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Abstract: Inside Harvard College Observatory in 1904, a young woman named Henrietta Swan Leavitt sat hunched over a stack of glass
photographic plates, patiently counting stars. The images had been taken by a telescope high in the Peruvian Andes, and Miss Leavitt was given the
tedious chore of measuring the brightness of thousands of tiny lights, something that would now be done by machine. Her job title was \'computer,\'
but during the next few years she rose above her station as a tabulator of data and discovered a new law, one that would change forever our view of
the universe. George Johnson, the author of Miss Leavitt\'s Stars: The Untold Story of the Woman Who Discovered How to Measure the Universe,
writes about science for The New Y ork Times from Santa Fe, New Mexico and is winner of the AAAS Science Journalism Award. His other books
include A Shortcut Through Time: The Path to the Quantum Computer, Fire in the Mind: Science, Faith, and the Search for Order and Strange
Beauty: Murray Gell-Mann and the Revolution in 20th-Century Physics. He is co-director of the Santa Fe Science-Writing Workshop and can be
reached on the Web at talaya.net. A graduate of the University of New Mexico and American University, his first reporting job was covering the
police beat for the Albuquerque Journal. <kw> Miss Leavitt\'s Stars, George Johnson, Leavitt, astronomy, cephoid, Magellanic cloud </kw>
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Inside the Harvard College Observatory in 1304, a guiet 26-year-oid woman
named Henrietta Swan Leavitt sat hunched over a stack of photographic plates.
patiently counting stars. The images had been taken by a telescope high in the
mountains of Peru, and Miss Leavitt had been given the tedious chore of
measuring the brightness of thousands of tiny lights. comparing how they
varied from day to day: It is a task that would now be done automatically with
an array of photoelectric cells and digital electronic circuits. Miss Leavitt's job
title was "computer," as though she were little more than a human machine. But
during the next few years, she rose beyond her assigned station as a tabulator
of data to notice a subtle pattern, one that would change forever the map of
the sky.

After thousands of hours of squinting and counting, she discovered by 1912
the stellar yardstick that would allow astronomers to begin measuring the
universe. Certain kinds of stars, called Cepheid variables, pulse with the
regularity of beacons. The rhythm of their light. she realized, betrayed their
inherent brightness and thus, most importantly, how far away they were.
Astronomers. tethered to the earth, finally had a "standard candie," a way to
reach out and gauge the depth of the heavens. If two Cepheids were beating at
the same rhythm, you would know that they shared the same inherent
brightness. If cne appeared to be dimmer, you could estimate how much farther
away it was.

Ower the next dozen years, some of the most flamboyvant figures in Amercan
astronomy leaped on this discovery and battled over our place in the universe.
Some, like the headstrong Harlow Shapley, were determined to prove that the
Milkey Way was the universe -- that the smudges of light called nebulae were not
distant worlds but small, nearby clouds. His rival, Edwin Hubble, every bit as
overbearing and self-assured, believed that the nebulae were galaxies in
themsebves, that the Milley Way was just ane island in what was called a "cosmic
archipelage.” The issue was vigorously debated in the astronomy journals and
on the floor of the National Academy of Sciences in Washington {where, on one
occasion, a visiting scientist named Albert Einstein was in the audience.)

By 1925, Hubble had won. He used a blinking Cepheid to estimate that a stellar
haze called Andromeda was a million light-years away — much too distant to be
armything but an enormeus galaxoe of its own. In the next decades. Hubble and
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HENRIETTA SWAN LEAVITT (1868-1921). American Astronomer.
Henriema Swan Laovint was born on July 4. 1868, in Lancaster. Massachuseits,

one of seven children. She was the donghter of o Congregationnl minister, Rav-

erend George Roswell Leavitt, and Henriettn S, (Kendrick) Leavitt. Her Poritan

herizge could be traced o Jordan Leavime who sentied ine Hingham, Mazgsacho-

sems, in the 164k In [8E5, she entered: the prepimstory. department of Obertin
Coflege. Two vears later, she entered Oberlin, where she flourished, although
her heuring was, by this time, deteriomting. She enrolled a1 the Society for the
Collegiate Instruction of Women (Radeliffe), where her kind personaiity moade
her popular among  her clossmates and mumimized the effects of ber now-
profound desfress. In her senior year st Radeliffe. o course m asimnomy sroused
her mizrest and she ok another course there ofter gradunting 1o 1392,

Two decades earlier, in 1872, Henry Draper had taken the first astronomical
phommgraph, the Grst o show thit speceml linss existed 1o the ultriveolet and
mirared as well 25 the visible portion: of the sun. Then, in' the 1280s, Edward
Pickering significantly advanced the study of the spectrs of stars by employing
& lorge: prigm in from of a photopraphic plve to capture: an’ entire field of siars
ot once. As director of the Harvard College Observatory, he had ambitions plans
lo map the heavens using this technigue, For this, he needed assistonce. He
chose Leavitt, who had begun as a volunieer. Unfortumately, she had 1o leave
the Observatory when o family crisis calléd her vo Wisconsin, Afier two veas,
Pickering encouraged Leavit to returm at his expense. He offered ber a pay
imcrease and told her thot if she had to leave the Observatory sgain she conld
tnke with her the materials and data she hod coliected. Pickenng's oifer of a
raise in OO0 was oo uncommon gesture. In 1902, within @ short time of hes
gppointment, she advanced to head the photometry department.

