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Why a leadingexperton the historyof
timekeepingset out to createa sundial
unlikeanythingthe world haseverseen

BY DAVASOBEL
THE FIRSTTIME I METWILLIAMANDREWES,

severalyearsago,he waswearinganinexpensive
wristwatchwith the cartoonfiguresTintin
andSnowyrunningacrosst-hedial.
SmceAndrewesthen servedascu-

rator of HarvardUniversity's
Collectionof H istoricalScientlrlc Instruments, nls
w-fllmslcal watc-fr cut a

rrolcurouscontrast wltn
tne lmpoftant flmeKeepers
fre mamtarnect.ex-hrbrted
and alsousedasteachtnq
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alos lnnls course, Instfuments oI I rme and JDace.

thoush .undl.l. he D.€n around !,OOOyear. (. modol
. €t 3t. l4lch.elr oonL Coffidl, Engl.ndt wlllam AndEre.
th€ l.t ne.6ol lhe hourIn hb g6d€n ln corFd, ri!$.lwi.tr.)
th€ fiEt to b{lld one ihdhE th€ t|m€ In multlple place3.lmultan€owly.
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Sinceleavhg Harvard, in 1999,An&ewes, who is t6,
hasgivenup wearingawatch at a[. At home, in Concord,
Maisachus€tts,he ca:rtell time well enoughby a dozenor
so antiqueshe keepsin good working order, and he sa1,s
that while traveling he finds time 'publicly available."
'When
I savrhim in October 2oo4 at Soth€by'sin New
York, for the seventhand6ml auction of tle holdingsof
the nos, defunct Time Museum-the worldt most comprehensive assemblageof timekeeping devices,dating
from 3ooo B.c.to the prcsent-he wasrelying on his cellphoneto keepappointments."It allows)'ou to tell time to
the nearestminute,"he assuredme,'\nhich is fine for civic
purposes,though not sufftciendy accuratefor sefting another dock."
Andrev,esbid or severallots dffing that thrce-dayauction" and almost everything he purchased,whether for
himself or a dient, he vas buying for the secondtime; as
the Time Mrseum's curator from 1977to 1987,he had
its collection from r,3oo to
shoppedthe world to increa.se
more thatr3,joo items.Andrewesard his wife, Cathy seated next to him that day at Sotheby's,could tie dozensof
the museumlspiecesto slgniffcantdatesitr their courtship
andInarriageanddrc biftl$ ofdrcir two children.They felt
a specia.lfondnessfor the dock W' l had been restoring
wfien they met- a rgth-ceEturyChristian Gebhardaitaonomical and automaton clock with r7 dials, z revolving
globes,barometer,plaretariun, date displaysand figures
performing eachquarter and hour (ircluding a religoug
processioner"erydayat noon andaheraldblowing atrumpet at midlight on New Year'sEve)-btt it is nearly tetr
feet ta[, more than eight feet long and far beyood their
means.It soldfor $r42,4oo.
DespiteAlldrewes'long fascinationvith complexmechanical clockworks, he has recently talen what might
seemagi?nt leapbackwardto becomea"dialist," or maker
of sundials."Ivly original goalin this," he said rn response
to my suprise, "was to produc€ an accurate timepiece
with no movingparts-an original creationthat combrrred
art ard science,dra\irng ftom the long traditions ofboth
h its &sign, ard ircorponting the 6rcst craftsmrnship
andlatesttechmlog/ ir its construction."What really set
his idea apart, however,washis ifiention to basethe alial
on an tnusual type ofmap, ard to center the rnapon the
very spot where the dial vould stand.The map'sm€ridiansoflongitude \eould serveas the sundiat'shour lines,
creating a udon of tim€ ad spacefor tbat particular tocation-something no dialist or clockmakerhad everbefor€ achieved.
Asundialisoneoftheoldest-itmaybet,oldest-of
all scientific instruments.It dependson the Eartus rotation, althougbwhenit vas 6nt contrived,probablybefore
r<oo !.c.. its makersbelieveddrat dre Sunrevolvedaround
oa\ta soBEL, at\or oflaryitude ,r/The qanets, .oaathfied The ltl*]Jutlatedt.pngftilde uEb Wlian zzarea*.
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a stationary Earth. Either way one envisionsthe heave.Is,
the practice is the same the Sunshhes on the dial, and a
protruding 'gnomon' (from the Greek for "one who
kaows" presunably onewho knowswhat time it is) casts
ashadowamongthe hour linesmarkedon a &al plate,indicating the time.'What could be simpler?Or rather,rthat
could be more deceptivethan the appdetrt simplicity of
this device?For h order to make the fallen shadoweven
approximate the conect time, the dial must be laid out
with regardto latitude nonh or southofthe Equatorwhere
it is to be used,rcspectingthe chaagiaghigh point ofthe
Sunin the sky ftom dayto dayover the courseof the year
and the variable speedof the
Earth's alnual motion. There is
nothing obviousabout the construction of aproperslmdirl.Any
one who buys a massproduced
sundralard setsit out amongthe
flowerbedsasa decorationshornd
not be surprisedto find that it

