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BABBAGE, CIHARLES (1792-18%] )

matlseasatician and  sesontitic mecHanseian,
was the son of Mr, Benjamin Pabbage, of
the banking firm of Pr Mackworth. and
Babbazv, and wax born Fetzmmo n
Devamshinme on 956 The 1792, Bemyr a -"(".1'\
cluld be recvived 2 somewhnt desultare odie
cation at private sehools, first
n Exeter, and later at Fr
«r, h1s own m
which he was Jriseran
to his mtry at 'I'nn'.'.\‘ ( <r
in 1811, he had nead Dirton's “Flaxions,'
" Analvtieal Cyl.
ealation.” 1 nge's Thivrie des Fometions,
nnd other similar works. He thus foarsd
advanee of Lis thtor< matlwe-
matical attainments, and besoming with fur-
ther stady more and more | 1t wsmd with
w Taihnitzian untatson,
joined wit wweelwl, Peaoock {(after-
v« Dean of Elv). and
wand in 1812 the * Analvticy]l Society
promating (a3 Jabbage humorously ox-
pressed i) fehe 1:“]::--:1.‘.«. nf pure Jlism in
o -]Nn-;'.;l-n to the Ihd-soe of the nnv"r-»;l'\..
The trandation, by the 1hnee nds cone
Jointly {in purauanes s scanse dosign ), of
FLacroix’s ¢ Elementury tise an the TN
fervntinl and Intesral s 1 Cambridue,
IR16), und their publication in 1820 of two

volumes of © Hxs mples " with their salutions, | 2
gave the first ;lrpnl-« toa mathemation]l pe-|

vival in Englend, by the intnsdact 1wn of the
retined aon Iytical metheods and the muTe per-
feet notation i use on thye continent,

Babhage gradunted feom Peterhonae in |

1214 and took an M.A. degree in 1217, He
did not compete for honours, halje e Howe
schel sam of the first place, and not caring
to come out second. In 1515 he beeame s
sessed of 2 howae in London at Noo 5 I vvone
ghire Street, Portland Pluev, in which he pe
saded until 1827, His sciontific activity wos
henceforth untiring and conspicuons. In
1815-17 he contributed to the ¢ l"hilu-nphiml
Transactions * three essave on the caleulus
of functions, which helped to found & new,
tnd even yot Jittle explored, braneh of ana-
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It was at Cambridge shont 1879 ks
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able opinion of Wollaston a;n(‘nur.\'m?
in 1819 10 make 2 serious effart '.u‘..?:u:-..h e
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i : DTN perpyy,
sinew the «oloction and placing of 5 Nigzebes
of arbitmry fimres waz no bess Labarione
and uncertzin than the calenlation anlf
The easntinl naovelty of Babhage's desigm
consisted in wetting wheelwork 1o etvlog
I Law of
any given series, thus iBsuring the BOCLrate
enlenlution of an entie tabie without agy
further tronhle to the operator then g few
orizinal  sdjustments The muthemstios:
pr;n-.*]:cln' welectod 7- him 85 the hasis of hic
mvention was the * method of differvness”
by which it zppears that the numbers mm.
posing nesrlv ull arithmetical series &xn be
formed by tly repeated addition 1o funda.
mentsl numbers of a eomman differencr:
felement "—a Drocyas .‘-mivw-n‘.l_r f‘.\;u’:ln' of
being performed by machinery
A smsll engine, of which he constraciad
1 on this svstem botwesn 18 and
wix deserihid by Babbagne in a4 powe
read before the Astronomies] Society (s
14 June 18522 { Memorre, 1. 309). The ax-
nouncement was reccived with enthosigcns,
and the highest antwipations were Sormed s«
ta the results ever ually te be derived from
the invontion (sece Batoy in Pl May.
Ixit. (1824) 355, and Asfr. Naok. No 40,
It wax rewarded on 13 June 1893 with the
{ first gold meda] bestowed by the society,
| presenting which the president, Mr. Cole
| broolee, declared it to e ¢ in s I, A% TN e
cation, unlike anything hefor seoomplished
to aid opercee compatationa’ (Mem, KA.
Sor, 1. 50D).
nubhl::_'r now [xrn;m{(‘d 1o construct 3 s
cline upon a grea ly enlanged scale, and made

the numerical consagliencrs of t

lyxis. He was ¢lected o fillow of the Royul | his views on the subpeet public in & ldter

