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8.
PROBABILITY RECREATIONS

Most of the recreations in probability are connected with some paradoxical feature.  A good exposition of most of these appears in the following.

Gábor J. Székely.  Paradoxes in Probability Theory and Mathematical Statistics.  Akadémiai Kiadó, Budapest and Reidel, Dordrecht, 1986.  [Revised translation of:  Paradoxonok a Véletlen atematikában; Műszaki Könvkiadó, Budapest, nd.]  Translated by Márta Alpár and Éva Unger.  ??NYR.


8.A.
BUFFON'S NEEDLE PROBLEM
R. E. Miles & J. Serra.  En Matiere d'introduction.  In:  Geometrical Probability and Biological Structures: Buffon's 200th Anniversary.  Lecture Notes in Biomathematics, No. 23, Springer, 1978, pp. 3‑28.  Historical survey, reproduces main texts.

Buffon.  (Brief commentary).  Histoire de l'Acad. des Sci. Paris (1733 (1735)) 43‑45.  Discusses problem of a disc meeting a square lattice and then the stick (baguette) problem, but doesn't give the answer.

Buffon.  Essai d'arithmétique morale, section 23.  1777.  (Contained in the fourth volume of the supplement to his Histoire Naturelle, pp. 101‑104??)  = Oeuvres Complètes de Buffon; annotated by M. Flourens; Garnier Frères, Paris, nd [c1820?], pp. 180‑185.  (Also in Miles & Serra, pp. 10‑11.)

Laplace.  Théorie Analytique des Probabilitiés.  1812.  Pp. 359‑360.  ??NYS.  (In Miles & Serra, p. 12.)  3rd ed, Courcier, Paris, 1820, pp. 359-362.  Finds the answer to Buffon's problem with needle length  2r  and line spacing  a.  Then solves the case of two perpendicular sets of lines, with possibly different spacings.

M. E. Barbier.  Note sur le problème de l'aiguille et le jeu du joint couvert.  J. Math. pures appl. (2) 5 (1860) 273‑286.  Gives result for arbitrary curves and considers several grids.  Also gives his theorem on curves of constant width.

M. W. Crofton.  On the theory of local probability.  Philos. Trans. Roy. Soc. 158 (1869) 181‑199.  (Excerpted in Miles & Serra, pp. 13‑15.)

A. Hall.  On an experimental determination of  π.  Messenger of Mathematics 2 (1873) 113‑114.  ??NYS.

Tissandier.  Récréations Scientifiques.  1880?  2nd ed., 1881, 139-145 describes the result and says 10,000  tries with a  50 mm  needle on a floor with spacing  63.6 mm,  produced  5009  successes giving  π = 3.1421.



=  5th ed., 1888, pp. 204-208.  c= Popular Scientific Recreations, 1890? pp. 729‑731, but the needle is  2 in  on a floor of spacing  2½ in  and  5009  is misprinted as  £5000 (sic)  but  5009  is used in the calculation.

J. J. Sylvester.  On a funicular solution of Buffon's "Problem of the needle" in its most general form.  Acta Math. 14 (1890‑1891) 185‑205.

N. T. Gridgeman.  Geometric probability and the number  π.  SM 25 (1959) 183‑195.  Debunks experimental results which are often too good to be true, although they are frequently cited.

J. G. L. Pinhey.  The Comte de Buffon's paper clip.  MG 54 (No. 389) (Oct 1970) 288.  Being caught without needles, he used paperclips.  He derives the probability of intersection assuming a paper clip is a rectangle with semi‑circular ends.

Jack M. Robertson & Andrew F. Siegel.  Designing Buffon's needle for a given crossing distribution.  AMM 93 (1986) 116‑119.  Discusses various extensions of the problem.


8.B.
BIRTHDAY PROBLEM

How many people are required before there is an even chance that some two have the same birthday?

George Tyson was a retired mathematics teacher when he enrolled in the MSc course in mathematical education at South Bank in about 1980 and I taught him.  He once remarked that he had known Davenport and Mordell, so I asked him about these people and mentioned the attribution of the Birthday Problem to Davenport.  He told me that he had been shown it by Davenport.  I later asked him to write this down.

George Tyson.  Letter of 27 Sep 1983 to me.  "This was communicated to me personally by Davenport about 1927, when he was an undergraduate at Manchester.  He did not claim originality, but I assumed it.  Knowing the man, I should think otherwise he would have mentioned his source, ....  Almost certainly he communicated it to Coxeter, with whom he became friendly a few years later, in the same way."  He then says the result is in Davenport's The Higher Arithmetic of 1952.  When I talked with Tyson about this, he said Davenport seemed pleased with the result, in such a way that Tyson felt sure it was Davenport's own idea.  However, I could not find it in The Higher Arithmetic and asked Tyson about this, but I have no record of his response.

Anne Davenport.  Letter of 23 Feb 1984 to me in response to my writing her about Tyson's report.  "I once asked my husband about this.  The impression that both my son and I had was that my husband did not claim to have been the 'discoverer' of it because he could not believe that it had not been stated earlier.  But that he had never seen it formulated."

I have discussed this with Coxeter (who edited the 1939 edition of Ball in which the problem was first published) and C. A. Rogers (who was a student of Davenport's and wrote his obituary for the Royal Society), and neither of them believe that Davenport invented the problem.  I don't seem to have any correspondence with Coxeter or Rogers with their opinions and I think I had them verbally.

Richard von Mises.  Ueber Aufteilungs‑ und Besetzungs‑ Wahrscheinlichkeiten.  Rev. Fac. Sci. Univ. Istanbul (NS) 4 (1938‑39) 145‑163.  = Selected Papers of Richard von Mises; Amer. Math. Soc., 1964, vol. 2, pp. 313‑334.  Says the question arose when a group of  60  persons found three had the same birthday.  He obtains expected number of repetitions as a function of the number of people.  He finds the expected number of pairs with the same birthday is about  1  when the group has  29  people, while the expected number of triples with the same birthday is about  1  when there are  103  people.  He doesn't solve the usual problem, contrary to Feller's 1957 citation of this paper.

Ball.  MRE, 11th ed., 1939, p. 45.  Says problem is due to H. Davenport.  Says "more than  23"  and this is repeated in the 12th and 13th editions.

P. R. Halmos, proposer;  Z. I. Mosesson, solver.  Problem 4177 -- Probability of two coincident birthdays.  AMM 52 (1945) 522  &  54 (1947) 170.  Several solvers cite MRE, 11th ed.  Solution is  23  or more.

George Gamow.  One, Two, Three ... Infinity.  Viking, NY, 1947.  = Mentor, NY, 1953, pp. 204‑206.  Says  24  or more.

Oswald Jacoby.  How to Figure the Odds.  Doubleday, NY, 1947.  The birthday proposition, pp. 108-109.  Gives answer of  23  or more.

William Feller.  An Introduction to Probability Theory and Its Applications: Vol 1.  Wiley, 1950, pp. 29-30.  Uses an approximation to obtain  23  or more.  The 2nd ed., 1957, pp. 31‑32 erroneously cites von Mises, above.

J. E. Littlewood.  A Mathematician's Miscellany.  Op. cit. in 5.C.  1953.  P. 18 (38) mentions the problem and says  23  gives about even odds.

William R. Ransom.  Op. cit. in 6.M.  1955.  Birthday probabilities, pp. 38‑42.  Studies usual problem and graphs probability of coincidence as a function of the number of people, but he doesn't compute the break‑even point.  He then considers the probability of two consecutive birthdays and gets upper and lower estimates for this.

Gamow & Stern.  1958.  Birthdays.  Pp. 48‑49.  Says the break‑even point is "about twenty‑four".

C. F. Pinzka.  Remarks on some problems in the American Mathematical Monthly.  AMM 67 (1960) 830.  Considers number of people required to give greater than  50%  chance of having  3, 4 or 5  with the same birthday.  He gets  88, 187, 314  respectively, using a Poisson approximation.  He gives the explicit formula for having  3  with the same birthday.

Charlie Rice.  Challenge!  Op. cit. in 5.C.  1968.  Probable probabilities, pp. 32-36, gives a variety of other forms of the problem.  

A  chooses five letters of the alphabet;  B  tries to guess at least one of them in five guesses.  Author says odds are two to one in favor of  B,  though I get four to one.  This is the same as getting five distinct items from a set of  21.

Get people to think of cards.  For  9  or more people, the probability of two the same is  ( .52;   for  11,  ( .68;   for  12,  ( .75.

Get people to count their change.  For a moderate number of people, it is likely that two have the same amount (or the same number of coins).  Likewise, with a moderate number of people, two are likely to have fathers (or mothers) with the same given name.

He gives magic numbers, i.e. the size of the set to be selected from, for different sizes of group in order that a duplication is more likely than not.  For  6  people, the magic number is  23;   for  8,  43;   for  12,  99.

Howard P. Dinesman.  Superior Mathematical Puzzles.  Op. cit. in 5.B.1.  1968.  No. 58: The birthday puzzle, pp. 76, 116-117 & 122.  Asks for probability of a shared birthday among  30  people.  Says the problem was introduced by Gamow.  Answer is  .70.  He adds that  24  or more will give better than even odds and then asks how many people are necessary for one of them to have his birthday on a given day -- e.g. today.  Here the answer is  253.

E. J. Faulkner.  A new look at the probability of a coincidence of birthdays in a group.  MG 53 (No. 386) (Dec 1969) 407‑409.  Suggests the probability should be obtained by the ratio of the unordered selections, i.e.  Prob. (r distinct birthdays)  =  BC(365, r)/BC(364+r, r),  rather than  P(365, r)/365r.  But the unordered selections with repetitions are not equally likely events -- see Clarke & Langford, below.  For his approach, the breakeven number is  r = 17.

Morton Abramson & W. O. J. Moser.  More birthday surprises.  AMM 77 (1970) 856‑858.  If a year has  n  days,  k ( 1  and  p  people are chosen at random, what is the probability that every two people have birthdays at least  k  days apart?  For  n = 365,  k =   1,   2,   3, 4, 5, 6, 7, 8, 9, 10,  the breakeven numbers are  p = 23, 14, 11, 9, 8, 8, 7, 7, 6,   6.

L. E. Clarke & Eric S. Langford.  Note 3298 -- I & II:  On Note 3244.  MG 55 (No. 391) (Feb 1971) 70‑72.  Note the non‑equally likely events in Faulkner.

W. O. J. Moser.  It's not a coincidence, but it is a surprise.  CM 10 (1984) 210‑213.  Determines probability  P  that in a group of  k  people, at least two have birthdays at most  w  days apart.  This turns out to have a fairly simple expression.  To get  P > .5  with  w = 0  requires  k ( 23,  the classical case.  With  w = 1,  it requires  k ( 14, ....

Tony Crilly & Shekhar Nandy.  The birthday problem for boys and girls.  MG 71 (No. 455) (Mar 1987) 19‑22.  In a group of  16  boys and  16  girls, there is a probability greater than  ½  of a boy and a girl having the same birthday and  16  is the minimal number.

Roger S. Pinkham.  Note 72.25:  A convenient solution to the birthday problem for girls and boys.  MG 72 (No. 460) (Jun 1988) 129‑130.  Uses an estimate to obtain the value  16  of Crilly and Nandy.

M. Lawrence Clevenson & William Watkins.  Majorization and the birthday inequality.  MM 64:3 (1991) 183-188.  Do the numbers necessary for  P > .5  get bigger if birthdays are not random?  Answer is "no" and it is a result in majorization theory, but they give an elementary treatment.

S. Ejaz Ahmed  &  Richard J. McIntosh.  An asymptotic approximation for the birthday problem.  CM 26:2 (Apr 2000) 151-155.  Without using Stirling's approximation, they show that for a calendar of  n  days and a desired probability  p,  0 < p < 1,  then the minimum class size to produce a probability  ( p  of two people having the same birthday is asymptotically  ([2n log {1/(1-p)}].  For  p = .5,  n = 365,  this gives  22.494.


8.C.
PROBABILITY THAT A TRIANGLE IS ACUTE

See also 6.BR, esp. the Mathematical Log article and my comments.  I have a large number of similar results, mostly by myself, in a file.  I estimate there are about  20  possible answers, ranging from  0  to  1.

J. J. Sylvester.  On a special class of questions in the theory of probabilities.  Birmingham British Association Report (1865) 8.  = The Collected Mathematical papers of James Joseph Sylvester, (CUP, 1908); Reprinted by Chelsea, 1973, item 75, pp. 480-481.  ??NYS, but Guy (below) reports that it is a discursive article with no results.  Attributes problem for three points within a circle or sphere to Woolhouse but feels the problem is not determinate.

C. Jordan.  1872‑1873.  See entry in 8.G.

E. Lemoine.  1882-1883.  See entry in 8.G.

L. Carroll.  Pillow Problems.  1893.  ??NYS.  4th ed., (1895).  = Dover, 1958.  Problem 58, pp. 14, 25, 83‑84.  Prob (acute) = .639.

C. O. Tuckey.  Note 1408:  Why do teachers always draw acute‑angled triangles?  MG 23 (No. 256) (1939) 391‑392.  He gets  Prob(obtuse)  varying between  .57  and  .75.

E. H. Neville.  Letter:  Obtuse angling -- a catch.  MG 23 (No. 257) (1939) 462.  In response to Tuckey, he shows  Prob(obtuse) = 0  and deduces that  Prob(acute) = 0 (!!!).

Nikolay Vasilyev.  The symmetry of chance.  Quantum 3:5 (May/Jun 1993) 22-27 & 60-61.  Survey on geometric probability.  Asks for the probability of an acute triangle when one takes three points at random on a circle and gets  ¼.

Richard K. Guy.  There are three times as many obtuse-angled triangles as there are acute-angled ones.  MM 66:3 (Jun 1993) 175-179.  Gives 12 different approaches, five of which yield  Prob(acute) = ¼,  with other values ranging from  0  to  .361.  He tracked down the Sylvester reference -- see above.

