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Partners in Time: 
William Bond & Son of Boston 

and the Harvard College Observatory 
Carlene E~ Stephens 

N the mid-nineteenth century, the Boston firm of \Viltiam Bond 
& Son dcYelopcd a unique partnership ,vith the Harvard Coliege 
Observatory in \\1hich the activities of one sustained and influ-
enced the direction of the other. From roughly 1830 to 18901 the 

. Bond firn1 traded mainly in marine chronometers, the timekeepers 
that had become indispensable for deterrnining longitude at sea. Dur-
ing nearly half that period., from 1839 to 1865, °"TjHi.am Cranch Bond 
(1789-1859) and his son George Phillips Bond (1825~1865) served as 
the first t\vo directors of the Har\rard College Observatory. i\1uch of 
the Bonds' \\'ork at the observatory focused on t,vo practica] aspects 
of astronomy, determining longitude and distributing standardized 
accurate time. This essay focuses on the collaboration hec,veen firn1 
and observatory and offers a reinterpretation of the Bond years at 
Harvard. 1 

This essay accompanies .an exhihicion held at the Collection of l-Jistorical Sdentific 
Instrument~) I Jan~ard Uni,·ersit)',. from 10 January through 9 J unc 1989. The tx:hibition, 
' 1The i\ iost Re li ilb le ·rime. n commemorates c 11 150t h a nnh-crsary of the Ha n·ard Cul lege 
Obsen·.uory and the 200th bin hd a r of the founding di rector \ Vi II i am Crand 1 Bond. The 
Collecdnn and 1 he Dcp::1rtrncnt of the History of Science And Technology, Natmonal J\iuseum 
of Amerjcan 1-lfstory, Smithsonian ln.stitutioo, jointly organized the exhihitiont ¼·hich ,vas 
funded in part by the Pt"Tkin Fund. The au1hor compl~t~<l the research for the exhibition 
and this essar ·with .1 Smithsonfon Schobrly Studies grant. 

l This essay derives frnm a I argct work-in-progress on , Viii b m Bond & Son and the 
llan·ard Colkgc Ohsenratorr by the '1Ulhor an<l her colleague \VnL Da~:id Todd. The 
Bond_i;:' a ~t ronomy and th efr ad n1i nist ra.ti'i.'c-eon tr iLu t ~ons to the obsen·ator r .a re described in 
Be.i;;sie Znhan Jones anJ Lyle Gifford Boyd1 The Hari.,'{Jfd College Ob:1ervatDrJ; The Fint Four 
Directorships-!' 1839-1~19 (Cambridge,. 1\1:iss.: Bdkn.lp Prtss of H:irvard University Press, 
J97 J L and in Solon l. HaHcy, The llistary and \\?ork 1>[ Han:ard Ohser-i){jforyl' 183910 192 7 {New 
York~ J\·kGra\\'~HiH Book C.,ornpany1 193 ])., pp. 217.2 36. Excerpt~ from Ilond papel's ati; in 
Ech.vard S. 1-Ioldcn, Alr:morials fJj \Villiam Cranch Bond and his Srm George Phillip.~ Bond {New 
York: Lemcke '1nd Buechner, JB97). 
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1-l a n·a rd Col I egc O b.~en:a tory, l 8 5 J 
Fro111 Jones & Boyd, 'l'lx Har-1.:ard Collegt! Oh.Il'ri.,Y1h;ry ( 1971) 

A renlarka blc body of three-dimensional evidence survives to docu-
ment the partnership and directly inspired this fresh look at the 
Bondst ,vork. 2 Although the te1escope has long been the 1nost visih]e 
syn1bol and tool of astrono1ny, nineteenth-century observatories also 
depended on clocklvork tech no 1ogy - precision re gu lat.ors, marine 
chrono1neters, scientific instrun1ents ,vith c]ock,vork drives, and the 
highly specialiied horologica] too1s to produce thcn1~ The Bonds 
designed, 1nade, altered, or used such objects at either the firn1, the 
observatory, or both~ These objects, examined togcthc1· ,vith the 
extensive surviving docun1entary evidence, u nderscorc the interde-
pendence of fir1n and observatory and illustrate the interaction of 
science, technology, and co1nn1erce in the sh ado,vy bordcrla nd they 
occupied together in antebellum America.J 

i 1 ,n.1 la rgc co 11 ec lion~ of Bond an i foe ls sun·i ve. The Coi i un of Hi storm ca 1 Sci r nti fie 
Jnstri.J1nc:-nts, l-hn·ard Uni\'ersity 1 ind u<lcs rrnmcrous regulators, falnily men1orabilia, ~ntl 
the company pi•i-.c;r:s; the other coUection., lool.1 and prooucts from the shop of\Villi:1.rn Bo11d 
& Son, is ~t the National J\.-iu~curn of A1ni.:rican History~ S•nithsonian [nstitution 
\Vashington, lJ.C. 

3 The prcs!:nt-dny consensus :ii.lout the n~turc of the :science-technology relationship 
hold:; ihat the relatiooship is a .symbiotic cocqt1al one., nol a hiernrchic~.l on(; in ,vhich 
ted 1 no logy is the ]es ser partner, Fur a su mn1arr of th~ his tn·ri ogrn ph y and add L tion :1 t corn-
ment arr, sec Edwin T. Layton, Jr., L'Prcsidcntia] Address: Througl1 th~~ Looking Glass~ of 
r,.1cws from L:l kc J\ 1 irror I magc; 1 'J rrh,rofogy am! Cul ta rr, 2 8 ( l 9.R i )1 5 9-t-60 7. For genera I 
IJackgrou n d on r he dcm.::c-technologr rd.al i nnsJ. i p, s ~c Ro bcrt V. Ilru r:c:-1 '/k Lowuhing ef 
,lfodfn1 A merictm Sciem:r (I'\" ~w York Alfred A. Knopf, J987}i pp. 115-165~ 
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Clearly, each object is a mechanical marvel, an eloquent testa1nent 

to the maker's skil1, ,vorthy of study sin1p]y for its technical elegance" 
~fhc intriguing conical-pcn<lulun1 regulators that \\ 1" C. Bond's son 
H.ichard designed, for exan1plct stood at the of nineteenth-
century horological accuracy. To \Vatch the complex escapement 
move is hypnotic. To ana]yzc ho,v it moves gives entree to the n1ind 
of the designer, bent on .so]ving the vexing prob]en1 of providing 
precisely equal i1npu1ses to keep the pcndulu1n oscillating constantly .. 4 

But only ,vhen exa1nined in context do the objects offer insights into 
their origins and their impact on American science and commerce. 

Studyjng the Bond artifacts and their use reveals the vjtal ro]e 
precision instruments played in astronomy's discoveries .. \1/illiam 
Cranch Tiond systematicaHy sought to re.fine the techno]ogy and tech-
niques of observation to eliminate in.struinent and human error. J-Je 
re]ied on other craftsmen for tc1escope lenses, but designed the 
observer~s chair, made in1provcn1ents in telescope mountings~ cus-
tomized recording instrun1cnts and clock parts, even the obscrvatoryts 
rotating dome to insure the n1ost precjse observations obtainable .. 1-fis 
son c;eorge's faith 1n the potential of celestial photograph}\ ,vhcn the 
technology \Vas in its trying infancy~ inspired others to make the 
camera an i ndi spensa ble tool for astronomy. Even astronomer 
Denjamin Gould, ,vho \Vas no friend of the Bonds and ,vho valued 
mathematical over practical astronomy, adn1ittcd in 1856~ ''It is the 
mechanical artist to ,vho1n ... ,ve o\ve the chief advances of modern 
a :s tron om y.', 5 

The Bonds~ \Vork \\rith timekeeping and clock\vork technology had 
an impact far beyond Boston. l""heir practical astronomy intersected 
dramatically \vith the conunercia] interests of Ne,v England and the 
rest of the country. ·rhe Bonds not only made and so]d clocks, chron-
ometers, and other c]ock,vork instrun1ents. They used them to deter-
mine and distribute standardized accurate time. \\ 1i1liam C. Bond 
hegan the \vorld's first public time service based on telegraphed clock 
beats~ AH oYer Ne\v England railroad conductors .and seamen in port 

' 
4 \,orkmen al "'illiam Rond & Son mndc thrc-<: of these n·gul~tors shortly after Richard 

Bond's death in 1866. The fir.st became the Han·<ud Colk-gc Obsc~·atory's mt'an-time 
regulator. The _,;;c:cond stood in the '-\'ind ow of the Bond fi rn1, and the th t rd \A.tC11 t to the 
LiYerpoo1 Ohser\'alory. 

5 A mrrfra n Jou rnaJ of Sde,ue, 7 3 ( 18 5 7 )j 4-08 1 q uotcd in Il n1ce I launching ef A fod-enJ A mn-ican 
Science {note 3), p~ 101. 
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set their tin1epieccs to the synchronizing heats of the observatory's 
c[ock. 

Inextricably linked to the ubscrvatory,s timekeeping programs ,vere 
observadons for longitude. Un]ikc Europe) mid-nineteenth-century 
A 1nerica had no national prime meridian to serve as starting point for 
longitude calculations and standard time. \\ 1jllian1 C. Bond deter-
1nincd the position of the Ca1nbrjdge observatory relative to 
Grccn,vich, England, and inade Can1bridge for a time the de facto 
North An1crican pri1ne n1eridian~ Can1bridge served as reference 
1neridian and time source for the cm pire-cxtend1ng exped i rions of the 
U.S. Topographical Engineers; the U.S. Navy, and the U.S .. Coast 
Survey .. 6 

The Bonds' orjgins in the 1\nglu-An1crican com1nercial ,vorld set 
then1 at odds ,vith influential memucrs of the American astronon1ical 
con1n1unity~ Although both '\'i1liam Cranch and George 
Phil1ips Bond became professiona] astronomers,. neither ,vas able to 
dissolve a fundamental attachment to the ,vorld of Boston ,s trades-
n1cn-n1cchanics. Both their business and breeding bound then1 to 
England in an era ,vhen other An1erjcan ('scientificsn strove to in1port 
German research n1ethods. Ivlainstrea1n Amerjcan academic astron-
01ny had a mathematical bias, and the Bonds emphasized practica] 
astrono1ny .. 7 

)
7et these Yery factors that set the Bonds apart fro1n other American 

men of science also ,vorkcd to further the Bonds'.! goals for astronomy 
at the Harvard observatory. Because of \\ 1i1liam Cranch Bond's obses-
sion ,vich precision instruments t his f ami1y and com1nercial ties to 
England, and the generous backing of Boston 1 s shipping interests 1 

the Bonds came to preside over the best equippcdt n1ost generously 
funded private scientific institution in antebellum America. 

