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Women, Numbers and Dreams

Preface

This is the last quartes of the twenticth coatury, and most women eapedt 1o work the
greater pan of their adult lives. We want to share the storics of a group of woitien whine
work has been very imponant (o them. Some of thess waimen lived long befase yoy weie
bom, Like you, they are from different backgrounds,

To all of theu, their work has been rewarding in many ways, They work on
intcresting problems. They are proud of the results of their work, Among the
contemporary women, good salarics allow them independence. These women ate the
lucky oncs,

In the last chapter, you will read about g wonferenec 1o inspire young women 10 join
these lucky oncs, 1t &5 3 true stary, as are all the other stotics in this book,

Young womon growing up now can become whatever their 1slents and drcams
allow. Beeome one of the lucky encs. Dircam big and keep your oplions wide open.
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MARY SOMERVILLE
1780-1872

Mary Somenslle was botn i Burstaland, 3 wnmall village on the posthesn seamast
of Scotland. As 3 ¢hitd she boved 1o 1oam out-ef doogs, Shie had omly ¥ Mep trough an
opcning al the ond of hes garden and she wan on b 2 shote,

“When the Bde was o6t she wiote, spont houts on the sands, booking af the stap
fish and sca-urching, of walching the dhiddren digging for vanduech, codhels, and the
spouting sazoifeh, . . | bnow the opes of many birds, and made 2 colleation of them, |
e yobbed 2 pest, but bought stsags of vgas, which were sodd by boys, ., § also watched
the arabs, live shedls, jellyToh, 38d various matine animals, a1} of which were objedts of
cytiosity and amusccnt Lo eac i my loncly fife,”

Mary's fathes was 20 Admisal @0 the Baglah Navy, When Mary sas about 1o yeats
old e came home afics 3 long voyage. He notioed how wild Mary had begosnie from hes
aonsant outdoos crprotation and subilod she be sont o 10 2 boarding schood, Mary
sl 0ac year at Muis Pronsose’s bozrding schoo!,

Miss Primrose’s School

Away froen the wild Scottesh coast, Maty was dosporatcly unhisppy. She was
bedrsonded by some older girts who Bushed her cyes with wates i order to hide the tears
that weie almost constantly running down ber face,

AL 3chool she learned reading, writisg, Fronch and Englioh grammay, The mahod
of tcaching wa montly momotizing: for insatee, Mary had (o momotize an otite page of
Samuct Johnson™s Lamous dictionary, giving the spclling, pronunciation and dcfinition of
cach woald in order, Poor Many! She had o memory for subjocts which did a0l interes
her,



Add 1o t1as the aoduiiie She Bad 1o meat duting Bed losnany, 4 steed bk o
frartonolk Filted arond bod dhodd Rded Jed gown. Anacihed dedd pacac attachiod 4o i
bk fatfed omved fucy shondders, awing Phorh Back oo fad Bed shouldey Bades bouchicd an
back. A tBud maclad piede Htled i o semacitade ended bt oBen 18 thas suil of stiod she
had 10 learn hes lessons, as id &l the younger guls in the sahool. This was supposed 19
keep them from douchingt

Mé:‘y toved did adjus o e o the solioad, and 3t the yoar’s oad she 1ctuindd homae
still waiting and spetling poodty, She wiolc to hos oldes brothes who was a8 scohool &
Edisbureh and asked him to boy bes something aith the “bankdaol” dhe seat.

Lates, whea Magy was thifteen, the Sued §05 9 3inted o Ddinbargh shach s =
wearty large oty Thete shie went 10 4 day schiood €0 stady wiiting aad spubanctic Piaally
she teatned fo miite “a fau Baad" aad found ihat she Lded atstbonctic

Home Lite

Lrapning somathing ow always intcrced hiet, Hot bofore she gogdd fotiow the
stiadics che grow (o Jove she Rad some hatd times a1 home, Whenoves shie pave hiet opition
of 3 bjeat ahe was “anstandy sdonoed, although (she wote) § ofton knew, and sould have
proved, that §wai &8 the sght” Mary was tismad 20d hositated 10 speak up, These shy
feckings pover Jeft hes though they were mudh boss styong whon she was old and famouw,

Het scdstives duapproved of hics whon she was 3 Iconages bocause she $0ad so
mudh, Het tather said, "W s put 2 3100 10 Dhis, of 3 shall have Mary in 2 sdrasd jacket
ofe of those days. Thore was X, (another girl) who wont 13ving Biad about the Jorgdudet®

b was commonty bodioved that gubs and womon condd po mad i they oxeicingd they
snds 1o truch, 1w alio bedicved, tven by doctor, that too faudh study would sifed
the abslity of women 1o bear dhildren,

That was one afca, though, ia which Mary was “detcimined and inflositde "~ the
puruit of her stadics, B4 by bt she leamed Frendh, Latin and Grock. The subjects tha
{ascinziod bos modt wore the oBes Bt grow out of hot love of Ratese. She had aduays had
a2 keen o3¢ Lor obsoning fuh, visds, plants and the night iy,

Using a small globe 1hat showod the constediations, Mary wtadied the sacs from
notthr and wuth-facing wendows i bot allic bodroom.  Latos, trom icading 4 hook o
ARGERLON, she fearand sl assonomy was aot just statgazing, and thit to make progross
she wandd poed 1o know higher mathoraatics to chut the constellations.
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Puzzles and Clues

Ohae A2y a Diend of Mars showed fice o s dewent Pttedn in a Madics
eampagatne v Ay the end deated hidons s B 1t sy, Y PEEN VST P FIETIIITR PRSP Tres i
pusgie, but cduded il the sk weie e foficss 3 «td y

.’?\.ﬁaufy sedd 1 e Tiead, “Whad 4o 1tese leddo s dagan

ey fracand i&;‘éi(d OBt i 4 riad of atal wricdic e vzt ot Alpobaa, tad 1 cnntait
yord ot hisg alaonad of ™

Yot tricad Bad no sdormstion Maty Bad ot load the mamc of e vl daonn
sabject-alzctya, Lated, mbon she was Labing bessons an batidacagie painting (Paviding sd
s diewon Nede aonadcded @.{%{‘f@g’ﬁ_‘.{&ﬁ'}( ,z.,f‘\;( «t: Tod f s §0 Jm@;)‘}, stae Bt d Bued dacthicd
talhang €0 somic of hiet daseenstes He saad, Vo stiodd stady Usachad’s Flesnens o
id‘uﬁ‘,(*"ﬂ‘ the suim&ahu}ﬁ Facdh mh?s i g d ;ﬂv: e, bad o sxdioionty sid el tri< hoakio
s ey,

Ancahicd cduc! Now shc bnew whiad Bocoks Loz kEod Baaks o8 aly retird and
FooRng iy Abont 1521 3¢ a 1udor wan itod foxt *\':xn 3yt taetticd s kind Potnan
apread 10 buy the hacks Man so despetatcdy wanted and hie do 2 on B v Aa sl A da
¥ dantvarghy,

Nowm," said Masy, ‘1 had ot what § ad so fong and carnc sty desired.

’licm:k* } e "*‘h io fcad .{!*-c;‘htﬁ | Found 1 hooe By Lo .mm atathmictic AL,
hanving Sotgpotion madh of i § Acvey was CANCH st Bddition, Jo, i sty w2 dong
colurtn of pounds, shullings, snd PORae i the famaly aonoest hood, i scldort camic ond
Enioe the vamie way

Reading Vaodids work on geomclly was gonvighed 10 the highttime, afles the fost o
the iﬁ&ﬁﬂy and sefvasts wont o hod, d. The seavanty dineovered thatdhe candlc hu"‘g;“z’ NS
practacally used up by Marys faghtly yeading habid, Masy's shothes 1old them 1o 1ake aw: 2ty
al] hes candles 2 bodtime,

Mary myote, ) had, howeved, alicah v e
fiow § was throwa on ey anothiary which § oaerancd by boganning a1 the L baok and
desonsti A iy dny send 2 cortaan autedcs of Protucty every s, 4601 | condd ficatly go
IBroush the mhole ™

Accomplishments

Studyang mathomuatics was ol the o y thitg Masy did. She spont howrs cvery Sy
21 bouschold chores aad fade 2ad mondod 59 hes Aorthes, Ve het Biall gowns,.

ot o the faad s books of $adid, xad
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Aticadd thip Lighe MM; and hed dnonhied wedd da 3?,;‘,%-:‘:"%@;:;*5‘%': o peemd the windeis
Hege W2 &3y fraad #rizmny fonchnd oty and werd ko dieioey, Whe ¢ vvenhady dimcad ey amdl
aihied m‘rmﬂg?/ DREGCY. '\’mv.z‘zg tadics wede sevdieowhod fioe aof Thad v s $is Eric gt and
s e puriony fod goadicsnen fo ity thoan bo Aatices 3 dadah sl Bloi's miny pasetinied
G e Lansgoncd by gestlemes ber mothes baew. Mam lowd dandng and vk 7@
withoud PAATR. She ofieR (avie o 1o a danae i bangta darytaptd

M@rg Had g wtiad]l and Acioate faor snd figute end woate éf»;-iqf\sﬁtﬁ%ﬁ-@g sad Landaom st
gowns, Bhe war vty sl fooking and was calied "I Rone of deding R dedbugh heang
the nane of the tows whese Mary dayed vt selatves

As shways hary loved 10 Fead, 5o Sradh 5o that Gie Gey Pary's sy, whs 81 wirk
it i;:,’zmiéf;; &3 o b sonhes, 1 R e d Mg Y3 .-'h’;".ad"‘gx Nosde faed Aasre an g it
HBEVEE dews ptaode Phas i ohe wese & s Y

Mary dasagteed. She mivte, " nae ST TR By Tubn fod 5O v s Rt
Sisppdoved of, and Ehrowagty wEFd M Yrostied shiowdd Bisve Bl £hvds & desiie Ban
buowiedie # # wese myong Lo agqure 4"

Mary foved i tao and pracaad the prane howmr fach Ay Howeied, whet by
famaly obleod hot 1o postorm s Irow of wompath, hot sthnoss dotainad and she plaved
hadly. Mary hated fo do Pty

Ay 2 iaifkﬁm':é;w paibtcd she was @(l&fk%’t‘ﬁrﬁwn(ﬂ aud ot wo vk was gm-.x\ed atound 1o
Haonds of the fatmily whe chgauiaged het Thou® Mady &id not serioety consides o
€AFCCE 28 4 paadod she was, shie wecde, antonscly sordations o ohaed an aebictliang, fof § Aot
w ey oy byrast that womon weig axpable of bakne 2 bighad pladd ¥n <FCation thish thaa
assigaod Yo thom s iy catly dais, which was very fow

Marriage

Whon Mary was Pweaty-fows she staified. Hos busband was & distand aousis of hos

Mary’s fathes snsitod upion knowsag thst Mary swould fiovet have 10 Thve aa Russaa. Thore,
stopmy politacs erade Bife fof forvigness dangorous, for 48 gl yoat, 1804 Napoteon had
dodared bamsdlf Empores 2nd was 1aadang B treops ko battle winh the Aastiians pad
Ramsazny,

Masy, who had growm up ia 3 small Sacttied \illage on The AP scuaoud, ovad
#ath het hashaad o London whore the Russisn conssiate was boacsiod,
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Her husband did not forbid Mary to study but he had no good words for her
occupation. Like most other people, he thought that educating women and girls was
foolish and uscless.

During the next three years, two sons were bom to the couple. Then, suddenly,
Samucl Greig died. In those days illness often carried off people very suddenly. There
were no drugs or innoculations against discases such as cholera, pneumonia or influenza.

Widowhood

Mary moved with her babies back to her parents’ house. At twenty-seven she was a
widow. There was one thing she could do--throw herself into her beloved studies.

For the first time in her life she did not have to mect with anyonc’s approval, for she
was now independent. She resumed her old schedule of carly morning and late evening
study. She devoted the days to her children.

A Career

At this time there were "ladies magazines" that contained sewing and needlework
patterns and recipes just as the "Ladies Home Journal” and "Woman's Day" do today.
"The Ladies’ Diary," for instance, was a magazine that was published for well over 100
years in England during Mary's lifctime.

Magazines and journals then had one major difference. They contained problems
and puzzles in mathematics. Mathematics was something new to ordinary people who
were not educated, and women were interested in the subject equally with men. It was not
thought that mathematics was "over the head” of women.

Mary began to work on problems given in one such journal. She sent her solutions
to the cditor, Mr. Wallace. He was impressed with them and he sent back his own
solutions.

"Mine were somctimes right and sometimes wrong," she wrote, "and it occasionally
happened that we solved the same problem by different methods."

Finally Mary solved a problem in algebra and won a prize. It was a silver medal
with her name on it. She was very pleased.

This same Mr. Wallace became Professor of Mathematics at the University of
Edinburgh. Mary told him she wanted to learn “the highest branches of mathematical and
astronomical science” and he gave her a list of books which were written in French, Latin,
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and English. The list included books on algebra, physics, calculus, gecometry, astronomy,
logorithms and probability theory.

"I was thirty-three years of age when | bought this excellent little library,” she said
of herself. "I could hardly belicve that | possesscd such a treasure when I looked back on
the day that I first saw the mysterious word ‘Algebra’, and the long course of years in which
I had persevered almost without hope. It taught me never to despair.”

A Proposal

Mary reccived several offers of marriage. One offer, sent in writing as was the
custom, listed the duties of a wifc in such a narrow-minded way that Mary tossed it right
away. She was no longer a child and she knew what she wanted.

After a time a cousin named William Somerville proposcd marriage and Mary
gladly accepted. He and Mary were married for sixty years and they were very happy
together.

William, whom Mary always called "Somerville" in her writings, was very proud of
Mary's growing skill as a mathematician. He scarched out books at libraries for her. Since
he was very interested in the correct use of language, he re-copiced her tanuscripts before
they were sent to the printer in order to correct any crrors in spelling, punctuation and
grammar. He was not jealous of her fame or her mental brilliance. He was, Mary wrote
many ycars latcr, one in ten thousand.

The First Book

Lord Henry Brougham, a publisher, realized that an English translation was needed
of a new and important work on astronomy, written in French. He asked Mary to do the
work. Because she had never studied at a university and had taught herself, she doubted
her own ability.

She told her husband and Lord Brougham, "You must be aware that the work in
question never can be popularized, since the student must at least know somecthing of the
diffcrential and integral calculi, and as a preliminary step I should have to prove various
problems in physical mechanics and astronomy. Besides, La Place (the author) never gives
diagrams or figurcs, because they are not necessary to persons versed in the Calculus, but
they would be indispensable in a work such as you wish me to write. I am afraid I am
incapable of such a task, but as you both wish it so much, I shall do my very best upon
condition of sccrecy, and that if I fail the manuscript shall be put into the fire."

4 14



She did not fail and Ler first book, The Mechanism of the Heavens, was published in
1831. In the work Mary published her own solutions ta difficult problems set by La Place.
She gave clear accounts of experiments and gave examples. She wrote an introduction
which was suitable for the ordinary rcader.

The book was an instant success. It was used as a textbook for stucents at
Cambridge University which was the center for the study of mathematics in England.

Professor Peacock, a mathematician from Cambridge, wrote to Mary, "I consider it
to be a work of the greatest value and importance . . . which will contribute greatly to . . .
the knowledge of physical astronomy.”

After this she published three more books: The Connection of the Physical Sciences,
Physical Geography and Molecular and Microscopic Science. Mary had discovered her
niche—spreading knowledge about her beloved subjects. Her books were used by
mathematicians, scicntists and students. They sold well and were important in popularizing
science.

This was a time when science was becoming a great influence upon the lives of
ordinary pcople and many pcople were excited and curious about it.

Fame

Mary received many honors, honorary degrees, and medals. A statue of her was
placed in the Hall of the Royal Socicty in London. In 1834, The Royal Astronomical
Socicty named her and Caroline Herschel as its first honorary female members. A new
sailing ship was called the "Mary Somervilie™ and a copy of her statue was placed on the
ship's prew as a figurchead.

Because Mary was a woman working in a field where almost no women were to be
found, she was especially famous. Since she sucoessfully combined marriage, family,
femininity and a scientific carcer, she helped the cause of other women interested in
mathematics and science. She accomplished this at a time when women were not even
admitted to universities.

As she grew older she continued to be very encrgetic. She packed every day with
activity. As long as she lived she rosc carly, studicd until carly afternoon, then put her
books away. From then on she took care of her houschold and went out to visit friends.
Of coursc she, like everyone of her social class, had servunts to make this schedule
possible.

