Americans could not read the arti-
cies being published in the Astronomische Nachricliten. Hubbard was, unfor-
tunately, one of those who suffered from the bad physical conditions at the
Naval Observatory, and died shortly after his election to the National Acad-
ciny. It represented a very great loss.

One of Hubbard's contemporaries was Ruel Keith (1826-1908),'Y who
graduated from Middlebury College in 1845, Almost immediately there was
a letter trom Maury promising him a position at the Naval Obscrvatory as
SOOR as one uppcnrcd.“ He became a tavorite statt member, Keith was an
observer, pure and simple. In fact, when he Lofe the Observatory he carned
his living as a survevor. He was in favor at the Naval Obscrvatory under
Maury, | believe in all honesty, because he was, uniike some other statt
members, Can attentive officer.”1*

Among the other seaff was James Major (1813-1898), born and educated
in lreland, like Keith an observer pure and simplt;.13 He became very
fricudly wich his fellow Irishman and astronomer Father James Curley at
Gueorgetown University and eventually lefe the Navy in 1839 (0 become a
Jusuit,

The senior staff member was Jumes Ferguson (1797186711 whom
look upon as the perennial bridesmaid. Ferguson was a surveyor, exsentialhy
a selt taught astronomer, but a very expenenced and shiiled observer. A
member of the Coast Survey front 1833 to 1847, he rose to tiwe position of
first assistant. In 1843 he was passed over for the position ot superintendent
witen the Seeretary of Trewsury. under tremendous pressure trom the
scientiic comnuunity, brought in Alexander Dallay Bache trom the Univer-
sty of Pennsvlvania. Fergusou was very bitter about the face dhat he was
passed overs dhis was resolved a few years later when, afier mudh tighrayg

with Bueties he joined the Naval Observatory statf, where hie became one o
)
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James Ferguson (1797-1867). Naval Obaervatory astonomer, 1848.1867.
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the mosc prolific publishers in the American astronomical community. He
published over 80 articles in journals, primarily very straight-forward obser-
vaticnal pieces on the positions of astcroids and comeis.’> These were not
particularly carthshaking contributions, but indications of a man who
worked very hard.

When Charles Henry Davis left the Observatory as Supcerintendent in
1867, Ferguson campaigned to force the Navy to obtain a civilian director
for the Naval Obscrvatory, working on the assumption that as the senior
civilian on the staff he would probably get the job. His cffort to get a
civilian director drew very enthusiastic support from the American scientific
community, although ultimately it failed; a military director was selected.
Even worse, Ferguson found that although people liked the idea of a civilian
director, he was not necessarily the one they wanted. Names other than
James Ferguson had been circulated.'®

So we have an institutional struceure and interesting people. But there is
a third leg to this triad. We also have a director, a superintendent. Ultimate
responsibility for the way in which rescarch was conducted at the Obser
vatory during this period has to be laid at the feet of the Superintendent,
Matthew Fontine Maury (1806-1873).77 He is a man who has generated
tremendous controversy among both his contemporaries and historians. '™

To me, Maury was an outsider who never learned the rules of the game.
He was not an astronomer; he was not a professional scientist; hie was not a
part of the academic community. Ahnost everyone else in the American
astionomical community was a professional scientist, an experienced obser-
ver, or a ncmnber of the academic community, There was o tairly well
established invisible college, but Maury never really became part of i, He
was essentially self-taught, knowing much about the content of astronomy
but little about the fine points of doing it, particularly in an academic
enviromvent. He was the only director of a major observatory in the United
States wno had neither an academic degree nor continugl extended contaces
with the acidemie (nmmunit'\'.w Maury, untortunately, was isolated.

Maury probably never realized the extent of his own ignorance: or put
another way, he never reahized Dow naive he was mterms of his dealags
vith the Avcencan astronomical community. His naivesd is vividiy expressed
m a letter he wrote Jared Sparks, then President of Harvard, oa Maceh o,
1849, suggesting a cooperative research program between Huvard wnd the
Naval Observatory.”” Among his finse errony o une was o member of the
mvisible «.n”cgc, one would recognize this .:.-mwdi.ﬁcl)- (UXIN .:Jdrr:.\m:.: the
president of the college directy, in etfect gomyg over the bead of the obuerva

tory director. Fius anphied, of course, that the President ot Han ad anad s
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the director of its observatory established the research agenda of the Harvard
. College Observatory. William C. Bond, the Director, would never recognize
N the right of the president to establish directly a research agenda. Indeed no
professor allowed his research agenda to be established by higher administra-
tive authority (except perhaps indirectly, through the manipulation of
funds). Alrcady, Maury was on the wrong feot.

Then there was the proposed program itself: “The plan is to assign
magnitude, position, & colour to every star, to obtain accurate drawings of
all the nebulae, correct maps of all the clusters, with proper measurements
of the binary stars, so that when the undertaking is completed, it shall form
. _ a great American work as complete in all respects as instruments & the
SR _ present state of astronomical science will admit it to be.”*! There is grand

vision here, but unfortunately little touch of reality. The labor—-and one
doubts Maury really realized this-was tremendous, especially the reduc-
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tion of observations, Bond, the Dircctor of the Harvard College Observatory
declined on the grounds that his staff was insufficient to become involved
in such a project.?* (As it turned out, in reality neither was the staff of the
Naval Observatory.)? Indeed, the alternative which Bond seiected was to

e
undertake particular aspects of Maury's research program, such as seellar :
; et positions snd nebulac, but in very small, discreet, do-able chunks. Bond did K
T not propose to produce a grand catalogue. but detailed observations of "
/ T certain select nebulae and stellar “*zones,” at the same time remaining i
R 7 ) tlexible to investigate other rescarch problems, such as comets and obser :
vations of Saturn.® Maury represented & man who simply kud no coneept S
oi the time involved in doing rescarch in astronomy. :
Y Finally, Maury suguested that Harvard  College Observatory should ::
& publish 1ts resulis under the auspices of the Naval Observatory o a good i
political move at ail. Bond decliaed, very petitely, pointing out tha Harvard ;
College Observatory published  with the cooperation ot the Americ {
Acadeniy of Arts and Sciences. Indeed, iF Maury knew anything abooe
Harvard College Observatory he would have known that most of dhic i
- tinancisi support for the observatory had come trovy the Amencan Academy i
and 1 members, thae dhere were very irtinte bonds between Bond and dhe 2
- Acadeiny, and that 10 winn’t accidentd tiat most of the obiervaton s wark .
was published an their preceedings” Moreover, didi’t Maeiy recogine
that Harvard might want to publish oy own annabs, which mdeed fedid -
as did every magor cosenvatory when 1 had sulncent fendmg? Maury was o l
- man who secmed oat of syndronization with the rest of the astronam L
", ) Cotnnuny.
:" RTINS Jurt o campound the probleny, Maury was aceesed of misusins sl :
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Again, here | would argue it was more through ignorance than intent. The
most glaring and most famous incident was his relationship with Scars Cook
Walker (1805-1853), a man whose name should be better known to histo-
rians of astronomy and to astronomers.?” He was the leading theoretician on
the Naval Observatory staff prior to Simon Newcomb, although he was only
there for a short time. Walker was a Harvard graduate who had come to
realize the power of the astronomical methodology developed in Germany
by Gauss, Encke and Bessel. From the mid-1830’s on, he became an ardent
student of astronomy while working as an actuary for a Philadelphia insur-
ance company. He became the director of the Philadelphia High School
Observatory upon its opening in 1839. Despite the fact that it was at a high
school, this was the only rescarcli obscrvatory in the United States in the
carly 1840s.

At the time of his appointment to the Naval Obscrvatory staff in 1846,
Walker was probably the leading astronomer in the United States, or at least
in the top three. Maury did not have an inkling of this. Writing to Beujamin
Peirce of Harvard, who was one of Walker’s chief competitors for the title of
numiber une, Maury stated that 1 can boast assistants here in no whit his
[Walker's] inferiors.”®® As an adminiserator, | can compliment Maury on
his loyaley to his staft, but when a director claimed to have assistants equal
to the best man in the ficld, when knowledgable astronomers knew that the
claimy was invalid, the credibility of the director became questionable. The
truth wis that Maury had only one assistant even in the same league with
Walker, and that was one of Walker's former students, Hubbard. Maury's
attitude toward Walker was quite straightforward; Maury was the Superm
tendent, and Walker would do astronomy as he was told 1o do it Inalong
letter sent to Walker prior to his taking up of duties in which Maury detailed
the new statt member's responsibilivies, Walker was instracted in soime detadl
how to observe, as af e were 4 novice.*

What is probably most surprising s that Walker Jasted as long . hie
did one year, He obviously did need a job. Finally, unable to aceept tae
amesuse of Jos talents,® Walker joined the Coast Survey under Alexander
Dallas Bache, becoming head of the Longitede Division. He laiter wen:
Boane and dicd inan svlum,

When one measures the accomplishments ot the Naval Observatory
durini,; the pcriud 1845:61, one has, | believe, two ll..\jur cuhsiderations.,
One 1s the potential, the other is the reality. Potentaily, the very strucaure

of the Observatory as a bicrarchical istitution with o partcular tescarch

program placed certain limitations on s lashy accomplishments, i may

use that term. Oa the other hand, it had tremendous potentiat o do vl
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38 ROTHENBERG: OBSERVERS AND THEORETICIANS

lent astrometric work. Generaily, it fulfilied that potential quite well. The
great sin that Maury committed in the eyes of the astronomical community
was his de-cmphasis of the reduction of observations. Because he never
really realized the finer points of astronomical rescarch, he never understood
the principle that you had to spend some time reducing your observations.
Unrcduced observations are not of much use. The backlog of obscrvations
was tremendous.3! In the wake of Maury’s departure to the South, Congress
appropriated funds to reduce the backlog of observations that had accumu-
lated at the Naval Obscrvatory. The observations were turned over to B. A.
Gould, an astronomer at the Coast Survey, who promptly reduced them over
the course of a yc:lr.32

When onc looks at the Naval Observatory during this period, one has to
say it was a fine place, which unfortunately, because of a director who was
outside the academic and astronomical networks, never quite acconsplished
all it could have. Thank you.

S. j. Dick (Transit Circle Division): You can tell these papers are uncensored.
Are there questions for Marc?

Q: Were there any complications from these passed midshipmen and other
people who were dumped on the observatory as a nice place to keep
them, rather than have them starve as fur as the Navy was concerned?

Rotlienbery: From the point of view of the communicy as a whole no one
seems to say much, | think they are perccived as people who are doing the
very, very routine sort of work which cveryone was very happy to let
someone ehe do. I an acadenic institation you might bring i a senior
student to do the same sore of thing. A student who expressed interest in
wstronomy coald nurture such a position wver the four years. 1 think they
were viewed somewhat i that sense. 1 don’t kaow of any of them whao
entered che Observatary in that capaaty who ever went on to careers in
astronomy per e, Nonie wend on [ carcers in Fcudc!i; wark tor the Coast
Survey, tor example, but Ponpat sere any of them ever entercd wsrenomiad

carcers. b don't know if they were discouraged by their experience. ar what
Inck: Bae Gilliss began asa passed midshipman.
Rothenberg: * e, that is prior to the pcrim! I've disceaed mda} .

Al L. Norbere sNatona! Soienee Foundatien @ Marg, there are a number o
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interesting directions we could follow in your talk. One of them has to do
with the biascs of historians. We commonly look at the writings of the
scientist, and in the second half of the period that you are talking about
today, I looked to scc what the Navy's attitude was, not the Superintendent,
but people above the Superintendent all the way up to the Secretary of the
Navy. I did not find anything. Did you find anything for your period about
what the Navy hoped to achieve?

Rothenberg: No, I'm not familiar with this. I have not conducted extensive
work. The closest analogy that | know of would be the Coast Survey with
the Sceretary of the Treasury, where 1 know that for the most part the
Sccretary of Treasury was very happy that the scientific community was
taking some of the responsibilities of selecting personnel off his hands, 1
don’t know, for example, what the Sceretary of the Navy felt about this sort
of thing. One of the interesting questions is what does the Secretary of the
Navy feel when he is getting all sorts of letters asking that certain people be
appointed to positions, ard when he has no techuical expertise to figure out
and evaluate these veconnmendations. That's a good question | haven’t really

rescarched,

P. K. Scidelmann (Nautical Almanac Office): Have you looked at why the
Nautical Almanac Office was set up as a separate entity at one time, and
whether that has some connection with the reputation of the Naval Obser-

vatory?

Rothenberg: That is the direct result, 1helieve, of Maury's reputation. it was
placed i Cambridge, nest to the best research observatory in the United
States, near Benjumin Peirce, a leading mathematical astronomer by the mid-
18305, and as far away us possible from the misnanagement of Maury. Penee
win de favto sarentitic ditector of the Almarec, while bhoth the first two
direciors Charles Henry Davis and Josepht Winlock were his prowiges, |
think this s the way the wtronomical community wanted 1w w6 be, They
si'..iisly wouldn't trust M.ury with 1t They knew men like Bond wad Peuce
and Davis. Evenyone thought very lngM} St Dasts, and one ot the Lo TN
war to make sure that Davis could do dings s way, because be s el
tremendows respect by the astronomical communty . Basicatly he was ane o

thesr owa, He was past of the mvisible ua“cgc.

AN, Adatus former Director, Sixctnah Vransit Cirdde Pliviston ;- You baven’t
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tions in the country, and in founding the Observatory. It’s funny that some-
how he didn't get to be the first Superintendent, and Maury did. Do you
know anything about that?

Rothenberg: Gilliss was at the Obscrvatory prior to Maury and comes back

as Superintendent atter Maury. [ think the Chilean expedition of Gilliss is a

fascinating astronomical expedition. Steve Dick touches a bit on this in his
- article. There is an aspect here again of politics. Maury is « Southerner.
There is a tremendous Southern lobby in the United States government
during these periods. Maury gets at least one promotier through the South-
crn lobby when he is under attack by the generally Northeastern scientific
community. In a gesture of defiance, pressures are placed on the Secretary of
the Navy 10 make sure that he gets his promotion. This political aspect
overlies a lot of things in this period which | have not gone into in detail. But

this is an aspect.
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NOTES

1. Philadelphiz High School Observatory, Harvard College Obscrvatory, the Naval
Observatory, Cincinnati Observatory, Detroit Observatory (University of Michigan), and
Dudley Observatory.

2. I. H. Safford, **The bevelopment of Astronomy in the United States,” The Sidereal
Messenger, 8 (1889), 199.

3. Quan itative evidencs to support this conclusion is difficult to find. One crude ;
measure of the comparative strengths of the different astronomical communities is the
cvaluation of the Royal Astronomical Society. In the 1859 list of Associate Members, the
United States ranked fourth, behind Germany, France, and italy, having six of the fifty
Associate Members. The free distribution list for the Monthly Notices contained sixteen
Americans out of a total of onc hundred and twelve individuals. This placed the United
States third, behind Geimany and France, Monthly Notices of the Royal Astronomical
Society. 19 1July 8, 1859), 328.335.

Sull another way is to coun: ebservatorics. Unfortunately, imctheds for dating the

founding of observateries ditfer from kistorian to historian, resulting in counts which do
not agree. However, counting only obscrvatories which remained active through 1931, 5
methow which i prejudiced against the ephemeral private observatories so prevalent in
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the United States, one historian fourd that the United States ranked second only to
Germany in the number of active vbservatories in 1860, D. B. Herrmann, ~Zur Statistik
von Sternwittengrindungen bin 19, Jahthunder,” Lde Steme, 49 (1973), 48 32

4. Ressie Zahan Jones and Lyle Gifford Boyd, The Harvard College Observatory. The
Fiest Four Direetorships, 18391915 (Cambridge, 1971), pp. 37, 50.

5. These generslizations are based vpon my detailed study f the Amcrican sstrononi
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cal community which was summarized in *The Ldueational and Intelleciual Background
of American Astronomers, 18251878 (Ph. D. dissertation, Bryn Mawy College, 19740

6. Fur Greenwich Observatory during this period, sce AL J. Meadows, “Airy and Atz
Nuture, 2533 (Junc 19, 1975), 592.39%

7. "The Rive of Astronomy in Am=rica,” American Studies, 20, No, 2 (1979, 41 o7,

B B, A Guuld, "Memair of Joseph Stlliman Hubbard, 1823 1863, Biographical
Memoirs of the Nationa!? Academy of Nciencez, {1877, 1-34.

9. Juscph 8. Hubbard, "On the (kbit of the Gicat Comet of 1843, The Astromomica!
Joumsd, ¥ (1849 18513, 10135, 24 29, 57 60, 133154, 2 (1852, 46 48, 57, 133 15,
10, Edgar j. Wiley compiber, Cstaddogue of five Officess and Students of Middlcbury Col
bege in Mabdlebury, Venmonr .. Middlcbuey, 1928, p. 166,

11, Mary to Alevander € Twining, Juie 24, 1845, Letter Book 1 ;1 309 Letten Sery,
Naval o ateey Revords, Record Group 78, National Atchives (hereatter, Letives Sent,
N.O..

P2 Muuey to Bhae Looess, July 30, 1847, Letter Book 1, po 307, Eottees Sent, N6,
13, Rutheaberg, “hducanonsl and Intellecrual Bocaground of Amesican Aatrnomen
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LT e 16. E.g, Ferguson to Joseph Henry, April 30, 1867, Officiai Incoming Correspondence,
Smithsonian Institution Archives; Joseph Henry to Gideon Welles, May 1, 1867, Official
Outgoing Correspondence, Smithsonian Institution Archives; Joseph Henry to Ferguson,

May 1, 1867, Private Letterpress, Henry Papers, Smithsonian institution Archives.
17. The sccondary literature on Maury is extensive. A sampling indludes: Frances Leigh
Willians, Matthew Fontaine Maury: Scientist of the Sea (New Brunswick, 1963); Jaque-
lin Ambler Caskic, Life and Letters of Matthew Fontaine Maury (Richmond, 1928);
Charles Lee Lewis, Matthew Fontaine Maury: The Pathfinder of the Seas (Annapolis,
< 1927); and Patricia yahns, Matthew Fontaine Maury & Joseph Henry: Scientists of the

T ) Civil War (New York, 1961).

g o 18. Contemporary opinion of Maury's major publication is summarized in john Leighly,
R cditor, The Physical Geography of the Sea and Its Meteorology, by Matthew Fontaine
b 705 o8° SRV Maury (Cambridge, 1963: republication of the 8th edition [New York, 1861]). pp. xvi-
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xxix. Extremely negative evaluatious of Maury can be found in the correspondence of his
successor, James Melville Gilliss-c.g., Gilliss’s letters to Edward Sabine, June 20. {1861},
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Sabine Papers, Royal Socicty of London; and his letter to George P. Marsh. july 19, R
X 1861, Marsh Papeis, Bailey Library, Univessity of Vermont. The Joseph Henry - Alexan .
; der Dallas Bache comespondence is another rich vein of very uncomplimentary descrip- 3
I tions cf Maury. One cxample is Hepiy's letter to Bache of November 30, 1850, Bache i
ey Papers, Smithsonian Institution Archives. -
r’ The penerally laudatory biographies by Williams and Lewis, cited in fuotnote 17, E
o represeat ohe perspective on Maury, In contrast, Leighly's intreduction to The Phivzicd
2 : Geography of the Seu points out the scieniific weakness ol the book. A very unsympa. &
Y thetic view of Maury is eontained in Nathan Reingold, cditor, Science in Ninetecsitn F
. Century America: A Documentary History (New York, 1964), pj. 145-146. l
~ ' 19. An example of the latter type of relationship with academia was William C. Bond s
:‘; (1789 1859, director of Harvard College Observatory from 1839 unil his death. Al :
. thuugh s instrument maker and s=lf taught astronnancr, Bond had been in contact with ¥
'\ the scientific faculty of Harvard since 1811, Jones and Boyd, Hurvand College Obsernva N
s tory., pp. 28 30, 40-110. )
. 20. Observatory Correspondence, Harvard University Archives. The Maury Spatks leteer I
; is quoted Ly persaibision of the Harvard Usiversity Archives. "
,-: 21 b t
s:. 22, Wilham U, Boad o Maury, Renined Copy, March 20, 1849, Observatury Conrespons ‘C
.:A: dence, Havard University Archives, Y
4] . 23 For s brict, but very weelul secount of thia period in the Naval Obscrvarory s hotor, s
' see Ste.on [ Dich, “How the UL S, Naval Obeervatony Brgan, 18301405 Siy und 1 el- l
:,'; scape, 60 (1980, 466 471 ,
:' 24. Bond's 'Laii»!iné;uph‘y appeans in Edword S, Holden, Memonsls of Mailian Coanch :
:., Bowd . wsd of b Sens George Phillips Bond . (New Yark, 1897, pp. 277 285 1
g 23, Nine of Bund's articles appeated in the fitat volume (1B48 of the Proceeding of tar ¢
‘ Americans Acadeny of Arei and Sciences. I addition, his son snd assistant, oo o 1 5
! Bond, poblished two articles in the third volume (1848] and one an the tound solumr !
x_\ 1849 uf the rew scties uf the Memoirs of the American Academy of Ares and Sevenoes, J
:‘: 26. The fint solute of the dnnalt of the Astnonomics! Qliservatory of Hamsnd Coile e |
;.._ apprated in two pariain 1855 and 1830, K
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‘ 27. Rothenberg, “Educational and Intellectual Background of American Astronomers,”

pp- 81-86,

28. January 26, 1846, Letter Book Il, pp. 76-77, Letters Sent, N.O.

29. Fcbruary 28, 1846, Letter Book 11, pp. 89-91, Letters Sent, N.O.

30. The dissatisfaction was mutual. Maury attacked Walker for wanting to select his cwn
research topics and concentrating on computation rather than observation. Maury to Elias
Loomis, April 20, 1847, Letter Book 11, pp. 243-244, Letters Sent, N.O.

31. Mordecai Yarnall recorded his complaint about observations “lying useless™ in a let.
ter to Charles Henry Davis, December 16, 1859, Letters Received, Nautical Almanac
Records, Record Group 78, National Archives.

32. The progress of the reduction effort can be traced in the Gilliss-Gould correspon-
dence from the fall of 1861 to the fall of 1862 in Letter Book XIX, Letters Sent. N.O.
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Mutthew Fontaine Maury (1806-1873), first Superintendent of the
Naval Observatory, 1844.1861.




MATTHEW FONTAINE MAURY & FPIiENDS?*

Andreas B. Rechnitzer

Y Naval Oceanography Division
::'- : Office of the Chicf of Naval Operzticns

it is with great pleasurc tinat [ accepted this opportunity to relate to you,
Ladics and Gentlemen, some of the highlights in the life of the Father of
Occanography and the relationships that appear to have existed between
Maury and his peers.

Matthew Fontaine Maury was born in the Spotsylvania Wilderness on a
cold January 14, 1806. At the age of 19 he was aboard the navy vessel
Brandywine as a fresh-caught midshipman to hear the trumpet call and the

s
I}

command “all hands weigh anchor, ahoy.” The Brancywine sct course for a
one year cruise to the Mediterratican. Maury was thus off into 2 new life.
During this cruise a fcllow officer reported “tiat without assistance, he

went through a course of study commencing with the rudiments of Euclid

"

and extending to the higher mathenaties of Laplace.” Maury also started
work on a sct of lunar tables at this time, an effort he relished.

..Q.A"

- -

Returning to New York in 1830 {from a cruise aboard the Fincennes was

N

a happy time tor Maury. He had been away for {four years, and had been
around the world, probably learning more about it and his fellow man th..
any college couid have taught him in the same period. He haa also lesrsed,

ol
) 2y
a'e

r -

in widely differing climates, the role that weather plays in the life of man
and the supreme importance to the mariner of the winds and currents of the
sea. He had also gained a knowledge of practical seamanship and had studied
as much as his limited free time and the very scanty supply of books on
bosrd permiteed.

On October 6, 1830, Maury reported to the school maintained tor che
mstruction of midshipman at the New York Navy Yard, This school, how-

R e T e e T, T I T Tl T ot e s e e ol S | Sl

ever, was not well organized, disciphned, or staffed, as most senior ofticers
i the Unired States Navy in 1830 placed a low value on formal naval educa-
Lon.

* From: Matthew Fontaivie Maury: Scientist of the Sea by Frances Leigh William, Copy-
sipht 1963 by Rutpers, the State Univessity. Reprinted by permission of Rutgens Univer-

sity Press.
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46 RECHNITZER: MAURY AND FRIENDS?

At the schoo: Maury set himself to study in earnest for the examination
for promotion. The subjects on which he would be examined were Bow-
ditch’s Navigator, Playfait’s Zuclid (Beoks 1, 2, 3, 4 and 6), McClure’s

Spherics. Bourdon’s Algebra, mental and moral philosophy, Spanish or 4
French (he chose Spanish), and seainanship. :

He was dissatisficd with the teaching at the New York Navy Yard School b
and decided he could do better by studying on his own. ]

On December 22, at his request he was detached from the school and

granted an unlimited leave.

Maury daily put in long hours of concentrated work on the course of
study he had begun aboard ship and, at this time, progressed to advanced
study in the works of the French astronomer and mathematician Laplace.
Scientific rules and reasons increasingly occupied his mind.

His whole time, however, was not devoted to books, for pretty Ann Hull
Herndon arrived to visit in Georgetown. Maury was a young man who had
little trouble deciding what he liked and, once he was clear on that point, he
poured out his devotion in unstinted fashion. This was his pattern in work,
and 1t proved to be so in romance. In those winter days of 1531 Maury went
to call on Aun every night but always left before 10 p.m., when a watchman
blew a horn as a signal for lights to be put out in Georgetown.

Maury was ordered to appear on March 3, 1831, before the examination
board then in session in Washington. The examiners were officers who had
gone to sca before Fulton launched the stcamboat, which they had, at the
time, probably joined in calling his folly. They were oldline captans con-

" -
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cerned with the practical navigation of a sailing vessel.

When Mauary “was questioned as to the Junar probiem, instead of re-
prating the Bowditch formulas, after immemorial custom, he had the audac-
ity to step to the blackbourd and work out the question as a problem in
spherical trigonometry. The professor of mathematies conducting the exami-
nation got lost in trying to follow hin, and brazenly declared the demonstra-
tion wrong. The midshipnum insisted and the officers of the examining
board, knowing still less than the schoolmaster, decided atter an embarrassed
consultation to support the fatter on general principles. Accordingly they
looked as wise as possible, informed the midshipman that he was all wrong
and bade him go to sea again and learn his business Under this decision
Matthew Fontaine Maury lost two vears in promotion,

Maury's toolhardy display of knowledge may have satisfied his youth-
Sl peide. bueir pliced him low on the list and was to make T next promo.
tion two vears later than was necessary. Maury passed the ex amination but

wan rated 27dhin o class of 30 whien he could have beeaar the top The nad
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»

shipman whom he had drilled passed with a high rating. Perhaps his low

0 . . . 5 2

placement on the list taught him the folly of showing off his knowledge, for %
. . . .. %
there is no record of any later similar episode in his naval career. E
Once Maury had passed the examination he was free to pursue his own L

Y t P &

£

plans until he received orders to report for active duty.

His next duty assignment was to the Falmouth. On the Falmouth he had
a tiny statcroom to himself, just slightly larger than his bunk, but it gave him
a place to write. In this little cubbyhole he sorted his notes and wrote his
first scientific paper, ““On the Navigation of Cape Horn.”

When Maury finished this article, written in any snatches of free time he
had on the Falmouth, he mailed it to the outstanding scientific publication
of the United States at that time, the American Journal of Science and Arts,
where it was published in 1834.

Maury wrote to his brother at this time and said *I should leave Uncle
Sam and his Navy if | had any other means of making my way. decently
through the world. My pay now is ncarly $700 and in two or three years
more will be $960. At & moderate calculation, I will not be a captain, things
continuing the same, for 25 years.”

On May 27, 1834, Maury received a leave of absence. He had been at sea
for 9 years, and far from home. In July he married Ann Herndon at Laurel
Hill, about 12 miles southwest of Fredericksburg.

On April 30, 1835, he completed his textbook on navigation. A full year
later it was published.

Because of his lony standing concern about funds and promotion Maury
confided in a letter to his brother that he planned to use the publicagion as
justification for deep selection and promotion well ahead of ks peers it his
proposal was accepted he also anticipated a substantial amount of back-pay.
In the hope of carrying out his promotion plan, Maury took his case to the
Sceretary of the Navy and che President, Andrew Jackson. He saw the Presi-
dent personaily. He concurred in the proposal, but the Secretary of the Navy
turned him down, despite the fact his book largely replaced Bowditeh's work
as the Navy standard.