In Mar 1996, I realised that the two approaches sketched in 6.BR give probabilities of acuteness as  0  and  2 - π/2  =  .429.


8.D.
ATTEMPTS TO MODIFY BOY‑GIRL RATIO

This is attempted, e.g. by requiring families to stop having children after a girl is born.

Pierre Simon, Marquis de Laplace.  Essai Philosophique sur les Probablitiés (A Philosophical Essay on Probabilities).  c1819, ??NYS.  Translated from the 6th French ed. by F. W. Truscott & F. L. Emory, Dover, 1951.  Chap. XVI, pp. 160‑175, especially pp. 167‑169.  Discusses whether the excess of boys over girls at birth is due to parents stopping having children once a son is born.

Gamow & Stern.  1958.  A family problem.  Pp. 17‑19.


8.E.
ST. PETERSBURG PARADOX
Nicholas Bernoulli.  Extrait d'une Lettre de M. N. Bernoulli à M. de M... [Montmort] du 9 Septembre 1713.  IN:  Pierre Rémond de Montmort; Essai d'analyse sur les jeux de hazards.  (1708);  Seconde edition revue & augmentee de plusieurs lettres,  (Quillau, Paris, 1713 (reprinted by Chelsea, NY, 1980));  2nd issue, Jombert & Quillau, 1714.  Pp. 401-402.  Quatrième Problème & Cinquième Problème, p. 402.  [See note to Euler; Vera aestimatio sortis in ludis; op. cit. below, pp. 459‑461.]  In the 4th problem, he proposes pay-offs of  1, 2, 3, 4, ...  if the player first throws a six with a die on throw  1, 2, 3, 4, ...  and asks for the expectation.  He does not compute it, but I get  6.  In the 5th problem, he asks what happens in the same situation if the pay-offs are  1, 2, 4, 8, ...  or  1, 3, 9, 27, ...  or  1, 4, 9, 16, ...  or  1, 8, 27, 64, ...  etc.  Again, he doesn't give and results, but the first two give divergent series, while the later two are convergent.

Daniel Bernoulli.  Specimen theoriae novae de mensura sortis.  Comm. Acad. Sci. Imp. Petropol. 5 (1730-31(1738)) 175-192, ??NYS.  IN: Die Werke von Daniel Bernoulli; ed. by L. P. Bouckaert & B. L. van der Waerden; Birkhäuser, 1982; pp. 223-234 and notes by van der Waerden, pp. 195 & 197-200.  English translation in Econometrica 22 (1954) 23-36, ??NYS.

Lewis Carroll.  Lionel Tollemache, Reminiscences of Lewis Carroll, Literature (5 Feb 1898), ??NYS, quoted in Carroll-Wakeling II, prob. 28: A good prospect, pp. 44 & 72.  (Tollemache was at Balliol College, Oxford, in 1856-1860.  He then entered Lincoln's Inn, London, so this must refer to c1858.  



He says that Carroll gave the problem with a coin and pay-offs of  0, 1, 3, 7, 15, ...  if the player first throws a tail on throw  1, 2, 3, 4, 5, ....  Neither Tollemache nor Wakeling give any reference to any other version of the problem.  I would compute the expectation as  



Σn=0 (2n-1)(1/2)n+1  =  0/2 + 1/4 + 3/8 + 7/16 + 15/32 + ....


Wakeling does it by rewriting the sum as  



1/4 + (1+2)/8 + (1+2+4)/16 + (1+2+4+8)/32 + ...,  and regrouping as:  



1/4 + 1/8 + 1/16 + 1/32 + ... + 2/8 + 2/16 + 2/32 + ... + 4/16 + 4/32 + ... + 8/32 + ...  =  1/2 + 1/2 + 1/2 + 1/2 + ...  and says "Hence, his prospects are ½d. for every successive throw of a head."  Basically, making the payoff be a sum means that the expectation is a sum over half a quadrant.  The normal process would be to first sum the finite rows and see that each is at least  1/4.  Wakeling is first summing the columns and finding each column sum is  1/2.  I wonder if Carroll carefully chose the peculiar pay-offs in order to make the latter process work.

Leonhard Euler.  Vera aestimatio sortis in ludis.  [Op. postuma 1 (1862) 315-318.]  = Op. Omnia (I) 7 (1923) 458-465.

Tissandier.  Récréations Scientifiques.  1880?  2nd ed., 1881, p. 140 gives a brief unlabelled description, saying this "problème de Pétersbourg" was discussed by Daniel Bernoulli in "Mémoires de l'Académie de Russie".  Not in the 5th ed. of 1888.

Tissandier.  Popular Scientific Recreations.  1890?  Pp. 727-729 discusses the idea and says D. Bernoulli presented his material on this in "Memoires [sic] de l'Académie de Russie".  This is somewhat longer than the material in the 2nd French ed of 1881.

Anon. [presumably the editor, Richard A. Proctor].  Strange chances.  Knowledge 10 (Oct 1887) 276-278.  Brief discussion of "the famous Petersburg problem".

C. S. Jackson.  Note 438:  The St. Petersburg problem.  MG 8 (No. 116) (Mar 1915) 48.  Notes that the value of the game is not more than  log2 of the bank's funds.

Dan Pedoe, The Gentle Art of Mathematics, op. cit. in 5.C, 1958, p. 55, says D. Bernoulli published it in the Transactions (??) of of the St. Petersburg Academy.  ??NYS.

Pedoe, ibid., p. 57, also says that Buffon tested this with  2048  games and he won  10,057  in them.

Jacques Dutka.  On the St. Petersburg paradox.  Archive for the History of the Exact Sciences 39 (1988) 13-39.  ??NYR.

Nick Mackinnon  &  5Ma.  Note 74.9:  A lesson on the St. Petersburg paradox.  MG 74 (No. 467) (1990) 51‑53.  Suppose a maximum is put on the payment -- i.e. the game stops if  n  heads appear in a row.  How does this affect the expected value?  They find  n = 10  gives expected value of  6.


8.F.
PROBLEM OF POINTS

A game consists of  n  points.  How do you divide the stake if you must quit when the score is  a  to  b  to ....?  This problem was resolved by Fermat and Pascal in response to a question of the Chevalier de Méré and is generally considered the beginning of probability theory.  The history of this topic is thoroughly covered in the first works below, so I will only record early or unusual occurrences.  


NOTATION:  Denote this by  (n; a, b, ...).



GENERAL HISTORIES

Florence Nightingale David.  Games, Gods and Gambling.  The origins and history of probability and statistical ideas from the earliest times to the Newtonian era.  Griffin, London, 1962.

Anthony W. F. Edwards.  Pascal's Arithmetical Triangle.  Griffin & OUP, London, 1987.  This corrects a number of details in David.

David E. Kullman.  The "Problem of points" and the evolution of probability.  Handout from talk given at MAA meeting, San Francisco, Jan 1991.  Uses  (6; 5, 3)  as a common example and outlines approaches and solutions of:  Pacioli (1494) -- 5 : 3;  Cardan (1539) -- 6 : 1;  Tartaglia (1539) -- 2 : 1;  Pascal (1654) -- 7 : 1;  Fermat (1654) -- 7 : 1;  Huygens (1657) -- like Pascal.  He also describes the approaches of Pascal, Fermat and Huygens to the three person case and generalizations due to Montmort (1713) and de Moivre (1718).  

Pacioli.  Summa.  1494.  

Ff. 197r-197, prob. 50 (?-not printed).  (6; 5, 2).  Discusses it and says there are diverse opinions.  His discussion is confusing, but he divides as  5 : 2  (should be  15 : 1).  Also says losing cardplayers at  (5; 4, 3)  offer to divide in the ratio  3 : 2  (should be  3 : 1).  His discussion is again confusing, but may be saying that one more game makes either a win or an even situation, and averaging these gives the right division as  3 : 1

F. 197v, prob. 51.  (6; 4, 3, 2).  Divides as  4 : 3 : 2  (I get  451 : 195 : 83).  

Oystein Ore.  Pascal and the invention of probability theory.  AMM 67 (1960) 409‑419.  Ore says Pacioli is the first printed version of the problem.  He translates parts of the texts.  Ore says he has seen the problem in Italian MSS as early as 1380, but he doesn't give details (???).  He opines that the problem is of Arabic origin.  He discusses Cardan and Tartaglia and gives some examples from Forestiani, 1603 -- (8; 5, 3),  (14; 10, 8, 5)  (??NYS).  But there is no proper mathematics until Pascal & Fermat.

Calandri, Raccolta.  c1495.  

Prob. 12, pp. 13‑14.  (6; 4, 3).  Divides in ratio  3 : 2,  but says this may not be the exact truth.  (Answer should be  11 : 5.) 

Prob. 43, pp. 39‑40.  (3: 2, 1, 0).  He says there are two ways to do this, based on the numbers of points won or needed to win.  He then says  3/7  of the game has been played and distributes  3/7  of the stake in the proportion  2 : 1 : 0  and then distributes the remaining  4/7  equally, giving a final distribution in the proportion  10 : 7 : 4.  (Should be  19 : 6 : 2.)

Cardan.  Practica Arithmetice.  1539.

Chap. 61, section 13, f. T.iii.r (p. 113).  (10; 9, 7).  He divides as   1 + 2 + 3 : 1.  (10; 3, 6)  --  divided as   1 + 2 + 3 + 4  :  1 + ... + 7.   Section 14, f. T.iii.v (p.113) may be discussing this problem.  

Chap. 68 (ultimo), section 5, ff. QQ.iv.r - QQ.viii.r (p. 214).  This chapter is on errors of Pacioli.  Mentions  (6; 5, 2)  and many other examples.

Tartaglia.  General Trattato, 1556, art. 206, pp. 265r‑265v.  (6; 5, 3).  Criticises Luca del Borgo (= Pacioli) and gives another method.

Giovanni Francesco Peverone.  Due brevi e facili trattati, il primo d'Arithmetica, l'altro di Geometria ..., Gio. Tournes, Lyons, 1558.  Reissued as: Arithmetica e geometria del Sig. Gio. Francesco Peverone di Cuneo, ibid., 1581.  ??NYS -- described in: Livia Giacardi & Clara Silvia Roero;  Bibliotheca Matematica  Documenti per la Storia della Matematica nelle Biblioteche Torinese;  Umberto Allemandi & C., Torino, 1987, pp. 117-118.  They say he includes correct solutions of some problems of games of chance, in particular the 'divisione della posta', i.e. the problem of points.

Ozanam.  1694.  Prob. 10, 1696: 41-52, esp. 45-50;  1708: 37-48, esp. 42‑45.  Prob. 13, 1725: 123‑130.  Prob. 3, 1778: 117-121;  1803: 116-120;  1814: 102-106;  1840: 54-55.  Discusses the problem in general and specifically  (3; 1, 0),  but 1778 et seq. changes to  (3; 2, 1)  and adds reference to Pascal and Fermat.

Pierre Rémond de Montmort.  Essai d'analyse sur les jeux de hazards.  (1708);  Seconde edition revue & augmentee de plusieurs lettres,  (Quillau, Paris, 1713 (reprinted by Chelsea, NY, 1980));  2nd issue, Jombert & Quillau, 1714.  Avertissement (to the 1st ed.), pp. xxi-xxiv and (to the 2nd ed.) xxv-xxxvii discusses the history of the problem, the work of Fermat and Pascal and de Moivre's assertion that Huygens had solved it first.

Chr. Mason, proposer; Rob. Fearnside, solver.  Ladies' Diary, 1732-33  =  T. Leybourn, I: 223, quest. 168.  (15; 10, 8, 5).  I haven't checked the solution, but the procedure is correct and another solver got the same results.  Editor cites De Moivre.

Pearson.  1907.  Part II, no. 98, pp. 134 & 210-211.  (3; 2, 1).  He divides correctly as  3 : 1.

Hummerston.  Fun, Mirth & Mystery.  1924.  Marbles, Puzzle no. 26, pp. 71 & 176.  (4; 3, 2).  He divides correctly as  3 : 1.


8.G.
PROBABILITY THAT THREE LENGTHS FORM A TRIANGLE

See also 8.C.

E. Lemoine.  Sur une question de probabilités.  Bull. Soc. Math. France 1 (1872‑1873) 39‑40.  Obtains  ¼  by considering that the stick can be broken at  m  equidistant points and then letting  m  increase.

? Halphen.  Sur un problème de probabilités.  Ibid., pp. 221‑224.  Extends Lemoine to  n  pieces, getting  1 ‑ n/2n‑1,  by an argument similar to homogeneous coordinates and by integration.

Camille Jordan.  Questions de probabilités.  Ibid., pp. 256‑258 & 281‑282.  Generalizes to find the probability that  n  of the  m  parts, into which a line is broken, have length  > a.  He finds the probability that four points on a sphere form a convex spherical quadrilateral.  Pp. 281‑282 corrects this last result.  [Laquière; Note sur un problème de probabilité; ibid. 8 (1879-80) 79-80 gives a simple argument.]

M. Laquière.  Rectification d'une formule de probabilité.  Bull. Soc. Math. France 8 (1879-80) 74-79.  Treats the first problem of Jordan.  Observes that Jordan's formula can give a probability greater than one!  Says Jordan has a confusion between  'some n'  and  'a given n'  and he gives a corrected version.  

E. Lemoine.  Quelques questions de probabilités résolues géométriquement.  Bull. Soc. Math. France 11 (1882-83) 13-25.  Refers to his article in vol. 1 and the many resulting works.  Takes a point in a triangle and asks for the probability that the three lengths to the sides form a triangle (an acute triangle).  Then says that breaking a stick corresponds to using an equilateral triangle, giving probabilities  ¼  and  log 8 - 2  =  .0794415....  Makes various generalizations.  Takes a point,  M,  in an equilateral triangle  ABC  and asks the probability that  MA, MB, MC  form an acute triangle, getting  4 - 2π/(3  =  .3718....