. -1 51 5




Family Life

She and William became interested in mincerals. They invested their money in gems
such as rubics, sapphires, topaz and amethysts. In the evenings they liked to take their
collection out of the cabinet and arrange the gems or just admire them.

Mary had three daughters. The oldest, a child of unusual talent, died and Mary
gricved for a long time. The two surviving daughters, Mary and Martha, never married but
stayed in their parents’ houschold.

In the 1840's when Mary was in her sisties the family moved to Italy. William was ill
and the doctors advised a warmer dlimate. Woronzow Greig, Mary’s son by her first
marriage, continued to live in England with his own family. Mary and Woronzow were
very close; they often visited and wrote letters back and forth.  Woronzow handled Mary's
legal and publishing affairs.

As her career progressed, Mary turned from mathematics to science. She later
regretted this decision since she belicved her greatest gifts were in mathematics.

A Pet

All her life Mary loved birds, especially songbirds. A mountain sparrow was her pet
for cight ycars and when Mary sat in bed in the moming, writing and reading, the bird
would fly in and perch on her arm.

She had a horror of killing animals, cither by hunting or by vivisection—¢even for
scientific experiment. After she grew up she petitioned the lawmakers of England and laly
1o outlaw thesc practices, which she believed were cruel. When Mary was a very old
woman she wrote that she belicved that God, in his great mercy, would provide an
cverlasting home for the helpless animals, as well as for human souls.

Old Age

Mary Somerville lived to be 92 years of age. By that time few of her friends
remained alive.

"I am nearly left alone,” she wrote. Indeed, her beloved husband and son had died
before her. :

Her daughter Martha published her memoirs a couple of years after her death.
Martha wrote that Mary worked up to the very day she died. She was quite deaf but her
cyes were good until the end—s0 good that she could pick out the threads of her
ncedlework canvas without using glasses.



Mary’s great happiness was that she never lost the power of her mind nor her
memory. Even in her ninetics, she could work difficult problems in algebra with the same
joy and determination she knew as a young girl.




MULTIPLES OF 3AND 5

Numbers that are common multiples of 3 and S are numbers thst are multiples of 3,
and at the same time are multiples of 8.

The last digit of all numbers that are multiples of 5 &s cither five or 2¢10. Any
number that ends in anything but five or 2c50 fails that test

All numbers that are multiples of 3 Jeave no semainder when divided by 3, 2nd have
adigital sum thatis 3 or 6 or 9. The digital sum test is easy to do.

Scc page 95 for details,
All numbers that pass both tests are common multiples of 3 and 5,

Shadc these common multiples and you will see Mary on her way to the Ball,

Mary’s System

Mary Somerville uscd a system in her work that would be useful today. 1f she
couldn't find the key to unlock a difficult problem she stopped working and tumcd instead
to the piano, her needlework, or a walk out-of-doorni. Afterward, she retumed to the
problem with her mind refreshed and could find the solution.

If she could not understand a passage in her reading, she would read on for several
pages. Then, going back, she could often undenitand what was meant in the part which
before had been confusing,

When she was trying to master gecometry she worked out problems mentally at night
in bed, beginning with the simplest problems and prooceding to more complex oncs.

Her success as a mathematician may have depended in part upon these basic habits.
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ADA LOVELACE
1815-1852

Pusyy cot, prnsy cal, where kave you boen?
Ive been 19 ondon 10 dook at she queen,
Pussy cay, pussr cat, what did you there?

1 frightencd a linle mouse wnder her chair, .,

Wheiher timid @ a litile mouise oF couragoous as a lion, only Ada, in her 17-ycar-
old beart knew, for she kad Jeamed 10 kecep the feclings in her beant seores, Her mother
called ber "the young Lioncss™ when she was presented (o the queca in the Landon scason
of 1833,

Adawva: on the brink of entering (ic gronn-up world, for she was mecting King
Willkam IV and Quoon Adelaide at the Court of S5, Jamos, Hor full pame was Augusia
Ada Byron, and she was thiidiod wah the splendor of the company and of the Palace stucdf.
She had aitended fow pattics in the past but in the winlor of 1833, she went to many balls
and dinncrs, This was her “coming omt™ scason,

Althese gatherings, for the fint time in her life, the mct many imporiant and
famous pcople. Many of them were nat only famous, but they were intelligent,
accomplithcd and witly. Ada ycamed 1o be pant of their group,

Lord Byron, Her Father

In 2 way you oould s3y that Ada had been bom into such a group. Her father,
Gearge Gondon, Lond Byron, was a poct who was known and loved throughout the world,

Lord Byron had come to London when he was a young man, He became known in
sacicty quickly because of his poctry, which made fun of the great literature and writers of
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his day. He wai also talked about in social gatherengs bocsuse Bic was 2 handsome ssim,
and bocause bie had alfzin wdh many tikh 204 bortifol women.

Besides being a playboy. Byron wrole baling ordticinms of the weaksono of Eagleh
socicty. He altackod cosrupt politicians and theit ics. He stood up for Jactory nothon,
when ihey Hoted bocause of Leible working condaions.,

Byron fistod, threw away his moacy, Uavedod all over the Contincat and had many
adventures. Finally, onc day, home from his tavels acd anteadsng sill another party, he
AL 20 JUATtG, VoY propor young Eaglish woman aatod Annabdlla Mitthaake,

This young woman had beon brought :p in 2 comforatie upperalass Eaglish
eountry home, She belicved ia values eich s duty, ohodicnoe 5nd pood works, She was 2
gifted stodont of mathomatios and ersture and she had sead Byron's pocsn,

Usnlikely 2 it socems, these two poople fell in Jove, They matvicd, bt they did not
"sctlic down,” They moved about from place (o place, Lotd Byron treated Ansabells vety
cruclly at times and made i dear that he was sotry he had marticd her, She, i 1uin,
prayed for his soul, and pointod out his problems ia long-winded spocchos,

One year was all the marriage lasted, A weck after the binh of thejs dxughicy, Ada,
hushand and wife separated forever.

Lady Annabclla went 10 ber parents’ bome with Ada; Lotrd Byron stormed Anay 19
bhualy,

Ada! sole daughier of my bouse and hear)

Ween Lasy 1 saw thy yovung blse epes they smilod

>+ o Mo e Paried, 10k &3 Row we Part

Burmishabope...

Byron mrolc this pocm abowt Adla when she was one year obd. It cxpressnd hus
longing 10 scc ber bt his wish was nover fulfilied, Byron died in Greeee, fighting in g wwar
101 Greek freedam from the Turks,

“The Scparation,”™ as everyone in English saciety ealled i, was gossipped about fof
many ycars, Lady Byron kept most of the gossip from reaching Ada’s cars as Ada gicw up,
But though evenything was “hush-hush,” the young gul felt something. When the news of
her faiher’s death reached the family, when Ada was cight years old, she qricd.

Ada was caught between the wo extreme Types of her pareats’ personalitics. This
conflict took its toll. Although as a child she had been desaribed as chessful and robust,
the sulfered a kind of nervous atiack when she was cight years old—-perhaps migrainc-
which is brought on by stecis. Again, in her mid-teons, an attack had Inghtcning
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comsequonacs. Mot Aops bodsine fardyzod, 2ad # was Boatly 3 Yot bolore she cosdd o

Ambition

Ads overcame these dinesses and adually svont on 1o bocamic aainyg 9 gymaalacs,
damcing and het groad love-horsoback ading. Hot dotters show hes 1o be 3 high-pitdod
porsoa despise being constantly surrounded by ber mother’s advisors, who were 21l given 1o
prosching 8t the toonape gl about almow cventhing,

Ads had exsianding mosiad gifis. She foved music and was a promising and
wepsatile pacician: whe played barp, violin and piano, She oajoyed mathematics and loved
mechanical hings, Whon ihe was cight and Bibe yoan old, she dominedod and playod
with toy $hips and boats.

Her mathomatical interests porsisicd, When she was sovesicen and studying
algebra and asironomy, which she had mostly tavght borclf, she wiofe playlully 1o 3 fsond,
*50 this you soe i commepocment of *A Scatimental Mathematical Conrespondence
berween twvo Young Ladics of Rank’ 1o be Bereinaficr published no doubt for ihe
23ification of womankiad . - - Ever Youn Mathematiaally.”

During her “coming oul™ scason in London, Ada was looking for echicrs 1o share hey
grest fove for mathomatics, smusic, and riding, and asything cloe that was in.cieslang and
ncw, Most of all, she wishod tc moct the famous Mz, Somengic. Masy Somonidic was 2
ihis fme Hiving in London. $he had just published The Maohamiom of tlae Heanons on
mathematical astrononry, This book Wwzs betag read »ith Lecination by the gducated
poopie of the day. Ada drcamod of boooming a famom mathomatacian like M,

Babbage and the Difference Engine

Onc of ihe brightest stars of the London socne was Chiarles Babbage, an wvostor
who had studicd at Cambridge University, Babbage tavcled widcly and imvolved himactf
i many scicatific projects. He loved 1o sce and be seen at the bodl partics and balls, At
one of these, Ada was introduoed 1o bim, She was dalighted. He innated Ada along with
hot mother (0 soc bis pet projedy, i catty oxmpulet.

This computer projecs, in fact, obsessed him, He called it the Difference Engine
and it had many moving patts. This machine would be able to produce, with axesome
speed and adxurady, lables for aslropomaorns and AAVIZAtON 10w, Up 1o this point, thewe
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tabies 0ondd ondy be comprtod todioudy by poople who pdiinliod and dhidod buge
amounts of numbere. Thoit acouracy, of course, was limizod, The Differcace Enpine
24304 pumbess instoad of multiplying thom, 254 the moy poweifid thing about the
smachine was thal # oould 2dd heaps of pumbers ouremcly quickdy 2ad adxuaicly, The
Labiics ahich wore computod by the Diffcronoe Exginc wore badly noodod, bocruse
shipping was England’s leading industsy. So Babbage soccived two grants of moncy from
the governmont to build bis sachine.

Although Babbage sas 3 gontus, be was 2ol 3 vory good manager. Whon the snoncy
#28 ot the wotkmron whose Sills be poeded 1o produae all the Enging’s proction parts
st forF 1wk of wages. The project was nover compheted,

Whon Ada ssw the Ditferonoe Engine she wao oathraliod, The cvening afict
Babbapc’s domonutration 1o hot znd her mother, Ada went 10 Ihe Quoon’s BBall and BLu
conversod with Babbage. Thus bogan a professionsd tie sad 5 f1 icndship which lasted
throughout bher life,

Ada wanted 1o work with Babbage and bogan stodying differential oGuations so that,
as she wrote §0 him, “at some fulure time , ., sy head may be made by you subservicnt 1o
some of your purposcs and plans® But i was 10 be some lime befose she would bogin
working with Babbage,

Meanuhile, Ada mrote sbowt her work (0 another wll-known . axtician,
Augustas DeMorgan, DeMovgan was a kind of tuios to ber.

On¢ time be wrolc 10 Ada's mather, Lady Byvoa;

§ fecl bownd 1o 1l you el , . . (Ada’s) power of i om Phose muiens . .,

4t beon somedang 10 wherly oul of the common wiy fior any Begarner, man or

woman (that) . . . Had ey young bopinner, abowa 30 €0 20 Camtnidpe, vhown

the same power, § should have prophesied (that he wowld become) . . . an

orginal mathematioal imwesipator, pehaps of fntvale ominence,

Romance

Finally, Ada was abde 1o mect her beroine, M. Somenille. The oldes wohan
bocame vory fond of Ada. Ada was imvited 10 attead condits and plays and oven 19 sy
overnight with the Somenvilics. Woronmow Gaeig, Mues. Somenvilic’s son by bey flirg
maviaze, and hor o daughions, Martha and Masy, made up their group.

One day a Cambiidge friend of Woronzow's, whose name was Lovd Witliam hing,
cafme (o call,

B B
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AL e Ada was 3 Brvly young woman who looked like hor hesdussne Sather .
Shic had “Yarge, Oprossive eyos and dark ouling b

Lond Ring ¥oil 38 love with Ads and she with Bim, They bocame ohgaged ta b
mavicd. Eloven yoars oldor thas Ada, and of 2 sotious niatere, he ot Jove Sorers thad
weye Bl of tondor foclang. Liong cagagoments wore not in shile and the 2wo swete Guichdy
martiod, Ada was mncleos yoars old and hot hushand was thirty,

Home and Family
taied,

Thoir fird cRd, Byvon, was boss 3 youf bated. The follonang yoxt 4 dsuy
AsRabclle, was bots, and soon afior, a thard dhald, Ralph, cxme 240 the woild, From thes
on, Ada’s health wae Bovos good for fomg. The syeaptoss of apstdpang dinoss tha she had
shown 48 3 young gif~ormpioms that were heyond the skill snd understanding of the
doctors of hes day-now shuwed up again, She hud digestive trouble 2nd developod kadaey
discase as well ab beart © wble and asthma, Botwoon theie sitacks, howevet, Ada folt
oplimistic and oontint v scarch for ways 19 pursve oy mathomatios carecy,

Asahomemana ., *awashot successiul, She Joved her children, but hated the
ienuplions they cansed in nor work. Although she and het hushand were #istoorats, aad
much of the time they kept sonvants, tutors, and governcsses, they wede nof weadthy, and
sometines dayLo-day dutics £l 10 Ada. S0 cager was she 1o 4id herself of these domestic
<hoves and make time for hor ensthomation] Wauk thad the bogsod her Baather, o wgs
abways fcady 10 taAs evel, 10 ke the childion off bes hunds,

Thice yoars aftor theit eamsiage, Liord Kang ssbonded anonhiet tie, e Bogamme
Eanl of Lovdlace #ad Ada bocume the Qouton of Lovdlace, Althenygh gt S.1thc Bronglta
thom no mute moncy, Lord Lovolace wus given & place in the House of Lords in
Pastiament,

The Analytical Engine

Batibage was working en plass for 2 fas more complex machise which he eatled the
Anshtical Engine. 1sdecd, the largeseale dlcctfonic digatal oempnsic fs of ol owe ealusy
wopy the logial strvciure of Babbagc’s Anytical Bagine, which he Huokaghd 4 bl tine
1350,

Ada’s eathusiase for this oomputer ensiehed Babbuge's. Anothes adesires of
Habtage's, L P, Menobrea, urote an atiche in Froam destyitang the Analvtieal Engiae sad
B pranciphos of oporation. Simic Hablsge bad fof whiston about Bis asiciing, this wosk



filled a renl need. Ada translated Menabrea's article into English and, in the process,
expanded the contents in important ways. Her notes, three times the length of the original
article, set down in concrete terms the powers and limitations of the machine.

A Published Work

The work was published, and Babbage proudly distributed copies to the leading
scientists of the time. He was tremendously impressed with Ada’s paper, and asked her
why she had not written a separate original article on the subject. She replied that the
thought had not oceurred to her. To do such a thing seemed out of the question. In fact,
cven signing her own work brought her great anxiety.

Although her paper was clearly the work of an expert, it was also the work of a
woman and a woman of rank at that, For such a woman to publish a scientific article was
highly unusual. It was even more unusual when the arca in question was such an
"unfeminine"” one as mathematical computation. After much indecision, Ada signed her
paper "A.A.L.", using her initials only. It was many years before the author's identity was
commonly known,

Babbage proposed using punched cards for putting data into the Analytical Engine.
This was similar to the clever method invented by J. M. Jacquard, who used punched cards
to control the sequence of threads in a loom in order to weave fabulous fabric designs.

Ada saw an cqual beauty in the Analytical Engine, and she wrote: "We may see
most aptly that the Analytical Engine weaves algebraical patterns just as the Jacquard loom
weaves flowers and leaves.,"

Ada's paper provided the public with the best account of the machine, an account
which Babbage saw was far clearer than he himself could possibly have done. As it tumned
out, this paper was the summit of Ada's carcer. No one knew why she never went on. Her
health was bad, and somchow she could not focus her attention on intellectual problems.

Musical Ambitions

She wrote to Woronzow Greig: "I am not dropping the thread of science,
Mathematics, etc. These may still be my ultimate vocation. . . Although it is likely to have
a formidable rival . . . musical composition.”

Ada was a promising musician. In her paper on the Analytical Engine, she
suggested that the computer might be used to compose music, "if," she wrote, "the
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fundamental relations of pitched sounds in the scienee of harmony and musical
composition were susceptible of sufficiently precise formulation,”
Ada predicted compuler music n whole century befare it wans actunlly produced!