After cight vears of discussion, Congress authorized the Navy to send an
expedition to explore and survey *“The South Sea.” Captyin Thomas Catesby

Jones was selected to command. Maury was chosen by Jones to serve as
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acting astroncmer to the expedition. Happiness was short-lived as this post

thrust lum right into the middle of a conflice between Commodore Jones

and Lt. Charles Wilkes. Wilkes, an officer of marked scientific wbiliev, had

P

Been sent to Europe 1o buy chronometers and other saenufic instruments

for the expedition. Withes showed his animosity tor Jones, not Maury, by
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passive resistance to Jones’ request that the equipment be passed to Maury.
The wrangle over the instruments was just the tip of the iccberg of troubles
that would beset the start of the expedition. The experience nndoubtedly
prepared Maury for handling personal vendettas and expressions of jealcusy
among professionals wherein he would be directly involved.

On his way to rcport to the Consort Maury was involved in a stagecoach
overturn in Ohio that flipped him through the air from his perch aboard the
overloaded coach. A small town practitioner correctly diagnosed the injury,
but botched up the repair. This left Maury crippled and no longer able to
perform as a sca-going officer. The dry-docked Maury had spent 15 years in
the Navy and did not wish to be cashiered out. Fortuitously in February
1842 he was alerted that the Burcau of Hydrography was to be established
and that it could be headed by a civilian or officer. When Maury learned that
a civilian was car-marked for the post he could not tolerate the ides. He
pulled strings (they said wires in those days) and reported for duty as the
Superintendent of the Depet of Charts 2nd Instruments. This meant that he
now was in a position to satisfy a life-long dream to pursue professional and
scientific opportunities. At last the long waiting was over and the curtain was
about to go up on the main drama of Matthew Fontaine Maury's life.

The new man on the block was soon to encounter two additional new-
comers to Washington. Alexander Dallas Bache, the great grandson of Ben-
jamin Franklin, and Professor Joseph Henry were to become his nemeses.
Bache would lead the Coast Survey and Henry would become the Secretary
of the Smithsonian Institution. It wasn’t enough that the three would be-
come competitors for jurisdiction over applied science functions being
advanced by the burcaucracy, but the holicr-than-thou attitude of college
professors at the time attempted by innuendo o place Maury in the eategory
of *a charlatan that should be denied recognition.” Let's see how this
atfected Maury.

Bache had carlier written high praise about Maury's scientific abilities
and his teatbook on navigation. When Bache reached Washingron in 1843
Maury extended every professional courtesy and the two men were scems-
ingly friendly. However, Bache had wanted L. Gilliss to be made Super.
mtendent of the Navai Observatory: Bache and friends aever dhanged thar
opinioi that Maury should not have been given the appointinent. Bache was

also annoyed tiat Maury was studying, speaking and wiiting about the Gulf

Stream. The greatgrandson of Franklin regarded this as o sebjecr that be-
longed o his fanily, almost by hereditary right, because of “Houest Ben's”
original investgation of the current,

A dommatng dharacteristic of Bachie was fis desire to win men o
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personal allegiance to himself. Bache soon realized that Maury was not a man
who would subject himsclf to his personal magnetism nor have time for gath-
cring weekly with other men to wine, dine and talk.

Bache’s ambitions, jealousies, and especially his fear that Maury’s rising
fame as a hydrographer might yet cause the Coast Survey to be placed under
the Navy arc understandable grounds for his enmity of the Superintendent
of the Naval Observatory and Hydrographical Office. It is difficult to see
how a man of Bache’s intcllect could have justified the inconsistency of his
thinking in insisting that the only worthy scientists were those dedicated in
utter purity to “principia’” and “theoria”, when virtually his whole work

from 1843 until his death was in applied or practical science~charting the

coasts, supcivising weight and measures, and serving on the lighthouse board.
Similarly, Joseph Henry, once he took the Sccretaryship of the Smithsonian
Institution, did much to encourage others to pursue pure rescarch while he
personally worked on practical rescarch projects.

Recognition of Maury’s contributions came mostly trom appreciative
Europeans, who were undoubtedly shiclded by an ocean from the atutudes
and prejudices described above. In contrast, he was so honored by most of
the learned socicties of Europe that he soon carried a chest full of medals.
This is not to imply that he was ignored by the United States. Maury was
awarded a recognition from the academic world that gav: him a sense of
support -an honorary LLD from Columbian College (now George Washing-
tion University). This coupled wich the LLD he had reccived from the
University ot North Carolina strengthened his hand.

The message is clear-whenever a nian accomplishes work so obviously
meritorious that be is acclaimed by both the general public and his protes-
sional colleagues, there are always some associates who for their own reasons
are critical. In Maury’s case, they also included old sea dogs, his fellow ofii-
cers, who disapproved of having scientific methods introduced to the Navy.
Some officers resented Maury’s being hept on duty at the Naval Observatory
and Hydrographical Ottice while they had to go to sea and leave their tann
lies for long stretches of e, A handful of officers disliked him personally
and begrudged his tame. A trenchant example of their application of soire i
reflecred inan official communication to Maury on Seprember 19, 1855, A
letter from the Secretary of the Navy James C. Doblbn, statimny:

The Board of Naval Otficers assembled under the act 1o promore
the etticieney of the Navy, having reported you as one of the afticers

whe in thetr Judgment should be placed on the rescrved st andg i

findings of the board having been approved by the President, w be
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comes my duty to inform you that from this date you are removed

AP 2,

from the active service list.
You are, however, not detached from the Naval Observatory. 1
avail myself of the authority cf ihe law to direct that you continue

e e

Saa)

on your present duty. Y

- If the development Lad not been so serious, Maury could have appreci- o~
f_:: ated the irony. The reorganization for which he had personally worked nad ::::
::‘ . climinated him, one of its mentors. He could hardly believe it. .
. Next day Maury wrote Sccretary Dobbin. Secretary Dobbin replied that ‘;::
s o o) -" 3-¢': the late Navy Board had reported no reasons for the decision or. Maury and ‘
:‘:‘_' e - therefore the department could not grant Maury’s request to be informed )
S as to what accusations were made or who made them. Further, Maury {\
:.::. learned that there was no records kept of their screening deliberations. o
> The arbitrary and capricious action of the 1855 Navy Retiring Board -

resulted in a flood of officer appeals. Two and one-third yeurs later Maury

X

was vindicated and appointed Commander, as of 15 Seprember 1855, The
backpay was more welcome than the belated promotion but hardly wordh

D

the agony. The battle had taken a heavy toll out of Maury’s spiric and crea-

[
)

e e - -

tive energy. It had been a shock to him to learn the lengths to which person-
al dislike or personal ambition could drive tellow officers. Even Senator

R T Mallory. author of the bill to establish the Navy Retiring Board, turned from .
being a staunch advocate of Maury to an enemy. Two other senatons who :ﬁ'
had sat on the board also were men not ape to change their attitedes tor :::
faving lose a bacle. :-‘

When Maury had firse taken charge of the Depot ot Chares and hetru- s

e weats in 1842, he had started his meteorological work ona sl scale, g

,'"":*-‘ e % When consulted in 1851 by the Secrerary of the Navy concernnyg Britain's t_

‘»l;‘ 3‘.:-‘3 v proposal for ajoint action on Land mcteorology, Maury had recommended W
upERERe that an nternational conterence should be held to coustder @ universal sy

) 3 tew of obuervitons for both land and se.. When Joseph Henny learned ot

this trom Maury he purportedly became dianeed. Henny's cohore Budhe

L} A

. appeared i the act to propose that there be a division of tuncoanat respon 5
.. . - [ . . a T
- bilities :m'tcnmingy that would limic Maury’s area of tluence, The areas N
:: were ta be as fellows: 1 the Anmy takes the west, 20 the Smithuannn the v
A east, (33 the Britinh Government thie north, 4 the Observatory the sea, (5) .-

the returns of all given to e sncithsoman, {
£ Whatever hopes or iHasions Maury may heve harbored concenn: foseph q
:. Henny s and bhely Bachie's atirude toward i were at an cnd whon Henny X
s i;‘;%’i.i)’ announced that he conadered Manny netther ascrentes nor Cpable -
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RECHNITZER: MAURY AND FRIENDS? 31

of devising a meteorological plan for the land. Henry and Bache even stated
that there should be established a “high tribunal” of men dedicated to pure
science to sit in judgement on their fellow scientists, or “pretenders” to
knowledge as Bache considered most of the American scientists such as
Maury who were outside the coterie of which he and Henry were lcaders.

The Civil War, in a way, brought relief to Maury from his Washington
tormentors. He returned to Virginia and the Confederate cause.

Maury wrote his own resignation and dispatched it to President Lincoln.
Then dressed in a black broadcloth civilian suit Maury walked out of the
United States Naval Observatory and Hydrographical Office, on 20 April
1861. His heare was bursting with emotion and he made no effort to hide the
tears that ilow=d down his cheeks. On the Virginia banks of the Potomac not
far from wiere he had gone aboard the Brandywine in 1825, Maury turned
for one long las. look at Washington. What was past was no prologue for
him-it had been Jife itself--work attempted, work achieved—the power and
the glory-the hate and the spleen—hurt and disappointments—but always
the opportunity to piess on to further knowledge.
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JANICZEK: TRANSIT OF VENUS
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A single set of proot pages is all that ramains of the official effort to publih experiences
and data acquired by the cight chserving parties tonming the United States expedition to
observe the transit of Vonus in 1874,
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REMARKS ON THE TRANSIT OF VENUS EXPEDITION OF 1874!

P. M. Janiczek
U. S. Naval Observatory

Let us at once dispel any notion that I am qualified to speak to you as an
historian. | am not. It happened, however, that my attention was drawn a
few years ago to a long neglected document, and my curiosity as to che cir-
cumstances of its creation and subsequent fate led me deeper into our sub-
ject. The document itself was a carcfully detailed report, the only copy
known to exist, part of a larger work,? for which the scientific community
waited in vain until the work had lost all impact and importance.

To appreciate the significance of the subject, to put it into perspective,
it is necessary to consider some of the history of the Venus transits, attcmprs
“to observe them, and the ends to be attained.

in all history humans recorded only six transits of Venus across the face
of the Sun, What follows may give some credence to the idea that whenever
astronomers reach a fever pitch of anxiety in attempting to extend the accu-
racy or quantitative knowledge of some fundamental constant, Nature and
man-made circumstances appear to combine to frustrate the cffort in direce
proportion to the scientific energy expended. Part of this may be understood
by imagining, with the aid of recent pictures from space, that onc has a van-
tage point from which the Earth can be watched. Two things would be noted
at once: ours is a beawiiful blue planct, and it is cloudy most of the time.
Astronomers have known this for a long time, They have often tried to in-
crease the chances for success by sceking out numerous and remote places
noted for clear skics. Nevertheless, infrequent and transient astronomical
events continue to elude observation on acceunt of weather. The frustrations
of liuman manufacture will be evident as we proceed,

The first transir of Venus that could be observed with a telescope was
that of 1631, It was night in Europe. By 1639 when the second transit of
the eight-ycar pair was to occur, there was at least an issue to be decided.
There were a set ot planetary tables by Philip Lansberg which predicted a
transit for December 3, 1639, In contrast, Johannes Kepler had declared
that after the trausit of 1631, there would be no other until 1761, The
works of both men were known to Jeremiah Hotrox, a young Englishian.
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54 JANICZEK: TRANSIT OF VENUS

He determined that, although Kepier's predictions were in general more ac-
curate than Lansberg’s, the possibility of a transit was worth serious consid-
cration and modest investment of time. Horrox tried to refine Lansberg's
predictions, making his own cbservations and adjusting the tables according-
ly, a process not unlike that used today, but without benefit of the caleulus
or a viable theory of errors. Horrox could not, however, disentangie the actu-

al precepts of Lansbery's tables from the all-pervasive “pretensions to uni-
versal accuracy™ and self praise which “*overloaded™ the work. He abandoned
that process, deciding in favor of several days observations bracketing both
the time predicted tor the wansit (Dec. 3, Lansberg) and the close conjunc-
tion (Dec. 4, Kepler). Horrox watched the Sun throughout the third, but no
transit occurred.

December <4 arrived, as did the transit. Horrox was at chiurch when most
of it wa visible. He was called by some Liter writers the futher of English
astronomy; but being an astronomer, he nevertheless had to carn a living by
other means, wmuch the same as the general situation today. Horrox was,
therefore, u curate and bound by obligations of that oftice. He hurried to
his lodgings atterward, arriving at about 3:15, and finding Venus upon the
Sun. He observed what he coald of the transit, bue m his locale, in dhat part
ol the year, the Sun sets betore four o'dock. Since he could not see ghaed
and fourth contacts, he could not obtain a measerement having any quan
titative statement. But he had done muach. He had ricd more, by calling the
coming event to the attention of a number of people. As Tar as we know,
however, he and perhaps one of those with whon: he commumcated were
the only witnesses; and Horrox had almost missed 10 by being ehsewhere. !

Around 1700, tansits of Venus lwgam to tuke on added importance. e
was suggested that, i observed at points near the ity of vaibilinn on the
Earch, they might yiedd an accurate value tor u fundamentdd quanony of
astronomy, the parallav ot the Sun. ur the mean Earth Sun distance, Cou
siderabie enthastasin greeted the next tramsie par whinch occurred e 1761
and 1769, 1u 1761, the French astronoier LeGenal was near Madras tor the
event; but on the day betore tie transit, e was kep. from genting whore by
an Euglish man-otwar and he missed che specracle. Fhe later Astronomer
Rn_\.tl. Nevil .'»laskc";)'nc. did observe 1t from St Helena, and Clieles Mason
and Jeretiah Dixon were sent out by the Royul Sodiety in London tos the
same purpose. The latter parr, however, soon after getting underway, ran
into a Frenci frigate, which encounter left 11 Englab sadons dead and ix
wonded, That was too much For Mason and Divon, and the Vv detetiined to
catl an end e the adventore. The Roval Soaety comndaed the pooatde em
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municated their concern to the frightened pair in strong terms. They acquies-
cd and went off to obscrve the transit.

By 1769 we find LeGentil still in India, where he had in the interim
founded a successtul business in order to support himsclf. The day of the
transit found him happily sctting up his instruments, ready to observe in
the most beautiful weather available anywhere in the world, and in particular
during a season of clzar, cloudless weather there. Just before the trausit,
clouds formed; it rained and continued raining until the transit was over,
whereupon the rain ceased and the skies cleared. Meanwhile, Captain James
Couk enjoyed the opposite fortune in Tahiti, where hie had established two
observing posts for the event. Observations were also made in American
colonies by its amateur scientists. Their reports were as good as (or no worse
than) those made by protessional astronomers enjoying official patronage.

The question of the Sun's distance was not settled by the 18th century
transits, and the solar parallax still awaited a good determination when in
1874 numerous countries seat out expeditions to remote parts of the Earth
to observe the first of the 19th century pair. Details of the general prepara-
tions made by the United Stares are treated clsewhere® 1t is important to
note that plans were made at the last minute and dhat the U. S, effore differ
ed in another important respect from others in the sense that emphasis was
to be placed on photographic observations. "This must have been considered
by many to be foolhardy; photography had not yet been accepted tor any
sertous scientific purpose. The idea was nevertheless adopted by the Commis-
sion on the Transit of Venus, which drew to iwself some of the brightest
minds of the age: Joseph Henry, Benjamin Peirce, Simon Newcomb, William
Harkness, George William Hill, Asaph Hall, Henry Draper and innumerable
others, including scientitically minded Superintendents of the Nuval Observa
(ul’_\‘.

The plans of all navonal expedinons had at least one common teatue,
Detatled reporss were to be made not only concerning the minutest details
of the observations but any other saenufic knowledge obtunable as well,
The reports were eventualiy published by the varivus countniey whicli rook
Pt In some imstandes, these ran 1o several volumes whose conseler_ble buik
iomepressive. The United States wus to publish 1t compiete repors m thiee
ot four volumes, Volume 1 has actually been prnted, but it contanm onhy o
sutnmary .

At thin pot, I would hike to engage i a kind ot traveiogue i which
telance will be placed on the unpublnhed tecotds of the Tranur of Veuus
Comaibsteon wad on p!m!n:,;x.;iih\ pru\ninf [x} desvendants of sone od the
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Fig. 1. Part of the 1874 Transit of Venus party at Viadivostob, Russia. The figute at b

center is Asaph Hall, chief of the party. i
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The northernmost site occupied by the United States expedition was at
Vladivostok, Russia. Figure 1 shows some of the obscrving party. In Figure
2 we sce the town itself. With a little effort. one can make out the cquator-
ial house and the arrangement of the photograph sheds, to be scen more
clearly in later photographs. The ship in the background is probably the
U. 8. S. Kearsarge, which delivered the party.

Figure 3, from Nagasaki, gives more detail concerning the photographic
apparatus. The instrument was designed as a reflecting telescope of some 40-
feet focal length, the focus being at a photographic plate holder inside the
shed. Photographs, when taken, were immediately carried into an adjoining
room of the shed for developing. The barrels seen in the figure contained
water for the photochemicals. Figure 4 shows the heliostat part of the
photographic telescope. “The mirror is in place, and is nothing more than
two clear glass plates set at an angle, so as to reduce the amount of sunlight
and to climinate multiple reflections. What at first appears to be a pile of
trash in Figure 5, is on closer inspection an exhibit of the appliances used to
support the developing and fixing of the photographic plates. There also can
be seen the photographic house and, to the right, the iron gas pipe used to
measure the focal length of the heliostat. The familiar instrument in Figure

2 H 1 . 3
Fig. 3. The Napasht obrecvng ste, with the heliontat viuble at lett and e phe gy
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Fig. 4. A closc-up of the heliostat at Nagasaki.

Fig. 5. The photographic horse and materials far developing photographic plates ds
pl;a"!cd at N.lg.u‘;rk!.
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55 Fig. 6. Clark refractor at Nagasaki. Fig, 7. Stackpole “broken™ transit instrument.
N o : . .
% 6 is a five-inch Clark refractor, equatorially mounted. The United States

party dia not neglect visual timings of the eveat, despite the emphasis on
photography, und the five-inch telescopes were the official instruments for
that purpose.

Much of the value of any observations depended upon accurate know-
ledge of the site Jocation. Since the geographic coordinates of remote loca-
tions were known crudely at best, it was an integral part of the mission to
determine coordinates by celestial observations. For that purpase, euch party
was cquipped with the required instruments: a dock and a “broken™ transit
(telescope). The latter is shown in Figure 7. It appears to have been a hand-
some instrument. The observers were rather unhappy with the performarce

"

of the transit and none of the msiruments are known to have survived their
original form o the present.* Some observers sook along more reliuble in
struments which they obtained at their own ividative. The Nagasaki party
did not neglect the beauty of the country, and Figure 8 is a view of the har-
bor arca. An interesting detail in the photograpli s a teleraph pole. George
Davidson, in charge of the party. was a strong proponent of the telegraphic
determination of longitude, and he engaged this method while at Nagasaki.

SAERMLT LT @ W KT X CEEERY v o sce vie - YA TN W 8 SN AR ST TR S——

i

*Note added i 1983: Two of the broken rransit instruments have nov' b niound nnd ,

.

are in the historical instrument collection of the Naval Observatory, y
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B I R SR The history c. efforts to fix longitude telegraphically is incompletely known
and deserves comprehensive study.

We stop briefly at the capital city Peking, where James C. Watson and his

party worked. Figure 9 is one of the few graphic mementos of their visit.

Perhaps the taking of informal photographs was frowned upon. On the day

of the transit, when a spot appeared upon the Sun, a mark appeared upon

the face of the Chinese Emperor. This last mark was symptomatic of some-

thing quite seriously wrong with the Emperor’s health. Although a youth, he

lacked sufficient vigor to cope with the illness and he succumbed. There was

enough superstition among the people to associate the two events. Moreover,

e power was taken by the Regent. As the Americans viewed both devclop-

T ments, hasty withdrawal secnied their prudent alternative. In this they were

assisted by the French party, which remained in Peking and suffered no iil
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consequences.

The three stations mentioned were the extent of the United States’ com-

mitment in the Northern Hemisphere. Five groups were sent to the Southern
Hemisphere. The remaining photographs which 1 have obtained have come

from (unofficial) efforts of the photographers assigned to the southern par-

tics. Muny of the photogiaphs were to make public appearances as stercop-

ticon slides, reproduced and oftered for sale by the same photographers.

_ Irvin Stanley was at Kerguelen Island in the South Indian Ocean. He and
W. H. Rau, who was at Chatham Island, exchanged copics of their work.
' During the 18th century, it was usual for voyages of exploration to Lave
artists and naturalists among the ships’ complement. Sketches, drawings and
paintings returned with the adventurers and enhanced their reports. Similar
opportunities were lost in 1874 when most expeditions were ill-equipped for
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Figure 10 (like most of the remaining slides) was copied from a stereop-
ticon slide having a sepia-like tone. Tt is a scene from Kerguelen Island. 1t
looks grim, forebading, barren, and according to first hand accounts, satis-

T ficd those qualities in fact. Figure 11 is the transit purty camp. A more oy pi-
cal scenc is thae in Figure 12, The place was deseribed by Captain Cook s a

ol R Rl |

land of desolation. 1t became miore so after Cook left it, for his meps were
ased by others who later decimated the wildlife. Among such commercial

adventurers were whalers, who supplemented their diets by the cabbage
shown in Figure 13. This is an interesting plant, for it is wind poliinated. It
had to be thus, since there were no winged insects on the islind.

Chatham Island was at least inhabited. Figure 14 taken there, was anno

tated ““Waurckauri, 14 miles from camp” by Rau. In Figure 15, Bill Lennent,

. ey Ry PR Y Y

a whaler shipwrecked in 1842, is shown with his Maori wifc, Concavably,

.
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Fig. 14. W. H. Rau’s
photograph of *Waure-
Lauri, 14 miles from
camp,” Chatham Island
in the South Pacific.

Fig 15. The American
whaler, Bill Lennent,
with his Muori wife, on
Chatham Island.
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Fig. 16. Residence of
Mr. Ernst, a missionary,
about nine miles from
the observing site on
Chatham Island.

Fig. 17. Skulls of
“Moriari. aborigine of
Cnatham Island™ and
ot a Maori, Chathamn
1shand, “devourer of

Moriari,”
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Fig. 18. Lake Wakatipy, from the observing site near Queenstown, New Zealand.

i 19, Bullera Strect, contral town area, Qeecustoan, New 2 aland
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they were married by Mr. Ernst, a missionary who arrived in 1844 and whose
residence is shown in Figure 16. Gripping contrast to impressions of pastoral
serenity is provided by Figure 17, which reminds us of a dark history. The
crude, clinical arrangement of skulls is augmented by cards offering a terse
explanation. One reads, “Moriari, aborigine of Chatham Island’; the other
states simply, “Macri, Chatham Island, devourer of Moriari.”

If global weather conditions affecting all expeditions were to be sum-
marized in two words, those might be “generall” -~ ~r.” A notable exception
was cnjoyed by C. H. F. Peters and his party v.. ... v Zealand. It was widely
reported thit the weather there had been so bad that no one in New Zealand
nad scen the cvent. Peters located in Queenstown, on the shore of Lake
Wakatipu, where Ge in fact enjoyed ideal weather. From his obscrving sice
comes Figure 18, showmg the lake and mountainous surroundings. The town
is not evident in chis photograph, but some idea may be had from Figure
19, which is a part of the central arca. One may imagine that Peters’ party
enjoyed their stay; Queenstown prospered to become a favorite Southt I land
vesort. All this, and science too.

Scarching for the actual transir plates was to become a trustrating exper-
icnce. Some have turned up recently, although it is not certam that they
came from the 1874 expedition. Figure 20 is typical. Venus is at the top (the

Fig. 20. Transit of Venus plate.
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other marks are not nccessarily sunspots). A rescau, or acty m. Hf paralle!
lines, was imprinted onto the glass plate. The heavy line through the center
is the shadow of a piumb line used to orient the platcholder and image with
respect to the vertical.

Interest in Venus transits for determining the solar parallax waned after
1874. Except for the United States, all countries had relied upon visual
obscrvations of contact between the limbs of Venus and the Sun. Asan the
case of the 18th century transits, these were widely discordint. Improved
instrumentation and practice with foreknowledge of physiological effects
had not produced the hoped for advantage. Disappointment was widespread,
and the whole enterprise deemed generally a failure. Of the United States®
pian and its validity we cannot know. Certainly there were many painstaking
details which had to be reckoned with regard to the radical application of
photography; there were determinations of instrumental errors to be made;
geographic locations precisely wanted. There was a considerable etfort made
at first. In view of all the difficulties, mostly not of a seientific or procedural
kind, the U. S. cffort could not be sustained, while the years between 1874
and 1882 saw preference being shifted to other methods tor determining the
parallax. By the time of the 1882 event, the level of urgeney had declined to
the point where expeditions were sent principally for the reason that icwas
the thing to do. Of course the skies were then propitious for nearly every
observer.

One man never lost faith in the vaiue of the 1874 photographic obscrva
tions. Knowledge of him today is as faded as the detailed history of the UL s,
expedition. He is William Harkness, who eventually became the Astrononi
cal Director of the Naval Observatory . His accomplishments were many and
varied, Among thenr, the spherometer caliper, an indispensible tool m insera-
meut and machine shops, he invented to messure pivots of tansit st
ments. He participated in the design of e sixcinch transic cirele at the Ob
servatory, and was intimately involved in the Observatory's relocation m
1843,

For several veurs, Harkness Labored alone over the reductions ot the
wramsic observations, Although he was overtiken by other dutios and cares,
there iy some evidence that the complenon and publication of the resulis of
the 1874 expedition were goals never far trom his mind. arhnes Pigure
215 deserves to be better known. 1 hope that . enlightening or detmzive
study of Harkness will someday be written. As source matenal, there are
four volumes of Harkness' letters and scientibic writings ar the Navad Obeer
vatory, which el stands us a part of by crcative ontput The e e

the Unmivessity of Rochiester is anather repositon.
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21, Willian. Harkuess (1837 1903), Naval Observatory astronomer, 1862 1899, and
first Astronomical Director, 1394 1899,

L osmg, | would Bike to read pare ob a paragraph trom i address given
by Haerbieess betore the Amciican Avsactation for the Advancement of

NS, PHICT G the transit of 1352,

Mo e iy on lh(‘ eve of lilc NI T8atinit o o [ARTEIN Attt \\il!d!
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apon the Eath and dhe June lowers are bloommg in 2004 When the
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favi it season oceunted, the mrellectual world wos aadening
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has led to our present advanced knowledge was just beginning. What
will be tire state of science when the next transit scason arrives, God
only knows. Mot even our children’s children will live to take part in
the astronomy of that day. As for ourselves, we have to do with the
present, and it seems a fitting occasion for noting brictiy the scien-

tific history of past transits . ..

We are in a slightly more adva' ageous position to speculate than Hark-
ness or his contemporaries. Their ““children’s chldaren™ Lave left footprints
on the Moon, safely navigated the asteroid belt, and tested Venus’ surface, so
that quite likely the next transits of Venus will be but astronomical curi-
osities.

It is more 1ppropriate to comment en the significince of the U. S, par-
acipation in e 19th century events. The federal et biisbment had, ac that
time, a tradition of not directly engaging in science, unicss 1t seemingly could
not be avoided. Since other nations were commiteed to ficld expeditions in
large number, it could have been urgued that the United States need not;
rather, it could employ the resultant solar parallax to practical requircments
when it became available in the literature. The government's slow arousal
and hectic, eleventh hour preparations may be interpreted as testimony of a
strict constructionist attitude. Yet, the eight parties which were dispatched
were thoroughly statfed, wained and equipped. Amony the great nations at
that time, the United States was not a scientific leader. Had circunnstances
been kinder and, in particular, had it been possible to complete the resuls,
the 1874 expedition could have signiticandy  advanced the time when

scientific leadership by the United States was acknowledged.
Q: Were values fur the purallax ever denved fror the 1874 resules?

Janiczek: There was a value pul)ll.\hcd by D. P. Todd, I believe. Tt was pre
mature since the reductions had not been tinished. The 1882 tramit e aeles
were printed, as far as | know, only in a report of the Secretary of the Navy
tor 1889, and | suppose that satishied the requirements of the workl ina lrg.:l

sense, altheugl certamly notin o sdientitic one.