gatedto govemmentagenciessuchar the tIS. NavalObser
vatory in Wrshhgtoq DC., the Intemational Earth Rotatior Serviceat th€ ParisObsen"atoryaadthe BureauInternationaldesPoidset Mesuresin Seue! Ftuce, all ofvhich
measurea secondby the interul it takesa cesiumatom to
vibrat€ 9,r92,63rt7otimes.Becausethe krth goesits own
way in space,ho'€v€r, heedlessofatomic time, "Ieapseconds"areperiodicallyaddedto our;eals to keepour clocks
in stnc with the turning of oul planet.A sundialrequircsno
suchadiustment.Asundialletsyouseethe Earth tum,'AJl
"Ofcourseyouknow itt tumin& but wh€tryou
drewessay's.
witnessthe shadowmoving acrossthe dial you feel somettung. Mrny peoplehaverc idea
whythe seasons
occur-that the
hemispheretilted toward the Sun
actually changesfrom winter to
summer.Time hasbecom€separated from space,and I think

^NDREVWES'woRKsHoP,
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basementofhis fami$s colonialThe greatvariety ofdial destyle home in Concord, accomsignsthough history "ccording
modatesa 3,ooo-volumereferto the late scietrcehistorian
encelibrdy banksoffile cabinets,
Derck de SollaPrice,atteststo
a deskwith a computerandother
the "aestheticor religioussatis
office equipment,a conference
factiorl' that dialistsmust have
table rnd his dnfting table, lathe
derived from trlng to simulate
aadworkbench.Sundialparts lie
the heavens.Vitruvius, architect
everprhere, alongwith an accuof ancient Rome, counted at
mulation ofclocks he hasbought,
least 13dial styles alreadyif, use
or built himsel4or savedfor sentiia Greeceby 30 B.c.Th€n asnolll
wlth the biosr.pher
mental rcasons,such as a rgtha dial could be mouted vertical- AndEwes once worked
ol John Hardson (above), the rath{.ntury
cefltury cuckoo clock that be
Iy on the side of a building or set d@kD.kerwtose b€kthroush chronoheter
longedto his parents-the first
horizontrly on a pedestalor the solv€d the prcblem of flndlns lonsltude at 3e..
clock he evertook apan.
ground, and take virtually any
Though clockssunouadhim, Andrewessayshe doesnt
shape-{lat, spherical,conicalor cylindrical. Somesundipayt}ln muchaftentionto time. "Cloclimakers,re the least
alswere statiomrt others norable, and nany like a suntime consciouspeople,"he sa)'s,"becausein the endit does
dial George Washington caffied, were meant to fit in a
not matter howmuch time it takesto build atimepiece,but
pocket. Although weight-driven mechanicalclockswere
r28o,
and
became
fixtures
only dnt it tum out beautifrfty md shownoneof the aqst
intrcduced in Englandaroud
that went into it. Engineersarehappyifthey makesomeofpublic and pdvate life by thb r6oos, their proliferatior
tting dlat wo*s, andnuny tendnot to caleedat tle iiside
sparkeda boom in sundials.In the r7oos, after the inventions of the p€ndrium clock in The Hague aad the bai
bits look tike, but clockmakersanendto all the hidden detafu, er.enonpans that will neverbe seerunlessthe clockjs
ancespdngin Parisinaugutted the era ofprecision timedisrnanded. be aclockmakeris to vork not just for lourkeeping,surdials achievedevengreaterimpotaace thar
"Just
self or '.our dient, but alsofor someoneelsefa in the tu
before.
as the computer increasedthe need for the
paper that some people thought it would replace,"Arture, someonewho knowsenoughto judgeyour work, and
"clocks
whowillookatsomethingyou'venadesomedayand you
drewessays,
ald later watches-greatly inhope-say'That w3r donedght.'"
creasedthe demandfor sundials,be€auseeverytimekeep
A.sa teenagerin North Londor5whereAadrewesspent
er needs,at somepoint, to be set corectbi'Aclock or
cationsassistirgalocal dockmakeahis hero*as
inay
keep
time,
but
only
a
sundial
canfzdtime
a
school
watch
distinctly diferent tunction by deriving the hou from
John Hanison, the r8th century clockmakerwho solved
the problem of finding loflgitude at seaby creatn€ the
the relative positronsofthe Earth and Sun.
'Ibday
frst accuratemarine chronometei By age19,Andre\,rEs
the work ofmeasuringprecisetime hasbeenreleJANUARY2OOT ST4FHSONIAN