E. Fourrey.  Curiositiés Géometriques, op. cit. in 6.S.1.  1907.  Part 3, chap. 1, section 5: Application au calcul des probabilitiés, pp. 360‑362.  Break a stick into three pieces.  Gets  P = ¼.  Cites Lemoine.

G. A. Bull.  Note 2016:  A broken stick.  MG 32 (No. 299) (May 1948) 87‑88.  Gets Halphen's result by using homogeneous coordinates.

S. Rushton.  Note 2083:  A broken stick.  MG 33 (No. 306) (Dec 1949) 286‑288.  Repeats Bull's arguments and then considers making one break, then breaking the larger piece, etc.  (It's not clear if he takes the longer of the two new pieces when trying for a  4‑gon.)  Says that the only example of this that he has seen is Whitworth's DCC Exercises in Choice and Chance, 1897, exer. 677, ??NYR, which has  Prob(triangle) = ⅓.  Author says this is wrong and should be  2 log 2 ‑ 1 = .386...  He gets a solution for an  n‑gon.

D. N. Smith.  Letter:  Random triangles.  MiS 19:2 (Mar 1990) 51.  Suggests, as a school project, generating random triangles by rolling three dice and using the values as sides.

Joe Whittaker.  Random triangles.  AMM 97:3 (Mar 1990) 228-230.  Take a stick and break it at two random points -- or -- break once at random and then break the longer part at random.  Prob(triangle) = ¼  in the first case and appears to be  ⅓  in the second case, but the second analysis assumes an incorrect distribution.  Correcting this leads to   Prob(triangle)  =  2 log 2 - 1  =  .38...,  as in Rushton.


8.H.
PROBABILITY PARADOXES

8.H.1.
BERTRAND'S BOX PARADOX
J. Bertrand.  Calcul des Probabilités.  Gauthier‑Villars, Paris, 1889.  Chap. I, art. 2, pp. 2‑3.

Howard P. Dinesman.  Superior Mathematical Puzzles.  Op. cit. in 5.B.1.  1968.  No. 26: Mexican jumping beans, pp. 40-41 & 96.  Deranged matchboxes of red and black beans -- see 5.K.1.  The problem continues by unlabelling the boxes -- if you draw a red bean, what is the probability that the other bean in the box is red?

Nicholas Falletta.  The Paradoxicon.  Doubleday, NY, 1983;  Turnstone Press, Wellingborough, 1985.  Probability paradoxes, pp. 116‑125, esp. pp. 118‑121, which describes:  a three‑card version due to Warren Weaver (1950),  the surprise ace paradox of J. H. C. Whitehead (1938)  and  a three prisoner paradox.

Ed Barbeau.  The problem of the car and goats.  CMJ 24:2 (Mar 1993) 149-154.  A version of the problem involving three doors with a car behind one of them appeared in Marilyn vos Savant's column in Parade magazine and generated an immense amount of correspondence and articles.  This article describes  4  (or more?) equivalents and gives 63 references, including Bertrand, but not Dinesman, Falletta, Weaver or Whitehead.


8.H.2.
BERTRAND'S CHORD PARADOX
J. Bertrand.  Op. cit. in 8.H.1.  1889.  Chap. I, art 5, pp. 4‑5.  Gets answers  ¼,  ⅓  and  ½.

F. Garwood & E. M. Holroyd.  The distance of a "random chord" of a circle from the centre.  MG 50 (No. 373) (Oct 1966) 283‑286.  Take two random points and the chord through them.  This gives an expected distance from the centre of  .2532.


8.I.
TAKING THE NEXT TRAIN

This is the problem where a man can board equally frequent trains going either way and takes the next one to appear, but finds himself going one way more often than the other.  Why?  


New section.

W. T. Williams & G. H. Savage.  The Penguin Problems Book.  Penguin, 1940.  No. 42: Bus times, pp. 28 & 116.  Two bus lines running the same route equally often, but it is twice as likely that the next bus is Red rather than Green.

Jerome S. Meyer.  Fun-to-do.  Op. cit. in 5.C. 1948.  Prob. 14: The absent-minded professor, pp. 25 & 184.

Birtwistle.  Math. Puzzles & Perplexities.  1971.  Fifth, pp. 146 & 197.  


8.J.
CLOCK PATIENCE OR SOLITAIRE

The patience or solitaire game of Clock has  13  piles of four face-down cards arranged with  12  in a circle and the  13th pile in the centre.  You turn up a card from the top of the  13th pile -- if it has value  n,  you place it under the  n-th pile and turn up the card from the top of that pile and repeat the process.  You win if you turn over all the cards.  The probability of winning is precisely  1/13  since the process generates an arbitrary permutation of the  52  cards and is a win if and only if the last card is a  K  (i.e. a 13).  In response to a recent question, I looked at my notes and found there are several papers on this.

John Reade, proposer;  editorial solution.  Problem 46.5 -- Clock patience.  M500 46 (1977) 17  &  48 (1977) 16.  What is the probability of winning?  Solution says several people got  1/13  and the problem is actually easy.

Anon. proposal  &  solution,  with note by David Singmaster.  Problem 11.3.  MS 11 (1978/79) 28  &  101.  (a)  What is the probability of winning?  Solution as in my comment above.  (b)  If the bottom cards are a permutation of  A, 2, ..., K,  then the game comes out if and only if this is a cyclic permutation.  Singmaster notes that the probability of a permutation of  13  cards being cyclic is  1/13,  so the probability of winning in this situation is again  1/13.

Eric Mendelsohn & Stephen Tanny, proposers;  David Kleiner, solver.  Problem 1066 -- The last  1.  MM 52 (1979) 113  &  53 (1980) 184-185.  Generalizes to  k  copies of  L  ranks.  Asks for probability of winning and for a characterization of winning distributions.  Solution is not very specific about the distributions, just saying there is a correspondence between the cards turned up and the original piles.

T. A. Jenkyns & E. R. Muller.  A probabilistic analysis of clock solitaire.  MM 54 (1981) 202‑208.  Says the expected number of cards played is  42.4.  They consider continuing the game after the last  K  by restarting with the first available unturned card.  They call this the 'second play' and allow you to continue to third play, etc.  They determine the expected numbers of cards turned in each play and also generalize to  m  cards of  n  ranks.  They show that the number of plays is determined by the relative positions of the last cards of each rank and show that the probability that the game takes  p  plays, but fail to note that this is  │s(n,p)│/n!,  where  s(n,p)  is the Stirling number of the first kind, so they rederive a number of properties of these numbers.

Michael W. Ecker.  How to win (or cheat) in the solitaire game of "Clock".  MM 55 (1982) 42-43.  Shows that whether you can win is determined by the bottom cards of each pile.  Though these values are not a permutation, one can define  'f-cycles' and a distribution comes out if and only if every  f-cycle contains the initial value.


8.K.
SUCKER BETS

This covers situations where the punter can not easily tell if the bet is reasonable or not.  These are often used to lure suckers, but they have also been historically important as incentives to develop probabilistic methods.  As an example, the Chevalier de Méré knew that the probability of throwing one six in four throws of a die was better than even, but he thought this should make throwing a double six in  24  throws also better than even and it is not.  See the histories cited in 8.F for more on the early examples of these problems.  Of course lotteries come into this category.  See 8.L for some other forms.

The classic carnival game of Chuck-a-Luck is an excellent example of this category.  This is the game with three die.  You bet on a number -- if it comes up once, you win double your bet (i.e. your bet and the same again);  if it comes up twice, you win triple;  if it comes up thrice, you win quadruple.  The relative frequency of  0, 1, 2, 3  of your number is  125, 75, 15, 1,  so the return in  216  throws will be  ‑125 + 75 + 30 + 3  =  ‑17,  giving a  7.9%  profit to the operator.

Collins.  Fun with Figures.  1928.  How figures can cheat -- The tin-horn gambler, pp. 34-35.  Six dice, each marked on just one face.  Gambler bets  $100  to  $1  that the punter will not get the six marked faces all up in  20  throws.  Collins asserts that the probability of winning is   20/66  =  1/2332.3,   so the fair odds should be  $2332  to  $1.  This is not quite right.  The true probability is   1 - (1 - 1/66)20  =  .00042858  =  1/2333.27.  The fair odds depend on whether the winnings include the punter's  $1  or not -- in this case, they do not, so the odds according to Collins ought to be  $2331.3  to  $1,  or more exactly  $2332.27  to  $1.

In the 1980s, I saw stands at school and village fairs, where one gets one throw with six dice for  £.50.  If one gets six  6s,  one wins a new Rover.  Since  66 = 46656,  the promoter gets an average of  £23,328  for each car, which was a tidy profit.

Gardner.  Nontransitive dice and other probability paradoxes.  SA (Dec 1970).  Extended in Wheels, chap. 5.  Consider two red and two black cards.  Choosing two, what are the odds of getting two of the same colour?  Typical naive arguments get  ⅔  or  ½,  but the true answer is  ⅓.  In the Addendum in Wheels, S. D. Turner describes the version with  R  red cards and  B  black cards.  The probability of choosing two of the same colour is then  [R(R-1) + B(B-1)]/[(R+B)(R+B-1)]  which is always less than  ½.  


8.L.
NONTRANSITIVE GAMES

In the simplest form, we know that  A  can defeat  B  and  B  can defeat  C,  but this does not imply that  A  can defeat  C,  so non-transitivity is quite common in real game playing.  Indeed, in the classical game of Rock, Scissors, Paper, the game situation has  C  defeating  A.  Similar phenomena occur in preferences, particularly voting and loving.  This section will generally deal with mathematical versions, particularly where the game seems fair, but making a later choice than your opponent gives you an edge.  Hence these versions can be used as the basis of sucker bets.

In about 1932, the following golf scores were sent to The Scotsman.



A   4 5 5 6 9 4 5 4 4 ‑ 46



B   5 6 6 7 3 5 6 3 5 ‑ 46



C   6 7 7 8 6 3 3 3 3 ‑ 46


A  beats  B  by 4 and 3,  B  beats  C  by 5 and 4,  C  beats  A  by one hole.  A correspondent, J. C. Smith, suggested the following series for three holes.



A   1 2 3 ‑ 6   A  one up on  B.



B   2 3 1 ‑ 6   B  one up on  C.



C   3 1 2 ‑ 6   C  one up on  A.


Similar results can be obtained for four men playing four holes, and so on.  



Reported by J. W. Stewart as Gleaning 854: Golf Scores; MG 16 (No. 218) (May 1932) 115.

Walter Penney, proposer and solver.  Problem 95 -- Penney-ante.  JRM 2:4 (Oct 1969) 241  &  7:4 (Fall 1974) 321.  Opponent picks a triple of heads and tails, then you pick a triple.  A coin is thrown until the triple occurs.  If he chooses  HHH  and you choose  HTH,  show your probability of winning is  3/5.

Walter Penney and David L. Silverman, proposers and solver.  Problem 96 -- Penney-ante.  JRM 2:4 (Oct 1969) 241  &  8:1 (1975) 62-65.  As above, but the opponent and you both pick a triple without the other's knowledge.  Elaborate analysis is required to obtain the optimal mixed strategy which guarantees you a probability of  ½.

Gardner.  Nontransitive dice and other probability paradoxes.  SA (Dec 1970).  Extended in Wheels, chap. 5.  Describes Bradley Efron's sets of 4 nontransitive dice which give the second chooser a  ⅔  chance of winning.  Efron says it had been proven that this is the maximum obtainable with four dice.  For three dice, the maximum is  .618,  but this requires dice with more than six faces.  As the number of dice increases, the maximum value approaches ¾.  The Addendum in Wheels describes numerous variants developed by magicians and mathematicians.

Gardner.  Nontransitive paradoxes.  SA (Oct 1974)  c= Time Travel, chap. 5.  Discusses voting paradoxes and describes examples of nontransitive behaviour back to mid-20C.  Describes Penney's game, giving it with pairs first and showing that for each choice by the opponent, you can pick a better choice, with probability of winning being at least  ⅔.  The bibliography in Time Travel is extensive and Gardner notes that some of the items give many further references.

Richard L. Tenney & Caxton C. Foster.  Non-transitive dominance.  MM 49:3 (May 1976) 115-120.  Gives three dice with odds for the second chooser being  5/9.  Gives proofs for the results stated by Efron in Gardner, above, observing that they arise from results known about voting paradoxes.

9.
LOGICAL RECREATIONS

Many combinatorial recreations can be considered as logical.


9.A.
ALL CRETANS ARE LIARS, ETC.
Diogenes Laërtius.  3C.  De Clarorum Philosophorum Vitis, Dogmatibus et Apophtegmatibus, II, Life of Euclides.  Ed. by C. G. Cobet; Paris, 1888, p. 108, ??NYS.  Translated by C. D. Yonge; Bell, London, 1894, pp. 97‑98.  Translated by R. D. Hicks; Loeb Classical Library; vol. 1, pp. 236‑237.  Refers to Eubulides (c‑330) as the source of "The Lying One" or "The Liar" -- Ο Ψεθδoμεvoσ (O Pseudomenos).  According to:  I. M. Bochenski; Ancient Formal Logic; North Holland, Amsterdam, 1951, p. 100;  Eubulides also invented:  "the swindler",  "the concealed",  "the heap" (how many grains make a heap?),  "the Electra"  and  "the horned" (equivalent to "Have you stopped beating your wife?").