Society in 1816, He took 2 prominent part |
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in 1572 (inelading the names of Cayler and
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6o6). His on |<lnL- 0 attack npon the ma-
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of Messier 32, NGC205, and the Central Region of the
Andromeda Nebula.” ibid, 100 (1944), 137-146; “A Pro-
gram of Extragalactic Research for the 200-inch Hale
Telescope,™ in Publications of the Astronomical Sociery of
the FPacific, 60 (1948), 230-234; “Stellar Populations and
Collisions of Galaxies,” in Astrophysical Journal, 113
(1950), 413-418, written with L. Spitzer, Jr.; “Basic Facts
on Stellar Evolution,” in Transactions of the International
Astronomical Union VIII (Cambridge, 1954), pp. 682683
(discussion on pp. 688 689); “Identification of the Radio
Sources in Cassiopera, Cygnus A, and Puppis A." and “On
the Identification of Radio Sources,” in Astrophysical Jour-
nal. 119 (1954), 206-214, and 215-231, both written with
R. Minkowsk:: “Polarization in the Jet of Messier §7.7 ibid.
123 (1956), 550-551; and Evolution of Stars and Galaxies
(Cambnidge. Mass., 1963), ed. by Cecilia Payne-Gaposhkin
from tape recordings of Baade's lectures at Harvard in
1958.

A list that includes seventy-three papers by Baade and
ninety short communications is appended to Heckmann's
obituary notice (see below); references 1o Baade's book
(mentioned above) and several other contributions to
symposia can be found in Poggendorff, VIIb (1967), 166.
Baade’s notebooks and other unpublished material are
divided between the Mt Wilson-Palomar Observatories
and the Leiden Observatory.

IL SECONDARY LITERATURF, The citation delivered by
John Jackson when Baade received (in absenria) the Gold
Medal of the Royal Astronomical Society was printed in
Monthly Notices of the Royal Astronomical Society (Lon-
don), 114 (1934), 370-383; the one by Olin Chaddock
Wilson that accompanied the Bruce Medal appeared in
Publications of the Asranomical Society of the Pacific, 67
(1935). 57-61. and includes a portrait. Obituary notices on
Baade include those by Fred Hoyle, in Nature, 187 (1960),
1075; Ench Schoenberg, in Bayerische Akademic der
Wissenschafien. Jahrbuch 1960, pp. 177-181, plus a portrait
facing p. 184 Ouo Hermann Leopold Heckmann, in
Minteilungen der Astronomischen Gesellschaft [Hamburg]
1960 (1961), 5-11. with portrait and list of publications;
Allan R. Sandage, in Quarierly Journal of the Royal Astro-
nomical Society, 2 (1961), 118-121; and Halton C. Arp,
in Journal of the Royal Astronomical Society of Canada,
55 (1961), 113-118.

The role Baade played in the early days of quasar
research is described in Ivor Robinson, Alfred Schild. and
E. L. Schiicking, eds., Quasi-Stellar Sources and Gravita-
tional Collapse (Chicago, 1965), pp. xi-xiv; and an essay
on Baade's life and works by a longtime associate, Robert
S. Richardson, constitutes ch. 16 (pp. 260-294) of Richard-
son’s The Star Lovers (New York, 1967).

Further accounts of Baade's work are Fred Hoyle, “Re-
port of the Meeting of Commission 28" in Transactions
of the International Astronomical Union VI (Cam-
bridge, 1934), pp. 397-399; Hermann Kobold, “Komet
1922¢ (Baade),” in Astronomische Nachrichten, 217 1923),
cols. 175-176, and “Mitteilung iiber e¢inen von W. Baade
entdekten neuen Himmelskorper™ [Planct 1924TD, later
named Hidalgo]. ibid, 223 (1925). cols. 23-24; and R. S.
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Richardson, “A New Asteroid With Smallest Known Dis-
tance™ [learus), in Publicasions of the Astronomical Society
of the Pacific, 61 (1949), 162-165.