'11 HE FIRM 

1~he firm of \Vil Ham Dond & Son grc,v out of 1nisf ortune and 
poverty to b ccori1e one of l he n1ost prominent instrun1cnt n1akers and 

6 Craig B. \V3ff, '1Charle=, 1-lc-ory 0'1.vis, the- Foundation of the Amerkan N:mdcal 
Almanac, and the Establis]unent of an A1n~rlcan Prime i\1cridiant Vjsfas i,J .Astnmomy, 28 
( l985}, 61~66; Derck Howse. Gr.ec11wirb Time and the Dirr(l'Jery ef the I .cngitud, {Oxford: Oxford • 
Urii .. ·cr.i,ity Pn;!)s,. 1980), pp. J 38- l5L 

7 I-tor a discussion of is~ues in antebeUum as:tronon1y, sec Dchorah Jean \V~mcr 1 
1 '.Astron-

om y in ~i\ntebell um A n1erica /' in The Sciences in the American Con text: New Perspe,1 foes i cd, 
Nathan Rei ngold (H 'ash ington I D. C.: S nlith ~nn i an l n sti tu tion, 1979), pp. 5 5-7 5. 
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suppliers of the nineteenth century. Founder '''illiam Bond~ an 
in1migrant si]versn1ith-,vatchn1akcr fron1 ( ~orn\val1, arrived in America 
,vith his fan1ily in 1786 and set up a_ lumber business in Falmouth 
(no,v Jlortland)., l\1aine. In l 790~ ,vhen a ship carrying the entire 
season's cuttings ,vent do\vn, Bond lost his capital and rnoved his 
family south to Boston. ln 1793, the Cornishman set up a ,va.tch and 
je,velry business on Marlboro Street. 8 

In the second quarter of the nineteenth century the firn1ls activjties 
expanded fron1 the \Vatch and je\velry trade to include marine chron-
ometers. Due to the energy and mechanical skiH of the founder's son~ 
\ \1i11 i a n1 (~ran ch Bond 1 th c fi rn1 provided extensive inst ru 1n en t s crv i cc 
to private shipping, the U 4 S. Navy, the U. S. Coa~t Survey, and the 
U.S. ~lopographica] Engineers. 

,.f'he Bonds sold instrun1cnts of their o"'n manufacture~ retailed 
and lent British imports, and rated and serviced chronon1ctcrs for 
gOYcrn1nent and co n1mcrcial custon1ers. Their principal supp] icr s 
,vcrc English chronometer and horological parts n1akers, .and their 
main custon1crs \Vere Ne\\' England ship captains, \vho ,vere required 
by the shipping con1panies employing them to purchase their O\Vn 
instruments. 

Chronometers \Vere expensive, and the price of a nc,v instru1nent 
changed ]ittlc bct\vcen about 1835 and 1890. Depending upon quality, 
a ne\v chronometer purchased fro1n the Bonds could cost bet\\'een 
$220 to $300. Even a used one 1night cost ncar1y $200. Rentals 
averaged $ 5 per month of voyage and offered an attr.actiYc al tern ativc 
to purchase .. Repair costs depended on the cornplexity of the task 1 

but in 18 3 3 for examp]e, ad justing a chrono1nctcr sprjng, ,vhich 
demands a high ]eve] of ski1l1 cost $5, nearly as n1uch as the Tionds1 

lo\vcr-paid shop e1np]oyees earned in a \\1eek. 9 

8 1 Ioldcn1 ,Hrnwrials (nnte 1), pp. 2) 4. 
9 In l 8.13, for examp!c 1 the Bond~ sold the following chronometers for the prtct-.~ indi-

c:1tcd: i\1. ToLi.as Nu. 127, $240; Parkin~nn & Frodshnm Nu. 900, $260;. Hornby No, 384, 
$2201 PJrt.:inson & Fro<lshan1 No. 177 l, $300. TJic Bonds were not :1 discount hol1sc. Ouc 
cu strnner con1 pla i ncd to th cm in 1 8 48 that he cou 1 d pu rch:1 ~e n c,:w Parkinson & Frodslrn 111 

chronomcter.s froin dealers an S4lkm and N rw York for about $200 to $215, Lln this claim 
t.~ unsuhst::!ntfated. In J 850t the Bonds 9uot-..:d ;mother customer a price of l)el\~•tcn S27 5 
and $ 300 for 4"' ''fir .sr~r~ t(t inst rllrnen t. An a<l \'Crl i scrn en l from 18 B9 offers nC\v 1nea n•t i mc-
:1 nd sidereal chrnnomc.."tcrs for $250 to $300. \Villiatn Hond & Son Dayl.Jooks1 183 3-18 35 
and 1848-1852 1 Han·ard Collection of 1-1 istorical Scientific [nslrnmcn(s (hereafter HCHSI}. 
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0HRONOMETEJ:t MANUFACTORY. 

WM. BOND & SON, · 
NO. 17 CO.NOB-ESB STREET, -B0'3TON.t 

. . 
EST-.\BLISHED lN l',93~ 

.... 
C!{lt.Q::0.0 Jlll:TT.R 1d A, ~f!M 'tO 'fHE H:N: IT! :0 St!. "l'EJII OO'f~ll.N:UE.S T, 

0 If n for ,n,1 lfl • OOltJ pletil!I &111!10tuatrrf; or 
· 1-tARf NE AND SIDEREAL. CHRONOMETERS . 

• • .. - -- - T"" • 

:,of !h~lr o~ m8.:i:rnt11i::turie, ~nd· d.;10 thou mR.dt: lo th@h-A,P(!-C:i111l order in Engl~n,;;t 
-All or thcH iri1trumit!nt~ are taf(!fu111 t'"1-ted bdorc bejng offe.re-d for nk~ 

)[ essr:11. lloxn &: a ox aTt! 'PTO vide-d with cve:rr f 11.C'iUt.; r rJ l en e:u r-t ng the grc:-i t (!!It 
n c curiu.'!:y i o uc t:rt 11tn~ hg the-R~t, s :and Error8 of Ch ro-nometer .s,.. and Tim c {or ail way 
n gu b.tiop. Their conn ectto~;i, by m~a n:s or lhie E l!!ttrie .'l.',e Iegu ph., "With the A1t:rc,-
r. om tc11.l Obstf'l;'atorr or Hi:llna~~ Cl)llcgie-J tombiof:d 1'Filh tbei~ npp-ar~tU9 in Boston 1 

ermUe~ them. to d',e(en,i itu lot!o.l. H,. n.e'1 fogfm11 or Gr~rn ldch fim ~, ~{'ft h the tit m ,nt 
;irrcbion. A 11 tl1@- publi,i;; Clo c-ks ot th-e Oily or ll ofl·i ori i and th£! Ra.i lro:ad B or ,c,"t".· 
f~lLgtamll :trir,e rl"guht~d t,y the Standard thne- of Mesar:!5+_ ,r .. m:am Bond & BDD. 

' r ,;1.rli r:m la r a. tlf-n licrn p,:l id to th c tep III id r.g and :a.,dj ust iTI g of Chronometc:-r~. -0 J d . . 
CJ1rnno1r.1Nc-nr restor~di ;e.o /11.r tr.!!J. th~ naturll!' of the c.i.!-c-,..,,m aumif, 

Chrnnometen loaned fo1 long ,or ;ehor,L-Yoyag~s. 

WATCHES ANO CLOCKS CARE f' U LL Y · REP AlRED. 

G .:il d 4 tul Sil ,er co tnpt-ri s.at,c,d WA.. T c.·;i:r·F.~ J ·or tb t m,os.t appro nn:I C!on gtrri ction and 
• • 

u .-.1 ity, for :s lllti 1 ae w rll as tho:at;i, b<i th -Frl'.!n c~ nd Ifoglh1 ~' o! :n. lese r xpe n E-i'fc-
C!la,s. · 

A:!j tronomica l Clo-ck !ill a.ncl S pt ing-Tq o 'li-"t-tr.i or Elf-i::t rka l lh: c:ora LIi g Ap,pu a1 m:t · 
rnad:i! to order. 

'lE-l,e,1 oopu :D..'b d oth ~r A.!!I trDnDmi cd Inst q• e-nl:!1 i Ill :po,rted. 
I •• • • • . i ' . . . 

([? )IE'Hfl. no,.-D & SoN ha TC li ~d 0lll11".L rded to them th~ 0 ld and th~ Si I Hr 

Ml'.!~11.lrs of the- Mu1acbu1eU1 Chuit.a.bl~ Mec-h011fiiC_ A1aodatfonJ and u~e Gre-at 
'Q ou nd l Medal or the ,vo1 Id ts E ic lrib[tfo+ a i ~nd-0~ in 1851 ; thei~e iu(!'r..lah1 _ bl"l ng 

_ l !' htghu dietfoc:t[on con!~ned by tho U: b D d · i:: 3 f~r otigln1.l ugic fu l in Tention e:. : 
' ' I : j • 

· · · . :.Bb,~, July 1, l MJ~ . , , . 
'i 
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Ad vcrt is c1ncn l for \ Vi 11 i am Bond & S011, 18 5 9 
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; WILLIAM BOND & SON, 
~* 13 47:• 

1 State Street, 
. BOSTON, MASSI 

CHRONOMETER MAKERS TO THE U. 84 GOVERIIENT, 
AND SOLE AOENtS FO~ 

/f l-1E CELEBRATED \VA]~CIIJIS 
MADE BY VICTOR l<U LLBE.RG, ANO JAMts POOLE & C0,1 LONDON. 

OH WI :i-:AL, A~D o:s-r.v MA~[; .FACTt: R [.R~ IN N .f-'. \\" [~G-tA::--m OP 
S""UPBR:t:O~ 

ll:AHINE AND SIDEBEAL CHRONOMETERS; 
AST'RON0:2\.110.-\.L CLOCK~t 

-.L~D--

1: l:ii4"P BO V ED 

Electric Break Circuit Chronometers, 
·which :ire ack t'ln ". kdg~d by Sde 11 t 1 fie-men to be d1 e: l>est in ti~ e. 

