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PREFACE

The late G. H. Hardy once observed that there are few more "popular"
subjects than mathematics. His contention is amply borne out by the uni-
versal interest manifested in mathematical recreations for over 2000 -years,

ranging from the loculus of Archimedes and the talismen magic squares of
the early Chinese to the cryptanaLysis and topological recreations of -modern
times. One need only re.,-;a11 how testament problems, ferrying problems,
coin problems, problems of pursuit and problems of arrangements 4ave
come down through the ages, ever dressed anew, yet always the same old

friends. Labyrinths, dissections, *acrostics, tangrams, palindromes, and so

on, are likewise virtually ageless. Hence it should occasion little surprise
that an enormous body of literature has arisen in the last 300 years.

It has been my purpose to gather a considerable part of this material
between the covers of one book for the convenience of students and teach-

ers, as well as laymen and specialists. The more than 2000 entries by no

means represent a complete or exhaustive compilation. But enough has been

given, I hope, to be of real help. I have tried to meet the needs of almost
any readerthe beginner, the, dilettante, the professional scholar.-- Hence I

have deliberately included some "popular" articles along with erudite and
technical discussions; many contemporary and recent publications, as well

as some of an earlier period; some that are readily accessible, and others

that are to be found only in important libraries; most of them in English,
some in French, German, and Italian; most of them significant, a few, some-
what superficial. In this way, it is hoped, both the neophyte and the sophis-
ticated authority will find what they need.

-The task of organizing this material yielded a more or less arbitrary
classification of mathematical recreations. Occasionally, where helpful, en-

-
tries have been annotated; to have commented upon each item seemed quite
unnecessary, and would in any event have been prohibitive.

It would scarcely seem necessary to suggest 'how this guide may be used.
To be sure, a number of entries listed under each of the more than 50 head-
ings will not be available to the reader unless the facilities of a large library

are at hand; yet there will almost surely be some that are accessible. In
most instances the reader. will have little difficulty in selecting items per-
taining to a given topic: he should be guided by the title of the book or
article; by the annotation, if any; by the sort of periodical, whether scholarly,
popular, professional, newsy, and so on; and, to some extent, by the length
of an article. Naturally, the reader's purpose, as well as his familiarity with
the subject, will loom large as factors in helping him select items to be
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consulted. Nor should he be d
after all, the mathematical symbols a
same, so that even a moderate facility in

This guide will serve as a place to begin to lo
will help the student pursuing his mathematical stu
college; the mathematics club looking for program and p
the teacher gathering human interest or motivation material; th
winced student engaged in research; the amateur mathematician o
proverbial layman happily engaged in that most delectable of all activities
a hobby or a recreation.

May following these trails afford the reader as much pleasure as it has
been for me to map them out for him.

eterred by references in a foreign language;
d geometric figures are essentially the

French Or German often suffices.
ok for source materials. It

ies in high sdhool or
roject material;

more, ad-
the

July 1954.

In preparing the
included: mathemat
matics and philately
have been added, so
ing the bibliography
old, inaccessible, or
century works, items
"mathematical thinki
that this edition will

W. L. S.

PREFACE TO THE SECOND EDITION

new edition, certain topics of general interest have been
'cal models, mathematical instruments, the abacus., mathe-
mathematics in nature. In 'all, more than 500 references
e in nearly every section, thus filling in gaps'and bring-
up to date. To make room for the new material, some
ess appropriate items had to be omitted: many 19th
on number mysticism and numerology, Latin squares,
g and invention," "machines that think." It is hoped
rove more useful to an even wider group of readers.

July 1957

PREFACE TO THE TylIRD EDITION

W. L. S.

A Supplement has been added, pages 144-56, to bring this bibliography
up-to-date. It contains a partial listing of books, pamphlets, and periodical
references that have appeared during the years 1957-62 and which are par-
ticularly significant and readily accessible.

W.L.S.
January 1963
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"But leaving those of the Body, I
shall proceed to such Recreations as
adorn the Mind; of which those of the
Mathematicks are inferior to none."

WILLIAM LEYBOURN: Pleasure with Profit (1694).



Principal Abbreviations Used
Am.M.Mo. = American Mathematical Monthly
M. Gaz. = Mathematical Gazette
M. Mag. = Mathematics Magazine
M. T. = Mathematics Teacher
N. M. M. = National Mathematics Magazine
N. C. T. M. = National Council of Teachers of Mathematics

R. M. M. = Recreational Mathematics Magazine

Sci. Am. = Scientific American
Sci. Mo. = Scientific Monthly
Scrip. M. = Scripta Mathematica
S. S. M. = School Science and Mathematics
Z. M. N. U. = Zeitschrift fur Mathematischen and

Naturwissenschaftlichen Unterricht



Chapter 1

AS EARLY as 1612 the Frenchman Claude Gaspard Bachet de Meziriac
published his Problemcs plaisans et delectables, qui se font par les
nonibres; a second edition appeared in 1624. In-the same year, under

the nom de plume of Van Etten, there appeared a volume entitled Recreations
mathematiques, the author of which was the Jesuit Jean Leurechon. General
interest in such books apparently increased, for this was followed in 1630
by Claude Mydorge's Examen du livre des recreations mathematiques et de
ses problemes. In 1636, Daniel Schwenter's Deliciae physicomathematical
oder Mathematische and philosophische Erquickstunden appeared posthu-
mously, and in the years 1641-42 the Italian Jesuit Mario Bettini issued the
first two c.,volumes of his Apiaria universae philosophiae mathemati ae in
quibus paradoxa et nova pleraque machinamenta exhibentur, to be followed
in 1660 by a third volume under the title of Recreationum,mathematiarum
Apiaria XII novissima. On the heels of this came the Arithmetische Lust-
garten of Johann Mohr, published in 1665. Thirty years later we have Wil-
liam Leybourn's Pleasure with Profit: Consisting of Recreations of Divers
Kinds, viz., Numerical, Geometrical, Mechanical, Statical, Astronomical,
Ilorometrical, Cryptographical, ,Magnetical, Automatical, Chymical, and His-
torical.

At the very threshold of the 18th Century, in 1694, came Jacques Ozanam's
treatise on mathematical recreations: Recreations mathematiques et physiques.
Ozanam may be regarded as the forerunner of modern books on mathemat-
ical recreations. He drew heavily on the works of Bachet, Mydorge, and
Leurechon; his own contributions were somewhat less significant. The work
was later augmented and revised by Montucla, and still later rendered into
English by Hutton, passing through many editions.

In more recent times, a host of illustrious names come to mind: Robert
Abraham, Walter Ahrens, W. W. Rouse Ball, H. S. M. Coxeter, H. E. Dude-
ney, E. Fourrey, Royal V. Heath, G. Kowalewski, Maurice Kraitchik, Joseph
Leeming, Walter Lietzinann, Edouard Lucas, Jerome Meyer, Geoffrey Mott-
Smith, E. P. Northrop, Hubert Phillips, J. J. Proskauer, Hermann Schubert,
Victor Thebault, Theodore Wolff, not to mention a score or more of others....

1



" RECREATIONAL MATHEMATICS

1.1 Early Twentieth Century Books-1900 -1924

AHRENS, WALTER. Altes und Neues aus der Unterhaltungsmathematik. Berlin:
1918.

AHRENS, WALTER. Mathematische Unterhaltungen und Spiele (2 Vol.). Leipzig:
Teubner, 1910-1918.,,

Extensive bibliography, Vol. 2, p. 375-431.

AHRENS, WALTER. Mathematiker- Anekdoteh. Teubner, 1920.

AHRENS, WALTER. Scherz und Ernst in der Mathematik: Gefiiigelte und unge-
fillgelte W one. Leipzig: 1904.

BACHMAN, L. Das Schachspiel und seine historische Entwicklung. Leipzig: 1924.

BALL, W. W. R. Recreations mathematiques .et problemes des temps anciens et
modernes (Trsn., J. Fitzpatrick). Paris: 1909-1926.

BISCHOFF, DR. Die Elemente der Kabbalah. 1913.

BISCHOFF, DR. Mystik und Magic der Zahlen. 1920.

BLYTH, WILL. Matchstick Magic. London: 1921.

COLLINS, A. FREDERICK. Short Cuts in Figures. New York: Edward J. Clode, 1916.

CZEPA, A. Mathematische Spielereien. Stuttgart: Union, Deutsche Verlagsanstalt,
1915.

DELENS, PAUL A. P. Problemes d'arithmetiques amusantes. Paris: Vuibert, 1914.
164 p.

DUDENEY, H. E. Amusements in Mathematics. New York: Thomas Nelson & Sons,
1917. 258 p.

DUDENEY, H. E. The World's Best Puzzles. Strand Magazine, 1908.

ERNST, E. Mathematische Unterhaltungen. Ravensburg: 1911-12.

EVANS, HENRY R. The Old and the 'New Magic. Chicago: Open Court Publishing
Co., 1909.

FERROL, DR. F.-Das neue Rechnungiverfahren. 1919.

FITTING, F. Schubert's "Mathematische Mussestunden." rlin: 1924.

FOURREY, E. Curiosites geometriques. Paris: Vuibert et N hy, 1907, 1920. 431 p.

GENAU, A. Mathematische. Uberraschungen. Arnsberg: 1913.

GHERSI, I. Matematica dilettevole e curiosa: problemi curiosi e bizzari. Milano:
1913. 748 p.

HARDENBERG, KUNO V. Die LOsung eines alters oktilten Ratiels: 1924.

HARRIS, A. V., & WALDO, L. M. Number Games for Primary Grades. Chicago:
Beckley-Cardy, 1917.

HELLENBACH, L. Die Magie der Zahlen. 1910.

HERAUD, A. Jeux et recreations scientifiques. Paris: 1884-1903.

HULISCH. Zahlenmagie in Bezug auf das Menschliche Leben. 1910.

IGNATIEV, E. J. Mathematische Spiele, Ratsel, und Erholungen. Petersburg: 1903.



GENERAL WORKS 3

JONES, SAMUEL I. Mathematical Puzzles. Denton, Texas: News Print, 1902. 76 p.
A collection of the most amusing properties of numbers, and many of the
most difficult mathematical problems with their answers.

KOliVALEWSKI, GERHARD, WI, H. Mathematica delectans; ausgewahlte Kapitel aus
der Mathematik der Spiele in gemeinverstiindlicher Darstellung. Leipzig:
W. Engelmann, 1921. Heft 1. Boss-puzzle und verwandte Spiele.

LANGE, M. Das Schachspiel und seine strategischen Prinzipien. Leipzig: Teubner,
1923.

LEAN, JOHN U. Freaks of Figures. Detroit: Modern Methods Publishing Co.,
1907.

LIETZMANN, WALTER. Trugschliisse. Leipzig: Teubner, 1923.

LIST, G. Das Geheimnis der Runen. 1908.

LLOYD, SAM. Cyclopedia of 5000 Puzzles, Tricks and Conundrums. New York:
Morningside Press, Franklin Bigelow Corp., 1914.

LLOYD, SAM. A Puzzle Book for Children. Philadelphia, Pa.: David McKay Co.,
1912.

MAACK, FERDINAND. Elias Artista Redivivus. 1913.

MAACK, FERDINAND. Die heilige Mathesis. 1924.

MAACK, FERDINAND.Raurnschach. 1909..

MAENNCHEN, P. Geheimnisse der Rechenkiinstler. Leipzig: Teubner, 1924.

MALONE, F. Mathematical Dexterities. St. Louis: 1906.

MITTENZWEY, L. Mathematische Kurzweil. 3rd edition; 6th edition. Leipzig: Klink-
hardt, 1895, 1912.

NEuilAus, 0. Rechenkiinste und Zahlenspiele. 1902.

PEANO, G. Giuochi di aritmetica. 1924.

PFAUNDLER, L. Das chinesisch-japanische Go-Spiel. Leipzig: 1908.

RICH, F. M.' The Jolly Tinker. New York: D. Appletbn & Co., 1923.

Rti.LY, A. Le probleme du cavalier des echecs. 1906.

Row, T. SUNDARA. Geometic Exercises in Paper-Folding. Madras, 1893. Revised
edition, Chicago: Open Court Publishing Co., 1901. 148 p.

SCHUBERT, HERMANN. Mathematical Essays and Recreations. (Trans. by T. J.
McCormack). Chicago: Open Court Publishing Co., 1910. 149 p.

SLOANE, T. O'CONNER. Rapid Arithmetic. New. York: Van Nostrand, 1922.

TEYSSONEAU, En. 100 recreations mathenzatiques. . . . Curiosites scientifiques.
Paris: A. L. Guyot, 1904. 185 p.. .

THOMPSONJ. E. AND SLOANE, T. 0. Speed and Fun with Figures. New York:
Van Nostrand, 1922. 559 p.

WEEKS, RAYMOND. Boys' Own Arithmetic. New York: Dutfbn, 1924. 188 p.

WHITE, W. F. A Scrapbook of Eletizentary Mathematics; Notes, Recreations, Es-
says. Chicago: Open Court Publishing Co., 1908. 248 p.

WUNSCH, H. Unterhaltende Rechenstunden. Wien: Gerold, 1918.
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4 RECREATIONAL...1WATHEMATICS

1.2 Contemporary Books From 1925 On

ABBOTT, EDWIN A. Flatland: A Romance of Many Dimensions. New York: Dover
Publications, 1952. 103 p.

Revised edition, after 70 years.

ABRAHAM, ROBERT M. Diversions and Pastimes: a Second Series of Winter
Nights Entertainments. New York: Dutton, 1935. 153 p.

Match and coin games; knots and strings; fun with paper; conventional
puzzles.

ABRAHAM, ROBERT M. Winter Nights Entertainments. New York: Dutton, 1933.
186 p.

Card and coin tricks; paper folding; match tricks; string games; knots.

ADAMS, JOHN PAUL. Puzzles for Everybody. New York: Avon Publishing Com-
pany, 1951. 128 p, (Paper)

ADLER, IRVING. Magic House of Numbers. New York: John Day, 1957. 128 p.

AHRENS, WALTER. Altes und Neues aus der Unterhaltungsmathematik. Berlin:
1938.

Well-known classic.

AHRENS, WALTER. illathematische Spiele. Leipzig: Teubner, 1927.

ALBUQUERQUE, IRENE DE. logos e recreaciies matemciticas. Rio de Janeiro: Con-

' quista, 1954.

BAKST, AARON. Mathematical Puzzles and Pastimes. New York: Van Nostrand,
1954. 206 p.

BAKST, AARON. Mathematics,. Its Magic and Mastery. New York: Van Nostrand,
1952. 790 p.

An interesting popular exposition, with ankh recreational material.

BALL, W. W. R. AND COXETER, H. S. M. Mathematical Recreations and Essays.
London: Macmillan, 1942. 418 p.

The granddaddy of all modern books in this field. Arithmetical and geo-
metrical recreations; polyhedra; chessboard problems; magic squares;
map-colouring;. unicursal problem; Kirkman's school-girls problem;
manipulate arrangements; duplication, trisection, and quadrature; cal-

culating prodigies; 'cryptography and cryptanalysis.

BEER, Fpsrz, Pseud. "Complexus." Fri5hliches Kopfzerbrechen; 100 Aufgaben
fiir scharfe Denker, mit einem Anhang: Iiisungen und Erliiuterungen. Wien
und Leipzig: M. Perles, 1934. 152 p.

BOON, FREDERICK C. Puzzle Papers in Arithmetic. London: G. Bell & Sons, 1937.
64p.

BOUCHENY, G. Curiosites 'et recreations mathematiques. Paris: Larousse, 1941.
147 p.

BRANDES, LOUIS G. Math Can Be Fun. Portland, Maine: J. Weston Walch, Pub-
lisher, 1956. 200 p.

(
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BROWN, JOSEPH C. Easy Tricks with Numbers. Pelham, N. Y.: J. C. Brown, 1943.
48 p. (Pamphlet)

BRUNEAU, A. Initiation a curiosites mathematiques. Paris: Nathan, 1939. 317 p.
CARO, VICTOR EDUARDO. Los nameros; sit historia, sus propiedades, sus mentiras

y verdades. Bogota: Editorial Minerva, s.a., 1937. 291 p.
CARROLL, LEWIS. Symbolic Logic, Part I, Elementary. (4th edition, 1897, 240 p.)

Newtonyille, Mass.: E. C. Berkeley & Associates, 815 Washington St. Reprint,
1955.

Contains Lewis Carroll's inimitable and entertaining problems in symbolic
logic.

CLARKE, L. HARWOOD. Fun with Figures. London: William Heinemann, Ltd.,
1954. 87, p.

COLLINS, A. FREDERICK. Fun with Figures. New York: Appleton-Century, 1928..
253 p.

CONCHES INTERNATIONAL DE RECREATION MATHEMATIQUE. Comptekeendus du
premier Congres. Bruxelles: Librairie du "Sphinx," 1935. 131 p.

'

CONGRES INTERNATIONAL DE RECREATION MATHEMATIQUE. Comptes-Rendus du
deuxieme Congres. Bruxelles: Librairie du "Sphinx," 1937. 103 p.

CUTHBERT, WY R. Days for Dales. Alhambra, California: the author, 1944. 31 p.

DAVIS, FREDERICK. Fascinating Figure Puzzles. Burroughs Adding Machine Conk
pany, 1933. (Pamphlet)

DEGRAZIA, JOSEPH. Math Is Fun. New York: Gresham Press, 1948. Emerson
Books, Inc., 1954. 159 p.

4 Assorted puzzles, chiefly arithmetical; problems of arrangement and
manipu (ion; cryptograms.

DEMING, G. Number Stories. Chicago: Beckley-Cardy, 1936.

DOYLE, JOSEPH A. Wizardry in Multiplication. Georgetown, S.C.: 1949. 28 p.

DUDENEY, H. E. The Canterbury Puzzles and Other Curious Problems. New York,
& London: Thomas Nelson, 1908, 1949. 255 p.

A. distinguished collection by a 'veteran puzzle expert.

,DUDENEY, H. E. Modern Puzzles and How to Solve Them. London: C. A. Person,
1926; New York, Stokes, 1926.

DUDENEY, H. E. Puzzles and Curious Noblems. London: T. Nelson & Sons, 1932.

DUNHAM, DAVID. Every Man a Millionaire. A Balloon Trip in the Mathematical
Stratosphere of Social Relations. New York: Scripta Mathematica, 1937.
97 P.

EM DE; DR. Palindrome and die Satorformel. 1925.

EPERSON, D. B. (editor). The Lewis Carroll Puzzle Book. Appeal Office, 97 Crane
St., Salisbury, Wiltshire, England, 1948.

FARRUGIA, VINCENT. Sharpen Your Wits. London: Frederick Warne & Co., 1956
FILIPIAK, ANTHONY. 100 Puzzles. New York: A. S. Barnes & Co., 1942. 120 p.

Excellent collection of manipulative puzzles.
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6 RECREATIONAL MATHEMATICS

FRASER, PHYLLIS AND YOUNG, EDITH. A Treasury of Games, Quizzes and Puzzles.
New York: Grossett & Dunlap, 1947. 212 p. .

FREEMAN, MAE AND FREEMAN, IRA. Fun with Figures. New York: Random House,
1946. 60 p.

Simple discussion of common geometric figures such as the parabola,
spirals, helix, screw threads, tangrams, and such. Attractive photographs.

(The) Friday Night Book ('a Jewish Miscellany). London: The Soncino Press,
1933.

FRIEND, J. NEWTON. Numbers: Fun and Facts. New York: Scribners, 1954. 208 p.

GARDNER, MARTIN. Fads and Fallacies. New York: Dover Publications, Inc., 1957.

GARDNER, MARTIN. Mathematics, Magic and Mystery. New York: Dover Publica-
tions, Inc., 1956. 176 p.

GILLES, WILLIAM F. The Magic and Oddities of Numbers. New York: Vantage
Press, 1953. 65 p.

GOODA, W. G. (Comp.). Lloyd's Log Problem Book. London: Lloyd's, 1944. 87 p.

GRAF, ULRICH. Kabarett der Mathematik; Zeichnungen von Maria-Erika Graf.
Dresden: L. Ehlermann, 1943. 96 p.

GRUMETTE, MURRAY. Geometricks: . . . . Album of Puzzles. 12th revised edition.
Brooklyn, N. Y.: Playcraft House, 143 East 16 St., Brooklyn, 1939.

Contains 21 cardboard tile dissection puzzles and tangrams.

HEALD, HARRIET V. Mathematical Puzzles. (Service Booklet #171). Washington
Service Bureau, 1013 Thirteenth St., N. W., Washington, D. C.; 1941. 24 p.
100.

HEATH, ROYAL VALE. Mathemagic. New York: Simon & Schuster, 1933; 138 p.
Dover Publications, 1954. 126 p.

Puzzles, tricks, and games with numbers for the parlor magician.

HIRSCHBERG, ARTHUR. Can tit Solve It? New York: Thomas Y. Crowell, 1926;
1932. 330 p.

HOBSON, E. W., ET AL. Squaring the Circle and Other Monographs. New York:
Chelsea Publishing Co., 1953.

Four well-known essays on problems of geo'metry: "Squaring the Circle,"
by E. , . Hobson; "Ruler and Compass," by H. P. Hudson; "The Theory
and Cif struction of Non-Differentiable Functions," by A. N. Singh, and
"How \Draw a Straight Line: A Lecture on Linkages," by A. *R. Kempe.
An meaty little book.

HUNTER, J. A. H. Fun with Figures. Toronto: Oxford University Press, 1956. 160 p.

JOHNSON, HUBERT REX. Recreational Exercises in Mathematics; or, "A Sheet of
Paper" and Other Problems. Washington, D. C.: 1926. 204 p.

JONES, 'S. I. Mathematical Clubs and Recreations. Nashville, Tenn.: S. I. Jones
Co., 1122 Belvedere Drive, 1949. 256 p.

Indispensable for mathematical club prograrrand activities.



0

GENERAL WORKS

JONES, S. I. Mathefriatical Nuts. Nashville, Tenn.: S. I. Jones Co., 1936. 352 p.
A companion volume to Mathematical Wrinkles; contains material from
trigonometry, analytics, calculus, and physics.

JONES, S. I.PMathematical Wrinkles. Nashville, Tenn.: S. I. Jones Co., 1930. 376 p.

A handbook of problems and recreations; mensuration; fourth dimension;
quotations; and such.

JUNE, W. M. Stunts with Numbers, Games, and Cards. Syracuse, N. Y.: the author,
757 Ostrom Ave., 1937. 250 (Pamphlet)

KAUFMAN, GERALD L. The Book of Modern Puzzles. New York : Dover Publica-
, tions, 1954. 188 p. (Paper)
KAUFMAN, GERALD L. Geometric:Verse. New York: Beechhurst Press, 1948. 64 p.

A unique collection of humorous verse.
KAUFMAN, GERALD L. It's -About Time. Garden City, N. Y.: Heyday House, 1935.

168 p.

KERST, BRUNO. Mathematische Spiele. Berlin:: G. Grote'sche -Verlagsbuchhandlung,
1933. 90 p.

KINNAIRD, CLARK (editor). 'Encyclopedia of Puzzles an4 Pastimes. New York:
Grosset & Dunlap, 1946. 431 p.

Contains some 2500 puzzles, many of them mathematical; includes crypto-
graphs, dissected figures, knight's tours, logics, mazes, magic squares,
palindromes, and paradoxes, as well as the usual assortment of acrostics,
anagrams, crossword puzzles, quizzes,_ whodunits,. and such.

KOWALEWSKI G. Alte und neue mathematische SpielNaine Einfiihrung in die
Unterhaltungsmathematik. Leipzig: Teubner, 1930. 145 p.

KOWALEWSKI, G. Boss Puzzle und verwandte Spiele. Leipzig: KOhler's Anti-
quarium, 1937.

KRAITCHIK, MAURICE. Mathematical Recreations. New York: W. W. Norton, 1942;
Dover Publications, 1953. 328 p.

A classic; for beginners and for experts; chess, bridge, roulette, Russian
bank, dominoes, cryptograms, and such.

KRAITCHIK, MAURICE. La mathematiques des jeux, ou recreations mathematiques.
Paris: Gauthier-Villars, 1900; Bruxelles: Stevens, 1930. 566 p.

KRAITCHIK, MAURICE. Le probleme du cavalier aux echecs. Paris: Gauthier-Vil-
lars, 1927. 96 p.

KRAITCHIK, MAURICE. Le Probleme des reines (2 parties). Bruxelles: 1926.

KURTZAHN, T. Die Runen als Heilzeichen. 1925.

LEE, WALLACE W. Math Miracles. Durham, N.C.: Privately printed, the author,
Box 105, 1950. 83 p..

LEEMING, JOSEPH. Fun with Paper. New York: Frederick Stokes, 1939.

LEEMING, JOSEPH. Fun with Puzzles; puzzles of every kind for everybody. . . .

problems with coins, counters and matches, brain twister.s, mathematical
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and number puzzles, pencil an
New York: Lippincott, 1

Author is a well
string, with

LEEMING, JO

LEEMI

HEMATICS

d paper problems, and such. Philadelphia and
36. 128 p. Comet Books Edition; 1949., p. 213.

-known writer with many books to his credit: fun with
paper, with magic, and such.

SEPH. Fun with String. New York: Frederick Stokes, 1940. 160 p.

NG, JOSEPH. More Fu'll withPaziles. Philadelphia: Lippincott, 1947. 149 p.

LEEMING, JOSEPH. The Real Book about Magic. New York: Garden City Books,
Garden City, N. Y. 1951. "Mathematical magic," p. 58-68.

LEHMAN, MAX. Neue mathematische Spiele fiir die Jugend: der geometrische
Aufbau gleichsummiger ,Zahlenfiguren. Wiesbaden: Schellenberg, 1932.
384 p.

LEOPOLD, JULES. At Ease! 200' Hours of Fun and Entertainment. New York: Mc-
Graw-Hill, 1943.

varied collection of puzzles and stunts, games and gagseverything
from mathematical twisters to tips on checker playing, from cryptograms
to match tricks.

LEOPOLT1, JULES. Check Your Wits! New York: McGraw-Hill, 1948.
A collection of puzzles, brain teasers, number problems, tongue twisters,
and other assorted enigmas.

LICKS, H. E. Recreations ingMathematics. New York: Van Nostrand, 1917, 1929.
155 p.

LIETZMANN, WALTER. Lustiges und Merkwiirdiges von Zahlen und Formen. Bres-
lau, F. Hirt, 1928; 7th ed., Gottingen: 1950. 307 p.

LIETZMANN, WALTER. Riesen and Zwerge im Zahlenreich: Plaudereien far kleine
und grosse Freunde der Rechenkunst. Leipzig: Teubner, 1932.

Number giants and pygmies, by a well-known writer on expository mathe-
matics.

LIETZMANN, WALTER. Wo steckt der Fehler? Mathematische Trugschliisse und
Warnzeichen. Leipzig: Teubner, 1923, 1950. 182 p.