Bochenski, Ancient Formal Logic, pp. 101‑102, says the liar paradox was unknown to Plato, but is quoted by Aristotle in his  Libro de Sophisticis Elenchis 25, 180 b 2‑7, ??NYS, (See:  M. Wallies, ed.; Topica cum Libro De Sophisticis Elenchis; Leipzig, 1923; ??NYS;  and:  Ethica Nicomachea, H3, 1146 a 21‑27; ed. by Fr. Susemihl; Leipzig, 1887; ??NYS.)  It is also given in  Cicero; Ac. Pr. II, 95, 96 (=? Topica, 57); ??NYS (In:  G. Friedrich, ed.; Opera Rhetorica; Leipzig, 1893; ??NYS)  and in many later writers.

Athenaeus Naucratica.  c200.  The Deipnosophists, Book 9 (end of c.64).  Translated by C. D. Yonge, Bohn, London, 1854, vol. 2, p. 633.  Epitaph of Philetas of Cos (c‑340/c‑285).  "Traveller, I am Philetas; the argument called the Liar and deep cogitations by night, brought me to death."  Sadly, there is no indication where he died or was buried.  (Bochenski; Ancient Formal Logic,; p. 102 gives the Greek of Athenaeus.  I. M. Bochenski; History of Formal Logic; corrected ed., Chelsea, 1970, p. 131; gives the English.)

The Stoics.  c‑280.  Bochenski; Ancient Formal Logic; pp. 100‑102 says they invented several paradoxes, including "the crocodile" who takes a baby and says he will return it if the mother answers his question correctly.  He then asks  "Will I return the baby?"  She answers  "No".

Anon.  History of the Warring States.  [The Warring States period is ‑475/‑221 and this history may be ‑2C.]  The Elixir of Death.  Translated in:  Herbert A. Giles; Gems of Chinese Literature; op. cit. in 6.BN, p. 43.  Chief Warden swallows an elixir of immortality which he was supposed to convey to the Prince.  The Prince orders the Warden's execution, but the Warden argues that if the execution succeeds, then the elixir was false and he is innocent of crime.  The Prince pardons him.

Tung‑Fang So (‑2C, see Giles, ibid., p. 77) is said to have been in the same situation as the Warden and argued:  "If the elixir was genuine, your Majesty can do me no harm;  if it was not, what harm have I done?"

St. Paul.  Epistle to Titus, I, 12.  c50?  "One of themselves, even a prophet of their own, said, The Cretans are always liars, ....  This witness is true."

M. Cervantes.  Don Quixote.  1605.  Book II, chap. 51.  Translated by Thomas Shelton, 1612‑1620, reprinted by the Navarre Society, London, 1923, vol. 2, pp. 360‑362.  Sentinel paradox: truthtellers pass; liars will be hanged.  "I will be hanged."

Henri Decremps.  Codicile de Jérôme Sharp, ....  Op. cit. in 4.A.1.  1788.  Avant Propos, pp. 19-20: Sentinel paradox: truthtellers pass; liars will be thrown in the river.  "You will throw me in the river."  Author says he will give the answer in another volume.

Henri Decremps.  Les Petits Aventures de Jerome Sharp.  Professor de Physique Amusante; Ouvrage contenant autant de tours ingénieux que de leçons utiles, avec quelques petits portraits à la maniére noire.  Brussels, 1789;  also 1790, 1793.  Toole Scott records an English edition, Brussels, 1793.  Sentinel paradox.  ??NYS.  Cited by Dudeney; Some much‑discussed puzzles; op. cit. in 2; 1908; as the first appearance of this paradox.

The Sociable.  1858.  Prob. 43: The Grecian paradox, pp. 299 & 317.  Protagoras suing his pupil who had promised to pay for his tuition when he won his first case.  = Book of 500 Puzzles, 1859, prob. 43, pp. 17 & 35.  c= Magician's Own Book (UK version), 1871, pp. 26-27.  c= Mittenzwey, 1895?: prob. 157, pp. 33 & 81;  1917: 157, pp. 30 & 79,  which claims the teacher wins.

Leske.  Illustriertes Spielbuch für Mädchen.  1864?  Prob. 564-21, pp. 253 & 395.  Form of the sentinel paradox.  To enter a garden, one must make a statement;  if true, one pays 3 marks;  if false, one pays 6 marks.  "I will pay 6 marks."

Carroll-Wakeling II.  c1890?  Prob. 32: Bag containing tickets, pp. 50 & 73.  This is one of the problems on undated sheets of paper that Carroll sent to Bartholomew Price.  Wakeling reproduces the MS.  



A bag contains 12 tickets, 3 marked 'A', 4 'B', 5 'C'.  One is drawn in the presence of 12 witnesses of equal credibility: three say it was 'A', four 'B', five 'C'.  What is the chance that it was 'A'?


There is no answer on the Carroll MS.  Wakeling gives an answer.




Let the credibility of a witness be "a" when telling the truth.  Hence, the credibility of a witness when telling a lie is "1 - a".




If it was  A,  then 3 tell the truth, and 9 lie; hence the credibility is 3 in 12, or 1 in 4.




Therefore the chance that it is  A,  and no other, is:





3/12 x 1/4  +  4/12 x 3/4  +  5/12 x 3/4  =  5/8


I cannot see how this last formula arises.  Wakeling writes that he was assisted in this problem by a friend who has since died, so he does not know how the formula was obtained.  



Assuming  a  is the probability of a person telling the truth, this probability depends on what the chosen ticket is and is not really determined by the information given -- e.g., if the ticket was  A,  then any value of  a  between  0  and  1  is possible.  The value  3/12  is an estimate of  a,  indeed the maximum likelihood estimate.  If  k  of the  12  people are telling the truth, I would take the situation as a binomial distribution.  There are  BC (12, k)  ways to select them and the probability of having  k  liars is then  BC (12, k) ak (1-a)12-k.  Now it seems that Bayes' Theorem is the most appropriate way to proceed.  Our basic events can be denoted  A, B, C  and their a priori probabilities are  3/12, 4/12, 5/12.  Taking  a = k/12,  the a posteriori  probabilities are proportional to  


k/12 x BC (12, k) (k/12)k ({12-k}/12)12-k,  for  k = 3, 4, 5.  Dropping the common denominator of  1213,  these expressions are  6.904,  8.504,  10.1913  times  1012.  Dividing by the total gives the a posteriori probabilities of  A, B, C  as 


 27.0%,  33.2%,  39.8%.



This is really a probability problem rather than a logical problem, but it illustrates that the logical problem seems to have grown out of this sort of probability problem.

Lewis Carroll.  Diary entry for 27 May 1894.  "I have worked out in the last few days some curious problems on the plan of 'lying' dilemma.  E.g. 'A says B lies;  B says C lies;  C says A and B lie.'  Answer: 'A and C lie;  B speaks truly'.  The problem is quoted in Carroll-Gardner with his discussion of the result, pp. 22-23.  Gardner says this was printed as an anonymous leaflet in 1894.



Carroll-Wakeling.  Prob. 9: Who's telling the truth?, pp. 11 & 65.  Wakeling says "This is a puzzle based on a piece of logic that appears in his diary.



The Dodo says the Hatter tells lies.



The Hatter says that the March Hare tells Lies.



The March Hare says that both the Dodo and the Hatter tell lies.



Who is telling the truth?"



In a letter of 28 May 2003, Wakeling quotes the text from the Diary as above, but continues with it:  "And today 'A says B says C says D lies;  D says two lie and one speaks true.'  Answer: 'D lies; the rest speak truly.'  Wakeling adds that the Diary entry for 2 Jun 1896 (not given in the Lancelyn Green edition) says:  "Finished the solution of the hardest 'Truth-Problem' I have yet done",  but Carroll gives no indication what it was.

Lewis Carroll.  The problem of the five liars.  In his unpublished Symbolic Logic, Part II.  He was working on this after Part I appeared in 1896 and he had some galley proofs when he died in 1898.  Published in Lewis Carroll's Symbolic Logic, ed. by William Warren Bartley III; Clarkson N. Potter, NY, 1977, 

Pp. 352‑361, including facsimiles of several letters to John Cook Wilson (not in Cohen).  Each of five people make two statements, e.g. A says "Either B or D tells a truth and a lie;  either C or E tells two lies."  When analysed, one gets contradictions because a form of the Liar Paradox is embedded.

Pp. 423-444 is a survey of logical paradoxes with some variations by Carroll.

Cesare Burali Forti.  Una questione sui numeri transfiniti.  Rendiconti del Circolo Matematico di Palermo 9 (1897) 154-164.  ??NYS.  This was the first published antinomy of modern set theory.  The set of all ordinal numbers is itself an ordinal!  However, Cantor had observed the paradox in 1895 and communicated it to Hilbert in a letter in 1896.  

Irving Anellis.  The first Russell paradox.  Paper given at AMS meeting, Chicago, Mar 1985.  ??NYS -- abstract given in  HM 12 (1985) 380.  Says it is usually believed that Russell discovered his paradox in Jun 1901, but he sent a version of it to Couturat on 8 Dec 1900 (unpublished MS in the Russell Archives, McMaster Univ.).

Gregory H. Moore.  A house divided against itself: The emergence of first-order logic as the basis for mathematics.  IN:  Esther R. Phillips, ed.; Studies in the History of Mathematics; MAA, 1987, pp. 98-136.  On pp. 114-115, he dates Russell's paradox to May 1901 and says Russell wrote about it to Frege on 16 Jun 1902.  The first publications are in Russell's Principles of Mathematics and Frege's Fundamental Laws, vol. 2, both in 1903.

B. Russell.  The Principles of Mathematics.  CUP, 1903.  ??NYS -- cited in Garciadiego.  He discusses Russell's paradox and also Cantor's paradox of the greatest cardinal and Burali Forti's paradox of the greatest ordinal.  I won't consider these much further, but this may have inspired the development of the more verbal paradoxes described in this section.

G. G. Berry.  Letter to Russell on 21 Dec 1904.  In the Russell Archives, McMaster University.  Quoted in Garciadiego.  "... the least ordinal which is not definable in a finite number of words.  But this is absurd, for I have just defined it in thirteen words."  The paradox of Jules Richard (late Jun 1905) is very similar and similar versions were found by J. König and A. C. Dixon about the same time, though these all use Zermelo's well-ordering axiom.  Sometime earlier, Berry had introduced himself to Russell with a note saying  "The statement on the other side of this paper is true"  with the other side reading  "The statement on the other side of this paper is false",  and consequently is also considered the inventor of the "visiting card paradox".

B. Russell.  Les paradoxes de la logique.  Revue de Métaphysique et de morale 14 (1906) 627‑650.  ??NYS -- cited by Garciadiego.  First publication of a modified version of Berry's paradox.

B. Russell.  Mathematical logic as based on the theory of types.  Amer. J. Math. 30 (1908) 222‑262.  On p. 223, he first gives Berry's paradox:  "the least integer not nameable in fewer than nineteen syllables".  He also reformulates König & Dixon as "the least indefinable ordinal".

Kurt Grelling & Leonard Nelson.  Bemerkungen zu den Paradoxien von Russell und Burali‑Forti.  Abhandlungen der Fries'schen Schule (NS) 2 (1908) 301‑344.  ??NYS.  Grelling's paradox:  "Is heterological heterological?"

A. N. Whitehead & B. Russell.  Principia Mathematica.  CUP, 1910.  Vol. 1, pp. 63‑64.  Discusses several paradoxes and repeats Berry's paradox.

F. & V. Meynell.  The Week‑End Book.  Op. cit. in 7.E.  1924.  2nd ed., prob. five, p. 275;  5th? ed., prob. nine, p. 408, gives Russell's paradox as a problem -- and gives no solution!

Hummerston.  Fun, Mirth & Mystery.  1924.  The bridge, pp. 68-69.  Sentinel paradox -- "I am going to be hanged on that gallows!"  Author says "It is impossible to answer ... satisfactorily.  Perhaps the best plan is to throw the varlet in the river."

John van Heijenoort.  Logical paradoxes.  Encyclopedia of Philosophy 5 (1967) 45‑51.  Excellent survey of the paradoxes of logic and set theory, but only a mention of pre‑19C paradoxes.

Alejandro R. Garciadiego.  The emergence of some of the nonlogical paradoxes of the theory of sets, 1903-1908.  HM 12 (1985) 337-351.  Good survey.  He has since extended this to a book:  Bertrand Russell and the Origins of the Set-theoretic "Paradoxes"; Birkhäuser, 1992, ??NYS

At the 19th International Puzzle Party in London, 1999, Lennart Green told the story of a friend of his who was such a failure in life that he decided to wrote a book on "How to be a Failure".  But if this failed, he would be successful and if it succeeded, he would have failed.


9.B.
SMITH -- JONES -- ROBINSON PROBLEM

See also 5.K.2 for a special form of these problems.

Dudeney.  PCP.  1932.  Prob. 49: "The Engine‑Driver's Name", pp. 24 & 132.  = 536; prob. 521: "The Engineer's Name", pp. 214 & 411.  The driver is Smith, but the other two names are not determined.

Phillips.  Week‑End.  1932.  Time tests of intelligence, no. 39, pp. 22 & 39.  Same as Dudeney.

Phillips.  Brush.  1936.  Prob. K.2: The Engine‑driver, pp. 36 & 96.  Same as Dudeney.

Rudin.  1936.  No. 183, pp. 65 & 119.  Similar to Dudeney, but Americanized, somewhat simplified(?) and asking for the brakeman's (= guard's) name.

Haldeman-Julius.  1937.  No. 4: Robinson-Smith-Jones problem, pp. 3 & 20.  Similar to Dudeney, but Americanized differently than in Rudin, asking for the engineer's name.  Says it was sent by J. C. Furnas.

James Joyce.  Finnegans Wake.  Viking Press, NY, 1939.  P. 302, lines 23-24:  "Smith-Jones-Orbison".

J. G. Oldroyd.  Mathematicians in the army.  Eureka  5 (Jan 1941) 6  &  6 (May 1941) 10.  Six men of different ranks from three different schools, colleges and faculties (i.e. subjects).