I~ l'L')lt.. TF. k.S ui-· 

~he Be-&C 6h.roaume.te.r& a&4 W111tchea, 
l"'.ll :-u.le: t.'X]lTt;~~· y to their otdet i11 lomlon and Gene \'cl. I a.11 of whkb ;'.lfe rnre r,.11 r ~· 

lea te d Lefon! being otf-1:! c-,e d for sa..h;~, < · 
P.trt I i.::LLt:-1.r .:-. , tf'n ! ion. p:.1d lCJ the R eJm L rl nu a n.d A.dj m~t lug of 

CHJW:-iU.\lt::TERS., \VA'rCH.E.5 .A~W CLOCKS . 

CHRONOMETERS RATED 

. , 
'I 

with t hi; J:: r-ca trs t care-, am! the error ~h·t n from any de:s.[red i\lerld i.a r1, nd l n 
rl.tl}' h ni u ;i.g':. t u t m ?:d a((:~facy oel ng ne-d b)- -co nst:an t 'felt:~ rap hk , 

· mm 11.m11 tc-.1t1(rn w L .h tl1e A !!It ro nom h.•a,t O h:!te rYn,tor-y of . : 
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Co/lu-tion of HislCrical Scientific l11s1rumo1u 

Advertisement for \\'jJliam Bond & Son~ 1889 
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In n1ost of their advertising literature the Bonds repeatedly claimed 

that they 1nadc their o,vn chronometers, ,vhich ,vas not al,vays lit-
erally so. In the horologica] trades, both here and abroad., a long~ 
standing practice permitted the finisher-retailer of the ti1nepiece to 
put his name on it. One co1nn1entator observed the custon1 ,vas 
already ,vell-cstablishcd jn the eighteenth c·entury: 

~rhe \Vatch-i\1la:kcr, properly ~o called~ scarce makes anything belonging to a 
,,·atch; he only employs the diff ercnt Tradcsulcn arnong ,,·horn the Art is divided, 
and puts the several Pieces of the ~1o\·ernent togefhcr :ind adjusts and finishes 
it. ... The \Vatch ,.\1aker puts his name upon the p1ate and is e5teemed the 1\1akcr 
though he has not niade in his shop the smallest ,vhccl bdonging to it .10 

In keeping ,vith this tradition the Bonds n1ade fe\\' chronon1eters 
entirely on their O\\'O . ... 

Th c n10 st significant exception and car 1 i est kno\vn surviving exam-
pl c \Vith a Bond signature is one ,~lilliam Cranch Bond made himself 
in 1815 .. The most strjking feature of this instrument is its unconven-
tional \vcight drive. By the beginning of the nineteenth century, the 
most common n1eans of driving a 1narine timekeeper ,vas the force 
provided from an un"rinding n1ainsprjng. But Bond Legan construc-
tion of his tin1ekeeper during the \V-ar of 1812, ,vhen a trade embargo 
prevented him from procuring British spring steel. Bond constructed 
his chronometer to run \Vith a falling lead \Veight afler reading about 
the eighteenth-century marjne timekeepers of Ferdinand Berthoud in 
the sea journals of French navigator Jean l;ran<;ois de Galaup, Con1tc 
de La Pcrousc. 11 

Tradition say·s that Bond~s 1815 marine tin1ekeeper ,vas the first 
sea-going chronon1etcr n1ade in America. The instrument ,vent to 
sea only once., though, on a voyage to Sumatra in 1818 aboard the 
U.S. Na\'Y ship Cjtrus .. After nu1nerous opportunities to test it against 
lunar observations, the ship's captain, ~fhomas B. Curtis, found that 
the timekeeper performed '\vith utmost rcgularjry.'1 But chron-
ometers ,vcrc uncom1non equipment aboard An1erican vessels in this 
period, and Curtis ,varned Bond to up[easc remember that I am not 

IO R. Ca mphel l, The ltmdon Tradesman (Lind on, 17 4 7)l q uotcd in Ror Porter ct al. , eds., 
Sciroce a11d Prcfit in 18thrCe,uury Landvn (Cambrjdgc-1 Eng.: ~fhc \VhLpple J\1uscurn of the 
I-Ii story of Science}, p+ 21. 

11 Thomas Bond t-n George-P. Dand, 21 February l859, quolt.:d in Edward S~ Holden, 
Afemoriali (note J ), pp. 7-8; G. P. Hond, j\·lcmonmda relating to \V. C. Bond, 9l10ted jn ihid., 
pp. ll-12; }'crdina1Jd Berthoud, 172 7~1807 {La Claaux-c:li:~Furn.ls, Switzerland; i\-luscc ln~er-
national d 'Hor logeric, 198 4 }, pp. 4 3, 2 07, ,~ La Pemu sc: /' Gr(J nd l.orrmrre, V], 60 3 . 
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Smi,lim11ia11 lnstitntion 

J\·larinc ti1nckccpcr n1ade by \\lillia1n Cranch Bond, 1812-18 l 5 
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experienced in the use of the instrumcnt 1 and attribute any errors 
you n1ay discover to this causc." 12 

1'1ost chronometers ,vith Bond labe]s exan1ined to date have punch 
n1arks for initials of Lancashire n1akers under the dia] plate. In 111id-
ninctccnth~ccntury Englc1nd, the region around J.,iverpool supplied 
most of the ,vorldis horo]ogical needs. The I .. ancashire \vorkshops, 
,vith ].a bor minutely divided according to task, could seH thousands 
of partially con1plctc chronometer n1ovcn1cnts to retailer-finishers a.t 
rc1ativc1y lo\v cost. -'l~hc Bonds probably imported these unfinished 
Lancashire n1ovcmcnts, assembled the dc1icatc balance and balance 
sprjngt made the fine adjustn1ents, and retailed thcrn under their O\vn 
nan1e~ n 

The Bonds had the skiJied craftsmen to do this kind of precision 
,vork. llichard Bond trained in I~ng1and to learn Hspringing/' the 
mcticu]ous process of making the helical ba]ancc sprjng v;.1ith exact 
iength and termina] curves and adjusting these indh,idually to each 
ti1nekeeper. The firm ecnployed varying nun1hers of ski]led ,vorkers, 
,vith a. 1naxi1nun1 of t\velve in 1869. The nu1jority can1e from S\vit-
zcrland and England, a] ready tra incd and \Vith their o\vn too]s. 14 

1"'hc Bondsl business in precision astrono1nica] regulators cgua1lcd 
their chronometer trade in significance, if not in vo]umc. 'rhcsc clocks 
\Vere not mass-produced don1esric products de~tined for the hotnes 
of Nc,v Englanders. They ,vcrc for an elite clicntelc - coHegc and 
u nivcrsity astronomica] observatories t rai lroa<l tcrmina] s, and govcrn-
1nent surveyors+ Like their chronomettrst a rcgu]ator purchas~d from 
the Bonds 1night have been an i1nported British n1oven1ent \vith the 
Bond nan1e on it, a specia] Bond-made escapctnentl or~ save for the 
easel an instrun1ent 1nade entirely jn the Bond shop. Indisputable 
evidence that the firm actual]y made certain pieces co1nes fron1 an 

12 Thon1as B. Curtis to \Villi am C. Bond, 25 Decernher l 81~ and 21 Augt1:;t 1819~ Boud 
Papers, I ~CI-ISJ. 

lJ Alun C. Davj~~, 1~Thc Life an<l Death of a Scientific ln!i:trument: The A·farine Chron-
omc(cr, l 770-1920/' Amu1ls ef Sdence, 3 5 (1978), 509-527. 1'hc author js grateful to John 
Gr j ffi th.~~ Cura tor of the Prescot 1\1 LI.lieu m t P rcscor 1 EngJ and, for cxarnl n i ng n urncrou IlonJ 
chronometer movements and for provj<ling information on L:1nc:1shirc c:hmnomc-tc-r rn:-.1.:crs. 

1 i l);;n .. ·id r farrfos dc.Sl-rihts the springing process in his Forc\i.·ord to Tony ]\-1ercer1 A-Iener 
Chrrmomtterr: Radiai.f 1om ,.lferttr tmd the l Jou.re-J Ir Fo111u/eJ (Ashford, Kcnt 1 England: Brant 
\Vright Associates, 19i8)~ p . .'.'I:;. H~hhtr Strr, H11glaml Ro.ilu.VJy owl Afonufw;/1trerl Statistical 
Ga;utlrer (Pi·o\•jdence, R.1.: \Vcbb Bros. & Co. 1 1869)1 p. 165; regarding Bond employees, 
s-cc-t for cx:i.mpk, th~ artic1~s of agreement bet\,·ecn R. F. Ilond and English in~n1tgrant 
\Villiam 11ijll, Q Z..1ay 1 R591 non ti Papers, J-ICl-:1S1. 
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cxtrcrnely rare collection of Bond casting patterns that n1atch existing 
Bond c1ocks., chrono1nctcr gimbals, and other scientific instruments~ 15 

Their trade ,vith Britain, n1ainly i1nporting, ,vas sufficient]y great 
that they employed Joseph Cranch, \Vi1Jiam Cranch Bond ts brother-
in-la\\\ nearly full tin1e as a trading agent. 16 The ties ,vjth England 
,vere, of course, n1uch deeper. Founder \~lilliam Bond ,vas notorious 
for his ''mean opinion of ).rank.cc 1nanufacturing." I-lis son and grand-
sons ,vcrc avo,ved Anglophiles. \\li[Jiam Cranch Bond, about the time 
his mother d1ed in 1828, e,rcn decided to en1igrate \Vith most of his 
fami]y to Kingsbridge in l)cvonshire, ,vhere his kinsn1cn still lived. 
Like his father, he ,vas disenchanted \Vith the American ,vor]d of 
con1n1erce. am deeply disgusted/' he ,vrote his brother-in-lu,v~ 
"\vith the n1anncr in ,vhich business is conducted here, so much 
trjckery - doub]c dea]ing & deceit.'' His visions of greener pastures 
dissolved, though, :\vhen he Jost all his savings in a failed Nc\v York 
oi] venture. 17 A fe\\' years later he received opportunities to ,vorki 
fir.st., for the U.S. _Navy and then for Harvard. 

THE 1-lARVARD COLLEGE 0BSl~RVATORY 

'''iJliam Cranch Bond initiated the firm's first contacts "\vith 
H ar\ 1ard a Set to \vork ,vith his father before he finished f orrnal school-
ing1 \~/iHiam ,vas largeI y a self-taught astronomer, although he 
received so1nc instruction f ro111 I-Iarvard-is mathe1natics professor, 
John Farrar~ and Nc,v England's most famous self-taught astronomer, 
Nath£1nie] Bo,vditch. Bond's observations of the comet of 1811 
in1presscd }tarrar; and ,vhen Bond scheduled a trip tu England in 
1815, Farrar rccomtnended that H;arvard ask hin1 to survey British 
observatories ,vith a ,rje,v to building one on crunpus. Bond returned 
,vith details about structures and instrun1ents, but, for lack off unds 
the co1lege dropped the matter. 

