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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 1904, a quiet 36-year-old 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 automaticaily 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 candle," 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 one appeared to be dimmer, you could estimate how much farther
away it was.

Ower the next dozen years, some of the most flamboyant figures in Amencan
astronomy leaped on this discovery and battled over our place in the universa.
Some, like the headstrong Harlow Shapley, were determined to prove that the
Milky 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
themselves, that the Milky Way was just one island in what was called a "cosmic
archipelago.” 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
amvything but an enormous galaxy of its own. In the next decades. Hubble and
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HENRIETTA SWAN LEAVITT (1868-1921), American Astronomer.

Henriemta Swan Leavin was born on July 4. 1868, in Lancaster. Massachusetts,
one of seven children. She was the doughter of o Congregational rimister, Rev-
erend George Roswell Leavitt, and Henrietta 8. ( Kendrick) Leavitt. Her Puritan
heriage could be traced o Jordan Leavite, who settied in Hingham, Massacho-
sets, in the 16408, In 1885, she entered the prepamtory department of Céhberdin
College. Two years later, she entered Oberlin, where she flourished, although
her hearing was, hy this ome. deteriorating. She enrolled a1 the Society for the
Collegiate Instruction of Women (Radeliffe), where her kind personality made
her popular among ber clossmates and mummized the effects of her now-
profound desfness. In her senior year st Radefiffe. s course in asoronomy sroussd
her mterest and she tnok another course there ofter graduating in 1892,

Two decades earlier, in 1872, Henry Draper had taken the first astronomical
photograph, the first to show that speciral lines existed in the ultraviolet and
mfrared as well zs the visible porton of the sun. Then, in the 1880s, Edward
Pickering significantly advanced the study of the spectra of stars by employing
g large prism in front of a photographic plae to capiure an entire field of st
ot once. As director of the Horvard College Observatory, he had ambitions plans
chose Leavitt, who had begun ns a volunteer. Unfortunately, she had 1o leave
the Observatory when o family crisis called her 10 Wisconsin, Afler two years,
Pickering encouraged Leavitt to return af his expense. He offered her a pay
incresse ind told her thoet if she had to leave the Observamory again she counld
take with her the materials and datn she had coliected. Pickering's offer of a
rmise in 1900 was an uncommon gesture. In 1902, within a shon time of her
gppointment, she advanced to head the photometry department.

Because of Leavitt's outstanding mitiative and unfailing patience, Pickering
chose her o execute his wmbitious 1904 plan o redetermine siar magninsdes
using the most op-io-dae photographac echmgues. The accuracy of such dats
was crucial to mvestigations of astronomers during this period, and Pickering's
staff began with the “*North Polar Sequence’” as a standard for the entire sky.
Forty-six stars were selected, and 299 photographic plaies using thimeen tele-
scopes were emploved o establish thiz primary sequence. Leavilt and her col-
mmwmmmmmmduxnmum
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L'.5. astromomer.

[ i Lancaster, Magsacbuserts.

[irents; Henrietta (Kendrick) and Georpe
Lcnintt.
Education: public school, Cambridge, Mas-
sacimesetts; Oberiin College (188 7—1885);
Socety for the Collegiate [nstruction of

Women (later Radeliffe College) (t888—r89a}.

Staff membrer, Harvard Observatory (1902—
IgEr)
Died i Cambridee, Massachusetrs.
DAS, DSB, NAW.
Henrerta Leavarr was one of seven children of
a Congregatinnalist minister, who had a parish
in Cambrdge, Massachuserrs, dunng most of
Hennerta's childhood. She amended pubic
school in Cambndge and, atter the family
moved w Cleveland, Ohio, studied ar Oberlin
Callege | 188 5—1 883}, Although her heanng
was senously impaiced, this handicap dud not
her atschool. Leavirt come-
pieved her undergraduate educanon or Rad-
diffe College, then known as the Socety for
the Collegare Instrocnon of Women (1 EHE—
THgz)

Leavitt took 2 course in astronumy dunng
her senior vear at Radcliffe and developed an
interest in the subyect. After groduanon she
ook anather course and then spent some tume
rraveling belore volunteering her services o
the Harvard Observatory i 1891, Appomed
to the permanent staff in 190z, she soon
artarned the posinon of chief of the photo-
praphec photmmetry department. She worked
at the Observatry until her death, of cancer,
a2t ape firy-pwo.