Q: ve been told thatain 1879 there was a publication i the Congrewionad

seties on the 1874 transat produced by Newcomb with values of thie parallay

Janteseh: That had o be a prefiminary value. Newcomb himselt cLinmed the

work was never fintshed.
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72 JANICZEK: TRANSIT OF VENUS
NOTES

1. For a somewhat more detailed account of this subject, see P. M. Janiuzek and L.
Houchins, “Transits of Venus and the Aaerican Expedition of 1874 Sky and Tele-
scope, 48 (December 1974), 366-371.

2. The title of the complete wurk is Observations of the Transit of Venus, December
8-9, 1874, Made and Reduced Under the Direction of the Commission Created by Con-
gress. Part 1, “General Discussion of Results,” was piinted bearing the date 1880. The
document referred to Lere is Part 11, “Observations,” of which only a single copy >xists as
two bound volumes of page and type proofs. Part I, containing the discussion of the
lengitudes of the stations from occultations and other sources, and Part IV, conzaiiting
the photographic plate measures, have new been found in any form.

3. One would like to know more about Horrox with greater accuracy. | have not been
able to examine ary of his writings except via quotations embedded in warks which are
less than scholarly and which, together, lead tie reader to some contradictions.

4. Literature describing the 18th century transits is not wanting generally. The work by
Harry Woolf, The Tran::is of Venus (Princcton, 1959) is an authoritative account. New-
comb, in Reminiscesuces of an Astronomer (Boston and New York, 1903). highlights
several of the misfortunes. while devoting Chapter 4 to the subject in general.

5. E.g., lapers Relating to the Transit of Venus in 1874 (Washington, D. C., 1872).

6. Figures 1-9 were found among various collections at the Naval Observatory, as were
Figures 18-20. Ruth Haskete Stines, author, genealogist and descendent of Irvin Stanley,
one of the expedition photographers, has provided Figures 10-17 and many others, in.
cluding some from the 1882 transit. Marshall Pywell, a descendent of William Reddish
Pywell (the transit party at Campbelltown), kindly provided Figure 22,

7. W. . Horigan assembled a typewritten 30 page *Memorandum for the Supennten-
dent (Naval Obsarvatory) concerning the origin and operations of the U, S. Transit of
Venus Commission” in 1922, It is comprised chictly or extracts from reports by the
Commission and the Sccretary of the Navy. It also reproduces o letter, Jated 1891, by

Harkness indicating his intentions to complete the work of the tansit expeditions,
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SIMON NEWCOMB’S RCLE IN THE ASTRONOMICAL
REVOLUTION OF THE EARLY NINETEEN HUNDREDS

Arthur L. Norberg
National Science Foundation*

Introduction
In honor of the 150 years of the U. S. Navy’s role in astronomical affairs,

through its many modifications from a depot of charts and instruments to

the present form of the Naval Observatory, I would like to focus here on one
context of its activity: the development of planetary tables and position
constants. The rescarch for these tables and constents was performed in the
Nautical Almanac Officc at a time when it was independent of the Naval
Obscrvatory, but in the same administrative branch of the Navy.,

The greatness of institutions such as tle Almanac Office can sometimes
be appreciated through the greatness achieved by persons active in those
institutions. In the case of the Almanac Office, we can appreciate a part of
its greatness through a study of the cfforts of Simon Newcomb, Rescarch
cfforts on planctary table theory reveal Newcomb's role -and the Navy's
part- in the opening salvos of the astronomical revolution of the 20th
century, a revolution that is still unfolding. And, in keeping with this cele-
bration, the context illustrates one of 22 zigulficant arcas of the Naval Ob-
servatory’s and Nautical Almanac Office’s contributions to this revolution,

The research program on constants and tables at the Almanac Office in
the last third of the 19th century was led by Newcomb. The task wis an
iminense one, and involved the cooperative efforts of many astrononsers
throughout the world. Newcomb's planning for and coordination ot this

work brought hinn greatness. When contesaplating how tovelare brictly the

details of this important program so as to justity his colleagues’ view of

Newcomb's preatness, and techng overwhelmed by the amount of aceanl |
was reminded of 4 comment by Charles Savders Pewee on greatness, He
wrote:

oo the way o judye of whether a pim was great or notis to put

aside all anadysis, to contemplate atteniively D hife and works, and

*Now Directon, The Chardes Babbape institute, nnenity of Mianesta
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76 NORBERG: NEWCOMB’S ROLE IN ASTRONOMY

then to look into one’s heart and estimate the impression one finds
to have been made. This is the way in which one would decide
whether a mountain were sublime or not. The great man is the
impressive personality; and the question whether he is great is a
question of impression.!

Let me, then, offer such an impression by concentrating, first, on the outline
of the plan and, second, on the reaction of astronomers to the rescarch
results. Even this brief reconstruction reveals several things about Newcomb
that contributed to his greatness: his intellectual prowess, the force of his
personality, his organizational ability, his view of scientific research, and the
attitudes of his contemporaries toward him. At the same time, it illustrates
a significant contribution of the Almanac Office and the Obscrvatory.

Newcomb's Research Program

The basis of all measurement is an accurate knowledge of positions; yet
throughout astronomy’s past, no tables represenicd the positions ot bodies
accurately tor very long. In order to determine whether this difficulty is the
result of theory or observation, it is necessary to have a good set of rables
for compaiison, and to refine the reduction of obscrvations as much as
possible. Addressing himself to this point in 1882, in the first announcement
of the design for carrying out his planctary program, Newcomb stated that,

I we are to determine what unknown causes affect the motion of
the plances che first step is to prove that there is really a discordance
between the results of observations and the results of the theory of
gravitation. The first step toward establishing such a discordance is
the construction of tables and tormulae of which we can say thac
they are beyond reasonable doubt the results and only results of the
gravitation of the known bodies of the solar systen. The necessary
conditions which such tables and formulae must satisty are thae

they shall be founded vpon unifons clements and data, and that the

resalts ot employing the adopred elements shall be caried oue wath
Al neeessary precision. Now, not only has this requirement neva
beer fulfilled, but the effect of recent advance fn exact astronomy

2 © i 5
lras rather been te sy us away irom its fultillent.”

Newcaomb criticized Urbain Leverrier's work, the wmost vecent sttempt o
provide a set ot tables, on the grounds that he pushed the wiblen into pros

too bt and did not use all the infonmaton avatfable to i, Phis comanced
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NORBERG: NEWCOMB’S ROLE IN ASTRONOMY 77

Newcomb that just improved tables should not be the only goal. In order to
accurately determine the fundamental elements of astronomy, it was neces-
sary to use all the material available, which had “increased 1nany fold” since
Leverrier’s tables appeared. He noted that,

The desirableness of having such tables founded on one consistent
and fully claborated theory, hardly nceds to be insisted upon. Only
in this way can it be decided whether deviations from theory arise
from its imperfections, or from the actions of unknown and, per-
haps, unsuspected causes.

Newcomb was concerned, because if Leverrier’s tables became the standard
a great part of the existing data was “in danger of never being used, unless
discussed and condensed, in such a way as to render them manageable.” This
referred to the obscrvations taken particularly after 1830.

We must cither sufter this great niass of materials, collected at great
CXpense, to go to uttcr waste, or we must spccdi]y put it in a shape
to be utilized for present and future purposes, Itis true that if noth
ing were to be added to the mass we might safcly leave it in confi-
dence that future astronomers would give it more attention than we
have. But so rapidly does it increase . . . the required work must be
that of an organization rather than that of an individual *

He insisted that all the work should be founded on all the observations avail-
able, but, in additon, on el the available discussions by other astronomers,
This would reduce its mdividual character, and allow a greater utilization of
material.

Since a deseription ot the orbits followed by the four immer plinets
required most all the fundamental constants of astronomy, Newcomb pro-
posed 1o begin with these plancts as asets In thee interactions, one needed
the muees of the planets and the elementn of ther orbits, the comuants
connected with the rotation of the Earth, the aunuai precession, the obhy
uity of the -.'diplig and 1t secular vanaton, the position of the cquinoy, and
the positions of the fundamenzal stars; one needed also the solar pavaiia andd
the nass of the Moon,

Newcomb thought that the theorcuaal wpeets of these mvestanons
would have more fasting value than the tablos Towas dhiy condlunnn dhaa
Sdmnlated Newcomb o deveiop hiv theorencal anabvas, Par s e cocb

lished o new sertes wathin thie Alanac Ottice o londle the pubhican e ot

R | ) =

ARG
.

».

AL | A

;. | LA

re
M

-
l_',\, 3

pe. o8

o
)

-y~
pE IPLIPLI R

.:‘h 5

A 8

g

e
w s 40,

s e

y TR

g i I

-~y v

oy .
v “s "5 %
PP

.o gy

[

-

. v .

. Py




78 NORBERG: NEWCOMB’S ROLE IN ASTRONOMY

his results, the Astronomical Papers Prepared for the Use of the American
Ephenieris and Nautical Abnanac.

We get indications of his desires much carlier than 1882, Lowever. Short-
ly after Newcomb assumed direction of the Alimanac, he began restructuring
the office. In the annual report of the office for 1877, written by Newcomb
only one month after assuming the Superintendency, he wrete that,

The most urgent want of the office at the preseat time is a set of
tables of the Moon and planets, corresponding in accuracy to the
present state of practical astronomy, and founded on entirely hemo-

geneous data.

To justify this statement, he commiented on the tables in use in the tol-
lowing way.

The tables of Mars, Jupiter, and Saturn, now used in the preparation
of the Ephemeris are all more than halt a century old, and the only
recent ones existing are those of Leverrier. These have never been
introduced in the preparation of the Ephenenis beciuse their form i
such as to render them extremely inconvenient in use, and v is
doubtful whether they fulfill the requirements of the istronomy of

the present day in respect o precision.”

He wrote this at a time when the ephanerides of Europe were conterpliting
the introduction of Leveier's work, Newcomb finished the report by st
ing thac 1! e whole appropration for the next fiscal year were approved,
“the object in question can be commenced as sooi as that appropriation s
avarlable.”

()n_M.n_\, 13, 1878, Newocomb wroie to Alexander Aginste 1 (.'.l'n'nr'.ligc.
Massachunetts, that e was “potting l;:ixl}‘ under way ™ the theontes of the

One of Newcoib's tast SLepPs was a |v|upmmi revinion

of the lf‘uiwm.'ri\', lo impm\x i1 usefuloess, avd to hice some nae of the

planctiny wotion

computers for other work, He submited to the astronomens o dhe connny
fifteen supgested cinges, dhae ranged rom the omissien ot 0 data tor
\\'.whiu;,;[nn meair noon, to the addinon o heliovene Toneriade, Line e,
andd radius vector values tor all dhe pl.mrzx. Ditferences ol CpIen arose an
somie of the ])uill(\. and the prn;\nwd \h.m‘.__;c-‘ were reterred to ot e
of the Naticaal Acadenny of Sciences. This connmittee stotained e o1 1l

recommendativn and sugpested wadittcatioms of toe ot Wi e

H b : 5 . 0
comb e parated mthe abimne for 1882, pubinhod e 157
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NORBERG: NEWCOMB’S ROLE IN ASTRONOMY 79

The new structure of the Ephemeris required less calculation, so the
office personnel could spend some of their time on the new planctary pio-
gram. In addition, Newcomb hired some new help, with funds from an ap-
propriation for the computation of tables for planets {i.e., minor planets)
discovercd by American asironomers. Newcomb interpreted the terms of
this appropriation rather broadly, and used some of the funds for tables gen-
crated by American astronomers, regardless of whethier the planets were dis-
covered by them. Eventually, he successfully lobbied for an appropriation to
cover the planctary table work itself. The eriginal amount of this latter
appropriation was $3,000, and over the next 15 years it fluctuated from
$2,000 to $9,900 per year.

One regular assistant of the office, George W. Hill, was assigned the work
of Jupiter and Saturn. He coordinated this work with Newconib's intentions
for the entire program, but, essentially, he was free to generate the tables in
his own way. This was a massive task and it took Hill ten years to complete
it. Newcomb divided the rest of the work into two parts: the inner plancts,
as we noted above, and Uranus and Neptune; but, for the motion of these
last two plancts Newcomb felr that only updating of his carlier tables would
be required when the rest were completed.

Newcomb's program for the analysis of the notions of the ineer planets
can be sunumarized in the following way.® First, he discussed the computa-
tion of the general perturbations of the planets. For the four inner planets,
fourteen pairs of plancts had to be considered, because of the effects of Jup
ter and Saturn on the ier planet, as well as their own mteractions. One
mnportmt clement i sorting out the perturbations of the planets on cach
other was the nuss of Jupiter. To determine dhis value, Newcomb uued e
interaction between Jupiter and the asteroid Polyhvimia, discovered i
1850 This asteroid made a near approach o Jupiter in 1885 and reachicd
pcril\cliun i 1888, so Newcomb was able 1o we chservatons of it nom
1834 to 1889, Secend, he undertooh the re reduction of the oldor ob-crea
vons, ad o discession of the Later ones to reduce them to g unitorm ssten,
fic rereduced a\l.nk:‘\_\'nc'n Greenwich observattons from 1763 10 1811,
wsing modern datas and he did the sanie for Prizars obsenvations ar Pulorno
tor 1791 1o 1815,

To save time, he warrted over Aswer’s reductions of Bradiov s obaciva
tois of 1750 to 1702, ad Auy's reduc ton of Paond's obsernvation. o 1512
to 1350, as well s Leversiers reduction of the Parn observatrans from 1500
to 1875, and Beals redicnon of the cbaenaions at Rv":;\";,"\h\ e b o857
oo Eao, To thowe Nowoomdy added his awn reduction o s Ghe o con,

| . 0o
iade at cver a o dosen obbenvatones.’ THhe totad pumbor o obsarcanon s uin
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80 NORBERG: NEWCOMB'S KOLE IN ASTRONOMY

{ mately used for the four inner planets was 62,030.
Third, since Leverrier’s tables were in use in the ephemerides of Europe

from 1864 on, Neweomh decided ta calenlate places for the planets prior to X

. . . %
1864 from these tables also. He began with Leverrier’s formulae, partially %
reconstructed them, and recomputed the positions of the four inner plancts .

Sy

and the Sun. From these manuscript tables, Newcomb calculated a set of
clerhents, which he employed as the provisional elemerts in the develop-

L
-’
¥ o

)

ment of his own theory. Several supplementary tables were also generated.,

LA

a4

such ag those tor changing the Sun’s positions in longitude and latitade 1o

Lox

right ascension and declination, and changing the larter from Greenwich het
1 mecan noon to Greenwich apparent noon and then to apparent noon at the E
obscrvatories *hose observations were to be used. His final resuits embraced :‘_._
a complete revision ¢ the elements of the planctary orbits and the masses of
the plancts, as weil as che principal constants of reduction, sucl as solar par-

allax, precession, aberration and nutation.'®

Newcemb combined exceptional talent for reducing observations to a E.
unitorm system, thereby ticreasing their utility and reliability tor cnipirical

correction of the clements of an orbit, and reducing the equation: of condi- o

. . tion by least squares so that they contained a miinimum of error. Neverthe- i~
! less, sometinmies he placed too much taith m the work of another, and crrors ;
crept into his final results, "

; 2 e e 2 The problem of observations, with respect to buth number and Gualicy, e
i was perhaps more severe than that of dhe development of theones tor the ':.‘
plancts. In order te reduce these observations for use i the equatioas of -
o condition, Newcomb had o adopt a highly aceurate refercnee system of ';:
¥

stars. Although pleased with the work of Arthur Avwers ac Berlin, who
..:.,\c:uh?cd o li)t ui- lilc riu;lt ascemsions of refercuee S {nr !;u‘ cpe ii Y87,

at the behest of the Astronomiehe Gesellschufe, for use in the Serliner fulo

.o e
s o r

Buen, Newcomb noted that the proper motions used in the fioabh were

systenatically slower than the motions of the st used mthe Veerean

R T it b Fpiccmerns by 008 seconds per century. ! Theretore, Newsomb doveboped

X b : 1o P : { f ;l F
his own tundamental svstem tor the npght scemstons = whicn wcluded o =
the standard stars oF thie bmericar: Ephicoanandand aif the standown o i o
.
. , . , ] L oo
siveh nnenstnde, thet could e ocouited by the Moon, For e decinations, O
& ‘ » -
. ) . ' o .. 08 *
he sdopred the systom of Lowin Boss, F the Dadiey Gibsenvatorny oz Afbany, o
¥ i ) .

. . - . s R : £ 3 R
New York, which Newcomb had incorporated o the Epricee o 1981 k_
g
e e tivas of the Vpronomica C ooty o

i v N »

. Noeweomih comstantly corresponded wrtis Fowes Boe conceng 1 g

tad ad ntar sustenn to s .uiuph'«!‘ and awirir Dhavnd Gab adeo o ey gl
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NORBERG: NEWCOMB’S ROLE IN ASTF.ONOMY 81

heliometer observations, and he also encouraged and instructed both Boss
and Gill concerning the type and quality of observations he desired. On Feb-
ruary 28, 1691, Newcomb wrote Boss,

In about two years . . . my planctary work will be so far advanced
that 1 shall have a corps of computers rcady for something else. The
most urgent work will be the preparation of a standard catalogue of
perhaps 1,000 standard stars for use in the Epiiereris. [ have all the
machinery necessary for the preparation of this catalogue . .. What-

ever is done, we should work together . . Jé

“Arthur M. W. Downing, Director of the British Nautical Almanac Cffice,
wrote Newcomb in June 1894,

I am glad to hear of “he progress of your new Solar Tables, which
will, I hope, be in a sufficiently advanced state to allow of their
introduction into the Nawtical Almanac for 1900,

It will be a great advance when astronemers are abic to compare
their observations of the bodies constituting the solar systens with
tables deduced from absolutely uniform astronomical data, and |
look on vonr Solar Tables as a first step in this direetion. 1 hope you
will be able to brivg your work to a successful conclusion, and 1o
publish it without any unnecessary delay as the tables will undoube
edly prove of great service to astronomy in general, and to such an
oftice as this in particular; and the sooner they are made available ror
wse, the better 197 science.??

One year Laer, Downing agreed with Newcomb’s plan o prepare a standard
star catalogue tor 1900, and expressed “no doub’” that it would serve s a

16

binis tor an international catalogue® Shordy atter, David Gall began o

movement o stimulate cooperation among the ephemeris oftices, by pro

posing, in the spring of T894, that .« conference be held i 1890 w0 discoss

comton problems and o work out o umbied basis, fike Neweomb's, of

-

comtants that could be used 1 all shnanacs.t’

The reaction o Giil's prupnx.ll wan not overdy warnn Newcomb wel
comed 1t 1or obvious reasons, and, since the Brnsh aind Umnited States ofees
were already discussing ceoperauon, Doawning blessed the idea, The Germoon
Lo At Anwers) frowned on the proposal, wnd the Prench tool oowan
cidsee wttitudes After g turey of lecters, and o watering dowu ot the e of

oo cendersace, Phaewntng, on lanuary 28, 1875 wrate to Mauioe Lovwsy,
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82 NORBERG: NEWCOMB'’S ROLE IN ASTRONOMY

Dircctor of the Connaissance des Temps, suggesting that it would be advan-
tagcous for the principal ephemerides to adopt a unified standard star sys-
tem.

Invitations to the confcrence meeting in Paris were limited to the dirce-
tors of :he four principal cphemerides, who could choose one other par-
ticipant, and three consultants who represented observatories, to give a total

nembership of cleven. This organization permitted Gill to represent the
southern observatories, and allowed Newcomb to nominate O. Backlund,
Dircetor of Pulkova, who otherwise would have been excluded.

When Newcomb left for Paris, his program on the constants and the
tables of the four inner planets was partly published and the rest was in the
hands of the printer. The report on the investigations into the astronomical
constants appeared toward the end of 1895; the tables of the Sun, Mercury
and Venus were in press; the Almanac Office had begun to assemble a “con-
sistent list” of stars, tor a new standard catleoguc.w Naturally, Newcomb
felt that this body of work contained the highest acer acy obtainable, and
he went o the confercnce armed with a proposal dhat, if accepred, would
cause Newcomb's constants and tables to be introduced into the world’s
ephemerides.

At the opening session, Locwy suggested that Newcomb present 4 pro-
posal on the procedures to be {ollowed, and the aim to be sought by the con.
ference, because of the “great quandty” of his investigations relevant to the
questions to be considered. Newcomb presented seven propesitions,

The participunts discussed these propasals, Tisserand, Dircctor of the
Paris Observatory, recommended that che catalog discussed should be an
all purpose catalog of right ascensions and dedinavons, vather than recom:
mending the publication of cach conrdinate separately, as hud bees done in
the pot. Downimg futher specibied that the conference should notonly div
cuss the comtituuon of the (':u:z]nzz, but o set up ties nachimery of iy
production. At this pot, Gill wied €3 add to the agenda o dicavaon ot
what tibles of the Sun and dhe planets woold be most surtable for camneon
adopuon, but the members sidestepped the tssue as “extremely delivae” ond
“very dithicult to resalve.” No wonder the choce was aather Leverrier's
tables, im e wver Europe, or Newcomb’s tordicoming set. The finad procran
decided on tor discussion induded Newcomb's seven points, moditicd by
Tisserand's proposal tor o more general atalog, Gill's requess, e
suggestion by Jubios Bauschinger, Director af the Berfiner dduboedd 1o
MLCMPr Lo organize 4 basin fur walouletions of e cphotninies of il
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NORBERG: NEWCOMB’S ROLE IN ASTRONOMY 83

The Revolt of the American Astronomers

On Newcomb'’s return to the United Statcs, he tendered a report of the
conference to the Secretary of the Navy. He began to smooth the path for
adoption into the American Ephemeris of the constants proposed by the
conference, by inserting the following statement into his report:

In a general way it ma; be said that the elements adopted were
founded mainly on the rescarches made in the office of the American
Ephemeris during the past fifteen years. The adopted system of
Right Ascensions of the Fundamental Stars, on which all others are
to depend, is that published in Volume 1 of the astrononiical papers
of the American Ephemeris (sic). The most noteworthy deviation
from th:: numbers adopted in this office was that the values for the
three constants of Nutation, Abeization and Solar Parallax were
those derived directly from observation, without making any adjust-
ments for the theoretical relations existing between them. A skight
difference thus arises between the adopted values and those adopted
by the office in the planceary tables; but the ditference s so slight
that 1 have deemed it advisable to accede to the conclusions of the
Conterence so far as the Ephemeris of the Fixed Stars is corcerned.

The lnternational Catalogue will, itis expected, be one now being
prepared at this oftice; and | have undertaken ro redetermine the

. . » . . Ly
constant of Precession tor sub:.-cqucnt international use.?

Newcamb set to work immediately on the tashs assigned 1o i by the
conference. His new analysis of the precessional comtant appeared in the
Gtronomed! forrnal in June 18975 Newcomb chose his 1893 vadue s the
midal constant needing correction. The equinox to which Newoob (o
pored dis value possessed @ nght ascension frow Ins 1882 catalogue, and .
dedhimation from a new fundamiental system, comstructed for the purpose,
The stars used in these aysteins Lame from Auwers' reductions of ['u.uﬁc_\"x
observations, employed by Newcomb became Auwens had caloudated the
Proper motions,

This study appearcd shordy strer the Procdo berbana ot the conter

ence !t became asatlable, and Amacan astrovomers were prumbling about
the attemptad unpoation of the results of the conference v ddl wstronanscd
oty A few saw dhe role of the almanac as aservice vrganizaieng, ond
they tedt dhat amy changes should come about only becavse te Covan
i?}.lu’(: lf!(f'.n. I'.Hh(.‘l’ lh.ﬂl !!Huﬂ;h \‘l‘:c ‘icusum ol the c.‘f!(‘x tors ol !?u‘ .LTHH

v, Vurthetnsare, by Moval redinreinent, Newoonth setired on Mardh i
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1897, at age 62, so there was some discontent that he tried to incorporate

3

.@? : . the new constants without consultation. Nevertheless, in spite of the discon- *8
. ) . D¢
& tent, it appears that Newcomb never lost confidence of ultimate adoption, o
.’@ . laei . o i " . A,
. but his relationshin with his successor, William Harkness, with whom he had .2‘.
had several encounters over the years, was difficult at best. b

A running controversy developed in the pages of the Astronomical jour-
* . . . e . . g - . (S
- nal, with publications principally by Lewis Boss, the editor, and individuai W

-
AR
‘v

picces by G. W. Hill and Seth C. Chandler.?? First, Boss raised the issue as to

whether the decisions of the conference held for all users of the almanac, or t:.{

. just certain branches, such as the naval services and the merchant marine. If, G

et ETeRE ,i he argued, all the cphemcrides adopted the constants, no alternative would ,\"'
T be lefe to astronomers but to generate special monographs for cach subject N

of interest to them.? This conclusion followed from his consideration of .

Newcomb’s analysis of the constant of precession. —"

The most important point of difference between Boss and Newcomb was i

on the relative valae of right ascension and declination observations, and the E__

use of only one star catalogue: Auwers’ reduction of Bradley's observations. o

According to Boss the only way to remove, as much as possible, the errors, \'::

both systematic and accidental, was to rely on a number of catalogues, and :.'::

to make Bradley's observations play a less important role. This, of course, ¥.

meant a completely new analysis of the star observations, and the redeter- h

Sl e e mination of the proper motions, which led to Boss’ second point, :’:
14 %
. There is no emergency calling for the mmediate adoption of new \:::
5 values ot the precessional motion, because there is every reason why -:::-
there should be a pertod of increased activity in this line of 1esearch. E

Investigations in stellar problems will probably  characterive the .

astronomy of the tweatieth century, as research upon the solar sy :

:‘. tem has been the most remarkuable feature in the astronomy of the e
century now clusmg.“ ‘.:‘.
= c . a0 'E;
; In a tucther argument, which ring. ol Newcomb's carlier critiaism of | over 'T
i sier, Bess noted that a “ich abendunce” of obactvations oun tright, owell .':
" tarng, stars already canted tor a more (‘n:np:c!wn\nw Jll.ti)“.h vt precesaon, ::,
. As the controveny weat on, Boss saw that 1w nece aury T presont ::.‘
X data unalvais, rather than generar remarks sbout how to use e da b das E
- {lllhi paper, Bow ducu.‘oc‘tl cach uf Newoomb's teq hm.;uc.\‘ heads ‘.\ni‘; J ol .,_-
: thie :)!mi:.' :‘f!e»uixi Eu\'c i\rcu u;n.;uu;t!_ .\mf i!l.lu‘\i i'.ﬂ{lt’.t;.!f ':n;\i,.n:\. (RR1 ] E_::
: the use ol niore c.u.:iu:,;:u-\  HTRTRY ,mimni cut the wade varmatio oo e e }‘\"
: foctiouts o tae proses “otial anotion pu'n!h!u'nl U tin tow AR LA L N ::-:
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comb’s catalogue appearcd in 1882. He added that some of these works con-
sidered the crror cffect introduced by the character of telescopic images.
Bess argued that, since all observations taken down to 1840 would have had
bad images, thereby introducing an added source of crror, it was question-
able to give Bradley’s observations the same weight as Greenwich obscrva-
tions taken between 1857 and 1864. To illustrate how he would approach
the probiem, Boss gathered information from five catalogues showing a devi-
ation from the equinox position chosen by Newcomb in 1882.2% Further-
more, Boss did not agree with Newcomb that there were fewer sources of
uncertainty in declinations thar in right ascensions, and he pointed out a
systematie, perindic error in the declination, due to the proper motions in
right ascension.