Harvard had no observatory unti I late in 18 39, \\'hen the collcgcts 
presidentl Josiah Quincy, convinced the fifty-year-o]d Bond to 
becon1c the school's astronomer. Bond got no sa]ary, but living 
l.)Uartcr~ and space for instrtuncnts ,vere freely provided in Dana 

H Th~sc casting palte.·rns sun•hrr i11 HCHSi. 
16 i\1ass::.cht1:scU~, \'OL 69T p. 439, R. G. Dun & Co. CoH~d~on, Haker Library, Harvard 

lJ ni \'Crs j l y Gr~d ua te School of B usines:s Admi ni stra lion 1 cited here by permission. 
17 "\.Y. C. Bond to John \Villcox 1 16 A1arch 1828i 28 September l B281 26 Atl£l1St UBO; 

"\V. C. llond to Joseph Cranch, 19 July 1829~ Cranch l-1apers1 Bo~tun PL1l>lic 1Jhrary. 
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I-louse. Here on 31 Decen1ber Bond made his first observations for 
Harvard~ lB 

Bond had again altracted Harvard's attention in the late 1830s by 
providing n1eteoro] ogj cal and astronomical observations for the 
U.S. Exploring Expedition, headed by Char]es \\'ilkes. Beginning in 
IH 34, a series of contracts ,vith the U.S. Navy gave Bond the oppor-
tunity to rate, clean, repair, insure, and deliver ships' chronometers 
for the ports of Boston and Portsrnouth. 19 From 1838 to 1842 t he 
contracted to provide obscr\Tations of eclipses and 010011 cultninations 
and occultations specifically for \\'ilkcs. 

Bond enthusiasticaHy applied himself to his first paying job as a 
government astronon1er~ For his honle observatory in Dorchester he 
quickly over.spent his contract fee to buy nevi.'i more accurate instru-
ments specifica1ty for expedition ohserva.tions. He brought these Ycry 
instrun1cnts ,vith hin1 ,vhen he n1oved to Dana House. 20 

This early \Vork for the navy had irnportant and long-lasting con-
sequences for Bond. 1'hrough the \Vilkes Expedition he earned a 
reputation as a first-rate obscr\'cr at one of the fc\v fixed observatodes 
in the country at the time. In 1845 the navy asked Bond to head the 
Naval Observatory in lVashington, but he declined. I~dcral contracts 
fur astronomica] ,vork follo,ved from the Topographical Engineers 
for important nineteenth-century boundary surveys t including the 
U. S.-l\1cxican border, the U. S.-Canadian border in the North,vcst, 
and the Great Lakes Survey. 21 

The dazzling comet of 1843 stirred an outpouring of pub]ic inquir-
ies and revealed the inadequacies of Bond.\s Dana I-louse instruments 

u~ for details about the coll~ges ;ittcmpt to founJ an ouscn--atory before l839 and the 
measures ta ken irn media t e1 r he fore \ Vi Ilia 1n Cr.in ch Rond brcil ·mc t I I c obscrv~ tory\: d irector, 
see Jones .and Boyd, Harvard College Obsen)a10ry ( note 1), pp. 1-39, am.! \ Vi Ilia m Cr3 nch 
Bond! ,il-listory and Description of the Astronom•cal Ohscl"'-·~tory of I-14ln'flrd College.tin 
A1mals of 1hr Astfonomical Obsrr--.xuory ef Hnri.lflrd College, l (1856), 1·\·j, 

19 Although marine chronometers meet high stnndards of reliability and accuntcy~ any 
mechanical tim~kceper ,,·jll gain or lose rime. The error of~ chronometer is the time it has 
g~im.1.l or lost at any gi\'cn tjme; the daily rate is the time it gains or loses in the course of 
a day. To ra le ch ronomctcr.s I Bond made astronomical obs er\'ation s to o hta in the lnca 1 ti m c-
and co1nparc<l 1t1ut with du; time sho,,·n on the instruments. 

iu Rond, ul ·Hstory and Dcscription~ 1 (note l8) 1 pp. ,·-Yi; George P. Bond to Edn·ard 
Everett 1 9 March 1859, and "\Villiam C. Ilond to George Ilancroft 1 14 /\1ay 1845, Bond· 
Papers, 1-l:irvard Unm\'crsity Archi,·cs {used here IJy permission and cited hereafter BP, 
HUA}. 

21 G. P. Ilond, HH istory of the H. C. 0. 1840--18 5 0 t draft sc nt to \ V ill iilm l'.1 itchc 11, 
19 lJeee1nhcr I 850~ HP1 l-lUA. 
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for plotting the con1efs orbit and computing its period. In ''the 
interests of science and commercen 1-Iarvard's science professors 
joined local mcrchantst n1anufacturers~ and n1arine insurers to raise 
funds to purchase a first-rate refracting tclescoper (:itizen,~ from 
Boston, Salcn1, Nc,v Bedford, and Nantucket contributed $20,000 
in short order. Businessman David Sears donated $5,000 to build the 
celescope,s great stone pier~ By 185 5 outlays by Harvard, additional 
con11nunity subscriptions, and three endo\vrnents laid a stable finan-
cial base for the observatory. 22 

In 1843, construction began on a ne\v observatory on Garden 
Streett then on the outskirts of (:rnnbridge but today one of the 
buildings of the l-larvard-S1nithsonian Center for Astrophysics. Four 
years later the Bonds erected a fifteen-inch refracting telescope. tJ~his 
''Great Equatorial/' equal in size to the largest telescope in the ,vorld 
at Pulkova Observatory, Russia, consisted of an object lens from the 
i\-1unich firm of 1'1erz & ?viahlcr and mounting apparatus from the 
British firm Troughton & Simms. 

In his published account of the con1et of 1811, John Farrar., had 
charactcrjzcd )roung ,\tillian1 (:ranch Bond as '"'an ingenious mechanic 
of Dorchcstcr.H 23 Throughout Bundts life, both as busincssn1an and 
as observatory director~ he never cscapc{l his origins in the Anglo-
Amcrjcan horological \vorld and the subculture of Boston n1cchanics, 
the artisan-entrepreneurs ,vho ,,rcrc to form the basis of Boston's 
1niddle c]ass. He ,vas not only a Jong-tin1e rne1nber of the 1\merican 
Academy of Arts and Sciences I but also a faithful supporter of the 
l\1assachusetts Charitable l\1echanic Association. He ,von several 
prizes nt the i\1Cl\1A industrial fairs and served as vice pre.~ident in 
1851-52. Although he eventu.ally im1nersed himself in the observatory 
ful] ti1nc and gave up his partnership in the fan1ily firm,. the observ-
atory during his directorship nevertheless bore the imprint of his 
mechanic origins .. 

Bond 1 s n1 u st significant con tr i bu ti ons to A tn eric an science ,vere his 
innovations in ad1ninistrativ-e and technical systezns for research, not 

22 Jones and 11 oyd, // arrurd College Obsr r~vitory (note 1), pp. 49-5 O; Bond I u History nd 
Description'r (note 18)1 pp. xi·v-;i,,-y; rhn=vard S. i\·lilkr, [)f)l1urt fm-· RrJf?irch~ Scfrna: and its 
(1itrom in Nine1e.e11t1'TCe1Hury America (Sc:-attlt: University of \Vashi11g1on Press, 1970, 
pp. 34-38. 

13 John Farrar, ~'On the Con1et of 181l t Afrmcin of 1hr Amrriran _4radrmJ ef Ans n11J 
Sr:inrcfr, .l ( 1815), 308-. quotc<l jn Jom .. "!.is: and 13uyd1 Ilarvard College Obsrrwwry (note 1}1 p. 28. 
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a stron on1 i cal discoveries. Both , \ 1 i l 1 i a n1 Cr an ch Bond and his son 
George, ,vho succeeded him as director at the obser\'atory ,verc. 
above al1, technical experin1enters. 

The Bonds did spend thousands of punishing hours in the 
unhcatcdl dimly ]it dcnnc observing the heavens and in the tedious 
mathen1atics of reducing their observations. In the process they 
uncuvcrcd important nc\v information abuut the physical features of 
planets, comets, and nebulae. Saturnls seventh satcl1itc and eighth 
ring ,vcre among their discoveries+ G+ P .. Bond's life-Jong interest in 
comets culminated in his internationaHy acclaimed volume about 
UonatiJs Con1et of 1858, pub]ication of ,vhich pron1ptcd l~ng]and's 
Royal Astronomical Society to a,vard hin1 their first n1eda] offered to 
an An1erican. ,\li1lian1 Cranch Bond had beco1ne the socielv's first • 
Arnerican fello\v in 1849. Of the t\VO Bonds, George expended n1ore 
energy con1puting and publishing results of observations~ \1/illian1~s 
first priority \Vas institution-building!' \vhich he did ,vith scrupu1ous 
attention to the technology of astronomy. 

PHOTOGRAPHY AT 1-fARVARD"'S OBSERVATORY 

Almost as soon as the Great Rcfractor stood in p]acc, the Bonds 
and Hoston photogra phcrs John A. \-Vhipp1c, ,~TiHiatn B. J ones't and 
James Black, strctchcJ the limits of the nascent art and science of 
photography .. They fir~t experimented ,vith dagucrrcotypy .. In this 
process~ named after }/renchman Louis Daguerre, a light-sensitive 
copper plate is trealed ,vith si1ver iodine or si]ver bromine rxposc<l 
in the can1era, developed ,\'ith ,var.tned mercury vapor, and fixed '"ith 
sodilun thiosulphate .. 24 Together the innovators n1ade a nun1bcr of 
in1portant breakthroughs, despite nearly continuous d ifficultics \\'ith 
the te1escope'.s clock,vork drive. 

\\ 7ith energy, enterprise, and expertise, John \\ 1hipple {1822-1891) 
bui1t his photographic business into one of the city's best kno\vn 
studios bet\veen ·1 s40 to 1860, the daguerrean age .. He \Vas also among 
the first in the country to make paper prints fro1n g1ass negatives (his 
patented crystalotypcs) and to experiment \Vith the ,vet-plate collo-
dion process+ Although he most frequently photographed ordin~ry 

24 John Lankford, hThe ]mpact of Photography on Astrono1,1y,n in Astropbysirs and 
1 u.-en l iel h~Cen t ury A rt ronom y to 19 SO, li:ol. 4 of The Ge1te ,al I I ist&ry of Asl ronomy i ed. O \\ "Cn 
Gingerich (Ca n1hri dsc: Cn m Lri dgc U nt \·crsi t y Pr~ss, 1984)., p. 16. 