SaLLy H. Diexe

BABBAGE, CHARLES (b. Teignmouth, England,
26 December 1792; 4. London, England, 18 Octo-
ber 1871). mathematics, computer logic, computer
technology.

Babbage's parents were affluent. As a child, pri-
vately educated, he exhibited unusually sharp curi-
osity as to the how and why of cverything around
him. Entering Cambridge University in 1810, he soon
found that he knew more than his teachers, and came
to the conclusion that English mathematics was lag-
ging behind European standards. In a famous alliance
with George Peacock and John Herschel, he began
campaigning for a revitalization of mathematics teach-
ing. To this end the trio translated S. F. Lacroix’s
Differential and Integral Caleulus and touted the
superiority of Leibniz’s differential notation over
Newton’s (then widely regarded in England as sacro-
sanct),

After graduation, Babbage plunged into a variety
of activities and wrote notable papers on the theory
of functions and on various topics in applied mathe-
matics. He inquired into the organization and useful-
ness of leamed societies, criticizing the unprogressive
oncs (among which he included the Royal Society)
and helping found new ones—in particular the As-
tronomical Society (1820), the British Association
(1831), and the Statistical Society of London (1834),
He became a fellow of the Royal Society in 1816,
and in 1827 was elected Lucasian professor of mathe-
matics at Cambridge. He had not sought this presti-
gious chair (he described his clection as “an instance
of forgiveness unparalleled in history™) and, although
he held it for twelve years, never functioned as pro-
fessor. This is a little surprising, in that the position
could have been used to further the pedagogic re-
forms he advocated. But Babbage was becoming
absorbed, 1f not obsessed, by problems of the mecha-
nization of computation. He was to wrestle with these
for decades, and they were partly responsible for
transforming the lively, sociable young man into an
embittered and crotchety old one, fighting all and
sundry, even the London street musicians, whose
activities, he figured, had ruined a quarter of his
working potential,

Babbage had a forward-looking view of science as
an essential part of both culture and industrial civili-
zation, and he was among the first to argue that
national government has an obligation to support
scientific activities, to help promising inventors, and
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even to give men of science a hand in public affairs.

Few cminent scientists have had such diversified
interests as Babbage. A listing of them would in-
clude cryplanalysis, probability, geophysics, astron-
omy, altimetry, ophthalmoscopy, statistical linguistics,
meteorology, actuanal science, ighthouse technology,
and the use of tree rings as historic climatic records.
Two deserve special mention: the devising of a nota-
tion that not only simplified the making and reading
of engincering drawings but also helped a good de-
signer simphfy his “circuits™; and his insightful writ-
ings on mass production and the principles of what
we now know as operational research (he applied
them [0 pin manufacture, the post office, and the
printing trade).

Computational aids began to haunt Babbage's
mind the day he realized that existing mathematical
tables were peppered with errors whose complete
cradication was all but infeasible. As a creature of
his cra—the machine-power revolution—he asked
himself. at first only half in earnest, why a table of,
say, sines could not be produced by steam. Then he
went on 1o reflect that maybe it could. He was at the
time enthusiastic about the application of the method
of differences to tablemaking, and was indeed using
1t to compile logarithms. (His finished table of eight-
figure logarithms for the first 108,000 natural numbers
15 among the best ever made.) While still engaged
in this work, Babbage turned to the planning of a
machine that would not only calculate functions but
also print out the results.