BeyondTime
A uniquesundialmarksplacesas wellashours
willlam Andrewes'Lonsitude Dial tells time-assumins the sun is
shining-but it also does somethingno other dial can do: it tells place.
As the daylight hoqrs pass,the telltaleshadowcast by the wire, or
qnomon,movesacrossa laser-etche.lmap; whereverthat lonsitudinal
shadowfalls,ii's nooD.Part of what makesthls reat possibleis thatthe
dial is custom-builllor its location,with that very spot sewins as the
center of a computergeneratedmap on the dialface,In this dial,
customizedfor a client in New Yorkstate, the gnomon'sshadow
indicatesit's 11:45a.m.at the dial's home base.Whercverthe
gnomon'sshadowfalls on the map, it's noon,anclwhere it crosses,the
desree scalemarksthe longitudeofthose places.The spherical
shadowin South America,cast by the round beaclon th€ gnomon,
indicateswhe.e the SLrnis preciselyoverhead.
ROMAN NUMERALS
Indicatethe hour,when the
snomon'sshadowfalls on
them. Minutesar€ marked

SUMMERSOLSTICE
gnomon'sbead traces
the Tropic of Canceron
this day,June 21.The
time of the day'ssunrise
indicatedon the ring
encirclin9the hoursand

CALENDAR CIRCLE
Thc rins is enchcledwith the
numberof hinutes added or
subtractedto convertsolartime
(as shownon a sundial)to socalledmeantime (as kept by
clocksand watches).

D E G R E ES C A L E
Marksthe longit'rdeoa
those locationsunder
the 9nomon'sshadow

GNOMON

hadbefiiendedHarrisontbiographea
Humpbrey QuiI, a past mast€rin the
IrorshiptuI Companyof Clockmakers, a guild. Quill, by then elderly
placedAndrewesunder the guidance
of world renowned watchmaker
GeorgeDaniels,and alsoetrtrusted
the youth with aaunfirished Harrison
clock-an early wooden regulator
abandonedaroundrTzo for him to
completeashis formrl initiation into
horology,the scienceofprecision
timekeeping.After Andrewes gradu
atedfrom the Kingston CollegeofArt
in 1972,he taught design,clockmaking
aad metalwork at Eton College.The
commissionhe won from the Royal
Mint to createthree medalscom
memoratingthe 30oth anniversaryin
r975,ofthe Royal Observatory in
Gr€enwich,Ied to his taking charyeof
the obseratorykhistoricalcolection
of chronometers
ard precisionclocks.
In r977,Andreves moved to the
United Statesto headthe Time Mu
seum,in Rockford,Illinois,at the invitation ofits founde!, Seth G. Atwood, a manufacturerofhardware
and automobileparts.At the museum, housedin a hotel Atwood owned
th€n caled the ClockTower Inn, Andrewes looked after hourglasses,
water clocks,fire clocks,incense
clocks,oil lainpclocks,electricclocks
and atomic clocLs, in addition to
manymarvelousmechanicalclocks,
6y of which were kept running
abreastof time, meaningtheyhadto
be set forwardan hour everyspriry
and turned back an hour in the fall.
The museumcontained about 1oo
sundials.Theyranged fiom a fifth
cenhrryGreco-Byzrntinevertical dial
to a brassand silvered brassmechanical equinoctial standingring dial,
madebyRichard GlynneaboutrTzo
for Archibald Campbell,the Edl of
IlaI whosearmsand initialswere
elaboratelyircorporated into its shin
ing design,and ivhich told the time
with a focusedpinhole oflight in
Andrewesmodeledhis business
cdd on a sundialdevisedby rtrentuy
astronomerJohannes
Miiller or Re-