Harvard University - Houghton Library / Harvard University. Harvard Library bulletin. Cambridge, Mass., Harvard University Library. Volume XXXV, Number 4 (Fall
1987)

366 llar·vnrd tibra1y llt1lletin 

.i\-1arinc chronon1ctcr in trilnsportation basket, 
\Villian1 Hond & Son No, 521 
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peoplri to pro1notc his business he a]sn photographed the fan1ous 
Qcnny ljnd on her ,vor]d tour) and the an1azing (n1inuscu]e insects 
shot through the Jens of a 1nicroscope in 1846). \ 1lhipp1e,s ,vork 
demonstrated his unmatched technical expertise~ and his experitnents 
extended the cap a bi Ji tics of photography. 25 

\\'hipp]c convinced the Bonds to ]ct hin1 u.sc the revered Great 
l~cfractor for cxprrin1cnts. \\ 7il1ian1 (:ranch Bond grasped the advan-
tages of photography for astronomy. l{ccording the heavens ,vith a 
can1era fitted the notion of se] f-registration, the id ca] pron1otcd for 
scientific in strutnenls in the nineteenth century. Self ~rcgjstcrj ng 
instrun1ents cou]d record data auton1atically, elilninating a source of 
hu1nan error and producjng more accurate ohservational resuJts. 
l{a thcr than finding \'-'hipp]e,s profit n1otive offensive~ Tiond, a trades-
man hitnsclf, understood it~ Both \Vere tinkerer-scientis1s: nond in 
astronon1)\ '''hipple in che1nistry~ George Bnnd shared thejr fasci-
nation, and the notes on daguerreotyping and col]odion photography 
found jn the rccurd books for the 15-inch telescope are n1ost.ly in his 
hand,\Titing. Ui 

In ()ctubcr 184 7, \Vhippie first took his apparatus to the observa-
tory to try a daguerreotype of the moon through the Great Refractor+ 
The setting sun"'s rayst focused through the eyepiece, instantly 
burned a ho!e in \\'. C. Bond's coat slccvct and the incident ended 
further trials ,vith the instrument for a time. On the san1e night, 
though, ,vit h the smaller 7-in ch reflecting telescope \\.,.hipp1c pro-
duced a daguerreotype of the moon. The silvery irnagc on the plate 
had only a disappointing 5/8th-inch diatneter. l\1everthclcss~ the pos-
sibilities for future ,vork tan ta] ized the n1en. 27 

1\vo years later, in Decen1l>er 1849, ,Vhipple and his associate 
,viHiam Jones again tried \\-'ithout success to capture the moon ,vi th 
the Great l{cfractor. ,\Then they turned their attention fro1n the moon 
t.o the stars, on the night of 16--17 Ju [ y 18 50 i the team got the first 

2 5 Sn 11 y P j c rce, l \' hippie and Black: Com mad a! Phu1ogrnphe rs fo f!t:,JJ(m (Boston: The Ilos ton 
Athcnacum, 19~7}, pp. 3 17. 

;?:6 1-Io!dcn, Alemorials (note 1)1 p. 262; Dorrit 1-loffleit-t Some Firrts in .Artromm,fral Photflg-
rophy (Cambridge, i\·fas:;.: I-Ian-artl College Obsen·atory, l9j0t p. 28. 

27 New Yorker John l)rapcr took the first daguerreotype of the moon e\·cr mad~ in 1840. 
,v. C. Bond and G. P. JJond diary for 1846-49, llP, I ~UA; Letter from John \Vhipplc-, '/'hr 
Photographic 1tr1-joun1al, 6 (July 185 3}'t 66. 
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successful photograph uf a star. ·rhc subject ,vas first-n1agnitude 
l .. yrae; the exposure, 100 seconds. 28 

During the~e trials, t,vo prob]ems recurred. The lack of sensitivity 
of the photographic plates forced cxtrcmcl y long exposures~ Lnng 
exposuret for the first time, revealed the uneven rotating rate of the 
l\1unich-made telescope c]ock\vork. Bccaus-c of the clock\vork, stars 
appeared as elongated blurs., rather than symmetrically round 
in1agcs. 29 

In 1851, shorter exposures brought success. In that year the team 
took shots of Jupiter and a so]ar eclipse~ but their n1ost in1pressive 
d agu er reo types \Vere of the n1oon. A ftcr t,vo nights of trying different 
exposures, discovering that the photographic focus differed fro1n the 
visual focus, and "..raiting for clouds and the unsteady atn1osphere to 
clear., \\ 7hipp]e and Jones got a dramatically clear series. This tin1ei 
,vith the rnoon's image near]y filling the photographic plate, the lunar 
mountains and craters sho\vcd ,vith amazing clarity .. These 
daguerreotypes excited praise both at home and abroad., ,von numer-
ous 1neda]si and inspired British astronotners to attempt the same 
cxpcrj1ncn ts. 30 

,vhipple's .struggles to capture a "clear, ,vell-defined, beautiful'' 
image pron1pted hin1 to describe the process to fcl1o,v photographers. 
''The govcrnort he \Vrote, uhad a tendency to move the instru1nent 
a little too fast, then to fal1 .slightly behind." By exposing his plates 
during the fc,v mun1cnts \vhcn the telescope follo,vcd the moon 
exactly1 he cou]d get a clear picture. "But a more serious obstacle to 
my success t he continued~ ""ras the usual state of the atn1osphere in 
the locality ... ,vl-icn the 1noun ,vas viC\YCd through the telescope it 
had the same appearance as objects \vhen seen through the heated air 
fro1n a chimney, in constant trecnor .... " 31 

1 ... he severity of the problen1s ,vith the governor prevented f urlher 
cxperi1nents until 1857 \vhen the Bonds instal1ed a rep]acementl made 

2~ l-1offleitt Some FirstJ (note 26) 1 pp. 24-27. 
i 9 Annual Report for 1850) quoted in HofUeit~ Some Fi,Jts (note 26), pp. 24-25. 
30 Letter from John \Vhipple-, Photograpbir Art journal, 6 Ouly 185 3)1 66; LL Important 

l~xpcri mcnt. 08 gucrrcoty pc of the Sun t Tbe Daguerreian Jou nuil i 2 (185 1 ), 2 l O; entry for 
2 2 i\·1:irch l85' l, JCqu1torial H.cconl Book) l-lan·1rd College Ohsen·atory1 quoted in 1-lofficit, 
Some Firrts (note 26}, p. 28. 1.ankfordt ~1lmp:ict nf Photography un Astronomy,: {note 24), 
pp. 17-18. 

31 Letter from ,vhipple 1 The Photo-graphic Arl-jrmrnal (note JU)1 p. 66. 
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to their specifications by Alvan Clark and Sons of nearby Canibridge-
port. Alvan Clark, Sr., ,vas a painter by profession and an an1atcur 
astronomer .. His sons ,vent on to become the premier telescope n1akcrs 
of nineteenth-century A1ncrica. The C]arks also n1ade \\'hipple's 
camera lcnscs. 12 

In January 1857, ,vith the ne,v governor in place, ,~,.hipp]e returned 
to the observatory ,vith a nc,v co]] eague, J atnes Black, and a ne,v 
photographic technology, the ,vet-p]ate col1odion process. \\lhipplc 
and Black pioneered ,vet-plate photography in the United States. 
Collodion \\-'as the nan1e given to a solution of guncotton~ potassiun1 
iodide., alcohol, and ether~ The photographer coated a g]ass plate ,vith 
the chemicals, dried it I and then di ppcd it in a silver ni tratc solution. 
The plates ,vere len titnes more scnsiti,rc than the daguerreotype but 
had to be exposed ,vhile sti11 \Vet, ,vithin roughly ten or fifteen 
1ninutes of preparation. 11 Over the next three years \\'hipp]e, Rlack, 
and the Bonds took nu1ncrous coUodion plates \Vith n1u1tiple expo-
sures of the double star lVlizar and its companion Alcor. 

Ily one count the Bonds and the Boston photogra.phcrs took about 
70 daguerreotypes and bet,vecn 200 and 300 co] lod ion p]a tes of cc]cs-
tial bodies+ The permanence and accuracy of their photographic 
record ,vas indisputable. They raised the magnitude of photograph-
able stars from first to sixth n1agnitudc> and 111adc prclin1inary 
;1tternpts to 1neasure steHar di.stances and intensity \Vith the itnagcs 
on the plates. But phoLography as a research too] for astrono1ny 
hecan1e ,vide]y used on]y in the 1880s, ,,,.hen more sensitive dry plates 
bcca1nc con1n1on. Although George Bond found photographing the 
heavens fraught ,vith ,ctroublct vexation and fatiguet he neverLheless 
sa\v great pro1nise in the ne,v technology-4 He predicted a day ,vhen 
the clear air of 111uuntaintop observatories ,vould make photography 
a ,vor kablc tool for astronorny. 34 

31 N cilht::r the Clark dri\·c nor the Ilondi/ .specifications for it ~un·ivrs. Deborah Jean 
\\rarncr, 1l/,;.ra11 Clark & Sr;,u; Arltsfs in Optir:s (\Vashington, D.C.: Smith.sonfan Institution 
Press, 1968} and 1'1ar~us A. Hoot, Tht Camera and the Ptndl (Phil:ide-lphb: Puhli~hcd by the-
author, l864) 1 p. 365 

l l J.,,.-inkfordt u11upact or Photography on Astr~nnmyn (note 24). pp. 16-17. 
H Hoffleit 1 Scme Firsu (note 16)i p. 32; G, P. Bond to \VHliam /\1itcheH. 6 July 1857. BP! 