In reply, Newcomb stated that the proper motions of the Bradley stars
were known more accurately than those of fainter srars. The use of faint
stars was objectionable, because the errors introduced by personal equation
of two sty of observers were geeater than the precessionsl etfece. The
thinking on both sides of this issue rested on qualitative judgiments of what
observations were needed to obtain a good value of the motion. While Boss
argucd that more observations were available than Newcomb uulized, he
preferred to gather still more observations, and give greater weight to mar
recent measurcments. Newcomb, on the other hand, fele that his methods of
analysis had already climinated the difficulties raised by Loss,

Mixed with Newcomb's vutdook on the problem was his desite to see an
;u'ucpml)lc vilue univcr.s‘.:“y adnptcd. 50 4s to give 4 cunsistent base to sub
sequent catalogues, Then astronome:s would not “be under the constant
nccc.\.\ity of usiiy, pruvixmua“y corrected values of th precenton’’ While
Boss was prepared to wait tor turther information, Neveamb could net
watt, both becanse of temperarient and age. In spite of Newcamb’s pi
testations that be disclanmed “mstrongest manner any desiee to force dhe
conclusion that my Work unghl to be atfuptu!," he l}tuugil( ot ]n.g:gilx o

his own values, atd grc.lll\‘ destred the- miupuun.

i\'t"\"c‘t!l.’!lﬂu
Fhe case o e doetdents |-;l>tz.uicd e i'—:‘u;!lv, becau . o e ;w“ TR
by blarkoose, the new Dircctor of the Almcnae OHe, Toutteon teored
}

9 o 5 q o . , ,
pew conatants and ten ummsn!."' Waord of the “revalian Ainerin s " row hoed

Eoglind an articde appeared an fie Oisencatoay of Decemiber 1897 1
5 e i H E f :
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two years.?’ But adoption in either country was not to be easy. Strengthen-
ed by the American resistance, the Greenwich astronomers began to object.
They brought the problemn before the Royal Astronomical Society in March
1898, but Downing had aiready reached the Admiralty with his arguments,
and the committee apparently knew it. With the review committee of the
Socicty favoring Downing’s arguments, the Greenwich astronomers backed
down.2® (The French and Geirman astronomers appear not to have gone
through such an ordeal.) The solution reached in both England and the
United States was to provide a transition period for the alimanacs, and to use
the old constants for the apparent places of stars in appendices. in this way,
obscrvatorics in the midst of a catalogue, such as Greenwich was, could
finish them on the same basis, and switch to the new constants for anv new
work.?

The ¢phemerides that appeared in 1901 were calculated with the new
constants, following the resolution of the Conference of 1896. The constant
for solar parallax was the only one adopted outright. Calculations employing
both the old and new constants {or precession, nutation and aberration
appeared in the volumes, with those of the old constants relegated to
appendices. Whiie the British chose only Newcomb's value of the mean
obliquity, the others used both values. Auwers did not publish his star
catalogue until 1904, so the ephemerides adopted Newcomb's new star s,
but the American office added corrections to the list.?

The tables of the Sun and the planets developed in the American oftice
were adopted universally by 1903, In the 1961 volumes, computeis afl em
ployed the Alnanac Office tables for the Sun. Mercury, Venus, fupiter and
Saturn. However, the Americans were the only ones stll using Newconmb's
carly Uranas and Nepiune tables; the Europeans ciaployed the Paris Obser
vatory tables published by Leverrier m 1881, By 1903, Newcob's table tor
Mars, and lis updated tables for Uranus and Reprane had been pablisned
and dhese who came into general usereplacing Leventer's. These wtronom,

cal canstants and tables with ocaasional modifications remainied i general
use untl the adwent of cectronie computers and earth satellites w the 19304,
Evidence from satellite observations and computer ealealiniom wevesied
necessany adjosenents v the constants, and those were made and adoped s

@ confercuce m 1961,
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AN OVERVIEW OF THE U. 8. NAVAL OBSERVATORY

Gart Westerhout
Scientific Director

It 15 my great pleasure to welcome you to the fifth and last part of our
150th anniversary celebration. The othier events, for those of vou who were
not there, consisted of a series of official remarks on Friday morning. a sym-
posiuim on historical items on Friday atternoon, a feast at which Commander
Hammer was carving a pig — | think the head of the pig is still in the retriger-
ator and on Saturdiy a tremendously successful open house, which was
attended by a number of people estmiated conservatively at 6100,

In this last part we are going to put tie past behind vs and discuss what
we are doing at the UL S, Naval Observicory today and what we are planning
to do i the future.

I always hike to call to mind John Quincy Adams, whois the person who
was really enthusiastic i the 18205 about setting up a national observatory
but never gor there because he was always doing exatly the opposite of
what Congress wanted to do. Tu fact, i was because of John Quincy Adams
that the Observatory is not run by the Smthsontan. When Jumes Smithson
pave the big grant to the LU S, Government to do sometiimg i scieniee, Cone
2oy aceepted the grant with thanky but added a foomote to the liw saving
that this money shail under o crcunmstances be used to set up o rational
ehservatony s Congress did that becise o Quinioy Adum immcdi el

AT

proposed construcizon of such an observetoey with the moncy trogs
soin Su e woahd have been the Snathsonum Natoual OQbsenvatony ontead

ot the U8, Naval Observatony it Adams hado't Bad so many encrages an

(:\':lt;-_’rx‘:,s.
For those of us who occotomaily forget what tine U0 SO NGl Observa

fuoty th .ii\uu!. lc( ine Ju\t n'l\c.tl H;!‘c thiaviodt slalouent:

Mahe vuch obervavons of velestiaf bodwes, vazural and wene e
rive and puNh]x stch data o will sitord to Usnted States Navad vioae
wels and werceadn, as well s te adl wvading thennelves thorecr, cans
LI \;xﬁ.x‘ u,ang.zts-m. m.h:dm; :iu- provision s'-i' o ale Lateel ad

Wit [RTANHIE 8 tie privay tunction, contrsbuie sterial to thc vt
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cral advancement of navigation and astronomy.

This statement sounds beautifully old-fashioned except for the words “*celes-
tial bodies, natural and artificial,” which indicates that this mission was
changed somewhere in the late 1950s, with the first artificial satellite. So it is
not all that ancient a statement.

For the guests amonyg us, | want just very bricﬂy to put on a slide of our
organization (Figure 1), so that you know where the other speakers in this
atternoon’s program fit. The Superintendent, of course, is in charge of all
divisions: Administrative Management Division, Public Works, Supply and
Fiscal, Sccurity, and scientific divisions — the Transit Circle Division (Dr.
Hughes), Nautical Almanac Office (Dr. Seidelmann) and Time Service Divi-
sion (Dr. Winkler). The Time Service Substation in Richmond, Florida, is
dircetly under the Time Service Division, and the Flagstaft Station, under
Dr. Ables, reports directly to the Superintendent. Finally, the Exploratory
Development Staft, under Dr. Routly, reports to the Seientific Director. The
dotted lines in Figure 1 mean that 1 have the scientitic coordination und
superviston,

Now, to put today’s talks in perspective, let me brietly discuss the goals
ot the Observatory. This will then provide the framework within which the
thers will be speaking. The Transit Circle Division is in charge of deter-

mining the exact positions and nwtions of the stars, . compiiing star cata-
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logues, and, most importantly, of establishing the tundamental stellar refer-
ence ‘rame. The Nautical Almanac Office prepares the almanacs (which
includes developing the underlying planetary theorics), and is in charge of

providing data on all astronomical phenomena for the public. The Time
Service Dwision determines universal time and atomic time, and pmvidcs
clock synchronization worldwide. The Exploratory Development Statf is in

h‘3 charge of astrographic catalogues as well as double stars, and together with
e the Flagstaff Station is providing the extensive parallax determinations,
E.- Finally, supporting R & D is performed both here and in Flagstaff. Flagstaff
2, ‘ is mainly an R & D station,

Qinee the speakers who follow will be discussing this supporting research
m some detail, | would like te concentrate at this point on some of the
things that are needed in order to keep up with our mission and to tultiil
the mission in the way that it is supposed to be fulfilled, namelv, very
well, Our needs over the next 20-30 years include: 1) More accurate star
positions. Already it is clear that the star positions, as needed by the United
States Navy and the Department of Defense, are alimost getting to the point
that they e not accurate enough. 1 am speaking here not only of tie opu-
cal but also of the infrared and ultravioler ranges. 2) The Earth’s position
with respect to the stars. 1 mean here the motion of the Earth in it orbie as
well as s rotation and the nilucnce of the other solar system bodies on the
Earth snd it motion. 31 The area of timing capabilities, including a thorough
npgr.ldmg ot the Master Clock and beteer ok :"\'ndxrnuimmm worldwerde,
The doks aroud the world that are taken care of by tie Tinie Serviee Dist.
sion wiil be required to be better svnchronized with the Master Clock bere
4 Orbtal motion predactions, e, celestual meclanie ivading to the puterad
diat goes into the almanacs. All ot these needs require base rescarch s s cll
a evplorstory developrient; new methods and equipment are regues o
satishy tiem, Such reseaich can be done ar the Naval Obsenvaton | the Foad
Rescarchi Loaboratory, otiter Ny and Dol inzallanons, vt and
mdustry, Teshould be funded by the Navy and Dol
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Meunls

exXists in A university environment.

At the same time, in order ro provide a quality product, we have to do
the foretront R & D that allows s to provide the product with the necessary
accuracy. We are the only institution in the United States that determines
fundamientat stellar positions. We are the only source of Earth rotation data
in the United States, although the National Geodetic Survey, which is cur-
rently responsible for the determination of polar motion, is planning in the
next tour years or so to measure, via VLBI, all components of Earth roza-
tion. We are not quite sure yet, howeve, iiow s will satisty the dav-today

ol DoD users. We own a Master Clock which tar outweighs any other i the
' world. We are solely responsible for improviag our own operations, and we
have the expertise in many arcas. ‘That is to some extent a problem because
we have to do both aspects of the work.
Here is another example of why we must continue looking o the tuture.
We are at a Juncture. Undil ten years ago whatever we produced was alway s
ten or o hundred or maybe a mithon times better than anybody needed. This
held for star positions, tor the provision of precise time, and for the obser-
vations that were made to assure the quadity of the almanacs, Rapid tecdimo-
lograal development has suddenly changed thas whole sicuation, The require
ments that see now get and the expected toome demands are such that o
T quite major citort by the Naval Gbservatory iy in order to meet those tuture
requirements. And, of course, when we ask the various users to do scmetinng

about i, we always hear this statement: Wiy should we pay? You're sup:

posed 1o provide that according o your mission statement. so why ate vou
9 . o . H
ashing us for money 2 Accuraey improvemena i all the areas in whidh we

are working, with whatever neans we can reach i, using the inost madern

means of scicnee aad technology, v i my opimion the name ot the e

ver the next t . vears.

Letome menton what b oonsider 1o be the maor projeces noeded: |

.

T R LTI ’\,‘p;r.nh:s; the Master Clock o make 1ts precsion a least o tuvivr of ten
Coem T . bheter, vaiupm; (e tansat icxhnuln;'\'. Loc, getting thne to oth
parts of the globe with an accaracy far surpassing present accttay . Whetha
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improved fundamental reference frame will perhaps lead to an astrometric
satcllite, a satellite that can do those measurements that are needed with the
greatest accuracy in the same environment in which space vehicles will use
this information. 4) And finally, better knowledge is needed of the motions
of the plancts and the Earth,

Wil that overview of the needed projects, 1 will open the floor to the
speakers of the afternoon.
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1984 AND 2001: THE CURRENT AND FUTURE ACTIVITIES
OF THE NAUTICAL ALMANACU OFFICE

P. Kenncth Scidelmann
Director, Nautical Almenac Otfice

I think we could compare the celebration of the 150th anniversary of the
U. S. Naval Observatory to tiwe story ol A Christmas Carol by Charles Dick.
ens. The eve-.; Friday atternoon were an indication of the Qbservatory’s
spirits past, the event Friday evening was the consumption «f the spirits pres-
cat, and today we are to have talks by the spirits of the Observatory™s tuture.
Before speaking of the future, I'd like to speak just brictly about the begin-
ning of the Nautical Almanac Oftice, which really was not 150 vears ago.

The Nautical Almanac Ottice did not start ungil 1349 we had some
comments last Friday concerning the reason why the Nautical Almanac
Oftice was separate from the Naval Observatory. Aceually. the Mauucaal Al
inanac Othice jomed the U 8. Naval Observatory here m Washington about
1893, From Table 1 you can see that nat aaly were we slow starting waih
tespect to the Naval Observatory, we were also slow o an international
point of view. The Frendh have been producmg almanacs for 300 yeans, the
Brtsh for vver 200 years, and we are the fidth entry with 1.3 voans, The
tinst three countries are now wsing vur pubhication m 4 couperative propar
ation and publication etffort. This abo indicates the mternatinnad charagter
ot the work we do, preparmg publication that ot of the countriey o the
wotld cither use, nnitaze or duphaate.
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Fable 2 s a list ot the pubbications that we are prodacing, The new itk
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Table 2. Series Published by the Nauticel Almanac Ofjiice

The Astronomical Almanac

The Nautical Almanac

The Air Almanac

Astrosiomical Phenomena

Almanac for Computers

Planetary and Lunar Coordinutes

Sight Reduction Tables

The Ephemeris

U 8. Naval Observatory Circulurs
Astronomical Papesi of the American Ephemeris
Publications of the U. S. Nawil Observatory

tor The American Ephemeris and Nautical Almanac and The Astrovomical
Ephemeris is The Astronomical Almanac, beginning with the edinon tor
1981. 1 also wish to pomnt out the publication Plasetary and T nar Coordi
nates, which provides ephemerides tor the Sun, Moon and planets at v oced
aveuracy and further in advance. The current edition of this publication i
for 1980- 1984, the next edition will be for 1984-2000, The publicanions are
prodaced within the otfice, widh the principal responsibility borne by Paul
Joniczck and LeRoy Doggert.

In additici to the publications, we abso produce, to the extent pasable,
whatever data peopic want in the torm that they wane . This imdudes
machine readable data, computer printouns, printed tables, legal cerotica
tons, dettens, and predictions ol echpses and occultations, This cttore
basically by Sol Elvove, Jean Dudley, Mupe Lukac, Ken Pulbiiren, Alan
Fuala, Tom Vau Flandern and others. Our publications and data are pro
duced not ealy for the Navy, the Defense Department, and other ovein
ment agencies, but aho tor the saenatic commumny and the genonal pubb,

Stmtbatly, cur rescarch benetin not only the povernnient, the Delonse
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theories fack the accuracy required. The improved accuracy affeces the
positiois of the Moon and planets; it aftects how the planctary ephemerides
are used to determine the lunar ephemerides; it affeces the tidal calculations,
the hbration of the moon, the location of the equinox, and our under-
standing of the solar system.

For this purpose, we began a program to introduce new astronomical
constants. Atter Dr. Norbery's talk, which recounted the problems Newcomb
had in introducing astonomical constants, one person commented to me,
“You're not having it so bad. Ken!”™ We are having some problems, and we
are in a ditferent environment. The determination of astronomical duta and
constants is much more rapid today than it was in the 1890°. One Voyager
mission going past a planct learns a lot, aind it breomes known quickly and
H((U’.l[('ly.

Oue of the improvements nceded is the deternination and mrroduction
of 4 new theory of nutaton, ln this cffort there 1s Coaperation witain the
Naval Observatory. The heevy line in Figure 2 indicazes a comparison ot the
new nctation theory with the current sutation theory, which i on the
straight line; the boxes indicate the nutation valaes determized trom the
data being obtained trom the radio interferometer at Green Bank. This pho
is by George Kaplan.

We need an equimox tor the FK3, an ongm tor the coordinate syatens,
and tor the ohservationad penod swe need vilues tor 37, the ditterence be
tween evhemeis e and umvensal ume. Figure 3 pivEs plot ot 31 tor
RO TYBU; the crossey wre Brouwer’s values and thie irdies are a revent aiai
o by Tom Van bladerand Mane Lubecs Adaimonally Cwe need 00 e el
op vew genersl theanes, winck s an citort by Peter Espeindhied and Tam
Van Plindesn; ;\cn'mm dumericd integrations, windh o the work o
Geore i«'..;phu; to detoerrathe ;uru.nh, wittoli i Ken Pulbhkinen's sotnoy s ae
vy colivvr adl the vlservaronal date and compare 1t with these epinvnwrnie.,
wittch i the eftort ot Ernee Sanroro, with the help or Bd jackaon, ar s
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. @
. 00F
.
4,08}
nne
. 69
~2.00F 4
oo}
4.00 L
.00} o .
ugi‘.’ I TR TR TR Y TR T e
YEAR
Fig. 4. Plute: diiferences in right
ascension between observations and
American Ephemeris,
PLUTO: DFC, - AMERICAN EFHEMER]S
. n ¢ {
o }
i ll" . N
| g |
\ ey . 1
{ S |
. n; * N - 1
. |
t Ear 1
i !
: u, 1
- * x
l . . !
! 1 ]
o« oy 1
! ' !
G s e e bt N LB e e

ctan

Fig 6. Viuto: ditterences in declination

between obrervations and American
!fphrmrri,c.

arCSED

ie* 44

SEIDELMANN: NAUTICAL ALMANAC OFFICE

PLUTE. A, A, NHQ FRHEMERLS

ey Cm T e (e

2.0t

98 Uwie 1RIE TOTUeerT TIRE Tivee Teve ivee iR
1an
Fig. 5. Pluto: differences in sght
ascension between observations and

improved ephemeris.

PLUTG: DEC. - NRQ EPHEMER'S

e ey s Sy ey g g s i
(R
e

<8

- o .

-‘“{‘" x' -I- lm -l.~—m~ mh.x“ 'n
h L

e

Fig. 7. Pluto: diffcrences in declination

between observations and unproved

ephemeris,




SEIDELMANN: NAUTICAL ALMANAC OFFICE 101

look as good as it might and whether there are systematic differences in that
plot.

Let me take another representative planet, Saturn, and compare the
observational data in right ascension to the published ephemeris (Figure 8)
and to a rescarch ephemeris (Figure 9). There is no systematic difference
here, but then we look at the declination observations compared to the cur-
rent publication ephemeris (Figure 10) and the improved ephemeris (Figure
11). Here we can see the improvements take place. There is a need to look at
the systematic effects that are left from these comparisons. This is a glance
at the cffort to determine improved fundamental ephemerides for the
plancts.

Let me go on to other research activities. Figure 12 shows the observa-
tional equipment set up in Russia for Alan Fiala to observe a solar eclipse.
There is additional confidence in your predictions after you have checked
tibem, These observations also provide a unique way of tying together the
solar and lunar ephemerides. During a solar eclipse, the two ephemerides
must agree with cach other. There have also been reports that the size of the
Sun is changing. From observations of eclipses obtained today and from
observations obtained in the distant past, we can tic down, we hope, the rate
of change of the size of the Sun. As shown in Figure 12, a telescope is used
o project the image onto a screen and the i image is videotaped. We are look-
ing for the precise time of contact, pu..
che path. The observations are made at thie edge of the path so that the actu-
al times of events caused by the lunar imb can be observed.

We are also interested in the planctary satellites, so we have an observing
program which is the effore of Dan Pascu. Figure 13 shows Mars as photo-
graphed with a filter, so that the two satellites of Mars appear against @ st
backgreund, The same type of observations are made for Jupiter. Figore 14
hows sin images of Jupiter with it satellites, and Figure 13 s a photograph
of Satmn end itosatellites, This ctfort has beer in cooperation with NASA
to improve the satellite ephemerides as required for the Voyager missions,
To romind you of those missions I'd hke to show a now famaous pretore

(Figure 16] of the rings of Saturn, with the massive amoant ot structure !

L
i present i these nngs,

We are abo involved with the Space Telescope Widetield, Plinetiry Cam
cta tuavestigation Detinition Feam.® This iestroment will use a charge cou
pled device (CCDY as a detector. A ground based camera is now avalable tes

the tearm’s learning and testing. We have made ohaervations with this camera

te bearn how to observe with the device that wall be on the Space Telesenpe,
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Fig. 12, Alan Fiala making observations of the solar eclipse wi Russia, 31 July 1981,

in the process, The top image of Figure 17 shows Saturn with everything we
know about Saturn blocked out; Saturn and the A, B3 and C rings are behmd
this mask, imd we have masked oft the satellites of Saturn, This was taken in
March 1980 at the Flagstatf Station of the U, S, Noval Observatory at the
time of the ring pline crossing. The middle image shows the same frame with
the scattered light of Satarn removed. The image of 1980825 now becomes
evident in the west side of the Ering.? The bottam image has been sirerched
s that more of the Ering b evident, and Sawn and the A, B and C rimgs
have been superimposed from another inage, Distance scales with units of
Satarn’s tadis, and i orbies of the known satellites are indicated across
tlh: i‘u(lnlll."

Atter proper tanstortation of six ditterent exposures, we tind the di
eribation of the Eaing material shown in Frgure 18.% The unexvpected con
chuston iyt the matenal bas o maximan demsity ar the orbitdd antance
of Eaccladus, That raises the question of why thore s o stable ting of
material at the satse dotange as the satellites, There s no apparent hange i
the ditribunon of Ering material waith any of the satelhites; they seen to e
.\l*i\' Loy o N,

P have walked aboad dhe tendamental ephomenides, the nisim' dbaerva
e, e satelite vbservietions aid the CCD l'i"‘\'l\-'”!:,: tor the Spaew Teh

wope. We alvo Bave g research eftort waay thie Very Darao Arrn e New

Mevico, based vn the adew that we pught obsena nnnas planao
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Fig. 13. Photograph of Mars with brightness of planet reduced with . filter
to emphasize satellites.
¢

NOErTEPen

Fig 14 bmages of Juiptes with brightness ot planct seduced with a tilee

to comphasize sateliites.
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Fig. 15. Photograph of Saturn with brightness of planet reduced
with a filter 1 emphasize satellites.

I/

Fig. 16. Rings of Saturn a2 seen by Voyager 1, Noveriacr 1980,
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. E W frequencies. 1f this is possible, then we ought to be able to tic together the

radio or quasar coordinate system with the optical coordinate system, since a
minor planct would be a point source in both cases. We also would be able to
observe minor planets all the way around their orbits and accurately deter-
minz the minor planet orbit and the Earth’s orbit. This activity is by Sally
Bensusen, Geoige Kaplan and myself, in cooperation with K. J. Johnston of
the Naval Research Laboratory and C. M. Wade of the National Radio As.
tronomy Obscrvatory.
Additionally, we are looking at how we can improve the instrumen-
tation and technigues of navigation. One of the items that has come from
SO this ettort is the Almanac for Computers, which was fathered and is contin-

S5 S ued by LeRoy Doggett. This volume has found aceeptance among individuals
with hand calculators and computers. We are alsa investigating the feasibility
of a day/night digital sextant with a built-in caleulator. This is a cooperative
cftore with S, Feldman of the Naval Surface Weapons Center.

Thesz are current research activities. But, lest § give you the impression
that all is well and all problems will be solved by 1984, 1'd like to present a
list of questions and probiems. items that might be solved by the next cen-
tury or 2001, Une of the basic things that we usc is a coordinate system with
an origin at the equinox, referred to the eclipue plane. These are conceprs

that are fas:biar to all of us. The only problem is, where are the equinox and

. ccliptic? Do we really know what they are, both in detinition and in deter- |

mining their locatnon? |
I mentioned the problem of systemane eftects remannng in tie restduals,

Frgure 19 1 o plot of the dedination of Neprune observations compared te :

dhe ephemens, With o hede imagination, but not much, you can see that {
there 1 some sorz of 4 systemane etfect present in these residuals. It you
cannot see it there, maybe vou cansee 1t better n Figure 20 with the Uranan

dt‘thu.ulnll:s. !\'!_’;:ill. some sort of o svsietnatic cﬂc‘(! .tppc.u\ 1 L8] 'l\c p!’cwnt. ‘
Then there s o perplexing probicm of Pluto, Table 4w comparnson ot
the iermixumns fur Pluto and the curgent hnowledge about Pluto, Mo o
the predictions were reasonably goads the longitede at the ume of discoven
being less than s degrees trom that predicted. The ondy problenis tdha the
predictons ot Pluto were based on a s of Plure sonewhere botween twe
atd 31X tunes the mass of the Barth, We now hnow that the mass of Pluto n
m the neghborhood of 1002 the mass of the Earthso tie predicuons could
ot i'“““’[)' be valid, So Pluto was discovered due to the qu.\!it\ of the

search. Bt what was the bass tor the predicaions?

Let's constder sne nther questions, What nthe cuise onihie odvenvanon

ditteretoes between the 18000 and 190087 There seemns to be o syt ntic
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’ SSn Table 4. Pluto: Predicted and Actual Data
P. Lowell (1915; W, H. Pick-<"ag (1919} Actaal
Mecan Discance {au} 43.0 55.1 395
Period (years) 282 409.1 248
Orbital Eccenuicity 0.202 0.3} 0.240
v Longitude of Perihelion 20479 280°) 222%
& Date of Perihclion Passage 1951.2 1720.0 1989.9
K Longitude of the Node 100° 10976
E}' Orbitdd Inclination 10° 15° 1771
","3 Longitude at 1930.0 10277 10276 10875
4 Magnitude 12.13 15 15
Mass (Earth = 1 6.7 2 0.00¢
difference between observations of these time periods. is that what s caing
the problems of the outer planeis, or is 1t un indictdon of odicr problems?
Why are there secular discrepancies in the observations of lunar occultations?
QOr, iy the constant of gravity constant? Tom Van Flandern will give you s
answer, but not everyone s convinced. Is the solar system stable? Why do
we see changes today that should not be conunuing any longer? Why aren's
the calculated planetary theories as accurate as they were desygnad o bo?
Can you explam the dynamics of the satellites of Saturn and the ning sy stem
of Saturn? Bob Harrington of the Exploratory Development Statt 1 woihing
o2 on the satellite quesrion now, and he has same less than attering comments

e

ahout my intntion in celeastial mechanion Fean endy av dat i have s ot os

e*e e’ &

& company until we urderstand the dviamics of the co orbinmg satelhies i o
haps by the twenty-first century, we'll know the snswers ro some o these
» questions. | hope so.

In conclusion, fet me remind you that sur job s not ju.o o report the
obsenvational data and he epheirendes 1o that datac We are reguued o
publish abmanaes madvance, This means that we have to predict the pead
tiots of the San, Moo, planets and safchines 27 fease biye vedia ot advance,
The real problem i predicting where these objects are gomg to b an Dl
fOGUHCs til.l( W ;.hu\'. \ul!l(‘!h!ng .lh()n! !§z¢ :;te}.u‘ aaleinr il LS RS S0 1 PO
tiy pings aroind the phatters, what satellites cant, whetue: theore aee o
pract satelhitns or cven unknows plancts, We have 1o be ubic Coopreone
e ilefon h} cippatisnin: therctore, we need anaccurate sosenvar onad by
tory wath which to compare sar caterlationy and o gve 1w soae contidons

that we hnow what we're szrnist iy,

Go Wederions SNoretitiin Phrvotor, LANO 0 Thank VoY b [B T

R 3 . . . . 1 g
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"1 " NIESIRER C. A. Ailey (U. of Maryland): What is the current thinking about the brawded

ring of Sarusn?

Seidelmann: The best knowledge that 1 have is that Goldreich and Tremaine
have looked at it done an order of magnitude calealation, and sard that the
satellites on eithwr side of the rings could cause what is being observed. That
is not teosay thae the satelbtes are the explanation, buc that frem i order of
magnitude point of view, it is possible. On the other hand, can vou exphain
all the rest wf the gaps and how the source of those gaps relate to the

) e

braiding’
* ) o . - . Yy 1 .

G. ML R Winkler (Director, Titae Service, USNO): You show the comparison
between your standard v phemeris and a rescarch ephemens, §s the Jitterence
between these twe mathematical or did you ke up additional physical
terms?
Serdelmann: One of the principal ditferences 1s the fact that we have nose
recent calvulations thas tihe published epheneris, so that we have more oh-
servational data te take mo account. There are alo some dhanpes i masuey
and constants.

O T S . 5 : ..

s A N. G. Roman: There has been some discusston recently about predincoveny

obac vatais O Neptatie b}‘ Sahten. Are those of an soonracs that s setud,

ot uf what uperaanee are they?

Seidefmann: Gobideo's obrervatines seem to be metul, because they van pin
n 13 " . .

down t‘,z« L aiion ol Nepritic Lo somy eved o SUCUTAVY. i guostisg of

whist covuraey v poiig of argument, bet wortaly we are going to e thea

. . o ) . .
Glbynetvations dvy a teat for uar "\h"iﬂu"' 'Pin'l'it‘!h tor see whether oo L an it

"
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Bigeee 12 those it ke ehpatnes weli?

Newdelvant: The 1onion of perihenon seonis to it ».\ch, Bt e beve asdne
fua i ; ol e Lane
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112 SEIDELMANN: NAUTICAL ALMANAC OFFICE

sccond of arc per century, and this is 1clated to the loration of the cquinoy,
the constant of precession, and how accurate transit observations really arc.
{Laughter.) Speaking first, i can raise such questions, but « rebuttal will
come later. Really, the questions become how accurately can they observe
the Sun and what sort of systematic cffects might be present. They will teit
vou the problem is our equations of motion, obviously.
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NOTES
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Pascu, D., and Currie, D. G., “Saturn’s Ring. I. CCD Observations of March 1980,”
Icarus, 47 (1981): 84-96.