Irving Adler.  Thinking Machines.  Dobson, London, 1961.  Pp. 111-116: Who is the engineer?  Essentially identical to Rudin, but asks for the engineer's name.  Gives a systematic solution via boolean algebra.

Doubleday - 2.  1971.  Flight plan, pp. 153-154.  Same as Dudeney, slightly reordered.

Liz Allen.  Brain Sharpeners.  Op. cit. in 5.B.  1991.  Who's who?, pp. 86 & 134-135.  Spaceship version, similar to Dudeney, but more precise.


9.C.
FORTY UNFAITHFUL WIVES

I now realise that this is an extension of 9.D.


See Littlewood, 1953, in 9.D.

Gamow & Stern.  1958.  Forty unfaithful wives.  Pp. 20‑23.  (Communicated by V. Ambarzuminian.)

Michael Spivak.  Calculus.  2nd ed., Publish or Perish.  ??date, place.  P. 35, probs. 27 & 28.  

Uri Leron & Mike Eisenberg.  On a knowledge-related paradox and its resolution.  Int. J. Math. Educ. Sci. Technol. 18 (1987) 761-765.

Ed Barbeau.  Fallacies, flaws and flimflam.  CMJ 22:4 (Sep 1991) 307.  Gives a brief discussion and the reference to Spivak and to Leron & Eisenberg.  The paradox has to do with what information has been provided by the stranger.


9.D.
SPOTS ON FOREHEADS

See also 9.C.  7.AP is somewhat related.

William Wells Newell.  Games and Songs of American Children.  Harper and Brothers, (1883);  2nd ed. 1903;  reprinted with Editor's Note of 1883 and new Introduction and Index, Dover, 1963.  Chap. IX, No. 77: Laughter games, pp. 136‑137.  "In a Swiss game, ....  Each child pinches his neighbor's ear;  but by agreement, the players blacken their fingers, keeping two of the party in ignorance.  Each of the two victims imagines it to be the other who is the object of the uproarious mirth of the company."  The Notes on p. 274 indicate that this probably comes from:  E. L. Rochholz; Alemannisches Kinderleid und Kinderspiel, Leipzig, 1857, ??NYS

Phillips.  Week‑End.  1932.  Time tests of intelligence, no. 13, pp. 14 & 188.  Two boys fall down, one gets a dirty face, the other washes his own face.

Phillips.  The Playtime Omnibus.  Op. cit. in 6.AF.  1933.  Section XVII, prob. 11: Odd, pp. 55 & 237.  Identical to Week‑End.

W. E. Buker, proposer;  Robert Wood and O. B. Rose, solvers.  Science Question 686.  SSM 35 (1935) 212  &  429.  3 persons.

A. A. Bennett, proposer;  E. P. Starke and G. M. Clemence, solvers.  Problem 3734.  AMM 42 (1935) 256  &  44 (1937) 333‑334.  n  persons with smudges on foreheads.  Says the  3  person case was suggested by Dr. Church of Princeton and cites the Buker problem.

Phillips.  Brush. 1936.

Prob. A.2: The green crosses, pp. 1‑2 & 73.  Three men with green crosses.

Prob. R.1: The roof, pp. 58 & 112.  Same as in Week‑End, above.

Rudin.  1936.  No. 145, pp. 51-52 & 110.  3  persons with black crosses on foreheads, who whistle when they see a black cross.

Haldeman-Julius.  1937.  No. 76: The circle problem, pp. 10 & 24.  Three persons with red crosses, who put up their hands if they see a red cross.  "This problem promises to become famous.  It has been going the rounds during the past few weeks -- ....  We printed it several years ago, but believe it deserves reprinting."

McKay.  At Home Tonight.  1940.  Prob. 36: The five disks, pp. 70 & 83.  Three mandarins and five disks, two black and three white.  Emperor puts white on each forehead.  Answer argues using the number of blacks.

M. Kraitchik.  Mathematical Recreations.  Op. cit. in 4.A.2.  1943.  Chap. 1.  

Prob. 3: The problem of the three philosophers, p. 15.  Three painted faces.  

Prob. 4, pp. 15‑16.  3 white and 2 black discs --  three whites placed on backs.  All realize simultaneously.  

   (Neither is in Math. des Jeux.)

Harold Hart.  The World's Best Puzzles.  Op. cit. in 7.AS.  1943.  The problem of the marked foreheads, pp. 23 & 55.  Three students with blue and green crosses.

Leopold.  At Ease!  1943.  Short cut to chevrons, pp. 23-24 & 199.  Three men with smudged foreheads.

A. K. Austin.  A calculus for know/don't know problems.  MM 49:1 (Jan 1976) 12-14.  He develops a set-theoretic calculus for systematically solving problems involving spots on foreheads, etc., including problems with knowing sums, see 7.AP.  His typical problem has a man with four red and three blue stamps and he sticks three on the foreheads of two boys, telling them they each have at least one red.  The first says he doesn't know what he has; then the second says he doesn't know; then the first says he does know.  What stamps did the first have?

Leeming.  1946.  Chap. 3, prob. 9: The three small boys, pp. 21‑22 & 153‑154.  Three boys with smudged foreheads.

Henry Cattan.  The Garden of Joys.  (An anthology of oriental anecdotes, fables and proverbs.)  Namara Publications, London, 1979.  How he won the office of Grand Vizier, pp. 107‑109  &  note 89 on p. 114.  Same as Kraitchik's problem 4, but with the simpler solution based on symmetry.  The note says:  "This story is anonymous and was heard by the author in Palestine."  A letter from the author says he heard the story in this form in Palestine before 1948.

Jerome S. Meyer.  Fun-to-do.  Op. cit. in 5.C. 1948.  Prob. 51: Red hats and green hats, pp. 46 & 190-191.  2  red hats &  3  green hats.  Answer gives the symmetry solution and the logical solution without clearly recognizing the distinction.

Max Black.  Critical Thinking.  1952.  Op. cit. in 6.F.2.  Prob. 11, pp. 12 & 432.  Three sons with white marks.

J. E. Littlewood.  A Mathematician's Miscellany.  Op. cit. in 5.C.  1953.  Pp. 3‑4 (25‑26).  Three dirty faces.  Mentions that this can be extended to  n  dirty faces, which "has not got into the books so far as I know".  This may be the origin of 9.C?

The Little Puzzle Book.  Op. cit. in 5.D.5.  1955.  Pp. 34-35: Clean and dirty.  Two men fall through a roof.  Man with clean face goes to wash.

T. J. Fletcher.  The  n  prisoners.  MG 40 (No. 332) (May 1956) 98‑102.  Considers Kraitchik's problem with  n  persons,  n  white discs and  n‑1  black discs.  Also studies various colour distributions and assignments, including  < n  white discs and use of three colours.

Gamow & Stern.  1958.  Three soot‑smeared faces.  Pp. 77‑79.

Birtwistle.  Math. Puzzles & Perplexities.  1971.  Hats Off!, pp. 108 & 193.  A, B, C  are seated in a row, so  B  can see  A  while  C  can see both  B  and  A.  They all know that there are three white and two red hats in a bag.  A hat is taken out and put on A's  head, but he can't see it.  Similarly, hat are taken and put onto  B  and  C.  C  is now asked it he knows what colour his hat is and replies that he does not.  B,  having heard  C's  response, is asked if he knows what colour his hat is and he replies that he does not.  Is  A, having heard these, able to know what colour his hat is?  Extends to various other combinations and to  n  people.  The answer is "The answer to all the questions is, yes, it is possible."


9.E.
STRANGE FAMILIES

Complicated questions of kinship have arisen due to religious taboos on incest.  Most religions have a list of kinship relations which are not permitted to marry.  These get a bit more involved than I want to go into.  See the items in the first section below for some typical material.


The second section deals with marrying a deceased wife's sister.


The third section deals with general strange families riddles and puzzles, but 'That man's father ...' are collected in 9.E.1.


Ripley's Believe It or Not! books give a number of examples of strange families.  I will enter these under the date of the persons involved.  BION-xx  denotes the  xx-th series of Believe It or Not!


Problems of this type are generally put in the form of a riddle, and many of these are collected in the following.

Mark Bryant.  Dictionary of Riddles.  Routledge, 1990.  (Based on his Riddles Ancient and Modern; Hutchinson, 1983.)



GENERAL STUDIES OF KINSHIP RELATIONS
J. Cashdan & Martin D. Stern.  Forbidden marriages from a woman's angle.  MG 71 (No. 456) (1987).  ??NYS -- cited by Stern, 1990.

Martin D. Stern.  Consanguinity of witnesses -- a mathematical analysis.  Teaching Mathematics and Its Applications 6:2 (1987).  ??NYS -- cited by Stern, 1990.

Martin D. Stern.  Mathematical motivation through matrimony.  MM 63:4 (Oct 1990) 231‑233.  ??NYS -- reproduced in Robert L. Weber; Science with a Smile; Institute of Physics, Bristol, 1992, pp. 314-318.  Presents a notation for kinship relations and uses it to see that the table of prohibited degrees of marriage given in the Book of Common Prayer is symmetric with respect to sex and hence there are no unexpected prohibitions.  However, the Jewish restrictions on marriage and on testimony by consanguineous relatives are not symmetric -- cf the above items.

Marcia Ascher.  Ethnomathematics.  Op. cit. in 4.B.10.  1991.  Chapter Three: The logic of kinship relations, pp. 66-83.  Gives a number of folk puzzles and then analyses several complicated kinship systems.  Some references.

Martin Stern.  Discrete avoidance of marital indiscretion.  Mathematics Review (Univ. of Warwick) 2:3 (Feb 1992) 8-11.  He presents a notation for kinship relations and uses it to describe the prohibited relations in Christian, Jewish and Islamic traditions.  The Jewish prohibitions are not symmetric between male and female.

Helen Cooper.  A little more than kin [Review of Elizabeth Archibald; Incest and the Medieval Imagination; OUP, 2001]; The Times Literary Supplement (26 Oct 2001) 27.  This notes that the taboos on incest are very variable.  Egyptian Pharaohs indulged in brother-sister marriages and the Macedonians did not understand why Oedipus was upset when he discovered he was married to his mother.  Medieval Christianity extended the family to include godparents, who were spiritual siblings, and even in-laws of in-laws, as well as all the relatives of lovers, since sex made the lovers 'one flesh'.  On the other hand, Henry VIII married his deceased brother's wife and later divorced her in order to marry the sister of his mistress.  Archibald notes that since Christ is God, Mary is "Maid and mother, daughter of thy son!" [Chaucer's translation of Dante].  The medieval legend of Judas makes him a version of Oedipus -- he unknowingly killed his father and married his mother.  The medieval period introduced the double incest version where the son of a brother-sister relation is sent away and returns as an adult and unknowingly marries his mother.  In 13C French versions of the Arthurian legend, Mordred, the nephew of Arthur, is made into his son, the result of a liaison between Arthur and his half-sister, who did not know of their relationship.  Mordred attempted to marry Arthur's wife.  Luther urged that if a wedded couple were later discovered to be brother and sister or half-sister, or even mother, that the knowledge should be suppressed lest it drive them to the ultimate sin of despair.



DECEASED WIFE'S SISTER, ETC.
E. S. Turner.   Roads to Ruin -- The shocking history of social reform.  Michael Joseph, London, 1950.  Chap. 5: Two wives, one mother-in-law, pp. 98-121.  This surveys the British preoccupation with the legality of marrying a deceased spouse's sibling.  Since a couple were considered to become 'one flesh' (Ephesians 5:31), such a marriage was considered incestuous by the Church.  Leviticus 18:6 & 16 were interpreted as prohibiting such marriage, but Leviticus 18:18 was interpreted as saying that the previous verses stated that a man should not have sisters as wives at the same time [which is the Islamic interpretation], while Deuteronomy 25:5-10 not only permits, but even commands, that a man should marry his brother's widow.  



The English preoccupation with the problem dates from Henry VIII's marriage to his brother's widow, Catherine of Aragon.  [In fact, he then divorced her to marry his mistress's sister.]  This particular question is mentioned in Shakespeare's Henry VIII and the general question is the basis of Hamlet, whose mother marries her dead husband's brother.  There was at least one execution, in early 18C Scotland, of a woman who had sex with her sister's widower.



Up to 1835, marriage to a deceased wife's sister was permitted, but it could be voided and the children declared bastards, if an action was brought.  But if an action was brought and dropped, further actions were prevented.  In 1835, the Duke of Beaufort, who had married his deceased wife's half-sister, persuaded the Lord Chancellor to introduce a bill to legitimize such marriages up to date.  The Bishops managed to amend this to prohibit such marriages in the future.  However, such a couple could go to Europe to be married and such marriages remained legal in places like Jersey, though they were not legitimate in England.  The Catholic Church generally gave dispensation for such marriages.  From 1841 onwards, bills to remove the prohibition were introduced in almost every Parliament.  Marriage to a deceased husband's brother or to a deceased spouse's nephew/niece was not sufficiently common to be considered by the reformers.  The question was mentioned by Gilbert & Sullivan (near the end of the first act of Iolanthe (1882), the Queen, referring to Strephon, says  "He shall prick that annual blister, / Marriage with deceased wife's sister;").  The journal Moonshine commented:  "To be able to marry two wives at the cost of but one mother-in-law is something to fight for."  In 1906, the Colonial Marriages Bill legitimized such marriages made in the colonies.  In 1907, the Deceased Wife's Sister Bill was passed.  Canon Law was later changed to accept this.  One man who had married his deceased wife's sister sued a Canon who refused him Communion and won, with his win being confirmed by the Court of Appeals and the House of Lords in 1912.  However, marriage to a divorced wife's sister was not permitted while the ex-wife lived.  Marriage to a deceased husband's brother was permitted in 1921.  A number of other marriages were permitted in 1921 and all these acts are consolidated in the Marriage Act of 1949.  Turner is not clear whether marrying a divorced spouse's sibling was permitted, and I don't know the further history.  A 2000 article says marrying a deceased wife's aunt or niece was permitted by the Marriage Act of 1931.