HCA; Lankford! ~'Impact of Photography on Astronomy'! ( note 24), p. l 6; G corge Bond to 
G. B. Airy, 28 September l857, BP, ll UA; G. P. Ilond to J. lngcr!-ioll Boi.nlitchi 31 !\·]arch 
1f.:601 <] UOI c-d in Hai I c:-y l II ar-vt1rd Ob.fe t{t(] /{)ry (nol C 1) r r-2 3 5 . 
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FINDING LONGITUlJE 

In n1id-nineteenth-century A1nerica, no central national observa-
tory served as the prime meridian, or '"longitude zero.'' Over the 
course of nearly t,vo decades 1,1il1ian1 C. Bond repeated]y refined the 
longitude uf Cambridgei l\1ass., relative to Green\vich., .Eng1and, by 
,vay of Liverpool. By 1859, the Bonds had calculated the longitude 
so closely that George ,vrote F;::l\vard Everett, president of Harvard~ 
''Can1bridgc is no,v the central geographical point of this Continent. 
The charts of the llritish Admira1ty., and the most rcn1ote scientific 
.station in this hemisphere, Santiago in Chile, recognize this fact. Our 
longitude has, undou btcd] y, Leen investigated ,vith more care than 
that of any other spot on the globe.'~l, 

Longitude, tin1e, and astronomy are inseparab]y linked+ The dif-
ference bet\\'een the loca] times of any t\VO p]aces is the difference in 
their longitudes. Since the Earth rotates 3 60° in 24 hours., ] 5° longi-
tude equals one hour. Observers at t\\'O distant points, then,. can 
con1parc their locations hy con1paring their local tin1es., ,vhich arc 
based on a1titude observations of sun or stars. 

Hy the nineteenth century, there ,vere numerous ,vorka ble methods 
for finding 1ongitude. Navigation n1anuals of the period frequently 
explained determining longitude ,vjtl1 the aid of astronon1ya Observ-
ing the eclipses of Jupitcr"'s moons \Vas one such n1cthod. Another 
,vas measuring ]unar distances, or n1easuring the ang]c bct,vccn the 
earth's 1110011 and cerlain stars and con1paring these distances in a 
nautica] almanac's tab]e locally and distant1y+ Astronon1ers at fixed 
observatories and some nav1gators used such methods, \vhich required 
ski11s in ohser\'ation and mathe1natics. On land, surveyors ]ocated 
sites by triangu1ation, a technique using the ang1es and length of one 
side of a triangle to ca]culate the lengths of the other l\VO. Comparing 
timekeepers t an other comn1011 n1ethod for detern1 in ing ]ongitude, 
involved transportation of marine chronometers fron1 a p]ace of 
kno,vn ]ongitudc to a place of unkno,vn ]ongitudc .. In the mid-1840s 
experiments for determining longitude \Vjth the infant American 
telegraph syscem de1nonstrated the ne,v technology's utiHty for scj-
cncc. \:Vith the te]egraph t,vo observers at \videly distant points could 
compare time a]most instantaneous]y. 

JS f'..1cmorandun1t G. P. Bond to Edward E,·erett~ 9 !\1arch 1859, RP, I JUA. 
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1oe Chrono,neter Expeditions 
By the mid-1840s go,·ernrnent observatories in Uenmark 1 Russia, 

and Eng1and had a]ready established their latitudes and longitudes 
re 1 at i ve to e ch other by trans po rt in g marine chronometers. \\ 1 i] l i am 
C. Bond had begun his o\vn inforn1al determinations of Cambridge's 
position in the 1nid~1840s .. T,vo events made such ,vork possib]e at 
that titnc: the opening of a ne\v observatory at f_,iverpoo], fron1 ,vhich 
Bund could derive Green\vich tin1e., and the first stca1n 1nail packets, 
,vith chronometers aboard, running bet"'ecn Liverpool and Boston~ 
''It no,v therefore becon1es our duty;n he \Vrute, '-=to form the con-
necting ]ink \vhich shall bind us in closer harmony \Vith the observ-
atories of the Old \\'orld.!' 36 

In 1849, Alexander Dallas Bache, superintendent of the U.S. Coast 
Sur\Tcy., agreed ,vjth Bond ·and gave hin1 formal survey sponsorship 
and funding for the enterprise. Bet \Veen 1849 and 18 5 5, the Bonds 
transported groups of chronometers back and forth to Eng1and in 
three separate trja]s. Close relations developed \Vith the British 
astronomers ,vho assisted thcn1., in particular John Hartnup at the 
l.,t\'erpoo] Observatory, and the enterprise resulted in the detcrn1i-
narion of Ca1nbridgc's longitude so accurately that it became the 
ref ere nee pojn t for the •\ltestern surveys conducted by the U S 
Topographical Engineers. 

''The A tn er i ca 11 Met hod of A stro no1n icn I Obse rrrJa I ion' i 
The telegraph revolutionized geodesy and astronomy. In the mid-

1840 s, experi 1nents ,vith the nc\v An1crican tclc graph d cmonstratcd 
that it could accurately transmit tin1c 1 obtained from observing star 
transits, bet\vccn t,vo distant places. This technology made the every-
day operations of longitude expeditions significant1y easier and, for 
the first ti1nc,. gave astronomers a ,vay of recording all sorts of obser-
vations ,\'jth electricity4 

The U.S. Coast Survey began experi1ncnting ,vith the telegraph 
for exploring vast stretches of uncharted coastline aln1ost as soon as 
the first Jines stretched bct,vccn Baltimore and \\'ashington. The 
Survcyis system attracted the attention of the British 1\strononler 
Royal, \vho cal]ed it ~1the American 1nethod of astronon1ical obser-
vation', and jnstalled his o,vn Ycrsion of the instruments in the lloya] 

36 lV. C. Ilond to Pres-. of Assoc. (unidentified), draft, n.d. 1 IlP, 1-fUA. 
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Green\vich Observatory. Ily the ear1y 1850s, the Survcy~s methods 
and i nstrun1ents had acq uircd an intern ation a I reputation for 
"superior .sin1plicity, practical fncility, and accuracy of results," 
according to one commentator ,vho ,vas cager to assert Amcrica,s 
claim to the invention, an '~honorable position, ,vhich not even 
prcj udicc can deny our young nation .. u 37 

At first., Coast Survey longitude teams used traditiona], labor-
in tensive rn e as u res to <l etc rm inc [on git u de. 0 h servers tra eked cc l cs~ 
tial phenon1ena by "eye and car," that is., by obscr, 7ing the instant of 
transit of certain predicted c]ock stars through the ,vircs of the transit 
eyepiece ,vhilc ]istcning to the beats of a c]ock .. An assistant to the 
observer recorded discrepancies bet,veen star time and clock tin1e. 
'fhc Coast Survey recognized their enormous task and began experi-
menting ,vi th a q nicker n1ethod - dctcrmini ng Jongitude l1y tile 
telegraphic exchange of ti1nc signals~ 

Their innovative .syste1n co1nbinc<l old and ne,v technology·. tlap-
ping into e~dsting co1nn1ercial telegraph lines, an observer pressed a 
telegraph key at the n1omcnt of transic A break-circuit device 
attached to the 1novcmcnt of the n1echanical timekeeper transmitted 
the heats of the clock automatical]y along the telegraph ,vire. Finally, 
a registering instrument received signals fron1 both the observer and 
the c]ock, thus providing a record of the instant of transit in a time 
scale. 

~fhc first recording instrun1ent \Vas simply a 1'1orse telegraph reg-
ister that embossed a paper strip .. Survey personne] experi1nented 
,vith other recording devices as ,vc]l, and e,.,entua11y favored registers 
,vith paper-,vrappcd cylindcrst especiaUy the ''spring governor') pcr-
f ected by the Bonds, an ear]y version of ,vhat ,vas to be kno\VO as the 
drum chronograph. Jt'ron, the start, telegraph sounders in the system 
beat in ti1nc to the clock, and titne signals ,vcrc audible not only in 
the room ,vhcrc the clock stood, but a]so n1ilcs do,vn the line. 

The Survey cn1ployed notab]e astronon1crs and n1cchanicia.ns lo 
develop a systcn1 of special instrun1ents for determining longitude. 
Under 1\ssistant Sears C. '\'a]kcr., Survey personnel and outside con-
tractors perfected the method and devised n1ost of the basic instru-
mentation for e]ectric tin1c-distribution sy."ten1s. But the tc]cgraph 

37 B. Silliman, Jr., anll C. S. Goodl'jd1 1 eds., The U.'orld of Sdrno:, Art~ and Industry 
l lh~sl ral fd from J::.:i-a mpiti in the 1Vt'i.v-York.-E:rhibi tiou, J 8 S3-5 4 (N cw Y~1r k: (~ . P. Put 11 :1nl :1 n rl 
CornpMlj\ 1854)1 p. 131. 
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Photc; Dm,r Pcnlaud, SmithSlinian lJ15/ilulirm 

Council ~1edal A"'ard to \ViHfom Bond & Son~ lR 51, by the judges at the 
Crystal Palace Exhibitjon 1 London 
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did not imn1cdiatcly succeed as a scientific tooL Each systc1n con1-
ponent posed stubborn tech.nical problems. The evolution of the 
instrun1cnts and the method, fraught \Vith frustrations and a ferocious 
dispute over priority of invention, took about a decade of arduous 
exp er 11n en t. 

'] ~he Bonds - ,,, il1iam (:ranch and his sons George and Richard 
- ,vcrc central to this process. 'fhcy perfected a break-circuit de\'1ce 
for attachment to the cscapcn1cnt of the clock and the dru1n chron-
ograph for recording the instant of an astronomical event in a time 
scale. The Bonds promoted the apparatus at home and abroad, an<l 
at the l~ondon Crystal Pa]ace Exhibition in 18 S 1 they ,van a Council 
A1cdaJ t the cxhibitjon Js highest a\\'ard. 38 

Bond)s Standard Tilne 
In December 1851 \\ 1illiam C. Bond started the ,vorld's first pub]ic 

time scr,·ice based on clock beats telegraphed fro111 the observatory, 
an innovation resulting directly fro1n his "'ork ,vith the U ~S. Coast 
Survey. In antcbcHum i\.1ncrica there ,va.s no unifor1n nationa] tin1e. 
Each loca] con1mu nity set its 0\Yn standard based un its 1neridian. At 
the Harvard College Observatory Bond began not only to determine 
time for his O\Vn astronomical purposes, but also to distribute time 
telegra phicaH y to the .surrounding countryside as a public service. 