DEVELOPMENTS IN THE TIME SERVICE DIVISION

Gernot M. R. Winkler
Time Service Division

Dr. Seidelmann has charactenized the name of his game as prediction.
In contrast, the game of the Time Service Division is to know what time it
_is now and to let our users know that information as ioon as possible, There-
fore, as I sce it, our main concern now and for the naxe decade is data conr-
munications, remote collection of data, processing of these data more exten-
sively than ever before, and dissemination by “gital means in near real time.
That, of course, is a vast change from the beginings of time service,
which go back much further than the nanonal epheinerides. The fiest time
service | know of has been described in the famous solume of the Sitzungs.
berichte of the Prussian Academy of Sciences in 1919, the volume in which
Einstein’s papers on general relativity appeared. There vou find an interest
ing description of the so-called night clock of Plato's Academy, a very cam-
plicated clepsydra which at four o'clock in the morring was to wake up the
students so that they were ready to listen to the master. | think thar they
were ahcad of us in that respect because we start later
Aside from this ingenious device there was not much development m
time service antil 1317, when the French King Charle. V completed a beauti
ful huge tower clock in the Palais Royal in Paris, which is still there, 10 was
made of a4 weight of 500 pounds that moved slowly through . heghe o 32

P
LR )

feet ina day. OF course, the whole art of dock making i right there with the

-

question of how you make that movement suiforin, Time service really

o s

.
W

began with this device in 1317 when the King, very hapetient wath the tact

.

i
L e

that all the bells in Paris would ring at irreguiar intervals, issued an cdice that
henceforth ail the church bells would ring the hovr and quarter heor
consunance with the Palais Royal, Thao wis the first Departiient of Detense
mstrucdon, if you will, or at least an antecedent of our pertient 1ob) in
struction. The episode rennnds us also that umekeep g and the e o e
is closehy linked o social activity.

A number of concepts muse be distinguished that are constuntiy trouble
sonic, The tirst one is that we deal with a variety of “tes™, The conept ot

tine as an ordesing parimeter and that is essenttally what it did vot ong
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116 WINKLER: TIME SERVICE

inate until medieval times. But that ordering parameter, whick today is best
represented by clock time as a uniform measure of the progress of processcs,
must be differentiated from the “time of day”, which is a measure of the
rotational position of the Earth. Until 1972 the valves for these two kinds of
time were much closer together than today. Previcusly, they were kept to-
gether by daily adjusiments. 1 still remember in 1956, when 1 visited the
Naval Obscrvatory for the first time, how that daily adjustment was perform-
cd. At noon, or early afternoon, it was known how large the difference was
between clock time and the time as determined during the previous night's
obscrvations, and an adjustment was made quickly in the Master Clock. That
change was reflected in changed monitor results of the time signals, and
ceventually the distributed time signals were adjusted.

All of that has long since disappeared. Since 1960 we no longer adjust
clocks every day. Instead, since 1972 about once @ year we apply the leap
second, a step adjustment now in use in order to provide a more convenient
time scheme for the majority of precise time users, who are not interested
in universal time or time of day, but in uniform clock time. Many users,
however, still need to know the differences betwzen these two, and that
mcans vou have to make opticai and radio observations of the time of day.
Additional data, such as polar motion and other corrections, also have to be
determined, and the result has to be disseminated somehow. This leads to
the Time Service Bulletins that we issue every week and to the predictions
that involve us with statistics and statistical estimation theory. Time service
is inscparable from statistical estimation theory because the operanion of a
clock is a random process -the clock errors are random. One can go one step
further and say that with systems being sharply de‘ined, it would be impos-
sible to measure time. An atom, for instance, with entirely sharply detined
states, would not have state functions as a function of thie. So statistics and
tmckeeping are inseparably connected.

Another problem in time service is with synchronization. It one nicasures
distance with tine or time over a distanee, one nust become nvolved widh
relativity theory. That is purely a scientitic matter. But there are abo organ.
izational problems. Moreover, we cannot remain completely indepandent of
other countries. Pifty years ago people worried that time signals would be
nansmirted on difterent seconds in difterent countrics, Now we e worred
whether we are on the same microsecond, because vee are connng into an era
when farge communications and navigation systens have to be miterty el
and the question is, “What are the time references i these ditterent coen

trics doing?™ That comdmation could create many probiems,
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Some Applications of Time

Now we must say a few words about the applications of time for com-
munications, navigation and science. The applications of time for electronic
systems arc increasing with the use of more sophisticated concepts of tech-
nology.

In communications today we have time requirements down to about five
microscconds. Those requirements come about because people want to do
the same things simultaneously at two distant sites ind they want to con-
tinue doing it without the need to interchange many synchronization signals.
In the ficld of secure communications systems, which deliberately scramble
the trequencies or the phases. initial synchronization is essential. That syn-

“chronization window is at the moment the origin of the requirement for the

largest number of clocks in the Navy and the Departiment of Defense. These
sccure systems require atomic clocks on each platform and that use is going
to increase. Today we deal with about 2,000 cesium beam clocks that are
laoking at our master clock, and about 10,000 rubidium standards. 1 expect
that number to increase possibly by a facror of ten duiing the next ten vears,

Electronic navigation is an endrely ditterent arer of concern. Here we
autke measurenients of the time of arrival of a wave front from cither »
natural or an artificial source. Although it is true that most conventional
clectronic navigation is concerned with relative measurenents, the absolure
method brings such advantages that it is going to i crease i impartance.

A completcly ditferent area again s metrology . The measurement ot
tme is “counting” by nature. It is direetly related to -he digiaal process, and
as digital technoiogy is exploding, the use of time or frequency as an inter-
mediate measurement parameter, mto which one con eres those things that
one wants to measure with high precision, is a vers natural and ongoing
application. For example, distance can be measured as a time interval, We
can use tregnency converters and special transduce s for other measure-
ments, That 1 the reason why calibration laboratories i increasing numbers
rvquirr e .lllil MOTE ACTUrafe thne.

Finally, one must not forger that the most precine and demanding apph
cations of predise time are inastronomy . Palsar rescaschers and Very Long
Baschine Interferamerry (VEBL) are users as well as providers of prece ame,
That is o principle tat s true i many areas of timing, activity s uscrs can be
providers and vice versa, and in time the twe become almuost inseparable.
Ihi‘- h.l\. lt'd li\”'i“‘; tlh' liL\( [{ §] }'l‘.lrs toa ;l'll\\‘lllg L‘Ull!'llil“i(.\ ll'. l‘r('\;\l' e
users wha can help one another. By knowing what tine s at vouer regh

o . . . ,
l)nf S fh INC WHSTIY tiwrc 15 ‘_‘unJ L|utk. 3] _\ml l-hc |SREETY Vol LAV s ery

ciay way o get badk mito operation. | hat s tue to many clectronie s




118 WINKLER: TIME SERVICE

rems today. That is onc of the reasons that we finc ourselves more and more
involved with data communications, because there must be someonc who is
coordinating these things and who can act as a c:ntral depository of data,
and who makes the data available in near real time.

In all timing applications propagation delay of the time signal is a major
problem. In fact, it may be the problem. Itis not anly a matter of worrying
about the geometric delay; in the case of a fixed :tation on Earth, its deter-
mination is a one-time atfair. When you talk abcut timing for satellites or
satellite systems, the question of their position is intrinsic to the problem of
the measurement of their clocks, or the utilization of their clocks. The same
thing is true for the delays through the troposphere and the ionosphere,
where we face exactly the same problems as the ralio astronomers who have
to be able to account for these delays in order to extract the greatest bene-
fits from the observations.

Figure 1 shows one of our portable atomic docks, which I show here

because it will continue to act as a last resource whaen we need an overall calr-

4
g,‘
. 3
i
7
3
[
3

Fig. 1. The portable cesium atomic dock, which can be physically cac od o remote ata
tions for valibrating uther atomic docks.
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bration of extended systems. There are sc many crror sources that one has to
have some way of calibrating systems overall. This was one of the clocks
used in 1972 when Hefele and Kcating made their really pioneering flying
clock trip around the world and established the reality of general relacivity
cffects on physical clocks. By flying eastward, then flying westward, there
has been s predicted and an observed consensus of fur clocks, an obscrved
time difference which is asymmetric. That gives a good picturc of the capa-
bility of flying clocks about cight years ago. I think today the experiment
~ould be repeated with about the same effort and would probably yicld
better results by a factor of five. Why? Because atomic clocks become better
and eventually they can always, in principle, be mace better. In the reduc-

“tion of the obscrvations of distant signals with propagation delays. on the

other hand, we face some very inflexible limitations.

Clock Performance

Now let us look at the perfermance of some clo-ks. Figure 2 shows the
typical performance of a portable clock. The horizontal axis is days. and
the vertical axts is nanoseconds, You can see here the ‘ypical random walk of
a clock. At one point the clock was absent for a shert local portable clock
rip, and one can see that there is a systematic offse when the clock came
back due to the shock of temperature change and the magnetic environine ne.
There has been a small systematic eftect, but overall it is a good example
of what tuday’s clocks can do. It s also a good - aniple of one of our pres-
ent limitatons, namely, the short-term instability, the up/down pliase vart-
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ations. Unfortunately, I have to admit they are in our reference. Our refer-

ences are excellent over five-day and ten-day intcrvals, wecks and months.
The computed time scale has an uncertainty of about one nanosecond from
day-to-day, but we can reach that level only after the fact. That level of
accuracy is not available in real time, and for that reason we are embarked
over the next couple of years on a major effort to update the Master Clock
by adding oscillators of very high short-term stability. By having better fly-
whecls, so to speak, our existing long-term stability can be brought to bear
immediately in real time on our measurements.

Figure 3 depicts anothier test of a clock. You sce that it iz plreued by the
same short-term noise, where short-term noise me.ans changes from hour to
hour, or from two to three hours. Overall you can see the characteristic per-
formance of these clocks approaches what onc calls a random walk. In fact,
a random walk in phase or time error is the best one can expect of a clock.
If all of our clocks would only produce a random walk in time or phase, we
would have time capabilities 10-50 times better than we really have. What
we lack is complete control over the environment and over some aging and
spontanccas changes in these clocks. The more Farmful systematic (corre-
lated) rate variations are caused by these factors.

This brings me for a moment to a discussion of the statistics of these
fluctuations in rate versus time. If one has a purely random behavior in the
basic frequency determining clement, then you expect a variation that is one
over the square root of tau (where tau is the measurement interval}. e, a

100 ne

on
L+

0 Lindays o <00 2o 00

100 ns

Fig. 3. Peitotmance of a cesiim atomn clock showing the “random walk™ cttect aaer
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. R double log plot with a slope of minus one half. That would be the best one
. ' can expect. Unforiunately, onc cannot extrapolate, and eventually there is a
random walk not in phase but in frequency over some long time intcrval.
One can see in Figure 4 what we gain by adding very high performance short-
term clocks to our system. Instcad of having to rely on measurements over
increasingly longer time intervals as you go down below the 103 to 101
range, and which we could at the present time obtain with a single cesium
only after ten days, by the addition of hydrogen masers such precision is
available immediately after only 100 seconds.
Figure 5 depicts a typical very long time perforinance of our clocks; the

Pof D clock there has been in operation for cight years in its location. That is
) ‘ | " another example which shows the importance of long-term systematic varia-
F tions. A better understanding and a beteer control of these long-term system-
f atic variations will produce a greater performance improvement than is
-, possible with ever more sophisticated methods of computation.
That leads me to mention a substantial effort with respect to our Master
B Clock room, where we have two time reference systems. The question arises:
E:’J
v
10107

"
'

1 0 ao' IG’ w '-D‘ "J.

Fig. 4. Frequency stabiiities of vagious types of atomic frequency standards, Froon Gary

A. Scavey, “Perfurmance of 4 Dual Beam High Pertorman.e Cenum Beam Tube,” Mo

ceedings of thie Fighth Avmual Precise Time und Time Itencal (PTTE Appiications !
Plassning Meeting, November 30 Decembes 21976,
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CS 571/1C-2 VS. R.1 (USNO, HEAN)
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Fig. 5. Pertormance of a cesium atomie clock over 1200 days. ::‘

“How do vou control such a reference clock standard " The answer i that it o
is done by computer. You depend over a day on a prediction of it pertorm K
ance, and you are again mvolved in statistical estimation theory. L

) 5

In Figure 6 we see our main cock room with the monitor part that o to
the left. You see our instrumentation just m support to VEF {(very low fre

| SR

gueney 't and OMEGA time of arrival measarements. 1 expect that we will

have vonsiderable changes here. We wall rely niore on remore measurenent N
of remote transmitters than on local Washington operations. Thete s no i
question that we wonld howve long discontinued the monitoring ot jow fre. o

v

e quency signabs had i nor been for their ever inaeming apphication i com

manicaton and navigation, The remote wonitorng i leadimg oy to wmore

.

emaplinis on the eritical processing ot data, which i currenthy ander the
srperviston of §acra Charron, Essentally, one menitons by collecting wele
tope messages or, nowadays, by direct remote monttonng of the distant
cock through a data link, We must b tssue messages o these wiittons, and

disseminate any corrections i real time to the prospective vver who necds

AR RN

that informanon, Al ot this supports s manad daim thas dara Coammum
catton and vasthy increasing duta procosang woreal Gose wall e

probica m the wnmediate furure,
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Fig. 6. Main clock room of the Time Service Division, showing atuic clocks (right) and
monitors (left) in support of VLF and OMEGA time-of-arrival measuremens.

Let me speak briefly about 4 new navigation system, the Global Posttion
ing System (GPS), whick sl consist of 18 satellites, cach liaving an atomic
cleck aboard. In February 1980 we observed the pass of one of the sateliites,
and while we obverved it the sateliite was uploaded with data and recened o
NCW RAVIZAtION messape, 4 hew orbital prcdiuum, a hew cplmmcth and a
new Jock tormula, Figure 7 shows dhis upload in the torm ot 4 shaped
curve that represents the ten nanosecond change due to changed paraimeters,
W= have recently found the dock formuls 1o be somewhat of a4 problem.,
Figure 8 is an example of our GPS monitor report, which s availsble duhy
i.c.. you call in on the telephone and it 5 one of about 200 monitor hiles that
you van access. That particulas file i filied every morning with the saeelhee
passes ol the past day. Figure 8 shows passes of satellites 8, 6, 4,9 and 3
which came relatively quickly in succession. “They had been uploaded jus
o hour and torty eight minutes s o, and the tines that we coampute tor ti
ditferences between the Master Clock and system time are shiown, Fhe ditre:

ot Z--t(l“ﬂt'.\ wive \.lgu.'\ that are \vuiun .ahmu RS BabOs OBy b a0 it .
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Fig. 7. Global Pasitioning System satellite receiver test, showing the 0.01 microsecond
effect of changed parameters due to a new navigation message sent to the satellite,

that gives vou an example of the capability of the system. The timing avail-
able after such an upload is, with averaging, within about 15 nanoseconds.

Figure 9 shows the behavior of a rubidium standard, in which we sce the
tyvical long-term drift characteristic of a rubidium clock, Superimposed are
also the up/down phase changes due to erroncous or imperfect orbital caleu
lations. The time aspects of the GPS is an arca wheie we are intinnately in-
volved with guestions of how to read the remote clocks, how to account for
propagation delays, how to set up the system so that we have a minimum of
disturbance when the system switches from one monitoring reference to

DATA TOLL START WJID 4%023 UXDAY & SA DAY/UT 254 20 2 1S
DATA PROCESSED MJID 4S2°S (UIXE2 Sa PR HON |, 33 SEPT. {9682

SV BEC THKX PECTRK TRXYIME MC-CPS SLOFE RNS SanP ELY AZRT D AGE  NC-SaY
DODD dad D HHMRES S3SS s PS/S NS N PHHAR Ky

8 SU023 635 & 200018 220 -3A S35 -15 9 39 78 28R BOEDY -NOTASS
6 SI23 837 6 2007, 216 -3 A% -12 34 37 4% 304 00004 MALDTA
H SI23 910 & 214954 492 -3b S0 -3 14 axy a7 37 08187 ~334057
8 N2¢3 917 £ 215954 8S2 - 146 S01 -% 19 gy 3y 4 0673 -Ye¥S
6 8223 924 b 201030 Sis 36 SOS S 12 Q7 S 214 00206 47408
4 S223 XY A 222030 S3A -V TAY 30 §2 67 &2 29% o020 291214
S 52235 .944 & 220424 S22 =34 47D -4 §1 Bé 34 M1 Oui4t -AL350
9 5223 975 o 242330 Wib  -3b6 aRA 1 13 €T Ay 2%3 60237 -&2050
G S22N 982 6 233330 1076 =36 478 8 12 179 AR )15 0024Y  -Atlat
5 SIF4 834 b 804054 RN -3 49 2 14 F2 68 16 S04 -41.4Vy
% S274 08a 0 020354 SST -3b S0 -11 1S §> &4 91 60033 -ay40@
S G224 132 D 030554 SS2 -8 510 -8 14 92 33 tla un14v -ep Al
Fig. 8. Global Pusitioning System monitor repost trom five satelhites wdzntitied in colimn

one. The column “MC GPS™ pives the differcace ‘in nucosecands between the Master
Clock at the Naval Observatory and cach iisted aatelle i the ayatem,
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Fig. 9. Difference between the Master Clock of the Naval Obscrvatory and a rubidium
clock on GPS satellite 6, showing the long-term drift characteristic of the rubidium clock.

another. We plan to set up monitoring and remote measuring where we can
via telephone. We do that now with several experimental sites, one at Patrick
Air Foree Base, Florida, which we read aboui five or six times a day and
send a message through telephone lines telling them what the elocks are with
respect to the Master Clock here. The same method is also used tor the com-
munication satellite injection point in Fort Detrick, Mary Lind.

Derermining and Coordinating Time

Let us now turn vur attention bricfly to the rotation of the Earth, We
are voncerned ere with two entirely ditferent things. First, there s the post
tion in space of the Earth’s axis and the polar motion ot the axn relative 1o
the Eurth, Scecondly, there are the variations of the rotation rate of the Barth
around it anis. Unfortunately, there are addinonal local disturbanices, One
should reslly compare the Earth wath 2 latgc plastic surbace, a baskethall tha
aows soie lateral surface motion over and sbove the local stfects of atuons
phenic disturbances and gravity vanagons.

The imtrument which has been the backbone of our observations fram
1915 to the prosent is the Photographic Zenith Tube (FLT; I conane bt
cally of aninverted telephoto lens that torms an nnaye, after rele: ponm g
mereury pool, of stars near the senith, They onttument b o G buslding
shown i Figure 100 s now saveseded by g large 65 contmerer tebesope

-\Q 1.3m with Major wew features. I Jiav 4 fes cover upenng that Ve

much langer and allows 4 free o and cqualizatian of e e fene s

i H . 3 1
1..!;:( N behieve the !:.U-,"'\‘\t foar clemens fons i exntene) that Bts frcqunad
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Fig. 10. Building housing the Photographic Zenith Tube (FZT). This telescope is used to
determine universal time.

tiine constant & sbour §3 to 15 haurs, Le.. it bay to be precooled for the
night. The thurmal stainlization of the instrument is therefore o major
problem, but 1 do not think it is an intrinsic difficuley. Dennts McCarthy,
who is in charge of the observations, reports that the unages ate excellent
when the instrument s in thermal equilibriven, Figure 11 hows a PZT
photographic plote. The bright star is not a2 FAT stars st & Vega, PET stan
produce typieally much smaller nages which can be messured with greatss
peecision,

Uwould hike to say a tew words about the principal liontatens of the
PZT and why we have changed and will change sull more the selative em.
phasts between optical istramerry and other methods. The opucal method 1
tire sesnle of ony years of experience. We siserye the same stars oveny night
automatically i four pasitions, and obtain the time and polar motion roy
tnciv. Whereas our observations used to telt us what dock dime was every
marning. new ook tme tells os wihat rotatianal posinat hus been taken by
tiie Earth, Fhe hstations are principally mstrginentad and o vironmenzal,

the enage may not be round: it may be displaced beoatse of the syatoman

o —..‘-._u,-.';.-.-w.s.’.. et a
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Fig 11. PZT photographic plate showing images of stars. Four images sre obtained dur
ing cach pass, with the plate rotated 180° between expasures. Iages appear in bands duc
to the differcnt declinations of the stars

effects i the atmosphere that are characteristic for the near enclicnment ot
the imstrument; and the image may be displaced because of the color cttecy
of ditferent stan. Deflectionm from the vertical must be taken tnto accoune,
Vibrations of the large mercury basin have been uinal probplema, Lut thes
have been overcome. With the new istrument we will ecach about 4 one

millisccond precpton on the nights of ohsenation, based upon 3 muen larger
H K iR

e e LG DAL UR DBR RS T i s ot Nt o ., Pl hall

set of stars, shout 1209 compared e the 80100 that we now obrerve vath
a anmaller intrument, However, | think the mnam reanit will be i prodacing
wer the yoars, moa zone 17 wide atuund dechination 397, VOry accutate
Cpetial posttions of stars dowan to magmitude 1L Bug there v no doubr tha
A ims'r: :c.xg‘ftcd a in:x;! ui t!lc danlga! :ttsptx;;ul‘ astrainctng ::h‘lizmi».

Pur these reasong, fosr yesa age a team headed by Bl Klepoavmbs,

with woe very valuable cooperation from ather people here at the ulbero

tary, cabarked on g radio astrometsy programan conperation with £ N
2 ) :
Research baboratoty, This team s wsng 2 doarcatad omerunont o Wt

s

Virgtitde, 4 conties ted bk radio mterteramctor W sae one cotane e s
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oscillator. By means of a microwave link the time of arrival of incoming
wave fronts can be directly correlated in near real time. The bascline or the
largest distance to one outlying antenna is 35 kilometers. The instrument
has great operational advantages, and it has been in continuous operation
during the last three years. We expect the utilization of that instrument to
continue: in fact, major improvements are being planned tor the next couple
of years. Our goal is to produce daily reference values for UT and polar
motion which can satisfy all critical operational requirements in real time,
i.c., we must be independent from other sources.

Now let us talk about international coordination of time for the remain-
ing few minutes. The Burcau International de PHeure {International Bureau
of Time, BIH) is our benchmark. About 50 obscrvatories contribute data to
it. Our contribution in clock time is still a major one, like 24 percent (it was
in the past as large as 45 percent). That has had the effect that we almost
never need to make a coordination adjustment. 1t is very difficule, risky and
inconvenient for thousands of cesium and rubidium clocks to follow deliber-
ate changes in rate that we introduce. Such changes could only be propa-
gated with delays, whether through portable clock visits, monitor resules or
whatever, and would incevitably gencerate waves through the system of syn-
chironized clocks. Therefore, we want absolutely to minimize such changes.
In fact, the last small adjustment of one part in 101 was introduced four
vears ago and we have stayed within one microsecond of the BIH ever since.
In addition, there are some very small up and down motions, which wmnount
to one half microsecond per year, These are scasonal and orighate in the
timing links. Some seasonal ettects on clecks have also been detected. Over-
all, we have had wmuach tewer adjustments than some of the other observa-
tories who have had o intreduce oftset adjustments twice ayvear.

In Table 1 yvou will see that we are not doing very well inaverage weight
per docks I aer, we are trying o achieve a large contmbution by brue
force, by puttiig every clock we are testing into the systentand autonatical-
Iy sendmg the data o BIHL This way we accomplish a high contibution, bue
we could do even better i we could raise our average weight per clock o
something ke that achicved by the smaller Taboratortes, They bave tower
ddocks bt can take better care of thenn Ther s one of the wicas where we
are very much deticient compared, for example o dhe Phyakalinche Teoh
nische Bundesanstale (PTB. of Brawischwerg, Feaeral Repabic of Germany
which has a consistenty Iegher contmbution. Fhis v a conveauence of o
operational plulosophv. Since vur stafi s toe smadl o adbond phvsnt.

only operate docks as undistarbed blick boves™ We weed cat p oo o

tonmers bt vanaetotr spewd the ctfor to gamto the docks” phivaac,
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i Table 1. Contributiors to BIH (effective date, MJD 44479)
GBS El‘ic(l:g WC(IZE};:;IE * Cnn?;i)ltajkxlzioll
U. S. Naval Observatory 27 59 % 23.9%
Freach group 10 65.8 99
Physikalische Technische Bundesanstalt 7 87.9 9.2
National Rescarch Council 6 100 9.0
Royal Greenwich Observatory 7 850 &9
National Bureau of Standards 8 65.6 7.9
Observatorio Marina San Fernando 5 66.4 5.0
All others (16 laboratories) 45 26.2
N
There is, of course, no benchmark for time available in real time, that is
to say, immediately. The benchmark becomes available only two months
after the fact when the BIH Bulletin comes our, and we know that two
months ago we were 0.3, 4.4 or 0.5 microscconds away. So we have a bench-
mark that telis us two months or even longer thau that, after the tact, where
we should have been, and again this means prediction. This prediction takes
account of the clock noise and the propagation noise across the Atlantic,
which amounts to 0.2 microsccond. We expect major cfforts in the nexe few
years from the major laboratories -U.8. Naval Observatory, National Re-
search Council {Canada), Nutional Burcau of Standards, the French group
and the PTB- that will probably reduce the noise by a tactor of ten. Fxper-
iments to do that are already going on, There is a major laser etfore under.
way because kiser thme transfers are intrinsically accurate. Here we enjoy the
cooperation and support of the University of Maryland. Support does not
mean that they are paying the bill: unfortumately, we are. Put our associa
tion with the University team under Professor Alley, with whont we have
conducted many experiments i the past, is gormg to oontinue. The LASSO
experiment, making us ot laser satellite revro reflecrors, is expecied o begin
around Sepretiver 1982, and will provide, at least for a period af @ year o
so, 2 synchronization c.z;,).nlniity with o one nanosecond precsion. Utiier
expertinents involve Very Long Baseline Interferometry (VLB tiie trardor
¢ and utlization of communicatton satellite channels, which we are vers e
~ (i‘\'cl_\ foakmg e
: Let me sy i word about our relationship with the Nationad Buieor o
< Standards. NEBS provides the national standard tor frequency. The g of
cime, e second, s been defined since 1957 by the dnternanonad Covate
; tee for \\‘c%ght\ and Momares s a tansition I‘ruqucm) of ceting The dun i
:3 therebore -:m';‘\‘ .ni?p."uxim.utcl) equial to Bo0H0 seconds, ance the s B
e tevence due 1o the varnable speed of totation of the Larth vsentingn oot
%
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lates to one second, the leap second. From this follows the need to monitor
the rotational position of the Earth (i.e., the difference UT1-UTC), including
the motion of the pole, which, among other applications, must also be
known for the reduction of the observed UT0 to UT1.

The Observatory's responsibility is to serve as official time reference tor
the timed systems in the United States. Examples are the navigation systems
LORAN, Omega, Transit, GPS, and communications systems such as VLF
and the Defense Satellite Communication System (DSCS).

It is clear that the micasurement of time and frequency is very closely
connected. Yet we find with very minor exceptions that we at the Observa-
tory have an entirely differcut thrust, because at NBS the emphasis is on the
development of new physics for clocks. Our major problem is that there is
no long-term guarantee for the atomic time scale reference. It is important
for astronomers, more than anyone else, to stay constant in clock rate within
onic part in 10", After a couple of years this does make for differences of
microseconds, of importance for pulsar rescarch and so on. Absolute meas:
urement accuracy must be improved, and that is where the major thrust goes
at NBS. In the case of the Observatory, our concern is with cpoch, i.c., time
of day. In addition, in our work we have so many stations and so many
contacts every day that the atmosphere in Time Service is very hectic, The
management of precise time and time interval activities is a vast and fully
consuming eftort. Nevertheless, pertinent rescarch and method improve-
ments are indispensible and must be carricd out concurrently with daily
operations, Thank you.

Q: Do you anticipate auy radicai changes in clock technology?

Winkier: T would say not if you emphasize the word “radical”. The problem
of atomic tmekeepg is how to keep an atom in its metastable stare, which
is necessary to ensure a very narrow line widdh, How do you keep an atom
in such a atate for seconds or longer without it being disturbed? You cannot
fly it through a beam tor many seconds, vnless itis extremery slow, That has
been tried and, of course, they fall to the ground and never meet the beam
aptics, unless you encapsuiate them into a bufter gas or in a «oll, but then
they hit other atoms and get dwsturbed. So the provlem is how to keep these
”R‘féﬁu’hh' fl';lnsili(ﬂl,\' ;‘li\‘c SO lilﬂt y““ can in((.'gmla.‘ }'Ullr INCASUTCINCID el
4 long period of time.