Health and Money Troubles

But she was renlly not well enough 1o work at either music or mathematics, She
wrote 1o Woronzow:

There is in my nervous system such a want of all ballast and steadiness. . . And 1

aiii just the persan to drop off some firr - day when nobody . . . expects ir. . . Do

not fancy me ill. 1 am apparently very well at present. But there are seeds of

destruction within me, This I know:.

Ada swung between feelings of doom and exuberant joy and optimism. Her
husband was different. The life of this ordinary mortal was wrapped up in the management
of his estates, Developing and maintaining them was an expensive matter, and Lord
Lovelace was not gencrous with money for other things.

He gave Ada 300 pounds yearly (or what would today be $840). This amount was
part of her marriage settlement, a substantial 16,000 pounds (about $45,000). The entire
sum was placed in a trust for her and would come into her hands only upon the death of
her mother, Lady Byron. A much larger fortune, the bulk of her mother's large estate,
would go dircctly to her husband, Lord Lovelace, according to the inheritance laws of the
time.

As the only child of a very rich woman, Ada resented the small amount she was
expecied to live on. Her husband, she pointed out, would receive 7000 pounds per year--u
sum, she wrote, "he is to enjoy to my exclusion!” Ada, it turned out, had reason to be
concerncd about moncy.

Playing the Horses

Perhaps Ada's greatest love was horses. When she was seventeen, she tried to avoid
going on a vacation to Brighton resort because she had just got a new horse named
"Sylph." and she so much wanted to ride instead. Lord King was an excellent rider, and the
two of them loved to ride together.

Ada’s passion for horses was now combined with another passion--gambling. Ada
was a compulsive gambler; she could not quit once she started. She began to bet larger and
larger amounts of moncy on horse races. She lost heavily. Part of the problem was her



pride in her mathematical genius. She Kept working on new formulas 1o help her figure the
odds and pick a winner, 1t was commeon gossip that she and Babbage were fellow
conspirators in choosing horses to bet on,

Since Ada had no control over the family purse strings and her husband did not
approve of hers large-scale gambling, Ada turncd to “shady” moncy lenden to help meet
her debis. These people blackmailed her, probably with the threat of telling her mother:-
her do-good, sin-hating mother.

Desperate for money, Ada pawned the family diamonds--not once bug twice, Yet
the debts kept piling up.

Tragedy's Path

Bad luck scemed to attract more bad luck, and * 1a's illnesses returned with
renewed foree. She began to bleed intemnally, A tumos was found in her uterus, Cancerl
And the doctors of the day knew of no cure.

Ada was crushed though she did not give up hope. Between bouts of intensc pain,
her spirit showed itself again and again. She had her bed moved near her beloved piano,
and cach day she played. Sometimes she played ducts with Annabelle, her daughter, who
was now fifteen years old,

Ada's mother moved into the Lovelace home, and from that time onward, visitors
were not permitted to sce Ada. Now, Ada could not leave her bed. Babbage in particular
was kept away. Ada's mother felt bitter that it was his maid who had carried Ada's bets to
the bookmakers,

Ada herself never lost her affection for Babbage. Lord Lovelace wrote in his
journal cleven months before her death: “Babbage was a constant intellectual companion
and she cver found in him a match for her powerful understanding, their constant
philosophical discussions begetting only an increased cstecem and mutual liking.”

The Final Resolution

Now, of course, Lady Byron knew all. Ada's gambling losses could no longer be
kept sceret. Lady Byron paid out 5000 pounds ($14,000) to cover her daughter’s Josses.

Daily, Lord Lovelace struggled with his gricf and with Ada's creditors, who came for
their moncy~to the house where she lay dying. Ada’s agony strctched out for nearly four
months while her helpless family waited. Finally, two weeks before her 37th birthday, Ada
died.
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"By her own wish," 8 desccndant wrole, “they carried her 1o the old Newstead
country, and laid her by the father whom she had never known.”

Ada’s Influence

In the short years she lived, Ada Lovelace distinguished herself oy o mathematician,
and has even been called the inventor of computer programming, She used her ifts
against tremendous obstacdes and showed a spirit that would not be crushed.

As to Babbage and the influence of his Analytieal Engine, his biographen wrote,
“The Analytical Engine was never built, though Charles Babbage lived nearly another two
decades. . . The Menabrew/Lovelace paper remains as the sole witness of the power and
scope of the ideas of Babbage's Analytical Engine . ., these ideas. . . lay dormant for
another century.”

In a similar way, the Lovelace paper remains the sole witness of the power and
scope of Ada Lovelace's special genius, Now, a century later, we marvel at her early
contribution to the machines of our own day.



TRIANGULAR NUMBERS

The triangular numbers are the sumas of the counting pumbers 1,2, 3, 4, .., (See
page 111, Pascal Triangle, for more about these numbers.)

Complete the firt 20 triangular numbers listed betow,

To calculate the numbers, yse the information that Ty = N « Ty, where Ty = newt
triangular number; N = fint (1), second (2), third (3), ete. counting number; Ty = previous

triangular number,

H +« Y = T

Triangular 7 ! :
Numbers ' o |
u/a

a;;

6 10

m/ 18

15 -

-— —

B 8 w O D o W W

- o B o -
> o W L. O
I T B B |
N I I

Use this list of triangular numbers (T5) to complete the portrait of Ada Lovelace on
page 20

31




A BIT OF BASIC

Many people consider Ada Lovelaee to be the first person (o describe what is now
known as computer programming, A new programniing language has been named after
her, The language is ealled ADA, 1t was develaped by the United States Department of
Defense (DOD), The DOD hopes ADA will be sdopicd as a universal programming
language. They hope it will replace the babble of langusges now being used, and will make
sharing programs much simplez,

BASIC is a language that is very popular now. Mest migrecomputers understand a
venion of BASIC. 1lowever, even this simple language is alightly different from conmputer
10 computer,

The following activity explores 4 few simple statements in BASIC, To do this
activity, you need 1o have access to one of four popular microcomputers: APPLE, TRS-80
(Radio Shack), ATARI or PET (Comumadare). This activity will introduce a program that
works on cach of these machines.

You need to lcam thice commands: NEW, LIST, RUN.

These commands speak diseetly to the computer.

You need 1o know thiee statements, or words: PRINT, GOTO, END.
These <latements are pant of the program and requirc line numbers,

First tum on the machine,
APPLE: Switch in back, left. (1 you have a disk drive
connecied to your Apple you may need to press
RESET 1o get the disc drive to stop whitting)
‘TRS-80: Switch in back, right.
ATARI: Switch on right side.
PET: Switch in back, lef.

NEW and LIST

Type NEW and then hit RETURN. NEW tells the computer (o dear its memory,
Hitting RETURN Is very important 1o remember, and often hard for the new user o
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remember, Hitting RETURN tells the computes you have completed yous pant, and it is
the computes’s tuin 1o do its part.

Neat, type LIST (and kit RETURN). LIST tells the eomputer o shink what i in
memiory, 1 the new command Workied propenty, the LINT command sill porw ehiss a blank
sreen,

PRINT, GOTO, and END

You ste now teady 1o wiile 8 progiam.

To wiite a program you will pecd to write LINE NUMBERS. Any numbers will do,
33 long as they are in sequence. However, it is good practice to leave gaps beiween
numbers in case morse lines need 1o be added later,

Foy example, line numbers eould be 10, 20, 30, ... oy 100, 200, 300, ... or 110, 120\
130, ...

It would be a poor idea 1o number lines 10, 11, 12 .. or 101, 107, 10}, etc.

The PRINT statement will eause any string of letters, enclosed by quotation marks,
10 be printed on the screen,

The PRINT statement ean end with no punctuation matk, a comma, or a semi-colon.
Lates, we will see the different ways the scrcen will look when you wse any of these,

The GOTO satement docs what you have probably gpuessed it docs, 3 & always
followed by a line number, and it tells the program 1o jump 1o that linc pumber and
peiform the statement at that pumbser,

The END statement tclls the computes that the program has ended,

Type the following program exactly as you sce il
Don't forget the quotation marks.

Don’t forget the semi-colon.

Don’t forget the line numbers,

Don't forget to hit RETURN 2t the end of each line.

10 PRINT “TEASE": (bit RETURN)
0 GOTO 10
30 END



When you have completed the typing, type LIST (and hit RETURN).
Docs the sereen eeho what you have typed?
If you see a mistake, retype the line, including the number,

STOP: CTRL C and BREAK

Before you type RUN 10 exceule the program you had better kiow how to STOP
the program, To STOP the program:
APPLE: iype CTRL C. (Hold down the sontiol key as you
type C. This button works like the shift key on

the typewrites.)

THS-80; Hit BREAR

ATARD Hit BREAK

PET: Hit RUNISTOP koy

RUN

Now iype RUN and watch the sercen Bl Wowlit
Sop the program.
Type LIST.

Retype Line 10, This time Jeave out the semi-colon,
Run the program again. How docs the sereen ook now?

STOP the program, Type LIST.

Retype Line 10 again. This time put a comma at the end of Linc 10,

Run the program. How does it ook now?

STOP the program, Type LIST.

Rexype Line 10 again. This time put the semi-colon at the end of the linc again.
Run the program.

You can fill the screen with attractive designs using the PRINT command, as you
did in this program.

When you use the semi-colen in your PRINT stalement, sometimes yous message is
printed in neat columns, sometimes it is printed in diagonals that set the entire scrcen in
molion.



Can you predict when eoumns will appear; when diagonals will appear? Hrc i a
hint! Fach computes has oo for 3 differeat pumbes of symilwls detoss s sepeen.
AFPLES 40 enlunins wide
THE 80 64 enlumns wide (Moded Y o1 1)
ATARL 36 columns wide
PET: 40 eolumns wide

When the number of letters and spaces inside the quotes of the PRINT statement is
a irsiltiple of the pumber of symbols aeross the kicen, the saeen will fill with columine,
When the number i pot a multiple, the sereen will fill with moving diagonals,

For example, Apple's display is 40 columns wide. Print "CANDY ™ will fill the
s¢icen with B eolumns of CANDYS sinee CANDY had 3 letters and 5 times 813 40, onc
of a9 $pates are added after CANDY, the scrcen will fill with a moving diagona) diuplay
sinoe 6 and 7 are not multiples of 20, Try it and sce.,

Try running your program again using diffesent linea 10, (Remember to copy them

10 PRINT “TEASE™;
10 PRINT "*TEASE™;
10 PRINT “*TEASE*";

Add an extra lins; for example 15 PRINT “pOP»;
Sce¢ how the program uas now,

Change the punctuation,

Try your pame.

Ty your friend’s name,

Print any patierns of keifers or wotds of 3)iubols behween the quotes,

The GOTO statement cxplained on page 32 makes the computes run the PRINT

statement conlinuously, or unul the program is stopped from outside. When a statement
makes a program o round and round in this way, we s3y the program is in an infinite Jaop.
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Ase you geady 1o iy a progiram that & slighily moge complicated? Hegciea
program like the one you have just doae, byt hese you el the somputer oxsaly how many
Himes you want it to run the PRINT uatemcnt,

FOR/NEXT LOOPS

The FORINEXT statement eontiols the aumbey of timcs the PRINT stalessesnt sl
be sun.

The FORVREXT dateatent is 7 lines iong and 8 “sandwiched” arvund the staloment
of stalements that are o be sepeated.

10 FOR N = 1 TO 100
20 PRINT “YEASE*;
MNEXTN
40 END
Run the program.
Lincs 10 and 30 are the "tread™ Line 20 ks the “filling,”
Ling 10 iclls how many times the *filling™ will be repested,
Line 20 s the “hilling.”
Line 30 moves the countes in line 10 along from 1 1o 100,
When the counter thows the PRINT statcment has been tun 100 times, the progoam
diops 1o Liae 20, and ENDs,

Play ayound with this program.

N can be any better. Try it

Change the letier and the pumber in line 1010.. FORN = 1 10 100 ..,

Ty a different message in Line 20,

Try the message with and without a comma; with and without 3 semirgolot.
Remember (o hit RETURN after you complcie 2 line of when you Bype 3 commund

. 0 the compuler.
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Flay around with thess comemands.

(30 10 & boak Kore o1 s computes Mote and find 8 book yox Like that will teach you
ot aboul BASIC,

Ada Lovelsoe would be proud of you!
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SONYA KOVALEVSKAYA
1850-1891

Botys Kavalovdayd was borm i3 Rusiaa a1 Palbino, 3 large ovate aa Vdonk fa
nintey, wolves bowled atound the estale, and derp saow butied the toad Fo B4 Potentung,
the peared large ily. Pibe fodoits protecied the lasge bomine (1o the aiads thal bow vics
midos of plain,

Indooty, the family lvod i a private world. Head of the houschold way CGroncial
Kruhowky, Sonya’s fathor. Her mothar was truch younges thaa the Gonoral; she tiked to
sead aovels, to paint and play the piano, Anista, Somya’s sistes, s sk yean oldcl, and
Fodya, bt brothes, was thiee yoars younges,

A Strict Schooling

From the tise Sotya was fve yean old ustl she was bachve, shie had only ose
tcaches, an Eaglih govemens. Thih womah did pat ubdehiatd Soma’s pamionste Rusian
aatere, She Uiod 1o pross Sorys 010 2 Mmold Isbeded “propes English miss "2 mold that
would produde 2 young womas who played the piano, had porfot mannch in company,
and was noad, tdy and prompt. She would mot kol Somya read romantic novels and poctry
a3 she loved 10 do, and she wipod long masicr walks oa boy, bo impeone euodataon! Sonya
oscapod this torure only when the temperature fell below 10 degrecs.

The governcis hicld total power ever young Somya’s life. Her fatber foli o wvae 8ot
his place 1o make dovuions sbomt Somya's education, and her mothor wias BOL sirokg
chough 1 £o againd the poveracss’ rules, Somys folt hor paronts &id pol feally Care about
het,
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heope and moic, Whe parios Lo whors she showed B a8 aotiomais Besid weas fua
frerogt hines, Aniola Boosune Annas snd be povedneyy denfined ofe sitentied Tomya Ll
10 shieak When shie masdod bo nee high isdes

The K?%&&b‘ﬂ-&‘g‘ Y Y RFEERLE iiﬁifgﬁ, simd cach teatiom wap oaesipaad Byoa st ol
e Famnidy . Domys's Tettacd Dived i e bowe s Tued tnohed and sided Hved SENASEES an the
L zts ] ﬁ;a!’(ﬁﬁ?‘hi EY ¥ ;‘c’“rq and L fadod Proed ir 2 Ntia.ﬁa% w;via;h WIHE, mtad S wva wiad e

govesaoet bvesd oiy e g7und Hony

Studying the Wallpaper

All Of e poocens were decoratod wink fandy ipodted wiallpaped Oy one was deft
unfimished, 12 tha foom the ampoitod Wallpaget Fant out, snd old Pagrors were wved Lo
coved the walls. Thos pages wede bootiue seotes Whiss £he Chrmedad wned 88 B shudon
days. The suttaedt was dilfesestial and istopied cadindan  Sorva was alone 3 ghost Sosl, and
she asmigsed hesel] By slatang af the gy : g_ﬁf;s o8 the pogueds Yeoads dates, ek sbudied
calaadus i Ba. Peteisbirg, She Gacagdd om b0 Guacly bk toadtar iesmarkod s she sk
have kenown the sbyont ol het 15, 1na way she had

Solys was » brilliatt stidont. Afens o governons dodt, shie Erugta hopnedt phvsace,
Bt in ovdet 10 o this, she found she world Bood to loarn Ui poBotet sy So she taught
byl

A frichd of the family was 2 physicist. Onc time, vaiting the Krokovskys, hie
guestionsd Somys shout het studios. Whon he Joarned whug she wan achioving, he wonl to
the Genotal ard vominaned bim tha Sowys nust be allownd to stud mathomatuy an %
Potonturg. The General inally consentod.

The World Qutside

Sconys wak growing up a8 a time of groat sadad and poldicad uptional i Russia. In
1i6l, Cear Alexandes 1] pave thie sorfs thois Broodom. 1deas sbow oguality fo 2l spioad
£VER 1D the couatry-—40 the ostaie a1 Palibina,

A young saan fom the searest willyge struck #p 2 Hoads ship with A, e had
boon thing in St Potonbuerg and boarnod the Bow polewd ideas. He brows gl enagazines
a4 gourmads thay wald of the #ragede for fropdom from bangcy, povetty amd hahd sadc &1




over Europe. They told of the serfs’ desire for equality, of women’s desire for higher
cducation, and the people’s desire for political power.