LOFLIN, Z. L. AND HEARD, IDA MAE. Just for Fun. Lafayette, La.: Southwestern
Louisiana Institute, the authors, 1948. 55 p. (Mimeo.)

LONGSTREET, JULIAN. (Pseudonym). See Rulon, P. J.

LUCEY, ROGER MARTIN. A Problem a Day. Harmondsworth, Middlesex, England:
Penguin Books, 1937, 1952. 204 p.

LUCEY, ROGER MARTIN. Problem Parade. London: John Gifford, Ltd., 1944. 134 p.

MAACK,. FERDINAND. Die Losung des Satorgeheimnisses. 1926.

MACHUISDEAN, HAMISH. Yesterday's Impossibilities. Glasgow: Fraser, Edward &
I Co., 1943. 52 p.

MACMAHON, (MAJOR) P. A. New Mathematical Pastimes. Cambridge University
Press, 1930. 116 p.

Contains Unique recreations related to repeating designs.
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MELLO E SOUZA, JULIO CESAR DE. 0 Homem que calculava; romance. Rio de
Janeiro: Conquista, 1954. 258 p.

Fiction; mathematical recreations.

MELLO E SOUZA, JULIO CESAR DE. Matemdtica divertida e fabulosa; problemas

curiosos, anedotas, recreaccies geometricas, (rases celebres, erros, disparates,

entelequias, subtrag5es poeticas, imagens numericas, etc. Rio de Janeiro:

G. Cogta,1942. 213 p.

MENAKER, FRED. How Smart Are You? Stimulating and Amusing Puzzles and

Problems to Test four Wits. New York: Sentinel Books, 1935. 63 p.

MENNINGER, KARL. Ali Baba und die 39 kamele; ergotzliche Geschichten von

Zahlen und Menschen. Munchen und Berlin: R. Oldenbourg, 1941. 130 p.

MERRILL, HELEN A.' Mathematical Excursions. Boston: Bruce Humphries, 1933.

145
Miscellaneous problems; mostly serious, i.e., illustrating significant mathe-

matical ideas.
MEYER, JEROME S. Fun with Mathematics. Cleveland & New York: World Pub-

lishing Co., 1952. 176 p.
Sophisticated and attractive; contains considerable new material.

MEYER, JEROME S. Puzzle Paradise. New York: Crown Publishers, 1946. 126 p.

MEYER, JEROME S. Puzzle Quiz and Stunt Fun. New York: Dover Publications,

1956. 256 p.

MILICK, EL. Montages mathematiques. Paris: Girard, Barrere et Thomas. 1947.

MITCHELL, DONALD V. Take the Sting Out of Mathematics. Seattle, Washington:

the author, 12345 Sand Point Way, 1953.

MOTT-SMITH, GEOFFREY. Mathematical Puzzles for Beginners and Enthusiasts.

Philadelphia: Dover Publications, Inc., 1955. 248 p.

Unusually fine collection of mathematical recreations, well presented.

MiiLLER, FRITZ. Warum? Frohliche Fragen zum Nachdenken, von Fritz Muller-

Partenkirchen. Leipzig: L. Staackmann, 1926. 160 p.

MURRAY. History of Board Games, exclusive of Chess. Oxford University Press.

NORDMANN, A. B. One Hundred More Parlour Tricks and Problems. London:

W. Gardner, Darton & Co., Ltd., 1927.

NORTHROP, EUGENE P. Riddles in Mathematics; a Book of Paradoxes. New York:

Van Nostrand, 1944. 262 p.
Paradoxes in arithmetic and geometry; algebraic and geometric fallacies;
paradox4s of the infinite; paradoxes in probability; logical paradoxes;
paradoxes in higher mathematics. Sophisticated; scholarly.

NORTHRUP, E. F. Pseud., Akad. Zero to Eighty. Princeton, N. J.: Scientific

Publishing Co., 1937.

PEET, H. E., AND CLAPP, F. L. Number Games and Stories. Boston: Houghton-

Mifflin, 1930.

PERELMAN, I. E. Recreational Arithmetic, 6th edition. Leningrad: 1935. 176 p.
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PERELMAN, I. E. Recreational Geometry. 5th edition. Leningrad: 1935. 300 p.

PHILLIPS, HUBERT. Brush Up Your Wits. Philadelphia,, Pa.: McKay, 1936. 116 p.

PitiLLirs, HUBERT. Hubert Phillip's Heptameron; a Miscellany of Entertainment
by Hubert Phillips. London: Eyre & Spottiswoode, 1945. 314 p.

PHILLIPS, HUBERT. Question Time: An Omnibus of Problems for a Brainy Day.
New YOrk: Farrar & Rinehart, 193a,....265 p.

PHILLIPS, HUBERT. The Week-end Problem ibbk. Bloomsbury; Nonesuch Press,
1933.

PHILLIPS, H.; SHOVELTON, S.; AND G. MARSHALL. Caliban's Problem Book. L011-
don: T. De la Rue & Co., 1933. 330 p.

POLLOCK, SAUL. Mathematical Paradoxes and Recreations. Los Angeles, Calif.:
American Association for the Advancement of Visual Instruction in Mathe-
matics, 2512 S. Vermont Ave., 1937. 108 p.

POrYTON, D. Exercises on Stories about .'Mathematics Land. London' & Toronto:
J. M. Dent & Sons, 1927.

PONTON, D. Stories about' Mathematics Land. Books I & II. London & Toronto:
J. M. Dent & Sons, 1922, 1927.

PROSKAUER, J. Puzzles for Everyone. New York: Harper & Bros., 1944. 176 p.

RADEMACHER, HANS. Von Zahlen und Figuren: Proben mathernatischen Denkens
fiir Liebhaber der Matheniatik; ausgewahlt und dargestellt 'von H. Rade-
macher und Otto Tiiplitz. Berlin: J. Springer, 1930. 164 p.

RADEMACHER, HANS AND TOEPLITZ, OTTO. The Enjoyment of Mathematics. Prince-
ton, N. J.: Princeton University Press, 1957. 204 p.

RANSOM, WILLIAM R. One Hundred Mathematical Curiosities. Portland, Maine:
J. Weston Walch, Publisher, Box 1075, 1955. 212 p. (Paper)

Miscellaneous well-known mathematical paradoxes, puzzles, tricks, recrea-
tions, and curiosities.

REICHMANN, W. J. The Fascination of Numbers. Oxford, England: Blackwell's,
1957.

Elementary number theory; digital roots and recurring decimals; magic
squares; number ,,curiosities, pseudo-telepathy.

'Rithmetic of the Purest Kind: 200 Tricky Problems with Answers; Tricks of
Figures That You Can Do, Combining Recreation with Education for Young
and Old. New York: Emerson. Books, Inc., 1939. 27 p. (Pamphlet)

ROHRBOUGH, LYNN. Puzzle Craft; Plans for Making and Saving 40 Puzzles in
Wire, Wood, and String. Delaware, Ohio: Cooperative Recreation Service,
"Kit U," 1930, 1932. 25 p. (Pamphlet)

Interesting dissection and other manipulative recreations.

Row, T. SUNDARA. Geometric Exercises in Paper Folding. Chicago: Open Court
Publishing Co., 1941. 148 p.

ROZSA, PETER. -Das Spiel -mit-- dem :-Unendlichen .111llthematik- liir Au-ss-en-stehende.
(Translated from the Hungarian). 1955, (n. p.)



GENERAL WORKS 11

RULON, P. J. Brain Teasers; or, Hurdles for the Mental Athlete. Boston: L. C.
Page & Co., 1932. 250 p.

SAINTS-LAGUE, A. Aver des nonzbres et des lignes. 2nd edition. Paris: Vuibert,
1942. 358 p.

SAINTE-LA0E, A. Geometric de situation et jeux. Paris: Gauthier-Villars, 1930.
75 p.

SAMPLE, ANNA E. Fifty Number Games for Primary Children. Chicago: Beckley-
Cardy, 1927.

SANFORD, VERA. The History and Significance of Certain Standard Problems of
Algebra. New York: Teachers College, Columbia University, 1927. 102; p.

SAuERHERING, DR. Pararaidas. 1929.

SCHUBERT, HERMANN. Mathentatische Mussestunden. Eine Sammlung von Gedulds.
pielen, Kunststiicken and Unterhaltungsaufgaben nzathenzatischer Natur. 3
Vol. Leipzig: 1900; Berlin: 1935.

SCHUH, FRED. Wonderlijke Problemen. Leerzaam Tijdverdrijf Door Puzzle en Spel.
Zutphen, Netherlands: W. J. Thieme Cie, 1941. 334 p.

Amusing instruction through puzzles and play.

SLOANE, T. 0.; THOMPSON, J. E.; AND LICKS, H. E. Speed and Fun with Figures.
New York: Van Nostrand, 1922, 1939.

SMITH, ARTHUR. The Game of Go. Rutland. Vt.: Charles E. Tuttle Co.. 1956.
220 p. (Paper)

Comprehensive treatment of the national game of Japan.

SPARHAWK, NORMAN P. Numbergrams. Boston: The Van Press, 27 Beach St.,
Boston, Mass. 1932. 50 p.

STERLING, WALTER. Denkspiele fiir kluge Kopf(); knifflige Aufgaben aus der
Mathematik, Arithmetik, Geometric, u.s.w. Zurich: A. Muller, 1940. 270 p.

SPERLING, WALTER. Kuriose Probleme der Arithmetik, Geometric, Mathematik,
Optik, Physik; fiir grosse and kleine Denker. Berlin: Scherl, 1936. 95 p.

Sphinx: A Magazine Devoted to Mathematical Recreations. 173 Ave. W. Church-
ill, Brussels: Belgium. 9 Vol. 1931-1939.

STEINHAPS, HUGO. Mathematical Snapshots, New York: Oxford University Press,
1950. 266 p.

A unique collection of interesting mathematical facts, expository and
recreational material.

STORME, PETER AND STRYFE, PAUL. How To Torture Your Friends. New York:
Simon & Schuster; 1941. 170 p.

Delightful assortment of brain twisters, puzzles, fallacies, tricks, quizzes,
and quips, attractively presented.

411P

STRAUSS, ALFRED. Deutsche Cabbala; Zahlenmagie der Namen. Leipzig: 1929.
79 p.

STREHL, SIMON. FrAliche Wissenschaft. Nuremberg: Willmy Verlag, 1941.
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STUYVAERT, M. La Bosse des Mathematiques. Gaud: Van Rysselberghe & Ror\i
bant, 1927.

SUESS, DR. The Omnibus Boners. New York: Viking Press, 1931.

THEBAULT, VICTOR. Les Recreations. Mathematiques. (Parmi les Nombres Cu-
rieux). Paris: Gauthier-Villars. 1952. 297 p.

TRAVERS, JAMES. Puzzling Posers. London: George Allen & Unwin, 1952. 80 p.

The V & W Puzzle Omnibus. London: Vawser & Wiles, Ltd. n.d.
Several small tracts bound in one; c. 1953.

VATRIQUANT, S. Les Mathematiques Recreatives et l'Enseignernent. Bruxelles:
Librairie du "Sphinx," 1935.

VENTRESS, H. E. Mathematical Puzzles and Problems. Washington Information
Bureau, 1927. (Leaflet) 4 p.

WHITE, WM. F. A Scrap-Book of Elementary Mathematics: Notes, Recreations,
Essays. Chicago: Open Court Publishing Co., 1908, 1927; 4th edition, Lon-
don: 1942. 248 p.

WILLIAMS, W. T. AND SAVAGE, G. H. The Penguin Problems Book. New York:
Penguin Books, 1940. 156 p.

Collection of 100 provocative inferential and mathematical problems, and
100 word problems (acrostics, anagrams, word squares, and such).

WILLIAMS, W. T. AND SAVAGE, G. H. The Second Penguin Problems Book. New
York: Penguin Books, 1944. 467 p.

WILLIAMS, W. T. AND SAVAGE, G. H. The Third Penguin Problems Book. London:
Penguin Books, 1946.

WINTER, FERDINAND. Das Spiel der 30 bunten Warfel. Leipzig: Teubner, 1934.

WOLFF, THEODOR. Die lachelnde Sphinx; Von grossen und kleinen, von ersten und
heiteren Problemen. Prag: Academia Verlagsbuchhandlung, 1937. 312 p.

WOLFF, THEODOR. Vom lachenden Derrken; ern Buch von Wundern und Pro-
blemen. Berlin: A. Scherl g.m.b.h., 1931. 268 p.

WOLFF, THEODOR. Der Wettlauf mit der Schildkrote; geloste und ungelaste
Probleme. Berlin: A. Scherl g.m.b.h., 1929. 383 p.

WYATT, E. M. Puzzles in Wood. Milwaukee: Bruce Publishing Co., 1928. 64 p.

WYLIE, C. R., JR. 101 Puzzles in Logic and Thought. New York: Dover Publica;
tions, Inc., 1957.

ZEISg, ERwIN. Zahlenzauber. Wien: Kommissionsverlag Rudolph Lechner & Sohn,
1934. 62 p.

1.3 Periodical Literature

ANNING, NORMAN. New slants on olX problems. M. T. 45:474-75; 1952.

ANNING, NORMAN. Socrates teaches mathematics. S. S. M. 23:581-84; 1923.

BAKST, AARON. Magic of mathematics. Science Digest 10:34-38; 1941.

.
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BAKST, A. Recreational mathematics. M. T. 43:347, 416-17; 1950.

BARKAN, S. H. Puzzle instinct in teaching mathematics. Bulletin of High Points
12:69-70; 1930.

BARNES, A. Making mathematics interesting. M. T. 17:404-10; 1924.

BENTLEY, BYRON. Recreations for the mathematics club. M. T. 23:95-103; 1930.

BERGEN, M. C. Misplaced mathematical recreations. S. S. M. 39:766-68; 1939.

BRANDES, L. G. Math. can be fun: tricks, puzzles, wrinkles raise grades. Clearing
House 25:75-79; October 1950.

BRANDES, L. G. Recreational mathematics as it may be used with secondary
school pupils. S. S. M. 54:383-93; 1954.

BRANDES, L. G. Recreational mathematics for the mathematics classrooms of our
secondary schools. S. S. M. 54: 617-27; 1954.

BRANDES, L. G. Recreational mathematics materials in the classroom. ;California
J. of Secondary Education 28:51-55; January 1953.

BRANDES, L. G. Using recreational mathematics materials in the classroom. M. T.
46:326-29, 336; 1953.

.BRANDES, L. G. Why use recreational mathematics in our secondary school mathe-
matics classes? S. S. M. 54:289-93; 1954.

Bibliography.

BROWN, ELIZABETH. Old wine in new bottles. M. T. 47:414; 1954.

BROWN, I. M. Adventures of an x. Open Court 28:529-37; 1914.

CAJORI, F. Absurdities due to division by zero. M. T. 22:366-68; 1929.

CARNAHAN, W. W. Host. S. S. M. 28:604-608; 1928.

CRAWFORD, ALMA. A little journey to the land of mathematics. M. T. 17:336-42.

DINTRUFF, E. J. Brain-teasers in uniform. Popular Science 143:89+ ; 1943.

DRESSLER, H. Ein mathematischer Scherz and seine didaktische Verwertung
Z. M. N. U. 44:16; 1913.
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"Fallacies." The Pentagon 2:26-27; 1942.

GARDNER, MARTIN. Mathematical Games. Sci. Am. 196:138+, January 1957;
152+, February 1957; 160+, March 1957; 14, 166+, April 1957; 150+,
May 1957.

GILES, CATHERINE. Not mathematically minded. Journal of Education 117:63-64;
1934.

HALL, ARTHUR. Using mathematical recreations in the junior high school .M. T.
48 :484-87 ; 1955.

HARTSWICK, F. GREGORY. This puzzling world. Esquire, May 1935. p. 86. 137.

HASSLER, J. 0. What price enrichment? M. T. 34:243-47; 1941.
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HILDEBRANDT, E. H. C. Mathematical games, stunts, and recreations. Am. M. Mo.
47:236-39; 1940.

HOVE, E. MARIE. A numerical test. The Pentagon 7:33-35; 1947.

HUBERT, C. La defenses des recreations mathematiques. La Nature 58:130; Pail'
2, August 1930.

JABLONOWER, J. Jabberwocky was a lark, or the mathematician takes a holiday.
M. T. 26:302-306; 1933.

JOHNSON, DONOVAN AND OLANDER, CLARENCE. Mathematical games build skills.
M. T. 40:292-94; 1957.

KARAPETOFF, V. The way logarithms might have been discovered even though
they weren't. Scrip. M. 12:153 -59; 1946.

KAUFMAN, GERALD fYNTON. Geo-metric Nerse. Saturday Review of Literature,
October 12, 1946. p. 22.

KEMPNER, A. J. Paradox in nature and mathematics. Sci. Mo. 37:207-17; 1933.

KEMPNER, A. J. Remarks on "unsolvable"
1936.

roblems. Am. M. Mo. 43:467-73;

LAUTREC, G. DE. Mathernatiqlle et philosophie: considerations d' n humoriste.
Mercure de France 162:690-99; March 1923.

LEACOCK, S. B. Human interest put into mathematics. M. T. 22:302-304; 1929.

LLOYD, MARY. Mathematical recreations. The Duodecimal Bulletin 3:25-26;. 1947.
4:13-17; 1948.

MAHNKE, D. AND PAGEL, W. Origins of mathematical mysticism. Isis 37:131-33;
1947.

"Mathematical Recreations." M. T. 11:177-81; 1919.

"The Mathematical Romance of Poly-1- and Ray-2-." The Pentagon 6:25-26;
1946. Also, Am. M. Mo. 43:41; 1936.

"The Mathematical Saga of Linnie R. E. Quashun." Am. M. Mo. 46:234-235;
1939.. Also, The Pentagon 5:19-21; 1945.

"Mathematics Demonstrates It Still Appeals to Youngsters." Business Week, March
31, 1956. p. 24-25.

MEEKS, ANNA. Recreational aspects of mathematics in the junior high school.
M. T. 29:20-22; 1936.

MILLER, M. H. Test your common sense. Science Digest 29:55-57; March 1951.

MILNER, F. Mathematics and fun. St. Nicholas 55:15-18; 1927.

MORLEY, CHRIST.OPHER. Bowling Green. Saturday Review of Literature 15:12-13;
1937.

MORLEY, CHRISTOPHER. Mandarin and mathematics. Saturday Review of Litera-
ture 10:147; 1933.

NEV. R. MIND. Running around in circles. Scrip. 111. 20:92-95; 1954.
Interesting 'dispussion o{ why men and animals move in circles when de-
prived of vision.
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NEWHALL, C. W. Recreations in secondary mathematics. S. S. M. 15:277-93;
1915.
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metic Teacher 3:90.93; 1956.

NORRIS, RUBY. The use of puzzles and other recreational aids in the teaching of
mathematics. Bulletin, Kansas Assoc. Tchrs. Math. 22:55-56; April 1948.

PARKER, JEAN. The use of puzzles in teaching mathematics. M. T. 48:218-27; 1955.
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PETARD, H. A contribution to the mathematical theory of big game hunting. Am.
M. Mo. 45:446-47; 1938.

PIERCE, MARTHA. Mathematical recreations. M. T. 19:13-24; 1936.
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"QuicleTrick Mathematics." Literary Digest 46:1058-1059; 1913.
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1934.

READ, C. B. Mathematical fallacies. S. S. M. 33:585-89, 977-83; 1933.

READ, C. B. Mathematical magic. S. S. M. 37:597, 650, 847, 919; 1937.

ROUNDS, E. Pursuit of zero. M. T. 17:365-67; 1924.

SAUERBREI, M. A. Mathematical recreation. High School Clearing House 5:373-74;
1931.

SCHAAF, W. L. Mathematical curiosities and 'hoaxes. Scrip. M. 6:49-55; 1939.

'SCHAAF, W. L. Some curious mathematical tracts. Scrip. M. 20:209-12; 1954.

SCHULTE, M. L. Extra-curricular mathematics activities in secondary school. M. T.
33 :32-34 ; 1940.

SHAW, JAMES BYRNIE. How Alice made Pi Mu Epsilon. M. T. 20:344-48; 1927.

SHULMAN, DAVID. My all-time favorite puzzles. Esquire, May 1947.

SIMONS, LAO G. Place of the history and recreations of mathematics in teaching
algebra and geometry. M. T. 16:94-101; 1923.

SLOCUM, JERRY. Making and solving puzzles. Science and Mechanics 26:121-26;
October 1955.

Miscellaneous puzzles, some of them of mathematical kind.

rim, JESSIE R. Cross-figure puzzle. M. T. 47:30-31; 1954.

S TH, JESSIE R. Cross-figure puzzles. S. S. M. 45":576-78; 1945.

"So 'e Fun for the Mathematically Minded." Sci. Am. 150:42-43; 1934.

"Survi al of the Mystical Mathematician." Current Opinion 65:376-78; 1918.
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TAYLOR, HELEN. The mathematics library and recreational programs. S. S. M.
30:626-34; 1930.

TRIGG, C. W. Holiday greetings from thirty scrambled mathematicians. S. S. M.
54:679; 1954.

VEST, L. T. Modernize your algebra! Texas Outlook 14:49-50; 1931.

WEAVER, WARREN. Lewis Carroll: Mathematician. Sci. Am., April 1956: p. 116-28.
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SOMMER, J. W. Mathematics club is interesting! School Activities 27:95-97; No-
vember 1955.

STEPHENS, H. W. Mathematics club for future mathematicians. S. S. M. 54:715-18;
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"Stanford University Competitive Examination in Mathematics." Am. M. Mo:
53:406-409; 1946.

Also, subsequent years; gives annual examination questions.

TAGERSTROM, T. H. Fourth annual mathematical contest sponsored by metropolitan
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versity Press, 1952. 240 p.

CUSSONS, G. W. Mathematical Models. Encyclopitia Britannica, 14th edition.
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SCHACHT, JOHN. Models of loci. M. T. 47:546-49; 1954.
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Descriptions of early scales and protractors, drawing instruments, elliptical
trammels, measuring instruments, micrometers, quadrants, slide rules, etc.

GUNTHER, ROBERT. Handbook of the Museum of the History of Science in the Old
Ashmolean Building, Oxford. Oxford University Press, 1935.

GUNTHER, ROBERT. Historical Instruments for the Advancement of Science. Oxford
University Press, 1925.

HORSBURCH, E. M. Modern Instruments and Methods of Calculation. London: G.
Bell & Sons, 1914. 343 p.

JONES, P. S. Napier's and Genaille's rods. M. T. 47:482-87; 1954. Also, 48:250;
1955.

Bibliography.
MICHEL, HENRI. L'art des instruments de mathematiquLs en Belgique au XVIe

siècle. Bulletin de la Societe Royale d'Archeologie de Bruxelles No. 2; 1935.
p. 65-79.

MICHEL, HENRI. Introduction a l'etude d'une collection d'instrumentes anciens de
mathematiques. Anvers: De Sikkel, 1939. 111 p.

Unusual essays on early mathematical instruments.

MOORE, E. L. Carpenter's rule: aid in teaching geometry. M. 7.46:478; 1953.

PINETTE, L. K. Proportional dividers. M. T. 48:91 -95; 1955.

Bibliography.

RHODE, A. Die Geschichte der wissenschaftlichen Instrumente von Begin der
Renaissance bis zuin Ausgang des 18. Jahrhunderts. Leipzig: Klinkhardt &
Biermann,1923.

Smurtt. DAN ID Et (;ENt.. Catalogue of Nlathernatieal lit,trtunen.k. The Industrial
Museum of New York 1:58; 1930.

-Si ITH, DAVID EUGENE. Gift of historical-mathematical instruments to Columba
University. Science n.s. 83:79-80; 1936. Also, School and Society 43:313-1

1936.



24 RECREATIONAL MATHEMATICS

STARK, W. E. Early forms of a few common instruments. S. S. M. 9:871-74; 1909.

SYF:R, HENRY W. A classification of mathematical instruments and sources of their
pictures. N. C. T. M. 18th Yearbook, 1945. p. 194-203.

TORREYSON, H. C. Equation balances. S. S. 111. 55:104-108; 1955.

WILLERS, F. A, Mathematische Instrumente. Berlin: De Gruyter, 1926. 144 p.
Brief, but very useful treatment.

WILLERS, F. A. Mathematische Instrumente. Berlin: R. Oldenbourg, 1943. Re-
printed, Edwards Bros., Ann Arbor, Mich., 1943. Bibliography, p. 245-64.

WILLERS, F. A. Mathematische Maschinen and Instrumente. Berlin: 1951. 318 p.
WOOD, F. Sectors compasses. M. T. 47:535-42; 1954.

Bibliography.

WOODBY, L. G. Angle mirror; teaching device for plane geometry. M. T. 47:71-72;
1954.

1.9 The Abacus

ADLER, J. So you think you can count! M. Mag. 28:83-86; 1954.

CANDY, S. Did the Arabs know the abacus? Am. M. Mo. 34:308-16; 1927.

GOODRICH, L. C. The abacus in China. Isis 39:239 (Part 4) ; 1948.

How to Learn Calculation on the Soroban or Abacus: Tokyo: Banyusha Soroban &
Co., 1950. 27 p.

IYER, V. R. The Hindu abacus. Scrip. M. 20:58-63; 1924.

JENKINS, 0. Larry and the abacus; a story. The Arithmetic Teacher 1:21-24; 1954.

JONES, P. S. Finger reckoning and other devices. M. T. 48:153-57; 1955.
Bibliography.

KNOTT, C. G. The Calculating Machine of the East: the Abacus. In Horsburgh,
Modern Instruments and Methods of Calculation, a Handbook of the Napier
Tercentenary. London: G. Bell & Sons, 1911. p. 136-54.

KOJMA, 'TAKASHI. The Japanese Abacus: Its Use and Theory. Rutland, Vt.:
Charles E. Tuttle Co., 1954. 102 p.

LAZAR, NATHAN. The Abacounter: a device for teaching concepts and operations
relating to integers and fractions. Supplementary Educational Monographs,
No. 70. Chicago: University of Chicago Press, 1949. p. 87-100.

LAZAR, NATHAN. From the abacus to the adding machine. The Duodecimal Bulletin
6:17.

LEAVENS, D. H. The Chinese suan p'an. Am. M. Mo. 27:180-84; 1920.

LEE, W. 0. The swanpan. Bulletin, New York State Society of Certified Public
Accountants, October 1931. p. 34-43.

LOY, WONG Do. How to use an abacus. Popular Science 153:86-89; August 1948.

LOY, WONG Do. How to Use the Chinese Abacus. WaShington, D. C.: Loy's
Chinese Calculator, 1947. 56 p.

1



GENERAL WORKS 25

SMITH, R. C. Abacus: working drawing. Industrial Arts & Vocational Education
43:277; October 1954.

SPITZER, H. F. Abacus in the teaching of arithmetic. Elementary School Journal
42:448-51; 1942.