A discussion of Strawberry Hill House says marriage to a deceased husband's brother was prohibited by the 1835 act, so that Frances, the widow of John Waldegrave, had to go to Scotland to marry his half-brother George Waldegrave, 7th Earl Waldegrave.

Susan Kelz Sperling.  Tenderfeet and Ladyfingers.  Viking, NY, 1981, p. 98-99.  She gives some details of the Hebrew view.  The Hebrew law of yibbum declares that if a man dies without heir, his brother or nearest relative is obliged to marry the widow (i.e. she is marrying her dead husband's brother).  However, he could decline the duty by a ceremony called halitzah, as specified in Deuteronomy, by putting on a special shoe which the widow removed and then she spat in front of him to break the contract.  This takes place in Ruth, allowing her to marry Boaz.

BION-11 cites an American example where a woman successively married the widowers of two of her sisters.

William Holman Hunt, the Victorian painter, married his deceased wife's sister in 1866, in Switzerland [Judi Culbertson & Tom Randall; Permanent Londoners; Robson Books, London, 1991, p. 140].

See Dudeney, AM, prob. 52, below, for a complication of this situation.

Haldeman-Julius.  1937.  No. 88: Marriage problem, pp. 11 & 25.  How can a man have married his widow's sister?  (Also entered under General Family Riddles.)

Mindgames.  Frontiers (a UK popular science magazine) No. 1 (Spring 1998) 107.  "My wife's sister is also her cousin.  How can this be?"  Solution is that her father married his dead wife's sister and had another daughter.



GENERAL FAMILY RIDDLES
The riddles which the Queen of Sheba proposed to Solomon are not recorded in the biblical account of their meeting (I Kings 10 & II Chronicles 9), which would be c-960.  Josephus' History of the Jews only mentions that Hiram and Solomon traded riddles, without giving any of them.  Bryant, p. 19, says the Queen's riddles are given are given in the 2nd Targum to the Book of Esther and elsewhere in the rabbinical literature.  The Targums are commentaries on biblical books, created after the Babylonian Captivity of ‑587/-538 and written down from 100 onwards.  One of these is a strange family riddle which occurs in the first few entries below.  If this is really due to the Queen of Sheba, or even actually in the Targums, it would be by far the earliest strange families riddle known.  A variant of the riddle is given by Yachya Ben Sulieman, c1430, qv below.  Ms Zimmels at the library of the London School of Jewish Studies told me that there is an 1893 German translation: Targum Shennai(?) zum Buch Esther and that the riddles occur in Ginzberg.  However, Rappoport gives more precise information.  

Louis Ginzberg.  The Legends of the Jews.  Translated from the German Manuscript.  Vol. IV: Bible Times and Characters  From Joshua to Esther.  Jewish Publication Society of America, Philadelphia, (1913), 5th ptg, 1947, pp. 142-149.  He gives 22 riddles.  P. 146, no. 2: 'Then she [the Queen of Sheba] questioned him [Solomon] further: "A woman said to her son, thy father is my father, and thy grandfather my husband; thou art my son, and I am thy sister."  "Assuredly," said he, "it was the daughter of Lot who spake thus to her son."'  However, Ginzberg gives no source or date for this.

Angelo S. Rappoport.  Myth and Legend of Ancient Israel.  Vol. III.  Gresham Publishing Co., London, 1928.  The riddles of the Queen of Sheba, pp. 125-130.  P. 127:  



'Said she: "I will ask thee another question.  A woman once said unto her son: Thy father is my father, thy grandfather my husband; thou art my son but I am thy sister." 



To which Solomon made answer: "It must surely have been one of Lot's daughters who thus spoke to her son." 



The similarity of the text with Ginzberg's makes it clear that they are both taken from the same source.  Fortunately Rappoport is specific as to his sources.  He says the second Targum to Esther (citing Targum Sheni to the Book of Esther; ed. P. Cassel, Leipzig, 1885; ed. E. David, Berlin, 1898) contains three riddles (the last three in Ginzberg) and then says that the Midrash Mishle, or Midrash to the Proverbs (citing Midrash Mishle, ed. S. Buber, Vilna, 1893  and  A. Wünsche, Midrash Mishle, Leipzig, 1885), gives four riddles, which are the first four in Ginzberg, hence include our riddle.  For our riddle, he also gives another reference: J. Lightfoot, Horæ Hebraica, Rotterdam, 1686, II, 527; see also Yalkut, II, §1085.  After these four riddles, he says the Midrash Hachefez (ed. and translated by S. Schechter, Folklore, No. 1, pp. 349-358) gives 19 riddles, which are the first 19 of Ginzberg, so again include our riddle.  However, Rappoport gives no indication of the dates of these Midrashs.

The Exeter Book Riddles.  8-10C (the book was owned by Leofric, first Bishop of Exeter, who mentioned it in his will of 1072).  Translated and edited by Kevin Crossley-Holland.  (As: The Exeter Riddle Book, Folio Society, 1978, Penguin, 1979.)  Revised ed., Penguin, 1993.  

No. 43, pp. 47 & 103.  Body and soul both have the earth as their mother and sister.  Their mother because they are made from dust; their sister because all are made by the same heavenly father.

No. 46, pp. 50 & 104.


A man sat sozzled with his two wives,


his two sons and his two daughters,


darling sisters, and with their two sons,


favoured firstborn; the father of that fine 


pair was in there too; and so were


an uncle and a nephew.  Five people 


in all sat under that same roof.



The solution is given in Genesis 19:30-38, which describes Lot and his two daughters who bore sons by him.  "The first use of this incestuous story for the purpose of a riddle is attributed to the Queen of Sheba; she tried it on Solomon."  Cf above entries and Yachya Ben Sulieman, c1430, below.

Alcuin.  9C.  

Prob. 11: Proposito de duobus hominibus singulas sorores accipientibus.  Two men marry each other's sister.  

Prob. 11a (in the Bede text): Propositio de duobus hominibus singulas matres accipientibus.  Two men each marrying the other's mother.  This is the classic  "I'm my own grandfather"  situation.

Prob. 11b (in the Bede text): Propositio de patre et filio et vidua ejusque filia.  Father and son marrying daughter and mother.  This is like 11a.

Abbot Albert.  c1240.  P. 335.  

Prob. 11.  Two widows and sons marry.  This is the same as Alcuin/Bede 11a.  He says the sons of the unions are each other's paternal uncles.

Prob. 12.  Two widowers and daughters marry.  This is the same as the previous except for a sex change.  Latin distinguishes paternal uncle from maternal uncle.

Prob. 13.  Complex situation with a man and three wives.

Cooper (above under General Studies of Kinship Relations) says the medieval period introduced the double incest situation, where the son of a brother-sister relation is sent away and returns as an adult and unknowingly marries his mother.  Cf Pacioli, c1500, and the Martham tombstone of 1730 for a triple incest.

Dialogue of Salomon and Saturnus.  14C.  ??NYS.  Given in Bryant, p. 12.  "Tell me, who was he that was never born, was then buried in his mother's womb, and after death was baptised?"  Answer: Adam.  Cf:  Adevineaux Amoureux, 1478;  Vyse, 1771?, prob. 2.

In about 1380, the Duke of Gloucester, uncle of Richard II, opposed the marriage of his brother's son to his wife's younger sister.  [John Kinross; Discovering Castles  1. Eastern England; Shire Discovering Series No. 23, 1969, p. 12.]

Yachya Ben Sulieman.  Hebrew text, c1430.  ??NYS.  Quoted in Folk‑Lore (1890) ??NYS.  Quoted in Tony Augarde, op. cit. in 5.B, p. 3.  A riddle attributed to the Queen of Sheba.  "A woman said to her son, thy father is my father, and thy grandfather my husband;  thou art my son, and I am thy sister."   "Assuredly,"  said he [Solomon],  "it was the daughter of Lot who spake thus to her son."  Bryant, no. 1116, pp. 259 & 346 gives the same wording, with an extra level of quotation marks, and attributes it to the Queen of Sheba with no further details.  Cf Queen of Sheba and Exeter Book above.

Adevineaux Amoureux.  Bruges, 1478.  ??NYS -- quoted by Bryant, no. 6, pp. 67-68 & 333.  "Je fus nez avant mon pere / Et engendré avant ma mere, / Et ay occis le quart du monde, / Ainsi qu'il gist a la reonde, / Et si despucelay ma taye. / Or pensez se c'est chose vraie."  (Bryant's translation: "I was born before my father, begotten before my mother and have slain a quarter of the world's population.  How can this be?"  Answer: Cain.  Cf:  Dialogue of Salomon and Saturnus, 14C;  Vyse, 1771?, prob. 2.

Chuquet.  1484.  Prob. 166.  Same as Alcuin/Bede 11a.  FHM 233 mentions it briefly without giving the relationships.

In 1491, the 14 year-old Duchess Anne of Brittany married Charles VIII, King of France in 1491.  This was slightly complicated because both of them were married already, indeed Charles was married to the daughter of Anne's husband, the future Emperor Maximilian of Austria, so he was marrying his own step-mother-in-law.  Fortunately, as was often the case in those days, both marriages were unconsummated -- indeed the couples had probably not yet seen each other and such proxy marriages were more like engagements -- so a little influence at Rome got both marriages dissolved.  Somewhat surprisingly, as the marriage was more or less forced by Charles' siege of Rennes, the couple got on very well and developed a definite affection.  

Pacioli.  De Viribus.  c1500.  Part 3.  

F. 263v, fourth item.  = Peirani 377.  Mother says her son is also her nephew and her brother.  A man impregnated his mother and this yielded a daughter, who is the speaker.  The man then impregnated her and this produced a son.  He is the son of her brother, hence her nephew, and the son of her father, so her brother.

F. 266r, middle.  = Peirani 383.  Two widows marrying the other's son.  = Alcuin 11a.  A woman is carrying the son of the other couple, so it is her grandson and the brother of her husband, as well as the son of her mother-in-law.

This is followed by a variation which I cannot understand.

F. 267v, first item.  = Peirani 385.  Tomb holds mother and son, man and wife, sister and brother, but only two people.  Son is offspring of father-daughter incest and later marries his mother.

F. 287v, no. 191.  = Peirani 416.  Two fathers and two sons are only three people.

Ff. 291r - 291v, no. 218.  = Peirani 421-422.  Quotes a Roman epitaph from S. Bartolomeo which seems to say that Hersillus is buried with Maralla who was his mother, sister and wife.  Pacioli's comment seems irrelevant.

Ivan Morris.  Foul Play and Other Puzzles of all Kinds.  (Bodley Head, London, 1972);  Vintage (Random House), NY, 1974.  Prob. 21: No incest, pp. 39 & 93.  Quotes Dudeney (??NYS) who gave an authentic 1538 epitaph describing the situation of Alcuin/Bede 11a with each couple having a child.

Tartaglia.  General Trattato, 1556, art. 135, p. 256r.  2  fathers and  2  sons make only  3  people.

16C(?) riddle in Mantuan dialect.  Given in:  Franco Agostini & Nicola Alberto De Carlo; Intelligence Games;  (As:  Giochi della Intelligenza; Mondadori, Milan, 1985);  Simon & Schuster, NY, 1987; p. 69.  Two fathers and two sons make three people.  The discussion is a bit unclear as to the date of this riddle.

Book of Merry Riddles.  1629?  

The 71 Riddle, pp. 42-43.  Two ladies and two boys are met and they say as follows.



The sons of our sons they be certain,



Brothers to our husband they be I wis,



And each of them unto the other Uncle is



Begotten and born in wedlock they be,



An we are their mothers we tell you truly.


I.e., the same as Alcuin/Bede 11a.

The 73 Riddle, p. 44.  2  fathers and  2  sons make only  3  people.

Tombstone in the church at Martham, Norfolk.  1730.  ??NYS -- quoted in a letter from Judith Havens (Norwich, Norfolk) in Challenging Centipede; The Guardian, section 2, (1 Dec 1994) 6.




"Here Lyeth / The Body of Christ. / Burraway, who departed / this life ye 18 day / of October, Anno Domini 1730 / Aged 59 years / And their Lyes / Alice, who by hir Life / was my Sister, my Mistress, / My Mother, and my Wife. / Dyed Feb ye 12, 1729 / Aged 76 years."




This was a response to a vague description of the epitaph in:  Centipede; Famous last words; The Guardian, section 2 (24 Nov 1994) 4.  There it is stated that Burraway was the result of an incestuous union between a man and his daughter.  The baby was sent away to be brought up and years later happened to return to his native village where he met a older woman and became her lover, then her husband!  (Shades of Oedipus!)  Consequently he was his own uncle, step-father and brother-in-law!  Cf Cooper, above for the idea of double incest -- this seems to be a triple incest.



If Burraway's union with his sister/mother/wife produced a child, then it would have only three grandparents and six great-grandparents (as is the case for the offspring of any half-siblings).

Vyse.  Tutor's Guide.  1771?  

Prob. 1, 1793: p. 305; 1799: p. 318 & Key p. 360.  "Suppose two Women, and each a Son, were walking together, and were met by another Person, who asked the Boys in what Relation they stood to each other?  They replied, We are Sons and Grandsons by the Fathers; Brothers and first Cousins by the Mothers; who also are Aunts to each of us.  This Combination of Kinship once happened, but in what Manner?  See Gen. xix. ver. 31."  This is the same situation as in the Exeter Book Riddles, no. 46, above.

Prob. 2, 1793: p. 305; 1799: p. 318 & Key p. 360.  "Who was he that was begot before his Father, born before his Mother, and had the Maidenhead of his Grandmother?"  The answer notes that Adam was made "of the Dust of the Ground", etc. and then runs:  "Now Abel ... was murdered by his Brother Cain; therefore he got the Maidenhead of his Grandmother (the Earth); and was got before his Father (Adam, who was made of the Earth, therefore was not begotten; and was born before his Mother (Eve), who was made of Man, therefore was not born."  I think the meaning is that Abel was buried so he was the first man in the Earth.  Cf:  Dialogue of Salomon and Saturnus, 14C;  Adevineaux Amoureux, 1478.