Many sons and daughters of the aristocracy, like Sonya and Aniuta, criticized the
old-fashioned ideas of their parents. They were just beginning to understand that they
could not continue their comfortable traditions—marrying carly and settling into their role
as upperclass landowners.

A Wild Plan

Aniuta, Sonya’s sister, was now a grown-up young woman, longing to be freec of her
father’s strict rules. Yet she was stuck at Palibino. She asked her father if she could study
at the University of St. Petersburg and her father said no.

At this point, around 1860, the University had just opened classes to women,
although women could not carn degrees. A couple of years later, when students protested
in order to gain more liberties, the University closed. When it reopened, women were no
longer permitted to attend classes there, nor anywhere clse in Russia.

Sonya, like Aniuta, wanted to lcave home. She wanted 1o study science at a
university. Wherever Aniuta went, Sonya decided, she would follow.

Together with Sonya and a friend, Aniuta devised a wild plan. The young women
would ask a young man who shared their political belicfs to marry one of them! Such a
marriage would sct them free. Once they were married, the couple, plus their friends,
would set off to study at a university in Germany or Switzerland. In these countries,
women had a better chance of being admitted to universities.

Such a marriage, it was understood, would be in name only. After their arrival in
the foreign city the husband and wife would live apart.

The first young man they tried to interest in their plan turncd them down. But one
more "no" did not discourage these three. Next, they tricd a promising student of geology.
His name was Vladimir Kovalcvsky. This young man said "yes."

There was one problem: he wished to marry Sonya, the youngest. He wrote to his
brother, "Despite her cighteen years the Sparrow (Sonya’s nickname) is extremely well-
cducated. She speaks foreign languages as fluently as her own. She studies mainly
mathematics, is now tackling spheric(al) trigonometry and integrals. She is as busy as a bee
from morning till night and still is lively, sweet, and very pretty.”



To this bold marriage proposal the General said, "No™! It was unheard of that a
younger sister marry before the older. But Sonya had seen her chance to escape and follow
her drecam of getting a higher education.

Sheer desperation gave her the courage to do what she did next. She, who was
never allowed outside her home unchaperoned, slipped away to join Viadimir in his
apartment in the ncarby village. According to the rules of the society in which they lived,
such behavior was equal to cloping. She left a note for her father, telling him where she
was going and why. He followed her there. As she had hoped, her father now allowed
their engagement.

Sonya and Vladimir were marricd with her family’s blessing, and within six months,
the couple was living in Germany.

Higher Education

During the two ycars spent at Heidelberg, Germany, Sonya's closest friend was Julia
Lermontov, a student of chemistry. Lermontov later wrote about Sonya during these years:
"She was just eighteen but looked much younger. Small, slender, with a round face and
short curly chestnut hair, she had very mobile features. Her eyes, especially, were
exceedingly expressive--sometimes bright and dancing, sometimes dreamy and full of
melancholy . . . a mixture of childish innocence and deep thought . .. She took no pains
about her personal appcarance or dress . . . a trait which remained with her to the last.”

According to plan, Sonya became a student in mathematics at the university, and
began her climb to fame and honor and, along the way, to tragedy and heartbreak.

Sonya was a daring idecalist who was concerned with bettering human life. She also
loved socicty and its honors. In the other side of her life, she was a lonely scholar living for
her work, avoiding other people who would bring desires and disappointments.

Sonya always felt a hunger for love. Her own life, she believed, was terribly lacking
when she observed the lives of her friends. As in her childhood, she now felt she was
somchow outside circles of love.

Sonya moved to Berlin in order to work under the famous mathe'ma‘ti‘cian, Karl
Weicrstrasse. Here she spent four years, finally receiving her degree in mathematics from
the University of Gottingen in 1874.

She worked during this period in almost absolute solitude, often sitting for hours in
her room trying to solve problems. When she succeeded, she would rise from her desk and
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pace the floor talking to herself, walking faster and faster, laughing and finally breaking
into a runt

The calm satisfaction of a Mary Somerville she did not have. Rather, Sonya was
nervous and withdrawn. She saw no one for days. She went neither to partics nor dinners.

Viadimir, her husband, also lived in Berlin during this period. When he visited
Sonya, they would go for long walks. This was her only recreation.

Scnya frequently went back to Russia. From there she once wrote, "I feel released
from the prison in which my best thoughts were in bondage. You cannot think what
suffering it is to have to spcak always foreign languages to your fricnds. You might as well
wear a mask on your {ace.”

Married Life

After five years of a marriage that was a mere business arrangement, Sonya and
Vladimir became lovers. True to her passionate temperament, Sonya threw herself into
marricd life, hoping the marriage would succeed as a love match. She also hoped it would
produce the happy family life she longed for.

A daughter was born who was also named Sonya. But she was known by her
nickname, Fouzi. Sonya put aside all of her studies 1o for little Fouzi and to promote
her husband’s scientific work. She yearned to be a typi ife and mother. But she was
not typical. When Viadimir, a lecturer in geology at the Yniversity of Moscow, began to
lose interest in science, Sonya wrote his lectures for him/ Instead of attending to his job,
Vladimir plunged into business schemes. They failed, one after another.

Sonya believed she had the power to see the future. One night, she had a nightmare
that a grinning monster was stamping Vladimir bencath its feet. She was terribly
frightened. Later, she realized that the dream monster was Viadimir's businass partner.
This man cheated Viadimir out of a large sum of moncy. Through his persuasion all the
family money, including Sonya's small inheritance from her father, was invested in Russian
oil refineries. The refining company was later accused of fraud, and Viadimir was
threatened with a lawsuit. While this was happening, the partner convinced Sonya that
Viadimir was in love with another woman.

Sonya feft rejected. She left Russia with her daughter and returned to Betlin,
There, in a hopeless state of mind, she threw herself once again into mathematics.
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Vladimir commiited suicide. Sonya was just thirty-two years old, and already a
widow. The death of her husband was a great blow. She never stopped feeling somehow
responsible for his sad end.

Professor Sonya

In the next ten years, Sonya came into her own. She became a respected
mathematician. Her teacher, Weierstrasse, introduced her to Gosta Mittag-Leffler, a
Swede, who took up her cause. Mittag-Leffler got her a job as mathemalics professor at
the University of Stockholm in Sweden. This was a tremendous step forward for Sonya,
and for women of science!

The first ycar, many partics and balls were given in her honor. Swedish girl babies
were named "Sonya® after her. After all, she was the only woman professor in the country!

But Sonya had cnemics as well as admirers. A famous Swedish writer, August
Strindberg, wrote a scornful article about her appointment.

Sonya repeated what he wrote in a letter to a friend. “She proves, as decidedly as
that two and two make four, what a monstrosity a woman professor of mathematics is, and
how unnccessary, injurious and out of place she is."

Nevertheless her carcer went so well that she was given a five-year contract in 1884
and asked to become a professor of mechanics, a branch of physics. When she accepted
this sccond job, she joked, “Now I have become a professor squared!”

Mittag-Leffler's sister, Anna Carlotta, a well-known writer, became good friends
with Sonya. Sonya now began a second career as a writer. Her themes were mainly about
her childhood in Russia,

Both women were feminists and held high hopes for the future of women in the
world. The “"woman issue,” as it was called in Sweden, was a subject of hot debate at that
time.

The two women began to work on a drama in two parts, called "The Struggle for
Happiness: How It Was, How It Might Have Been.” Sonya was 50 excited about this work
that she gave up mathematics for a time. She and Anna Carlotta dreamed about traveling
to Germany and France to meet literary and theatrical stars and prepare for their coming
fame.

They promised to write each other's biographies. With that in mind, they both
began saving letters and documents,
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It wasn't long, however, before Stockholm began to scem like a boring country lown
to Sonya, and onc that was desperately cold in winter 10 bool. Sonya longed to live ina
dazzling world capital like Paris. But she necded a job, and women mathematicians were
not wantcd in many universities~in almost none in fact. Rarely were women allowed 1o be
students, much less paid tcachers. Sweden was the only country in Europe, except for Italy,
where there were women professors in any subject.

Sonya tricd again to find work in Russia. After years of being ignored in her native
country, she was made an Associate of the Russian National Academy of Sciences. So,
with hopes high, she visited her homeland.

There, she heard of a job teaching mathematics in a girls’ high school. When she
inquired about it, the Minister of Education told her the position was too inferior for
somconc of her importance. More likely, she was turned down for two other rcasons: the
first, because she was a woman; second, because as a teenager she had worked with Aniuta
and other students whe wished to upset the Czar'’s government. Back to Stockholm Sonya
went.

Now, almost as soon as one disappointment occurred, another followed-t00 fast 1o
lesscn the shock. Sonya was carried along, from grief 1o despair to death.

Her book, Struggle for Happiness, failed in Sweden. Her beloved sister Aniuta,
whom she had called her "spiritual mother,” died afier a Jong and painful iliness. Sonya
buried herself once more in mathematics,

Prix Bordin

Sonya decided to compete for the greatest mathematics prize of the time, the Prix
Bordin, offercd by the Paris Academy of Sciences. All during the summer of 1888, Sonya
worked on the problem she had set herself, staying up all night many times. The title of
her rescarch was “The Problem of the Rotation of a Solid Body About a Fixed PoinL.” The
subject was the form of Saturn’s rings.

Mathematicians try (o write cquations that will describe certain situations that occur
in nature, such as the rotation of the carth around the sun. Some of Sonya’s most
important work involved the study of the shape and behavior of Saturn’s rings. Thix is
particularly timely today, for at this very time scientists and non-scientists alike are holding
heir breath with excitement as Voyager I rushes past Saturn. Photographs are being
broadcast which will confirm Sonya's research or add new puzzles.
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Before Sonya's work scientists had considered the shape of Satum’s rings to form an
cllipse. An ellipse is a special oval shape that has two axes of symmetry.
Wl pyewrwinic RKie

N

An axis of symmetry is a linc across which you can imz zine folding an objedt and
fitting it perfectly on the opposite side.

Sonya proved that the cross-scction of the Satum ring must be cgg-shaped. Sucha
shape, like a lengthwise slice of egg, is symmetsic along only onc axis instead of two.

(N
N

Notice that if you fold the figure horizontally, the two parts are exacily the same.
But if you try to fold the figure on a vertical axis, the two parts won't fit.

Sonya’s condlusions about Satum’s rings may or may not be confirmed by the
pictures sent back from Voyager L. But the work she did still stands.

A Great Prize

After putting out remendous encrgy on her research on Satum's rings, Sonya
submitted her work to the Paris Academy of Sciences. On Christmas Eve, 1588, she was
named the winner of the great prize! Along with it, she received 5000 francs, an increase
of 2000 francs over the usual amount, because her work had solved a problem that was i«
important to the mathematics of that time,




A Love Affair

During this s2me year, 1888, Sonya fell inlove, The man’s namce was Maxim
Kovaleviky. She called him “Fat Maxim™ in tones of proud affection,

Maxim was a Russian lawyer who was fired from the University of Moscow in
Russia because he criticized Russian constitutional law. This was like criticizing the Crar
himself. Neithez he nor Sonya could go back 1o Russia and make a living,

Sonya and Maxim had many fights. She was jealous and posscssive, and she went
from love 1o anger, and back again, over and over. Maxim taught a1 universitics maialy in
France and often he iefi Sonya. When they were apart, Sonya felt uticily abandonod,
Maxim turmnced up faithfully when she reccived the Prix Bordin in Paris.

Even while she was being honored in Paris, she was very unhappy because of her
love toubles.

She wrolc a friend, “Letters of congratulation arce pouring in from all sides, but... 1
am as miscrable as 2 dog. Noj; I hope, for their sake, that dogs cannol be as unhapyy as
human creatures, especially as women.”

A couple of yeass passed, and again it was the middlc of a long, harsh winter. For
the Christmas vacation, Sonya went with Maxim 1o Naples. There, escaping from her bleak
lifc in Stockholm, she spent many happy weeks with Maxim in the sunny atmosphere of
Ttaly. She wrote to her daughter that the view from their veranda showed a garden
“Blooming with roscs, camellias and violcts, and oranges ripening on the trees.™

Al the end of the vacation, the couple scparated and Sonya was alone on the trains
going nosth. The weather was cold and rainy and she caught cold.

The end was swift: from cold to inflammation of the lungs 1o pncumonia. In thice
days, she was dead. She was only forty-onc yean ofd. The evening before she died she
sadd, "I feel a5 if 2 great change has come over me.™ Facc 10 face with death, she was
suddenly at peace.

The brother of Gosta Mittag-Leffler wrote a poem about Sonya. He called her the
“"Muse of the Heavens.” He wrole:

While Saturm’s rings still shine,
While mortals breathe,
The world will ever rerember your namie.

We do indeed remember her name today.
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PRIME NUMBERS

Shade all prime sumbers to complete the plcture of Sonya Kovalevikaya on page M.

For this acxivity it is convenient 1o have 2 1ist of prime numbers handy. I you don'l
have such a list, try the following activity. 1t is called the Sicve of Erosthencs, after the
Greck mathematician who supposedly made up the idea.

Make the following modifications to the number grid on page 49

® Dr3w a squarc around [1]. Then remember that 1 is not 2 prime number.

e Drawacirde around (2). Two is the first prime pumber. Two is ko the only
even prime number,

o Now draw a hotizonial line (=) through all multiples of 2. This will be all the
othcr cven numbers.

e Draw a cirde around(3), the next number that has not alieady been crossed out.

e Now draw a vestical line ( | ) through all multiples of 3.

Notice the numbers crosscd out with both vertical and horizontal lines, These are
the common multiples of 2 and 3. These are 2150 the multiples of 6.

@ Draw a cirdle around(3), the pext number that has not yet been crossed out. Now
draw a diagonal linc ( _~~ ) through all multiples of 5,

o Next draw a cirde amund@. the next number that has not previously been
crossed oul.

® Draw a diagonal line going the other way ( ~\.) through all muluples of 7, (You
are just about done.)

o Go through the grid and draw a dirde atound cvery number that has nod yet been
crossed out.



These cirded aumben are all the prime numbers between 0 and 100, Keep this
page handy, All the prime numbers you wil nced to shade are drded here.

I 2 34 5 67 89 10
121314 1516171819 20
21 223284 25 2% 27282 30
31 32 33 34 35 356 37 38 39 40
41 42 43 &4 45 46 47 48 49 S0
51 52 53 54 55 56 57 58 59 &0
61 62 63 61 65 66 67 68 69 O
N NNTITA 7 7T BT OB
BY 82 83 B4 85 86 87 &8 59 W
91 92 93 94 95 9% 97 98 99 100
43
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MARY EVERETT BOOLE
1832-1916

The two children crouched down in the soft momiag rain. The gint poked under a
leaf with a stick. The boy, smaller than she, pushed aside some wild grass.

“Regardel” the boy exclaimed, “un papillon,” (Look! A burtesfly.)

It wing was tom. The girl carcully carricd the ercaturc inside the house. Taking
tins, they biew on i to warm it

Mary and her brother George often nursed inscets that had been hurt by the frost or
rain, Then they kept them for "pets.™ These and an occasional Jost dog were the oaly pets
the children were allowed 10 have,

Their father, Thomas Everest, a minister, was scriously ill, 1Jc was under the care
of a {famous doctor named Samuc] Hahnemann, Though Mary and Geosge had boen bom
in England, they moved (0 ihe small village of Poissy in Franoe when Mary was five and
George was two years old.

Dr. Everest’s curc took six years. Life was loncly for the children in Podisy. They
belonged 1o an English minister’s houschold while creryonc clic in the town was a French
Catholic, Also, the Everests did not approve of French pefitics of that time. The laws of
the French monarchy were harsh toward the people. Their father’s illncss worried both of
their parcats. Scrvants looked after Mary and George, but the two children were moatly on
their own,

The Leavas and the Root

Mary was a bright child, ousgoing and talkative. ~You were the roots and | the
leaves of the plant,” she wrote 10 George when both were old,
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Little Goorge was his sister’s f3n. When Mary was nine, she wroic a play, and
Goorge, who acied in i, boasted, “Clest ma socur qui 2 isvente ocda™ (My sistor made that
upl)

Homeopathy

Their father wss a great believer is homeopathy, a medical system promoting health
and preventing discase. Dy, Hahnemann was the founder of homoopathy, and Mary's
father was devotod to his systom. Followers of homoopathy practioed some extreme
castams, and in the Everest houschold, Mary and her brother Goorge had 10 practics them
too,

They took long walks before breakfast in froenng weather and baths in joc watet
help them resist discase. Some thought the cure was worse than the discase. But Mary was
loyal 10 her father and submitted (o whatcver axperiments he drcamed up without
complaining. An ill person himself, he was determined that Mary and George would grow
uptobe h:

Mt. Everest and Uncle George

Mary's family name was made famous by her unde Genrge Everest, George wai a
surveyor who spent twenty years in India. Bocause he fed a survey team up the grest
mounizin, Mount Everest was namod for him.