SUELTZ, BEN. Counting devices and their uses. Th6 Arithmetic Teacher 1:25-30;
1954.

Tomo, K. Tochio's Computation on the Soroban. Yokohama: Kelly & Walsh, Ltd.,
1912.

WILLIAMS, F. H. The Abacus and How to Operate It. Shanghai: Kelly & Walsh,
Ltd., 1946. 27 p.

Y1-YUN, YEN. The Chinese abacus. M. T. 43:402-404; 1950.

YOSHIN0, Yozo. The Japanese Abacus Explained. Tokyo: Kyo bun kwan, 1937.
240 p.



Chapter 2

,dherAmeacat aget
40egoidie Reefieetteded

t t HE COMBINED ages of Mary and Ann are 44 years, and Mary is twice
as old as Ann will be when Ann is three times as old as Mary was
when Mary was three times as old as Ann. How old is Ann?" The

question: How old is Ann?, has long since become a household byword; it
is known to'have been asked as early as 1789. ,

Many of the popular puzzles and recreations which fascinate the multitude

are mathematical in natureand a large part of these e arithmetical or
algebraic. The range of subject matter, so to speak, o his large body of
problems is truly amazing. In ancient and mediaeval times there were the
ever-present problems of the cistern, the courier problems, the God-Greet-You
problems, the lion-in-the-well problems, the time-of-day problems, and the
testament problems. In mediaeval times to be sure, emphasis shifted some-
what toward commercial problems: interest and usury, discount, insurance,
coinage, exchange, weights and measures, and related matters.

In modern times, many of these old problems reappear in new guise. Of
course, some new ones have been added. 'Like women's fashions, they ap-

pear to be subject to whimsy and caprice. Twenty-five years ago, problems

of ,the "engineer- fireman - brakeman" type were in vogue. In turn, there
would seem to be a revival of interest in a succession of classics: the monkey

and the coconuts; the bumble bee flying back and forth between the radiators

of two approaching automobiles; the prolific bacteria and the half-filled jar;
and so on and on. At the moment of writing, the public fancy has been
regaled with the egg problem of Victorian New England: Three boys, A, B,
and C, went to sell their eggs. A had 10 eggs, B had 30 eggs, and C had 50

eggs. They each sold their eggs at the same rate, and received the same

amount of money. How much did they sell their eggs for? No, it's not im-

possible. '

2.1 General Arithmetical Recreations

BAKST, AARON. How the number magician does it. Mathematics: Its Magic and
Mastery. New York: .Van Nostrand, 1941. p. 150-57.
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not to be confused with the occasional mathematicians who exhibited ex-
traordinary aptitude for elaborate mental calculations, such as John Wallis,
Andre Marie Ampere, and Carl Friedrich Gauss.

Appleton's Cyclopedia of American Biography, 1888. Article on T. H. Safford,
Vol. 5.

ARCHIBALD, R. C. Arithmetical prodigies. Am. M. Mo. 25:91-94; 1918.



ti

40 RECREATIONAL MATHEMATICS

BALL, W. W. R. AND COXETER, H. S. M. Calculating prodigies. Mathematical Rec-
reations and Essays. London: Macmillan, 1942. p. 350-78.

BALL, W. W. R. AND COXETER, H. S. M. Feats of lightning calculators. Science Di-
gest 8:83-89; November 1940.

BARLOW, FRED. Mental Prodigies: An Inquiry ,into the Faculties of Arithmetical,
Chess and Musical Prodigies, Precocious- Children and the like, with Nu-
merous Examples of,"Lightning" Calculations and Mental Magic. New York:
Philosophic:al Library, 1952. 256 p.

Gives a brief history of many arithmetical prodigies; discussion of solu-
tion of numerical problems and of lightning lculations; sections on
magic squares and arithmetical recreations.

BEATTY, J. Baby miracle; Joel, seven-year-old Einstein of the Quiz Kids. Amer-
ican Magazine 136-39+; August I943. Readers Digest 44:17-20; January
1944.

BINET, A. Psychologie des grands calculateur's et joueurs d'echees. Paris: Ha-
chette, 1894.

B u 1ELD, W. A. AND BARRY, H. Visual imagery of a lightning calculator. Amer-
ican Journal of Psychology 45:353 -58; 1933.

BRUCE, H. A. Lightning calculatorsa study in the psychology of harnessing the
subconscious. McClure's Magazine 39:586-96; 1912.

BURLEY, Ross A. The Figure Fiend (Lightning calculation supreme). Chicago:
A. Nelmar Albino, 1941.

Dictionary of American Biography. New York: Charles Scribner's Sons. Article
on T. H. Safford, Vol. 16.

Dictionary of National Biography. London: 1908. Article on George P. Bidder,
Vol. 2.

DUDGEON, H. W. AND HURST, H. E. Arithmetical prodigy in Egypt. Nature 133:578-
79; 1934.

Encyclopaedia Britannica. 11th edition. Article on "Table, Mathematical" contains
a reference to Zacharias Dase.

"Explanation of Arithmetical Precocity." Scientific American Supplement 66:27;
July 1908.

GARRISON, W. B. Unsolved mysteries of the mind. Coronet -25:169-71; February
1949.

GRADENWITZ, A. Remarkable arithmetician. Scientific. American Supplement 64:
93; August 1907.

"Great at Arithmetic is the Subconscious Mind." Literary Digest 88:50-52; March
1926.

GREENS, S. Taste for figures. Neu, England Quarterly' 26:65 -77; March 1953.
Bibliography.

"How Lightning .Calculators, Calculate." Literary Digest 45:514-15; 1912.

sc.



ARITHMETICAL AND ALGEBRAIC RECREATIONS

KEGLEY, T. M. Warren Colburn.iPeabody Journal of Education 25:19-26; 1947.
Bibliography.

NIAENNSCHEN, PHILIPP. Geheimnisse der Rechenkunstler. Leipzig und Berlin:
B. G. Teubner, 1913, 195,1. 48 p.

MANLEY, J. L. Where are they now? April Fool! New Yorker, August 14, 1937.
p. 22-26.

Article on W. J. Sidis.

"Matheinatical Prodigies." Literary Digest 107:25; December 27, 1930.
MILLER, G. A. Mathematical prodigies. Science 26:628-30; November 8, 1907.
MILLER, G. A. Matheinatical prodigies. Scientific American Supplement 65:51;

January 25, 1908.

"A Mind Races with Machines." Literary Digest 82:20; August 30, 1924.
MITCHELL, F. D. Examples of the precocious. Scientific American Supplement

65:391; June 1908.
MITCHELL, F. D. Mathematical prodigies. American Journal of Psychology 18:

61-143; January 1907.,

Miinnis, P. J. Ober die Anlage zur Mathematik. Leipzig: Barth, 1900. Reference
to'mathematical genius,' p. 66-76.

Mi'LLER, d. E. Zur Analyse der Gedachtnistiitigkeit und des Vorstellungsverlaufes
Leipzig: 1911.

"Negro Mathematical Genius." Literary Digest 46:971-72; April 26, 1913.
"Numbers Game." M. Mag. 26:43; 1952.

Brief reference to Shakuntala Devi, 20-year old Hindu woman, who can
extract mentally the 20th root of a 42-digit number, or multiply numbers
yielding a 39-digit product.

"Numbers Game." Time 60:49; July 14, 1952.

"Prodigious Failure." Time, July 31, 1944. p. 60-62.
Reference to W. J. Sidis.

REGNAULT, JULES EMILE JOSEPH. Les calculateurs prodiges, Fart de jongler avecles nombres (illusionnisme et calcul mental). Paris: Payot, 1952. 547 p.
Bibliography, p. 476-82.

ROBERTSON, F. Super quiz kids of math. Science Digest 29: 55-58; June 1951.
SCRIPTURE, E. W. Arithmetical prodigies. American Journal of Psychology 4:18-20, 40-41; 1891.

O

SMITH, L. A. Number wizards baffle science. Science Digest 35:13-16; May 1954.
SMITH, W. G. Notes on the spetial development of calculating ability. A Handbookof the Napier Tercentenary Exhibition, edited by E. M. Horsburgh, London:Bell, 1914, p. 60-68.

WEINLAND, J. D. Memory of Salo Finkelstein. Journal of General Psychology 39:243-57; October 1948.



42 RECRE kTIONAL MATHEMATICS

WEINLAND, J. D. AND SCHLAUCH, W. S. Examination of the computing ability of
Mr. Sal Finkelstein. Journal of Experimental Psychology 21:382-402; 06-
tober 137.

"Wizard of 0000s." Life Magazine 32:65; February 18, 1952.
A Dutch prodigy Multiplies a 10-place number by an 11-place number in
21 minutes.

ZACHARIAS, DASE. Aufschliisse und. Proben. seiner Leistungen als Rechenkiinstler
mitgetheilt von ihm selbst aus seinem Album. Berlin: 1856.

2.5 Theory of NumbersFactorizationsPrimes
The origins of modern number theory are to be found in ancient Greek

_arithmetika, which was a philosophy of the nature of number rather than
the art of calculation; it was far more abstract than Greek geometry. Certain
questions concerned the Greek; very much: the relation of .primes to com-
posite numbers; the number of primes; polygonal and solid numbers; amica-
ble numbers; perfect numbers; Gematria; and such.

With the decline of Greek mathematics, progress in number theory lay
dormant until about a century and a half ago. With the work of Gauss,
about 1800, there began the extension of the concept of number and the
generalization of arithmetic, a series of developments in which the. greatest
of modern mathematicians played significant rolesamong them Fermat,
Euler, Lagrange, Kummer, Dedekind, Kronecker, Galois, R. Lipschitz, A.
Hurwitz, Emmy Noether, and L. E. Dickson.

ALIAGA, C. A. COSTA. The cyclic number 142857. Scrip: M. 19:181-84; 1953.

ARCHIBALD, R. G. Goldbach's theorem. Scrip. M. 3:44-50; 1935.

BALL, W. W. R. Mathematical Recreations and Essays, London: Macmillan, 1942.
p. 59-75.

Triangular numbers; pyramidal numbers; distribution of primes; perfect
numbers; Lehman's machine; anti so on.

BELL, E. T. The Development of Mathematics. New York: McGraw-Hill, 1940.
p. 151-228, 248-59, 274-97.

Stimulating' historical treatment of the development of abstract arithmetic
in modern times.

BLOCK, DANIEL.,Kraitchik's tables of squares. Scrip. M. 20:99-101; 1954.

ISBENMAN, EDWIN. Testing for divisibility. Scrip. M. 21:88-90; 1955.

CARMICHAEL, R. D. The Theory of Numbers. New York: John Wiley, 1914.

CARNAHAN, WALTER. Methods for systematically seeking factors of numbers. S.
S. M. 52:429-35; 1952.

CARNAHAN, WALTER. Prime numbers in sequences. S. S. M. 54:313-15; 1954.

CHAROSH, MANNIS. On casting`out 999 . . 's and certain cyclic permutations.
Scrip. M. 8 :47-48 ; 1941.

;,-, ;`; -;7='-7.."7 , .-= , -



ARITHMETICAL AND ALGEBRAIC RECREATIONS 43

COLE, F. N. On the factoring of large numbers. Bulletin, American Mathematical
Society 10:134-37; December 1903.

DICKSON, L. E. History of the Theory of Numbers. (3 Vol.) Washington, D. C.:
Carnegie Institution, 1919-1923.

Elaborate, definitive treatment.
FISHER, R. A. Reconstruction of the sieve of Eratosthenes. MGaz. 14:565-66;

1929.

FRANQUI, B. AND GARCl/M. Some new multiply perfect numbers. Am. M. Mo.
60:459-62; 1953.

FREEDMAN, BENEDICT. The four-number game. Scrip. M. 14:35-47; 1948.
GLODEN, A. On the factorization of the form 2N4 + 1. Scrip. M. 20:220; 1954.
GLODEN, A. History of a theorem of Catalan. Scrip. M. 19:271; 1953.
GLODEN, A. Mehrgradige Gleichungen. 2nd edition. (Tarry Escott problem.)

Groningen, Holland: P. Noordhoff, Ltd.
Includes discussion of multigrade chains and various Diophantine problems.

GLODEN, A. Multigrade 'analysis. Scrip. M. 18:312-14; 1952.
GLODEN, A. Multigrade equations. Scrip. M. 12:161-62; 1946.
GLODEN, A. Multigiades with palindromic terms. Scrip. M. 21:195-96;l1955.
GLODEN, A. New factorizations. Scrip. M. 18:179; 1952.
GLODEN, A. On Piza's bigrades. Scrip. M. 21:193-95; 1955.
GliODEN, A. Remarkable multigrade identities. Scrip. M. 17:151-53; 1951.

ODEN, A. Remarkable multigrades. Scrip. M. 21:200; 1955.
GLO N, A. A trigrade chain of 39 links. Scrip. M. 11:189; 1945.
GLOD , A. AND PALAMA, G. Bibliographie des multigrades avec quelques nott

ographiques. Luxembourg: 1948. 64 p.
GRANT, HAROLD. The prime number theorem. Scriv. M. 20:235-36; 1954.
GROSSMAN, H. D. On Struyk's Diophantine recreations. S. S. M. 36:36-91; 1936.
GRONBAUM, Hum On divisibility o numbers. Scrip. M. 21:204-208; 1955.
GUSTAFSON, C. B. Simple device for demonstrating addition and subtraction in the

binary number system. M. T. 47:499-500; 1954.
HARDY, G. H. AND WRIGHT, E. M. The Theory of Numbers. Oxford: ClarendonPress, 1938.
T T

I1ERWITZ, PAUL S. The theory of numbers. Sci. Am. 185q52-55; July 1951.
IYER, R. V. Multigrades of the fourth order. Scrip. M. 20:142; 1954.
IYER, R. V. Multigrades with palindromic numbers as elements. Scrip. M. 20:220-

22 ; 1954.

IYER, R. V. Nornratnitiltigiade chains, with some elements of the first set in arith-
metical progression. Scrip. M. 21:299-303; 1956.

IYER, R. V. On'Tarry's problem. Scrip. M. 21:197-200; 1955.



44 RECREATIONAL MATHEMATICS

IYER, R. V. Some curious multigrades. Scrip. M. 21:14; 1955.

JONES, B. W. Theory of Numbers. New York 'Rinehart, 1955.
Bibliography.

JONES, PHILLIP S. Binary system. M. T. 46-575-77; 1953.

JuzuK, D. AND TUCHMAN, Z. Elementary bounds for the number of primes., Scrip.
M.11:179-82; 1945.

KHINCHIN, A. Y. Three Pearls of Number Theory. Rochester, N. Y., 1952.

KLAMKIN, MURRAY. On some identities of Lucas. Scrip. M.21:213-14; 1955.

KRAITCHIK, MAURICE. The greatest known prime 'number. Scrip. M. 18:82; 1952.

KRAITCHIK, MAURICE. Number theory. Mathematical Recreations. New York:
W. W. Norton, 1942. p. 70-79.

KRAITCHIK, MAURICE. On the divisibility of factorials. Scrip. M. 14:24-26; 1948.

KRAITCHIK, MAURICE. On the factorization of 2n ± 1. Scrip. M. 18:39-52; 1952.

"Largest Prime." Sci. Am. 186:40; February 1952.

LEHMER, D. H. On the factors of 2" + 1. Bulletin, American Mathematical So-
ciety 53:164-67; February 1947.

LEHMER, D. H. A photo-electric number sieve. Am. M. Mo. 40:401-406; 1933.

LEHMER, D. N. History of the problem of separating a number into its prime
factors. Sci. Mo. 7:227-34; 1918.

LEHMER, D. N. Hunting big game in the theory of numbers. Scrip. M. 1:229-35;
1933.

MARSHALL, W. L. Some properties of prime numbers.

MCCARTHY, J. P. Some elementary number theor
Teacher. November 1951.

The Pentagon 8:5-8; 1948.

Y.

MILLER, G. A. A few classic unknowns in mathematics

Australian Mathematics

Sci. Mo. 1:93-97; October
1915.

MILLER, J. C. P. Large primes. Eureka 14:10, 11; 1951.

MILLER, J. C. P., AND WHEELER, D. J. Large prime numbers. Nature 168:838;
1951.

MOESSNER, ALFRED. A variation of the Tarry Escott problem. Scrip. M. 20:239;

NICOL, H. Sieves of Eratosthene? for the determination of series of prime num-
bers. Nature 166:565-66; 1950.

ORE, OYSTEIN. Number Theory and Its History. New York: McGraw-Hill, 1948.
. 370 p.

Numbers and number theory have a fascination for laymen as well as for
professional mathematicians; this book is suitable for both groups. History
and exposition are skillfully interwoven in a clear and interesting book.

PISA, PEDRO. A remarkable bigrade. Scrip. M. 20 :213 0954.



ARITHMETICAL AND ALC

"Prime-pairs Problem of Euclid Is Sol
Also, Science News Letter, 46:142

REID, CONSTANCE. Perfect numbers.
Brief, but good.

ROBERT, H. C. Multigrade equation

STEINMAN, D. B. A second segue
Concerning the theory of

STRUYK, ADRIAN. Diophantine

SWALLOW, K. P. The factogr
Describes a device si

THALLMAN, M. H. A seq

EBRAIC RECREATIONS 45

ved." Science 100:10; August 25, 1944.
; August 26, 1944.

Sci. Am. 188:84-86; March 1953.

s. Scrip. M. 15:258; 1949.

to Eratosthenes. Scrip. M. 22:79 -80;, 1956.
prime numbers.

recreations. S. S. M. 35:269-72; 1935.

am. M. T. 48:13-17; 1955.
milar in purpose to Eratosthenes' sieve.

uel to Eratosthenes. Scrip. M. 16:106; 1950.
TROST, ERNST. Primzahlen. Elemente der Mathematik von hoheren Standpunkt aus,

Vol. II. Base], Stuttgart: Verlag Birkhauser, 1953. 95 p.
Contains a wealth of material; bibliography of 33 items.

UHLER, HORACE. A
the latest imm

Bibliograp

UHLER, H. S. F
1954.

UHLER, HOR
M. 16:3

USPENSKY
McG

VANDIV

WHIT

brief history of the investigations on Mersenne numbers and
ense primes. Scrip. M. 18:122-31; 1952.

hy.

ull values of the first seventeen perfect numbers. Scrip. M. 20:240;

ACE. Miscellaneous hints for and experiences in computation. Scrip
1-42; 1950.

, J. V. AND HETSLET, M. A. Elementary Number Theory. New Yo'rk
raw-Hill, 1939.

ER, H. S. Divisibility problems'in number theory. Scrip. M. 21:15-19; 1955

LOCK, W. P. The Diophantine equation A' + 2/f = C2 + D2. Scrip. M. 17
84-88; 1951.

RIGHT, HARRY N. First Course in the Theory of Numbers. New York: Johr
Wiley, 1939.
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POULET, Chasse aux Nombres. Fascicule I. Parfait Amiables et Extensions.

Brussels: 192

POULET, P. 43 new couples of numbers. Scrip. M. 14:77; 1948.

POWERS, R. E. The tenth perfect number. Am. M. Mo. 18:195-97; 1911.

PUTNAM, T. M. Perfect numbers. Am. M._111o. 17:165; 1910.

REID, CONSTANCE. Perfect numbers. 8ci. Am., March 1953. 84-86.
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TiaBAULT, VICTOR. On numbers which terminate perfect squares. M. T. 47:348.
49; 1954.

TOUCHARD, .1AcQt.Es. On prime numbers and perfect numbers. Scrip. Al. 19:35-
39 ; 1953.

UHLER, II. S. First proof that the Mersenne. number M151 is composite. Proceed-
ings, National Academy of Sciences 30:314-16; 1944.

UHLER, H. S. Full values of the first seventeen perfect numbers. Scrip. M. 20:
240 ; 1954.

UHLER, H. S. Note on the Mersenne numbers M157 and M1U7. Bulletin, American
Mathematical Society 52:178; February 1946.

UHLER, H. S. On Mersenne's number Mw and Lucas's sequences. Bulletin,Amer-
ican Mathematical Society 53:163-64; February 1947.

UHLER, H. S. On Mersenne's number M22T and cognate data. Bulletin, American
Mathematical Society 54:378-80; April 1948.

UHLER, H. S. On the 16th and 17th perfect numbers. Scrip. M. 19:128-31; 1953..

2.7 Fermat's Last Theorem

The great Fermat theorem, stating that the equation x" yn = z", where

n is an arbitrary integer, has no integral solutions for integral values of n
except when n = 1 and n = 2, is as interesting today as it was some 300

years ago when first enunciated by the great master of number theory. De-

spite the lure of a prize of 100,000 marks offered shortly ,after the turn of

the present century, all efforts to find a complete proof have thus fa, been

fruitless. And yet Fermat claimed that "he had found a really wonderful
proof, only the margin of his book was too narrow to accommodate it." To

be sure, the theorem has been shown to hold for exponents below 100, but

that is scarcely a mathematician's dream of success.
Incidentally, Fermat's alleged proof plays a significant part in a contem-

porary mystery novel, Murder by Mathematics, by Hector Hawton (London:

Ward, Lock & Co., 1948):

"A $25,000 Prize for a Mathematical Solution of the Fermat Formula." Sci. Am.,
February 1, 1908. p. 75.

"A Proof Worth $25,000." Literary Digest, June 29, 1912. p. 1341-42.

BACHMANN, P. Das Fermatische Problem. Berlin: 1919.

BALL, W. W. R. AND COXETER, H. S. M. Mathematical Recreations and Essays.

London; Macmillan, 1942. p. 69-73.

BECKER, H. W. Comment on the F. L. T. round table: IL M. Mag. 29:123-25;
1955-56.

At.
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BECKER, H. W. Proof of F. L. T. for all even powers. M. Mag. 28:297-98; 1954-55.

CARMICHAEL, R. D. Diophantine Analysis. New York: John Wiley, 1915.

ELSTON, FRED. The last theorem of Fermat not only a problem of algebraic analy-
sis but also a probability problem? M. Mag. 28:150-n; 1954-55.

FRAENKEL, A. A. Fermat's simple and last theorems. Scrip. M. 9:162-68; 1943.

GLODEN, A. Notes on Diophantine equations. Scrip. M. 14:185-86; 1948. 15:163-
64; 1949. 18:87 -90, 177.78, 310-11; 1952.

GREY, L. D. A note on Fermat's last theorem. M. Mag. 27:274-77; 1953-54.

GREY, L. D. Round table on Fermat's last theorem. M. MUg. 27:274-77; 1954.

GRISELLE, THOMAS. Prtiof of fermat's last theorem for n = 2(8a + 1). III. Mag.
26 :263 ; 1952-53.

HEIMANN, P. H. AND ELSTON, F. G. Round table on Fermat's last theorem. M.
Mag. 28:49-50; 1954.

JAMES, G. A higher upper limit to the parameters in Fermat's equation. Am. M.
Mo. 45:439-45; 1938.

JuzuK, Dov. Qn the converse of Fermat's, theorem. Scrip. M. 11:100; 1945.

o KLEIN, FE,LIX. Elementary Mathematics from an Advanced Standpoint: Arith-
metic, Algebra, Analysis. New York: Macmillan, 1932. p. 46-50.

LEHMER; LEHMER; AND VANDIVER. An application of high-speed computing to
Fermat's Last Theorem. Proceedings, National Academy of Sciences 40:25-33;
1954.

MANN, Louis. A remark on" Fermat's last theorem. M. Mag. 28:153-56; 1954-55.

MILLER, G. A. A few classic unknowns in mathematics. Sci. Mo. 1:93-97; 1915.

MIEEEti, G. A. Some thoughts on modern mathematical research. Science 35:877-
87;` June 7, 1912.

MORDELL, L. J. Three Lectures on Fermat's Last Theorem. London: Cambridge
Univ. Press, 1921.,

NOGUES, R, Theoreme de Fermat: son Histoire. Paris: Vuibert, 1932. 177 p.

PIZA, PEDRO. Fermat coefficients. M. Mag. 27:141-46; 1954.

PIZA, PEDRO. On the case n = 3 of Fermat's last theorem. M. Mag. 28:157-58;
1954-55.

PIZA, PEDRO. Pythagorean transformation of Fermat's equation. Scrip. M. 9:189;
1943.

SEGAL, D. A note on Fermat's last theorem. Am. M. Mo. 45:438-39; 1938.

"Some Introductory Comments on Fermat's Last Theorem." M. Mag. 27:213-16;
1953-54.

STONE, D. E. On Fermag6last theorem. M. Mag. 28:295-96; 1954 -55.

VANDIVER, H. S. Examination of methods of attack on the second case of Fermat's
Last Theorem. Proceedings, National Academy of Sciences 40:732-35; 1954.

VANDIVER, H. S. Fermat's last theorem. Am. M. Mo. 53:555-78; 1946.
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2.8 Fibonacci Numbers and Series

ARCHIBALD, R. C. Fibonacci series. Am. M. Mo. 25:235-38; 1918.

BALL, W. W. R. AND COXETER, H. S. M. Mathematical Recreations and Essays.
London: Macmillan, 1942. p. 57, 86.

BEARD, ROBERT S. The Golden Section and Fibonacci numbers. Scrip. M. 16:116-

19; 1950.
BLANK, GERSHON. Another Fibonacci curiosity. Scrip. M. 21:30; 1955.

BLOCK, DANIEL. Fibonacci summations. Scrip. M. 19:191; 1953.

BLOCK, DANIEL. Symbolic formulae involving Fibonacci numbers. Scrip. M. 18:
306-307; 1952.

CANDIDO, G. Fibonacci series and their squares. Scrip. M. 17:230; 1951.

DICK, F. J. The King's chamber and the geometry of the sphere. Am. M. Mo. 27:
262-63; 1920. II

DICKSON, L. E. History of the Theory of Numbers, Vol. I. Washington, D. C.:

1919. p. 393-411.
GINSBURG, JEKUTHIEL. Fibonacci pleaSantries. Scrip. M. 14:163-64; 1948.

GINSIRJRG, JEKUTHIEL. Summations. Scrip. M. 20:231; 1954.
Summation of Fibonacci and Lucas series.

HAMBIDGE, J. Dynamic Symmetry. New Haven: 1920. p. 146-57.

HEATH, ROYAL V. Another Fibonacci curiosity. Scrip. M. 16:128; 1950.

HEATH, ROYAL V. Fibonacci congruences. Scrip. M. 15:91; 1949.

HOCCATT, VERN. A type of periodicity for Fibonacci numbers. M. Mag. 28:139-42;

1954-55.

JARDEN, Dov. Note on Fibonacci-series. Scrip. M. 15;114; 1949.

JARDEN, Dov. Nullifying coefficients. Scrip. M.,19:239-41; 1953.
Discusses the Fibonacci counterparts of binomial coefficients; also, a

Pascal triangle for Fibonacci sequences.

NORTHROP, EUGENE. Riddles in Mathematics. New York: Van Nostrand, 1944.
"FibonacCi series,"' p. 48-55.