~J~hc \ 1isiting (:ommittec to the I-Iarvard Col1ege Observatory, con-
sisting of seven Boston-area notables~ reported the ti1ne service"s 
general usefulness in J 854: 
Th c a pp a ra tu s and arr an gc 1ncn ts for con11n u nicat i ng l he ti ntc by l he telegraphic 
\'-·ires are no,v so con1plere, that the beats of the Observatory clock arc no"' 
practically ~heard at every s:t.:Hion along the 1 ine ... / =incl th~t the error of e\'Cn t\VO 

tc-nths of a: second is very unlikdy to occur. The Observatory tin1c is Lhus com~ 
n1unicatedi for the regulation of n1adne chronometers for the port of Boston, the 
arrangcrncnts of railroadsr and for the general convenience of the people thTough 
a 1arge part of N e\v Engl a ncl. 

l~hc in1portancc of sucl1 a systc1n U) the bu~iness operations for the con11nunity 
can hardl)' he o,·er-e.stimated.J 9 

Time, as one financial journal pointed out in 1850, ,vas uthe great 
j ten1 \Vi th con1 me rci a] men. t' I ~--rom th c u n prcccd en ted speed of te] e-
gra p h cd infor1nation,. they reaped commercial benefits. In addition, 

38 London Great Exhibition of the \Vork~ nf lm.lusl ry of All N~tiuns 1 Rfpor1s by 1/Je juricr 
(Lonrion, 1852), p. 2 51. . 

l 9 \V. C. Ho11d, 'Tlistury and Dcscriptionii (note 18), p. dx,·iii. 
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interurban transactions required that business1nen have access to 
detailed inforn1ation - the standard tin1e on ,vhic11 a distant 1narket 
to,vn operated, its transportation schedu lc.s, ne\vspaper deadlines, 
and the opening and c]o.~ing hours of its banks, stock and co1nmodity 
exchanges~ Not surprising] y, Bond targeted the con1n1crcial \\'or]d 
for the I-larvard time signa]s. In Bond's opinion, at least, time had 
"l..H.::comc such an important clement in the rapid movement & bus:i~ 
ness operations of the Community, that it \viH not rest satisfied \vith 
anything short of the utn1ost attainable accuracy.n 4o 

Bond's principal custo1ners for his free service ,vere the N e,v 
England railroads. Every l\1onday and Thursday he sent" out signals 
for mean so]ar titne from the observatory ''to various stations in to\vn .. 
and country~n 4 i 

• 
As the railroads spread across Nc\v England in the 1840s) the 

managers of con1pcting lines cunsu]tcd each other on con1mon prob-
Ien1s. 1\ num bcr of the lines banded together in 1848 to form the 
Ne,v Eng1and Association of Railroad Superintendents .. Their 
avo\ved 1nission \Vas ''the increase and diffusion of kno,v]edge upon 
scientific and practical subjects connected ,vith rai]roads and the 
promoti()n of harmony among the rail road companies of Nr,v 
England/' l\1orc spccifica11y, they \Vere interested in matters rc]ating 
to railroad hard,vare and operating procedures. 42 

One of the earliest of their cooperative ventures occurred in late 
October 1849 at a meeting in Boston, at ,vhich time the companies 
voted to adopt a single standard time for their operations+ They 
decided: 

40 J.Jdlov./r Re'iJi~i.l), 8 (1850)l 447, quoted i11 Allan Prcd, Urhan Gro'""wlh and Cily SJSf(}'15 in 
the United Stales, 1840-J 860 (CamLridgc, Alas:.oi.: 1-]an·anl Un[\·crsit)· Pr~ss., 19.80), p. 151; 
Rich a rd H. Du Bo ff I uu.u sin css Oc1n;"1 nd n nd l h c Dc\'dopn1cnt oft he ·Jc kg rn ph J n the Uni tcd 
Stal~s~ 1844-1860/r JJusiu~sr I JisMry Rcvie-w, 54 ( 1980), 461; and \V. C. ]lond, Report for 1853t 
HP, l-1UA. 

41 Donel I uHistory and Description" (note I 8)1 p. dxv. l~he following material on Bond 
and railroad time in New Engfand is uslx.l uy permission of Uni\·cr~ity of Chicago Press, 
puM cshcrs of C. Stcphc.:ns~ 1HThc 1'lost Reliable.: 'fime: \Villiam Uondl thr Nnv England 
Railmru.--1~1 and Time- A\\'an:nr_1;s in 19th.Century A 1nermc:1t 1tth,w!ogy and Ctdtu~, 30 (Jan-
u:irv 1989)1 l ff. 

T,t:2 Rtrortis of the 1\le---JJ EiJglarid 11.uotiatirm of koi/...i1,,ay Superintendt11/s I Org,mized in flostm11 

,Hmr. April 151 184S, Dissoh,rd1 Oct()her 1, 1857 (\\'ashington 1 D.C:.: Gibson Bro1hers1 1910), 
p. S;. Edward C. Kirk land, A I en, CiJ frr, am/ Traflrpor tat ion; A Study in }./ew Engl and J lirtory} 
!820-.-1900 (C-atnbridgc, .~·1ass.: I·fan•ard Unh·crsity Press, 1948), Il 307-308. 
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tu recommend to al I th c Ra i 1 road Companies in N e\V Eng 1 and) t l tc ad opt ion . . . 
of a 1in1c t\\'O 1ninutes after the true time at Rn:st-011 as gi\:cn by \Villian1 Bond & 
Son, No. 26 Congr~~s SL, and that on or after the 5th of !\ioremherJ 1849, all 
slat ion clocks I conduct ors 1 \Va tches, and a II ti me ta h] es and trains should be reg u-
1 at cd accordingly. 4 ~ 

1 .. his standard rail,vay time beca1ne the first forn1al regional time in 
the United States. 

Although the reso1ution credited \\'illiam Bond & Son ns the tirne 
source, the ultimate source \Vas the I-larYard College Observatory. To 
Jared Sparks, president of I-larva.rd~ Bond exp]a1ned the association~s 
agreement and his o\vn ro]e in lobbying the railroads to adopt the 
observa.tory's tin1e~ H(:ambrjdgc observatory is not n1cntioncd but it 
is perfectly \veH understood. I had conversations about it ,vith Direc-
tors and Superintendents, before they carne to the rcsolution.1i 44 

Supplied by the observatory, astronomical time, derived fronl lhe 
observation of predicted celestial events, \Vas uniform and quantifi-
able, "scient ihc,, and endo,vcd ,vith a supposedly disinterested 
authority .. The nonn elsc,vhcrc in the country \Vas a profusion of 
co,npeting local tin1es 1 Yariously detern1ined and variously main-
tained. j\,fost often a local je\veler, ,vho n1ight also be an amateur 
astronon1er~ kept the community time standard. 

Evidence suggests that the railroads, defense of scctiona] commer-
cia] interests ,vas the under] ying n1otive for their adoption of Rond's 
standard tin1c. A dispute over the location of an American prjme 
1ncridian prompted their vote. In response to pressure from Bond~ 
the railroads adopted a ti1nc just slightly east of Boston to coincide 
,vith a 1neridian that Bond had calcu]ated ,vest from Green\vich 1 

rather than east from \\'ashington, D.C. Bond in turn ,vas reacting 
to agitation for the cstablish1nent of a uniquely American pritne 
meridian, a proposal that Bond and the Nc,v England shippjng 
interests sided so] id1y against L 

45 

4 See Pa I hfi ndcr Raili;.uy Guide for f ht lVew F. ngln nd St a res (Boston: Geo. K. SnO\!.' & Co. , 
No,·ember 1849}, p. 70; and Ra()r-d~ ef the "J-.re1;_v E11gland Anaciation ,f Ruilwy ~-t,ptrfoJende,Jts 
(note 42), pp. 2 J 1 281 3 7 

44 \V. C. Ilond to J "-red Sp~r:ks, 6 J anuarr 185 JI BP 1 HUA. 
4 s The rrsol u t ion co nu ins language !:U ffici en t 1 y •.-ague to ma kc h al mo~t irnpos sible to 

dtrcrrnine where- - thilt is 1 at what lungitud~ - L'two. n1inutes Liter than Boston .. , actually 
\\'.as. In d1e us1ge of the dar .. the "true time" of Hoston ,vas the sun time .. ,rhich would \'ary 
daily and se;1sonally. ~rh<: ncccptcd longitude of Boston at the time of the adoption -
11ccording to Appleton's Rnilroad and Steamboat Companit.m (N en· York: D. Appleton & Co., 
1848), 27 ,,..is 71 4' 9~ \'-"est of Grccnv.·ich~ that i:s! just slightly \\."est of the 71 st meridian 
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... fhc Bond firm not on]y supp]icd tin1c~ but a]so timekeepers. A 

fatal ,vrcck on the Providence & \Vorccstcr line caused by a careless 
conductor and his faulty ,vatch high]ighted a life-threatening state of 
.affairs: timekeepers in use on the railroads varied ,vild]y in quality, 
and they ,verc not al,vay.s a.vailah]e to employees. An organized effort 
to provide cn1p] oyccs \Vith accurate ti tnckccpcrs came in September 
185 5,. after the Providence & \\ 7orccstcr ,,Teck. '''ithin days of each 
other, three Nc,v England railroad superintendents sho,vcd up at the 
Bond shop in Boston to arrange for the inspection of conductors' 
,vatches and to buy station c]ocks and ''the best si]ver ,vatches.''46 

Of these visitors, lVil1iam Ray1nond J_,ee, rai1road entrepreneur 
and superjntendent of the Boston & Proy·idence, set up the n1ost: 
formal arrangement \Vjth the Bonds. Lee had authorjty to buy 
,vatches and c]ocks for the Doston & Provjdencet the Ogdcnburg, the 
Iiutland & Bur]ingtont the Ver1nont Central, and the Northern Rail-
roads.47 1--lc ,vent so far as to print up a circu]ar for the Boston & 
Provjdcncc c1nploye~s that outlined ho,v tin1e ,vas to be kept on the 
line: standard time to be t\VO minutes later than thr Bond c]ock in 
Boston; the Boston & Providence station clockst purchased front 
,vi1liam Bond & Son, to be ~cgulated to the standard time; conductors 
to receive ,vatches and compare them to these clocks and to each 
other; ticket c]erks to 1nake certain the con1parisons ,vere made~ In 
\vhat is most likely the first ,vatch inspection system in the United 
States, conductors ,vcrc to ~'submit their ,vatchcs to Bond & Son 
... for examinai-ion and procure from thcn1 a certificate of reliability, 
,vhich ,vii] be handed to the Superintendent.H The rai1road corpora-
tion bore the expense for a11 this activity.48 

west of Green \dd 1. T \\'o mi uu tcs of t hnc later l hon Bos ton is ;1 h;i 1 f degree of Jong innk (or 
JO nl in u t~i;; of long it\ 1dc) ea s:t nf Ros:ton. Ca lcu 1 ations h.1'.S'.rd on a 1 itcril 1 rc-B.d i rig of the 
resolution~ then, p! ~ce the I ine of longa l ud e for tl 1e standard ti 1ne in the inidd !c of J\ 1 ass~-
chu setts Bay. -... 