Undie George did not ofien visit his brother’s family, but when he did, he brought
tales of adventure in far-off placcs, Mary was a great favorite of this undie, 2nd he wanted
10 adopi her. But the was too attachod 1o her parents to agree. Mary was very dose (o het
father, and for as long as he lived, she was his devoted assistant.

Mary and ber brother Goorge were always being soolded for quarrcling. George
spent every Fronch “sou™ he got while Mary was a “pinchpenny.” Their father s3w to i
that they dida't quarrel over moncy by giving them a joint allowance. Somchow, because
of their common piggy bank, George became more cautious about spending, and Mary
became mote gencrous.



A Crush

Masy bad 2 ttor from the ssllage. Momsionr Doplaoe Laught Mary overy mosming
from 6:00 10 800. No lying abod for 2n Everest child!

From the first dsy, Monsicur Deplaoe made anthmatic dicar 1o Mary. Whea her
mother had tricd 1o teach ket long division, it was a mes! With Monsicur Deplacc,
lcarning was caty. He askod her 2 scrics of questions, Thes be 10)d bey 1o write doun the
answers. When she read thom zlond to him, she realized she was seading certzin onderly
sieps that would solve her problem. Mary never forgot this wonderful way of lcaming.

Mary had 2 crush on Monsicur Deplace. Although he was pleasant, be pover
showod her affection. Sull, she felt she was somoone spocial 10 him, 2nd she romembeed
him all ber life,

The Rector’'s Assistant

When Mary was cleven, her father regained his health 3t last, and the family went
back 10 England. Hex father bocame roctor of a chusch a1 Wickway, at the foot of the
Cotswold Hills. Masy was tzken out of school and became her father’s assistant in his
helping her father prepare scrmons.

The Differentlal Calculus

For mathematically-minded Mary, keaving school did not mean an end 19 sindy, She
taught henclf calautus from books she foend in hor Esther's library, While she was
teaching bersell differential caloulug, the bocame stk and she booked around for some
help. '

“1 so0n found in the library 2a old book of Fluxions into which | plunged with
delight,” she wrote . . . “Afier 1 had boen revelling in my prize for a woek, my father found
me with the book and took it away, telling me that the Fluxion notation was old-fashioned
and inconvenicnt, and quite given up now at Cambridge.” (Since women students were nol
admitted to Cambridge, Mary had po way of discovering this for bericif.) *1 woat back to
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sy difforoniial book, 2ad found, to ey great deliphy, thad & was Bow porfoaly dost 10 e
How oould that be? Thas was 2 passic,

Mathematics, Friendship and Love

Two years kater, when Mary was cightoon, she had a chance 1o sohve e puzzic. $he
visitod the home of ber avnt and unde who livod in Cork, in Westorn Irdland, Her Unde
John was Profcssor of Classics a1 the Univensity of Cork,

Onc day, 2 young profcsior, 2 good fricnd of hor undc’s, came to ol 2nd Mary was
troduced 1o him.
the diffcrontial caloulun puzale 2nd how the old-dastioncd mothod of icarming calosdus hiad
beipod et Goorge said the book of ftuskons helpod her by scitzag up ocrtain orderty sicps
Yor her 1o Jollow, just as Monsicur Deplace had donc so Jong ago. Using these stops, Mary
was able 1o solve the problems in the repular caloulus totbook,

Masy liked Goorge Boole very much. He was a kind and undentanding man, as
well as being a mathomatioa! wizard, Stodents and ohiléion Joved him. After hes rotura 1o
England, she wrole to him. She sont him examples of hes work 3 mathematies, Two years
Later Goorge came 10 Mary's home in England and began to teach her a setious oourse in
mathomatics,

Al this time, Goorge was wiiting 2 book calied Lows of Thoughl, Whon i was
published rawo years Laer, ¥ boceme 2 sonsazion among mythomataans aod othor sofhows
thinkess, In it be iavestigated the 1aws that govern the pant of the mind which reasons
about things, Those laws were oproisod i 20 algoba of roros and oncs., Th adgcbra
cven today 6 callod “Boolcan Algabra.™

Later, when Goorge revised bis Laws of Thought, Mary, with the belp of Goorge's
studonts, 1€ad the manuscripl,. When he wrote somcihing thal was not dieas, they todd him
$0 i NO unCcIain forms, Onoc, whon he Wwas compasing 2 soction on differential
cquations, Mary scnt the manuscript back five times for re~writing! On the sivth time
around, i was dear. Goorge had passed inepection,
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A Boolean Familly

A fow yoars bator Mary's father Siod. 1 ot prick, siie turnod ko Goorge for condont
and fricadship, A yoar lator, the two wore manviod, Mary was twonty-throe yoars obd and
Goorge was forey,

"into the RexT pine yoan,” WOk 2 bidpraphes, "wore crowded 2 ldatime of cvonts,
Five daughlors wore bom 1o tiom: Mary, Margarct, Alica, Laxy and Exbel. 3owas a wery
happy marviage, and Mei. Boole was sblc by ey undorstanding care 10 safoguard hor
haband's hoalth and profodt bim 10 a prost cxtont from the offonts of his conutant and
suonuous work.”

Salepuarding hor husband's health, as che bad spont ber youth safopuerding hey
fathor's health, soomed quite patersd 10 My, Like smont wormon of Bof tme, the was
dicvolod 10 bot Krndy, 20 raisod hor five daugidons. Bat hot bife &id not follow 3 st
formuda, WMWMaﬁmgumegmmwmmmmm

mmwwmmw Mwmwwm

ukhgubawsbcaﬁwh&mwmmmmmumﬁe@wu
sudenr, from Masy's owa siudy, &id from othor thinkors. But dhey 133 no plans for
cducating their own childrea,

Suddonly, Goorge caupht paoumonis and diod. Mary's youngost child was six
monhi old, and ihe horidf wis oady thirey-two and a gricving midow. S had 10 go on

What did she do? She womt ot and gol » jobs

The Wide, Wide World

In thosc days, this was 2 horoic tk. Mary bad 20 job CIperionts exacpt Scrmon
wIiing and pariih teaching sad working with Goorge’s stadents. Best there was the koy-
writing and tcaching,

While Mary tackied ber porional probloms, turmod ¥as shuo tirring up the wides
world. Revolutions had paepl Drrough Exrope ia 1543 and America was pow ob the voige
of Civil War. 11 was 1554, and educationsl aod polition quostions were boiing is BEagand.
T young widow's mind bubbled mith thom.
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Mary had never lost the love of learning that led her 1o pursue her studies nlone and
seek out scholars like George Boole. George had been interested in the Jdeas of o man
named Frederick Denison Maurice and wanted to Invite Maurlce to join their discussion
circle. Dut George's iliness and death prevented this plan,

After George died, Mary pledged herself to further George's work. When the
opportunity arose (she had o problem on which she needed advice) she made an
appointment to meet Maurice. Maurice was a lecturer nt Queens College.

Queens College In Harley Street

Queens College in Harley Street, London, was founded in 1847, It was the first
women's college in England. Its patron was Queen Victoria. Its purposc was (o train
young women to become governesses. Neither women nor Jews at this time were granted
college degrees anywhere in England, but at least here women could study on a college
level.

But Quecns College wasn't giving anything away to women. Women could not
reccive degrees and no women could be appointed to the teaching faculty. The only jobs
available were so-called "staff assistants.” There was no dircct teaching of students in
these jobs.

When Maurice met Mary, the first thing he asked was if she would take a position as
librarian at the College. Mary accepted and went to work.

Now she was in her clement! Although she could not teach, she became a friend
and advisor to the students. She organized what came to be called "Sunday Night
Conversations,”

Mary and the students discussed Boole's mathematics, Darwin's natural history, and
psychology, and how each subject affected the others. They held logic-practice talks. Mary
presided over the meetings. They were a smashing success.

"I thought we were being amused, not taught,” a graduate wrote to her later. "But
after Lleft, I found you have given us a power. We can think for ourselves, and find out
what we want to know."



Mathematics As Fun

Mary began to teach children, using her own theories. She was most interested in
showing how ordinary everyday activities prepared ehildren to learn mathemativs and
telence.

"+ v+ Children do things such as drawing or sewing, eounting in tens .., sharing an
apple or painting a pattern on a wall. And in the unconscious (usually not to come into
ennsclousness for ycars) Is growing . . . (an understanding of) zero and infinity, ndding or
multiplying minus . . . and many other fundamental mathematical , , , (ideas),"

Natural maicrials and imagination: thar was the magic combination 1o ereate
excitement in mathematics class, Girls in her classes used necdles, thread, and eardboard
to form curves with long straight stitches. Boys used their penknives to cut twigs from
hedges. They took clastic from hats and slats from cigar boxes to build three-dimensional
figures,

One day the Head of the London Board of Education came to Mary's class. An
cleven-year-old student demonstrated a toy the class had made together. 1t showed a
parabola in the act of changing its ratc of curvature. The official was "staggered” at the
cleverness of the students.

PARABOLAS
The cross-section of a searchlight reflector

is a parabola. The rays from the light
source bounce off the reflector and form a

\E; wide beam of light.
Ldwee

Children, Mary belicved, should "have the opportunity of watching. . . how one
geometrical type-form grows out of, or flows into, another. A common night-light placed
in the bottom of a deep round jar in a dark room throws on a sheet of cardboard held over
it patterns of conic scctions, which pass into cach other as you change the position of the
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cardboard.” Children love to watch the shadaws ehange and it is good training for
neometry, she advised,

Mary threw all these ideas together into a pat and out came o rieh stew--a book
called The Preparation of the Child for Science (which included mathematies),

Curve Stitching

Mary invented cards marked for the purpose of curve stitching. They were known
as "Boole cards” in England. Mary happened upon curve stitching, or what today we eall
string geemetry, by chanee, and saw at onee it could be an ald in learning about the
geometry of ungles and space.

"In my young days," she wrole, "cards of different shapes were sold in pairs, in faney
shops, for making needle-books and pin cushions. The cards were intended to be painted
on; and there was a row of holes around the edge by which (win earda were to be sewn
together. As I could not paint, it got itself somehow suggested 1o me that I might decorate
the cards by lacing silk thzeads across the blank spaces by means of the holes. When | was
tired of so Iacing that the threads erossed in the centre and covered the whole card, it
occurred to me to vary the amusement by passing the thread from each hole to one not
exactily opposite to it, thus leaving a space in the middle. 1 can feel now the delight with
which 1 discovered that the litte blank space so left in the middle of the eard was bounded
by a symmetrical curve madc up of a tiny bit of cach of my straight silk lines; that its shape
depended upon, without being the same as, the outline of the card . . "

A book about experiments with curve stitching came into print. It was written by a
fricnd of Mary's und was called A Riythmic Approach to Mathematics. Cards with patterns
from ancicnt times mysteriously appeared in the book.

"Some of the patterns reproduced designs in old Celtic art; others in old Egyptian
and Grecek art; in fact,” Mary wrote, “we are hearing from various parts of the world . . .
(People say) ‘you have reproduced the omamental work on such or such a very old
building.”

The designs in this book reproduced basic designs that were uscd in Egyptian,
Greek and Celticart! To Mary, this showed that people’s unconscious minds were similar—
no matter when or where they lived.
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"Psychic" Sclence

In Mary’s time, many people asked questions about the spirit world, ‘Ihey
wondered whethey it existed and, if so, how it worked. They used the word “psychic” for
anything to do with the spirit wosld. Mary had long thought about psychic happenings. She
completed a book and ealled it The Mesiage of Prychic Seience for Mahers and Nurses,

At this time, Maurice was her employer, and he was also a winkter in the Church of
England. Maurice prided himself on being a tolerant man, but he stopped short of a book
about psychic science. Mary's book talked about not only physical health but also mental
health and called it science? Mary's book agreed there was such & thing as thought
transference between people? This was going too far, Maurice thought!

Friends of his who also belonged to the Church of England blacked the publishing
of Mary's book. It took fiftcen long years before the book was finally printed, By that time
Mary was no longer in Maurice's employ. His opposition could not stop her from
publishing.

A Fair Exchange

Mary went to work as Secretary to James Hintan who had been an old friend of her
father’s. Hinton wrote about evolution and also about the art of thinking. 1t was the
sccond subject that drew Mary to work with him,

Each had something to give the other. They studied the development of the mind.
Mary taught Hinton mathematics and how to apply equations to the art of thinking,

The Magic of Numbers

It is possible, Mary believed, to express the basic notions of the universe in
cquations made of numbers and symbols. The number “1,” for example, is the expression
of unity in the universe. Zero Is infinity. Anything could be translated into mathematical
symbols: a rainbow, a butterfly chrysalis, a dust spiral. Mathematics gave power 1o discover
truths in all ficlds of knowledge.

Mary wrote and talked about her belicfs with mystics from the East and
psychologists from America. Founders of the progressive cducation movement in America
studicd her writings.



The Cranks

Mary had a group of fricnds who ealled themaselves “the eranks.” She met them at 4
vepetarian restaurant in Loadon. Aftcr a time, they put out a magazise called “The
Crank.™ Mary contributed many anticles with eatehy titles like “Are We Rerserks of
Chulstians?™ Sttty old Mautice couldn't stop her now!

For the next thirty years, books and articles poured out of Mary, Her titles show the
wide range of her interests: *Mathematies in Qceultiam,” "Ihe Divining Rod,” "The
Sechoolgirl Medium,” “About Girls," “What One Might Say to a Sehoolboy,”
“Hooliganism™ (Juvenile delinguency), Philosophy anid Funi of Algebmi, The Logic of Love,

For the twentieth-century reader, leafing through Mary's Collecied Wriningy is a tittle
like taking a trip vi*h Alice through the looking plass: all sorts of odd ideas come skipping
along, such as, “Jt is the mora) duty of people not 1o go insane. Geniuses should live to be
ald rather than ‘burning out’ and dying young. Having secrets is a mistake.”

Mary, for instance, made a rule for herself, when she was thirteen, never 1o keep
secrets, That way she could publish whatever she wished and say whatever she chose,

Mary’s daughters were grown up now and gonc away, all except Luey, who lived
with her. Lucy was 8 chemist and she lectured at the London School of Medicine for
Women. Her daughter, Alicia, was a mathematician of considerable talent Who was said to
have the ability to visualize fizures in a fourth dimension. ‘The youngest, Ethel, was a
navelist,

Mary spoke at various clubs and socicties, like the Parents’ National Educational
Union and the Christo-Theosophical Socicty. These meetings were open to all, and all
shades of opinion were welcomed. They were attended by foreign seholars, ministers,
cditors, educators and other thinkers.

A Shocking Dream

Mary had grown up on religious sermons and found it hard to resist what she called
“a litle bit of preach.™ Yet she was always ready 1o deflate windbags or people she called
"prigs.” She may have been a bit of a prig but she dida't mind telling stories on herself.

For example, Mary had a dream which kept repeating itself. In the dream she went
outside in a shocking condition,

She said, "I find myself . ... in the street without proper clothing, without bonnet and
doak, or even ... my nightdress.” (1)



When she had this dream, she always looked over the manuseripts which were
waiting (o be taken 1o the printer, She wanted 1o be certain that she had not sevealed too
much of hepself in her wiiting. She did sol want her “paked” feedings 1o show to the world,

World War I: The End of an Era

When World War § started, Mary’s health was failing, She was sorry that she aas
ton weak 1o knit sweaters and blankets far the war effort. Her contribution was 1o open
hes house ta the many people who knew her.

“They eame and found a quict place for an hous, away from the Wimuil of countey
at war snd the terrible news in the newspapers.™

Mary was by now quite old, She had breathed life into wounded insects, She gave
birth to five children-all living. She gave the pawer of thinking (o students so they could
find out what they needed to know 1o live well, She enlivened dry-as-dist mathcmatics
classes for countless girls and boys. Now life was ebbing out of her.