PLOTNICK, S. M. The sum of n terms of the Fibonacci series. Scrip. M. 9:197;
1943.

RAINS, C. W. Factorization of Fibonacci numbers. Scrip. M. 17:142-43; 1951.

RAINE, C. W. Fibonacci equiareal triangles. Scrip. M. 20:96-98; 1954.

RAINE, C. W. Fibonacci numbers as generators. Scrip. M. 19:241; 1953.

RAINE, C. W. A Fibonacci solitaire game. Scrip. M. 19:190; 1953.

REICHMAN, RAI'HAEL. A summation formula involving FibonaCci numbers. Scrip.
M. 20:111-12; 1954.

ROBERT, HARRY C., JR. The Fibonacci series. Duodecimal Bulletin 3:3-9; February
1947.
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10:11.

ROSENFELD, A. Fibonacci differences, Scrip. M. 15:241-42; 1949.

SANDERS, I. Sums of terms of the Fibonacci series. Scrip. M. 14:162; 1948.

SCHUB, P. Minor Fibonacci curiosity. &.rip. M. 16:214; 1950.

SCHUB, P. Reciprocajs of Fibonacci numbers. Scrip. M. 17:97; 1951.

SEBBAN, H. Problem No.'2809. Am. M. Mo. 28:329-30; 1921.

STEINHAUS, H. Mathematical Snapshots. New York: C. E. Stechert, 1938. p. 28.

STRUYK, ADRIAN. The Fibonacci numbers. S. S. M. 44:701-707; 1944.

SUBBA RAO, K. On .summation formulae involving Fibonacci numbers. Scrip. M.
21 :214-17 ; 1955.

SUBBA RAO, K. Some properties of Fibonacci numbers. Am. M. Mo. 60:680-84;
1953.

SUBBA RAO, K. Some properties of Fibonacci numbers. Scrip. M. 20:29; 1954.

UMANSKY, H. L. Pythagorean triangles from Fibonacci numbers. Scrip. M. 18:
163; 1952.
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Chapter 3

fzemeotie Reeiteatioad
THIS RATHER broad category includes not only geometric fallacies and para-

doxes, optical illusions, dissections, tangrams, and geometric construc-
tions, but also material on regular polygons and polyhedra, tessellations,

linkages, a,id the mechanical construction of mathematical curves. Such

amusements often appeal to the eye-minded, and to those who are not par-
ticularly intrigued by numerical or algebraic puzzles.

Among some of the best known geometic fallacies are the alleged proofs
that an obtuse angle equals a right angle; that every triangle is isosceles;
that the length of part of a line equals the length of the whole line; and that
the sum of the lengths of two sides of a triangle equals the length of the
third side. These and ,similar proofr rarely fail to intrigue high school

pupils.
As for optical illusions, the explanation generally hinges upon considera-

tions of perspective, shading, disposition, and such, or upon purely psycho-
logical considerations. Among the most widely known optical illusions are
the two equal segments with reversed, arrowheads; the "Which is taller, the
policeman or the little boy ? "; and the "How many cubes are theresix or
seven?". Optical illusions such as the last of these are the more tantalizing
because they sometimes seem to "turn inside out" as you look at them.

3:1 General Geometric Problems and Puzzles

ABBOTT, EDWIN A. (A Square). Flatland: a Romance of Many Dimensions. Bos-
ton: Little, Brown & Co., 1928. 155 p. New York: Dover Publications, 1952.
103p.
A delightful, well-known little classic.

ANNING, NORMAN. More about nedians. M. T. 44:310-11'; 1951.

BALL, W. W. R. AND COXETER, H. S. M. Mathematical Recreations and Essays.
London: Macmillan, 1942.

"Geometrical recreations." Fallaciei; dissections; tessellations; cyclotomy;
chessboard problems. p. 76-128.

BANKOFF, LEON. The Fibonacci arbelos. Scrip. M. 20:218; 1954.

BANKOFE, LEON. The golden arbelos. Scrip. M. 21:70-76; 1955.

BARAVALLE, HERMAN. Dynamic circles. Scrip. M. 18:83-85; 1952:

BEARD, ROBERT S. A variation of the Apollonius problem. Scrip. M. 21:46-47; 1955.
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BERNHART, ARTHUR. Curves of pursuit. Scrip. M. 20:125-41; 1954.
Scholarly treatment; allusion to Zeno's paradox. p. 125-26.

BOOTH, A. L. A mathematical recreationsome angles of a right triangle. M. T.
11:177-81; 1919.

BRUECKEL, FRANK. Parallelograms with integer sides and diagonals. S. S. M. 56:
,687-96; 1956.

COURT, N. A. Fagnano's problem. Scrip. M. 18:95-96; 1952.

CURTIS, H. J. A note on the taxicab geometry. Am.' M. Mo. 60:416-17; 1953.

DAWSON, T. R. Match-stick geometry. M. Gaz. 23:161-68; 1939.

DOERSCHING, JOAN. Parallelograms with integral sides and integral diagonals.
S. S. M. 56:156; 1956.

ESCOTT, E. B. Geometric puzzles. Open Court 21:502.505; 1907.

FOURREY, E. Curiosites geometriques. Paris: Vuibert & Nony, 2nd edition, n.d.;
3rd edition, 1920 (?) . 431 p.

FURSTENBERG, H. A geometrical curiosity. Scrip. M. 19:194; 1953. ---
GILMAN, R. L, What_eanbedonewit sing e setting of the compasses. Scrip.

M. 5 ;68-69 ; 1938.

GINSBURG, JEKUTHIEL. Graphs of linear congruences. Scrip. M. 13:106-13; 1947.

GOORMAGHTIGH, R. A geometrical curiosity. Scrip. M. 20:171; 1954.

GROSSMAN, HOWARD. Fun with lattice points. Scrip. M. 12:86-87, 160-61, 223-25,
288-90; 1946.
13:98-102,, 217-22; 1947.
14:62.65, 157-62; 1948.
15:79-81, 232-37; 1949.
16:119-24, 207-12; 1950.
17: 1951.
18:298-300; 1952.
20:203-04; 1954.
22:153-58; 1956.

GROSSMAN, H. D., AND KRAMER D. A new matchgame. Am. M. Mo. 52:442.43;
1945.

HARRIS, I. Geometric recreations.,S. S. M. 20:731-33; 1920.

"Harvard University Student Makes Straightline Drawings." Life, March 18, 1940.
p. 43-44. 0

HENDERSON, ARCHIBALD. A classic problem in Euclidean geometry. Journal of the
Elisha Mitchell Scientific Society 53:246-81; 1937.

Proof of the proposition that if the internal bisectors of the base angles of
a triangle are equal, the triangle is isosceles.

HENDERSON, ARCHIBALD. The Lehmus-Steiner-Terquem problem in global survey.
Scrip. M. 21:223-32; 1955.

HILBERT, D. AND COHN-VOSSEN, S. Geometry and the Imagination. (A transla-
tion, of the classic Anschauliche Geometrie.) New York: Chelsea Publishing
Co., 1952. 358 p.

Curves; surfaces; lattices; crystals; polyhedra; topology; and so on.
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H. W. P. Solution of a geometric puzzle. M. Gaz. 28:31-32; 1944.

IYER, R. V. Intersecting magic lines. Scrip. M. 21:43; 1955.
JAMES, GLENN. Long-short lines. M. Mag. 29:254-56; 1956.

KASPER, LOUIS. There is Fun in Geometry. New York: Fortuny's, Publishers,
1936. 135 p.

KEMPNER, A. J. Geometry as an avocation. Am. M. Mo. 40:455-71; 1933.

KRAITCHIK, MAURICE. On certain rational cuboids. Scrip. M. 11:317-26; 1945.

KRAITCHIK, MAURICE. On the concurrence of the legs of equiareal triangles. Scrip.
M. '11 :178; 1945.

LANGFORD, C. D. Uses of a geometric puzzle. M. Gaz. 24:209-11; 1940.

LANGMAN, HARRY. A disc puzzle. Scrip. M. 17:144-45; 1951.

LANGMAN, HARRY. Polygons. Scrip. M. 19:79-80; 1953.

LANGMAN, HARRY. Rotations. 5Tip. M. 15:93; 1949. 16:72; 1950.

MADDEN, 0. A geometrical recreation. M. Gaz. 28:55; 1944.
Carved wooden models.

MENGER, KARL. You Will Like Geometry. (A Guide Book for the Illinois Insti-
tute of Technology Geometry Exhibition at the Museum of Science and In-
dustry, Chicago, Ill.). Chicago: the author, 1952. p. 34. 100.

An exceptionally appealing and suggestive booklet.
MORRIS, RICHARD. The cyclic quadrilateral; a recreation. S. S. M. 24:296-300;

1924.

MUELLER, C. H. Geometric Concepts. New York: Wiley, 1931.

NEV. R. MIND. Geometrical magic. Scrip. M. 19:198-200; 1953.

NEV. R. MIND. Mathematics on the chess-board. Scrip. M. 20:110; 1954.
Brief note on the number of squares and rectangles visible on any square
board of squares.

NEV. R. MIND. A square within a square. Scrip. M. 19:270; 1953.

NEV. R. MIND. Supremacy of obtuse-angled triangles. Scrip. M. 20:205; 1954,

NEV. R. MIND. Too many? Scrip. M. 21:296-98; 1956..
A paradox about packing layers in a box.

ROSEN, MORRIS. Taxicab geometry. The Pentagon 15:4-14; 1955.

SAINTE-LAGUE, A. Ggometrie de situation et jeux. Paris: Gauthier-Villars, 1930.
75 p.

SATTERLY, JOHN. The Morley triangle and other triangles. S. S. M. 55:685-701;
1955.

SATTERLY, JOHN. The nedians of a plane triangle. M. T. 44:46-48; 1951.

SHAW, JAMES BYRNIE.. Kaleidoscopic rhythms. Scrip. M. 12:101-11.; ,1946.

STANCLIFF, FENTON. Residue curves. Scrip. M. 13:114-15, 232-33; 1947.

"Taxicab Geometry," 0. U. Math Letter (University of Oklahoma), Vol. 4, No. 2.
December 1954. p. 3.

"Testing Your Imagination." Science Illustrated 2:32 -33+; December 1947.
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THEBAULT, VICTOR. The area of a triangle as a function of its sides. Scrip. M. 18:
151-61; 052:

THEBAULT, VICTOR. Curious squares. Scrip. M. 13:41-42; 1947.

THEBAULT, VICTOR. Curvilinear and mixtilinear figures. Scrip. M. 19:69-77; 1953.

THEBAULT, VICTOR. Geodesics. Scrip. M. 21:147-58; 1955.

THEBAULT, VICTOR. Parini les Belles Figures de la Geometrie dans l'Espacc
(Geometrie du Teiraedre). Paris, 1955. 288 p.

THEBAULT, VICTOR. Recreational geometry.'Scrip. M. 15:82-88, 149-55; 1949. 18:

151-61; 1952.

THEBAULT, VICTOR. Recreational geOme . t e triangle. Scrip. M. 22:14-30, 97-

105 ;" 1956.
A collection of theorems and properties relating to the medians, angle-
bisectors, angle-trisectors, etc., of a triangle.

THEBAULT, VICTOR. Triangle horde de triangles isosceles semblables. M. Gaz. 24:
111-12; 1940.

,

TRIMBLE, H. C. Signed areas applied to "recreations of geometry." M. T. 40:3-7;
1947.

VUIBERT,, H. Les anaglyphel geometriques. 3rd edition. Paris: Librairie Vuibert,
1912. 32 p.

WHITE, W. F. Geometric puzzles. Open Court 21:241-44; 1907.

WHITLOCK, Loins. A stamp problem. Scrip. M. 21:92; 1965.

3.2 Geometric FallaciesOptical illusions

BAKST;AARON. The Mathematics of Seeing. Mathematics: Its Magic and Mastery.
New York: Van Nostrand, 1941. v. 469-78.

BALL, W. W. R. AND COXETER, H. S. M. Geometrical fallacies. Mathematical Rec-
reations and Essays. London: Macmillan, 1942. p. 76-87.

BEELER, N. F. AND BRANLEY, F. M. Experiments in Optical Illusion. New York:

Crowell, 1951.
BRANDES, Lours G. An Introduction to Optical Illusions. Portland, Maine: J.

Weston Walch, Publisher, P. O. Box 1075, 1957. $1.00.
A collection of 25 striking drawings,common optical illusions.

° BRANDES, Louis G. Optical illusions: a presentation for high school mathematics
students. S. S. M. 54:557-66; 1954.

BURMESTER, LUDWIG. Theorie der geoinetrischoptischen Gestalttauschungen. Zeit-
schrift fur Pyschologie u. Physiologie der Sinnesorgane. Leipzig: 41:321-48;
1906.

CARNAHAN, W. H. Note on the fallacy. M. T .19:496-98; 1926.

GENTILE, K. Optische Tauschungen an Figuren in geomettlischen Lehrbiichern.
Z. M. N. U. 57:369+ ; 1926.

HALSTEAD, G. B. Fallacies of geometry. Am M. Mo., Vol. 9. 1902.
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JOHNSON, WM. W. Proving a geometrical fallacy by trigonometry. S. S. M. 19:527-
28 ; 1919.

LERCH, H. Irrefiihrung durch Anschauung. Z. M. N. U. 47:82+; 1916.

LIETZMANN, WALTER. Wo stekt der Fehler? Z. M. N. U. 48:367; 1917.

LIETZMANN, WALTER. Optical illusions. Wo steckt der Fehler? Leipzig: Teubner,
1950. p. 15-25.

LIPPS, THEODOR. Raumaesthetik and geometrisch-optische Tliuschungen. Leipzig:
J. A. Barth, 1897.

*T.

Low, A. M. Optical illusions. Popular Scientific Recreations. New York: Roy
Publishers, n.d. p. 205-22.

MATTHEWS, R. Paradox in congruent triangles. S. S. M. 16:248 -49; 1916.

MEYER, E. Zu geometrisch-optischen Tauschungen. Z. M. N. U. 61:78-80; 1930.

MEYER, JEROME. A two-inch lire" with a six-inch "perimeter." Scrip. M. 7:156-57;
0

1940.

NORTHROP, EUGENE. Geometric paradoxes and fallacies. Riddles in Mathematics.
New York: Van Nostrand, 1944. p. 47-64, 97-116.

"Optical Illusion." S. S. M. 14:190; 1914.
WEAVER, W. Lewis Carroll and a geometrical paradox. Am. M. Mo.-45:234-36;

'1938.

WILLERS, H. Geometrisch-optische Tauschungen in mathematischer Behandlung.
Z. M. N. U. 60:499; 1929.

3.3 Geometric Dissections Tangrams

Geometric dissections, generally speaking, divide a given plane rectilinear
figure by means of straight lines, into parts which can then be reassembled to
form some other preassigned configuration. Many recreations are built around
such dissections. Some very well-known dissections have been applied to the
proof of the Pythagorean th'eOrem.

Tangrams go back to ancient times. They consist essentially of flpt tiles or
other pieces, usually seven in number, with definite shapes, such as a square, a
rhombus, and five triangles. The idea -is to form picture figures by suitable
arrangements of the tans, as the pieces,were called. Although an Oriental recre-
ation, it was also known to Archiniedes. His elaborate tangram consisted of 14
pieces, cut out of a rectangle whose length is twice its widththe "stomachiqn"
of the Greeks and Romans.

BALL, W. W. R. AND COXETER, H. S. M. Geometric dissections. Mathematical Recre-
ations and Essays. London: Macmillan, 1942. I . 87-94.

BROOKS, R. L.; SMITH, C. A. B.; STONE, A. H.; AND TUTTE, W. T. The Dissec-
tion of rectangles into squares. Duke Mathematical Journal 7:312-40; 1940.

Gives a solution of the problem: to divide a square into a number of
smaller squares, no two of them equivalent.
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"A Dissected Square." M. Mag_ 28:106-107; 1954.

"Geometrical Proof of the Identity a' = (a b) (a b)." Scrip. M. 11:.
172;1945.

GOLDBERG, MICHAEL. Solution to Question E 401. Am. M. Mo. 47:570-71; 1940.

GOLDBERG, MICHAEL. The squaring of developable surfaces. Scrip. M. 18:J7-24;
1952.

GRossMAN, HOWARD. Planeand spacedissection, Scrip: M. 11;189-90; 1945.

GRUMETTE, MURRAY. Geometricks: An Album of Intellectual Time-Killers. Brook,
lyn, N. Y.: PlaycraftHouse, 1939.

Collection of 21 dissection puzzles.

HARTSWICK, F. G. The Tangram Book: Adventures of
Triangle Land. New York: Simon & Schuster, 1925.

HOFFMANN, PROF. (A. J. Lewis). Puzzles Old. and New.
1893. 394 p.

Contains many dissection problems.

LANGFORD, C. D. Dissecting a regular pentagon. M. Gaz.,
1956.

LANGMAN, Hmuty.. A) problem in dissection. SCrip. M. 18:112; 1952.

LANGMAN, HARRY. A simple cut-up. Scrip. M. 18:304; 1952.

LANGMAN, HARRY. Scinaring the double cross. Scrip. M. 16:271; 1950.

LINDGREN, H. Geometric dissections. Australian Mathematics Teacher, April 1951.

MACCAULAY, W. H. The dissection of rectilineal figures. Messenger" of Mathe.-

matics 3:53; 1923.
Mathematics Staff, University of Chicago. More new exercises in plane geometry.

M. T. 50:330-39; 1957.
Mathematics Staff, University of Chicago. More on the cutting of squares. M. T.

.49 :442-54 ; 1956.

Mathematics Staff, University of Chicago, More on the cutting of squares. The
Mathematics Student Journal, Vol. 3, No. 2, April 1956; Vol. 3, No. 3, Oc-
tober 1956.

Mathematics Staff, University of Chicago. New exercises in plane geometry. M. T.
50:125-35; 1957.

Dissections of squares and rectangles,.

Mathematics Staff, University of Chicago. On the transforniation of any rectangle
into a square. The Mathematics Student Journal, Vol. 4, No. 1:-.1957.

Mathematics Staff, University of Chicago. A problem on the cutting of squares.
M. T. 49:332-43; 1956.

Mathematic% Staff, University of Chicago. Still more on the cutting of squares.
M. T. 49:585-96; 1956.

MAYER, HAVERI.Y. Testing with a tangram. M. T. 48:525-27; 1955.

the. Beautiful Princess in

London: F. Warne & Co.,

Vol. 11, No. 333. October

OLDHAM, R. D. Old Archimedes teases the moderns. New York TimestMagazine,
August 1926. p. 6+.
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"On Transforming a Hexagon into a Square." The Mathematics Student Journal,

Vol. 4, No. 2. May 1957.

SATTERLY, JOHN. Meet Mr. Tau again. S. S. M. 57:150; 1957.
Dissection of a regular pentagon.

SMITH, C. A. B., AND TUTTE, W. T, A class of self-dual maps.,Canadian journal
of Mathematics 2:179-96; 1950.

SPRAGUE, R. Cher die Zerlegting von Rechtecken in lauter verschiedene Quadrate.
Journal die reine and angew. Math. 182:60-64; 1940.

SPRAGUE, R.Zur Abschatzung der Mindestzahl inkongruenter Quadrate, 'die ein

gegebenes Rechteck ausfiillen. Mathematische Zeitschrift 46:460-71; 1940.

"A Square Dissection." M. Mag. 29:110-12; 1955.

TUTTE, W. T. Squaring the square. Canadian Journal of Mathematics 2:197-209;
1950.

WANG, F. T. AND HSUING, C. Theorem on the tangram. Am. M, Mo. 49:596-99;

1942.

WYATT, E. M. Puzzles in Wood. 10th edition. Milwaukee, Bruce Publishing Co.,
-1956. 64 p.

Dissection figures and other mathematical puzzles.

WYATT, E. M. Wonders in Wood. Milwaukee, Bruce Publishing Co., 1946. 76 p.
Contains many fine puzzles.

YATES, ROBERT C. Addition by dissection. S. S. M. 40:801.807; 1940.

3.4 Regular Polygons and Polyhedrons

The elementary characteristics of regular polygons and polyhedrons were
known to the ancient Greeks, who gave us the regular Platonic solids and
the semi-regular Archimedian solids. But the elaborate development of the
subject in modern times is scarcely HO years old. The general theory of
regular polytopes is intimately aSSociated with several branches of higher
mathematics, notably group theoty, topology and n-dimensional geometry,
not to omit its relation to 'the/ science of crystallography. A polytope is a

geometrical figure bounded by portions of lines, planes,' or hyperplanes; in

2-space it is a polygon, and in 3-space, a polyhedron. The study of regular

polytopes is unusually fascinating. It appeals to many on the, ground of

sheer beauty and imagery; the mathematician cannot resist the urge to gen-

eralize; and the scientist, of course, is concerned with sw,gula-r forms in

Nature.

BALL, W. W. R. AND COXETER, H. S. M. Polyhedra. Mathematical Recreatioas and
Essays. London: Macmillan, 1942. p. 129-60.

BANKOFF, LEON. Regular polygons of 2, 3, 4 and 6 sides inscribed in circles of
unit radius. Scrip. M. 21:252; 1956.
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BARAVALLE, H. Continuous transformations of regular solids. M. T. 39:147-54;
1946.

BEARD, R. S. Tessellated polygons. Scrip. M. 17:125-31; 1951.

BRUECKNER, M. Vielecke und Vielflache. Leipzig: Teubner, 1900. 227 p.
Deals with all forms of polyhedrons, including semi-regular and star poly-
hedrons.

CADWELL, J. H. Models of polyhedra. M. Gaz. 25:235-36; 1941.

COXETER, H. S. M. The densities of the regular polytopes. Proceedings, Cam-
bridge Philosophical Society, Vol. 27. 1931.

COXETER, H. S. M. Easy method for constructing polyhedral group pictures. Am.
M. Mo. 45:522-25; 1938.

COXETER, H. S. M., ET AL. The Fifty-Nine Icosahedra. (Math. Series No. 6).
Toronto: University of Toronto Press, 1938. 26 p. + 20 plates.

COXETER, H. S. M. Interlocked rings of spheres. Scrip. M. 18:113-21; 1952.

COXETLIR, H. S. M. The nine regular solids. Proceedings, The First Canadian
Mathematical Congress, Montreal: 1945'; Toronto: 1946. p. 252-64.

COXETER, H. S. M. The partition of a sphere according to the icosahedral group.
Scrip. M. 4:156-57; 1936.

COXETER, H. S. M. Regular and semi-regular polytopes. Mathematische Zeit-
schrift 46:380-407; 1940.

COXETER, H. S. M. Regular Polytoks. London: Methuen,.1948. 321 p.
Very scholarly and complete work; extensive bibliography. Regular poly-
gons and polyhedra; quasi-regular solids; tesselations; honeycombs; star
polyhedra; kaleidoscope; group theory; polytopes in higher space, and
such.

COXETER, H. S. M. Regular skew polyhedra in three and four dimensions, and;
their topological analogues. Proceedings, London Mathematical Society 43:
33-62; 1937.

COXETER, H. S. M. The regular sponges, or skew polyhedra. Scrip. M. 6240-44;
1939.

COXETER, H. S. M. Six uniform polyhedra. Scrip. M. 20:227-28; 1954.

CUNDY, H. M. Models in polyhedra. M. Gaz. 26:178-79; 1942.

CUNDY, H. M. AND ROLLETT, A. P. Mathematical Models. New York: Oxford
University Press, 1952. 240 p.

Gives complete directions for the construction of the 13 Archimedian
solids, the four Kepler-Poinsot star solids, stellar Archimedian polyhedra,
and so on.

EBERHARD, V. Zur Morphologie der Polyeder. Leipzig: '1891. 245 p.

GARDNER, MARTIN. Flexagons. Sci. Am. 30:162-66; December 1956.

GHYKA, MA TILA C. The Geometry of Art and Life. New York: Sheed and Ward,
1946. Geometrical shapes in space, p. 40-70; regular partitions on the plane
and in space. p. 71.86.

GOORMAGHTIGH, R. A regular polygon within a regular polygon. Scrip. M. 20:215-
16; 1954.
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GRAESSER, R. F. Atode ls of the regular polyhedrons. M. T. 38:368-69; 1945.

GUNTHER, S. Verrn ischte Untersuchungen zur Geschichte der Mathematischen'
Wissenschaften. Leipzig:- Teubner, 1876. Historical account of the develop-.
ment of star polygons and star polyhedrons. p. 1-92.

'HAAG, F. Die reguliiren Kristallkiirper. Rottweil, 1887.

HARTLEY, MILES C. Patterns of Polyhedrons. Urbana, Illinois: University High
School, the author, 1948. Revised edition. 45 p.

Pamphlet containing excellent plates for folding patterns of polyhedrons.

HAWTHORNE, FRANK. A model of the five regular polyhedra. S. S. M. 52:125-26;
1952.

HEATH, DWIGHT.. Some Composite Polyhedrons.
lin College, 1940. (Mimeo. 11 plates).

HERMES, E. S. T. 0. Ober die Anzahl und Form
1894,

Published by the author, Frank-
e

von Vielfliichen. Berlin: Gartner,

HESS, E. Einleitung inn die von der Kugelteilung. Leipzig: Teubner, 1883.

HESS, E. Ober die zugleich gleicheckigen and gleichfldchigen Polyeder. Kassel:
Kay, 1876.

HESS, E. Ober vier Archimedeische Polyeder hoherer Art. Kassel: Kay, 1878.

HESS, E. Zur"Theorie der rdumlichen Konfigurationen. Leipzig: Engelmann,

HILL, LESTER. Notes on the regular icosahedron and 'the regular dodecahedron.
Scrip. M. 7:99-109; 1940.

HOPE-JONES, W. The regular octahedron. M. Gaz. 26:41-46; 1942.

HOPE-JONES, W. The rhombic dodecahedron for the young. M. Gaz. 20:254-57;
1936.

JOSEPH, MARGARET. Hexahexaflexagrams. M. T. 44:247-48; 1951.

KELIN, FELIX. Lectures on the Icosahedron. London: Kegan Paul, 1913.

KOCH, C. Ober reguldre und halbreguldre Sternpolyeder. Tubingen: Fues, 1887.

KOWALEWSKI, GERHARD. Der Keplersehe Korper und andere Bauspiele. Leipzig:
K. F. KOhlers Antiquarium, 1938. 65 p.

KUGLER, HARRY L. Models of Geometric Solids, Crystal Forms, and Penetrating
Card Polyhedrons. Unbound folders. Copyright, H. L. Kugler, 1 East Willow
Gr., Philadelphia, Pa., 1935, 1936. Privately printed.

LEMAN, A. Uber halbregulire Kiirper. Z. M. N. U. 47:105+ ; 1916.

LINDEMANN, F. Zur Geschichte der Polyeder. Bayerische Akademie der Wissen-
schaften, Mathematisch-Naturwissenschaften, Abt., Sitzungsberichte, 1934.

p. 265-75.