A new swheme iy o net use atoms at all butions, snd o pack these ions
i an approprate fickd, This 1s encirely possible, A single oo woold ave the

saie or very sinlar properties as the alkall metais that are saed noae cest
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um, rubidium, hydrogen and so on. These are the presently used clock
atoms. Many people, including myself, feel that the ion storage clock is a
device that in 10-15 years may be even a candidate for a new definition of
the second. But in the meantime we feel that the cesium beam is not yet
fully exploited. The fact that even commercial standards have been shown
to produce for many years the same high quality performance as a long beam
machine, shows that the major problems are now of production and quality
control, not of design. Our main problems in timekecping today and in the
application of time are mundane things like batteries and power failures and
stupidity.

Q: Nearly twenty years ago Markowitz and several others published a paper
on the measurement of the cesium resonance frequency in terms of ephem-
eris time. Is that value superseded?

Winkler: No, that has been adopted as the international standard of time.
Q: It is no longer considered provisional?

Winkler: No, the unit of time is the duration of 9,192,631,770 cycles of the
particular resonance frequncy of the cesium atom. There have been several
studies after that, mainly by the Royal Greenwich Observatory group, but
they have all been well within the errors of measurements. That is sumething
which anybody who hus ever seen that old instrument will never understand

how it was possible for Markowitz to come up with that incredibly accu-
rate result. It was a great feat, of lasting importance, there s no question,
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Fig b Fhesininch transit circle, with 1. W, Rhyn burges at the evepicoe Since lavws

wore than a half million observations have been snads wath thus istronien
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ABSOLUTE ASTROMETRY, NOW AND IN THE FUTURE

Janmes AL Hughes
Director, Transit Circie Division®

I am here to talk about the future of the transit circle. 'm oa licde
worried about that, because we are the only division that already has an
historian o our staff. However, we've heard today about the mission of the
Naval Obscrvatory. The message in the case of the transit circle is much the
samne as it was at the inception of the Obscrvatory. The whole story can be
told in four points: (1) first clins navigation of any type requires an inertial
system either directly or indirectly; (2) the fundamental stellar reference
system is the only inertial system we have: (3) the fundamental stellar sys-
tein is based exclusively on transit cirdle telescope observations: and (4) we
are the only supplier in the United States. 1 will let you write the fifth point.

These statements are all quite true. Tam not wrying to propagandize or in
any way say sontething diat isn’t absolutely true. Many times we have ditti-
culty getting these points across to budger people and others, Take, for
example, o satellite navigation system. When somcone pushes a button and an
LED display pives the latitude and longitude, and then a mansic arcle person
savs, Uvou need a betrer stantdard coordinate system,” they sav, “we don't
need that, we have this black box" OF course they probably don’t know
that someone fud to detine a geodene datum i which the coordimates of
the tracking stations are given, and that i tann the geodene datum depends
ot sonte poor geodesist oat there on g celd night on s Laplace station deter
smng, tondanental wennuths and detleciion of the vertiedd, The innncdiacy
by stor quite the same s 10w i the good old dava when w Sllow s o
with o wengant !\mLing duecty at thee Sun, bnoasemse we huave come o
wave ami i another wayv we really haven’s made tings so ik dilterent
e Jh

I owotid bhe to diseies the tanst ancde o wentas of canens aperatens
very quokis o wnd then m s of researeh, enlarging o aotic i thione

browchied carbrer by D Wosterhoat,

tia 39N the Transs Code Doson was comnbined wrh the Loplonaton Desddopnie it

Siaii te form the Aetpemetny Divisivu, ot which 00 Hoe s was sawed Bheestos
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In the first place the six-inch transit circle (Figure 1), which is undoubt-
cdly the premier instrument of the fundamental system, is currently engaged
in observing zodiacal and FK4 stars. The resulting absolute catalog, the
WGso, will be, as the name iriplics, the sixth catalog in the serics referred to
the standard epoch 1950.0.

You have all heard, of course, about our hoped-for mission to the South-
ern Hemisphere, in particular to New Zealand. I would like to report on the
status of that at the present time. It involves military construction at a site

on the north end of the South Island of New Zcaland near a town called !
Blenhein. At the moment we are in what is called the “minimum military |

~w m censtruction bill” for fiscal 1982. Now “minimum” might sound bad, but
.o * actually that’s good. The way military construction works there are so-called !
bands. We are in the niinimum band, which meauns if DoD doesn’t get this as :
|

a minimum, we're finished as a country. The next band is basic, then en-
hanced. We are doing rather well on our construction for fiscal 1982. 1 must
candidly say that therc are some difficulties with personnel, but we will cross
that bridge when we come to it.

But why are we doing this project? As many of you may know, the last
tundamental, and | repeat the word fundamental, astrometric observations in

the Southern Hemisphere were obtained around 1948 by the Royal Green-
wich Observatory at the Cape of Good Hope, which has of course since
e i98C closed. Now it is true that we ourselves had an expedition in Argentina at
Leoncito in the late 1960s and carly 19705, where we did manage to sneak in
a quasi fundamentai program which gave us some information. But we really
showed that the southern sky is indeed in very bad shape from the point of
view of a fundamental coordinate sytem. We hope to send the seven-inch
transit circle and the twin eight-inch astrograph which is presently engaged
here in the sodiacal program, which 1am sure Dr. Routly will talk b,
These are to be deployed in New Zealand, at a latitude of about 4173, thn

being favorable for above: and below pole separation of unknowns, We e
o S sion Faving about ten years o observing time, When Table 1 was nuade the
PrOgrin was to start in fiscal 1981, but you see 1t hay now shipped o fcid

1982, But it does look rather good.,

Aldhiegh we talk moerms of o Scuthern Henmsiphiere prograns we ceght
to bear i mind that the Southern Hemsphere program will benetie the
Northern Hemisphere just as well, Because after all, what does a tand, sentad
transit cirde program do? 1o determines essendally, the cefestal poiv, eqgua
tor and cquinmox. Fargetting about the equimon for the mcanen?, the formo
two are, we bope, 907 apart. But then to the south of the cquator o RN

mental catalogue observed i the noreh yase nathe oft, Like the provedbud
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Table 1. Southern Hemisphere Astrometric Program

A. Why?
1. Last fundamental astrometric observations in the Southern Hemisphere were
& obtained in 1948 (RGO -Capetown, since closed).
2. Southern crrors are much greater than northern errors.
B. Whar?
1. A transit circle and an astrographic camera deployed in New Zealand (favorable
latitude) for ten years.
C. When?
1. Observing program starts in FY-81.
2. Final results about FY-91.

. 1.... \-‘)“‘;‘ *'»i ‘u‘
75 O - ﬁ". ) , . . . a o . .
R St A PR hind leg of a dog, it’s an extrapolation that just hangs there with nothing to

pin it to. By going now to the Southern Hemisphere, we can observationally

i determine the south pole and an independent equator, and apply the addi-

tional constraint that pole-to-pole must be 180°. It sounds hke a triviality,

but we lave suppressed one whole degree of freedom; that is extremely

important, as 1'm sure many of you realize. So although we characterize it as

a Southern Hemisphere program, we ought to bear in mind that from the

astrometric or astronomical point of view we are really talking about some-

thing which, as an astrometrist 1'm ashamed to say, has never been done

before: a simultancous pole-to-pole fundamental program. We'll chase minor

B R e ¥ Jeek plancts up and down the sky, passing them from the six-inch to the seven
' inch transit circle and so on.

Another current project we have in conjunction with the New Zoaland

project support is an atcempt to modernize and to some extent antomate the

sevendnch transit circle (Figure 2). 1 can only report to you at the momaut

that things are going reasonably wel! with this project. We looked at Polurss

st week with the image dissector and got some ingredibly bad seeing im
¢ ages, which Dich Branham is now fighting with, tying to ind it they indevid
o have a center. W+ hope they do. and some of the other aceoutrements are
! ‘

e R ST A ST < coming along pretty well, We haven’t run o any brick wallsi 1 sappose that
T S i the mmportant thing. Our new carcle scanning system i loohing goud, We
had our fiest test runs on the prototy pe last week, aud we are getting repeat
abilitios mosome ses around the 3.7 micro depice fevell There are pretey
gnmi rmulh.

Another current rescarch projedt s joint project imvolving Prinycton
Unnvensity, Draper Laboratory and NASA o we the Orbinmg Avtronomie)
Observatory COAO; in s tral duys ot Be to make the i Large angle
Sromete menarcments from space. In Lt thiose e SLAFTDE OO s We

talk now, The gyros on the OAO were a0t meant tog thin hend of sy, bt
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Fig. 2. The scven-
inch transit circle.
This instrument
will be deployed
in New Zealand
during the 1980s
for fundamental
astromerric
observations of
southern stars.

1t turns out that they have been pcrfullnim__: two to three thines above spect

fications tor the cight years that OAQ has beer i orbit So we thought dns

is 4 good opportumity to see what we can do to demonstrate tie comeept ot
. 4+

measaring barge angles mertially o space. We are using 4 spectroscope st
and we wall ondy move the imtroment i vaw, We bave vsed wome ot o
Southern and Northern Hembphare duta and picked out the realhy bad
actuts with w:,;.ud Us position in the R4, We have st U vanots u':.m-:;h 5,
and we will now measure thoese with the OAD and see 18 we cat at eas
contam the groand based correctony windh are mdnated by ok b
Woshington Leoncitn tesubts that's the sevenandh ts the Soutbern e
\pfu‘ﬂ‘ that | uu‘utlum‘d (‘.‘.rliu' .‘.mtf lfu‘ E.mwa u.xt.lin_g.ts-.‘ froous thic sty 1 51,
tin \‘.'.x-«.hm}::nn W3, Serthis i a contempoany cllor,

Howe want to thmk about rescarch i goneral and for e terore s oo

tohiet that tundanientdd tometny can be n:~pnn‘w! theaugh teecaroian the
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Pegs cewadln Ll
Bt raas -9
AN arcas indicated in Table 2. The first is the study of the atmosphere. !t scems
in so many cases that this has become the decisive and limiting factor for our

C ultimate accuracy. We propose in our case to embark upon an investigation
~ of the local atmosphere using LIDAR techniques. For those of you not
famililiar with LIDAR, it is an acronym similar to RADAR; whereas
RADAR is radio detection and ranging, LIDAR is light detection and rang:
ing. [t is an accurate method that uses the backscatter. We are looking at two
kinds of LIDAR. One involves Raman backscatter, which is molecularly
specific, and in the other kind onc looks at the on-frequency backscatter.
Here you need a tunable laser which is tuned either right on or off an absorp-
Lot ey tion line of the species under study. Both of these methods have their pluses

P X
s 1;.,“;.-‘,:':;

and minuses. Mcasurement of water vapor in the atmosphere is done almost
routinely using buth of these methods, so I really don't consider water vapor
T quite the problem it has been in the past, that is, out to ranges of possibly
four or five kilometers. Higher than that the water vapor drops off pretty
strongly anywa 7, but of course if you are measuring a slant range, you have a
slightly ditferenm problem. This is a beginning R & D project. It is now in the
stage wheee we are looking for proposals 1o specify @ system, and we hope
next fiscal year to acweally build it and have it in use right here in Washing.

ton.
Coming to point B of Table 2 we have optical and infrared interferom.
" it etry. The optical is of course the most ditficult of all the interfe;ometric
methods, since as the wavelength gers smaller the mechanical problems pet

Table 2. Research breas i Fundamestral Astrometn

A. Atnuspheric Studies
Real time meassurement of atmospheric refraction via:
1. LIDAR factive probiag]
2. Duisperaion measures

b. Optical and Infrared biterferometry

3 ()pii;_.d frage tas ling
b pdlr el dpafyl ol AN ; - : 5
e SRR 'rs‘\‘" s Dndraced (13 mbcronag wsing laser as local wsciliaton
e

> o Lage Angle Musering Devives

Divided cirsle s presently the most aceurate device (about 0705,
tncoial methodi show pest prumae

Pouibiy a bybrid sy stem involviog mechanicad and ing lases puon
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bigger. There is an inverse relationship. However, what is very exciting is the
infrared region, as exemplified by Professor Townes and his group working
around 10-11 microns. The advantage with these wavelengths is that one can
use a laser as a local oscillator and then have a heterodyne system just as one
does in radio, and from there on the analysis of the data is preciscly the
same —the correspondence is practically one-for-ene. There are two nice fea-
tures about infrared. One is that several hundred FK4 stars, according to
statistics done by Tom Corbin, are directly observable by this technique,
using mirrors of reasonable size. The other thing is that if one looks at the
dispersion curves of the atmosphere, one finds that around 10.5 microns
they cross (as far as water vapor in the air is concerned). This means that for
an infrared interferometric study, you really don't care what the constitu-
ents are in the atmosphete, but only what the total density or total pressure
is. It simplifies a lot of problems when you do not have to wonty about the

constituents you are looking through, particularly for greater zenith dis-.

tances.

Up untl this very day, the most precise and accurate observational
method of measuring large angles is the classical divided circle. Granted, we
use it in conjunction with sonie very modern scanning technigues, but we are
still using a picce of metal, or in some cases glass, with lines seratched on it
The accuracy that we get from this is on the order of 0705, although cur new
scanners are even better than that. But we are practically comng to the
point where we cannot push that technology niuch turther. There sceris to
be a brick wall around 0702 for this kind of technology. But atter ail, here
you have something that is outsde in the observing room. ftis notwa ddeon
roum, not m a controlicd environment; itis expanding and coniracting with
temperazure, and so on 1Us wmazing e e that we dosowell, obsenvirg as
we do in the real world, One of the ways o atiack this fundamental problens
v to ak the question of how one mewsares large anglea. Tnectial methods
shiow great promne. What we are talkiag about here are the thaed generaiion
gvros and even beyond, s produced by Draper Labs, which Las buis the
guidance system for practically everything that Fve heard ot that went e
space that’s an overstatement P osuie, But some of their m hoesw develop.
IR AEC ACTY envanragisg, and we do believe it shoald be posaile to come
up with ineread methods that will bave w double thoase o i bray phae, we
Lan ;lppl}‘ !!\vm (313} (hc :_;x'i_nm(i tw oyr “l‘c‘:s‘l‘.! TS S STETTI IR RN I 133 g'h‘\x'm i
struments will <erve as a benchmark, i vou will, We know Jow they woak:
we knew what we can expect trom them, W owe then appiy thew mnepr

methads o present indramentation, we wn o these fnertial metho s
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that we really have something that will work, the next step would be to try
to make measurements from space. This refers to what was mentioned carlicr
about making astrometric measurements from the very place at which they
are likely to be used.

Hence point C leads to point D in Table 2. The advantages of doing as-
trometry from space are rather obvious: no atmosphere, no gravity, and the
availability of an extragalactic inertial reference exemplified by the “optical

counterparts” of radio sources. | put “optical counterparts™ in quotes be-
cause we do not know precisely if the optical and radio emissions do indeed
coincide. And this is a very important consideration in fundamental astrom-

v e d etry,
Figure 3 shows an artist’s conception of an astrometric satellite. Without
making too much of this, let me say that what we are trying to depict here is
something that is small, simple and dedicated to the task of fundamental

= NG 7 gy

astrometry; i.e., large-angle measurements in two dimensions, as opposed to
measuring angular separations alone. We could then do several things, For
example, the minor plancts can be referred to a selected set of stars on a very
regular basis just as we do now, except that we now call the stars clock stars,
The significance of clock stars is lost, of course, once you are off the Earth,
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But nonctheless we could have that subset of stars to which we could refer
minor plancts in a very systematic way and do similar reductions, as we do
on the ground. By having an integration capability, i.c., a hover and hold
capability an instrument such as this, we can extend the dynamic range and
look at fainter objects, which is also a very important aspect of the whole
problem.

One of the ongoing questions that we have always had around liere, at
least [ have always had, has been just what effect refraction has on an inter-
ferometer. ! have heard statements like, Vit has no cffect at all.”” 1 say that is
absurd. After all, the device measures the dot product of the baseline and
object vectors, and if the latter is moved by refraction, the dot product must
be affected. 1 recall myself and other people who shall remain uncamed
going around and around in a friendly way on this, but I think Figure 4 indi-
cates what 1 call my “definitive mistake.”” The point is, I think it is impor-
tant that people know that refraction does affect interferometers at any
wavelength., However, in the case of interferometers, there is a definite ad-
vantage: to the extent that the atmosphere is plane-parallel the effect can-
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cels. Unfortunately, the atmosphere is not planc-parallel or dry, and the

correction between the plance-parallel and the spherical and structured atmos-
phere is about a thousand times bigger than the accuracy inherently possible
with an interferometer. When the effect is a thousand times bigger than your
precision, 1 don't call it a second-order etfect. That is probably the basis of
our senuntic difficulties.

Since we are the sole purveyors of fundamental astrometry nowadays,
not only in the United States, but in the Western World, we find ourselves in
a somewhat discomfiting situation as follows. On the one hand  and this

!
i
{
d
4
.
1
.

has been mentioned by several spe- ers - we have an operational require.
menz: and the necessity of furnish..ng data for use now. On the other hand,
we must look abead, and we must not become uld tashioned. We must by all
means avold the “nat mvented here” syndrome and the “we have always
done it that way™ syndrome. We have to be extrenely caretul to avand these.
With the restricions on the nmnber of pcuplc we have, we all know the
dangers we face here at the Observatory of mbreeding. We have to be care:
ful about that as well.

I xuppose this all sounds like a cry for sympathy, but what Lam trying o
tell vou s that the Transit Circle Division is attempting to do two things, On
“he one hand, we are trying to kecp the tested, tried and true methods pro. i

acctng. On the other hand we are trying 1o look ahead and, to the extent ot

mymr&;@é&ﬁwx e the resources available to us, trymg to see what can be done with some of
= the new technigues. | am sorry to be forced 1o say that some clains are
being made nowadays that cannur be supported by the faces s fur . tunda

mental asromenry is concerned. This may have been an mentabic con

»-1u-;uu tur the srggzade G Himted tunds, Please wote that s noc taliang
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- « but a hybrid might be a very good approach. But this is speculative at this l
point. |

R. S. Harrington: (Exploratory Development Staff): I notice you have said
nothing about the Automatic Transit Circle in Flagstaff. s

Hughes: The name has been changed. It is now the eight-inch transit circle. 1
finally said, “Look, the optical system as an optical system is very good; but
we are never going to stabilize the thing with respect to the pivots, the cube,
the cage, the piers and so on.” So we took out the entire optical system. |
sent to Flagstaff a little four-inch lens that we had pirated from a University
of Pennsylvania transit instrument that we had here. We mounted tha: to the
basic tube structure, and went through the saine series of stability tests that
the instrument had failed with the original optics. It now passed with flying |
colors. And indeed in some cases it was apparently more stable than either .

the six-inch or the seven-inch transit circles. Which is to say, mechanically,
the cube-tube-cage structure is very good, and all the problems were in the
retlecting optical components and in trying to keep them fixed - not with
respect to cach other, which they did pretty well, but with respect to the
barrel. At that point, we had some money left over, which we have used to
get an cight-inch lens, a classical doublet. The optical specifications are the
o e same as the present specifications of the six-inch, whi» performs very well.
- We hope to Lave the lens delivered in a few months and then installed. We
have done pivot measures and screw errors already. We're going to do circle
diameter corrections, and sometime next calendar year that instrument will
be ready to go. We already have several programs lined up for strictly differ-
ential work. For example, occultation candidates, radio source reference
stars, referring the PZT stars to the FK5, and so on.

R. E. Schmide (Nautical Almanac Office): For your ten-year prograni in Now
Zealand, how many people will be down there permanenty, and where are
they coming trom?

|

' Hughes: 1 would suppose there would be something on the order of a half
: dozen people required o carry out the transie circle program. We hope o
: hire some New Zealanders. Chere are all kinds of mixes of personned one
‘ could envision, depending upon ot of decisions that have to be made, both

within and without the Observatory.,

W. E. Howard (National Science Foundation): ‘There s some Australuan
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astrometry going on. Can you comment on how your program would inter-
act with theirs? Are they not doing it with your sophistication?

Hughes: The difficulty in the Southern Hemisphere is that there is no funda-
mental astrometry going on whatsoever. There is good photographic work
and good transit circle work, but there is no comprehensive program, even in
the diffcrential case. For example, there is no comprehensive re-observation
of the entire Southern Reference Star system (SRS) by transit circles, which
certainly is called for. We essentially do not have any idea of the proper
motions of the SRS, at least not in any scientifically meaningful way. Pend-
ing the arrival of the FK5, I don’t know what might happen. But there is no
fundamental work whatsocver at this time.

T. E. Corbin (Transit Circle Division): 1 might point out that although funda-
mental obscrvations of FK4 stars were last made in 1948, some of the new
members of the FK5 haven’t appeared in a fundamental catalogue for many
decades.

Hughes: Yes, what Tom Corbin has touched on here is something that really
concerns us in the fundainental astrometric community., When the FK3
comes out it will have what is called a faint fundamental extension, which is
a very welcome thing - several thousand stars in the seventh to ninth visual
magnitude range added to the fundamental sytem. But | can assure you -
and this is what Dr. Corbin was referring to ~ that by putting the positions
and motions of these stars in a catalogue, they are not going to be of funda-
meantal quality. The FK4 is bimodal hemispherically. The FKS is likely to be
bimodal hemispherically and with respect to magnitude as well,
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1

Fig, 1. The 61 mch stromersic retlecton at the Noval Observacons 3 Liata? s,
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SCIENTIFIC PROGRAMS OF THE
EXPLORATORY DEVELOPMENT STAFF

Paul M. Routly
Head, Exploratory Development Staff*

The programs in the E:ploratory Development Staff (EDS) are of a long-
range nature, and they feed directly into the other divisions here at the
Observatory. They also have a very powerful impact and spinoff in the
astrophysical world.

think the best way in which to describe our work and future plans is
to explain the proegrams themselves in some detail. Let me list the four prin-
cipal programs in which we are presently engaged:
1. Parallaxes/Proper Motions of Nearby Stars
2. Astrographic Catalog
3. Visual and Photographic Binary Stars
4. Astrometry of Solar System Objects
The parallax/proper motion program, undertaken joindy with the Flagstaff
Station, is restricted to faint stars lying in the magnitude range between 12
and 18, This is the largest of its kind in the world by far, and really detines
the stellar inch 1 is the program tiat establishes the basic steilar distance
scale o which all other stellar and galacric discances are ultimately reterred.
The astrographic catalogue w a unique effore on our pare to come up with 4
new catalogue of star positions for both the Northern and Southern Hemi.
spheres. It is unigue in the sense that the astrographic observations wili be
carricd out in the Soutiern Hemispuere at the same mean cpoch and trom
the satne position as the planned transic crde observations. The third pro.
cram coneerns double stars. We carry out here the argest program i the
world o double stars, both visual and photographie, And fourty we have a
programn having to do with the astrometry ot solar svstem objects, prmarihy
o pianets and sateihtes, although comers are also of intevest 1o as.
Let me now veny quickiy go through cach of these programs in warn,

acseribe the origin ot the progranm. what cquipment is used, whae narions

*In 1982 the Lxpluratory Develapment Soott was combined with the Transit Cirele Dnd

Lanta !t au the Astrtometry Division,
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apply, what results have been obtained so far, and where we hope to go in
the future.

First of all, the basic telescope that is used for the parallax plate-taking is
the 61-inch astrometric reflector in Flagstaft. Indeed, I should point out that
this program is a joint effort between the EDS group in Washington and the
astrometric group at the Flagstaff Station. The manager of the program is
Bob Harrington, who is ably assisted here in Washington by Jim Christy and
Varkey Kallarakal. The actual obscrvations are made in Flagstaff, and the
gentleman out there who selects the parallax stars, runs the program, and
carrics out all the photometry is Conard Dahn, assisted by most of the staff
in Flagstatf.

The parallax program was started in 1964, and in fact the 61-inch astro-
metric reflector was specifically buile to carry our this program. The second
instrumenital partner in the program is SAMM, the Semi-Automatic Measur-
ing Machine, the first of its kind to be used in astronomy. The basic features
of this machine arc that it can move around on a photographic plate to posi-
tions that are fed to the machine in advance and, most importantly, that it
has the capability of centering on stellar images automatically wichout any
personal bius from the operator. Becuase of these automatic features, it 1s
possible to carry out a series of measurements with SAMM lasting soine
hours without obvious degradation in the quality of the work beaiuse of
operator futiguc.

Figure 1 shows the 61-inch. I'm sure everyone at the Observatory has
seen this photograph many times before. It shews Dr. Strand standing at the
bottom of the instrument. He conceived the idea of the reflector and the
SAMM casuring engine together as a working system, The 61-inch s avery
interesting telescope. 1t camsists of a parabolic primary, but instead of
hy perbolic secondary as you might expect, it has a flat secondary which re-
tlects starlight down the telescope tube through a hole in the primary mirror
to a photographic plate behind. The 61-nch s like a conventional Casse.
grain, except for the flac secondarys o a sense i aan be chought of as
folded Newtonian, The umgue design teature of chis telescope w that ws it
assumes varions positions in the hy,and as the telescope tube drocps trom
its own weight, the cantilever design of the tube ruses the thatsceondary
move parallel o tselt. The point is that the opread axas of the O
mechanically stable in the sense that it mrersects the photographie shace
the same point all the tme, regardless of the telescope posinon, Thivis e
of the sbsolutely basic sequirements tor the mstimment e e strometric,

The nagmiude range of the l!.u‘.nn.n\' progran hes beteeer 10 ond -

3 g g omm f.
faint stars - because the ll}t_ht urasp of the 61-inchis su ureal thot wo o
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handle bright stars; at least we haven’t been able until very recently. This
means that the program is really designed to measure the distances to objects
like red dwarfs and degencrate stars. In addition to plate-taking, U'B1" pho-
tometry is also carried out routinely on all program stars with the 61-inch by
Conard Dahn.

The problem of choosing a star with a likelihood of having a non-zero
parallax is an important consideration. At first, we utilized the criterion of
high proper motion. It was argued that if a star had a high proper motion,
then the probability was fuirly good that it was nearby and so had a meas-

,
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urable trigenometric parallax. We used for this criterion the two proper
motion surveys of Henry Giclas and William Luyten. More recently Conard
Dahn has been carrying out preliminary UBVI photometry on all candidate 1

oo
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stars because he has found the 17 -1 index corrzlates strongly with absolute
magnitude and gives a better indication of distance than high proper motion.

Once a star has been placed on the parallax program 35-40 plates are
taken of it over three or four years. These plates are sent to Washington

where they are measured on the SAMM measuring engine.
From this program six individual ists of parallaxes have been published
containing a total of 582 parallaxes. The distribution of the parallax stars is

pretty uniforni, down to about declination -10°, and is good, though not
uniform, down to declination - 20°. Figure Z shows the new data plotted on
S Lmte ms et i a Hertzsprung-Russell diagram. Qune cain see that an cnormons amount of
detail has been added to the faint end of the main sequence as well as to the
degencrate sequence.
One of the most amazing resules that has come out of this work so far
and the reason, 1 think, that tie 61-inch is appropriately regarded alinost s
e the standard of the astrometric world these days — concerns crrons, Afrer the

first lists were published, Bob Harrington had enough data to cony out a

n
-t -

ORI e _ rratistical analysis of the errors. By using the ticld stars to determine external
T C crror, and by comparing this with the internal error that we were fornnily
R calculating all along, we fourd that these two arors were the same. aboat
0"004, The conclusion to be drawn from this s tiat the 61 ach reticcta;
SAMM Combination is an astrometric device that s no systenatic error
at tisis fevel, This s aovery unusual condusion, pardenlardy inview 51 the tac
thar all paradlax deternnuations prior to the 6anch (with the excepticn of a
few parallixes that were attempred on the 60 anch at Mo Wikson i die carly
days;: were obtained with refractors and show rather bad systematic errons,
ur certaindy systematic errens dhat are non-zero. Sowe condede that tor the
61.nch/ SAMM combination the mternal error s really equad to e v

ciror, This ticans that within some fite it we can decrease the o ard
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1 1 T 1 1
4 @004 = 7 -
0002 = x . 0044
o 00010 « 7 < 0024

Fig 2. Hertzsprung-
Russell diagran s}

of parallax stars .
observed with the
61-inch reflector. T LI
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improve the overall situation, by simply cruncaing away and exposing more

plates. Hf, for example, instead of a series of 40 plates, trom which we

typically get an error of 0004, we were to expose 160 plates, which i g

heavy burden to carry, though not impossible if the reasons far 0were

important encugh, one could cut this error down o 07002, Ar what level

sysiematic errors will rear their ugly head is not known, butwe expecr that
we will be ablie to come Jown 1o 07601,

To summarize, with the present 30 plate series, we have esentially

homne o creased the runge from 25 parsees, which is what trigonometric paradbines

were always thought to be lmited to in the past, oui to 230 parseas. We aie

now sampling, or can sample, o much Lirger volume of space than was pos

sible beforec With wmore lengthy plite series, we should be able o denve

astrophvsical information aboat objects such s gants, subgiane, Copheds

and RR Lyrae stars by detamining the distances to them directly . There o

even some hope that we might be able to determine trgonometricadiy the

distances to the Hyades and Pleiades clusters, which opeas up awhole Pan

dora’s box ot possibilitios rewarding the direct cabibration o8 more renete

distanee seales.
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Another very important result concerning bright stars has come out of
the error analyses. I mentioned at the beginning that, because of the light
grasp of the tclescope, we arc limited to a magnitude range between 12 and
18. We cannnt photograph a bright star with the correct exposure and have
at the same time the required number of faint field stars on the plate to be
able to measure the position of the bright star accurately cnough to produce
a parallax. Furchermore, most bright stars are far away and have very small
parallaxes, and hence are not ordinarily promising candid: tes for the trige-
nometric parallax determination.