To understand his line of thought, we must 1ake
a close look at the method of differences—a topic in
what later hecame known as the calculus of finite
differences. The basic consideration is of a polynomial
J(x) of degree m evaluated for a sequence of equidis-
tant values of x. Let & be this constant increment,
We next take the corresponding increments n f{x)
utsclf, calling these the first differences; then we con-
sider the differences between consecutive first differ-
ences, calling these the second differences. And so
forth. An obvious recursive definition of the rth differ-
ence for a particular value of x, say x,, is

A7f(xi) = A3 (x; + h) = AT 1f(x;),

and it is not difficult to show that, specifically,

r. r
a0 = ) (— ()l + e -

As r increases, the differences become smaller and
more nearly uniform, and at r = » the differences are
constant (so that at r = n + [, all differences are

BABBAGE

zero). A simple example—one that Babbage himself
was fond of using—is provided by letting the function
be the squares of the natural numbers. Here n = 2,
and we have

x. Wy 2 3 4 5 6
fix) 1 4 9 16 25 36

Al 3: 5§ 9 11

Az 2 2 2 2

Two propositions follow. The first, perhaps not
obvious but casily demonstrated, is that the schema
can be extended to most nonrational functions (such
as loganithms), provided that we take the differences
far enough. (This is inked to the fact that the calculus
of finite differences becomes, in the limit, (the familiar
infinitesimal calculus.) The second, ongmated by
Babbage, is that the inverse of the schema is readily
adaptable to mechanization. In other words, a ma-
chine can be designed (and it will be only slightly
more sophisticated than an automobile odometer or
an officc numbering machine) that, given appropriate
mitial values and ath constant differences, will accu-
mulate values of any polynomial, or indeed of almost
any function. (For nonrational functions the pro-
cedure will be an approximation conditioned by the
choice of r and /4 and the accuracy required, and will
need monitoring at regular checkpoints across the
table.)

This is what Babbage set out—and failed—to do.
As the work progressed, he was constantly thinking
up new ideas for streamlining the mechanism, and
these in turn encouraged him to enlarge its capacity.
In the end his precepts ruined his practice. The target
he set was a machine that would handle twenty-
decimal numbers and sixth-order differences, plus a
printout device. When he died, his unfinished “Differ-
ence Engine Number One™ had been 2 museum piece
for years (in the museum of King’s College, at Somer-
set House, London, from 1842 to 1862, and subse-
quently in the Science Museum, London—where it
still is). What is more revealing and ironic is that,
during his own lifetime, a Swedish engineer named
Georg Scheutz, working from a magazine account of
Babbage's project, built 2 machine of modest capacty
(eight-decimal numbers, fourth-order differences, and
a printout) that really worked. It was used for many
years in the Dudley Observatory, Albany, New York.

Aside from technicalities, two factors militated
against the production of the difference engine. One
wis cost (even a generous government subsidy would
not cover the bills), and the other was the inventor’s
espousal of an even more grandiose project—the
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construction of what he called an analytical engine.

Babbage’s move onto this new path was inspired
by his study of Jacquard’s punched cards for weaving
machinery, for he quickly saw the possibility of using
such cards to code quantitics and opcrations in an
automatic computing system. His notion was to have
sprung fecler wires that would actuate levers when
card holes allowed them access. On this basis he drew
up plans for a machine of almost unbelievable versa-
tility and mathematical power. A simplified flow
diagram of the enginc is shown in the accompanying
figure. The heart of the machine, the mill, was to
consist of 1,000 columns of geared wheels, allowing
up to that many fifty-decimal-digit numbers to be
subjected to one or another of the four primary
arithmetic operations. Especially remarkable was the
incorporation of decision-making units of the logical
type used in today’s machines.

Although the analytical engine uncannily fore-
shadowed modern equipment, an important differ-
ence obtains: it was decimal, not binary. Babbage,
not having to manipulate electronics, could not have
been expected to think binarily. However, his having
to use wheels meant that his system was not “purely”
digital, in the modern sense.

All who understood the plans expressed unbounded
admiration for the analytical engine and its conceiver.
But material support was not forthcoming, and it
remained a paper project. After Babbage’s death his
son, H. P. Babbage, sorted the mass of blueprints and
workshop instructions, and, in collaboration with
others, built a small analytical *mill” and printer. It
may be seen today in the Science Museum, London.