LINES, L. Solid Geometry. London: Macmillan, 1935. 292 p.
Material on regular polyhedrons, semi-regular and star polyhedrons, and
crystal forms.

LOMHOLT, A. Reguldre Polyeder. Viborg: Jacobsen, 1895.

MAUNSELL, F. G. The flexagon and the hexahexaflexagram. M. Gaz. 38:213; 1954.
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MORELY, FRANK. The hexlet. Nature 139:72; 1937.

POINSOT, D'APRES M. Sur les polygones et les polyedres etoiles; polygones funicu-
laries. Nouvelles Anna les de Mathematiques 8 :68-74 ; 1849.

POINSOT, CAUCHY, BERTRANEr, CAYLEY. Abhandlungen fiber die regelmassigen
Sternkarper. Leipzig:' 1906.

POLYA, G. Uber die Analogie der Kristallsyminetrie in der Ebene. Zeitschrift fur,
Krystallographie and Mineralogie 60:278-82; 1924.

PRATT, GERTRUDE. The regular star solids. S. S. M. 28:463-67; 1928.

RAUSENBERGER, 0. Konvexe pseudoregulare Polyeder. Z. M. N. TA 46:135, 477;
1915..

REINVARD, C. Einleitung in die Theorie der Polyeder. Meissen: 1890.

ROLLETT, A. P. Mathematical models and constructions. M. Gaz. 29:181-92; 1945.

SACHS, E. Die fiinf Platonischen KOrper. Berlin: 1917.

SHAW, J. B. Kaleidoscopic rhythms. Scrip. M. 12:101-11; 1946.

SODDY, FREDERICK. The hexlet. Nature 138:958; 1936.

SODDY, FREDERICK. The kiss precise. Nature 137:1021; 1936. 139:62, 154; 1937.-

SOMMERVILLE, D. M. Y. Division of space by congruent triangles and tetrahedra.
--Proceedings, Royal Society of Edinburgh 43:85-116; 1923.

STEINHAUS, H. Mathematical Snapshots. New York,: G. E. Stechert, 1938. Regular
polygons,and polyhedrons, p. 62-85.

STRENGER. Cher halbregelmdssige Vielfleiche. 1905. 44 p.

STRUYK, ADRIAN. Three folding models of polyhedra. M. T. 49:286-88; 1956.

URECH. Polytopes reguliers de l'espace a n dimensions et leur groupes de rota-
tions. Zurich: 1925.

WHEELER, A. H. Certain forms of the icosahedron, and a method, for deriving
and designating higher polyhedra. Proceedings, International Congress 1 :701-
708; Toronto: 1924.

WOLFFING, ERNST. Mathematischer Biichersatz. Leipzig: Teubner, 1903.

Gives over 150 references, to books prior to 1900 dealing with tetrahedra
and polyhedra, p. 237-40.

3.5 Geometric Constructions

ADLER, AUGUST. Theorie der geometrischen K_ onstruktionen. Leipzig: G. J. GO.
schen, 1906.

APT, F. 1st es moglich, ein beliebiges reelles preieck aus zwei Stiicken zu kon
struieren ? Z. M. N. U. 51 :18 ; 1920.

ARCHIBALD, R. C. Constructions wish a doubled-edged ruler. Am. M. Mo. 25:358-
60; 1918.

ARCHIBALD, R. C. Geometrography and other methods of measurements of geome-
try. Am., M. Mo. 27:323-26; 1920.
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New York University Bookstore: the

arising from simple algebraic identities.

s. S. S. M. 10:528-29; 1910.

geometrischen Konstruktionen. Basel: Verlag

and similarity in construction work. S. S. M. 27:

n beliebiges reelles Dreieck aus zwei Stucken zu
. 51:164; 1920.

ie der geometrischen Konstruktionen. (Basel, Switzer-
athematik 1:1-3; 1946.
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om points in a plane.

tzung des Imaginaren bei Konstruktionen. Z. M. N. U. 61:

sm of the treatment of the regular polygon constructions in
own geometry texts. S. S. M. 34:50-57; 1934.

ilung einer Strecke in n gleiche Teile, Z. M. N. U. 56:30; 1925.

. An approximate construction for a regular enneagon. S. S. M.
49.

D HOGGATT, V. Euclidean constructions with well-defined intersec-
M. T. 44:262-63; 1951.

E. Procedes originaux de constructions geometriques. Paris: Librarie
bert, 1924.

H. Konstruktion mit dem Zeichenwinkel. Z. M. N. U. 65:279-87; 1934.

RD. Construction du polygone regulier de 17 cotes au moyen du seul compas.
Mathematische Anna len 58:390; 1896.

RUTTNER, ADALBERT. Die Grundlagen der Geometrographie. Leipzig: 1912.

HESS, AMEN L. Certain topics related to constructions with straightedge and com-
passes. M. Mag. 29:217-21; 1956.
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STEINER, JACOB. Die geometrischen Konstruktionen ausgefiihrt mittelst der gera-
den Linie und eines festen Kreises, usw. Second edition, edited by J. v.
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VAUGHN, B. Teaching of construction problems in plane geometry. S. S. M. 23:
353-56; 1923.

YATES, R. C. Euclidean constructions. M. T. 47:231-32; 1954.

WOOD J. Square root of a line without the use of the_circle. S. S. M. 22:111-13;
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ZUHLKE, P. Konstruktionen in begrenzter Ebene. Leipzig: B. G. Teubner, 1951.
42 p.

3.6 Mascheroni Constructions

When Lorenzo Mascheroni published his Geometry of the Compass, in 1797,
he showed that any construction which can be executed with, the straight edge
and coinpass could also be carried out with the compass. alone. Obviously, his
points are not determined by the intersection of two straight lines. Furthermore,
a straight line is considered as given or obtained when two points lying on it are
known. Nearly 100 years later, A. Adler verified Mascheroni's claims. Adler used
the idea of inversion with regard to a circle, an idea unknown to Mascheroni,
having been discovered by$teiner in 1824:

Strictly speaking, Mas heroni's constructions are not usually thought of as
recreations; the problems that arise, however, are not only fascinatingthey make
considerable demands upon one's ingenuity.

-
ADLER, A. Theorie der geometrischen Konstruktionen. Leipzig: 1906. p. 92-122.

BYRNE, OLIVER. The Geometry of Compasses. London: 1877.

CAJORI, F. A forerunner of Mascheroni. Am. M. Mo. 36:364-65; 1929.

CARNAHAN, WALTER. Compass.geometry. S. S. M. 32:384-90; 1932.

CARNAHAN, WALTER. Geometrical constructions without the compasses. S. S. M.
36:182-89; 1936.

CAYLEY, A. On Mascheroni's geometry of the, compass. Messenger of Mathe-
matics 14:179-81; 1885.

CES40, E. Les sprohlemes de geometrie resolus par le compas. Memoires Soci-
ete Liege: 1899.

CHENEY, W. F. Can we outdo Mascheroni? M. T. 46:152-56; 1953.

FRISCHAUF, J. Geometrische Konstruktionen von L. Mascheroni und J. Steiner.,
Graz: 1869.

GEIGER. Ein Beitrag zur Mascheronischen Geometriej des Zirkels. Z. M. N. U. 41:
548+; 1910.

GOLDBERG, M. All geometric construction may be made with compasses. S. S. M.
25961-65; 1925.

HOBSON, E. W. On geometrical constructions by means of the compass. M. Gaz.
7:49-54; 1913. a z7
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Abhandlungen Leopold Akademie, 1897.

LANASCOL, A. QUEMPER DE. Geometrie du Compas. Paris: Librairie Scientifique,
Albert Blanchard, 1925. 406 p.

LONGCHAMPS, G. DE. Essai sur la geometrie de la regle et de requerre. Paris:
1890:

MASCHERONI, LORENZO. La Geometria del Compasso. Pavia, 1798. (Paris:
trans. by A. M. Carette, 1828; Berlin: German trans. by J. P. Griison, 1825.

French

MASCHERONI, LORENZO. La Geometria del Compasso. Edited by G. Fazzari,
Palermo, 1901.

MILLS, C. N. The problem of Napoleon. M. T. 46:344-45; 1953.

Mu Lsow, G: Mascheronische Konstruktionen. Schwerin: 1898. 16 p.

PEAUCELLIER, A. Note sur une question de geometrie de compas. (trans. by W. D.
Marks) . Journal of the Franklin Institute T7 :361; 1878.

WEBER, W. Ober die Halbierung eines Kreisbogens nach Mascheroni. Z. M. N. U.
59:264+ ; 1928.

3.7 LinkagesThe Pantograph

The problem of transforming line motion into circular motion is simple
enough, but the reverse problem, of converting circular motion into motion
along a straight line, is considerably more difficult. The, latter problem was
of slight interest to earlier mathematicians, and only attracted widespread
attention some years after the first solutions were given by Sarrus in 1853
and Peaucellier in 1864. Considerable enthusiasm in the subject of linkages
developed during the last quarter of the 19th Century, stimulated largely by
the work of Sylvester, Cayley, Kempe, and others, and culminating in
Kernpe's demonstration of the remarkable theorem that any algebraic curve
can be described by a linkage. The bars of a linkage need not be straight;
the only requirement is that they be plane, inextensible members. Certain
linkworks are of considerable importance in mechanics and engineering.

AHRENDT, M. H. A general method for the construction of a mechanical inversor.
M. 7'. 27:75-80; 1944.

ARCHIBALD, R. C. Bibliography of the theory of linkages. Scrip. M. 2:293-94;
1934.

Gives about a dozeti references not covered in Kanayania's list (see below).,

ASBURY, F. C. Concerning a mechanical inversor. School ( Secondary Edition) 33:
610-13; 1945.
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-

GOLDBERG, MICHAEL. New five-bar and six-bar linkages in three dimensions.
Transactions, American Society Mechanical Engineers 65:649-61; 1943.
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KEMPE, A. B. How To Draw a Straight Line. New York: 1877.

KEMPE, A. B. How To draw a straight, line: a lecture on linkages. The Pentagon
11:67-100; 1952.

A reprint of the original book, first published in 1877.
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Chelsea Publishing Co., 1953. (Reissue; bound with H. P. Hudson Ruler
and Compass; E. W. Hobson: Squaring the Circle, and so on.) 311 p.

KEMPE, A. B. On a general method of describing curves of the nth degree by a
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LLOYD, D. B. The teaching of "flexible" geometry. M. T. 32:321-23; 1939.

Pantograph and simple linkages.
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, SVOIODA, A. Computing Mechanisms and Linkages. New York: McGraw-Hill,
1948.

TRIMBLE, H. C. For non-eniuses only. M. T. 42:244-46; 1949.
Theory of the pantograph.

TUCK, F. E. How to draw a traight line. S. S. M. 21:554-58; 1921.

YATES, R. C. Geometric Tools. A Mathematical Sketch and Model Book. St. Louis,
Mo.: Educational Publish rs, Inc., 1949. 194 p.

Excellent treatment of atraightedge and compasses, 'dissection, construc-
tions, linkages, higher tools; bibliographies.

U

YATES, R. C. Line motion and risection. N. M. M. 13:63-66; 1938.

YATES, R. C. Linkages. N. C. T M., '18th Yearbook p. 117-29; 1945.

YATES, R. C. A note on the 3-b r curve. N. M. M. 14:190-92; 1940.

YATES, R. C. The story of the parallelogram. M. T. 33:301-10; 1940.

3.8 Mechanial Construction of Curves
ALLEN, H. G. Device for gen rating logarithmic spirals; its construction and

operation. Sibley Journal 3 :52; 1920.
BAXANDALL, DAVID. Filipsographs. Encyc opaedta Brttanntca 8:370 -71 14th edi-

tion, 1939.

BERGER, E. J. Mechanical dielvice for drawing the sie curve. M. T. 46:210-13;
1953.

A A,.

BOYS, C. V. Ellipsograph: with supplement on the evolute of the ellipse and the
elastica. Proceedings, Physical Society of London 55:471-81; November 1943.

BURG, WALTER. An experimental construction of the sine curve. S. S. M. 44 :467-
68 ; 1944.

COLWELL, R. C. Mechanical devices for dr4wing Lissajou's figures. S. S. M. 36:
1005-1006; 1936.

GROOS, J. A. VAN. A new ellipsograph. S. S. M. 22:471-72; 1922.

4



O

GEOMETRIC RECREATIONS 67

HERBERT, C. H. A cardiograph. Am. M. Mo. 22:12.13; 1915.
Hiscox, G. D. Mechanical Appliances, Mechanical Movements and Novelties of

Construction. New York: Norman W. Henley Pub. Co., 1927.

Hiscox, G. D. Mechanical Movements, Pfiwers and Devices. New York: Norman
- W. Henley Pub. Co., 1903.

JANES, W. C. Garrett's mechanism. (for drawing a sextic). N. M. M. 12:118 -21;
1937.

JONES, PHILLIP. An early work on mechanical devices
tions. N. C. T. M., 18th Y earbcok, 1945. p. 273-79.

JONES, PHILLIP. Mathematical apparatus. N. C. T. M.
212-25.

Mechanical construction of higher plane curves.

1CRUGLAK, H. Simple blackboard ellipsograph. M. T. 33:179; 1940.

LEIF, J. L. C. The conic compass. S. S. M. 38:842-46; 1938.

MACKENZIE, A. S. An instrument for drawing a sine curve. Physical Review 15:
366-67 ; 1908.

for drawing the conic sec-

, 18th Yearbook, 1945. p.

PLASTERER, E. G. Demonstration apparatus for the composition of two simple
harmonic curves. S. S. M. 34:424-26; 1934.

SUTTON, R. M. An instrument for drawing confocal ellipses and hyperbolas. Am.
M. Mo. 50:253-54; 1943.

WOLFF, GEORG. The mathematical collection. N. C. T. M., 8th Yearbook, 1933.
p. 216 ff.

WOLFF, GEORG. Mathematics as related to other grew.; fields of knowledge. N. C.
T. M., 11th Yearbook, 1936. p. 207 ff.

YATES, R. C. Curves and Their Properties. Ann Arbor, Mich.: J. W. Edwards,
1947. 245 p.

Discussion of linkages, line motion, harmonic motion, Lissajou curves,
mechanical inversors.

YATES, R. C. An ellipsograph. N. M. M. 12:213-15; 1938.

YATES, R. C. Geometric Tools. St. Louis: Educational Pulihers, 1949. 194 p.
An extremely stimulating study and work book.

YATES, R. C. A grooved mechanism. M. T. 37:Z-26; 1944.

NYATES R. C. Mechanically described curves. N. M. M. 10:134-38; 1936.

YATES, R. C. To have and to hold. N. M. M. 14:2; 1939.
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Chapter 4

. "fade Otteel Ree 'Mae:dad
t

FROM ONE point of view, mathematical recreations fall into two major cate-
gories: those that involve number relationships or computation, and

those that depend chiefly upon the 'Manipulation of objects. Conspicuous

in the latter category we find the problem of ferrying the wolf, the goat, and
the basket of cabbages across a stream (or the three couples with jealous
spouses, where the boat will hold only two people) ; the problem Of measur-
ing out one quart of a liquid with only a 3-, 5-, and 8-quart measure avail-

able; the problem of the three coins; the twelve -coin problem; the shunting
of freight cars; the Chinese ring puzzle; the problems of chains and links;
the Tower of Hanoi; the Josephus problem; and the Boss Puzzle, or
15-Puzzle.

Included also among the manipulative recreations are string figures, paper-
.

folding exercises, card tricks, chessboard problems, unicursal 'problems,
labyrinths, and a variety of topological problems.

Because of the recent popularity of the 15-Puzzle, it merits some ob§erva-

tions. Invented in America by Sam 'loyd in 1878, it took Europe by storm,
"driving people mad." A squar&arrangement of 15 small square blocks nun;
bered from 1 tp 15, with room for 16 blocks, so that the 15 squares can be
interchanged by sliding them about. The total number of conceivable positions

is factorial 16, or almost 21 billion. It can be proved that from any given

t initial arrangement, only half of all the possible arrangements can be obtained

by sliding the 'squares about. In the currant revival of interest, the puzzle
appears in dime stares, and is made of modern plastic material, Variations

have also appearedrectangular versions containing 19, 21, and 31 pieces:

respectively.

4.1 Bosi- Puzzle

BALL, W. W. R. AND COXETER, H. S. M. The 15-Puzzle. Mathematical Recreations
and Essays. London: Macmillan, 1942. p. 299-303.

/h.

JOHNSON, W. W. AND STORY, W. E. Notes on the 15-Puzzle. American Journarol
Mathematics 2:397-404; 1879.

KASNER, E. AND NEwm.m1.4.__Mathematics an.d.ih.e imagination. New York: ,Slinon

and Schuster, 1.940..p. 170-80.

KRAITCHIK, M. Mathematical Recreations. New York: W. W. Norton, 1942. p..
302-308.
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LICKS, H. E. Recreations in Mathematics. New York: Van Nostrand, 1.917. p.
20-21:

PROCTOR, R. A. The 15-Puzzle. Gentleman's Magazine (new series) 26:30.

PROCTOR, R. A. The 15-Puzzle. Knowledge 1:37, 79, 185.

SNOWDON, J. S. The 15-Puzzle. Leisure Hour 29:493.

STEINHAUS, H. Mathematical Snapshots. New York: G. E. Stechert, 1938. p. 15-16.

WARREN, G. W. Clue to 15-Puzzle. Nation 30:326; 1880.

4.2 Card TricksManipulative Puzzles
ADLER, IRVING. Make up your own card tricks. Bulletin, Association of the Teach-

ers of Mathematics of the City of New York 5 :4 -7; 1951.

"An Application of Mathematical Induction to the Tower of Hanoi Puzzle." M, T.
45 :522 -23 ; 1952.

Association of American Playing Card Manufacturers. Take a Card. New York:
the Association, 420 Lexington Ave.

A free pamphlet.

BALL, W. W. R. AND COXETER, H. S. M. Manipulative problems. Mathematical
Recreations and Essays. London: Macmillan, 1942. p. 299-325.

BEILER, A. H. Electrical Chinese ring puzzle. Am. M. Mo. 51:133-37; 1944.

"Card Trick Over Three Hundred Years Old." Scrip. M. 19:220; 1953.
COURT, N. ALTSHILLER. Perplexities of a potato-pusher. Scrip. M. 14:151-56;

1948.

Reference to games of tic-tac-toe.

FREEMAN, MAE AND FREEMAN, IRA. Fun with Figures. New York: Random House,
1946.

FUNKENBUSCH, W. AND EAGLE, E. Hyper-special tit-tat-toe, or tit-tat-toe in four
dimensions. N. M. M. 19:119-22; 1944.

GARDNER, MARTIN. Mathematical card tricks. Scrip. M. 14:99-111; 1948.

GARDNER, MARTIN. Mathematical tricks with common objects. Scrip. M. 15:17-26;
1949.

'Tricks with dice, dominoes, calendarf, watches, dollar bills, matches,
books.

GARDNER, MARTIN. Mathematical tricks with special equipment. Scrip. M. 18 :237-
49; 1952.

CRAVATT, G. G. Encyclopedia of (Self-Working) Card Tricks. 1937, 1940. 403 p.
Large collection of card tricks based upon mathematics, involving little or
no sleight of hand.

HOGBEN, LANCELOT. Mathematics for the Million. 3rd edition. New York : W. W.
Norton, 1956.

Chapters on "Statistics" and on the "Algebra Q.( the Card Pack".
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"An Inductive-deductive Experiment with the Tower of Hanoi Puzzle." M. T. 44:
505; 1951.

JOHNSON, PAUL B. Stacking colored cubes. Am. M. Mo. 63:392-95; 1956.

JONES, PHILLIP. Algebraic.tic-tac-toe. M. T. :43; 1951.

KIRKPATRICK, PAUL. Probability theory of a simple card game. M. T. 47:245.48;
1954.

KOENEN, WILLIAM. Using the tower of Hanoi to present the principle of mathe-
matical induction. M. T. 48:330-31; 1955.

LEEMING, JOSEPH. Games with Playing Cards, Tricks, Stunts. New York: Frank-
lin Watts, Inc., 1949. 104 p.

MANHEIMER, WALLACE. A club project in a modern use of mathematics. M. T.
50:350-55; 1957.

Mathematical card tricks, etc., based on binary notation and feedback.

Mathematics and Ticktacktoe. Time 68:78-80; July 23, 1956.

PRICE, IRENE. "I Doubt It"a mathematical card game. Am. M. Mo. 49:117;
1942.

RISING, GERALD. Some comments on a simple puzzle. MI T. 49:267-69; 1956.

ROHRBOUGH, LYNN. Puzzle Craft; Plans for Making and Solving 40 Puzzles in
Wire, Wood, and String. (Kit U). Delaware, Ohio: Cooperative Recreation
Service, 1932. 24 p. 250. (Pamphlet)

RUDERMAN, HARRY. The game of tic-tac-toe. M. T. 44:344-46; 1951.

SAWYER, W. W. Analysis of an Indian game. Scrip. M. 22:71-78; 1956.

Extensive discussion of a manipulative puzzle game similar to "Fox and
Geese."

SAWYER, W. W. AND SRAWLEY, L. G. Designing and Making. Oxford: Basil Black-
well, 1950. t

SCHUELER, F. W. A method for determining the thickness of material by folding.
S. S. M. 45:725-26; 1945.

SOMERVELL, EDITH. A Rhythmic Approach to Mathematics. London: George
Philip & Son, 1906.467 p. (Pamphlet)

Reprints obtainable from Miss L. E. Christman, 1217 Elmdale Ave., Chi-
cago, Ill. Discusses curve-stitching.

THURSTON, HOWARD. 300 Tricks You Can Do. New York: Pocket Books, Inc.,
1948. 239 p.

Card tricks, number tricks, and some paper and ring tricks involling
topology.

WALKER, S. W. Games of the checkers family in line, plane, and space. Bulletin,
American Mathematical Society 52:825; 1946.
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4.3 Chessboard Problems

BALL, W. W. R. AND COXETER, H. S. M. Chessboard recreations. Mathematical
Recreations and Essays. London: Macmillan, 1942. p. 161-92.

GINSBURG, JEKUTHIEL. Gauss's arithmetization of the problem of queens. Scrip.
M. 5:63-6'6; 1938.

HUBER-STOCKAR, EMILE. L'Echiquier du Diable: un jeu de composition a plus
de 5000 solutions. Deuxiime Congres International de Recreation Mathe-
matique, Bruxelles: Librairie du "Sphinx," 1937. p. 64.68.

HUBER-STOCKAR, SMILE. Le probleme du cavalier generalise. Bruxelles: Librairie
du "Sphinx," 1935.

DE JAENIS-CH. Du probleme du cavalier. Chess Monthly, April 1859.

JONES, NORMA L. A game of solitaire with checkers. The Pentagon 14:96-98; 1955.

KRAITCHIK, MAURICE. Le probleme du cavalier. Paris: Gauthier-Villars, 1927.
96 p.

LANGMAN, HARRY. A problem in checkers. Scrip. M. 20:206-208; 1954.

LINDE, A. v. d. Geschichte and Literatur des Schachspiels. Berlin: 1874.

MCCOY, JOHN C. The magic knight's tour. Scrip. M. 12:79-86; 1946.

NEV. R. MIND. Mathematics on the chessboard. Scrip. M. 20:110; 1954.

RUSKA, JULIUS. Zur Geschichte der Schachbrettaufgabe. M. N. U. 47:275-82:
1917.

SMITH, ARTHUR. Go, the National Game of Japan. Rutland, Vermont: Charles E.
Tuttle Co., 1956. (Reprint). 220 p.

STEWART, B. M. Solitaire on a checkerboard. Am. M. Mo. 48:228-32; 1941.

TOMLINSON. Amusements in Chess. London: 1845.

4.4 TopologicalQuestions
"Analysis Situs." Encyclopaedia Britannica. 14th edition, 1939.

AYRES, W. A. Some elementary aspects of topology. Am. M. Mo. 45:88-92; 1938.

BALL, W. W. R. AND COXETER, H. S. M. Solid-tessellations; ball-piling or close-
packing. Mathematical Recreations and Essays. London: Macmillan, 1942. p.

. 148-51.

BLUMENTHAL, L. M. A paradox, a paradox, a most ingenious paradox. Am. M.
Mo. 47:3.46-53; 1940.

COURANT, R. AND ROBBINS, H. What Is Mathematics? New York: Oxford Univer-
versity Press, 1941. p. 235-71.

[EULER,- LEONHARD.] Leonhard Euler and the Koenigsberg Bridges. Sci. Am 189:
66-70; July 1953.

FRANKLIN, PHILIP. What is topology? Philosophy of Science 2:39.47; 1935.
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GAMOW, GEORGE. Unusual propertie

4

s of space. One, Two, ThreeInfinity. New
York: Viking Press, 1941; Mcntor Books,,1947. p. 50-70.

GARDNER, MARTIN. Topology and magic. Scrip. M. 17:75-83; 1951.

Describes the Afghan bands; handkerchief tricks; tricks with. string and
rope; vest tricks.

GREITZER, SAMUEL. Topology. Selected Topics in Higher Mathemat *cs for Teachers.
New York: Association of Teachers of Mathematics of New York. City, 1942.
p. 5-25.

HALL, D. W. Some' concepts of elementary topology. M. Mag. 22:267-74; 1949.

HALL, F. What is topology? M. T. 34:158-60; 1941.

HOLTZMAN, HARRY. Topological party. Science Illustrated 3:20-23, 110; March
1948.

KASNER, E. Note on non-Apollonian packing in space. Scrip. M. 9.:26; 1943.

KASNER, E. AND NEWMAN, J. Rubber-sheet geometry. Mathematics and the 'magi-
, nation. New York: Simon & SchuSter, 1940. p. 265-98.

KASNER, E. AND OTHERS. Covering the plane by circles. Scrip. M. 9:19-25; 1943.

KASNER, E. AND , SUPNICK, F. Apollonian packing of circles. Proceedings, Na-
tional Academy of Sciences 29:378-84; 1943.

KLINE, J. R. What is the Jordan'curve theorem? Am. M. Mo. 49:281-86; 1942.

Bibliography.

MCCOY, DOROTHY. Space. N. M. M. 9:155-62;. March 1935.

MENGER, KARL. What is dimension? Am. M. Mo. 50:2-7; 1943:

Bibliography.

MESERVE, BRUCE. Topology for secondary schools. M. T. 46:465-74; 1953.

NORTHROP, EUGENE. Topology. Riddles in Mathematics. New York: Van Nostrand,
1944. p. 64.76.

FORGES, ARTHUR. Filling a square with circles. S. S. M. 45:88 -61; 1945.

SEIFERT, H. AND THRELFALL, W. Lehrbuch der Topologie. Leipzi Teubner, 1934.
353 p.

Bibliography.

SIERPINSKI, W. Introdqtion to General Topology. University of Toronto Press,
1934. 238 p.