We think e are now at a stage where these ditficulties regarding bright
star parallaxe. in be partly overcome. First, we can take mary more plates

-s0 as to reduce the errors and detect even smaller parallaxes. Second. o solve
the magnizude problem, a series of filters is being prepared with vacuum
deposited inconel spots which will result in attenuations of ene. two, three,
four or five magnitudes and so on. The idea is to place the image of the
bright star on a spot of appropriate attenuation so that the bright star photo-
graphs as though it were similar in brightness to the ficld stars around it

Another thing we are going to do is to go to fire grain plates in an
attempt to cut down on the plate error. We think we might be able to cut
the plate error, e, the signal-totoise problem, by half if we go to finer

plates. These plates wiit have to be sensitized (baked) 1n fornsing gas v crder

e e e e s . a  — o s - ————— " S, O~ _—_—g T YMENEE § P BoCLm e NN W N P R N W v

S to get chem back up to the speed of the plages we are now using,

- We are ziso beginning to worry about the connection to absolute paral-
laxes So far we have oeen talking about reladive parallaxes only. With the
accuracy  capabality of the sort being descnbed here, however, one cun
actally ry o measure die parallaxes of quasars or galavies. These, of
course, should be zero, I 4 small sen-zero value is obtained, dns coald be

regarded as a correction 1o absolute for that particalar paralian fickd, It

4 enough sach quasar parallaxes could be obtained, they would help o el

posw pmes
'

2 orate the statistical corrections now applied over the enure sky.

Finally, the question of accuracy has now reached the peine where it will

.

be possible and there s an TAU committee working on tius problem nghe
now o chioose aaer of stars whose paralianes are the best deterinned and
to compare e parajiaxes of these sturs as obtaied by varous obrervatozics,
Cine of the great problems i paralian work s 1o know how to mterpret the
paratian dara of one observatory with respect to data from another, There
no wav of knowing al nitio how to correct a parallax from Obsenvatony A
with that of Observatory B oin order to bring bl of these numbers anto
cotmon syatein where there would presumably be nasystemanc e,

K N t
1okl abo mennon that we e getting proper motions vt of the
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work as we proceed. The solution for the parallax of a star also produces its
proper motion, and some very interesting results have already emerged, in-
cluding the deteccion of unscen companions. Thus far, pertarbations of nine
apparently single parallax stars have been cstablished which indicate the
existence of binary motion.

The next prograni 1 would like to describe is the astrographic catalogue.
Tois is a program which is carried out here at the Observatory and is under
the management of Geoffrey Douglsss, assisted by Jim Christy and Varkey
Kallarakal. Figure 3 shows the twin f:10 esghs-inch astrograph used in the
program. lt is a brand new instrument and consists of two separate tele-
scopes mounted in parallel on a standard 24-inch Boller and Chivens drive.
The lens of one telescope is carrected for the blue or photographic spectral
band, and the other lens is corrected for the yellow or visual. Each telescope
has its own 8x10-inch plate holder and photographs a region in the sky
roughly 5x6 degrees, In addition, there is an auxiliary six-inch scope moeunt-
ed in the cluster which carries a simple right ascension guider. sensitive
down to ninth or tenth magnitude. The design of the lenses is rather unique.
They are basically of the Ross type, but unlike conventional Ross fenses the
filters defining the spectral band passes are permanently mounted in each
lens cell as elements of zero power. The hope of this feature is thar the filters

P 3 Twin 110 cight b astrograph being usod for a new Nosthern and Socthers

Hembphers astropraphic catalogue.

L ———————
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will not get broken as they frequently
do in other types of astrometric pro-
grams, where the filters are placed in
platcholders immediately in front of
the photographic plate.

Another unique feature of these

N Y T Y Y R N T R Y

lenses is that they are sealed. There is -
no way that air from the outside can «
gee into the interior to allow maisture 5

-

or dirt to condense or dcposit over the
internal lens surfaces. Now of courue

-

yut will say, if you have a hermetical-
ly sealed lens, how do you handle the
pressare preblem? This is solved by
providing for venting through stop-
cocks drilled into the walls of cach
lens cell. All of the inner spaces of the
iens cell are connected together by p.

e

4. Close-up of the lens arca of the

chaenels, and we can purge the lens  eightinch astrogruph, showing the guage
that menitors nitrogen piessure.

with medical euality dry airogen
from tine to time througn the stop.
cocks. Ordinarily tie lenses are operated with a slight pusitive pressure ot
nitrogen in cach lens coll and a sensitive presanre gauge is mounted on each

’1
]
]
'
o
.

cell for conwolling und monitoring purposes (Figure 4). In addition. a blad-
der is connectyd o eich fens cell by tygon tubiig to allow 2 certiin mmoune

of expansion and contracdon of the nitragen gos as the temperature cianges. i
It tuens cut s far to be a very fine systens indeed, .
Figure 5 shows Starscan, the new measuring engine used in che astro ’
graphic catalugue program. The specifications for tns eagine were wniten at
the Observators on e basis of our experience with the SAMM muchine. e :
was tabiicaicd by Optronies International in Chidmford, Massachusetes, and g
was sdebvered to us some years back. Atter a lengthy periad of struggle and
modification, we Bdly got all the bugs worked vut, and it pow orwan '
enul a lighrening surge through the dines touled up somz solid state dleciron !
s workimg magmticendy. A farge sorven gives & 30 tmes magnitied viow !
of the plite under meansurement, which m ot v varned by huge grane i

stages hiddden behind the screen i this photograph. The opearor canmove
the alaes ates nd by eaher handwheeds or o jov stich, The NS thomeives
weoth ,:ppln\mx.xici\ LS00 pounds and ove with }h’;hlh.:“\ o thotion

becawse they are supported by ar bearings.
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Fig 5. Starscan, the machine used to measure star positions on the photographic places b

of the astrographic program. t‘

k

. Figurs 6 shows the real licart of the machic . When a star image s I
v bronght close 1o the optical axis of Starscan, a double Grant density protile :
of the image is displayed for both the & ond vy axes on separate smalt CR 0. p

When the machine is commanded to conter, the double profiles snap togeth

er o forn aosingle protile tor each axis as shown in Figure 7. Also sLown in

these figurm s the readoud of e opadity, whick is related 1o magnitade,

and the x and ¥ pesitions ol the aage expressed to the nearest muron,
These numbers are stored on magnene tape ax the messurements proceed.

Like SAMM, Starscan 15 a semir autoanatic nachine, e hus the capabihies
Lo (enter .m!‘mn.xli;.ln)‘ annd (0 e _;nmu\cl !ln; ;‘Liic .m:nnz.it.u‘.lif. 1t )
proxunate posittonal data s fed nito tie macdine o begin with Te s avon
Lint e mdecd, and has g nomber of mpo tant potentats that we e
try g to capitabice on, which shall discuss ina monent,

1he .x.\tx'-);;r.qsiti\ x'.u.aln};uc PrOLTAm was bvgzm w979 W e ek
phates now down to the piate Bmic of magntade 120 the Vovtiad wnel
the blue, Our tiost eftort is the zodiacal band, 187 wide, centered cn the
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gy

Figs. 6 & 7. Closc-up of Starscan image profiles before {left) and after centering.
x, y positions are in microns.

compifation of the SAQ. Our nitial intention is to publish a zodiacal cata
fogue as soon as we can which will go as faint as 9.5 magnitude and will give
positions Lo 01 for 230,000 stars. We are using the fundamental reference
framie established by the Transit Circle people, basically the ACK3R cata
logue and proper motions provided by Tom Corbin.

Progress to dare on the astrographic program is a follows: the zoducal
observations are 95% complete, remeasurement of the Yale plites v 707,
complete, and measarement of the Naval Observatory plates is 5% complete,

e e e — A RN W TR & T A P B~ T

The major etforc we are mounting at the moment s the spgrading of Sca-
scan iselt, We e changing the littde online HP 22148 computer that came

with Starscan to an HP 1000, A program s now bcin::_ WIHEeD an (Gntrdet ]
which will give us the enormous capability of raster scanning plates. We will :
no donger h.wc to know approsimate stellar pmmun\ i advance, It widl be :
pu\c.xb!c to set the machine up to raster scan a plate svromatically and o f

meastne the positions of every thing on the plate brighter than a o crtain pre
determines opacity e ‘
As 1o the tuture, we e RO G Jom the Lanse ircke b g aent to New :
Zealand at the niddle of then epoch down there, and we ope to phon ‘
]

graph the Southern Hemnspiere. Lventually, we mtend to puablsl o G
Fogue of the Northern and Southern Hemspheres containmg sotetione bie
five nudbon star positions, based upon measarsmoents of tweney maiheon s
i!l!.l:‘;c". LOVEring OO0 .hlin-'t.:}‘ili; froedids.

The next progiam i EDS o the double star prograne b untionn,

waed s the 2oanch retractur 1zate R, Land we hey swes jrevabiod eté

NUEEX !

tnder w v e s the visizal jroptant ran by Churdes Warley starr it

He wses o stasdard Bbdar snceometer, Phe Timmitations e thas tae aonbse
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Wt Giecrved nz;.zflx fgve WAty Losn Litane L g thacvirtesls Breghites
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visual obscrvations turns out to be something like 0705 in separation as a
typica! residual.

The photographic work on double stars is done by Jerry Josties, and was
begun in 1958. It involves an automatic camera and a series of objective grat-
ings which can be mounted on the 26-inch when the magnitude difference
between components is great enough to require it. The magnitude range
covered is between +12 and ~1, the magnitude of Sirius, and the magritude
difference that can be hundled is 8. The accuracy of this sort of work is
something like 0701 per plate. If many plates are taken over a year and aver-
aged, one can achieve accuracies of about 07003-0/004 for a norma! point,

Over 25,000 measures have been made since the visual program was in-
augurated. Of these, 60% have a separation iess than 17, whick iz testimony
both to the quality of the astronomi-al secing available here at the Washing.
ton site and the skill of the observer. The status of the photographic program
is that results from 9600 plates have been pubiished.

In addition to observational work, Charles Worley is also responsible for
the Index and Qbservation Catalogues which comprise a master depasitory
of all double star data available in the world today. The Index Catalogue is
simply a catalogue of all knowi: double stars, and consists at the moment of
75,000 cards. The Observation Catalogue describes the individual measures
for each duubie star, and at the present time consists of 420,000 measures,

T TS 2 & s W W WG Sy w g R . ® e T Y A A VAR W R, Y ™ T SR R W RO T

This represents complere data tron . ~.os present. An effort 1 pre-
. senzly underway 1o extend the coversge of the Observation Catalogue back
‘:-‘ to the first observanioss of do hle stars. Plans ure to place both catalogues
on computer tapes and disks.
ﬁf Finally, the mtrometry of the solur system progran was begun in 1946,

and nser the 15anch aarogesph here tn Washington. Orginally 24 mmor

i

¢ o

planets were part of tis program (o improve costections to the tundamentai

v
.

- . . . v 4
rererenoe bame. o addition astermids with a tesonasnce of 201 were obsonved

tor & fong tnie o cbtas o betier mass for Jupiter. Progeess to dute inclades

;uf T

sovslab thews cepirding the Jupiter mass jooblem and major st oo naeor

phanci pusitions prbivhed w1968 and 192 2 Tadas the dura wie sebir fo the

. y . 8 o s .-
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b Aarbias, We have now Pt on vhe bt sonne additional ni\}cs.l‘., wich an viose
Carthopassers, astereids thar are Lhedy o resalt in cocaltarions, and e
fainter By ;:];mi'l) Uranus and Neptane, W e the Hloanch and the 8
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Christy and analyzed by Bob Harringto: in 1978.

This concludes my summary of EDS programs. | hope that | have been
able to give you some idea of the range and scope of the work underway and
the part EDS plays in helping to fulfill the mission of the Naval Observatory.
Thank you for your attention.

N. G. Roman: What are the advantages of the visual double star observations
when it appears you can do everything and more photographically?

Poutly: The visual observations are restricted to those binaries of 2" separa-
tion and smaller because you cannot observe double stars that close together
with photographic plates.

Roman: | understood you to say that the pliotographic method would sepa-
rate 1".

Routly: One second and greater. There is a certain overlap between visual
double stars and photographic double stars just to ensure there isn't some
kind of a systematic crror creeping in between the two techniques.

Q: Is the primary problem with photographic emulsion creep?

Routly: No, it is light scattering in the emulsion. We have not been able ro
find, no mateer how carefully we lave looked, any evidence of enselsion
creep. If it exists, 1 think it is at the sub-micron level,

Q: Can you give us an idea of when the final reductions for your zodiacal
catasogue will be completed?

Routly: You mean the zodiacal band that we first started out with? We are
huping that this might be ready within a year and a halt or two vears. The
measurements go tairly quickly and the observations are about 957 com

PlL‘l’C.

Q: On your paradlax program, what is your batting average tfor tinding st

that you can micasure?

Routly s Tewas abone 203000 to starc with, which was not very vood . but we

s

have gotten a lot better, Out of ten possible stars, we now gev at least gl

or nine ~tars with measurable parallaxes,
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R. T. Clarke (Time Service Division): Thinking long range, you are going ten
times farther out with the parallax program. It would seem at some point
there would be a need for another telescope. Is anyone thinking of using the
6-inch design, maybe not for something bigger and better, but for some-
thing slighily smaller that could nonetheless be useful?

Routly: The main thrust of all astrometric conferences that I have gone to or
read about 1s to get a telescope similar to the 61-inch in the Southern Hemi-
sphere. This is an area in desperate need of attention, just as Dr. Hughes was
mentioning in the transit circle work, and [ think it is the first priority. The
second priority might be to consider a larger telescope that miglit go fainter

. than we have. But I doubt whether such a telescope is a serious possibility

within tie ume frame of the next five years. Certainly it would be a wonder-
fui thing o have. Mare probably 1 think we will go to CCDs and thereby
increase the range, not by building bigger telescopes, but by being much
more clever as to how we detect the light.

Clarke: | was thinking that the design of the 61-nch is very good, and cven
if we had a smadler telescope of similar design, it would still be uscful.

ixe atly: The design is very successtul, and people who talk about astrometric
reflectors ill‘-\,’;i:,": refer to the 61-inch Tharis what Vo ant earlier by saving
it scems to be he standard in the astrometric industry. Certainly smalicr
telescopes tike the 61-inch would be usetul.

Roman: {t you were building a new telescope, how would you couple the
61-inch with a new approach such as George Gatewnod is doing?

Routly: That is a very good question, and there is no immediate answer, We

will have to see how successful George is.
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Radio interferometer at Green Bank, West Virginia, used by the Naval Observatory to
detenaine Earth rotution data.
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CLOSING REMARKS

Gart Westerhout
Scientific Director

L While Dr. Routly was talking, it occurred to me that onc of the things
, you see happening here—the paraliax program--is a beautiful example of the

way in wiich technological development eventually gets to the point where
ceverytiing meshes. We developed an astrometric reflector that provided
tremendous accuracy for faint star parallaxes. With that experience and the
associated expertise, it is now possible to begin measuring a considerable
number of bright stars. The whole technology has been developed, and accu-
racies berter than 07004 are reached without much difficulty. Over the rext
10-15 years, a rather major program will be undertaken for getting parallaxes
tor the important bright stars. That coincides beautifully with the need for
paratlax data in the 0701 range which will be required for transit circle and
other fundamental star observations in the next 10-15 vears. Thie develop-

e ment of the ability to measure very precise relative positions of objects

)
sty

meshes with the developinent of the ability to measure very precise absolute

CER)

positions of objects. | always like the beauty with whicl these various pares

G
o e

of the work at the Observatory come together

*
o

Pa?

-

I would like to end this symposium by taking a look at the tuture
(perhaps, some will say. through rose-colored giasses) by means ot Tabic 1
The program outlined in this table shows the need for researeh ws we see it
at this time. A program like tiis would cost on the order of tive or siv mil
lion dollars per year and would be undertaken by wmultitude of orgavica-
tions: the Naval Observatory, other Navy and DoD laboratorics, universities
and industry. Some of it is funded currently ata low level. In the following,
I will address cach line in Table 1 i1 suceession.

a. We st continue the work thiat we are doing in Flogatattand here o
Washington on pusitions, p.urn”;lws, motions, codors, tadio stas and dovhle
stars, all of which are measurements in direct sapport of the fundanen
work associated with the almanacs, ime and fundamental star positioons

b. A project that Dr. Hughes didn't menton, but on whinch we have
started, 15 developnient of a new vundamental reference frame fram soraech:

that is. one not built UPOI DICVIOUS tundasaental catalogues, In ather words,
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Tabl: 1. U. S. Naval Observatory R &D Program

a. Positions, Motions, Colors of Special Objects, Dirsct R&D Mission Suppor:

b. New Tundamental Reference Frame

c. Celestial Mechanics (Orbit Theory)

d. Green Bank Interfezcmeter

¢. Earth Motation Studies

f. Atmosph.ric Studies

Laser Tivac Transfer (Project LASSO)

. Master Clock Upgrade. Basic Clock Development
1. Optical and Infrarcd Interferometry

k. Large Angle Mcasurement Technigqaes (Ground Based and Sateilitc)
L. VLBI Time Transfer

m. Las-r Time Transfer and Ranging (Expanded Capability, incl. Moon)
1. Photographic Astrometry

J_(,'.Q

o. GPS Time Receiver Development
p. Navigution Systems

this would not be an improved FKS. but a new Naval Observatory funda-
mental reference frame, which, because of thie nature of the way in which it
would be handled, would be independent of the FK5. Qur New Zealand
effort is essential in this undertaking,

c. 1a the area of celestinl mecihanies, Dr. Seidelnumn showed that there
remains a considerable amount to be done on orbital theory of the motions
of the plmets. This work can take rany years and can be done both here at
the Observatory and in the academic comnunity.

dPhe Green Bank ieterfecometer is producni extremely interesting re-
sults with sucht accuracy thet we feel that these, combimed with the rosults
irom the photographic zenith wbes and the Navy trausit sateibites, provide
tiree-day averages of Earth rotavon data which are at least of the vame ac
curacy as the tive day numbers we gee from the Burcau Toternational de
PHeare. Bue there s still a ot e be kearned, particularly about aomospheric
influcnces on the precwe determmation of the positions of tadio sources and
thus on the determivation of Earth retanion, Several move vears ot studies
aie eeded 1o nake the Green Bank interferometer a completely operational
instrament to which ne furdher bnprovements wan be made,

coWith G dhe new date coming incoery thice dayse giving veny e
more precise and thnely intonmation abont the wobble wnd the rotaton o
the Earth. we might new be able o po back and study sthe causes ot the
vartations i e bartis rotation. Somse geophysiosts are ven e h

interested n Gihing those results and Lo R D turthicr ~tudies o thae

(“h‘( Uk‘li.
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t. I have already mentioned atmospheric studies. Dr. Hughes mentioned
the start we are making on atmospheric studies in order to finally come to
grips with the last one-half of one percent of the refraction corrections in
any one of the various methods with which one can measure stellar positions
from the surface of the Earth. We simply must get that problem under
control, because it is really at present the limiting factor in getting greater
accuracics.

g. In the area of time transfer we are, as Dr. Winkler nentioned bricfly,
participating in an cxperiment in which time will be transferred from here to
Europe and back using a satellite and laser ranging. This is a European
project in which the Naval Observatory is the American partner. With the
collaboration of NASA-Goddard, we are using the Goddard 48-inch tele-
scope: Dr. Alley and his group at the University of Maryland are the main
participants in the experiment.

h. Upgrading the Master Clock, as Dr. Winkler mentioned, involves the
acquisition of hydrogen masers within the next five years. Basic clock devel-
opment will further increase our capabilities in the long range.

i. Regarding the fundamental reference frame, greater accuracy m stellar
and planctary as well as lunar and solar positions requires the development
of large-angle measurement techniques more accurate than the divided circle.
There is hope for very considerable progress in this development over the
next 5-8 years. An entirely difterent method of measuring large angles is
optical and infrared interferometry, wiich shows great promise.

j- In all these areas, as well as in the area of ditferential nieasurements of
positions, such as parallaxes, the Observatory is looking very hard at meth-
ads to replace, ar lease partially, the photographic plate. This is in order to
get better results, not because we hate photographic plates. We are simply
trying to pick out those arcas in which such things as array detectors, e,
charge coupled devices {CCD's), might eventually enable us to get resulrs
thut are more accurate than one can derive with the combmation ot photo.
graphic plate and measuring machine, Of course, a catalogue of five miilion
stars, tor which twenty mithon images are measured, is entirely impossible 1o
do m the toreseeable tutare using photoelectric means. Theretore, i futare
of Lirge seale astrographic programs, such as the one Dry Roudy described,
requires, for a long time to come, the availabilies of extremely powerfud
measining tmachines for photographic plites. A the same time, hght dete
tors and automatic position measuring devices inthe focai plane, in which
Dr. Huaghes is proneering - the Transic Circle Division and wlich we o
mvolved noat l"iu:_;.\.mi-l', ane l‘cgih:nn; to ke some snall wreads, 'I'}.rn:;;h

cothiboraton with vartous ueinversities, b hiinh this will cotae 1o tine e s
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162 WESTERHOUT: CLOSING REMARKS

the next five years or so.

k. Dr. Hughe: showed a slide of the possible developmer.c of an astro-
metric satellite, and 1 would like to briefly show you the sort of time scale
that one has in mind when one talks about a capability in space astrometry.
Figure 1 assumes that we would start this in fiscal year 1982. We would
cstimate a period of about three ycars to look at the subsystems, such as
large-angle measuring devices, new gyro systems, focal plane mensuration
devices and so forth. A period of two or three years would be required <o
develop these, test them out, and implement them on ground-based equip-
ment. Virtually cverything that one develops for an astrometric satellite
is going to improve ground-based observation, particularly if cne has gone
a step further in measuring atmospheric refraction. Eventually, in a period
of five or six years, this development might lead to the first proposal for a
satellite, with a two-ycar design study and a final satellite proposal. This
takes us to the year 1995, on a more or les: optimistic scale. Just to indicate
what such a development would look like for the first five years, 1 could con-
ceive of us working on large-angle measurement technigues with such an or-
ganization as Draper Laboratory, while at the sime tire tackling the entirely
different concept of optical and infrared interferometry. It is by no means
certain - that is why one talks about a five year development stage before one
cven makes a proposal for a satellite-that an astrometric satellite will look
like a wransit circle, At the same time, whatever one dues in developing such
instrumentation, one must always remember that many of the requirenients
come from systems located on the surface of the Earth, and therefore atmos.
pheric studies, even if one eventually has a satellite, are still importane. |
have already mentioned fucal plane mensuration devices in his regard. All
this yoes to show that a 15-year development of a major new appro-ch to

Study and Dnvent
Subsiyvitems

Test subsysters (gyra,
intertorometry, detectors)

Inplopent subuystems on
pronnd L 1 e gaipnent

Fivet natellite vropasal

Bewsn atudy -stellite

Final satellite projpozal
Untellite construetion

Poauteh i

1ot f

Fipn 1. Sehedule for development of capabiiny il space astrometry.

Orerat bana
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astrometry will at the same time, as a by-product, very thoroughly improve
the many areas in astrometry in which we are now - orking. Even if a satel-
lite nevei comes to the actual funding stage, such intermediate research and
development will have very considerable influence on our further work.

l. I have mentioned earlier the use of lasers for time transfer: VLBI is
another very powerful means of time transfer, ie., synchronization of
clocks. The Naval Research Laboratory and the Naval Observatory are heav-
ily involved in the first tests of this method.

m. At the same time one could conceive of en expanded capability in
lascr time transfer and ranging, following the example of such institutions as
the Royal Greenwich Observatory and several others in the world of astrom-
ctry, to cstablish an actual laser ranging systeni. Such a system would not
only be used for time transfer, but also for ranging to satellites and even vo
the Moon to allow ever more accurate studies of perturbations in the lunar
orbit, as well as better determinations of the Earth's rotation.

n. In the area of photographic astrometry, I have already mentioned
that we will have the photographic plate for a very long time. Therefore, it is
quite clear that further development and study of better measuring machines
is stili of foremost interest at the Observatory.

o. In the area of time ransfer the GPS is one of the satellite systems that
can provide, at a soniewhat lesser accuracy than the laser or VLBI methods,

P e s Tame . B 5op sof b o8 it a8 =

time transfer capability for the uscr. The Naval Oliervatory, because of its
DoD mission as the coordinator of precise time and time interval, is the
organization which should monitor and push for the development of time
transfer receivers for the uninitiated user: You turn it on and have the time
to 20 nanosecond accuracy, just like that. That is the kind of thing that we
would eventually like to give to every soldier in the field, jost for setding his
watch,

p. Finally, as part of a task we have recentdy underraken improving nav

igational traiming in the Fleet it is quite possible that we will be tooking into

N S

development projects tor navigation systens, Such svstems will perliaps inte
grate automated sextants with the varions radio navigation aids into one

system, whereby the user can vtilive whatever he has, with wany fall bacl,

=]
“e "¢ 'w

nositions, This is an area which is typically related to our mssion but wheh:

disappearcd trom the Naval Observatory u long tume ago.

Oy Oy

With this grandiose scheme for all the things we can down tront ot us, ot
seeins to me that the Naval Observatory f given the wherewithal, voan o

vanization that has an absolutedy wrvelons fureee, We swill see v ouujanom

150 yoans.,
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HOW THE U.S. NAVAL OBSERVATORY BEGAN, 1830-65*

Steven J. Dick
U. S. Naval Obscrvatory

t
~
!
]
A
“n

Kol

: Exactly a century and a half ago, in Washington, D. C., the Navy set up

5 FARERE the Depot of Charts and Instruments, forerunner of the U. S. Naval Obser-
s e vatory. It wa< approved by John Branch, Secretary of the Navy, on Decem-
N ber 4, 1830; two days later ordars from the Board of Navy Commissioners
impiemented its formation.

These events initiated an important chapter in American astronomical
history, lcading to the cstablishment of the earliest large observatory in the
United States, comparable to the famous Greenwich and Paris obscrvatories
founded 150 years earlicr. just how a small depot for naval instruments was
transtoriied into a major observatory is a story that has remained obscure f

i F LTS o N T T

even to historians of astronomy. Here are the details, reconstructed trom
mval, sciendtic, and biographical documents in the National Archives,
Library of Congress, and Naval Observatory library.

Larly Attempts to Form a Natiostal Observatory

Unlike astronomy in Britain and France, in 1830 the scichce in America
was stll in it infancy. A few individuals  David Riztenhouse, Jolin Win-
throp, Benjamin Banicker and Nathaniel Bowditch  had made appreciable
contributions. But tie benehits of systematicaily sbserving the heavens were

N N B

by no means obvious o the populace nor 1o their representatives in Cou

]

PR A

press. A least vwo earlier calls for a national observatory had tatled, and &

e

i ) ) 0
third attempt under consideration was sintlarly doomed.