Jackson.  Rational Amusement.  1821.  Arithmetical Puzzles.  No. 6, pp. 2 & 52.  Father, mother, son, grandson, brother and daughter comprise only  3  people in the situation of Alcuin/Bede 11a when a couple has a son.

Curiosities for the Ingenious selected from The most authentic Treasures of Nature, Science and Art, Biography, History, and General Literature.  2nd ed., Thomas Boys, London, 1822.  Singular intermarriage, p. 100.  Man and daughter marry daughter and father.  "My father is my son, and I am my mother's mother; / My sister is my daughter, and I'm grandmother to my brother." 

Richard Breen.  Funny Endings.  Penny Publishing, UK, 1999, p. 25.  Gives the following.



"Here, beneath this stone,  /  Lie buried alone  /  The father and his daughter,  /  



The brother and his sister,  /  The man and his wife,  /  And only two bodies.  //




Work it out...



Early 19th century, Erfunt Cemetery, Germany."


I suspect 'Erfunt' is a misprint for 'Erfurt' and I'm a bit suspicious as to the authenticity of this, but it's a good puzzle problem.

Judge Leicester King (1789-1856) of Akron, Ohio, and his son married sisters, so he was his son's brother-in-law.  BION-11.

Illustrated Boy's Own Treasury.  1860.  Arithmetical and Geometrical Problems, No. 32, pp. 430 & 434.  Will involving  6  relatives who turn out to be just  3  due to the situation of Alcuin/Bede 11a.

Charades, Enigmas, and Riddles.  1862: prob. 40, pp. 138 & 144-145;  1865: prob. 584, pp. 110 & 157-158.  "How can a man be his own grandfather?"  Mother and daughter marry son and father.  Mother and son produce a son, Tom.  Notes that perhaps Tom is only his own grandfather-in-law.

Leske.  Illustriertes Spielbuch für Mädchen.  1864?  Prob. 564-12, pp. 253 & 395.  25  relationships among only  7  people.  Answer is a couple, with their son and his wife, with their son and two daughters.  This omits a grandchild, so there really ought to be  26  relationships here.  Dudeney, AM 54, gives the same grouping, but with a different list of 23 relationships.  However neither counts the relationships properly -- e.g. both count  4 children  and  2 sons and 2 daughters.  I find 23 reasonable relationships -- Dudeney's 23 less  4 repeated children  plus  2 husbands and 2 wives  that he omitted.  Leske has the husbands and wives, but omits the grandmother and a grandchild.



In theory,  n  people can have  n(n-1)  possible relationships, but not all of these relationships have distinct names.  E.g. in the above, the son of the first couple is a son to both parents, so two distinct relationships are both denoted by 'son'.  However, in the classic problem of man, son and grandson, we actually have  2 fathers, 2 sons, 1 grandfather and 1 grandson,  giving a full  6  relationships among just  3  people.  Extending this to a string of  n  generations gives the full  n(n-1)  relationships among  n  people.  One might ask if one can compact this a bit by using fewer generations for the  n  people.  E.g., Leske's problem has  3  generations.  So I pose the following problem:  for  n  people in  g  generations, how many of the  n(n-1)  relationships are distinctly named in English (where 'distinctly named' is a bit vague!).  I now realise that the same relationship may have different names, indeed several different names!  See Alcuin, above, and Carroll, below.

Mittenzwey.  1880.  

Prob. 25, pp. 3 & 59;  1895?: 30, pp. 9 & 63;  1917: 30, pp. 9 & 58.  Two fathers and two sons are three people.

Prob. 26. pp. 3-4 & 59;  1895?: 31, pp. 10 & 63;  1917: 31, pp. 9 & 58.  26  relationships among only  7  people, as in Leske.

E. S. Turner.  Op. cit. above, p. 109.  [Retold in his:  Amazing Grace; Michael Joseph, London, 1975; pp. 279-280.]  The 7th Duke of Marlborough described to the House of Lords, c1880, the supposedly real case of a father and son marrying a daughter and mother.  The son was his own grandfather and he became so confused that he committed suicide.  In a footnote, Turner quotes a letter in the Welwyn News-Chronicle of 1949 from a man who married his step-mother's sister, i.e. widower and son married sisters.

J. M.  Letter:  Genealogical puzzle.  Knowledge 3 (6 Jul 1883) 13, item 865.  +  Answer to genealogical puzzle in our last.  Ibid. (13 Jul 1883) 29.  Two unrelated persons have the same brother.  Editorial note to the Answer says there are several ways to solve the puzzle -- how many?

Lewis Carroll.  A Tangled Tale.  (1885) = Dover, 1965.  The dinner party.  Knot II: Eligible apartments.  Pp. 7-8 & 84-85.  (In the answers, this part of the Knot is denoted §1. The dinner party.)  = Carroll-Wakeling II, prob. 41: Who's coming to dinner?, pp. 59 & 75.  A man's:  father's brother-in-law;  brother's father-in-law;  father-in-law's brother  and  brother-in-law's father  are all the same person.  This involves several marriages between cousins.  



But brother-in-law denotes both  sister's husband  and  wife's brother!  With an earlier marriage between cousins, we can have this person being both the man's father's wife's brother and father's sister's husband.  His wife's brother's father is just his father-in-law, but another marriage between cousins makes this person also the man's brother-in-law's father-in-law.

E. W. Cole.  Cole's Fun Doctor.  The Funniest Book in the World.  Routledge, London  &  E. W. Cole, Melbourne,  nd [HPL dates it 1886 and gives the author's name as Arthur C. Cole].  P. 57:  A smart cut-out  &  Genealogy  are two stories of widow and daughter marrying son and father.  = Alcuin 11b.

Lemon.  1890.  How is this?, no. 725, pp. 83 & 123.  33  relatives who are only  8  people.

Hoffmann.  1893.  Chap. IX, no. 42: The family party, pp. 321 & 328‑329 = Hoffmann‑Hordern, p. 214.  A man is  his father's brother‑in‑law,  his brother's father‑in‑law,  his father‑in‑law's brother‑in‑law  and  his brother‑in‑law's father‑in‑law!

C. C. Bombaugh.  Facts and Fancies for the Curious.  Lippincott, 1905, ??NYS.  A Mr. Harwood and John Cosick, both widowers, married each other's daughter, at Durham in eastern Canada.  Quoted in:  George Milburn; A Book of Puzzles and Brainteasers; Little Blue Book No. 1103, Haldeman‑Julius, Girard, Kansas, nd [1920s?], pp. 33‑34.

Pearson.  1907.

Part I, no. 25: A family party, pp. 120 & 184.  Two widows and sons marry and each couple has a daughter, causing  24  apparent people to be only  6.

Part I, no. 36: Quite a family party, pp. 123 & 186.  Same as Hoffmann.

Part I: A table of affinity, p. 127.  Reports that M. de Lesseps and his son were to marry sisters and discusses the complications that would ensue.

Mr. X [cf 4.A.1].  His Pages.  The Royal Magazine 26:6 (Oct 1911) 569.  The mean Duke.  Same as Hoffmann.

Henry Edwards Huntington (1850-1927) married Arabella Duval Huntington (  -1924), the widow of his uncle Collis P. Huntington (  -1900) in 1913.  Henry and Arabella were the same age.

Dudeney.  AM.  1917.  Several examples, including the following.

Prob. 52: Queer relationships, pp. 8 & 153.  Discusses two brothers who married two sisters.  One man and one woman died and the survivors married and had a child.  The man married his deceased wife's sister which was legal, so he is married to the woman and his child is legitimate.  But the woman married her deceased husband's brother, which was not legal at the time, so she is not married to the man and her child is illegitimate!!  Mentions a man who married his widow's sister and a man who has a nephew, but the nephew is not the nephew of his sister.

Prob. 54: A family party, pp. 8 & 153.  23  apparent people are only  7.  See Leske.

Prob. 55: A mixed pedigree, pp. 8-9 & 153.  A  is  B's  father's brother-in-law,  brother's father-in-law  and  father-in-law's brother.

Prob. 56: Wilson's poser, pp. 9 & 153.  A  is  B's  uncle and nephew.  This is due to two men marrying the mother of the other and both couples producing -- the results are  A  and  B.

Ahrens.  A&N.  1918.  Pp. 105‑122, esp. 111‑122.  Describes an 11C report of a person with only three grandparents, but it turns out to be erroneous.  However, Cleopatra had only three grandparents, since her parents were half‑siblings -- I had believed they were full siblings which would give her only two grandparents.  See also the 1730 entry about Christopher Burraway.



For convenience in the following, let  n‑parents denote one's ancestors  n  generations back, so  1‑parents are parents,  2‑parents are grandparents,  3‑parents are great‑grandparents, etc.  Normally one has  2n  n‑parents.  



Prince Don Carlos of Spain (1545‑1568) had only  4  3‑parents,  6  4‑parents,  12  5‑parents  and  20  6‑parents.  Ahrens also gives more extended examples, e.g. the  12  generations of ancestors of Kaiser Wilhelm II comprise only  1549  people instead of the expected  8190,  and one person occurs in  70  places.

Smith.  Number Stories.  1919.  Pp. 114‑116 & 142.  Tartaglia's problem.  Also a more complex version where  27  apparent people are only  7.

Ackermann.  1925.  Pp. 92‑93.  Three mothers, each with two daughters, require only  7  beds.

Loyd Jr.  SLAHP.  1928.  A puzzling estate, pp. 68 & 111.  Three fathers and three sons are only four people.

Collins.  Fun with Figures.  1928.  He was his own grandfather, pp. 231-232.  Claims to quote a Pittsburgh newspaper story of a resident who committed suicide when he found he was his own grandfather.  Son and father married widow and daughter.

Dr. Th. Wolff.  Die lächelnde Sphinx.  Academia Verlagsbuchhandlung, Prague, 1937.  

Prob. 4, pp. 188 & 197.  'My grandfather is only five years older than my father.'

Prob. 5, pp. 188 & 197.  'My father and my grandfather are twins.'

Haldeman-Julius.  1937.  No. 88: Marriage problem, pp. 11 & 25.  How can a man have married his widow's sister?  (Also entered under Deceased Wife's Sister.)

Depew.  Cokesbury Game Book.  1939.  

Three ducks, p. 201.  Two fathers and two sons make three people.

Separate Room, p. 216.  Three mothers, each with two daughters, make seven people.

Joseph Leeming.  Riddles, Riddles, Riddles.  Franklin Watts, 1953;  Fawcett Gold Medal, 1967.  

P. 50, no. 5: "If your uncle's sister is not your aunt, just what relation is she to you?

P. 53, no. 32: "If Dick's father is Tom's son, what relation is Dick to Tom?"

P. 91, no. 3: "A doctor had a brother who went out West.  But the man who went out West had no brother.  How can this be?"

P. 91, no. 4: "Two men, with their two wives and two sons, are related to each other as follows: The men are each other's fathers and sons, their wives' fathers and husbands, and their children's fathers and grandfathers.  The women are the children's mothers and sisters; and the boys are uncles to each other.  How can this be?"  Same as Abbot Albert, prob. 12.

P. 92, no. 8.  Schoolteacher and his daughter, the minister's wife and the minister are just three people.

P. 109, no. 11: "Sisters and brothers have I none, but that man's father is my father's son.  Who am I looking at?"

P. 113, no. 44: "What relation is that child to its father who is not its father's own son?"

P. 113, no. 47: "Two Indians are standing on a hill, and one is the father of the other's son.  What relation are the two Indians to each other?"

P. 153, no. 30: "It wasn't my sister, not my brother,  But it still was the child of my father and mother.  Who was it?"

Ripley's Believe It Or Not!  6th series, Pocket Books, NY, 1958.  P. 145.  Jacob van Nissen, of Zwolle, Holland, and his son married a girl and her mother.

W. Leslie Prout.  Think Again.  Frederick Warne & Co., London, 1958.  Catch Quiz, No. 6, pp. 12 & 115.  "Said one boy to another:  "My mother's sister is your sister's mother."  What relation were the two boys?"

Kathleen Rafferty.  Dell Pencil Puzzles & Word Games.  Dell, NY, 1975.  Noodle Nudger 3, pp. 106 & 127.  "Mary's husband's father-in-law is Mary's husband's brother's brother-in-law, and Mary's sister-in-law is Mary's brother's stepmother.  HOW COME?"  "Mary's father married her husband's sister."

Scot Morris.  The Book of Strange Facts and Useless Information.  Doubleday, NY, 1979, p. 98.  In order to give his divorced mother some benefit from his father's estate, Robert Berston adopted his mother in 1967.

Patrick Donovan.  Peculiar People.  Fontana, 1984.  P. 76 reports that Dave Woodhouse of Wolverhampton divorced his wife and married her mother in 1983 at a double wedding where his ex-wife was also married to a new man.

Ripley's Believe It or Not! - Strange Coincidences.  Tor (Tom Doherty Associates), NY, 1990, p. 21.  George Clark Cheever, of Warsaw, Indiana, three of his sons and one of his daughters all married siblings.

Marcia Ascher.  Ethnomathematics.  Op. cit. in 4.B.10.  1991.  Chapter Three: The logic of kinship relations, pp. 66-83.  Gives a number of folk puzzles and references.  



Two mothers and two daughters are three people (Brazil).  



Two brothers say  "My brother's son is buried there";  third brother says  "My brother's son is not buried there"  (Ireland).



Who is the sister of my aunt, who is not my aunt? (Puerto Rico).



His mother is my mother's mother-in-law (Russia).



Who is my mother's brother's brother-in-law? (Wales).