BIBLIOGRAPHY

. OriGiNaL WoRrks. Babbage appended a list of eighty
of his publications w his autobrographical Passages From
the Life of a Philosopher (London, 1864), and 1t 15 repro-
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duced in P. and B Morrison's Charles Babbage and His .

Calculating Engines (New York, 1961). It is a poor list,
with reprinted papers and excerpts separately itemized.
Apart from translations and the autobiography and a few
small and minor works, the only books of substance that
Babbage published were Reflections on the Decline of
Science in England (London, 1830); Economy of Manufac-
tures and Machinery (London, 1832); and The Expozition
of 185! (London, 1831). His logarithms deserve special
mention: they were originally published in stereotype as
Table of the Logarithms of the Natural Numbers From I
fo 108.000 (London. 1827), with a valuable introduction
dealing with the layout and typography of mathematical
tables. A few years later he published Specimen of Logarith-
mic Tabies (London, 1831), a 21-volume, single-copy cdi-
tion of just two of the original pages printed n a great
varicty of colored inks on an even greater vaniety of colored
papers, in order “to ascertain by experiment the tints of
the paper and colors of the inks least fatiguing w the eye.”
In the same “experiment™ about thirty-five copics of the
complete table were printed on “thick drawing paper of
various tints.” Tn 1834 regular colored-paper editions were
published in German at Vienpna and in Hungaman at
Budapest, by C. Nagy. Babbage's formal scientific articles
number about forty. The first publication dealing with his
main subject is “A Note RMFL‘LQPPHC“““ of
Machinery to the Calculation of Mathematical Tables,” in
Memoirs of the Astronamical Socicty, 1 (1822), 309; the last
is chs, 5-8 of his entertaining autobiography (see above).
[I. Seconpary Lrrerature. Practically all the signifi-
cant material is either reproduced or indexed in the Morn-
sons’ book, the only one entirely devoted to Babbage (see
above). The symposium Faster Than Thought (London,
1953) has a first chapter (by the editor, B. V. Bowden) that
is largely concerned with Babbage. Both of these books
carry reprints of a translation and annotation of an article
on the analytical engine wntten by the Italian military
engineer L. F. Menabrea (Geneva, 1842). The translator
was Lady Lovelace, Lord Byron’s mathematically gifted
daughter, and her detailed annotations {especially a sketch
of how Bernpoulli numbers could be computed by the
engine) are excellent. It is in the course of this commentary
that she finely remarks that “the Analytical Engine weaves
algebraic patterns, just as the Jacquard-loom weaves flowers
and leaves.” The sectional catalog Mathematics, I. Calcu-
lating Mackines and Instruments, The Science Museum
(London. 1926), contains much useful illustrated informa-
uon about Babbage's engines, as well as about allied
machines, such as the Scheutz difference engine.

NoORMAN T, GRIDGEMAN

BABCOCK, STEPHEN MOULTON (b. Bridge-
water, New York, 22 October 1843; 4. Madison,
Wisconsin, 1 July 1931), agricultural chemistry.
Babeock, the son of Pelig and Mary Scott Babeock,
received the B.A. from Tufts College in 1866. His
engineering studies at Rensselaer Polytechnic Insti-
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REFERENCES IN BIOGRAPHICAL DICTIONARIES
AND OTHER COLLECTIONS

Note: A Key to Title Codes appears at the end of this appendix.

Agnesi

Bari, N. K.
Ban, R.