Becaose of Leavitt's outstanding mitiative and unfailing patience, Pickening
chose her o executs his gmbitious 7904 plan o redetermine star magninses
using the most op-io-dae photweraphac echmgues. The accuracy of such-data
wits cructal o mvestigations of astronomers duning this period, and Pickering's
staff began with the “*North Poisr Sequence’™ s o standand for the entire gky.
Forty-six stars were selecied, and 299 phoiographic plaies using thimeen tele-
scopes were. employed o establish this primary sequence. Leavitt and her col-
ieapues then applied this scale to measure the thousands of stars i the heavens.
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L5 asfrongmer.

Here fre Lamcaster, MassocBuserts,

Parewes; Hevrietta [Kendrick) amd Getrge
Lestiriet.

Edncmtiomn: pubiic schoof, Cambridge, Mes-
srchusetiss M-E&H*g-rﬂ&juﬂ'&ﬂk
Society for the Collegiace Instruction of

Warmen (later Radeliffe College) (2888~18p2}.

Staff menber, Harvard Observatory { roo1—
g2l
Chied tn Cambridge, Mussachuseis.
DAH, DSB, NAW.
Henriera Leavier was one of seven chibdren of
¢ Congreganonalise minister, who had a parish
in Cambridge, Massachusets, donng most of
Hennera s childhood, he atended public
school in Cambndge and, after the famidy:
moved mx-Clevelond, Ohso, srudied ar Oberlin
Caollege | t885— 1833}, Alshough her heanng
was seriously impaired, this handicap did not
impede her progress ar schoul. Leavat com-
plered her undergraduate educarion ot Rad-
ciiffe College, then known a3 the Society for
the Collegiare Instracnon of Women (B85~
TR

Lewviet took i course in astronomy during
her senior vear at Radchife and developed an
interest i the sulbgect. After graduaton she
ook anather course and then spent sometime
traveling béloee wolunresring ber servicesito
the Hurvard Observatory it cBog. Appomted
to the permasent staff in 190z, she soon
arearned the position of chietof the photo-
graphec photometey deparmment. She worked
at thi Observatory until her death, of cancer,
af age fifry-two.

duch ol Leavirrssaenniie work mvalved
the seenrate measurement of the brighr-
nesses—and hence the masnitades—ol aram.
During the At vears of the century, vesaal
phommetry wis superseded by phorographic

tizh 3 “'nocth polacsquence”’ of mogmitudes
thar would serve as a:srandard forthe oo
sky. In 1913 the system of the norch polsr
sequence wis dopoed by the Internamonl
Communer on Phowearaphic Magnmmudes for
its propecod astrographic map of the sky.
Lzavire woeked on this projecr-unol her deadk;
at which time she had esrablished sequences
for 108 arcas.

In the course of her observations Leavir
made the important discovery that the fainter
stars of @ sequence were-usaally redder than
the beighter stars. This phenomenon raised the
guestion whether the stars wete ooroslly more
red o whether theic ight appenced red becauss
ofthe effecs of interstellar absorpiion. Since
Legwrre's dscovery, photorlectnc technigues
have been develuped thay can distmguish
between the twa cades:

Leaviced mosr important theeretical con-
rribution was the establshment ot the petwod-
{uminosity refaton of the cepheid vaoabde
stary—atars thar bnghten-and diman a knghiv
reguisr fashion. In her study of these stars she
noted thar the longer the perod of pulsanon.
the brighter the star: Ths relabon was nsed by
subscruent astronomers for determamng the
distarmces [rom thie carmh-of simiar sars-withen
oue own galaky and in dustant gakaxic.