Much of Leavin's scenniic work imvalved
the sccorate messorement of the brapghr-
nisses—and hence the magnitudes—aof stam.
During the Arse vears of the centary, vesaal
photometry was superseded by photographic

lish 2 *north polar ssquence™ of magmiudes
thar would serve as a standard for the ennire
sky. In 913 the system of the north polar
sequence was adopted by the International
Comemunee on Phomgraphec Magnwtodes for
its propecred astrographic map of the sky.
Leavart worked on this projecy unnl her dearh,
at which time she had established sequences
for 108 arcas.

In the course of her observations Leavitr
stars of 2 sequence were usually redder than
the braghter stars. This phenomenon raised the
question whether the stars were acrually more
r:durlrhﬁﬂurﬂhdrthllpp!ﬂm&dlﬂﬂhtt:uﬂr
of the effects of intersiellar absorption. Jince
Leswrre's discovery, photoelecnc rechnigues
have been develuped thar can disnnguish
between the two cases.

Leaavite's most important theoretieal con-
rribunon was the establishment of the peswd-
{uminosity refanon of the cepheid vanable
stars—stars thar brighven and dim n a hghiv
reguisr fashion. In her study of these stars she
nisted that the longer the pericad of pulsamon,
the boghter the star: This relabon was nsed by
subseguens astronomers for determamng the
distances lrom the earvh of simitar stars withan
our own galaxy and in destant galaxe.

H. Leavire, “Ten Varable boors ot the Algod
T}pn”.#nhdhiﬂiﬁiffﬁﬁhmni[}ﬂﬁjr
{Msservatory 6o, no. 5 [ 19c): pog— |46

*i .77 Vanzbles in the Magcllame Clowds,™
Aniranly of pive Harvard College Olbrservatory
o, o 4 | ol =108,
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Agr Briof—108; A4l 28—l

Bis G

e e e B e

Page 7/43




Page 8/43

i hmwﬂmﬁﬂm:m TR
i
IR
m_m_wdmmm R s Ry
A wmmmmwmmmﬂwmﬂ m ﬁmmﬁmmmwmmm M%mmmmw
g I L
Jﬂ.ﬂm sh° 5
3 mwm, fidasts
3 .,ME w

[s2]
o
o
o
Yo}
o
©
o
15}
(2]
4=
o



Pirsa: 06050003

prused for his Dravery, good Puigment, and comncsIn
for the well-being of his Toops.
= Except for his afficial correspondence foaxd 0 Nabonal
Schrves Record Girovgprs 994 anad 107 there o o body of L
envworth papers. Jeffrey Kimball, “The Banle of Cheippewa:
Infaniry Toctirs i the War of 18117 bhibtane Afaers 51
(P67-1968]: 16986, considers his carly leadership. Roger
L Machabs, Comeral Heary Akimion: A Wemere Mty (-
rewr { PO65], provides detmls on e of his scoens. Sec alw
AMarcus 1. Hansen, (8 Forr Swalling, (809 J859 { 1918]; El-
visl Hune, Histery of For Lamormsorsh, (8271927 (1926);
amd Bruce B Mabhon, O Forr Crmford and o Fronmer
{1928, (e his sctions ol those placss. Duanne Robinsoe., ed. ,
“Cificial Correspondence of te Leavenworth Expedinon of
15 e Sowth Dalon for the Cinguest of the Ree [ndians,™
Sough Dobory Hemorsoal Callarmony | (1902 179154, fonmes
en ks Arikcers campusgn, while Besd Agnew, “"The Diodge-
Leaverranrth snom of |34 Chrmeales of (inlashoma 53
(1975 ¥76-08, cxamnines his last cangmign.
RocEr L. NICHOLS

LEAVTTT, Hearietta Swan (4 July 186812 Dec. 1921],
sstronomer, wai born i Lancaser, Massachusers.,
the dmughter of George Roswel] Leawim, a minister,
and Hennetta Kendrick, She anended the Socery for
the Collegiate Instruction of Women (later knowt as
Radcliffe College) in Cambridge. Massschusetts,
Eraduating n 1892, The following vear she obtuned
credits: treard o graduesie degoee 10 astronomy there
for work dome st the Harvurd College Observatory;
she never completed the degree. Lewvitt spent the re-
mainder of the 1990 traveling, school, and
making messurements of stellar brighmess at the Har-
vard Chservamory. In 1900 iliness lexd her wr a Jong stay
with farmly in Wasonsin. Although she lost pary of
her bearing. she was persunded 1o retum os o permm-
nent rember of the observarcey autf w 1902 She con-
timusd this work even when poor health forced her o
refm o Wisconsin for some dme in 1908,