Mary had been widawed for fifty years. She raised hey family alone and now
selatives as well as friends and even her own eycasight were slipping away,

“Ah mel” she wrote, “But itis 2 loncly world!* But she had a strang religious faith.
And even sadness could be woven into a rich doth~"If one knows the Astistic way of using
the world's shadows . . . discords . . . and Jusid dmk silks. ... *

Mary died at the age of 84, Her life spanned the Industsial Revolution in En Pand,
This period brought to England a new sct of political and social challenges~public
cducation, public health, trade unions, the cooperative movement.

Mary called herself 2 mathematical psychologist. This meant she wicd to
understand how people (especially childien) leamed mathematics and scicnee, using the
tcasoning parts of their minds, their physical bodies, and their unconscious processes,

Her work influenced many others of her time: “Within the first decade of the
present century,” wrote her biographes, “new methods of reaching many subjects had been
developed. Experimenta) work wenton ., "

Today, in your own classroom, you may leam subjects the way Mary Boole taught
them. Something may remind you of her ideas about how students leam, cspecially how
they leam mathematies and science.
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CURVE STITCHING

A nineteenth ecntury mathematician and teacher, Mary Hoole, developed a
technique for makiag atiractive designs by threading eolored stying through cardbiard
tarme. Pictures of two of these eands, ealled Boale CurveSewing Cards, arc mcddoded bere,
Curve etitching domonstsates an intoscating mathomatieal idea. Qurved lipes ean be
fotined solely by a sctics of straight lines. How ean this amazing thing happen? 1et's try it
and see.

Notice the numbess drawn on both 13y of the angles above, Diaw a line coanccting
point 1 1o point }, another from point 2 1o point 2, a third from point 3 to point 3. Keep
doing this, Waich the trace of 3 eurve appear as the lines are added.

If the spacing berween points is kept the same while the width of the angle is
changed, the shape of the curve will change. Conned the points in the figures below and
see what happens.

Notice what happens when the number of points on cach edge is increased while the
angle & kept the samc.



The mate painty, the smocthict the cinve!

Toy connecting points on cdges of other geometsic figures. For oxample, try
eannecting the point on this yiangle.

Experiment with ether designs.
Make your own numbesed shapes. Try coloring your designs like the illustration
below. Many altractive designs ean be made this way.
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Hete are pictytes of tho of Mary Boale’s eants with pumbers added in a fow places.
Conneet the paints in the weual way and watch the cupved designs appeat. Try consedting

diffesent edges. See how the designs change.
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LINE DESIGNS by Dale Scymour, Linda Silvey and Joyoe Saider is a book which

Sugpests many mose ideas you can Ury. (Creative Publications, P.O. Bax 10328, Palo Alto,
CA 94303)
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EMMY NOETHER
1882-1935

An Ordinary Childhood

Earmey Nociber swas ihe grestos Roman mathematicisn i the hitogy of
athematios up (0 her ime, Yey, when ehe was a young gul, o onc woulid have predicted
greatness Yot b,

Emmy was barn in 1552, the oldost child in het family, She had thace bothers, bt
taa of then dicd al 2 young age, Hes brothes, Fritz, was favo years younzes than Emmy,

The Nocihes family lived in ilangen, Gesmany. They were Jewish and, as past of
their adition thoy honored leaming,

Emmy’s father, Max, was 2 mathemztios professos and rescarch sosentisg at the
Univessity of Exlangen, He was 3 kind, jolt- st of man, Her mothey, ahose pame was
1d3 Amalic, was 2 typical “Iausfran® who kepl 5 tidy, well-gun houschehd,

Fos her entire childnood, Emmy fived in the same apantrent in Etlangen. She was
very ncar-eighled and wore thick glasses. She fearned the sXills Crat wese taught 1o gitts of
the middle elass, She fearned to play the davics, which & somcthing like the friano, She
cooked and durted. She biked going 1o family partics where there was danang, Emay
loved 1o danpe,

Her life might have boon that of any ordinary bowsowife, But, just about that time,
young women in Gormany were 3dmaicd 1o uaiversiios 1o carn degroes. Now 2 carcct in
SOICROE Was open 1o her,

Exmuny was frichdy and checfil, She also was gover. From the sast, she fiked
languapes and siudicd French and English, When ohe finished hugh school, she took 2 tos
and wis cestificd (o teach French and Eaglish in schools for gitls, 1f she had 1o, she qould
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mvw catd hed liviag, 1ite wmas followesg the eajwcicd Prattedn fod 2 Yorsng masinan ol o}
time and place.

1 I8 i;ﬁ,&mrz)’“’e Bar B an edbdinady fathily, oo a.\‘-.n!_; mar hed 2oiticd o #vatho saatioinn,
hes brodhed Featg was Sollowitg in b Jooletepe 393t7 entoded the niveseit yod Pataigon ta
sHudy mathamnation. Pauny was cightoon and bogan $0 0t k8 on daaes 28 the Viadvedsin
She dad this fof twa yeads,

She took the craminations i enlfanae 42 4 dodiofa] dMudénd in tathomaticos a6d
passed. Now she was 3 studest 8 goaod darding.

Vive yeass latey, she fexeived bet dodaal degice She was the s cond woshian 8
the history of the University to focche a dodoral degice in mathomation (Fhe fin
woan feacived hoy degree the yoat before Panmy.)

A Degree But No Job

Pmmy Novther saas ivady fof et cateet. Thete soas oaly o probles bo wotcl
e popmitted 1o fake jobs as mathomatics frofossods i hef oty of indocad, armticac i
Cromuy!

Eemmy worked mithout pay at the Matkematics Instityte i Ealangen, Pandy, the
bedpod hos fathes & his work 554 panly she nothed on hot own Jescatch, Somctimes the
1aught i het fathes’s place when he wab vick, She worked this way $ot the soat tos vearss
from 1909 10 1919. Slowly, het foputation grow. She begsn 10 publish paj ot shost by
work, 1 her lifetime she pubdished forsyfive papess,

The Furst world war began in 1932, Emssy was 8 paadist, She Had high hopes that
this testible war wonld ond and these would be 2 lastisg peace in Geamany, 1n 1918,
Germany los the war, The Gormian monardry was overthionn, the eozhlsy begame 3
republic, and women were given the vole, But oven though Ermmy could vote, she sl
teacived no salary whatsooves for et job,

A Growing Reputation

Two greal muthomaticians, Felix Kicin and Davad Hadbest, weie working at the
Usiversity of Gottinpen in Germany, They beard of Emmy and thought she aondd help
thom in their work on Einutcin’s gencral theory of relathey, They initod het to move 0
Gottingen in the hope that she could jain the faculry,
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"Wkt watd oif soldiens thask whot Yhey Fetwia Lo the Ulsihved ity atd Biad 1hey af¢ aajecicd
o deata of UAT Sl of a woivaa D" Most Licistion worion wete housesivns, Prejudice
againsd woracd fan high i ihey Hied 10 Begae sphing (s

“{!&;xm‘gfﬁm:ﬁ; Macne abgaaidits hoiwoen 1t cad Ghe deut of 1he Eaedlty 2
Uhodlingon 3::#*%*-%#*2/ testisined odone. Bhe d pod Bieorhic Thtied Sl L3RR & Fi e ML de
goad, atd bept thet Belicd uppeismon is het gind

Paumy was ow thuty-5eves yoals obd, 253 Bef sepiiatios a8 3 Billias
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FATHOMATICAR RAS gFowiag At Tinally, she icacived a plade as a lectuied o dhe
Vanenaty of Goltingen. Inuiead of teaching fo} othes profonsety, she gogld Son boadh
oty tides ot owg fame. Thiee vears attes th, she finally groeived 2 smadd salaty.
Thie way timely booaiise Gesmany’s posi-wal eaotiomy was wiached by i=fation, and
osey trom Bed tasualy’s eafate, whach hiad hedped 19 sepprodd Bed, prriedod ond.

The Noether Boys

Vinemy gathored 3 group of shodonts arownd het 2t Gottivgen, Mo groming suaonss
@5 3 Mathematician attkadiod outitandeng studonts. They came from Rusia, the
Nathotlands, and othed coustines, They sade 2 Ingly group-those "Nogthes Boys
(Yeats tatey, mhcn Laumy Ll &1 2 %omon’s sollepe ia the Usited Stales, hes Erowp was
known s the "Nocthes Gats,")

Vanmy’s style of teaching was confusing, He eaplafiations weie, o hed stadont Van
dey Weyden put i, “rattied off af top speed.™ She wosdd lavnc inta those crplanstions,
fovesishly mystang ymmibols on the hosd, loning welinshed seatonaes i hot wake, and o
group of purdded dndonts itting 18 fronl of Ber, Porhaps, bong s sear-ighiod, she acves
solioed theif purzicd Oprosions,

Oncx, alict she bad ghvea 3 bodtare 10 2 latpe group of stadente—vome fogutal
stadents and some Mitors~one passed 3 Rote uP 1o ey, 11 sead, “The waiton have
uiderstood the Jooiure just as well as a8y of the rosulas sindonts,™ (O a5 badlyt)

But not all of hoy students lackod undenitanding. A fou, who were pation! aad
attentive, Caughl 08 and botame loyal followers. They Iekrnod 1o sasteh the ddeas she
Rung o, 254 Pyl thom 1o wse 38 Dhel own fosoarcs. Lo Beds may, they advaned and
boosme distinguiliod mathomationns 8 thed ows fight, They acver forgot thoi dodd %o
Exnmy Nocthes, a2nd seme pave hoy orodst & Dot ows wotka,
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Onec of her former students, Alexandroff, invited her to Russia to the University of
Moscow. He later wrote about her visit: "Emmy Noether very casily fit herself in with our
life ... she lived in a modest room in the KSU hostel near the Crimean Bridge, and most
of the time she walked to the University. She was very much interested in the life of our
country, especially in the life of Soviet young people. . "

All during the twenties, Emmy’s work in algebra progressed. Her work was part of
the new algebra. Her work did not rely on adding or multiplying numbers or solving
cquations. Instead, her work in algebra dealt with ideas.

A Brilliant Mind, A Warm Personality

Emmy never hoarded her brilliant ideas like a miser. She was generous with her
genius. Her students were like her own family. She was interested in their personal lives,
and listened to their problems. She was "warm, like a loaf of bread,” said Herman Weyl,
onc of her biographers.

Emmy had a deep voice, like a man’s, and it was loud too. She laughed heartily.
Though she was not tall, she was heavy-set. She looked solid, carth-bound. Yet her ideas
soared with easc and grace, as did her lively spirit.

Departing the Homeland

In 1833, the Nazis, who had come to power in Germany with Hitler at their head,
demanded that Jews be thrown out of all university positions. Emmy's brother, Fritz, had
to move with his family to Siberia, where he was offered a position at the University of
Tomsk. Emmy too had to leave Gottingen, and the beloved country of her birth. One of
her Russian students, and a good friend, Alexandroff, desperately tried to secure a place
for her at the University of Moscow. But before he could do this, American friends found
her a job as visiting professor at Bryn Mawr, a wor-“- ’s college ncar Philadelphia. Here,
Emmy moved in 1933, when she was fifty-one yea: »



A Woman Mathematician in America

Besides teaching and doing research at Bryn Mawr College, she gave weekly
~ lectures at the ncarby Institute for Advanced Study in Princcton, New Jersey, where Albert
Einstcin and other famous German refugees now worked.

As a professor at Bryn Mawr, Emmy Noether made quite an impression. A woman
who was a student at Bryn Mawr at that time, Betty Morrow Bacon, recalls mecting Emmy
soon after her arrival in America.

"Before she came we were told, “This is onc of the great people alive in the world
today. Itis an honor to have her at Bryn Mawr.’

“"When 1 first saw her striding across the campus, I felt a Jittle scared. Her
expression scemed stern and forbidding. She was large and solid-looking and she wore a
long dress. She dicn't speak. She was not at all like other people I knew.

"There was a faraway look on her face, as though her mind was not in this world at
all. What was she thinking of? Maybe she missed her old life in Germany. Maybe higher
mathcematics filled her thoughts. I never knew. . ."

Another student at Bryn Mawr, a graduate student in mathematics, Grace Shover
Quinn, recalls her impressions of Emmy after she was sctied into her new life at Bryn
Mawr.

Emmy Nocther . .. "was around five fect four inches tall and slightly rotund in build
- - - she had a way of tuming her head aside and looking into the distance when trying to
think while talking. . . Her lectures were delivered in broken English. She often lapsed into
her native German when she was bothered by some idea in lecturing . . .

"She loved to walk. She would take her students off for a jaunt on a Saturday
afternoon. On these trips she would become so absorbed in her conversation on
mathematics that she would forget about the traffic and her students would need to protect
her.”

Anna Pell Wheceler was Head of the Mathematics Department at Bryn Mawr.
Professor Wheeler had studied at the University of Gottingen and understood the German
fife style. She could appreciate how Emmy’s carcer was blocked in Germany because of
xersex. She could understand the shock of being uprooted from the German culture, and
rsansplanted to another world.

This was the first time Emmy had a department head who was both a
mathematician and a woman, Up to this time, all her colleagues were men. When Emmy's
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old fricnds and former students came 1o Bryn Mawr (o visit her, she introduced Professor
Wheeler as her good friend.

Death: A Great Shock

In 1935, Emmy Nocther entered the hospital to have an operation. She was getting
well at the hospital when, suddenly, complications set in. Within hours she was dcad-a
great shock 1o her unsuspecting friends all over the world.

Emmy did not write about herself. Unlike her great mathematics ancestor, Sonya
Kovalevskaya, she wrote no autobiography. But others talked of her and they remembered
her.

Soon after her death her Russian friend, Alexandroff, gave a talk to the Moscow
Mathematical Society. He said, “Emmy Nocther . . . was the greatest of women
mathematicians, a great scientist, an amazing teacher, and an unforgettable pé:son ool
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ABSTRACT ALGEBRA

Emmy Noether worked in a part of mathematics that is called abstract algebra.
This kind of algebra is quite different from the algebra you leam in school.

Ia abstract algebra people talk about GROUPS and RINGS and FIELDS. Fields
arc more complicated than rings, and rings arec more complicated than groups. Belicve it
or not, the simplest arithmetic you leam in school is far more complicated than many
cxamples of groups or fields or rings.

If you don’t believe this, try these examples.

Meet Sticky

Imagine a stick figure that can move only its two arms . .. and these two arms can
move only up or down.

Suppose we want to describe the motions Sticky can do. If we do so in a certain
way, we can turn Sticky and Sticky’s motions into a full-fledped mathematical animal called
a group.

Let’s think about the four passible ways that Sticky can move. Lets label these four
ways 0, 1, 2, and 3.

This is MOTION(Q)
Here Sticky does not move at all.

This is MOTIONQ)
Here Sticky moves right arm once.*

This is MOTION(2)
Here Sticky moves left arm once.

* By "move once™ we mean, if arm(s) is straight out it moves UP. If arm(s) is UP, it
moves STRAIGHT QUT. '

73- 72




This is MOTION 3.
Here Sticky moves both arms once.

If Sticky moves right arm twice, Sticky will be back in first position.
So we can write an EQUATION.

Jusi as we have leamned in ordinary arithmetic that 3¢3«6, we can say here:

In the aanze May vwe can see that

po (3) e po (3)  mEsuLTs Ix ®

Scc if you can fill in the table below. For cach ;quarc first do the motion that the
figure at the top is doing; then do the motion that the figurc at the side is doing.

x

A
>

>te)

How do you end up?
That's the answer. Put this answer % 177

in the appropriate square. %.T

Do you sce that the figures in the squares make & pattern?

>
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CLOCK ARITHMETIC

Another example of a group is the special arithmelic called clock arithmetic.

@ Think about the face of a round old-fashioned dock.

e How many numbers do you see on it?

Suppose it is 10:00. You tell your fricnd you will be back in 3 hours. What time will
you be back? Right you are. You will be back at 1:00.

You can write a funry-Jooking arithmetic sentence ... 10®3 = §

Nesice the cirde zround the +. That tells those who know, that we're doing sdédition
around a circle. This is the special dock arithmetic. Look at the cJock and finish the
following sentences.

S8 =
8®5 =
HEa=
In ordinary arithmetic 3+2=5
1¢4=5
243s5
d+]1x5
0+3=5§
540=5

These are all the different ways you can make 5 by adding just two whole numbers.

How about clock arithmetic?
In clock arithmetic, how many ways can you make 57

You can say that 11R6=35
10@7 =5

I'm sure you can think of many other ways.
Now lct us consider a very simple example of dock arithmetic and its solution in the

square at the bottom of the page. This clock has only 4 positions that matter. We cin
think of these as follow:
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0 mcans stay where you are.