An tnsplrattontor Andrses' Longitude Dlalwas.1610 map by Nurembers mathematl.lan Franz Rlttei lt placod hl. clty atthe
center, so that the meridians ol lonsltude emanating tbh the North Pole could 6lso sere as the hour line5 ol a Nutembers sundlal.

gionontmus. Andre\r€s' folded cad, which exceededthe
usualbusinesscarddimensionsevenbeforeit wasopened,
alloped recipientsto convertit iato avorking sundialwith
the addition of aneedleandtbftad accordingto dnections
printed on the back. Later when Atwood's daughter an
Andrewesdesigneda toast-rack
nouced her engagement,
sundirl asa weddingpresent. "It was a squaredial of the
horizontal gpe," he recalls.'Instead ofnumbers,it wasinlaid vith different voods that helpedyou count the houis,
aad its triargular gnomon was cut $.ith vertical slots, to
'Ibward the endof 1986,Atwood curtailedthe museum's
collectiq and publishing activities. 'Seth Atwood is the
only person I how who was infected by the horological
virus and later recov€red,"Andrewessay's-'For rnost co!
lectors, death is the only cure."The next year,Andrses
was appointed curator ofHarva'd's histoic sciefltifrc instrument collection.The w€rlth ofsundials therc lrorc
tianToo dceeded an''thing he hadpreviouslyoverseen.
h 1992,Andrewessupervisedthe pubiication of a catalog

coveringa smallsubsetofthese:IooryDi!ry$ Sut'diahrtzor7to,with text by StevenLloyd andhundredsofphoto
graphs,describing 82 tiny folding contrivancesgathered
from GermanlrFrance,Italy andother countries,each
bearingirs ovn time designin blue, red,gr€enandbrown,
wirh a srring for dgnomondndr builr In.ompa$ to poifl
ir noith. The folowing )€,r, Andrew€sorganizeda Longi
tude Slnposium that drewjo o participantsfrom 17countries to celebratethe tercentenaryofJohn lturrison's binh,
andlaterhe publishedan aanotatededition ofthe proceedtnes,TbeQrenfar Lonsitude.
His delving into that subjecthelpedreviveAnrlrcwes'
own sundial idea, vhat h€ calls the Longitude Dia.l.His
original inspnation camefrom a 1610map that University
ofVisconsin cartographerDavid V'oodvard had once
shov.nhim. That map and others by the mathematician
Fraru Ritter arethe oldestknom examplesof a gnomonic projection.They appearin Ritte/s how-to book on sun
publishedin NurernSolisMitor,/t,S",),
Cnils,Speaiu'n
bery, GermanyRitter's map placedNrremberg at the
JANUARY2OO7 SMITHSONIAN 93

"To be a clockmakerls to work not Justlor yourselfor your cllon!" $ys Andcwes (ln hl5 workshop),"bul al5ofor someoneelse
lar In the tutofe,sneone who kno$ enoushto iudseyourwork,"Hls3h.ll4t Longltud.Dlal(opp6lte) cGt! at loasttr5,soo.