Bernstemn

Chiitelet

Cox

Fenchel
Rigae-Lotz

Gemnger

CGenmain

Granville
Hayes

Hopper

Hypatia

Janovskaja
Karp
Kendall

Kochina

Alic. Archibald, Britannica (11th), CG, Cooliize, DeScB, Fang,
Gomes. Hale, lacobacci, ItDeWomB, Irelami Jacotn, Loria,
May, Mozans, NCE, Osen, Pedd, Poggendoe!. Poole, Rebare, Tee,
Valentin, WorWhoSci, WS, Zen

CG, Fang, May, Popgendorf, WS, Zen

DWM73,-81

AmM&EWS?3,.-76.-79,-82, DWMT73 81, LI-ixcT4, WhoAm74,
WhoAmW64,-66,—68,~70,~72,~74 WhoWuo) /2

Alic. Britannica (15th), CG, Coolidge, DeScl, Fang, Hale, Int-
DcWomB, Ireland, Linlibl., Loria, May, Mosans, Osen, OxFr,
Perl, Poggendorf, Rebetre, REn, Tee, Valentin, WorWhoSci, ALTANS
Zen

AmMMEWST3, WhAmMSL, WhoAmT8, WhoA \WS58,-61,-64,
WomBkWorRec, WS

AMM&EWST3, NewYTBST4, NotAWSD, Siegel, WhAmMT6,
WhoAmW70, WomBkWorRec, WomPar, Wh

CG. Dresden, Ireland, NotAWS0, Siegel (uniber von Mises),
WombPar, WS

Alic. Archibald, Britannica (15th), CG, Cealidge, DeScB, Enc-
wrom-11, Gomes, Hale, lacobace, ImDeWomili, lrcland, Jacotin,
Loria, May, Michaud, Mabius, Mozans, Osen, Perl, Poggendorf,
Rebitre, Tee, Valentin, WorWhoSci, WS, Zoen

Newell, WND, WomPar (under Collins)

AmM&EWS27 -33, CG, DeNAA, Irebandd, OhALB, Rebidre, Sie-
gel, TWCBDA, W hAmE3, WINAA, WomPa, WomWWA, WS
AMM&EWS?3,-76,-79,-82, DWMT3, -81. GoodHs, ImDeWomB,
New YTBE7L, Owens, WhoAm74,-76,-78,- 82, WhoAmWSE,
—61 .—63,~66,~70,=72,~-74, WomBkWorRec, WS

Adelman, Alic, Archibald, AsBiEn, Britannica {11th, 15th), Can-
tor, CG, Coolidge, DcScB, Gomes, GoodHs, Hale, Hays, laco-
bacci, IDCWomB, Ircland, Jacotin, LinLibl., LiaLibS, |ora,
May, Michaud, Mozans, NewC, Oscn, Pauly, Perl, Poggendaor,
Poole, Rebitre, REn, Schmide, Tee, WorW haSci, WS, Zen