O 1 means move head 15 minutes.
@ 2 means move ahead 30 minutes.
@ 3 means move ahead 45 minutes.

Now do the additions as you did before, and complete the squarcs,

® Remember, 1+ 1= 2 means move one vicp
dockwise. Then move one more step dockwise,
and you've arrived at position 2.

AD)S

Howabouta2+2= 7

e Notice the pattern of numbers when you've
completed the square,

® Compare the difference in the patiemns of the dock square and the Sticky square.

The patiem in cach square comes out of exactly 4 numbers (or clements) and a rule
for combining them.

o Why are the solution patterns different for these two squares?
Emmy Nocther's work gave mathematicians new tools 1o solve old problems. In

particulys, she developed important new ways of classifying these kinds of situations in
rings, the next more complicated structure after groups.

75




COMMON MULTIPLES OF 2 AND 3

o All numbers that are eommon multples of 2 and 3 arc numbers that are multiples
of 2 as well as multiples of 3,

® All multiples of 2 are even numbers. Therefore common multiples of 2and 3 are
even multiples of 3,

® Scc page 95 for details on "multiples of 3" test.

Using common multiples of 2 and 3, shade in Emmy Nocther’s picture on page 68

SOLUTIONS:

® llotice that for both squares, cach number appcars only once per row and
column,

® If you were 1o fold the large square ztong the northwesUsoutheast diagonal, each
half would match. This diagonal is a line of mirror symmelry.
¢ Notice how the number patterns differ for cach square.

e
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LENORE BLUM
1944-

A Tropical Paradise

“The aimplane carrying the two gisls descended, and the city of Caracas, Vencmcla,
rosc up to moct them. Jtwas the dry scason and fires in the mountains caught their eye.
They saw small aircraft dropping chemicals (0 put out the flames. As they approached the
airficld, the sun illuminated a landscape of palm trecs and flowers, modern buildings and
streets. To Lenore, the older one, this was paradise, and jt was her new home!

Lenore and ber siites had Ieft their home in Now York, The whole family was
coming to live in South America. Here, Lenore's father hoped 1o make a good living in the
import-export business.

The drive from the Caracas airpont to their new home was full of sirange sights. An
ancmpted revolution was taking placc. Opposition forces, who wanted (0 everthrow the
dictator, had thrown wcks in the streets (o puncture tires and disrupl the city. Chrisimas
Urecs were tied (o front fenders of cars to swocp away the tacks.

Their lodgings were wonderful-several rooms rented in 2 large bouse. Views from
sccond-story windows showed the lush mountains, For the first time in her lifc she had a
back yard. Unkrownin New York! In the yard, a partol squawked-gorgeous, bniliant-
hued, tropical.

Lenore was ninc and her skster, Harricl, was seven, They were going to attend the
local school where only Spanish was spoken and no “forcignen™ were enrolled, This
would be quite a change for Lenore. Most of her friends had been Amcriean in the old
school. Many were Jewish as she was; in fact, in New Yok she had handty known anyone
who was not Jewish,
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65th Avenue, Queens

Home in Now York had been an apasiment 0a 631h Avenue in Queens. Her
carlicst memory was stancing t the window waiching ber father, Irsing, when he arrihved
home after World Warll.  From the candy store on the comcr, she bought a Yiddish
ncwipaper, “The Forwasd,” for her grandmother, who lived with the family, Her
grandmother spoke only Yidduh. Lenore underitood Yiddish, and although she didn*t
speak it herself, she transiated her grandmothor’s words into English when people came (o
ViSiL,

Wlon she was young, relatives commented (o cach other, “How artistic Lonore ist”
At was her Lavorite activity, though she usually dida’t show her projocts to athess, One
time she used an orange as a base and built a hand puppet from papics mache, using stips
of ncwipaper and paint. The puppet had blond hair made from wool yam. 1t was different
{rom anything that could be bought in the stores. 1t had “personality.”

Lenore visited tibrarics and muscums with relatives and even by hersell. She loved
the dinosaurs at the Muscum of Natural History and the wild animal habitats. Sometimes
she traveled by subway to the New York Public Library 2nd the great muscums in
Manhatan~the Metropolitan Museum of Art and the Muscum of Modem Art. They filled
her with wonder.

Her oousing, Ellen and Shdlcy, lived in hor ncighborhood and they, Harvict and she
played together. This was in the carly days of iclevision and on one program, called “The
Magic Cotage,” children applicd through the mail 1o be on the show and win prizes. All
four girls cagesty applicd. Shelley and Harviet were chosen. Ellen 2nd Lenose tatked and
persusded, persuaded and (alked until the other two gave in. Ellen and Lenore appearcd
on the show,

Many of the prizes were of some value, such as a child’s record player. But Lenore
2w just what she wanted: 2 puppet which folded up into its own litthe case!

"Why didn’t you pick the reoord player? 1t's much more valuable,” (x¢ grownups
wanied 10 know. Valuable? To the others, maybe, but not 1o Lenore,
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Growing Up

The womcn in Lepore's family were vory prowd of theis professions and she grow s
with the idea that a profonion was 2 vory inportant thiag for a woman (o have, Roie,
Lemote’s mother, Laught soicnoe in 3 New York high school. Al one time she had sudied
to booome a docror. Roke™s sisters ofton came 10 the house 1o visit Lenore’s grandmother,
Two of these women were bawyers and 2 thind was a (oacher,

They often spoke of their older brother, Sol, who had booorae 2 modical doctor,
Though he had dicd a1 the age of 32, his presonee was strongly felt. As the oldest child of
an immigran family, he had 14 the way,

Every now and then Lenome would take {rom the hall doset a violin tha bedonged
to ter Unde Sol. She was like this unsdde; she %ould do somothing special. T didn’t gesity
matter (o ber thal bater, when she 1ook violis lowsons, the showed Bo talent for the
uetrument. What mettcred was that she folt there was 2 tradition of scholanlip for het lo
follow,

Lenore went (o a progressive school which didn't give grades, She toved schood and
loved the summers at Far Rockaway beach where she plaved with ber sister and hey
cousing. She used New York, the largest Ametican city, a5 ber playground. She had plonty
of free time. No one kept dose track of ker, This suited het perfoatly.

There was one 0w, 2 fear that came and wenk: her baloved grandma might Booamne
ill when no one else was these, But the years of her childhood passed and bes feat was
noves sealized. Suddenly, she was moving awsy 1o South Amcrica,

South American Scenes

Caracan, Venczudla, in South Amerxa, was another link i the goldon <Mam of
averts n the s bk, Lenore’s fint ghumpie of the ity contiemod hes bedict that good
things would alwyys happen to her,

The fust day of schoo) shatlesed the perfect picture, The boys in the class had
learned a few words of English trom American mavies. *} love you,” they whispered as
they ran around the thvo American girts. How humiliaring!

Then there was the prir..pal. Here were two young American “aina® who “no
hablan Espanol.” But they must leam 10 speak Spanish-pronte! The principal would
Leach them onc hour each day in his offioe, Leginning with the subjundtive tense Of the
verb,
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Disasic! Lonore hada’t kearnod gramman cven in hey astive English.

A furnder humiliation: whool officials put Leaore back 2 grade w0 thad het a2e
would match hor dasimates. In the dassroom the toadhor, Scoorita Candelatia, whod 3
meihod of teacking that was altogether srange to Lemore, The studente were given bluc
“caadomos™ or poichooks, They Bad 10 copy Sorios and pioturos iato their notchooks ores
and over until they maichod those in thheir 1xbooks. Bvery cuadomo in Lonore’s dass

Meamihile, right outside the windows, 1ay 8 ity which a1 that time was oae of the
most beautiful in the world, Such 2 bright woild, 100, after sunless days in New York,

T wocks was all Lonore Lastod, "1 Quit!” she announood 10 her parents, And that
wend for her sistes, (a0,

A Year of Freedom

Lenosc’s mothet wat 3 veictan teacher, School, in any coundry, heid no soorets for
her. Far beuer, from her point of vicw, 1o cducate hot dsughtens by exploring 1his brand
pow plaoe than 10 Joave them in the Jocal ichool.

50 the decision was made. For one year, Lonore, poing on toh Yrars old, add her
sisict, ioven, did not £0 10 schoal atall. 1astead, they trveled on buses each day with their
mother. They took i all the sights of the iy, No formal lessons now, osly informal ones
that the oiry and ixs inhabitants kad (0 teach, Al the end of the day they wont 15 the cafe
where the “lorcigners” mel. The girls orderad doe crcam sodss. Life bocame emach casicr

Homesickness

Bt znothes fcling oropt in-homesicieness. Lonore expressed # by writing a poom.,
ltrpoke about all the things shie had teft behind, shout Tharksprving, ahowt hes grandma. |
twas fllod with longing. Her poom waa a prize and was published in the Englich language
ugwapapey, the “Caracas Daily Journal

She also made a poncil sketch of her grandmother, The backpround for the sketch
was cagraved in Lonoic's momory: the comfostat/c onhioned chair her grandmother had
331 in, Uhe godIeneck kamp 0 the chderty womua could scw aed read the posspapet, he
wall paper with its pink and 1o Bowers, ihe photopiaph of her grandmother’s parests-
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Rassian poasants an kordhicf and eap-moustiod o the wall, the piano bonh on one side of
the chair and the lirde tble for kot wcuing o8 i otha.

Bt sy 2 the mvight, Lonore 0oudint ot hot gramdmother’s face #4484, 2ot the way
d voally was. She kot the skoidh wnfmithed.

A Bea yoat Sta0d. A docision wondd v 16 b maidic atout the gy edacation,
Scvonty thousand Amcricans Thvod i Voacrudla, Thoy werc il <orspany omplopocs and
hoir familics. Mamy wore wealthy and they had thoir own 3ctiovli. The onc in Caragas was
oaliod Esoucla Campo Alosre,

Escuela Campo Alegre--The American School

Lenose’s fsemily conld nod atiord the futtion s this sehod S0 Losore™s Fomes wesd
hack (o work, teatng o the Amoticarn ubool, Lovore snd Hatrict boges danes thuie,

In ssabomatios, kong dhation wis boing Lamght. The toachor gave a0 oxplanstion.
Lonore undorstond instanly, 12 fac, she sndorsond al the aow work., Thozeh ehe Had
falich hehind bucause of the year’s shioner, the canght wp and Moved to the top of hot
dass, From then on, uatid she graduated Trom high shoo] a1 Bhe age of sidtoon, Lotote
was the 1op studont and mathomatics was hot tavoritc subject. Although she was a gird and
the best stadont in mathomatics, the others $id 201 1ok down on hey. They mmp?; thonghy
she was "&ifforont.” Lenove made plonty of frionas,

An impression

Het lamily met arother Jowash famidy in Caracss, There wore ot S0 48 the
Rasmity, The oldlost, whosie same was Masuol, was scriows and a batle shy, From thea S
wocting Lohote gaude 100 in hoy Bioatt Kot this boy. He was ke hot; they wore
sempataos. He was the one she would one dey merry.

Lenore rarcly saw Masug) in the sead fow years, He was for s yosss oddes thas she
48d 500 wont off 10 the Stdes 19 sady al the Massachuscits Instituie of Tachnolagy
(MIT). Bt e had made a8 impicssion.
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Los Pavos

Like many teenagers, Lenore had mar 7 images of how she wanted to be, She was
trying out a variety of roles and sometimes her nctions seeried contradictory, even 1o
herself,

When she wus in high schnol, her triends we=c * 1 pavos,” which was Caraens sl
meaning the fast crowd, Or : day, while she was riding with n boyfriend on his motorcycle,
they hind an accident and cr.. lic . Tenure feis on her ead. She felt the wound where
blood was clotting.

"My brainst My brains ire spill:ng out!” thought the panicky thirteen-yeas-old. But,
with only i head patch and tw. weeks’ time, she was well again. Then and there she
decided that motorcycles were not worth the risk.

Cars, c.othes, bikes and romances were past of the Amcrican school scene. Money
was thrown around and partic. were frequent. Lenore's parents were tolerant. To them,
she was the older daughter, the lit ‘¢ girl who had 1aken care of her geandmother so
faithfully. They set no Limits, «o .enorc set her owo: a 1:30 curfew, and she never came
home later.

A Coup

When Lenore first arric ¢d in Caracas, an attempted revolution was taking place.
Five years later, on New Years Day in 1958, the dictator, Colone! Marcos Perez Jimenez,
was finally overthrown. The citizens of Caracas were jubilant. The hated secret police fled
and ordinary people ran the country. Boy Scouts directed traffic and university students
helped maintin order. Sometimes students who were friends of Lenore's took her with
them on their patrols after the curfew fell at night. She loved being part of the excitement.
The controlling junta—~the new ruling group--promiscd clections in the fall. Every five
years thereafter, free elections have taken place in Venezuela,

Searching for a Profession

Mathematics was Lenore's favorite subject. Instruction in mathematics at the high
school Lenore attended was poor, and 5o she learned a whole year of mathematics on her
own. When ske expressed an interest in going on with mathematics in college, her teacher
advised against it.
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"Bverything important was discovered 2000 years ago,” he told her, “You don’t
want to go into a dead field."

\Vas that true? The sixteen-year-old transplanted New Yorker did not know. All
she knew was when she lookeA at g proof on the board, her heart swelled, “It's 8o
beautiful, so perfect.” Mathematics eared for no one's opinion. Mathematics was, that was
all,

Buildings, beautiful modern concrete forms were springing up all over the city of
Caracas. Aschitecture was exciting, creative, Here was a carccr ficld that combined her
two loves—-mathematics and art, That Is what her college major would be,

But where to apply? To MIT, of course, where Manucl was and where so much
exciting work was being done,

To Lenare, MIT was the pinnacle, but, to her great dismay, she was not admitted.
In yesponse to her application, MIT officials said, “We have only twenty beds in the girls’
dormitories and incoming students must live on campus.” Only very few women were
accepted. [This excuse of dormitory space was corrected some years later. One of the first
women to graduate from MIT, Katharine McCormick, pave a large sum of moncy to be
used solely to build a dormitory for women students.] Lznore decided to go to Carnegie
Institute of Technology in Pittsburgh, Pennsy.vania, 1stesd.

Graduation Summer

Lenore was valedictorian of kar high school graduating class. Manuel came to
Caracas for the ceremony, and her senior prom was their first date. That summer, the two
young people talked about many things: Freud and modern psychology, philosophy, and
the make-up of the brain. A ncuron could be expressed mathematically. Fascinating!
More than ever now, she looked forward to college.

From Caracas to Pittsburgh

Pittsburgh was an industrial town, a maker of stecl--old and dingy. Quite the
opposite of sparkling Caracas. The students of architecture at Camnegic Tech were very
scrious about their carcer goals. They worked together in a room that took up an entire
floor of a building. Often they worked through the night to finish projects. Older students
offered criticism and advice. Everyone was helpful and friendly.
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Mathematies Is an important tool for architects and they were intesested in learning
formulas, Lenore on the other hand, was interested in learning where these formulas
came from and why, She missed the bezuty of mathematics,

In her second year at Carnegie Teeh, Lenore ehanged her major from architectire
to mathematics, She knew immediately tat she had made the gight choice,

Marriage and MIT

Lenc:. was now eighteen vean old and she and Manuel marricd, ‘They moved 1o
Boston and rented a small apartment. ‘The young couple’s home was open 10 8 growing
circle of friends.

Manuel worked in Warren McCulloch’s Neuro-Physiology Lab at MIT, Here
people from all over the wosld=from Australia, England, Isracl, Holland, Haly—-came to
work. ‘These people were clectrical engineers, mathe'mati‘cians, philosaphers, biologists,
psychologists. They came together to work on a common problem~the unders. -nding of
the brain, ‘

Lenore's and Manucl’s apartment beeame a gathering place for the young people in
the evenings. Eatioz, singing and playing drums in the small living room gave way to lively
debates. One might recite a jazzed-up version of “Jabberwocky,” a poem by Lewis Carroll,
A poem by William Blake could start a discussion about infinity (and other mysterious
idcas) that would Jast through the nigh:.

"To see a World in a ;rain of sand,
And a Heaven in a wildflower,

Hold Infirity in the palm of your hand,
And Eternlty in an hour”

"Auguries of Innocence,”
first stanza, by Willlam Blake.

Continuing College

Since she was now living in Boston, Lenore applicd and was accepled at Simmons, a
women'’s college. She hadn't the courage to apply again to MIT.