L)

. The tust steramed from legishiton sponsored by Thomas Jetroron

.

1807 to survey the Amctican contdine. Swiss borm athenuinciat and s
1]

vevor Ferdimand Rudolph Hassler, whom jetfenson had appeinted to head

L]
. . . . A ¢ '
tic new Coast Survey, recompended ostablishment of two astionameoad .
abservatones, But fcx;ixintinn repeated the Coase Survey s authorization ip ‘
1818, betore Hassier could ser up the twe tive toot fong astronomical 1 :

telesvopes he had obuained trom Edward Troughton m England. The sesona

*

*Repuated by permivsion oi Shy Publishing Cotpoaation trom Sky and fedescape vl

60, e, b, Decenbier 1983, with cortections ard notes wdded.
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168 DICX: HOW THE OBSERVATORY BEGAN

attempt at a national observatory began on December 15, 1809, when ame-
teur astronomer and mathematician William Lambert sent a report to Con-
gress ealling for the cstablishment of 4 prime meridian in the United States,
Finally receiving approval by a joint resolution of Congress on March 3,
1821, Lambert sct up o temporary observatory in the south wing of the
Capitol building itself and used some of Hassler's instruments. They were
taken down later that year, when his work was completed.

No less a figure than John Quincy Adams made the third call for a
national observatory. His first annual message as President, dated December
0, 1825, asked for an institution and *‘support of an astronomer to be in
constant attendance of observation upon the phenomena of ihe heavens.”
e T T e . Unforwunately for President Adaws and American astrenomy., conyress-
ional opposition, fanned by partisan politics, was so great that when the
Coast Survey was re-established in 1832, Congress specitically admonished
that nothing in the act authorized construction of a permanent astronoraical
obscrvatory. Adams’ repeated appeals. almost until his death in 1848, were
to N0 avaii.

-\

ey

ay N
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- .A p N .
Ihe Depot of Churts wd Insinoments
P Despre opposition from Congress, u modest chain of events in the Navy

Deparement would fead to success where all else Lad failesl. Notsurprisingly,

Navy interest sprang fron the practical aceds of navigation. As carly s

&Y

Novembper 1829, the Board of Navy Compissiorers fiiree select ofticers
¥y {

o a e s

:. who asisted the Navy seerctary; pomted out the need tor rewcer care tn the .

:f_ purchase and regulation of ships® chronometers.

": These were the important timepicees by which shrpoat sea mamtamed ;
accurate port time. By comparing that 1o local time, as dorived freo sextans

observationy of the Sun, Mo or stirs, navigators could deteneme tonge .

tide, Joha Harrison 1w England mvented the pracacad diranomeier i 1739, )

but the demand tor these dedivate docks long exceeded e supply | and they :

came into widespread use in the American Novy onde i the 18200, :
Probabiy aered o the Noavy Commissionens’ sepore by i tather, the

mfluentiad Scererary of the Saard, in November 18508, Lo bows ML Golds |

Bovough sabmiited 1o the Seoretary of the Ny an chogquent and pers tasive '

paper about ¢ Chronoacier depot. At age o0 the licutenant wao e o ]

1

. - ' 1 : f . .
pavy vetersn of 13 vears sea daty. He emphasized that the Juok of systomate
purchastitg nd care had resulted i exorbitane prices tor micsos i
wicters. Fighit on of 10 naval ships wet tosea wdhout an accsate et

tion of how moch ther dironosieten ran tast o slow. an o o ondy noae

; : 1 - ' Lt
mentes of tane duning a inu;; vovage coukd fewet o a tatad danaee 7l
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DICK: HOW THE OBSERVATORY BEGAN 169

Lt. Louis M. Goldsberough, founder and Lo Charles Wilkes. officer-in Jharge of
oificer-in.charge of the Depot of Charts the Depot of Churrs and Estrianent
and Instruments, 1830-1833. 1833-18138.

degree of longitude.

Goldshorough, therefore, suggested thar all naval instronacnts and chares
be kept inoa depot, where a competent otfices could “rate” the chrono
ncters, This rate -the amount of devistion from true tre, due to tempera
ture changes, mechanical imperfecoons, and <o on could then be niken
mto account when determining longitude, For aceurate vatiag, the depot had
to make regular astrovomical observations, vnce ne dock or other periodic
phenomenon known was more aecurate than the time pieen by a celetial
body™s passags acros. the meridian, detenined by a vranu fnstrument.

On December 6, 1830, the Board ordered L (;\l]"!\‘s'\nl’ullifil, then
Washington, o “proceca torthwich ro Pl uiclphi.u‘ New York, beoror
Portsimouth, N. H., o aad Noetalk Voo, where you will vevcive trom the
Z"x"il‘l'i!i\'t »_.‘unnn;mai.'nma, .Q} l]u' thrulnnm'tc}:., SCNT s tlnndnli!r\ \Ehi'.‘\.
and nantica] imstruments of value, snd not mowse Al ot windd e o b
trasscpuried to this p‘x.m-,"“ This provided the core Tor the now depot.

Goldsborough sentad w0 house on G Street, bemween 1740 atnd INeh
Strects, i the northwess quadram of the sty neas <o Winte Howse snd

. 1 H b 5
Navv Departmcat, He began the necessary celestal alsermentone tor tung
chironcaaceers, first with o sedtant and ondde, bor beoweess 1830 Jod 1633
.
.y

with o Zransit tnstruniers 10owas bl in New York oo [achant Paoon aosd
fad 0 30 andh feng tabe, The board beneved thirs o b e cnby oo e o

t!;'.li‘--\:a Ntates by Z~.ll".“>
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170 DICK: HOW THE OBSERVATORY BEGAN

This transit was placed in a small circular building and mounted cpona
brick pier whose base extended 20 feet below ground level. Thus, practically
from its founding, the Depac of Charts and Instruments consisted of the
actual depot plus a small observatory where observations were made.

Goldsborough not only rated the chronometers, he also had to deliver
them [with other charsx and instruments) to ships, and bring back others to
the depor for rating and repair. He complained that this burdea foreed him
to suspend ‘“‘the duty of maklig obscrvations, which should be constansly
attended to cvery fair day and every clear nighe.”® The Navy. thercfore,
supplied him with a passed midshipman (one who had pasced a specified set
of examinations) to assist with the dvties. Thus, from July 1831, there
began a long tradition of passed midshipmen assistants at the Depot.

Goldsborough's duties, and the Depor itself, remained much the wame
until he departed on February 11, 1833, for the war with the Seminole Indi
ans in Floida. When he left the Depot the inventory showed healthy growth,
with a wide varicty of meteordlogical and magnetic, as well as astrovomical,
ISLrUMCH,

The Capizol Hill Observatory

fmpetuovs and tambovant Lt. Charles Wilkes, then surveving Nurrangan-
sett Bay, was put in churge of the Depor on March 12, 1833, He becane a
midilnpman m 1818, served in the Mediterrancan and soud, Pacific, .ond was
promoted to Deutenant in 1826, Wilkes 1 best remembered s comunader
of the exploring expedition 7o the Pacifiy (1828-42) and for writiog s de.
tatied accounts about it

Wiitkes fownd the G Strect site tou vapurons” tor astronoueal abser.
viicons, Towas probably tou dose oo the Goldsboroughs, tatiier and soi,
weil, and Wilkes pz'cfcrrcgi t= have the depot near Jis own residence o cnable
B to make at alt hours ot the ti;t} and nig_;hl the LCUUSS ALY Ghisvervannss
to the best pos.ible .td\*.mt.'li;c.''“l

Thus, i May, 1833, he nioved to U aoste 1200 feet nortintest o G
center of the Capaod, where e had bow it several fouses bt by Goorpe
Vanhiogion, The upps tiour of une served as the nes Prepor, Phe N
stanted peemeasn Yor the o anty ol t.z:z!i:f st anhest Withoo o b
!é?i‘ (A1 425 l.".!’l".'-(' . ;‘};‘;’hi()*_‘. i \'\ L4t R H‘i‘:'{'l.

The followsny wimer, Nidkes Busdo again at I ows expenns, aones
ui)*‘.c:\'.awl'\' for the fansit oastrtesent, B0 becarar haown ln:nmu}‘!} A
Capito! Pl Obsorvatary.

Py ententiafl ivauses wore doesenbed by fames Melodle Gl WL Y
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IR The length of the observatory, cast and west, was tourteen, i 5
breadth thirteen, and height from the floor to the eaves, inside the ;’{
plastering, ten feet--its roof sloping to the norch und south at the :24
usual inclination in buildings covered with wood. Meridian doors, ;-"'
cach nearly two feet wide, and making, together, an aperture more é’j
than three and a half feet, reached from the floor to the caves: they
opened outwardly, and were lined-inside with baize. The roof doors Py
were of the same width, but extended only to within three teet of 3
the ridge pole. These were raised by pulleys lezding over uprights on }'::
the roof, through sheaves in the case and west sides of the building, _i:-'
L g e There was a door of ordinary dimensions in cach of these sides; end '{
g O : to prevent the transmission of terrestrial vibrations, the building was ]
3 ' surrounded by a ditch five fect wide and deep.? .
A
. Because the two sides of the root were heid together at the zenith, 12 of rhe Y
88 standard stais contained in the British Nautical Almanac could not be B
observed, even arter the building was modified in 1838, -_.
Wilkes broke with the past also by retiring the Patten transit and using ~
instead one of the brass Troughton transits Hassler had bought tor the Ceus :\
Survey in 1815, It was 63 inches long with a clear apertare ot 3.75 inches N
il was suppored on prissive granite piers 10 feet long. An observation con- X
ok sisted 1 noting, wicth reference to an astronomical deck, the exact tine an

abice erassed e ch of five vertical wires set in the - yepiees s tocus.

o TN

o4

¥

Witkes abse set up o magnetic observatory 50 fect south of the trans
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172 DICK: HOW THE OBSERVATORY BEGAN

building and 40 feet northwest of the house occupied by the depot. Thus,
the Depot of Charts and Instruments involved three scparate buildings.

Prior to 1838, Gilliss later noted, “the transit instrument appears to have
been mainly employed in observing the Sun, to determine the errors of the
clock with which the navy chronometers were daily compared, and to this
end, the time was noted by one of the many chronometers under rate. Ob-
scrvations by night were rare; and cclipses. occultations or other astronomi-
cal phenomena, except that of the Sun in 1836, seein to have received little
attention.”® Wilkes’ only surviving observing book notes 78 transits of the
Sun but only seven of stars between January and November 1836, when Gil-
liss arrived as a passed midshipman.

With Wilkes' departure in August 1838 for his exploring expedition,
Gilliss’ talents blossomed. To determine longitude differences between Wash-
ington and pouts Wilkes would visit, the Sccretary of the Navy ordered
Gilliss to observe stars day and night. Eclipses of the Sun, Mocn and Jupi-
ter’s satellites, and other interesting astronomical phenomena were also tobe
observed as they occurred. Williamn C. Bond in Dorchester, Massachusetts,
made corresponding observations.

Gilliss had entered the Navy in 1826 at the age of 15 and studied brietiy
at the University of Virginia, He was largely self-taught in astronomy, basing
his studies on two books of the era.

He wangled some new instruments to satisfy o demand for more
abservations, such as a portable 3%-inch refractor of 42-inch focul length, a
variation transit, a dip circe, and a sidereal chronometer. From November
21, 1838, to the expedition’s return i June, 1842, Gilliss Fimselt observed
more than 10,000 transics of the Moon, plinets and sears, and cach year
averaged 110 culminations of the Moon and 20 lunar occultations. i 1846
Githss publivhed the right ascensions of 1,248 stars in cstronomical Ghser-
vations Made at the Naval Obscrvatory. Tt was the first star catinogue based
On f\“k‘l'i\.'iln Ul).\(.‘l'\"l[itins. vvelnl lh()ugh “f\ dCC““il[i()llS were h(}”")\\'f\l f‘l'l)fn

the Carafopne of the Roval Astrouomica Society.,

A Permancnt Naval Chsepeatony

The events of 1842 Tormed u second watershed t the growth ot the ob
savatory, Stnce the previous Scp'cmhcr. Giiliss bad agitazed tor aonew il
iy for the transit, The Board and the Sedretay ot the Navy e conmmended
to the President that o new one be erecied, and in Mardh o bl was o
duced Congress, e Wilkes u'nuc:\'.\lm‘}, WS \iL'lL‘liHI'.hlllf_{. WS s cvndont
from Grilisy l‘ulilcl) wonded Tetwer ot l’rlnt..nl) 300842 1 have e haner

to acport, that the doors ot the observatony attached 1o the Dopor were
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DICK: HOW THE OBSERVATORY BEGAN 173

blown down yesterday again, being the third time this winter. The extremely
valuable instruments it contains were thus entirely exposed to the weath-
er.””’

Neiidher the Navy nor Cougress deaded to abandon the old observatory,
however. Wilkes, who returned in June, charged that proper care had not
heen taken of his property and ordered the Navy to vacate by the end of the
month. This was quite a boid demand from an officer still early in his carcer,
but typical ol the man vho later almost precipicated a war with England by
torcibly removing Confederase commissioners trom a British ship (the Trent
aftair). Left with no choice, the Navy moved the Depot to temporary quar-
ters on Pennsylvania Avenuc.

Gilliss resigned from the Depot on July 7, 1842, and with the tedgling
instituticn relegaced to temporary quarters its future might have been in
doubt had it not already proven ‘ts worth. The Navy acted guickly, and
appointed Lt. Matthew F. Maury on July 12 to take charge. Ironically, it
was Maury who had scathingly attacked the inefficiency of the Board of
Navy Commissioneis; 2 few months later it was replaced by five burcaus.
The epot came under the Burean of Ordnance and Hydrography . where it
received more adequate attention to its growing needs.

Congress was starting to pay attention, too, Gilliss had sighted Yneke's
comet with the 3V2-foot-long refractor, and the publicity helped Congress te
pass -in the final hour of its 1841-42 session -a bill providing $25.000 o

L fanes Relvlle Gilliss, sirecessor to Lt L0 Matthesw 1o Maury L siaces st
Wilkes at the Depor, TR3R 1842 Superin Gilliss atthe Tapon, PRI T d i
el it of the Naval Observatory, Supentendent of the Ui aann
1801 1805. 1541 1R
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174 DICK: HOW THE OBSERVATORY BEGAN

ercct & new Depot. That same session had curned Adams down again, this
time to anply part of james Smithson’s bequest to a national observatory,
but it did approve funds for an observatorv under the name of the Depot
of Charts and Instruments.

Gilliss never doubted that the new Depot had to be much more than a
storeroom. He recalled in 1845, “I should have regarded it as time misspent
to labor so earnestly only to establish a depot. My aim was higher. It was to
place an institution under the management of naval officers, where, in the
practical pursuit of the highest known branch of science, they would com-
pel an acknowledgement of abilities hitherto withheld trem the service.”'

Gilliss had been ordered, immediately upon his resignation, to reduce his
transit observations. Now, however, he was sent to the major cities of the
north to consult with prominent scientists: Alexander Bache, W. H. Bartlett,
Williain C. Bond, Ferdinand R. Hassler, R. T. Paine, R. M. Patterson and
Scars C. Walker. Each suggested features for the new observatory. With plans
in hand, Gilliss sailed for Europe tc consult further with astronomers dhicre
and to purchase instruments and books.

Returning in March 1843, Gilliss versonally supervised construction on
an clevated site chosen by President Tyler. “University Square’ had been
proposed by George Washington for the site of a national vniversity: it was
west of the White House wnd close to the Potomac River. it took 1% years
co build the 50-foot-square vrick central edifice and the wings to the east,
west and south, The cenwral part included offices, the depot, and a library, A
revolving dome 23 feet in dimmeter stood atop this structare. Tach wing
contained weridian nstruments.

Gilliss reported completion of the observatory in the fuil of 1844, To
s utter dimay. it was 1ot he but Maury who was naumed Superintenaont on
October 1. ja his private corespondence Gliliss made no secret of fus fot

mgs:

Although dhere i no duty so agreeable o me s stronomical
fabours, yet, T have oo much pride to solicit a connecticn wirk an
eiablihment whose existence is awing solely o myselfl You knov,
the Low rL'\‘n:_"}i'.-'t',\ i1 n:ll)’ HE I i)L‘PU! tor the Cil.li‘h. cle,, ot the
Nave,and Lo Mavey has moved mito it with bis instrosnents, chas,
cie. What the meention is, | know ot for | have abso too siadh pride
to enguie L I ac s to be an observatory Mauny s pot the man 1o
be wt ity bead, unless he s an entirey different toste trom thet

mduced by his previous life and labours.”

:
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Maury was not an entirely unlikely choice to head the Depot, however.
Though he had little formal training in astronomy, he had circumnavigated
the globe, learning practical navigation well enough to write in 1836 A New
Tivoretical a.:d Practical Treatise on Navigation. When an accident in 1839
left him lume and confined to siiore duty, he speni much of his time writing
articles on the rccrganization of the Navy. He took charge of the Depot at
its temporary quarters in 1842 and lived there with his family.

Maury set to work with a diligence that might have surprised even Gilliss.
He now had the greatest collection of astronomical instruments yet assem-
bled in Amezrica. Gilliss described ther in this way in 1845:

9.6-inch achromatic refractor, focal length 15 feet, 3 inches, by
Mzrz and Mahler. It cost $6,000, of which $3,000 was for the objec-
tive lens.

5.5-inch trausit instrument, focal length 88 inches. The Merz and
Makbler objective cost $320; the instrument was built by Ertel and
Sons for $1,480.,

4-inch mural circle, 5-foot foeal length, by Troughton and Sims,
casting $3,250.

S-nch transit in the prime vertical, 78 inches in focal length,
made for §1,750 by Pistor and Martins,

3.9-inch comer seeker, just 32 nches in focal length, by Merz and
Mahler, for $280.

Another transit instrumenr, and a transit circle, also came to the Dopor
about that time,

Thus, instead of the single meridian instraoment Gilliss had used until
1842, the new observatory suddenly possessed five of them, and a very i.n’gc
refractor. Since cach telescope had ditferent capabilities, there was no s
dundiney. The transitinstrunenss only determined right ascensions, by prs
cisely thning stars’ passages over the meridian, The nral dreleca pecaliarly
English instrinent, could only determine declinadons. The transic chicle
(meridian circte ) and prime verucal could tind posidons in both conrdimates,
PLIC vern
caiy Getlisse could compaie the accuracies ot the two hmstnuments, which

asing different methods, By acquiring both wmural drcle and g

represented the Engiish and German schoals of posidonal wsirononv,
' o, led 0. The otticers i iaed fehiiomen niode @ .
Jhties u\p.m(.u . Laig e albicers and P.!\\Ld Mmiasipmen Reade 4%
cralogical observations regularly, collected nydrographic data, constaciea

¢

Barts, tricd and rated Vhironomerters. and bought afl nauticd boaks, g,
i

. H t ] -
chnadts .lll(‘ e tranents (}H' N;l\"} il't]lllik‘ti. And widdnin o _\l'.lfi ! l‘sl‘ E‘}‘h'lt
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pp———

Zast-west cross sccvion of the new observatory, from Gilliss’ 1845 “Report of the plan
and construction of the depot of charts wnd instrurients, L

ment, Manry Fad the prime vertical, the mural circle, and the transit instru-
ment operating,

From 1845 on, the observatory made regalar mandian observations of
the Sun, Moon and planets. Maury cver proposed in 1840 that & star cata
logue L+ prepared tor use ina nantical alnunace, embracing Al stars visible
with the instraments. The Navy approved, and Maury began the work,

The time service, previously limited o rating chronometers added o tne
ball, ‘This was a black canavas structure, 203 feet wide, droppad from the
mast atop the dome every day precisely ai noun, The ane bali s b
prominest in the carliese sketches of the observatory.,

The statt grew Prom six passed nndshpmen, thyee leatenans, and
machinist o indude another three leutenants and members ot the Corps o
Mathematicans, which was previowly assocuated with the Nuval Acadenn
The ranks of Navy profesorns who jomed the Observatony over tie nove
two decsdes mctuded joho G0 Coftin 184031 Joseph S0 Hubbad iads
Ruel heith IRET M Y

Walker, « arvilon, weved from dhe Philadeiphia Bigh schoot Obsorvaror

sl

Sameen Newesonbs JEROGT (O Scos (0,

. . \
15846 bt rermned there after 11y wars becaase of conthions arh Moany,

. . a3 : Al -
fames Ferguson, also a cwalian, jomed the start e 1848 and obvonad wan

e et reren o unul 1867,
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The Merz and Mahler
9.6-inch refractor,
mounted in 1844.
5 |
b .

The first volume of Astronowical Observations that has ever been
ssued from an astituiion pmpc:ly entitled to the nane of Obsorvatory oa
T

meluded prinsevertical, gamsicinstrument, and nwral-cirele observations,

this side of the Athantic,” as Maury termed i, was published in 1846,
) I

and culiminated with g catalegue of 98 stars whose oight iscensions and
dechnations had been preasely determined.,

Thiv volume established the intemaional reputation of the observatory,
Furdier attention came i 1847 when Walker discovered dhat Noproee had
been obseived by Jo Lalande i 1795 Jong betore fty discovery . thas voablie,
WIe predise determnaton of ity o,

fechmeal naprovements indudaed the mtroduciion m 1344 ot chiron
ograph for automatically recording transit thines of stass, thas repliong the

0

l.ll\(,rlnnn amd dess aveurate eve and ear method, B the end o the Tair,

0 . i 5 SR Menr . - K
the nl\-t";‘\‘.ttm‘.' LA S | H‘;;Hé.n ]’.n! o Ilh' in A\ NEHIT IO .|!!\l e ftalisedy,
t 3
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The murd cirdde and 2rand? codde, mountod side by side i the cast wing in Vo064

. . o . \
he sourad Grele ;‘:n\s:%c.! onts decbinmtions the tonagt ondbv sl oginacan
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and was known and respected around the world.

It was also becoming evident that Maury’s program was too ambitious.
By 1849, 38,000 observations of stars remained to be reduced, so the her-
culean program of producing an all-encompassing star cataloguc had to be
abandoned. The war against Mexico seriously depleted Maury’s iunior staff.
When forced to choose which duties to maintain, Maury turned to hydrog-
raphy rather than astronomy.

Though Yarnall kept observing about 500 stars per year, from 1849 to
1860 Maury and the rest of his staff produced famous wind and current
charts, which required the collection and coordination of data from ships ali
over the world. Maury’s interpretations of these data, and his unorthodox

~ theories in other areas, made him something of an outcast among scientists,
but his work and the textbook The Physical Geography of the Sca (1833)
justly carned him the title of “father of occanography.™

Though the 1850°s at the Naval Observatory belonged to occancgraphy
rather than astronomy, Ferguson continued observations with the refractor.
He discovered three minor planets: 31 Euphrosyne in 1854 (che first found
from America), 50 Virginia and 60 Echo. Astronomical observations were
published sporadically, and Yarnall's did not come out antil 1372, At tirst
these appeared under the name “Natonal Observatory ™ but after 1853 U8,
Naval Obscervatory,” anticipating the Sceretary of the Navy's order of De-
cember i 2, 1854 designating the institution *Tie United States Navad Ol
servatory and Hydrographic Office.” w recogiies how the Depot bad grown
aud tivc the Navy was o charge,

When the Cwvil War started i che spring of 1861, Muury , who v born
e Vg and had heed o Tennessee, resdaned to jom the Contodoracy. He
ettt Windtineron Lanid chargss of treason, None other thar Gidlise v
appowted o tike iy places tally gaining the position e had hoped oo 1
years betore, Dunng the incerval he had rediced and readied for pross foe
transtt obscnvations from TR3S te 1842, nucated and headed a Noey ks
tor to Chile to deternmise solar g‘.ﬂ‘d“.l.\ Cand fed sobar n’h;?\r o }\ui;!l«r'i‘. t
Pera and Washington Territary He spent four years prepaing atonn voieme
acvount of the UL s, Naval Astonamical Pvpedinnn, 1849 32,

Benranie Apthorp Goakd, o oromimnent astrononier whe s cppaans

po Y ob Maay . wenie of Gl 180T appomtaent: e sadae s

termaon windt took place was hke the touds o endhanee™s v
Order spaang, Drony chiaos, swatem droim vontusion, ond the et o1 v
Lathtal few wito dead x“l-':,‘“'_{\'\! o bor ceas, f.u;\;n; KNI ;u; v,
talled with suaden vl

» . ! N N ot . - -
Pie Gl W bardened thic Gohisciiatony o provadin st :

T gt T T B X R W TR .

e~ 2 MBS F * W€ € " _v_wu__ UL Y g ey KRR W
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charts and chronometers for a greatly enlarged navy. Still, Gilliss managed
to publish old observations that Maury had lefi unreduced, and undertook
about 2,500 star observations each year. Five volumes of observatio::s were
published under Gilliss’ direction, as many in five years as in Maury’s 19.
in addition to Newcomb, in 1862 he appointed Asaph Holl, Willizm Hark.
ness and J. R. Eastman to the positions of assistant astronomer. Astronomy
became vigorous once more. A new 8.52-inch transit circle was mounted in
1865.

Gilliss dicd suddenly in February 1865, perhaps from malaria con-
tracted from the swampy surroundings of the Observatory. In a scene remi-
niscent of Copernicus, he received on the morning of his deati the published
obscrvations of solar parallax made from observatories in Washington and
Chile that he helped found.

The Hydrographic Otfice was separated from
1866, and the Nautical Almanac Office moved to Washington frem Cam-
bridge. Massachusetts, that same year. It became an official pare of the

the Naval Observatory in

Obscrvatory in 1893, when that institution itself moved o its present logae-
tion on Massachusetts Avenue (see Sky and Telescope, Decembar 1931, page
27).

With the arrival of Newcomb, whose nanme is so closely hmked with the
26-inch refractor that came in 1873 (sce Sty und Teleseope October 1973,
page 208), and Hall, discoverer of the moons of Mas, the history of the Ob-
servatory becomes mare familiar,

The toundations laid from 1830 to 1865 are soll appurent tuday, The
contemporary UL S. Naval Observatory carries out gamsit oo observations
to determine the fuadamental celestial coordmare system, camplovs sophin
ticated atomic clocks and photographic senith tibes o mameiin ws tme
scivice, and prepares Piie sorovemidcal dhiaee tormerds e o e
Fphcmeris aid Natical Umanae? aided by e Latest lectione compuaters,

There ioabso o long tera program of donble star and parallay incasuee
ment., both with the 26nch retractor snd with the 61k stometne
relloctor an i”l.:;\t:ti‘i.. Arzonn A new  progein in fadiey aatremetn, o
opening yet another piase, The Naval Observaton contnac, o pha an
portant role i the growth of Amercan wstonomy and e the develop
ment of posinonal strenomy - tmekeermg and nasiganon thiovgloet
\'.“)l'd.

sor, Theodore Jo Ratterny and

b

The author hanks Robere W, Rh}":x%u::
Brenda G Caorbin ob the Naval Ghservatary for thelr asantanie i proprasun
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NOTES

1. Netional Archives, Record Group 45, Entry 214, “Letters to Officers.”

2. Naticnal Archives, Recerd Group 45, Entry 213, 27 June, 1831, “Letters to the
Secretary of the Navy.”

3. National Archives, Record Group 45, Entry 228, 10 June. 1831, “Letters from
the Dpot of Charts and Instruments.”

4. lbid.. Junc 19, 1833.

5. Gilliss, J. M., Astronomical Ciservations made at the Naval Observatory, Washington,
under Grders of tite Honcrable Secretary of the Navy, dated August 13, 1838 (Washing
ton. 1846). p. x.

6. Ibid.. p. xiil.

7. National Archives, Record Group 45, Entry 228. “'Letters from the Depot of Charis
and Instruments,”

8. Report of the Secretary of the Navy, communicating a “Report of the Plan and Con
straction of the Depot of Charts and Instruments, with a Description of the Insteu-
ments,” Senate Docament 114, Z8th Congress, 2d session, p. 114 (by |. M. Gilliss).

9. Giidixs tor Vlias Loomis, 18 October, 1844, transcribed in Nathan Reingold, Science in
Nineteendd: Contury America {New York, 1964), p. 138.

10. Astronomica! Observatiors made wnder the Direction of M. F. Maury. Lieut. U, S.
Navy, during the year 1845, at the U S. Naval Observatory, Washington [Washington,
1846), Appendix, p. 118,
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