H. Leawier; “Ten Varmble Srors ot the Aleod
Tupe," Annals uf the Harvard Codlege

L Msservatory 60, no. 5 [ rscB]: toa— 146
i Vanrbies i she Magellans Cloeds,™
Anrrarls of pive Marvard Ciollrge Olsservatory
i, n, o { pypaiics—1al.
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oy
finafly, he initiative and rri:mdum.%in the
tial campaign she hero

lties. In 1001 she Bled
i butuiﬁ-ﬂh!wﬁtphi
and attempted a

econciliation at the urging
of her children, same time she filed a
petition for . indicating the dire
state of her reponciliation was

short-lived, che won a divorce on grounds

years: she: B quinthy ber son Ben in
Brooklvn and for & short with her daugh-
ter Louise, for the pdult

j of Mew York  Cite

HL

in E”‘d*,.r Ceove Cemetery, Flushing. Long
[Clippings end biographical matertal in the coflec-
tion of the Kuns. State Hat Soc., To are the

H "An Anslysis snd Evaluation
of Populist Po Campaign 5 Making in
Koms,, 1AGO-18047 X Pl disserts-
tion, State Univ. of lowa, 1954); pension records
of Joseph P. Clyensi Nat hives, Washington,
which include the birth of ‘bz children and
pther family data; and deash record of Mrs Lease
from N.Y mm&xmnhh?mdnm

%JD Leavitt

LEAVITT, Henrietta Swan {Julv 4, 1564
Dep. 12, 1921}, research astromomer st the
Harvard College Observatory, was bom in
Lancaster, Masgs., one of seven children of the
Rev. George Roswell Leavitt, 8 Congregationa)
minister, and Henrietta 5. (Kendrick! Leavitt
Both her parents were of colondal stock: hes
father, o graduate of Wiliiams College and
the Andover Theological , was & de-

1885, in Cleveland, Ohio, where her fatles
held sucressive pastorates, she attended pubin
school in Cambridge and the preparatory de-
of Oberlin College (1885-861, fol.
two vears in the college itsell (rthe
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prussed for his brovery, good FodEmenE, and CODUSTn
for the well-being of his moops:

= Eacept for his offical correspondenee founsd in - Navoial
Lrchnves Record Cioouprs 94 and 107 there o5 s bady of Laaw-
enwirth papers: Jeifrey Kimbadl, '“The Banle of Clhppova
Infantry- Tactics m the- War of 1512," MuaSkare A 31
CHET-156E: TAR-Rh, consmidera his cirly [eaderhip. Foger
L. Mhchals, Camemal Hearye slokimaom: A B Miltasy G-
i £ FOIGST, pnnwm&hhmmufhmnwm Sioc ks
Mlarcus L Hamen, (8 Fory Sliag, (878 1259 T%18]; El-
vid Hione, Hiatery o P Lamvorrsoris, [S27-1927 (19261
mnd- Fouce B, Mabon, O Fave Crtofored amd e Fronter
RS, o i sctions st these placss, Dioanne Bobinsoa. ed.,
"UHTicial Correspondence of the Leavenworth Epedinon of
FRES e South Txeom for the Cinguest of the Ree Indians™
Houly Dhekores Hittovsoal Callacrions 1 (T00%% 179-055, focmes
im hein Arikarn campagn, while Besd Sgosw, “The Dodgpe-
Lemrirrsnrh Expedition of 34" i of Oliahoing 57
(1975 FTee08, examines Tris [nst cinipign.

RupGEm L, SNICHOLE -

LEAVTT T, Hearietta Swan (4 July 1568-12 Dec. 1921,
bstronomer. wai born s Lancaaer, Massachuserts.
the: deughiter of George Roswell Leavin. a mingster,
aned Hennettn Kendrick, She amended the Stciety e
the Collegiate: Instruction of Women (Iater known ns
Hadcliffe College) in Cambridge. Massschusetts,
Eraduating 1 1892 The followimg vear she obtaned
credits. trward o graduiie degree i astranmmy thene
for work dome st the Harvard College Observatory;
she never completed the degree. Leinmin spent the Te-
maivder of the 18908 traveling, ing schoed: - and
mxaling megsnrernents of stelar brighiness ar the Har-
vard Chbservatory, In D900 ifiness led her oo long sty
with ity in Wiscomsin, Although she lost part of
ker learimg. he was. T el A8 A

nent member of the abservaroey st i 1902, She con-
oimued thes work even when pooe healh forved: her o
refur b Wisconsn foF ssme ime in 1905,