Very readable, and suggestive.

STEINHAUS, Huco. Mathematical Snapshots. New York: Oxford University Press,
1950. p. 214-40.

TUCKER, A. W. AND BAILEY, H. S. Topology: turning inner tubes inside out; one-
sided bands and bottles. Sci. Am. 182:18-24; January 1950.
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4.5 String. FiguresTheory of Knots
ARTIN, EMIL. The theory of braids. American Scientist 38:112-19; 1950.

ASHLEY, CLIFFORD W. The Ashley Book of Knots. New York: Doubleday Doran
& Co., 1944.

BALL, W. W. R. String Figures. Cambridge: W. Heifer ,& Sons., 1921.

BASTINE, W. Bandknoten. Z. M. N. U. 53:172; 1922.

BELASH, CONSTANTINE. Braiding, and Knotting for Amateurs. Boston: Beacon
Press, n.d.

BURGESS, JOSEPH T. Knots, Ties, and Splices. London: Routledge, n.d.

DAY, CYRUS LAWRENCE. Sailors' Knots. New York: Dodd Mead & Co., n.d.

FISCHER, OTTOKAR. Illustrated Magic. New,York; Macmillan, n.d.

FRANKLIN, ERIC. Kamut: Pictures in String. Areas Publishing Co., 1945. 60-43.

HADDON, KATHLEEN. Artists in String. New York: Dutton, n.d.

HADDON, KATHLEEN. String Games for Beginners. Cambridge, England: W. Heifer
& Sons, 1951.

HASEMAN, MARY G. On knots, with a census of the amphicheirals with 12 cross-
ings. Edinburgh: 1918. Reprint from Transactions, Royal Society of Edin-
burgh, Vol. 52. 1917.

HERTWIG, P. C. Square Knot Book. Brooklyn, N. Y.: P. C. Hertwig CO.

HULL, BURLING. Thirty-three Rope Ties and Chain Releases. New York: n.d.

JAMES, STEWART." The Encyclopedia of Rope Tricks. Colon, Michigan: Abbott
Magic Company, 1945. 498 p.

JAYNE, CAROLINE F. Savages' String Figures. London: G. Newnes, 1913. p. 273-78.

JAYNE, CAROLINE F. String Figures: A Study of Cat's-cradle in Many Lands. N. Y.:
C. Scribners, 1906. 408 p.

Excellent bibliOgraphy.

KOLLER, L. Ober einige allgemeine auf Knotenverbindungen beziigliche Gesetze.
Wien: Ger.old, 1884.

LEEMING, JOSEPH. Fun with String. New York: Frederick A. Stokes, 1940. 161 p.
A Collection of String Games . . . Knot Work and Magic with String and
Rope.

"Mathematical Theory of knots." Science Progress 82 :70-74; 1937.

REIDEMEISTER, K. Knotentheorie. Berlin: Springer, 1932. New York: Chelsea Pub-
lishing Co. 78 p.

Concise and comPlete; 'bibliography.

SIMONY; 0. Lasung der Aufgabe: in ein ringformig geschlossenes Band einen
Knoten zu machen. Wien: Gerold, 1881.

-

TAIT, P..G. On Knoti. *Parts I, II, 111;1879-1885.
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4.6 The Mabius Strip
BOND, NELSON. The geometries of Johnny Day. Astounding Science Fiction, July

1941.
Humorous sketch based on the Miibius strip.

GARDNER, MARTIN. The no-sided professor. Esquire, January 1947. p. 67+.
Humorous story based on the Miihius strip.

HERING, C. Flat band with only one surface and one edge. Sci. Am. 110:56; 1914.

"MiThius Surfaces." Scrip..M. 5:208; 1938.

NIKLITSCHEIC, ALEXANDER. Das Ding, das nur eine Seite hat. Im Zaubergarten der
Mathematik. Berlin: Verlag Scherl, 1939. p. 217-28.

NORTHRUP, EUGENE. MiibiUs strip. Riddles in Mathematics. New York: Van Nos-
trand, 1944. p. 70-73.

STEINHAUS, Hum Mobius ribbon..Mathematical Snapshots. New York: Stechert,
1938. p. 114-17.

TUCKERMAN. A non-singular polyhedral Miibius band whose boundary is a tri-
angle. Am. M. Mo. 55:309-11; 1948.

UPSON, WILLIAM. Alexander Botts and the Moebius strip. Saturday Evening Post,
December 22, 1945. p. 22 ff.

Humorous skit based on the MiThius strip.

UPSON, WILLIAM. Paul Bunyan el. the conveyor belt. Ford Times 41:14-17; Dear-
born, Mich.: Ford Motor Co., 3000 Schaefer Road, July 1949.

Another humorous skit.

4.7 Map-Coloring Probleiris

A well-known problem of interest to mapmakers is the answer to the ques-
tion: "How many colors are necessary to color a map, showing any number
of countries, in such a way that no two countries having a common boundary
shall have the same color?" Apparently an innocent enough question, it con-
tinues to baffle topologists.

Thus one might expect that the more elaborate a map becomes, the more
colors would be required if the desired condition above is-IO-be-fulfilled, but

such is not the case. Cuiiously enough, no map has yet been constructed
for which four colors would not be sufficient. This is very !different, however,
from proving the generalization that four colors would suffice for any con-
ceivable map.

What has been proved, among other theorems, is that five colors are
always-sufficient for any =map drawn on a sphere or on a plane. Whether five
colors are always necessary is still an open question.
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BACKER, S. M. DE. Four-colour problem. Nature 153:710; June 10, 1944.

BALL, W. W. R. AND COXETER, H. S. M. Map-colouring problems. Mathematical
Recreations and Essays. London: Macmillan, 1942. p. 222-41.

BIRKHOFF, G. D. A determinant formula for the number of wayg of coloring a
map. Annals of Mathematics 14:42; 1912.

BIRKOFF, G. D. On the number of ways of coloring a map. Proceedings, Edin-
burgh Mathematical Society, Series 2, Vol. 2. p. 83.

BIRKOFF, G. D. The reducibility of maps. American Journal of Mathematics 35:
115; 1913.

BRAHANA, H. R. The four-Color problem. Am. M. Mo. 30:234-43; 1923.

CAYLEY, A. On the colouring of maps. Proceedings of the London Mathematical
Society, Vol. 9. 1878. p. 148:

"Concerning the Four-Color Problem." Am. M. Mo. 60:121-22; 1953.

COXETER, H. S. M. The map-.coloring of unorientable surfaces. Duke Mathemat-
ical Journal 10:293-304; 1943.

DIRAC, G. A. Colouring of maps. Nature 169:664; April 19, 1952.
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LEEMING, JOSEPH. Fun with Paper. New York: Frederick Stokes, 1939. 152 p.

LEEMING, JOSEPH. Paper-craft. Philadelphia: Lippipcott, 1949.

LEGMAN, G. Bibliography of paper-folding. Journal of Occasional Bibliography.
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1955.
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BRAUNE, R. Die Vielpassaufgabe. Z. M. N. U: 51:23; 1920.

DOSTAL, H. Zur Vielpassaufgabe. Z. M. N. V. 51:204; 1920.

GRAHAM, T. L. Experiment in generalizing; a unicursal problem. Journal of Ex-

perimental Psychology 23:96-100; 1938.
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Chapter 5

UNDOUBTEDLY of Chinese, or it least Oriental origin, magic squares seem
always to have been associated with mysticism. Through the ages they
have been used in fortune telling and as talismen and amulets. Often

they were associated with the symbols of the alchemist; and they played a
significant role in the cabalistic writings of the Hebrews.

Although the theory, of third-order squares is simple and complete, no
completely general methods of construction are known, nor has a complete

count of magic squares of all orders ever been made. Magic squares may be
derived from a given arrangement by various transformations, such as mirror
reflection, rotation through 90°, cyclic interchange of rows or columns or
both, and, in the case of even-order squares, by simple interchange of oppo-

site quarters.
In addition to ordinary magic squares, a number of interesting varieties

are to be found: bordered squares, i.e., squares within squares; pandiagonal
squares, i.e., squares that are magic along the broken diagonals as well as
along the two main diagonals; symmetric squares, i.e., squares of order n
such that the sum of any two numbers in skewly related cells shall be con-
stant and equal to n2 + 1; magic squares of nonconsecutive numbers;
doubly-magic squares; magic domino squares; magic cubes; magic circles;
interlocked hexagons; composite squares; and so on.

The theory and, construction of magic squares is related to lattice theory.
Indeed, as James Byrnie Shaw has aptly said: "Latin squares, magic squares,
linkages, polyhedra, crystals, groups, properties due to singularities, auto-
morphic forms, lattices, topology, isomers, isotopes, valences, equivalences,
syzygies, systems of forms, transitivity, linear -dependence, functional de-
pendence, and many other related topics all are fundamentally based on
symmetries of some sort." Is it any wonder that magic squares are so
fascinating?

5.1 BOoks-1900-1924
AHRENS, WALTER. Hebriiische Amulette mit magischen Zahlenquadraten. 1919.

AHRENS, WALTER. Die magischen Zahlenquadrate. 1915.

AHRENS, WALTER. Planetenamulette. 1920.

ANDREWS, W. S. Magic Squares and Cubes. Chicago: Open Court Pub. Co., 1908,
1917. 199 p.
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PORTIER, B. Le carre panmagique. 1904.

RILLY, ACHILLE. Etude sur les triangles et les carres magiques aux deux premiers
Degre.. Troyes: 1901.
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1906.
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Paris: Gauthier-Villars, 1912. 24 p.
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SCHUBERT, HERMANN C. H. Themagie square. Mathematical Essays and Recre-
ations, Chicago: 1898, 1910. p. 39-63.

SMITH, D. E. AND MIKAMI, Y. A History of Japanese Mathematics. Chicago: Open
Court Publishing Co., 1914. p. 290-93.

TABRY, G. Le carre-trintagiqu-e-de 128.1906.
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AUBRY, A. Carres magiques impairs. 1928.

AUPIC, JAN. Les carres magiques. 1932.

BALL, W. W. R. AND COXETER, H. S. M. Magic squares. Mathematical Recreations
and Essays. London: Macmillan, 1942. p. 193-221,

BR AGDON, CLAUDE. Man: The Magic Square. The New Image, New York: Alfred
Knopf, 1928. p. 161-73.

BURNETT, (MAJOR) J. C. Easy Methods for the Construction of Magic Squares.
London: Hider & Co., 1936. 77 p.
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Even Order. Ann Arbor. Mich.: Edwards Bros.. 1937.

CANDY, ALBERT L. Construction, Classification and Census of Magic Squares of
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CANDY, ALBERT L. Pandiagonal Magic Squares of Composite Order. Lincoln, Ne-
braska: the author, 1941.

CANDY, ALBERT L. Pandiagonal Magic Squares of Prime Order. Lincoln, Ne-
braska: the author, 1940.

CANDY, ALBERT L. Supplement to Pandiagonal Magic Squares of Prime Order.
Lincoln, Nebraska: the author, 1942.

CAZALAS, GENERAL. A travers les hyperspares magiques. Brussels. Belgium:
Librairie du Sphinx. (Pamphlet)
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Paris: Hermann et Cie., 1934. 192 p.
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DELESALLE, A. Carres Magiques. Paris: Gauthier-Villars, 1955. 70 p.

DELLACASA, LUCIA NO. Sui quadrati tnagici. 1931. ft
DRIEL, M. J. VAN. Magic Squares of (2n -11 1)2 Cells; avec sommaire: Les carres

magiques impairs. London: Rider and Co.. 1936. 90 .p.

DRIEL, M. J. VAN. A Supplement to Magic Squares of (2n + 1)2 Cells. London:
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Hackett, Brick Row Book Shop, 1940.

MCDONALD, K. Magic Cubes Which Are. Uniform Step Cubes. University of Cali-
fornia, 1934. 350. (Pamphlet)
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ANDREWS, W. S. AND CARUS, P. Franklin's magic squares. Monist 16:597; 1906.

ANDREWS, W. S. AND FRIERSON, L. S. Construction of magic squares. Monist 22:
304-14; 1912.

ANDREWS, W. S. AND SAYLES, H. A. Magic squares made with prime numbers to
have the lowest possible summations. Monist 23: 623-30; 1913.

ANEMA, ANDREW S. Franklin magic squares. Scrip. M. 11:88-96; 1945.
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Chapter 6
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THIS CELEBRATED theorem is notable, first because of the rich historical
associations suggested thereby; secondly, because of the amazing variety
of proofs which have been given; and thirdly, because further exploration

quickly leads to interesting and perhaps unsuspected byways, such as the
Golden Section, dynamic symmetry, logarithmic spirals, angle trisection,
duplication of the cube, squaring the circle, determination of the value of 7r,
the concept of the irrational number, regular and star polygons and poly-
hedra, theory of numbers, constructibility of angles and polygons, continued
fractions, phyllotaxy, musical scales, Diaphontine equations, Heronian tri-
angles, and Pythagorean number lore.

Two works are of particular interest: the brief monograph by Loomis,
which gives over 200 proofs of the theorem, and the stimulating tract by
Naber, which is unusually suggestive with respect to the ramifications of the
theorem.
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Pythagorean triplets exhibit many interesting properties. The familiar 3,
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Chapter 7

4
OVER TWO thousand years ago Greek mathematicians devoted themselves

to certain problems which have engaged the attention of men ever
since. The many attempted solutions and the spirited controversies

which these problezps created through the ages served to stimulate immensely
the development of mathematics, particularly algebra, equation theory, geom-

etry, theory of numbers, group theory, and analysis.
Three of these pro,blems are usually thought of together, namely; (a) tri-

secting an angle, (b) duplicating a cube, and (c) squaring a circle. As pro-
pounded by the Greeks, all three problems were to be solved by "pure
Euclidean" methodsthat is, by the use of compasses and the unmarked
straightedge only. With this limitationthe use of straight lines and circles
alonenone of these three problems can be solved. But this fact was not
proved until about 1800. Nevertheless, each passing year witnesses stubborn

attempts, on the part of laymen and amateurs alike, to tackle one or another
of these famous "unsolved" problems and so achieve immortality.

Also of great concern to the Greeks were the famous paradoxes of Zeno.
Somewhat different from the classical constructions, they presented an im-
posing challenge to the imaginationa challenge which, in slightly different
form, plagues the mathematician even today. What is involved is nothing
less than the concepts of infinity and continuity, ideas which lie not only at
the roots of modern analysis, but at the very foundations of mathematics

itself.

7.1 Classical Constructions

ARCHIBALD, R. C. Gauss and the regular polygon of seventeen sides. Am. M. Mo.
26:137; 1919.

BUSSEY, W. H. Geometric constructions without the classical restrictions to ruler
and compasses. Am. M. Mo. 43:265-80; 1936.

CARSLAW, H. S. On the constructions which are possible by Euclid's methods.
M. Gaz. 5:171; 1910.

CLARK, M. E. Construction with limited means. Am.. M. Mo. 48:475-79; 1941.
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New York: 1948. p. 340-48.
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7.2 Trisecfrrig Ari:Angle
In many ways, this has become the most famous of the three ancient problems

also the most tantalizing. It is so easy to bisect any angle!
Both the trigonometric and the algebraic analyses of the problem lead to an

equation of the form x3 3x2 2a = 0. The question then arises: for' all values
of a, is it possible to find a root x of this equation by means of compasses and
straightedge alone? Modern mathematics has given an unequivocal answer: No.
For it has been shown that with the straightedge and compasses together, and
no other instruments, it is possible to make only those constructions which are
algebraically equivalent to a finite number of operations of addition, subtraction,
multiplication, division, and the extraction of real square roots involving given
lengths. Yet despite this irrefutable evidence, the race of. angle-trisectors, as
R. C. Yates has suggested, is indeed a hardy one.

It remains to be pointed out,. of course, that not a few constructions with
straightedge and compasses yield remarkably close approximations for trisecting
a given general angle. Some of them are so close that their discoverers often
delude themselves; indeed, the mistakes in the purportedly exact constructions
are often extremely difficult to detect.

"A propos du Probleme de la Trisection de l'Angle." Mathesis 50:266-75; 1936.
ARCHIBALD, R. C. Bieberbach's trisection method. Scrip. M. 4:98-99; 1936.

BACKUS, A. D. Trisecting that angle. Industrial Art.; and Vocational Education
33:390 ; 1944.

BALL, W. W. R. AND COXETER, H. S. M. Trisection of an angle. Mathematical
Recreations and Essays. London: Macmillan, 1942. p. 333-35.

BENNECKE, F. n-Teilung beliebiger Winkel fiir alle rationalen Zahlen n. Z. M.
N. U. 65:274-79; 1934.

BERGER, E. J. A trisection device based on the instrument of Pascal. M. T. 45:
287+ ; 1952.

BERKEL, E. Mechanical trisector. Sci. Am. 113:519; 1915.

BORRIERO, ANTONIO. La trisezione dell'angolo e la risoluzione dell'equazione
cubica. Bollettino di Matematica. Nuova serie. 1923. p. 25-30.

BREIDENBACH, WALTER. Die Dreiteilung des Winkels. Leipzig and Berlin: B. G.
Teubner, 1933, 1951. 54 p.

CANDY, A. L. The trisection of an angle. Kansas University Quarterly 2:35-45;
1894.

DANIELLS, MARIAN. The trisector of Amadori. M. T. 33:80 -81; 1940.
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7.4 Squaring a Circle

In this classical problem the goal was to deterrnine the side of a square
whose area should be equal to that of a given circle. Strictly 'speaking, this
is no more a recreation, in one sense of the term, than the trisection of an
angle or the duplication of a cube. Yet the problem has a long and honor-
able history.

About 200 years ago it was shown that 7r is incommensurable. Toward
the close of the 19th Century the transcendence of 7 was established. Until,
then the endless futile attempts to solve the problem had led to innumerable,'
fruitful discoveries. Since then, of course, interest in the problem has all
but disappeared, although the tribe of would-be circle-squarers has 'not yet
completely vanished. It probably never will, any more than the select coterie
of angle-trisectors, and those who would demolish non-Euclidean- geometry
as unthinkable.
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7.5 History and Value of Pi (7r)

The various values assigned to 7r at different times and the numerous
attempts to find more precise approximations constitute a fascinating story,
from Archimedes' value 314 > 7r > 31%1 to Shanks' computation to 707

decimal places in 1873-74. During the 18th and 19th Centuries the number

7r occupied the attention of mathematicians (including many amateurs) in
connection with the problem of the quadrature of the circle. BOthusiasm

for that problem diminished, however, when in 1882 Lindeman proved that

7r is transcendental, although the. race of circle-squarers is ,a hardy one.

Popular interest in the computation of the value of 7r was revived late in

1949 when the ENIAC, an electronic computing machine at the U. S. Army's

Ballistic Research Laboratories at Aberdeen, Md., computed 7r to 2035'

places certain in about 70 hours of the machine's running time.
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7.6 Zeno's Paradoxes

Nearly 2500 years ago, mathematicians and philosophers were greatly
concerned by certain paradoxes involving the notion of the infinite. Modern
mathematicians are equally puzzled by these paradoxes.

The famous paradoxes on motion, propounded by Zeno about 500 B. C.,
included:

1. the Dichotomy that motion is impossible, because a moving object
must arrive at the middle before it reaches the end;

2. Achilles and the Tortoiseif the tortoise is given a head start, Achilles
can never overtake him;

3. the Arrowwhich must either move where it is or move where it
isn't, and so, although in flight, it is always motionless;

4. the Stadium-4n which it appears that a given time interval is equiva-
lent to an interval twice as great.

Beneath the apparent sophistry of these contradictions there lie subtle and
elusive ideas of the most profound sort. Many explanations of the paradoxes
have been offered over the years. Their meaning depends upon what inter-

pretation is given to the logical foundations of mathematicsan area in
which modern mathematicians are very far from being in agreement.

ALTSHILLER-COURT, NATHAN. The motionless arrow. Sci. Mo. 63:249-56; 1946.
Good discussion.

BOLZANO, BERNARD. Paradoxes of the Infinite. New Haven: Yale University Press,
1950. 189 p.

CAJORI, FLORIAN. The history of Zeno's arguments on motion; phases in the de-
velopment of the theory of limits. Am. M. Mo. 22:1-6, 39-47, 77.82, 109-15,
143-49, 179-86, 215-20, 253-58, 292-07; 1915.
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Chapter 8

8.1 Mathematics in Nature
Long years before modern biology finally succumbed, as did the other physical

sciences, to the relentless scrutiny of mathematical analysis, professional entomolo-
gists as well as lay naturalists observed many instances of mathematical relation-
ships in living forms---notably shells, flowers, spider webs, honeycombs, and the
like. One of the most brilliant and prolific writers in this field was the late
D'Arcy Thompson. Another astute observer was the naturalist Jean Henri Fabre,
"poet and prophet of the insect world," self-taught amateur mathematiciail, whOse
inimitable beauty of style is exemplified in the following passage:

"With this weird number [E = 2.718 . . .] are we now stationed within the
strictly defined realm of the imagination? Not at all: the catenary appears actually
every time that weight and flexibility act in concert. The name is given to the
curve formed by a chain suspended by two of its points which are not placed on a
vertical line. It is the shape taken. by a flexible eo.rd when held at each end and
relaxed; it is the line that governs the shape of a sail bellying in the wind; it is
the curve of the nanny-goat's milk-bag when she returns from filling her trailing
udder. And all this answers to the number. E

"What a quantity of abstruse science for a bit of string! Let us not be surprised.
A pellet of shot swinging at the end of a thread, a drop of dew trickling down a
straw, a splash of water rippling under the kisses of the air; a mere trifle, after
all, requires a titanic scaffolding when we wish to e3.amine it with the eye of
calculation. We need the club of Hercules to crush a fly."

A. Form and Symmetry

COLEMAN, S. AND COAN, C. A. Proportional Form. New York: G. P. Putnam's Sons,
1920. 265 p.

Disctission Of mathematical forms in Nature.

COOK, T. A. Spirals in Nature and Art. London;1903.

"Economy of Symmetry." N. M. M. 12:210-12; 1938.

GARDNER, MARTIN. IS Nature ambidextrous? Philosophy and Phenomenological
Research 13:200-11; December 1952.

Illuminating discussion of symmetry, asymmetry, "left-right," etc.

GARDNER, MARTIN. Left or right? Esquire, February 1951..
Symmetry and asymmetry in Nature; excellent.
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Chapter VI, p. 87-110.

Gnomonic growth and logarithmic spirals in snowflakes, shells, and marine
animals; also proportion in the human body.
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Unpaged.
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'web). Paris: Les Presses Universitaires de France, 1942. 536 p.

B. Bees and Honeycombs
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"Bees and Hexagons." Literary Digest, May 18, 1918. t. 23-24.
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.3rSIMONS, LAO G. Fabre and Mathematics, and Other Essays. New 'York ; Scripta
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Discussion of the mathematics/of the spider's web, wasps, bees, etc. p. 1-24.
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CHURCH, A. H. On the Interpretation of Phenomena of Phyllotaxis. London: Ox-

ford University Press, 1920.

CHURCH, A. H. On the Relation of Phyllotaxis to Mechanical Laws. London:

Williams and Norgate, 1901, 1904.

COXETER, H. S. M. The Golden Section, Phyllotaxis, and Wythoff's game. Scrip. M.
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LIETZMANN, WALTER. Lustiges und Merkwiirdiges von Zahlen und Figuren. Bres-

lau: F. Hirt, 1930. p. 288-92.

SCHUPBACH, WERNER. Pflanzengeomerie: Uber die geometriche Organisation der
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Verlag, 1944. 240 p.
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8.2 Machines That Think

Regardless of what the future historian may say, there is no doubt that
developments during the last dozen years in the field of electronic computing
machines have been little short of phenomenal. Amazingly enough, the rami-

fications of these. unbelievably rapid developments have gone far beyond

computing even of the most elaborate sort. Apparently we are o_n the thresh-

old of what is yet to come in the way of thinking machines, giant brains,

logic machines, and machines that play tit-tat-toe, gin rummy, and chess. If

ever man's ingenuity and imagination have served him well, it is in this area.

He has drawn upon material frorl symbolic logic, Boolean algebra, and

binary notation, and, with the aid of the electronics engineers, has boldly

synthesized mechanisms which can handle information with uncanny skill

and breath-taking speed.

*----7VirrEATJ-ERtly-z---So,..yo& think you can count! M. Mag. 28:83; 1954-55.

"Automatic Control." c1m. September 1952.
Entire issue devoted to ubject Of automation; many excellent articles on
related topics.

BAMMAN, HOWARD. Thinking machines and your telephone. S. S. M. 55:10919:
1955..
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8.3 Cryptography and Cryptanalysis

The art- of writing secret messages is as old, presumably, as the human
desire to convey information to certain individuals while withholding it from
all others. Clearly this has utility for political and military purposes. The
ability to read a secret message without having possession of the key, also
a highly useful skill, has its sheer recreational and challenging aspects.

The terms code and cipher are not to be confused. A code is a device which
requires a code dictionary to write and to read, or, more precisely, to en-
cipher and to decipher. An encoded message is shorter than the original, or
plain-text message; a few consecutive letters may represent an entire para-
graph. A cipher, on the other hand, is as long or longer than the plain-text
message.

Ciphers are of two general types: (a) transposition ciphers, in which the
letters of the plain-text message are unchanged but their order is scrambled
in some systematic manner; and (b) substitution ciphers, in which letters,
or groups of letters, Or other symbols, are substituted for letters or groups
of letters of the plain text.

Thus when a bona-fide person in possession of the code book simply re-
verses the process of encoding a code message, he is said to decode or to
decipher it. When a person having no knowledge of the key to a cipher or
cryptogram "breaks" the cipher, be is said to have solved it. The art of
devising secret ciphers is called cryptography. The -art of breaking crypto-
grams is known as cryptanalysis.

Apart from the utilitarian and romantic aspects of secret messages, crypt-
analysis offers an implied challenge to human ingenuity which is not easily
resisted, and which intrigues many devotees to whom utility and sentiment
are immaterial.
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8.4 Probability, Gambling, and Game Strategy-

"To err is human4; to forgive, divine." Man errs frequeritly because of
the uncertainties with which he is beset. Human experience is steeped in
probabilities. To be sure, some things are certain. The object dropped will
surely fall to the ground. Five cards drawn from a deck at random will
surely not contain five aces. Many other things are equally certain. But
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many more are subject to `chance," which means that we are not certain.
In other words, we do not know; we are ignorant. It reminds one of the
two perplexed weather bureau officials, one of whom suggests to the other:
"Why don't we just tell them the trutheither it will rain tomorrow or it
won't."

Mathematicians have at various times espoused two principal approaches
to the quantitative study of probability: (a) the subjective view, according
to which probability describes the degree of certainty or uncertainty': or the
intensity of one's belief; and (b) the statistical view, according to which
probability is regarded as the relative frequency with which an event occurs
in a certain category of events; or, popularly paraphrased, 'that which
usually happens we say is probable; the more often it has happened, the
more likely it is to happeriagain."