46 1 •:ntr ies for 1 Sepren1 her 18 5 3 and 7 Sept em her l 85 3, d :1 y book or \ Vi 11 ia 111 Bond & 
Son, Bond P.1pers1 HCHSI. The railroad officials represented the Taunton Branch, the 
\ Vcstrrn Raikoa<l I a n<l the Bo.stO[l & Provi dcncc. 

47 Entries for 27 ScptcmlJcr 185 3 ~nd 5 January 1855, day book of \\'illiam Bond & Son~ 
]-JCl IS]. ln one year in tl1c rnid-1850s, Lee was president of the N orthcrn, the Rutland & 
R ll r 1 i ngton, and l he Ven non t Cen lrn 11 accorJ ing lo Kirk land I i'101, Cit ir.s, and Transjmrtal imJ 
(note 42), I, 185'. 

48 Circular dated 31 Augusl 185 3, Letter hook 1816--185 5 of ,villi:1m Bond & Son1 

HCHSJ. 
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Boston ·a11d Provide.nee Railroad. 

21••~· 
----~---------___..__,....______, ____ ~-------~ ... 

J. S-rA NDA~D T11n~ i11 two minutes later than Bn.ND & Sof!la' cJockt No. 
· 17 Coogresa 1treet, Bnaton. 

2. The j n.is i de C lock.8. Boston 8 n d r rotidene e .SI n ti one t w i I l he reg--
. nlotc,d bv Sbtnde.rd Time. · · 

3. The Ticket O lerk, 80:5,to11 station, AnJ tho 'I'ick.et Cletk:11 Pruvjdence 
~tatic,n, nre chHrg.:d wllh the duty uf regulutiug Stntio·n 'ti The · .. 
(or1ner wiJI ~3ity c~unpnre ii wilh Stn.ndBrd Time, and the ·latter will · 
dnily com pare it \\'ilh Cnndtictor".e time ; and the agreement of ally 
t\vo Cb11duc1 or6 upuu u variation in Station Tim_e i!hnJI justify him in. 
che.ogiug it. · 

4. C ond ucto rs w i 11 cum pare their wotc:l1e.s with St o nd erd time i.n, the 
following order . 

l\:IONDA. Y, ..•• 11. t • 11 .... Conductor of Stc_amboo.t Tr2in11 
· truE~D.A y p •. 11 •,. * IL~ Aecom'11 Trah• No~ l 
WEDNESDAY, t"'...... .i:.i: u 2 
TIIURSD...l Y, t •••• t.. .u. u. 3 
FRIDAY, ........ 11 •• "'.... u Dedham Train 1 
-SATURDAY, ...... ,.. u "' 2 

-1-· 

5. Al I Con due to rs or P.ns ee nger and Ftetght tnd nt3 wi1 I com par@ th nir 
time with Stnd,on time, Bo5tOti and Providence* every day, end re.-
pott any V!lriatioue to Superintendent of T.ransporta.tio.o. 

6~ A rec~rd will be rnade by the Ticket Clerkt or in bis eb~enee, by the 
Ilaggnge J\lastiei·,. or the cornpariB-on.e required by Art. 5, to TI-Thich 
they 1.v iJ I certi ry by t }Je i t eigna ttt t(J or_ ini ti a.1 e. · . 

·7, Conductor8 wHJ eubJnit their watches to Bnnd & Soni!!, 17 Congr@.si!: r · 
etreet, ~oKton, fnt ez-tunin.o.tio.01 end procotu from them o. eertifica.te of 

""'"": reJ i o b~ty t ·wh.ic.11 wi I l be ~anded to the Su pt: tin ten dent. · 
8. Coodu1tor:e will r~pl)rt to ?ti eFsr~ :Bond nny irregularity i a the move-

h1 en ts of' their wntchts, aod they w iJ l cleo n :11 re puir u.nd regulate them,. ·· 
at t bQ e.x pen :s e of ~he Cot po ration J fur oish in·g Con duet o ta ·with reUa• 
Lie. w.ate,h43s in the interim. 

BosTox 1 ~oaT 3leT, 1~6&. 
W, RAYltlOND LEE, BuP'T. -

. . 

; ~. ~ 1 pz "! alL Jc: -d'l d ~. l ~- ~--/1,...-1~ 1u-i.-,y"' . . 
" l' - . I ·- . . . . . . .. . . - . , . . . . . . . . . . . . . . . . ·-···· . - • 

Colkaion of lliJtorical Scfruti.fic Instruments 

Standard cin1e circufar for th~ Ilost(m & Providence Railroad1 1 RS 3 
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PIJlJto: Dane Penland, Smith5011ian JnstitutitJJJ 

AH rono n1ical Regu btor sold by \Villi am Ilond & Son to th c Boston & 
Providence R.a il road for its Boston terminal, 18 5 3 
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\\ 1hen the Huston & Providence took delivery of the first standard 

clocks, the Ilond & Son daybook contained a. notice of the event: 
It is l\1r. I..ee's intention to introduce this (~lass of Cl<>cks on all ll~il Road~ - so 
far as it is in his po,vcr. ~rhc-ohj~ct is to gh~e every (lfficer connected \vith the 
Road the n1osl rcliahl~ time. Each Officer ha.ving charge of a Train - and such 
officers as it i~-thought ad\'isa hle ~re to be pr·ovjdcd \Vith a he.i;,t chrono1nclrically 
:.1:djusted \\1atch, by this arrangctncnt the Conductors of ~fralns ,,·ill have no excuse 
for rhc \Vant of correct ti1nc - to bring their ~Irains in at the \"arious stations - at 
the specified tinlc on the 'fin1e lab]cs. 

le is believed that by chis arn1ngen1ent the Joss of a great number or lives ,vill be 
prc,'entcd as \veil as a large amount of property - e\'ery year. 41) 

ll a i 1 road n1 a nag crs in N t\V Eng I and res ponded to public er i ti ci s n1s 
and instituted other in11ncdiate and long-tcr1n reforms~ The Provj-
dcncc & \"~/orcester imn1cdiatcly put a s1gnal n1an on the blind curyc 
and, ignorj ng their industry papcris ad vice., bought \\'atches for their 
employees. 1""he Ne,v Eng]and roads tightened up operating ru]es 
and the enforcement of thenl. 50 

In in1plernenting standard tin1e, a tin1e service based on tc]cgraphy, 
and an inspection system for railroad ti1nekeepers, Bond and the Nc\\ 1 

England railroads anticipated practices that in the future bcca1nc 
un1versally accepted on American rai]roads. Every rai[road's rule 
hook specified that the line \Vas to run to time, and that emp]oyccs 
- conductors, and often engineers as ,\·ell- should keep and consult 
reliah]e timekeepers and ha,re the1n inspected regularly. In the .second 
half of the nineteenth cenLury numerous private observatories, 
cn1ulating the J-Iarvard experience, began to earn money to support 
their operations from the sale of tin1c signals to steady custo1ncrs ]ikc 
the railroads. And the railroads adopted a nation\vide zoned system 
of standard time in 1883. 

AJ<TF.:R\VARDS 

By 1866 \"\'i11iam Cranch, George, and Richard Bond had all died, 
\Vithin less than a decade of each other. In the 1880s, a ,vorld,vjde 

--19 Entry for 5 January 185 5. d.aywuk of \Villi3m Ilond & Soni l ·lCI-ISJ. 
rn l\n im.lustry-wide response came gr.1d11ally. Dou bk tracking and the LJ.'le oflr::lcgra.phy. 

both of which were more complex and more- cxpcn~!\'11.: tc-chnic::i.1 solutions~ grew 1110.-c 
common in the next few \ 'C4lr~. Rv the Ci,;,ril \\'ar, tin1c--rdatcd coll is1ons-of this sort were,. T ., 

for the most part, th•ngs of llic pwH. Unfurtunatdy, other causes kept the-:H.'.t:idcnt rate-al 
about the 185 3 le\'el for the ne~l fifty years; Roi.Jen B. Sha\\'~ A Hi.fM,Y of Railru-aJ 
i\.rridmJr, Sqpty Pncautfon5 amd Optnlling Prtt,tices] 2d cd ·l (n. p.~ Vail-Ballou Prcsst 1978)1 r-33 aHd ;tpp..:ndix. 



Harvard University - Houghton Library / Harvard University. Harvard Library bulletin. Cambridge, Mass., Harvard University Library. Volume XXXV, Number 4 (Fall
1987)

- _J t 
.I 

Par111e,:r i,1 Ti,ne 

I ..... • 

. .. I .,••-"Ir-," "1,A,: . . . 

...,_._ • • r. ,-., _ .... ., .•. · •·· p; t :. , 

' \ . 
( ·".J 

. · .... 4-,:1L-n-o1.-- • I 

. -· --··-----· - . .-

J 
1 

- ---=-.:.... ..:.: - ... •.- _.. -:.--

. . 

383 

..,,,.. 
i . 

--- . - -· ·-- - - - --.. -- . --. - - .. ·-.. - -· --. - - -. . - ....... . ....... ... -·-· ~-· 

Colh:ttio1~ ef /Ji.r;toriral S,frntific lns1r11mcmr 

\ViUfam Bond & Son, ca. l 8801 at 97 ,\ 7ater Street 1 Boston 
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d ccli n e in d en1 a. nd for nc,v chronometers and c hru n 01neter n1 a in-
ten a nce caused the firn1 to refocus on the c]ock, ,vat.ch., and jc,ve]ry 
tr a.de. In Bond f atnil y hands unti1 the 19 30s t o,vners hip of the busi-
ness then passed to Arn1enian in11nigrant brothers named Hekimian. 
~rhe firn1 closed in I9i7 after nearly t\VO hundred years in business. 

'l .. he tin1e service frotn the ohserv.a.t.ory ended tcn1porarily under 
George Bond)s directorship in 1862, but resumed ten years 1ater 
under Director Joseph \\ 1in1ock. Bond-tnade regulators scr,·ed as the 
principal transn1itters of time durjng this period. Harvard perma-
nently discontinued its signals in 1892 \vhen faced ,vith crushing 
con1pelition from \~iestern Union's tin1c service. 51 

H uThe 1-larvard 01.JscrYatory Time Service.'' Undaktl brochure.., BP, HUA. 
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