Mathematics classcs at Simmons were net sophistioatad crough, The collepe
administraton agreed to send Lenore 10 MIT toaske o cuutie in modern algebra, ‘The
teacher was Isadore Singer,

"Here was a class with substance, denth, pace=-cverything 1'd imagined a good
course to be. 1t was hard, it was deep, it was absteoco, L trusted thls guy who was
teaching it. He was a top mathematical researcher. The topics were important; they were
leading somewhere. He wasn't just reading it out of n book,” Lenore was transformed!

She was very quiet in cdass.  She cidn’t know wheie she stood. She was jusi praieful
to be there, The class was huge, neatly 100 students, Lenore finlahed the semester 4 one
of the top students. Yet, when she applied to the graduate program in the Mathematies
Department, she was told by the admissions officer, *MIT is no place for wamen. Hereis a
list of fine graduate schools. Apply to these,” the man told her. "1 would give my own
daughters the same advice,”

Lenore felt devastated. 1t Juoked as though she would again be turned down by the
only place she wanted to po, a place where exciting mathematies was happening.

That weekend, therc was a party at MIT and Professor Singer was there. He
overheard a group of people discussing “the girl who wants to enroll in the graduate
mathematics program.”

"Who was she?” Singer wondered. It was Lenore Blum. Professor Singer spoke up:
she was onc of his best students.

Withir a few days Lenore received a letter of acceptance from MIT. {Times have
changed. Today, MIT brochures state, "MIT is a place for women.”)

Graduate School

Lenore decided she would start off graduate school with a bang. Mo:t people took
two or three courses each semester. Lenore would take eight, It was said that if a woman
marricd she would not finish the program. Lenore was married and she would finish, It
was said that a woman with a baby would drop out. Lenore would have a baby anu remain,
In spitc of everything she would continue.

At first, life was difficult. Eight couszes were more than anyone could handle.
Lenore dropped them one by one.



Manued had his groap he was on her own, Hes corworkers were pol awsed Lo
working with a woman ey: ne even tried to drive a wedge between hor and Manuel,
for reasons Lenore coulun i .thom,

There werg two other women in her elass, both martied and both with babies, Hut
cven though they had aurely mot similar abstacles, there was no feeling of being invalved in
8 ennunon struggle,

Nevestheless, later on in the program, an older woman atudent spent a lot (i time
helping Lenore prepare for the ciucial oral ciaminations, Lenore hegan o realize how
women could help women,

A Fantastic Baby

She and Manuel Pad planned the arrival of their baby ta coineide with the end of
the school yenr, “They took aatural childbinh casses, which were quite unusual at the time,
and on the last day of classes, wene directly from MIT 10 the hospital to have the baby,

Lenore nursed her new baby, whose name was Aveim, He=was ™. ., so fantastic,
We really hiad alot of love for him right from the start.” She was very happy.

Lenore, Manucl and Baby Avrim were always on the go. The new parents cagesly
tricd out the newest in baby gear such as paper diapers, infant seats and porta-eribs,

Child care centers were very rare. Babysitters were hasd to come by. Fortunately,
Manuel had an office in the bascment at MIT and they cared for the baby there,

Working on a Thesls: Logic and £igebra

Lenore went on with her work. She did not wait for an advisor to set her to work o
a topic. She found he. ewn topic winch “recame her thesis,

Some mathematicians were suecessially usin, new methods of lozi . .0 solve old
prablems in algebra. What an intriguing idea! Lenore taught herse!f logic and carefully
studied these methods and how they were applied. She wanted to understand why they
worked. She thought and thought about this from many different angles.

But what to do with Avrim? He was now a toddler and necded .. .ot of attention.
Fortunately, during this period. Lenore's mother was able to come 10 Boston 10 help carc
for him.



MIT had set aside a group of rooms especially for women students. This is where
Lenore would work, ‘The rooms were located right under the famons MEV dome in the
main building, Here she made hetselt ot home, She brought hier paperns and books and et
up her working space.

Lenore beeame engrassed inatudy and thoaght, Somctimes she worked through the
night. She bought food from the vending machines in the basement and slept in the
lounge, Day turned into night, She lost track of time,

Slowly paitesns siarfcd to emerge, Lenore hegan tu see common features in the
problems she was studying, She realized that one simple but powetful rule could solve
them all. She undentood this rule so well that she could explain it 1o the logie group in the
mathematics department and show them why it worked,

This rule and its proof became her firss theorem, Later she used this rule to
discover new results in algebra herself, This wark was to become her thesis, but figst sb
needed an advisor,

A logic professor, Gerald Sacks, had 1ecently come to MIT and was <. husiastic
about Lenore’s work. He was the natural choice. She became part of the logic group and
was incuded in all thelr discussions «ad -5 Now she really belanged!

People who were respectc d . 12 i7 i " eyine " hear about ker work when she
defended her thesls, The work she dii ea. o34 her the doctoral degree. She received a
post-doctoral fellowship and cowl.l ) work any place she chose for one year,

Bi w¥eany -oas the obvicus place to go. The matiiematics department was ong of the
bestin th= roun -y A anon: logiclun, tulia Robinson, lived there, and Manue! had a job
offer, the - vs sail. {Julia Dt ason was the fint woman appointed P-ofcssor in the
Berkeley Marhemaiies Deparuncat, the first woman elected to the Natwnal Academy of
Scicnces, and the first woman president of the Ameriean Mathematical Society )

Berkeley, Celifornia

Politics was part of the Berkeley scene. Jiwas 1968, Pcople maiched in the stzects.
They demonstrated against the war in Vietnam. They gathered to protest turning » park
into a parking ! .. They talked and they organized, ™t of the Free Speech Movement
came a new spirit. Jtwas an exciting time.

Bright blue skics and spanish tile roofs nesuling in green hills reminded her of
Caracas. People wore colorful, free-flowing dothing. Lenore felt she was coming home.,
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During her post-doctoral year at Herkeley, Lenore reecived severs) job offers.
t'cnb!c 3t Yale were caper to work with her and offered her a position as assistant
prufessor She had ofices from MIT and from Reskeley. Moanuel had 3 job at Berkeley and
0 Lenore took the Jeikeley offor, even though it was the Jowest fank. e poaition was
lecturer in mathcmaii,

These werc impartant thirvi ta comaider but Lenote did net realize this at the time,
Althaugh diseussions with ler employens raiced her hopes, no tenure or job e cutity went
with the position. What was worse, she had no professional giouy, at Retkeley 10 suppurt
her coreer grawth,

A Turn of Events

Alter twa years as Jectures at Berseley, Lenore was told she would not be e hited,
People assnmed she would  :come anather faculty wife, Lenore™ talear nd teaining
preparcd her tn work at the highest level. But there were no women in pasitions at thal
Jevel at any of the twp mathematies depariments in the country. What to do?

Abaut this time three concerned professors in the Berkeley Mo thematics
Department [Moe Hirsch, John Rhodes, and Steve Sinale] sponsored a sexies of talks on
rathematics and sociusl respoansibility. Lenore was asked to organize a pancl on women
and mathematies, She ga:. «- ~d together scholars [Ravenna Helson, Sheila Johannsen, and
Elizabeth Scott] who spoxe about the history of women in mathematics and their piesent
slatus. Several hundred p. ple racked the lecturc hall; this was the first sueh pancl
anvwhere in the country. All of a sudden, Lenore became known a5 the exXpert on women
and mathematics on the West Coast,

On the East Cont, women mathe isticans had also begun to organize. That wintcr
Mary Gray, of American University, 16d a proiast at the mathematics meetings in Atlantic
City. Shc wanted wemen 10 be part of the J>cdsron-making groups in the mathematies
socicties, During the spring, Mary issued a Newsletter and ¢atled for suppoit. The
Association for Women ia Mathemaues (AWM) had begua,

Atdint, Lenore was reludtant 1o join, She waniced 1o be znown as 3 mathematisize
ot as a woman mathematicizn, Byt soon she became convinced: the +ituation for wuincu
in mathematics would not change without the AW’ £, [Mary Gray was the £251 presidern of
the AWM and Alice Schafer of Wellesley College the second. Later, Lesore bezame



president. Other presidents have been Judy Puitman of the University of Kansas, and
Bhama Sinivasan of the University of Htinois st Ohicago Ciscle

The AWM and Change

bewaa 1971 and the beginning of 2 new ora for 1 <noge and other waien
matiematicuans, They speke out. They wrote leitess, They sponsated talks and panels
afd debates. In their nowdetter, they pointed out how i was hatde, sometimes
impossibile, for wommen mathematicians by pet good jobs, They acked tough questions and
they wete not always popular, Hut they pained courage and suppert from oac another,

Far the first time, Lenore aaa s Biends with women who updestood and valued hey
work, Two of these women, Judy Raitman, a Jogician and Bonnic Miller, an astrophysicisy,
were particularly impostant for Lenure.

“Without their fricndship, 1 could not have sccomplished what ] have,” she says.
“When 1 felt down and out, they toosted my spisits. And when things went well, they
checred me on. Even today, we keep in dose louch, though we now live in different pars
of the countsy,”™

The situatian began to change. By the iiddle of the 1970%s, women mathematicians
were beooming more visible, They werc invited to present tieir rescarch results at
important professional meetings. They were clected to high positions in the protessional
arsociations. This Kind of activity is very important for the earcer growth of
mathcmaticians,

By the end of the 1970's, women mathamnaticians wese getting better jobs, some in
top departments. Inc'~¢d, by its tenth bitthday, the AWM had brought about many
i porant changes for women in mathematics,

A New Direction

I the fall o; 2973, Lenore was hired to teach a dass in college alpebra at Mills
College, a women's cullcge in Oakiand, Califoraia. She thought the course was dull. It
repeated high school work and didn't seem (0 lead anywhere. In the middle of i she said,
"l am gaing 1o teach you tomething much more wcful-calesln!™ Then and there, she
tealized that a carcfully designed “pre~ca culus™ course could open doors for maty women,
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Some girls drop misthematios in high school deeause they think ivs hard and boring.
They think it's not impoitant fos their future. Then, when they et o eollege, they Mant L
entes fields like medieine, Lusiness, enginecring and computer sienee, which tequito a
knowledge of highcr mathanation, A godd pre-cateulus coutse can inttuduee them to
caleulus and highes mathematic "t nslps bridge 3 gap for somen studcnts.

Lenote helped her students feel the excitement of mathematics anid bedped them
g4in confidence st they could really do it She taught them to fook for pictures in
cquations. Is it a straight Bine? 1s it 5 eising cusve? She showed thess that people sofie
problema in different ways, Somcties, gucssing is a good way,

She said, "You can learn these things; you dos't have to be bom a math whis.*

Lenore always kpew that whal she was saying was much bigger iz ! s one class,
This one class prew into a program. ] cnose became Head o the pew De; tnent of
Mathematios and Computes Scicnee st Mills College.,

Studeats at Midls stasted 1o study ealeulus, computes scignce, Malislios- <Gu1nes thal
would help women enter fields that they did not even thiak of i the past. Some pew ficlds
for women to comider were seience, chginceting, medicine and cconomics. 1y 1990, more
students 2t Mills were taking classes in mathematios ned Corputes scietee than in dny
othes subjeet, They were ako getting summer jobs in thes techinieal L2lds, What a
chunge!

The Math/Science Network

Meanwhile, progross was being made on other frants, Atthe Lawicnce Hall of
“cience in Berkeley, afiersehool dauses in mathematics 3nd seicnce were being offered for
grade schodt students, Naney Kreinberg, 8 diteator of the program, noticed that very fow
girks wese taking thoie dasies. She deeided to do semcthing aboul this, She started “Math
for Guts.™

"Math for Girls™ is s special dass for six- 1o twelverycar-olds, Here, young gith get
fogeties 1o salve puzzies and play challeaging games—sctiviticr which hedp develop
importznt problem-solving skills. Theirteachers see collepe women who en jory
mathematics, science 3nd eagisecnng,

Nancy worked with young girls and Lenor: v ked with gollege women, but soon

they found out they had 3 Jot in common. Onc suturics aft » 1975, they et with
like-mindcd scicntisis and educators 1o chsec ideas. Quictly “3luzed they wete
92- 91



OMa tiamciling big. Thoy eould combine many resomrces and talents in the VR THITY
and icate @ powesful foree for change, The MathScience Nepvork was on its way!

Lenore and Nanvy ook their message acioss the eountiy,

"Eneouiage young women to take 58 much mathematios as they e3n,” they said
s ampartant for their fulute,” Thowards aid thoysands of young worsen lieatd this
mesrage as they altended Nepawork oventa.

1was theilling to make impontant thisigs happen. Lup ahere was the litde gird who
liked to ga off, do msthematics, make drawinges, and dieam?

Pulling in the Reins

With the coming of the 1950%s, Lenote pulled in the reins, She degided to setus (o
het wark 38 5 rescarch muthematician,

Taking a leave of absenec for a year from Mills Calleze, Lenore retumed to MET,
Manuel snd Avnim, ber family, stayed on the West Coast, whete Lenase visited them
requently. She contined 1o lecture a1 univenitics around the countiy on women and
mathematica,

Back to Research: Mathematics and Computer Sclence

1a her research, Lenore uses mathematies 10 study why same problems are hard for
comnpuicts and why scmc are easy=-and why some probloms can’'t even be salved at allt

Several years earlicr, the and Manucl had wriven a paper opetber, They were
mlerestea in derigning computess that could learn from caamples in mich the same w3y
roung chiddicn do, Lenore’s new work explores these ideas further,

Retearch pocs very slonly, “Some days,” Lenore says, *F suy it at R ek for
howss aad scribble only 2 few lines, But cach day, my undentanding icreases, and | begin
to see things (31 into place, | view my work as the bepinning of a ten-ycar propram,™

Finding interconnections between bor work and other projects, warking amonag
ereative people who vzlue bor work-these are Lepore's rowsrds

IS excating.” shie says, Mo alk with other people and see how whatl we do fits
fegcthe: ™




The Math-Science Network Today

Lenore helped stunt the MathSicience Netwark, a San Pancieco based poug. 1he
Network encouiges young women 10 study mathe Matics in order 1o gualify fog sany
carcess, sueh as enginecting, medicine, aid eonipules saone,

The MathBaenoe Netaotk meets ance 2 sonth, AUthe s Gags o le talh while
seated around a hopseshoe-chaped table, Let's prosa Wal Wiere are ten people at this
meeting. Who is sitting where? Can you figure it out?

Lesare i seated 1o the left of Len (nof peveseatily noexito), Pizateth & o the Lon
of Lenote, Nanoy is betwe oo Rita and 1an, with Rita op her tight. Ehizabath b 1o the sigh
of Dianc and Carol s Ieft of Len. Carol iz botween Jan and Blizabeth. Flora is botaecn,
Lenoge and Elizabeth, Oh yes! And Lugy coines in late, walks to the cad of the table, and
sits qown poxd w4 Rita,

0 0O O o

(Mowe nates 08 lips 0f px: 27 Much easies that way!)



MULTIPLES OF 3

Faere seoan pasy way fo find oul whetick & Bumbct & a multiphe ©f 1 e 511
waltiples of 3 have a digital sum thal o 3 w6, 0 9.

What i o digita) yum?

Ve know what an ardinary sem is. A digitad s e e 60 ultof addiog digits.
Eaeay sumbes has a digital sum which & found by adding its i Here are soie

® 20 a twa digit pumbo: Bs digits afe 2 ard 6. s digitad suth is Seinee J v - 8

® 43 i anothes two digic aumber. Jts digits asc 4 and 3. i dizital sum o 9 sinoe 4 »
529, (43 & abovo a multiple of 3 Gneoe it digitat som is 9.

o To find the digital surr, ~f 455 484 4 = § 2 B 10 gt VE, Suivce 17 1 nid a one digat
AUmDES I ks 101 the digita] sum We need. Continue W add 3« 710 gt & whick & 10 2¢utal
sum of 435, (Remembes, the digital sum we want to Jook a¥is 3 one digil numbcr frot |
thioygh 9.)

© Tofind the digital sup of $29 284 5+ 2« S0 get 12 Theaadd 1 210 got 3
Which is the digatal sum of 8235 Sinee 3is 2 multiple of X, 828 is alio 3 mltisic of 3, ()
you doa’t elicve this, divide 325 by 3o convinee joupscls.)

Practsce yous pow, fae1, Teat tor melliples of 3. Shade all reuftipion of § to
compleie the pidure of Caracas oa p. 96,
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CARAUAN SHADE AL MULTIF s OoF 3
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