Both points of view have advantages as well as serious limitations. The
calculus of probability (which draws freely upon both) , has proved ex-
tremely fruitful not only to physical scientists, but to economists, sociologists,
and businessmen as well. The entire institution of modern insurance rests
in large part upon probability theory. In recent times, the theory of proba-
bility has seen brilliant advances such as those exemplified by sampling and
quality control techniques on the one hand, and by the theory of games and
strategy on the other to;. cite but two of the most araMatic recent develop-
ments.
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. .. ..

. r 4

4 ,.This. hoary -anachrolisill 'sh'ould doubtless he left to sink into oblivion
'.... along .with angle-tiriection and perpetual. motion. And yetsome rather
`-'intriguing matters compel our attention..:. : ..

.

.

'For, example; there were the machinations of the charlatan Mine'''. and
..

his. spiritualistic :friends, who:, -toward the close of the 19th Century, insisted
that itfe,ProPerties of .physical spa of foid-dimenions admirably accounted

...

-.
'' forotherw`ise inexplicable psychic Phenornena. *Theii there are the phenomena

of CongriiOnce; synuiletry, asymmetry,' isomerism, polarization, and such,
and their relation. to theconcept:ol:climensidnality: 'Curious, also, is the
connection,. earnestly professed by :sOirie, between. religion and "the fourth
climensiop." And Dot. -Without interest.:is he .use'of four-dimensional con-
figurations, or their projections, as a s ? me f original design. Finally, we
must not overlook the popular notion that, in relativity physics, time is the
fourth dimension.

1,

..)
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8.7 Dynamic Symmetry

In the realm of art, the term symmetry generally refers to the relation of
the parts of a design to the whole. Thus classical symmetry concerns the
disppsition of the parts of a design, or the interrelationships between linear'

,Or

3
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dimensions of a design. Often based upon regular polygons or polyhedrons,
it has been alluded to as Gothic szynimetry, or static symmetry.

Dynamic symmetry, on the other hand, involves proportional areas. It is
often thought of as an organic sort of symmetry, being exemplified in living
organisms such as plants, flowers and leaves, and in the human figu"

The principles of dynamic symmetry were rediscovered by the late Jay
Hambidge some 35 years ago. As used by Hambidge, the term is peculiarly
appropriate to describe proportioning of areas, she to the Greek mathe-
matician Svvap.et (71%,u,pterpou meant "commensurable in power," particularly
in a square. Thus the familiar root-n rectangles, the whirling square, and
such, suggest the force of the term "dynamic."

Interestingly enough, the only peoples to use the principles of dynamic
symmetry were the Greeks and the Egyptians. Even more interesting are the
many bypaths into which the subject leads: (a) mathematicsthe Golden
section, Fibonacci numbers, continued fractions, the number system; (b)
science=phyllotaxy, physiology, anatomy; (c) the artssculpture, ceramics,
painting, architecture, ,design, and modern advertising and printing layout.

ARMFIELD, M. Dynamic symmetry and its practical value. International Studio
74:76-85; 1921.

BLAKE, EDWIN. Dynamic symmetry; a criticism. Art Bulletin (Providence; 'R. I.),
3:107-27; 1921.

BOWES, JULIAN. Dynamic symmetry. Scrip. M. 1;236-44, 309-14; 1933.
Scholarly and authoritative discussion.

BRAGDON, CLAUDE. Dissertation on dynamic symmetry. Architectural Record 56:
305-15; 1924.

BRAGDON, CLAUDE. Observations on dynamic symmetry, Old Lamps for New. New
York: A. Knopf, 1925. 205 p. p. 85-95.

BRAGDON, CLAUDE. Regulating lines. Architecture (Net* York) 64:329-34; 1931.

BROWN, F. G. Dynamic design. Everyman's Mathematics. London: Angus & Robert-
son, 1947. 747 p. Chapter 20. p. 427-56.

BURTON, W. E. Dynamic symmetry improves photography. American Photography
37:8-11; 1943.

Bum, F. Anent pictorialism and dynamic' symmetry. American Photography 28:
414.20 ; 1934.

CASEY, LACEY D. Geometry of Greek Vases; Attic vases in the Museum of Fine
Arts analyzed according to the principles of proportion 'discovered by Jay
Hambidge. Boston: Museum of Fine Arts, 1922. 235 p.

COLWELL, L. Root rectangles and ,classic art. Chicago Principals' Club Reporter
28:6-10; 1936.

CUSTIS, E. P. Dynamic symmetry for photographers. American Photography 41:8-
12; May 1947. 41:0-12; June 1947.

"Dynamic Symmetry." Scientific American Monthly 4:23-28; 1921.
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HANK, H. Dynarnidtrollse-ns,:. American Photography 29:742-46; 1935.

GARDNER, R. W. Standardized proportion of the Greek vase and ornament. Jour-
nal American Ceramic Society 9:426-36; 1926.

GHYKA, MATILA C. The Geometry of Art and Life. New. York: Sliced and Ward,
1946. p. 124-72.

GUGLE, MARIE. Dynamic symmetry. Journal American Ceramic Society 9:157-61;
1926.

GUGLE, MARIE. Dynamic symmetry. N. C. T. M. 3rd Yearbook, 1928. p. 57-64. -

HAMBIDGE, JAY. Dynamic Symmetry: The Greek Vase. New Haven: Yale Univer-
. versity Press, 1920. 161 p.

A pioneer among modern writers in this teld.

HAMBIDGE, JAY. Dynamic symmetry: the Greek vase. American Journal of Archae-
ology 25:18-36; 1921.

HAMBIDGE, JAY.-Dynamic Symmetry in Composition: As Used by the Artists. New
Haven: Yale University Press, 1923, 1948. 83 p.

HAMBIDGE, JAY. The Elements of Dynamic Symmetry. New. York: Brentano's,
1926. Yale University Press, 1948. 133 p.

HA,MBIDGE, JAY. Greek design. Journal American Institute of Architects 8:288-95;
1920.

HAMBIDGE, JAY. The Parthenon and Other Greek Temples and Their Dynamic
Symmetry. New Haven: Yale University Press, 1924. 103 p.

HAMBIDGE, JAY. Practical Applications of Dynamic Symmetry. New *Haven: Yale
University Press, 1932. 199 p.

HAMBIDGE, JAY. Symmetry and proportion in Greek art. American Architecture
1161697-605; 1919.

HOADLEY, E. C. Dynamic symmetry and art education. School Arts Magazine 24:
304-309;' 1925.

HOGAN, G. F. Dynamic symmetry for photographers. American Photography 29:
476-80; 1935.

KIMBALL, R, Dynamic symmetry in design. Industrial Arts Magazine 13:222-24;
423; 1924.

KIMBALL, R. Dynamic symmetry in Nature. Industrial Arts Magazine 14 :68 -6g;
1925.

LA FLEUR, W. J. Dynamic symmetry in pier design. Concrete 56:6-10; May 1948.

LAW, BERNADINE. Some mathematical considerations of dynamic symmetry under-
lying visual art. The Pentagon 13:7-17; 1953.

SATTERLY, JOHN, Meet Mr, Tau. S. S. M. 56:731-41; 1956.
A stimulating discussion of the pentagon, icosahedron, dodecahedron, dy-
namic symmetry, and -related matters.

SOUTHWICK, A. A. Dynamic symmetry. American Architecture 121:54-57; 1922.

"Square-toot Spiral Curve." Industrial Arts and Vocational Education 38:301;
September 1949.
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SWARTOUT, E. Greek proportions theoretically and otherwise. American Archi-
tecture 120:379-83; 1921.

VAN DYCK, A. Dynamic symmetry in radio design. Proceedings, Institute of Radio
Engineers 20:1481-1511; 1932.

WARINGTON, A. AND WELO, S. Dynamic symmetry in advertising layout. Inland
Printer 98 :69-72 ; 1937.

WARINGTON, A. AND WELD, S. Use of dynamic symmetry. Inland Printer 97:52 -

54; 1936.

8.8 The Golden Section

Just as the Pythagoreans first showed the relation of number to tone in-
tervals in music, so it was also the Greeks who first claimed that there was
always some law of number that was applicable to creations of nature and
art, and which explained the beauty of such creations. One of the most
notable of these laws is the Law of the Golden Mean, or the Golden Section.

The law appears in many forms. In geometry it arises from the division
of a given line segment into mean and extreme ratio, i.e., into two 'parts, a

and b, such that a
a b

, where a < b. This proportion was called

the "Divine Proportion" by Luca Pacioli. By setting x b we have
a

x 1 = 0, x
2

1
. The ratio, 1.618 . . . or

+
2

(I), is known as the "golden number"; the ratio V:52 1 1
0.618.

(I3

. . , and the ratio V5-+ 3 cD2= 2.618 . . , are all intimately related.
2

As one pursues the ramifications of the Golden Section one encounters a
variety of mathematical interrelationships: the pentagram and the regular
decagon, Fibonacci numbers, continued fractions, dynamic symmetry, and
so on.

The Golden Mean appears at many unexpected turns. In Nature. among
various plant and animal forms, we find-phyllotaxy in leaves, pentagonal
symmetry in flowers and marine animals, and pentadactylism in vertebrates.
In the proportions of the human body the Golden Mean is again to be found.
Man has employed the same principle in the creative arts, as seen in the
dynamic symmetry of early Greek vases and statues. in classical Renaissance
paintings, and in various aspects of contemporary design, including "lay-
outs" in the printing and advertising crafts. Far extunple- the_majority oi
people consider the most aesthetically pleasing rectangular shape that rectan-
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he approximate ratio of 8:5 ( 1
= 1.618 .

)

Golden Section. Am.-M. Mo. 2:260; 1895.

e Golden Section. Am. M. Mo. 25:232-35; 1918.

Geometric des Pentagrammes und der Goldene Schnitt. Stutt-
f Verlag, 1932.
he geometry of the pentagon and the Golden Section. M. T. 41:

T S. The Golden Section and Fibonacci numbers. Scrip. M. 16:116-

The golden and platinum proportions. N. M. M. 19:20-26; 1944.

A. A. The most pleasing rectangle. Am. M. Mo. 30:27-30; 1923.

EDT, H. Bemerkung zur Sectio aurea. Z. M .N. U. 35:309; 1904.

N, CLAUDE. The Frozen Fountain. New York: Alfred Knopf, 1932.

R, K. Der goldene Schnitt und dessen Vorkommen in Natur und Kunst.
chulprogramme Zug, 1889.

ALLERO, VINCENZO. Nuove ricerche sulla genesi della sezione aurea. Bollettino
di Matematica, No. 2-3. 1926.

OXETER, H. S. M. The Golden Section, phyllotaxis, and Wythoff's game. Scrip.
M. 19:135-43; 1953.

EMSMANN, G. Ober die sectio aurea. Schulprogramme Stettin: 1874.

ENGELHARDT, RUDOLPH. Der goldene Schnitt im Buchgewerbe; eine buchgewer-
bliche Harmonielehre fur Buchdrucker und Buchgewerbler. Leipzig: J.
Maser, 1922. 282 p.

Golden Section from printer's viewpoint; more than 350 figures; many
plates.

FEHR, HOWARD. Teaching for appreciation of mathematics. S. S. M. 52:19-24;
1952.

Allusions to the Golden Section and related ideas.

FUNCK-HELLET, CH.. Les oeuvres peintes de la renaissance italienne et le nombre
d'or. Paris: Librairie Le Francois, 1932. 55 p.

Discussion of proportion and use of the Golden Section in painting and
art.

GAUDET, C. Golden measure and Greek art. Spectator 124:235-36; 1920.

GHYKA, MATILA C. The Geometry of Art and Life. New York: Sheed and Ward,
1946. p. 7-19.

GHYKA, MATILA C. Le nombre d'or; rites et rythmes pythagoriciens dans le
developpement de. La civilisation occidentale. (2 Vol. in 1). Paris: Gallimard,
Editions de la Nouvelle Revue Frangaise, 1931.
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Sequel to "Esthetique des Proportions dans la Nature et dan les Arts."
Discussion of symbolism of numbers and Pythagorean number philosophy ;

rhythm in art; the Golden Section.

"Golden Mean in Art and Nature.",Literary Digest.98:22-23; 1928.

GORINGER, A. Der goldene Schnitt (gottliche Proportion) and seine Beziehung
zum..menschlichen Kiirper, usw. Miinchen: 1893.

GRAESSER, R.F. The Golden Section. The Pentagon 3:7-19; 1943-44.

HAGEN, F. W. Der goldene Schnitt in seiner Anwendung. Leipzig: Engelmann,
1857.

HAGGE, K. Besondre Dreiecke, die mit dem GoldeneA Schmitt in Beziehung stehen.
Z. M. N. U. 41:21+ 1910.

HAGGE, K. Zum Goldenen Schnitt. Z. M. N. U. 36:498+ ; 1905.

JOSEPH, MARGARET. Golden Section compasses. M. T. 47:338-39; 1954.

KALBE, 0. Der goldene Schnitt. Hanover: Ost, 1890.
MATTHIAS, J. Die Regel vom goldenen Schnitt im Kunstgewerbe. Leipzig: Hassel,

1886,

NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS. Seventeenth Yearbook. A
Source Book of Mathematical Applications. New York: Bureau of Publica-
tions, Teachers College, Columbia University, 1942. p. 183-87.

NIEBEL, W. Beitrag zur asthetischen Bedeutung des Goldenen Schnittes. Z. M.
N. U. 60:249+ ; 1929.

NOETLING, FRITZ. Die kosmischen Zahlen der Cheopspyramide, der mathematische
Schliissel zu de neinheits-Gesetzen im Aufbau des Weltalls, berechnet von
Dr. Fritz Noetling. 4 Aufl. Stuttgart: E. Schweizerbart, 1921.

Relation of the Golden Section to cosmology.

NORTHROP, E. P. Riddles in Mathematics. New York: Van Nostrand, 1944. p.
55.

PACIOLI, LUCA. Divina Proportione. Die Lehre vom goldenen Schnitt. Nach der
Venezianischen Ausgabe vom Jahre 1509 neu herausgegeben, iibersetzt und
erlautert von C. Winterberg. Wien: Graser, 1896.

PACIOLI, L. Divina Proportione. Venice: 1509: Buenos Aires: 1946.

PFEIFER, F. X. Der goldene Schnitt und dessen Erscheinungsform in Mathematik,
Naturwissenscha/t und Kunst. Augsburg: Huttler, 1885. 13 plates.

SCHoTTLER. tTher eine mit dem goldenen Schnitt in V erbindung stehende Kreis-
gruppe. Schulprogramme Giitersloh: 1857.

SONNENBURG, L. Der goldene Schnitt. Beitriige zur Geschichte der Mathematik
und ihrer Anwendungen. Schulprogram Bonn: 1881.

THOMPSON, DARCY W. On Growth and Form. New York: Macmillan, 1943.

TIMERDING, HEINRICH C. F. E. Der goldene_Se* hnitt. Leipzig und Berlin: Teubner,
1919, 1929. 1937. 57 p.

WIEGAND, A. her allgemeine goldene Schnitt und sein Zusammenhang mit der
harmonischen Teilung. Halle: Schmidt, 1849.
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WITTSTEiN, THEonoa L. Der goldene Schzikiit. Hannover: Hahn3,1874.

Zni SING, A. Der goldene Schnitt, Leipzig: Engelmann, 1884.1' .'

ZEDitNo, A. Neue Lehren von den Proportionen des nzenschlichen Kiiipers aus:
einem bisher unbekannt gebliebenen und (lie ganze Natur Ad Kunst durch-

.

dringenden Grundgesetze. Leipzig: 1854.
, A

8.9 .Mathematics and Music

"Music is the pleasure the human soul experiences from counting without
being aware that it is counting."LEIBmTz

"Mathematics is the music of Reason. The musician feels Mathematics,.
the mathematician thinks Music. " J. J. SYLVESTER

"Mathematics and Music, the most sharply contrasted, fields of scientific.

activity, are yet so related as to reveal the secret connection binding together
all the activities of our mind."HELMHOLZ

"It is not surprising that the greatest mathematicians have again and again
appealed to the arts in order to find some analogy to their own work. They
have indeed found it in the most varied arts, in poetry, in painting, and in
sculpture, although it would certainly seem that it is In music, the most
abstract of all the arts, the art of number and of time, that we find the
closest analogy."--HAVELOCK ELLIS

"La muslque est au temps ce que la geometrie est a l'espace."
FRANCIS WARRAIN

.ALTSHILLER- COURT, N. Mathematics and esthetics. S. S. M. 30:31-32; 1930.

ARCHIBALD; R. C. Mathematics and music. Am. M. Mo. 31:1-25; 1924.

ARCHIBALD, R. C. Mathematics and music. The Arg y (Sackville, N.B., Canada).
August 1924. p. 135-42.

BARBOUR, J. MURRAY. Musical logarithms. Scrip. M. 7:21 1; 1940.

BARBOUR, J. MURRAY. The persistence of the Pythagoreat\,tuning system. Scrip.
M. 1:286-304; June 1933.

BENSE, MAX. Konturen einer Geistesgeschichte der Mathematik. Hamburg: Claas-
sen & Goverts, G. m. b. H,, .1949. (2 Vol.) Vol. 2: Die Mathematik in der
Kunst; p. 183-206: "Die Vereinbarung von Musik und Mathematik."

CRONBACH, L. J. Mathematics and music. Sierra 'Education News 35:36; 1939.

DOWLING, L. AND SHAW, A. The Schillinger System of Musical Composition. 2
Vol. New York : Carl Fischer, 1946. 878+.-760 p.

HAMILTON, E. R. Music and mathematics. New Era 15:33-36; January 1934.

HULL, A. E. Music anemathematics. The Montyy Musical Record' 46:133+ ;
1916..
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9.1 Books and Pamphlets
ADAMS, JOHN PAUL. We Dare You To Solve This! New York : Berkley Publishing

Co., 1957. 123 p. (Paper)
Some conventional, many original puzzles.

ADLER, IRVING. Magic House of Numbers. New York : New American Library,
1957:123 p. (Paper)

Reprint of a work originally published by John. Day, 1957.

ADLER, IRVING. Thinking Machines. New York: John Day, 1961189 p.
Popular exposition of the operation of electronic computers.

ANDkIEWS, W. S. Magic Squares and Cubes. New York: Dover Publications, 1960.
419 p. (Paper)

Republication Of a classic work first published by Open Court Publishing
Co., in 1917.

.Anonymous. The Little Puzzle Book. Mt.rVernon, N. Y.: Peter Pauper Press, 1955.
62 p.

BALL, W. W. R., ET AL. String Figures. and Other Monographs. New York: Chelsea
Publishing Co., 1960. 72 + 102 179 + 136 p.

Four monographs bound in one; also contains J. Petersen: Methods and
Theories for the Solution of Problems of Geometrical Constructions; H. S.
Carslaw: Non - Euclidean. Plane Geometry and Trigonometry; F. Cajori:
A History of the Logarithmic Slide Rule.

BELL, E. T. The Last Problem. New York : Simon and Schuster, 1961. 308 p.
Discussion of Fermat's last problem, with many entertaining historical side-
lights.

BORISSAVELIEVITCH, M. The Golden. Number and the Scientific Aesthetics of
Architecture. New York :, Philosophical Library, 1958. 96 p.

BRANDES, Louts G. An Introduction to Optical Illusions. Portland, Me.: J. Weston
Walch, 1956. (Unpaged)

CARDANO, GEROLAMO. The. Book on Games of Chance. (English translation by
S. H. Gould) New York: Holt, Rinehart and Winston, 1961. 57 p.

CARNAHAN, WALTER H. Mathematics Clubs in High Schools. Washington, D. C.:
National Council of Teachers of Mathematics, 1958. 32 p. (Pamphlet).

CARROLL, LEwts. ( .1,1)odgson) .:Mathematical _Recreations of Lewis Carroll.,
Vol. "Symbolic -Logie'and Game of Ltigie.' (2 books bound as 1)
New York: Dover Publications, 1958. 199 + 69 p.

The first book consists of some 400 logical problems involving syllogisms and
sorites.
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CARROLL, 1,F,WIS.' (C. L. Dodgson). Mathematical Recreations of Lewis Carroll:
Vol. 12: "Pillow Problems" and "A Tangled Tale." (2 books bound as 1)
New York: Dover Publications, 1958. W9 + 152 p.

"Pillow Problems" is a classical collection of 72 sophisticated "brainteasers."

COLLINGWOOD, STUART DODGSON (editor). Diversions-and-Digressions of Lewis.
!Carroll. (Formerly titled The Lewis Carroll Picture Book.) New York:
Dover Publications, 1961. 375 p. Chapter 5.: Curiosa Mathematica; Chapter
6: Games and Puzzles.

DAVIS, PHILIP J. The Lore of Large Numbers. Syracuse, N. Y.: L. W. Singer Co.,
1961. 165 p. (Paper)

DELENS, P. Problemes d'arithmetique aniusante. 4th edition. Paris: Vuibert, 1948.
164 p. (Paper)

New edition of a classic work.
DISNEY, WALT. Donald in Mathmagic Land. New York: Dell Publishing Co., 750

Third Ave., 1959. 32 p. (Paper, No. 1951)
DUDENEY, H. E. Amusements in Mathematics. New York: Dover Publications, 1958.

258 p. (Paper):
A reprint of the original edition of 1917.

DUMAS, Erma'. Arithmetic Games. San Francisco, Calif.: Feron Publishers, 1960.
56 p. (Paper)

DYNKIN, E. B. AND USPENSKI, W. A. Mathematische Unterhaltungen. I. Mehrfarb-
t' enprobleme. Berlin, 1955. 65 p. 3

FADIMAN, CLIFTON. Fantasia Mathematica. New York: Simon and Schuster, 1958.
298 p.

A collection of humorous stories and diversions related to mathematics.
FADIMAN, CLIFTON. The Mathematical Magpie. New York: Simon and Schuster,

1962. 300 p.
A delightful collection of humor about mathematics: aphorisms, apothegms,
anecdotes, poems, limericks, cartoons, essays, and curiosa.

FERRIER, A. Les nombres premiers. Paris, 1947. 110 p.
FRIEND, J. NEWTON. More Numbers: Fun and Facts. New York: Charles Scrib-
. ner's Sons, 1961. 201 p.
FROHLICHSTEIN, JACK. Mathematical Fun, Games, and Puzzles. New York: Dover

Publications, 1962. 306 p. (Paper)
Considerable material dealing with percentage, business arithmetic,
urement, etc.

GAMOW, GEORGE AND STERN, MARVIN. Puzzle-Math. New York: Viking, 1958.
119 p.

Many old-time puzzles dressed up in smart new Clothes.
GARDNER, MARTIN. Logic Machines and Diagrams. New York: McGraw-Hill, 1958.

157 p. (Paper)
GARDNER, MARTIN (editor). Mathematical Puzzles of Sam Loyd. New York: Dover

Publications, 1959. 167 p. (Paper)
-More than 100 puzzles-from-Loyd's famous Cyclopedia of Puzzles.

GARDNER, MARTIN (editor). Mathematical Puzzles of Sam Loyd. Vol. 2. New
York: Dover Publications, 1960. 175 p. (Paper)

Companion volume to the above.
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GARDNER, MARTIN. e Scientific American Book of Mathematical Puzzles and
Diversions. New Yor Simon and Schuster, 1959. 178 p.

Sophisticated essays n mathematical recreations, with considerable new
material.

GARDNER, MARTIN. The Scientific American Book of Mathematical Puzzles and
DiverSions. Vol. 2. New York: Simon and Schuster, 1961. 251 p.

Companion volume to the above; many new diversions, such as tetraflexa-
gons, Soma cubes, topology, Origami, etc.

GRAHAM, L. A. Ingenious Mathematical Problems and Methods. New York: Dover
Publications, 1959. 237 p. (Paper)

Collection of 100 puzzles contributed by scores of mathematicians to an
industrial- magazine over a period of 18 Years.

HEAFFORD, PHILIP. The Math Entertainer. New York : Emerson Books, 1959. 176 p.
American edition of the book published by Hutchinson of London.

HEAFFORD, PHILIP. Mathematics for Fun: A Quiz Book. London: Hutchinson &
Co., 1957. 176 p.

Fifty short quizzes dealing with mathematical miscellania,including his-
, torical material.

HUFF, DARRELL. How To Taka a Chance. New York: W. W. Norton, 1959.
Humorous commentaries on the 164 of chance. ,

HUNTER, J. A. H. Figurets: More Fun with Figures. New York: Oxford Univer-
sity Press, 1958. 116 p.

JAYNE, CAROLINE FIJRNESS. String Figures and How To Make Them. New York:
Dover Publications, 1906, 1962. 407 p. (Paper)

JOHNSON, DONOVAN. Paper Folding for the Mathematics Class. Washington, D. C.:
National Council of Teachers of Mathematics, 1957. 36 p.

JOHNSON, DONOVAN AND GLENN, W. H. Fun with Mathematics. St. Louis, Mo.:
Webster Publishing C414960. 43 p. (Pamphlet) _

JOHNSON, DONOVAN AND OWN, W. H. Number Patterns. St. Louis, Mo.: Webster,
Publishing Co., 1960. 47 p. (Pamphlet)

JOHNSON, DONOVAN AND GLENN, W. H. The Pythagorean Theorem. St. Louis, Mo.:
Webster Publishing Co., 1960. 48 p. (Pamphlet)

JOHNSON, DONOVAN AND GLENN, WM. H. Topology: The Rubber Sheet Geometry.
St. Louis, Mo.: Webster Publishing Co., 1960. 40 p. (Pamphlet)

KEMPNF:II, A. J. Paradoxes and Common Sense. Princeton, N. J.: D. Van Nostrand
Co., 1959.22 p. (Pamphlet)

KNOTT, C. G. (Trans.) Tom Tit: Scientific Amusements. `19];8. 413 p. (Scarce)
KOSTOVSKII, A. N. Geometrical Constructions Using Compasses Only. New York:

Blaisdell Publishing Co.., 1961. 79 p. (Paper)
LANCMAN, HARRY. Play Mathematics. New York: Hafner Publishing Co., 1962.

216 p.
A fresh appfoach to mathemlatical recreations.

LASKER, EDWARD. Go and Go- rnoku. The Oriental Board Games. New York: Dover
PublicatiorisJ960:215 p. (Paper) -

LITTON INDUSTRIES; INc.--More =ProbiematicalRecreations. Beverly Hills,. Calif.:
Litton Industries, n.d. 45 p. (Pamphlet)
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LITTON INDUSTRIES, INC. Problematical Recreations. Beverly Hills, Calif.: Litton
Industries, Inc., n.d. 55 p. (Pamphlet))

LONGLEY-COOK, L. H. ll'ork This One Out: A Book of Mathematical Problems.
London : Ernest ,Benn, Ltd. 1960. 95 p.