center ofthe WesternHemisphere.The farthest reaches
look gossly distoned asa rcsult,
ofthe mapt laadrnasses
but the novelpenpectivecausesthe meridiais oflongitude
to radate out from the Nonh Polein srmiehrlines,sothey
car double asthe hour litres of a sudial. Rittert imovative paniDg of time and placemight well haveimpressed
anydialist, but it struck An&erv€swith the force of a revelation.Ard alhough tuner intendedhis gnomonicproiection asthe basisfor a novel suadral,he seemsnever to
havebuilt one.Andreweshew ofno such&al aqv'hae.
But he d€temined to [l?Le one.
Tr'sa measureofrhe astonishingrecenrprogressin
computing th3t the first gaomonic projection that Andrewescommissioned-in 1979-was suchan onerous
undertaking that it wascreatedon the University of Wisconsin'ssupercomputer,by Woodv"rd. By the time Anahewesretumed to dialing in earnestmore than 20 years
later agnomonic projectiotrmap couldbe drrft€d at
home on a Iaptop in just minutes, thanks to Geocart, a
cartographyprogram developedby Daniel Strebeof
94
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Mapthematics in Renton, Washington.Cloday the gno
monicprojectionfindsits most commonapplicationin
aviation.)With Geocart,Andrewesrealizedhe coutd de
sign a dial plate for rny locrtion ifl th€ wodd. As a test, he
createda paper aad cardboardprotog?e for the cooraL
natesofthe hotel in which he and his family planned to
vacationin Crete. "Everyoneelsewassuflbathing,"Cathy
Andrew€srecauedof that 2oo2 summ€rvacation.
"William was balaacing paper sundialson trash caas at
the beach,trying to keepthem fmm blowing awal" Even
after sunsethe busiedhimselfwith the dial, sincehe had
{itted it with an attachment, called a lunar volvele, for
telling time by moonlight. By August, he had convinced
hirnselfthat the basicdesignvas sound.
Inspired by the look ofhis favoite historical instluments, Andrewes arrayed the Roman numerals for the
hoursir aring aroundthe rnap,by hand,drawingtheir .!€rtical strokessothey all pohted to the North Pole,ard len
dedng their serifsconcentric with the center of th€ dhl.
He waatedthe smallArabicnumeralsthat couatedofften

.
i

minute intervals to bow ed tilt accordingto their longitude, and likevise the tien oftiny tick ma*s subdividing
the lrrger int€rvalsinto individualminut€s.Decorative
flourishesshapedlike tridents or fleurs de-lis,hserted at
the half-hour points, wouid charge their odentation and
shapeaccordirg to their distancelrom the pole.Ardrewes
appealedto Strebe,who, with his coleaguePaulMessmer,
createda "sundialplug-in' for Adobe Illustrator that lets
Adrew€s automati€alyadapthis hour-ringartwork to ary
number oflocations with only minor adiustmetrts.
"I
Th€n he cast about for the right store. thought it
"Most
sundialsde
had to be bright stone,"he recalled.
those
showoff a
materials
because
madeofiight-colorcd
gone
down to seethis wonshadowto best adrantage.Id
derful chap in Newport, on€ ofthe great monument
stonecuttersiflAmerica- I \a'antedhim to cut a dial for me
by hand in ganite. He took one look at the desig4 the
map, the numerals,the precision constraintsfor the
minuteticks-and said,'Youmust be mad."'Andrewes
vhere stonecuttinghad beeD
turned to establishments
mechanizedand rnodernized,trdely the manufacturers
ofcemetery memorials.On a visit to Rock ofAges in
Methuen, New Hampshire,he learnedthat black gabbro
stone could be etched by laser.wlat's more, it displayedthe unusualproperty of n]ming white
wher€ laser-etch€d,so tnat everyincisiotr
appearedboth cut-in and painted on.
"That wasthe tuning point," Andrewes
said.The map'swhite cotrtinentswo ld
staad out from dalrkseas,and decoratiotrs
too delicateto be chiseledin stonecouldbe
tra$feted to it ftom pen and id< drawings
by a carbon-dioxidelaser'swhite light. The
finished dial plate, polished to a mirror-like
lustemnd water-sealed,vould shov offa gnomon shadowaswell as anypale-coloredstotre
could do. Gary Halu\ a stoneartisanin New Hampshire,hassincebecorneAndrewes'collaborator Together they found a sourceof supenorgabbrofrorn China.Aa
drewes'friend and colleagueLinn Hobbs, a materials
scientist and nuded engineerat MIT, advisedhim oDhow
al.
bestro an achmetaloartsro the dialandDedest
past two
ten
Longtude
Dials
in
the
Andreweshasbuilt
yearsanddelil€red theseto clientsin Engl.:nd,Spain,Connecticut, I&rylnd, New York Statea-rrdCaLifomia.Each
is a precision timepiece without hmds - t wheel of polished black stonebeadry a laser-etchedmap that centers
its intendedlocation i$ide a privatetime universe,where
the hourspassvisibly mhute by mirute on aring ofRomaa
numeralsreminis.enrofan elegaatr8th century*aich
face. In addition to giving the conect time, eachdial ac
knowledgesan important moment in its ownert life-a
.redding anniver$ry abhthday-by castingar annualcom
"It's a
memorative shadorralong a customizeddate line.
magnificent thing, a unique g?e ofiastrument that does