pected of sarmbility amd wers compared W imapes of
the: swme stor on other- plates. Working this woy. in
19064 and 1905, Leavite found sme 1 {154 variabla
stars i the Magellanic Clouds of the southem hems-
sphere. In 1908, despive il bealth, she published a liss
of the £:777 variable stirs she: hod found 1n these =
gons o the dmmals of the Astromommioal Cbseroasery of
Harcard Collepe (60, wo. 23, Moreower, Lrvin was
able to find the perisd of the vartabiliy of sixicen smrs
i thve Srmall Magetlane Clood thas waried like the star
Dl Cephens.. She commented meanother 190K arn-
chein-Armaly (B0, no. 45 that the brighter of thess so-
calfed Cepheid variables had lomger periods. In 1992
Eeaviit returned o the subject of Copheld varmbles,
plomting the magnitades of twenty-five Cepheids in the
Small Magrellamc Cloud at both masamiem and min-
ods. The longer the pervod, the griater the brghimess
at muedmaem. As all the stors were in the Small Clojsd,
and hence ot roaghly equal distsnoes from Earth, Les-
vitt-noted in the Horoarg Callege Ofsrvaiory Cinsiker
{1912 dear sprarent differences 1o the. phevtographa
mgnitudes of the siars probably corresponded o real
differences in their emissnon of light The Danish as-
rosiomer Ejnar Hectisprung soon pomisd: oo tht i
une knsw e scrual brighimesys of Cepheids of given
periods, one could caimae their distance from Earth
from the apparent brighmess. Hermsprung and later
Horlow Shapley used the penod-luminosity. relation.
ship o -estimare- the distnce of the Sl Magellame
Cload, plicing it far beyond our cwn galaxy, They wr-
guied 1t nebular regions of the sky like the MageHan-
i Clouds were indieed distant “island unrverses" our-
side the confines of our pwe galaxy. This conclheson
waes oty débaged o dhe ine: However, - boah: de oxis-
pence of jalaxies not ouwr ownand the use of the period-
Anmiressity relationshap (o fnd seflar dismnices, would
hewume widely acoepted by astronomen
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Please 11 out snd return with as Httle delay as possitle to Gearge M. Jones, Seeretary, Oberlin, Ofhio
(Klndly motc stilgestiss on oups )

g Rl Arvan  Leaiil
2. Present occupation? &Wﬂcf M |

3. Postoffice address? 5 i M BM E%Tj'ﬂrﬁﬁcn- I
4. Place of birth? M Hﬂ-ﬂ& 5. Date of birth? fi‘é‘ 4 vy |
6. Date of marriage .3 To whom? {fall oame) . .

. Is bushand (or wife) Hving?
£ L .“ﬂ.'_ Munr ol Coilegs or University Yowr

Desree of L2 B ontecvad by M a‘%&‘ _in X

~ponferred By

g. (Other honors received, and civil offices held? (Flease give dates) Sz aseton W
%M Mf@w 1704 P el .
Learavalsn. !-rv:ﬂﬁc. meﬂmﬂff SR

[ 8 .H.'I.I.J.m,: m 3 - — =y L v e S i
. mt:__,-..umﬁ—e nﬂdm"d-hu-i—-rﬂ

11. Pioces of residence, udmpmfuﬂnwdﬂmhﬂwnimdymﬂhaﬂm' ,‘E’MM ' 15;’}"-;2

Wa -hlﬂml—nﬂ.

frm.ma ...ém _ﬂwf: 5778

P Hﬁ’ﬂ"-?- A ST ) e

: - S S
2. Murﬂtﬂﬁﬁﬂuﬁﬂ?m- _M_*H_‘ ﬁ.fﬁ' so f
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l?m. 49. A group of women com
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"He must open the dome and turn the
wheel,

And watch the stars with untinng zeal,
He must toil at nmight though cold 1t be,
And he never should expect a decent
salaree. "
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"We work from morn till night,

Computing 1s our duty,
We're faithful and polite,

And our record book's a beauty."
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o Anglo-Australian Obs./Rayal Obs. Edinburgh

Pirsa: 06050003 Page 27/43




Page 28/43

EETRL R oS




Pirsa: 06050003

TAYIIE T NEWTALL

THIRD FLOOE

NEwHALL & BLEVINS

ARCHITECTS 31 Liamnsgan

2 PARE STREET

TICKNOR BILLDING

~ugust 28, 1815

Re, Limmagen lixl]l - Carbrides §

Fleaae put on yorr list for rentirg the [ollowing sulites in the
asbors Ballllin- -

Sulte

Sulte

Suite

Sulte

Sulte

Suite

23

e
il

ar

a8

iyt~ oce,0ininr roen,charbar,kttahsnetie bath & plazss
Rent %40. par mc. on yaarly leasa.
Arailable Sept .l 1510,

Living rocnzchambap,iiteusietta and bolh
nent :%90. r=r co. on yearly lessa.
availatle bSept.l,171E,

- Liytae room,0inine roor,chanber;gitchonetis,beth & plazse
Kant 3Re.50 per mo. on jsorly lease.
avallzble =ot.l,1215.

-~ Livirg room,Dining roos,chamber kitchenstie,bath & plazzs
Kent $42.E0 per mo-~ on ysarly lesasa. .
available sopt.l,131f.

- Living room,chambar, kitolienstie,bDatn EXPEIXETER
lant 332,50 per me. on yearly lesse.
sratlzhle “oba.1,1%10.

- Living room,Jining room,2 chambers,zitshenstts,bath & plazaas
Rent 422,80 par mos. on yearly lease
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SCHEDULE OF PERBONAL ESTATE IN DETAIL.
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