Over- -100 problems and puzzles, many of them new.
MARRIOTT, RICHARD. Geometrical Drawing for Students. London : Methuen &

Co., 1958. 112 p. (Paper)

MAXWELL, E. A. Fallacies in Mathematics. New York: Cambridge University Press,
1959. 95 p.

Interesting fallacies in geometry, algebra, and calculus, together with their
explanations.

MENNINGER, KARL. Ali Baba und. die 39 Kamele. Gottingen : Vandenhoeck &
Ruprecht, 1955, 1958. 108 p. (Paper)*

Humorous sketches about numbers, by the distinguished author of Zahl-
wort und

MEYER, JEROME S. Fun With Mathematics. New York : Fawcett, 1957. 176 p.
(Paper)

Reprint of an earlier edition, suitable for high school pupils.
MORDELL, L. J. Three Lectures on Fermat's Last Theorem. New York: Macmillan.

1921. 31 p. (Scarce)

MURRAY, WILLIAM AND RIGNEY, FRANCIS. Paper Folding Tim Beginners. New York :
Dover Publications, 1960. 95 p. (Paper)

A revision of Fun With Paper Folding, F. H. Revell Co., 1928.
ORE, OYSTEIN. Cardano: The Gambling Scholar. Princeton, N. J.: Princeton Uni-

versity Press, 1953. 249 p.

PECK, LYMAN. Secret Codes, Remainder Arithmetic, and Matrice: Washington,
D. C.: National Council of Teachers of Mathematics, 1961. 54 p. (Pamphlet)

PHILLIPS, HUBERT ("Caliban"). -My Best Puzzles in Logic and Reasoning. New
York: Dover Publications, 1961..107 p.

An excellent collection of "logic problems," almost all original.

PHILLIPS, HUBERT ("Caliban"). My Best Puzzles in Mathematics. New York:
Dover Publications, 1961. 107 p. (Paper)

PHILLIPS, HUBERT ("Caliban"). Problems Omnibus. Vol. 1 and 2. London : Arco
Publications, 1960.

Some 300 problems, mostly new.

PHILLIPS, HUBERT The Sphinx Problem Book. London : Faber & Faber, 1934.
207 p.

One hundred intriguing puzzles.

PHILLIPS, HUBERT; SHOVELTON, S. T.; ,AND MARSHALL, G.S. Caliban's Problem
Book: Mathematical, Inferential, and Cryptographic Puzzles. New York:,
Dover Publications, 1961. 180 p. (Paper)

A republication of the well known book which first appeared in 1933.

PRATT,- FLETCHER. Secret and-Urgent÷th-e-Story of Codes- and Ciphers. -New York:
Blue Ribbon Books, 1942. 282 p.

RANDLETT, SAMUEL. The Art of Origami: Paper Folding, Traditional and Mod-
ern. New York: Dutton, 1961.
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RAVIELLI, ANTHONY. An Adventure in. Geometry. New York : Viking. Press, 1957.
117p.

An essay in appreciation rather than recreations; engagingly illustrated.
REINFELD, DON AND RICE, DAVID. 101 Mathematical Puzzles and How To Solve

Them. New Fork: Sterling Publishing Co., 1960 (Paperback edition: Cor-
nerstone Library, New York, 1960). 123 p.

A collection consisting chiefly of arithmetic and algebraic story problems.

SAINTE-LAGUE, A. Avec des nombres et des lignes. 3rd edition. Paris: Vuibert,
1946. 358 p.

SAKADE, FLORENCE. Origami: Japanese Paperfolding. Rutland, Vt.: Charles E.
Tuttle Co., Book I, 1957, 32 p.; Book II, 1958, 32 p.; Book III, 1959, 32 p.
(Paper)

Beautifully ilInstrated, in color.
SALKIND, CHARLES T. The Contest Problem Book. Syracuse, N. Y.: L. W. Singer

Co., 1961. 154 p. (Paper)
SCARNE, JOHN,. Scarne on Teeko. New. York : Crown Publishers, 1955. 256 p.

A game played on a 55>< 5 board, somewhat on the order of "Go. "

SCHUBERT, HERMANN AND FITTING, F. Mathematische Mussestunden. 11th edition.
Berlin: WalterdeGruyter & Co., 1953. 271 p.

Conventional collection of mathematical reactions, but ever popular..
SHEPHERD, WALTER. Mazes and Labyrinths. New York: Dover Publications, 1961.

(Paper)
Originally published by Penguin
Only. Collection of 50 mazes.

SKOTTE, RAY AND MAGNUSON, YNGVE. Math Fun. Minneapolis Minn.: The au-
thors, 6380 Monroe Street, 1959. 88 p. (Paper)

SMITH, LAWRENCE D. Cryptography. New York: Dover Publications, 1955. 164 p.
SPERLING, WALTER. Auf du und du mit Zahlen. Zurich : Albert Muller Verlag,

AG., 1955. 114 p.
Number curiosities, number games, and short cuts in computation.

VOROB'EV, N. N. Fibonacci Numbers. New York: Blaisdell Publishing Co., 1961.
66 p."(Paper)

WALLACE, CARLTON. The Treasury of Games and Puzzles. New York: Philosophical
Library, 1958. 256 p.

WILLIAMS, W. T. AND SAVAGE, G. H. The Strand Problems Book; A Modern An-
thology of Perplexities and Tantalizers. London: George Newnes, Ltd., n.d.
159 p.

One hundred inferential and mathematical problems.

Books under the title For Amazement

9.2 Classified Periodical References

A. Projects, Programs, Plays

CECILIA, SISTER MARGARET. Ma_thematie_s_projects. M. T. 54:527-30; November
1961.

Gives suggestive list of 100 topics for projects or mathematics 'club pro-
grams.
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GRAY, MRS. J. T. Historically speaking. S. S. M. 52:345 -56; 1952.
A play about the development of zero, weights, measures, and time; suit-,
able for intermediate and junior high school grades.

JOHNSON -)DONOVAN. Panel games. M. T. 52:130-31; February 1959. Using
"Twenty-Questions" and "What's My Line?" techniques.

SLAUGHT, H. E. The evolution of 'Ambers: a play. R. M. M., No. 9:3-10; June41962.
Reprint of a well-known play based on mathematical history.

WILLERDING, MARGARET. Dramatizing mathematics. S. S. M. 60:90 -104; 1968.
Extensiv'e bibliography on mathematical plays.

B. Humor

MCCLELLAN, JOHN. Recreations for space travel. R. M. M., No. 7:7-11; February
1962.

Humor and spoofing, but suggestive.
PETARD, H. A contribution to the mathematical theory of big game hunting.

R. M. M., No. 5:14-17; October 1941,
Sophisticated humor.

WILLERDING, MARGARET F. Mathematics through a looking glass. Script. M. 25:
209-19; 1960.

Delightftil account of mathematical allusions in "Alice in Wonderland," etc.
WINTHROP, HENRY. A devil's dictionary for highet- education. R. M. M., No. 9:12-

15 ; June 1962.
Humorous skit on definitions, of mathematical terms.

C. Tricks, Puzzles, and Games

Amm-Mou, Au R. Mathematics and cards. R. M. M., No. 8:40-42; April 1962.
About card games. .

ANDERSON, JEAN H. Polyominoesthe "twenty" problem. R. M. M., No. 9:25-30;
June 1962.

GARDNER, MARTIN. Mathematical games: how to remember numbers by mnemonic
devices. Sci. Am. 197:130 ff.; October 1957.

GARDNER, MARTIN. Mathematical games; nine titillating puzzles. Sci. Am. 197-140
ff.; November 1957.

GARDNER, MARTINOMatbematical games: more abotit complex dominoes. Sci. Am.
197:126 ff.; December 1957.

GARDNER, MARTIN. Mathematical games: a collection of tantalizing fallacies.
Sci. Am. 198:92 ff.; January 1958.

GOLOMB, SOLOMON W. The general theory of polyominoes. R.'M. M., No. 4:3.12;
No. 5:3-12; No. 6:3-22; No. 8:7-16. August, October; December, 1961; April
1962.

JOHNSON, DONOVAN. Bridget, an algebra card game. M. T. 51:614-15; ,December
1958.

JOHNSON, DONOVAN. Mathematics rummy M. T. 52:373-75; May 1959.
A card game.

LANGMAN, HARRY. A problem in checkers. Script. M. 20:206-208; 1954.
Describes a game of solitaire with checkers.

4
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MANHEIMER, WALLACE. A club project-in a modern use of mathematics. M. T.
50:350-55; May 1957.

Cards tricks, Nim, and related recreations.
MEGRAIGIVinANTH: Dep oymeNic.-6:41--42; December 1961.-

A game for two. played on a matrix of 25 squares.

D. Alphametics, Cross-Number Puzzles, Palindromes, Etc.

ANNING, NORMAN. Fun wiffi palindromes': Script. M. 22:227; 1956.

BRANDES, L. C. AND DICKEY, D. Why not use cross-number puzzles as a teaching
aid with your general mathematics classes? S. S. M. 57:647-54; 1957.

Bibliography of 26 references.
KRAVITZ, SIDNEY. The art of solving multiplication type alphametics. R. M. M., No.

2;9-16; April 1961.
LINDON, J. A. Word cubes and 4-D hypercubes. R. M.M. No. 5:46,49; October

1961.

NYCAARD, P. H. Can you solve a dictoform? S. S. M. 49:6-8; 1949.
WILLERDING, MARGARET. Roman numbers puzzle. School Activities 26:183; Febru-

ary 1956.
WILLERDING, MARARET. Crossnumber puzzle The Arithmetic Teacher. 4:221,

223, 226; November 1957.

, E. Calendar Problems

A Calendar Squares Trick. The Pentagiin 18:49-50; Fall, 1958.
CASE, JOHN J. Seasoning for the calendar. Science 122:648; October 7, 1955.
KESSLER, DONALD. How to use the perpetual calendar. M. T. 52:555-56; November

1959.
KRAVITZ, SIDNEY. The Christian, Mohammedan, and Jewish calendars. R. M. Al.,

No. 4:22-25; August 1961.
LEO, REVEREND BROTHER. A mentaltalendar. M. T. 50:438-39; 1957.

PRIMROSE, E. J. F. The mathematics of Easter. M. Gaz. 35*:225 ff.; December 1951.
THORNTON, GLENN W. The calendar. The Pentagon 17:10 -15; 1957.
When Is Easter? M. T. 50:310; 1957.

F. Arithmetic Recreations

ALFRED, BROTHER. Fun, counting by sevens. R. M. M., No. 3:10-15; June 1961.
ALFRED, BROTHER. The world of large numbers. R_ . M. M.., No. 4:28-33; August

1961.
ANDREWS, F. EMERSON: Counting by dozens. R. M. M., No. 3:5-9; June 1961.
BYRKIT, DONALD. The monkey and the cocoanuts. S. S. M. 62:38-41; January 1962.
CULTUR, ANN. You too can be a mathematical' genius. Esquire, January 1957, pp.

58,11920.
Allusion to the Trachtenberg system.

GREENBLATT, M. H. A solution for certain types of partitioning problems. M. T.
54:556-57; November 1961.

Measuring 2 quarts with only a 7-quart and an 11-quart jug.
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HAGA, ENOCH. Square-off at squares and cubes. S. S. M. 60:122-26.
Shortcuts to determine squares and cubes, square roots and cube roots.

HUNTER, J. A. H. Number systems for fun. R. M. M., No. 3:3.4; June 1961.
MATTHEWS, GEOFFREY. Inflation in the world of numbers. Scrip. M. 22:227; 1956.
MOSTELLER, FREDERICK. Understanding the birthday problem. M. T. 55:322-25;

May 1962.

Surritst, RICHARD, The "Steinmetz problem" and school arithmetic. M. T. 50:434-
35 ; 1957.

G. Number Curiosities

Amia-MoEz, ALL R. Discipline in numbersa way to stimulate the gifted. S. S. M.
59:599.600; 1959.

GLODEN, ALBERT. Identities in which the exponents of the terms are in A.P. Scrip.
M. 22:221; 1956.

GRCINBAUM, HUGO. Inflation in the world of numbers. Scrip. M. 22:206; 1956.
IYER, R. V. On sums of squares of consecutive numbers. Scrip. M. 22:270-73;

1956.

Twit, R. V. Triangular numbers and Pythagorean numbers. Scrip. M. 22:286-88;
1956.

KENNEDY, EVELYN M. The shapes of numbers. R. M. M.; No. 9:39-43; June 1962.
Polygonal numbers.

KHATRI, M. N. Minor curiosities. Scrip. M. 22:216; 1956.
KIIATRI, M. N. Number curiosities: triangular numbers. Scrip. M. 22:284; 1956.

Triangular numbers and squares, sums of consecutive triangular numbers,
multigrade properties of triangular numbers.

MOESSNER, ALFRED. Minor curiosities. Scrip. M. 22:280; 1956.
RANSOM, WILLIAM R. Sums of cubes. R. M. M., No. 2:49; April 1961.
TRIGG, CHARLES W. Playing with 1962 and its digits. R. 11I. M., No. 7:37-40;

February 1962..
Number curiosities and pleasantries.

TRIGG, CHARLES W. Terminal digits of mn
No. 3:17-20; June 1961.

(m2 n2) in the scale of seven. R. M. Af.,

H. Theory of Numbers

GouLD, H. W. AND LANDAU, REMY. Floating primes. R. M. M., No. 8:34-35;
April 1962.

HAWKINS, DAVID. Mathematical sieves. Sci. Am., December 1958, pp. 105-12.
Problem of identifying prime numbers.

HUNTER, J. A. H. That "remainder" business. R. M. M., No. 7:3-5; February
1962.

Theory of numbers.

KRAVITZ, SIDNEY. Mersenne numbers. R. Al. 4., No. 8:22-24; April 1962.

MCCARTHY, PAUL J. Odd perfect numbers. Scrip. M. 23:43-47; 1957.
Bibliography, 30 references.

The Mersenne primes, the Robinson primes, fhe 19th and 20th perfect numbers.
R. Al. 41., No. 8:25-31; April 1962.
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MOCK, GORDON. Prime power decomposition. M. T. 50:403-404; May 1957.

Mosul, LEO. On the theorems of Wilson and Fermat. Scrip. M. 22:288; 1956.
ROSENTHAL, EVELYN. Perfect numbers in the binary system. M. T. 55:249-50;

April 1962.

I. Algebraic Recreations

BROWN, ALAN L. Geometrical patterns in _Pascal's triangle. Scrip. M. 22:273-74;
1956.

COUCH, JOHN. Mechanical solution of cubic equations. The Pentagon, 15:15-17;
1955.

HORNER, W. W. Pascal and Fibonacci. R. M. M., No. 2:42-44; April 1961.

JORGENSON, PAUL S. Fun with graphs. M. T. 50:524-25; 1957.
Graphing exercises which result in pictures.

LARSEN, HAROLD AND SAAR, HOWARD. One little, two little . . . R. M. M., No. 8:37-
39 ; April 1962.

Take-off on verbal problems in the mathematics classroom.
MATTHEWS, GEOFFREY. The inequality of the arithmetic and geometric

Scrip. M. 22 :233 ; 1956.
OGILVY, C. STANLEY. Geometric algebra. R. M. M. No. 3:37-39; June 1961.

ROSENTHAL, EVELYN. A Pascal pyramid for trinomial coefficients. M. T. 54:336-
38; May 1961.

SCHNEIDER, LOUIS. Have pennieswill revel. R. M. M., No. 1:29-32; February
1961.

Interesting variation of the grains-of-wheat and checkerboard problem.

STRUYK, ADRIAN. Two notes on the binomial coefficients. M. T. 49:192-96; 1956.

means.

J. Geometric Recreations

Amm-MoEz, ALI R. Circles and spirals. R. M. M., No. 5:33-35; October 1961.

BAUGHER, CAROL. An adventure with spirals. The Pentagon 20:78-85; Spring
1961.

Spirals in nature and in art.
BLAKE, E. M. A method for the creation of geometric designs. Journal of Aesthe-

tics & Art Criticism, 1949, vol. 7.
BROOKE, MAXEY, Dots and lines. R: M. M., No. 6:51-55; December 1961.

Geometric recreations.
BUSCHMAN, R. G. Parquetry blocks. R. M. M., No. 5:19-23; October 1961.

CLARKSON, DAVID. Taxicab geometry, rabbits, and Pascal's triangle,discoveries
in a sixth-grade classroom. The Arithmetic Teacher 9:308.13; October 1962.

Dots and Squares. The New Jersey Mathematics Teacher 17:16-19, January 1960.
MCCLELLAN, JOHN. The bexahedra problem. R. M. M., No. 4:34-41; August

1961.
OGILVY, C.' STANLEY. Conics by paper-folding. R. M. M., No. 1: 22-25; February

1961.
OLIVER, NINA. Flying saucers; a project in circles. M. T. 44:455-57; 1951.

SCHEID, FRANCIS. Square circles. M. T. 54:307-12; May 1961.
Discussion of "taxicab geometry" and the "king's `walk."
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SELLERS, NORMAN. The four-dimensional cube. The Pentagon 19:30-37; Fall
1959.

WALLIN, DON. Similar polygons and a puzzle. M. T. 52:372-73; May 1959.

K. Regular Polygons and Polyhedra

MCCLELLAN, JOHN. The construction of skeletal polyhedra. M. T. 55:106-11;
February 1962. %No

PARGETER, A. R. Plaited polyhedra. M. Gaz;;May-1-959,-pp:88-101.

PERISHO, CLARENCE. Colored polyhedra: a permutation problem. M. T. 53:253-55;
April 1960.

YATES, ROBERT C. Regular polygons. M. T. 55:112-16; February 1962.

L. Pythagorean Theorem

EVES, HOWARD. Pappus' extension of the Pythagorean theorem. Al. T. 51:544-46;
November 1958.

FREITAG, HERTA AND ARTHUR. Neo-Pythagorean triangles. Scrip. M. 22:122-31;
June 1956.

GRAY, NELSON. Right triangle construction. M. T. 53:533 -36; November 1960.
Pythagorean triples.

GRUHN, E. W. Parabolas and Pythagorean triples. M. T. 52:614-15; December
1959.

MOSHAN, BEN. Primitive Pythagorean triples. M. T. 52:541.45; November 1959.

PIWNICKI, FRANK. Application of the Pythagorean theorem in the figure-cutting
problem. M. T. 55 :44-51 ; January 1962.

M. Geometric Constructions and Dissections

COURT, N. A. Mascheroni constructions. M. T. 51:370-72; May 1958.

COZENS, W. H. Pythagorean dissections. R. M. M., No. 6:23-24; December 1961.

HAL LERBERG, ARTHUR. The geometry of the fixed-compass. M. T. 52:230-44; April
1959.

HAWLEY, CH
triangle. M.

ESTER. A further note on dissecting a square into an equilateral
T. 53:119-23; February 1960.

HAWLEY,, CHESTER.
February 1958.

HLAVATY, JULIUS. Mascheroni

n observation on dissecting the square. M. T. 51:120;

constructions. M. T. 50:482-87; November 1957.

LINDGREN, HARRY. Three Latin-cros
1962.

MATHEMATICS STAFF, UNIVERSITY OF CHICA
ures. M. T. 51 :96-104 ; February' 1958.

Continuation of a suggestive article on geome

s dissections. R. M. M., No. 8: 18-19; April

O. Four more. exercises in cutting fig-

ric dissections.

MIND, NEV. R. A problem in construction of triangles. Scrip. M. 22:296; 1956.
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I.

N. Magic Squares

BICKNELL, G. G. Mathematical 'heredity. M. Mag.,, September-October, 1960, pp.
23-28.

Concerning diabolic magic squares.

BROOKE, MAXEY. How to make a magic tesserack. R. M. M., No. 5:40-44; October
1961.

CHANDLER, ALBERT. Benjamin Franklin's magic square of 16. Journal of tlu-
Franklin Institute 251:415-22; 1951.:,

EDWARDS, RONALD B. Three squares nione. Scrip. M. 22:202; 1956.
FELDMAN, RICHARD. Benjamin Franklin and mathematics. M. Z'.'52:125-27; Feb-

ruary 1959.
Concerning chiefly the 16 by 16 Franklin magic square.

GILBERT, JACK. Minimum multiplying magic quares. M. T. 53:325-31; May 1960.
HEATH, ROYAL V. Doubly magic squares., Scrip. M. 22:28384; 1956.
HORNER, W. W. Additiori-multiplication magic squares. R. M: M., No. 5:30-32;

October 1961.

KAPREKAR, D. R. A magic circle of cubes. Scrip. M. 22:281-82; 1956.
LINDON, J. A. Anti-magic squares. R. M. M., No. 7:16-19; February 1962.

Unique and original article.

More Strictly for Squares. R. M. M., No. 7:14-15; February 1962.
Magic squares and magic star.

Strictly for Squares! R. M. M., No. 5:24-29; October 1961.
Includes magic squares composed of prime-numbers only.

0. Classical Problems: Trisection, Duplication,
Value of n, Zeno's Paradoxes

EVES, HOWARD. The latest 'about n. M. T. 55:129-30; Febru'ary 1962.

LEO, REVEREND BROTHER. Angle trisectionan example of "undepartmentalized"
mathematics. M. T. 52:354-55; May 1959.

MOCK, ALEX J. Trisecting any angle. M. T. 52:245-46; April 1959.

n Has Been Calculated to 100,265 Decimal Places. R. M. M., No. 8:20-21; April P

1962.

PICKETT, HALE. Trisecting an angle. M. T. 51:12-13; January 1958.

READ, CECIL B. Challenging the impossible. S. S. M. 62:79-82; February 1962.
Angle trisection.

ROBuSTO, C. CARL. Trisecting an angle. M. T. 52:358-60; May 1959.

STOKES, G. D. C. Linkages for the trisection of an angle and duplication of the
cube. Proceedings, Edinburgh Mathematical Society, December 1960, pp.' 1-4.

1.

7

WRENCH, J. W. The evolution of extended decimal approximations to A. M. T.
53:644-50; December 1960.

Bibliography, 55 references.

or
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P. Logic Problems

BUCHALTER, BARBARA. The logic of nonsense. M. T. 55:330-33; May 1962.
Delightful discussion of the logic in "Alice in Wonderland."

GIL Es, RICHARD. Building an electrical device for use in teaching logic. M. T.
55:203-2064 Marcia 1962

GOODRICH,. RUTH. Au analysis of some of the syllogisms found in "Alice in Won-
derland." The Pentagon 21:30-38; Fall 1961.

HuNT_Eit,__J. A. H. Someinferential problems. R. M. M., No. 1: 3-6; February
1961.

Solving problems in logic with Boolean algebra.
WILLIAMS, HORACE. Constructing logic puzzles. M. T. 54:524-26; November 1961.

Q. Probability
COHEN, JOHN. Subjective probability. Sci. Am., November 1957, pp. 128-38.
GRAESSER, R. F. The general dice problem. The Pentagon 18:67-69; Spring 1959.
GRIDGEMAN, N. T. Geometric probability and the number it. Script. M. 25:183-95;

1960. ,

Bibliography, 16 references.
MAYO, MORROW. Will this system beat roulette? R. M. M., No. 9: 30-38; June

1962.

MOSER, LEO. On a problem of Cayley. Scrip. M. 22:289-92. 1956.
Discussion of a group of problems in probability.

PETTOFREZZO, ANTHONY. Some aspects of geometrical probability. The Pentagon
21:98-104; Spring 1962.

Buffon's needle problem, etc.

R. Topological Recreations

ARTIN, Emu,. The theory of braids. M. T. 52:328-33; May 1959.
----13kRR;--STEPHEN. How to get. into- an argument with -a Moebius wiliper. R. M. M.,

No. 7:28-32; February 1962.
Clever skit based on the Moebius strip.

BROOKE, M. AND MADACHY, J. S. Some absolutely amazing Afghan bands.
R. M. M., No. 1:47-50; February 1961.

Interesting properties of the Mobius strip.
OXETER, H. S. M. The four-color map problem, 1840-1890. M. T. 52283-89;

April 1959.
CO ETER, H. S. M. Map-coloring problems. Scrip. M. 23:11-24; 1957.

Bibliography, 18 references.
GARD It, MARTIN. About left- and right-handedness, mirror images, and kindred

ma ters. Sci. Am. 198:128-33; March 1958.
GILBERT, . N. Knots and classes of menage permutations. Scrip. M. 22:228-33:

1956.
Bibli raph_y.

KEOUGH, JOH J. Pencil topology. R. M. M., No. 9:20-22; June 1962.
Unicursa curves.
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MATHEMATICS STAFF, UNIVERSITY OF CHICAGO. Coloring maps. M. T. 50:54.6-50;
December 1957.

POWERS, VERNON. The four-color problem. The Pentagon 18:3-7; Fall 1958.
TUTTE, W. T. Symmetrical graphs and coloring problems. Scrip. M., 25:305-16.

Bibliography.

S. Cryptography

MANN, BARBARA. Cryptography with matrices. The Pentagon 21:3-11; Fall 1961
PALLAS, NORVIN.

1961.

PALLAS, NORVIN.
April 1961.

A little matter of espionage. R. M. M., No. 6:56-58; December

The Sun Dial: a cryptographic mystery. R. M. M., No. 2:34-36;

AMIR-MOEZ, ALI R.

AMIR-MOEZ, ALI R.
22:268-70; 1956

RIDOUT, THEODORE.

T. Mathematics and Music

Mathematics of music. R. M. M., No. 3:31-36; June 1961.
Numbers and the music of the East and West. Scrip. M.,

Sebastian and the "wolf." M. T. 48:84-86; February 1955.

U. Miscellaneous Recreations

ANDREWS, F. EMERSON. Some sorting tricks. R. M. M., No. 2:3-5; 'April 1961.
Use of binary system to facilitate sorting.

BROOKE, MAXEY. The haunted checkerboards. R. M. M., No. 3:28-30; June 1961.
HAYWARD, ROGER. The bouncing billiard ball. R. M. M., No. 9:16-18; June 1962.
HUNTER, j.' A. H. The problemist at work. R. M. M. No. 8:5-6; April 1962.

General discussion.
LANGMAN, HARRY. Curiosa: Proof of cos 36° cos 72° = 1/2. Scrip. M. 22:221;

1956.
LAPOSKY, BEN F."Electronic abstractions: mathematics in design. R. M. M., No.

4:14.20; August 1961.
MADACHY, JOSEPH. 3-D in 2-D. R. M. M., No. 2:51-53; April 1961.

O'BEIRNE, T. H. The jealous husband. Science Digest, June 1961, pp. 40, 81-82.
Variation's on a classical ferrying problem;

ORE, OYSTEIN. An excursion into labyrinths. M. T. 52367-70; May 1959.
STOVER, MEL. Wager problems: old and new. R. M. M., No. 1:9-18; February

1961.
Mainly about bridge and chess problems.

SUTCLIFFE, ALAN. A walk in the rain. R. M. M., No. 7:20-22; February 1962.
Interesting curiosity on how to keep relatively dry.