not seemto ha€ beenbuilt everbefore,"saysBruceChar
dler a mathemati€ianat the City Unil€rsity ofNew York.
Andrewes builds his signaturedial in three sizes,the
largestofwhich is nearlyfour feet acrossandcostsat least
gardendial
$to,ooo with its pedestalandbase.The sma.llea
alsostaadson r pemanent pedestalandbase,md stats at
about $3o,ooo.The petite te[ace dial, orly a foot in dbJnetet hasadjustablebmssfeet, alongwith a tiny spnit hvel
tucked in a dmwerunderneath,that help it accornmodate
to a slantingtabletop or a slopingporch. In its hrndmade
pooden presentationbox, it startsat $rt,joo.
A LoNGrruDE DrALsitsin my backyardatop a granite
p€destalcenteredon a patio Andrewesdesignedh the
rose.Andrewestruicallyvisitsthe site
styleof a compass
of aJIyproposedgardenor monumentdial,pacesaround
spotandixes itsposition
to pick the most Sun-favored
with a hand-heldcPs.But he dovDloadedmy latitude
and longitudefrom a computerdatabaseofordinance
slrvey maps.The coordinatesbecamethe mw datafor
the gtrornonicprojectioncenteredon the housewhere
I've lived for the past zo years-and now may never
leave,sinceits locationis set in stoneon my dial,
in de
with the laritudeandlongitudeexpre5sed
grees,minutesandseconds
ofarc.Itwas plotted
to work just here and nowher€else.In this sense
it is a far more personalpossessionthan the
wistwatch I wear every da)rAnd lovelier too.
Early in the morning, I find the dew has collected on rhe continents.cloudsfloatrngo"er
head a'e reflected in the dial, and I can

read the wind's dilection by their
passage.The gold-plated bead on
the gtromonwire throws a small
round shadowon the part of the
map wher€ the Sun is pre€isely
overhead.The bead\ shadowwill
crossthe map along the straight liae of
the Equator eachyear otr the daysofthe
vernalandautumnalequrnox,andonJuner,.
the summer solstice, it will trac€ out the curved Tiopic
of Crn.er.BecduseI corsulcmy didl mosr in warm
weather moDths,when daylight savingtirn€ is usualy in
effect, I choseto haveit constructed to that system.
"With each dial I discover somene\r techdque that
makesme waat to redo the earlier ones,"Andrewessays.
"But ofcoursel canr do Lhat."He.rn,hovever.incorporate innolations in the n€xt dials,suchasthe motrument
siz€ on€ that hasjust been comissioned for,n English
country house."The ioy for me- and one of the most exciting things about a good sundial is that on.e ir's leveledandodented coflectly it wil neverfail you when the
SI1IIis shining.fanlthing goes\arongy'ith tle Earth, this
dial vrill show it. Yoir could be anong the fust to kaow
O
But ifthat suddenlyhappens,don't call me. Pray"
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