CG, WS, Zen

AMMEWSTS, OG, WhoAmWGH, 68, WS, /en

AmM&EWS61, AmWom, CG, Owens, WS, Jen
IntWW74,-75,~76,=77, Ircland, Zen
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Litvinova
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Adelnemn, Alic, Archibald, Bell, BID&SEB. Britannica (11th, 15th),
CasW1., CG, Coolidge. DeScB. Enestrom-1, Gomes. lacobacci,
IntDeWomB. Ireland, Jacotin, Loca, May, Mobius, Mozans,
Osen. Verl, Poggendorf, Poole, Rebitre, Riches, Schmidt, Valen-
tin. WHND, WorWhoSci, WS, Zen
AmMEWST3, -T76.-79, ConAus3 (vol. 107). DWM73,-81,
Owens, WhoAmWos, 74.-75.-T
AmBi. AmM&WS27,-33. BiCAW, Britannica (15th). CG,
DeAmB, DeNAA, Eells, Ireland (under Franklin), LibW, May,
NatCAB26. -B. NotAW, Poggendorf, Rebitre, Sicgel, TwCBDA,
Valentin, WhAm43, WhNAA, WomPar, WorWhoSca, WS
WS, 7/en
Alic. CG. ImtDeWomB, Jacotin, Michawd, NewC, Perd, Poole, Re-
bitre. Tee, WND, WS, Zen
CG. May, NalCAB4S, WomPar, WS
AmM&WS49, OG, Eels. Enestrom-11, Owens, Poggendoc, Re-
bitre, Siepel, Valentin, WomWWA. WS
AmMEWS4A9, AmWom, BiDAmEd, CG, DcNAA, NarCAB42,
Owens, Siegel, WomPar, WomWWA, WS
,'\m"-I&W‘STR.«?(),—T‘).—S?. DWM73.-81, WhoAmB2, '\\'hu-
AmWEL, WS
CG. Kramer, WomBEWorRec, WorWhoSci, WS
AmM&WSSS, -61, AmWom, CG, Owens, Poggendorf, Rebitre,
Siegel, Valentin, WomWWA, WS
Britannica (15th), CG, DeScB, Tacobace, IntDeWomB, Jacotin,
Jowes. May, Osen, Perl, Poggendorf, Siegel, Wer, WhoNG,
WD, womBkWorRec, WorWhoSci, WS, Zen
CG, WS
AmM&WST73,76,-79.-82, CurBiios7, DWMEI1, IneWW74,-75,
-76.-77.~78, Irclamd, Jones, Owens. WhoAm74, -76.-78,-82,
WhoAmWSS, 61.-64 -66,-68,-70,~72,-74, WomBkWorRec,
WombPar, WS
AnmM&EWSSZ, DWMR1, WhoAmTS, WS
AnM&EWST6,-79,-82, DWMT3.-81, WhoAm82, WS
AmM&WS27.-33, BiDAmS. CG. DeNAA, Encstrom—Il, IntDc-
WomB, lreland, May, NotAW, Osen, Poggendorf, Rebitre, Swe-
gel, Valeatin, WhAm43, wWomBkWorRec, WomPar, WomWWA,
WS
AnmM&WSSS5,-61, AmWom, CG, Owens, Poggendort, WS
Adelman. Alic, Alli, BibD, BiD&SRE. BrAul9, Britannica, CG,
( Lambe3, Coolidge, Dekinl, DeScB, DiNB. Evi.B, Hale, Int-
I WomB, Ireland. Jacotin. May, Mozans, Oscn, Perd, Poggen-
doef. Poole, Rebiere, Tee, Valentin, Walford, WND, WorWhoSci,

WS, Zen
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Sperry
Stott
Tavssky-Todd

Weiss
Wheeler

Young

AmMM&WS38.-61, AmWom, CG, Owens, WhoAmWSE, WS
CG, WS

AmM&WST3,-76,-79, DWM73 81, InMA &L W77, WhoAm7S,
WhoAMW73,-75, WhoWest§2, WS

CG, WS

AmM&WSSS, BiDAmMEd, CG, NtAWSO0, Owens, Poggendorf,
Sicgel, WhoAmS1, WomPar, W3

CG, Enestrom-I1, Perl, Poggendorf, Rebidre, WhLit, Whodd, WS

KEY TO TITLE CODES

(Some of the title codes are from Biography and Genealogy Muster Index, 20d ed., and
1983 Supplement, edited by Miranda C. Herbent and Barbara McNeil, Detroit: Gake
Research Company, 1980, 1983.)

Adelman

Alic

Alli

AmbBi

AmM&WS

AmWom

Archibald

AsBiEn

Adelman, Joseph Ferdinand Goulich. Fameus Women, New Yorks
Lonow, 1926.

Alic, Margaret. Hyparia's Heritage. London: The Women's Press
Lirmted, 1986.

Allibone, S. Austin. A Critical Dictionary of English Literature and
British and American Authors Living and Diceased from the Earliest
Accounts 10 the Latter Half of the Nineteenh Century. 3 vols. Phil-
adelphia: J. B. Lippincott & Co,, 1858187 1. Repnnt. Detroit: Gale
Research Co., 1965.

Preston. Wheeler. American Biographies. New York: Harper &
Brothers Publishers, 1940, Reprint. Detroit: Gale Research Co., 1974
American Men and Women of Science. Physical and Biological Sci-
ences (formerly American Men of Science). Edited by Jaques Cartell
New York: R. R. Bowker Co., 1927, 1933, 1938, 1949, 1955, 1961,
19711973, 19761978, 1979, 1982,

American Women; The Official Who's Who Among the Women of the
Nation. 3 vols. Edited by Durward Howes Los Angeles: American
Publications, 1935-1940. Consolidated and reprinted as American
Women 1935-1940: A Composite Biographical Dictionary. Detroit:
Gale Research Co,, 1981.