pected of sermbility ond were compared ™ imapes of
the mame str on other plares. Wirking this way in
1904 snd 1905, Leavinn found some 1,054 vanable
stars in the Magellanic Clouds of the southern hemi-
sphere. In 1908, despite ill health. she published a liss
of the 1,777 variable stars she had found m these =
gions in the Anmads of the Asronommcal Ofseroanery of
Haemard College (60, mo. ). Moveower, Leswvin was
able to find the period of the variability of sixicon stars
in the Small Magellanic Clou that varied like the star
Dielta Cepheus. She commented in another 1908 artr-
cle in Avesly (80, no. 4) thar the brighter of thess so-
called Cepherd vaniables hod lomger periods. In 1912
Leawitt returned o the subject of Cepheaid varables,
ploting the magnitudes of twenity-five Cepheids in the
Smmll Magellamc Cloud @ bothy mmsarmern and mimns-
mum brightness agamst the logarmhums of ther per-
ods. The longer the persod., the greater the brightness
at mupdmam. As all the stars were in the Small Cloud,
and hence a1 roaghly agual dismnces fom Earth, Les-
witt noted in the Hervard College Ofservatory Cirvuder
(1912 dhar spparent differences 10 the phetographac
miagnitudes of the smrs probably corresponded o real
differences in therr emussoon of light The Danssh as-
ronomer Ejnar Hertesprung scon pointed oan tha i
one knew the actual brightmess of Cepheids of grven
from the spparent brighimess. Hermsprung and later
Hurlow Shapley used the penod-lummomry melanon-
ship m estimare the distance of the Small Magellamc
Cloud, placing it far beyond our own galaxy, They ar-
gued that nebular regions of the sky like the Magellan-
ic Clouds were indeed distant “island unsverses” our-
side the confines of our own palaxy. This conclumon
wms hotly debated o1 the nime. However, boih the exs-
tence of galaxes not our own and the use of the period-
hurninesity relatonship to find steflar distancss, would
hexume widely acoepied by astronomer.
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Please 811 sui and reiora with as litle delay as possible to George M. Jonmes, Seeretary, Oberiin, Ohio.
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po,  Military servicea?
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e “ﬂ‘ﬁa—u—ﬁun_# upats ffwﬁt-&&d‘ .u'z.mﬂ" Mf‘{f;-?f
ﬁLﬂuuuéLp_.Eu&ﬂ?hdﬁmﬁufﬁiudmf ”ff (Fo . Eihmﬁ*m £uﬁﬁ$

Pirsa: oeosoob?m ‘ff - . 5 i
M 2 I
12 Hnni!wntﬁuﬂﬂthﬂlnredltud? m“ﬂ_d Z ff ; .

._--f rF>r .

Page 13/43




A Field for Women
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9. A group of women computers, directed by Mrs. Will
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"He must open the dome and turn the
wheel,

And watch the stars with untinng zeal,
He must toil at mght though cold 1t be,
And he never should expect a decent
salaree. "
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"We work from morn tll might,
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
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NEWHALL & BLEVINS
ARCHITECTS 2.5 Lianscan

THIRD FLOORE & PARK STREEET
TICEHNOR BULLDING

BOSTON, ﬂ-uEu.Et EE' 191-5

Re. Limmesan all - Carbrides §

Flesae on your list for rentirg the Collowing suites in the
sbors buillln- -

Sultes £ - Hivin- roce,ninins rocm,sharbar,ritchasnette,bath & planss
Rent *40. por m=c. on yaarly lease.
Avmilable Zept.l,1210.

Sulte £ - Living rocon,chanber, :itcasnette snc bolh
nent 550. per co. on yearly lessa.
avallable Sept.l,l71lE.

Sudte 23 - Livine room,Dining roor,ciianber, kitclionetts,bath & plazza
rant 342,50 per mo, on jeorly lsase.
available vct. l,l?li.

Sulte Z5 - Liwing rucm,rininz roos,chambar kitchenstie,bath & pin;:l
Rent 542,50 per mo-~ om yuarl} leasa.
avallable <opt.l,l9l%.

suite 2Ff - Living room,chamber kitchenette,batn ExpixzEs
Hent 332,50 por mo. on vearly lesse.
Avnilzhles “Yoba.1,1%1C.

Sulte 28 - Living room,Dining room,2 chambers,s<itsihenstte,bath & piazaa
Rent 422,50 per mo. on yearly lease
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