Archibald, R. C. *"Women as mathematicians and astronomers. "
American Mathemarical Monshiy 25 (1918 136-139.

Asimov's Biogrophical Encyclopedia of Scivace and Technology. 2nd
revised cdition. Edited by Isaac Asimov. New York: Doubleday,
1982,
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Bell, Vric Temple. Men of Mathemarics. New York: Simon and Schus-
ter, 1937
The Ribliophile Dicrionary. Oniginally published as Volumes 29 and
30 of The Bibliophite Library of Literature, ArT, and Rare Manu-
seripts. Compiled and arranged by Nathan Haskell Dole, Forrest Mor-
gan, and Caroline Ticknor. New York and London: Intemational
Bibliophile Socicty, 1904 Reprint. Detroit: Gale Research Co, , 1966,
The liographical Cyclopaedia of American Women. 2 vols. Yol. 1.
Compiled under the supervision of Mabel Ward Camezon. New York:
Halvord Publishisg Co., Inc., 1924. Vol. : Compiled under the
supervision of Erma Conkling Lec, New York: Franklin W. Lee
Publishing Corp.. 1925. Reprint (both volumes). Detroit: Gale Re-
warch Co., 1974,
Biowraphical Dictionary of American Educators. 3 vols, Edited by
John F. Ohles. Westport, Conn.: Greeawood Press, 1978.
Elliott. Clark A, Biographical Dictionary of American Science, the
Seventeenth through the Ninereenth Centuries. Westport, Conn.:
Greenwood Press, 1979.
Biopraphical Dictionary and Synopsis of Books Ancient and Modern.
Edited by Charles Dudley Wamer Akron. Ohio: Wemer Co., 1902.
Repeint, Detroit: Gale Research Co., 1965.
Brirish Authors before 1800: A Biographical Dictionary. Edited by
Stanley J. Kunitz and Howard Haycrall. New York: H, W. Wilson
Co.. 1952,
Enevelopaedia Britannica. 11th ed. Cambodge, England: Cambndge
University Press, 1910-1911. The New Encyclopaedic Britanmice
15th ed. Chicago: Encyclopacdia Britannica, Inc., 1974.
Cantor. Monitz. Vorlesungen uber Geschichte der Mathematik, 3 vols.
Lepzig: Teubner, 1922,
Casvell's Encyclopaedia of World Literature Edited by S. H. Sten-
bery in two volumes. Revised and enlarged in three volumes by J
Buchanan-Brown. New Yock: William Momow & Co., 1973,
Campbell, Paul J., and Lowise S. Grinstein. **Women in mathemalics:
A peeliminary sclected bibliography.”* Philosophia Mathemarica 13/
14 (197677): 171-203 + cmata from first author.
Chumbers’s Cyclopaedia of English Literature. 3 vols. Edited by
David Patrick, revised by J. Laddell Geddae. Philadelphia: J. B. Lip-
pincott Co., 1938, Reprint. Detrost: Gale Research Co., 1978,
Contemporary Authors. 118 vols, Detroit: Gale Research Co., 1967-
1986,
Coolidge, Julian L. **Six female mathematicians, ™ Scripta Mathe-
marica 17 (1951) 20-31.
Current Biography Yearbook. New York: H. W. Wilson Co., 1940~
1950,
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Dictionary of American Biography. 20 vols. and 6 supplements. Ed-
ited under the auspices of the American Council of Learned Socictics.
New Yock: Charles Scribner's Sons, 19281936, 1944, 1958, 1973,
1974, 1977, 1980
Adams, W. Davenpoet. Dictionary of English Literature: Being a
Comprehensive Guide 1o English Authors and Their Works. 2nd ¢d.
L.ondon: Cassell Peticr & Galpin, n.d. Reprint. Detroit; Gale Research
Co., 1966.
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