"Smallweed" diary column.  The Guardian (10 Apr 1993) 18.  Bill Wyman of the Rolling Stones married and later divorced Mandy Smith.  Mandy's mother Patsy is about to marry Stephen Wyman, Bill's son from his first marriage.

Item on front of Society section of The Guardian (2 Apr 1997) 1.  "A 46-year-old Bedfordshire woman has married the father of an 18-year-old girl who eloped with her husband."

David Singmaster.  Some years before I read a description of some English aristocrat which said that he only had four grandparents while most people had eight.  This was later corrected -- he had only four great-grandparents while most people had eight.  Of course this puzzled me for a bit and I worked out a reasonable way this could have happened.  I later realised that there is another way it could have happened, though I think the second method is slightly less likely.  I posed the problem of finding both ways as a Brain Jammer: Four Great-Grandparents; Weekend Telegraph (12 Dec 1998) 21 & (2 Jan 1999) 17.  At the time I didn't know of any real examples, but Ahrens (1918) says Prince Don Carlos of Spain (1545‑1568) had only four great-grandparents.  I also used this on a Puzzle Panel program.  When cousins marry, their children have six great-grandparents.

Mindgames.  Frontiers (a UK popular science magazine) No. 1 (Spring 1998) 107.  "My wife's sister is also her cousin.  How can this be?"  Solution is that her father married his dead wife's sister and had another daughter.


9.E.1.
THAT MAN'S FATHER IS MY FATHER'S SON, ETC.

New section -- I have just found the 17C example, but there must be other and older examples??  But see Proctor, 1883.  The problem continues to perplex people -- see Fairon, 1992.


For the 'Blind beggar' type of problem see: Boy's Own Book, 1828; Rowley, 1866; Rowley, 1875; Neil, 1880s; Lemon, 1890; Clark, 1897; Home Book, 1941; Charlot, c1950s.  Again one thinks this should be older.


Some of the items given above, could go in here.

Tomé Pinheiro da Veiga.  Fastiginia o fastos geniales.  (This work is a chronicle of courtly life in Castilla, from 1601 to 1606.  Translated & edited by Narciso Alonso Cortés.  Imprenta del Colegio de Santiago, Valladolid, 1916, pp. 155b-156a, ??NYS.)  French translation in: Augustin Redondo; Le jeu de l'énigme dans l'Espagne du XVIIe siècle.  Aspect ludique et subversion; IN: Les Jeux à la Renaissance; Actes du XXIIIe Colloque International d'Études Humanistes (Tours, 1980); J. Vrin, Paris, 1982; pp. 445-458, with the problem being on p. 453.  There are two brothers, born of the same father and mother.  One is my uncle, but the other isn't.  How is this possible?

The Book of Merry Riddles.  London, 1629.  ??NYS -- Santi 235 gives this and says it is reprinted in J. O. Halliwell, The literature of the sixteenth and seventeenth centuries, London, 1851, pp. 67‑102, ??NYS, and as pp. 7-29 in Alois Brandl, Shakespeares Book of Merry Riddles und die anderen Räthselbücher seiner Zeit, Jahrbuch der deutschen Shakespeare-Gesellschaft 42 (1906) 1-64, ??NYS.   Bryant, pp. 100-102, quotes from: A Booke of Merrie Riddles, Robert Bird, London, 1631 and says it is also known as Prettie Riddles.  Santi 237 gives Booke of Merrie Riddles, London, 1631, and says it is reprinted as pp. 53-63 in Brandl, ??NYS.  Santi 307 gives The Booke of Merry Riddles, London, 1660, reprinted by J. O. Halliwell in 1866 in an edition of 25 copies, of which 15 were destroyed!, ??NYS.  In Bryant, no. 275, pp. 102 & 336: "I know a child borne by my mother, / naturall borne as other children be, / that is neither my sister nor my brother. / Answer me shortly: what is he?"

Boy's Own Book.  Conundrums.

"What kin is that child to its own father who is not its father's own son?"  1828: No. 70, pp. 432 & 440.  1828‑2: No. 70, pp. 436 & 444;  1829 (US): No. 70, pp. 238 & 258;  1855: No. 102, pp. 583 & 595.  (I think this is the forerunner of the Blind Beggar problem.)

"What relation is your uncle's brother to you who is not your uncle?"  1828: No. 77, pp. 433 & 440.  1828‑2: No. 77, pp. 437 & 444;  1829 (US): No. 77, pp. 238 & 258;  1855: No. 109, pp. 584 & 595.  

The Riddler.  1835.  Conundrums Nos. 66 and 73, p. 16, no answers in my copy.  These are identical to Nos. 70 and 77 in Boy's Own Book.

Boy's Own Book.  1843 (Paris): 437 & 441, no. 11.  Woman says: 'Your mother was my mother's only daughter.'  = Boy's Treasury, 1844, pp. 425 & 429.  = de Savigny, 1846, pp. 354 & 358, no. 8: 'sa mère à lui est la seule fille de sa mère à elle', which doesn't seem quite right to me.

Child.  Girl's Own Book.  1848: Enigma 46, p. 236;  1876: Enigma 37, p. 199.  "His mother was my mother's only child."  



= Fireside Amusements, 1850: No. 36, pp. 111 & 181; 1890: No. 21, p. 99.

Fireside Amusements.  

1850: No. 17, pp. 134 & 184;  1890: No. 16, p. 110.  "If Dick's father be John's son, what relation is Dick to John?"

1850: No. 29, pp. 135 & 185;  1890: No. 25, p. 110.  "What kin is that child to its own father, who is not its own father's own son?"  c= Boy's Own Book.

1850: No. 89, pp. 138 & 186;  1890: No. 25, p. 110.  "What relation is your uncle's brother to you who is not your uncle?"  = Boy's Own Book.

Charades, Enigmas, and Riddles.  1860: prob. 176 & 177, pp. 21 & 44;  



1862: prob. 176 & 177, pp. 73 & 111.

Prob. 176.  "If your uncle's sister is not your aunt, what relationship does she bear to you?"

Prob. 177.  


My mother had a child, my very own mother,


It was not my sister nor yet was it my brother;


If you are as clever as I fancy you to be,


Pray tell me what relation that child was to me.

Boy's Own Conjuring Book.  1860.  P. 381.  "I've no sister or brother; / You may think I am wild; / But that man's mother / Was my mother's child."

Hugh Rowley.  Puniana or Thoughts Wise and Other-wise  A New Collection of the Best Riddles, Conundrums, Jokes, Sells, etc, etc.  Chatto & Windus, London, 1866.

P. 36.  Brothers  A  and  B  were walking.  ""I must speak to those children," said A; "they are my nephews and nieces."  "Ah!" said B, "as I have no nephews and nieces, I shall walk on."  How was this?"

P. 88.  "What kin is that child to his own father who is not his own father's son?"

P. 88.  "If Dick's father is Tom's son, what relation is Dick to Tom?"

P. 88.  "Who were your grandfather's first cousin's sister's son's brother's forefathers?  Why, his aunt's sisters, of course."  (This is non-logical, being a pun on ancestors, but it illustrates that the idea of such problems must have been well known.)

P. 137.  A fiddler said his brother played the double-bass, but the double-bass player denied having a brother.

Hugh Rowley.  More Puniana; or, Thoughts Wise and Other-Why's.  Chatto & Windus, London, 1875.  

P. 28.  "A blind beggar had a brother, who died and went to heaven.  What relation was the blind beggar to the person who went to heaven?"  Answer is 'sister', but the posing of the question is defective -- it should include the assertion that the person who went to heaven had no brother.

P. 134.  "What relation is that child to its own father, who is not its own father's son?"

P. 217.  "That gentleman's mother is my mother's only child."

P. 231.  "What relation is your father's only brother's sister-in-law to you?"

P. 231.  "Brothers and sisters have I none, but this man's father is my father's son."

[Richard A. Proctor]  Letters received and short answers.  Knowledge 3 (26 Oct 1883) 264.  Answer to Harry.  "Sisters and brothers have I none   But that man's father is my father's son."  Implies that the puzzle is not well known.  Recalls it being posed on a ship and distracting all the passengers for a day.

E. W. Cole.  Cole's Fun Doctor.  The Funniest Book in the World.  Routledge, London  &  E. W. Cole, Melbourne,  nd [HPL dates it 1886 and gives the author's name as Arthur C. Cole].  P. 329: A riddle.  "His mother was my mother's only child."

James Neil [= "A Literary Clergyman"].  Riddles:  And Something New About Them.  (Lang Neil & Co., London, nd [1880s?];  Simpkin Marshall & Co., London);  Village Games, London, 1993.  General Riddles: Relationship, p. 28.

"A blind beggar had a brother, the brother died, deceased had no brother.  What relation was the blind beggar to deceased?"

"What relation is that child to its own father who is not its own father's own son?"

"If your uncle's sister is not your aunt, what relation is she to you?"

Lemon.  1890.  

Do you see it?, unnumbered section after no. 80, pp. 15:  "That gentleman's mother is my mother's only child." 

Conundrums, no. 142(a), pp. 23 & 102 (= Sphinx, no. 470(a), pp. 65 & 113): child "who is not his own father's son."

Fireside Amusements -- A Book of Indoor Games.  Op. cit. in 7.L.1.  1890?  P. 99, no. 21.  "His mother was my mother's only child."

William Crompton.  The odd half-hour.  The Boy's Own Paper 13 (No. 657) (15 Aug 1891) 731-732.  A true friend.  "If your uncle's sister is not your aunt, what relationship does she bear to you?"

Bennett Coll.  Prove it!  The Idler 2 (1892-1893, probably Dec 1892) 510-517.  Man in front of a portrait says  "Sisters and brothers have I none;  That man's father is my father's son."  Says the portrait is himself!  Observes that this leads to his father being his own son and being the father of his father.  Describes the difficulties people have in trying to see this answer [not surprisingly].  Various other solutions given:  grandfather,  brother,  uncle on the mother's side.

Hoffmann.  1893.  Chap. IX, no. 25: The portrait, pp. 318 & 326 = Hoffmann-Hordern, p. 211.  "Uncles and brothers have I none, But that man's father is my father's son."  He notes "This venerable puzzle forms the subject of a humorous article, entitled "Prove It," in a recent number of the Idler.  Its most amusing feature is that the writer has himself gone astray, ...."  [I'm not sure whether Coll has gone astray or is using the error to generate humour??]

W. H. Howe.  Everybody's Book of Epitaphs Being for the Most Part What the Living Think of the Dead.  Saxon & Co., London, nd [c1895] (reprinted by Pryor Publications, Whitstable, 1995).  P. 165 has the following entry.


"In Llanidan Churchyard, Anglesea:--



Here lies the world's mother,



By nature my Aunt -- sister to my mother,



My grandmother -- mother to my mother,



My great grandmother -- mother to my grandmother,



My grandmother's daughter and her mother."


Could this be a real case of 'I'm my own grandmother'??

Clark.  Mental Nuts.  

1897, no. 3.  The beggar.  "A beggar had a brother, the brother died and the man who died had no brother."

1897, no. 16.  The man in jail.  "Brothers and sisters have I none, but that man's father is my father's son."  

Somerville Gibney.  So simple!  The Boy's Own Paper 20 (No. 992) (15 Jan 1898) 252.  'That very old catch -- "If Dick's father is Tom's son,  What relation is Dick to Tom?"'

Dudeney.  "The Captain" puzzle corner.  The Captain 3:1 (Apr 1900) 1 & 90  &  3:3 (Jun 1900) 193 & 279.  No. 3: Overheard in an omnibus.  "Was that your father."  "No, that gentleman's mother was my mother's mother-in-law."   Essentially the same as:  AM; 1917; Prob. 53: Heard on the tube railway, pp. 8 & 153;  "That gentleman's mother was my mother's mother-in-law, but he is not on speaking terms with my papa."

Hummerston.  Fun, Mirth & Mystery.  1924.  Grandfather's problems: The portrait, p. 68.  "Sisters and brothers have I none,  But that man's father is my father's son."

James Joyce.  Ulysses.  (Dijon, 1922);  Modern Library (Random House), NY, 1934, apparently printed 1946.  P. 692 (Gardner says the 1961 ed. has p. 708; this is about 4/5 of the way between the start of Part III and Molly's soliloquy).  "Brothers and sisters had he none, Yet that man's father was his grandfather's son."  This is given as a quotation, while Bloom is looking in a mirror -- otherwise it could be a cousin.  [Given in Bryant, no. 782, pp. 194 & 342.]

Streeter & Hoehn.  Op. cit. in 7.AE.  Vol. 2, 1933, p. 16, no. 10: "Brain twister".  "My son's father is your father's only child.  What relative of yours am I?"

Dr. Th. Wolff.  Die lächelnde Sphinx.  Academia Verlagsbuchhandlung, Prague, 1937.  Prob. 33, pp. 194 & 204.  'This man's mother is my mother's only child.'

Haldeman-Julius.  1937.  No. 44: Portrait problem, pp. 7 & 22.  Woman points to a man's portrait and says to her brother: "The man's mother was my mother's mother-in-law."  Answer is that she is his daughter, but she might be his step-daughter.

McKay.  Party Night.  1940.  No. 7, p. 175.  "Brothers and sisters have I none;  yet this man's father was my father's son."

Meyer.  Big Fun Book.  1940.  No. 5, pp. 175 & 756.  "My father is the brother of your sister.  What relative am I of yours?"  Answer is  nephew,  but  son  is also possible.

The Home Book of Quizzes, Games and Jokes.  Op. cit. in 4.B.1, 1941.

P. 149, prob. 8.  "Sisters and brothers I have none, but that man's father is my father's son."

P. 149, prob. 10.  "A beggar's brother died.  But the man who died had no brother."

John Henry Cutler.  Dr. Quizzler's Mind Teasers.  Greenberg, NY, 1944.  ??NYS -- excerpted in: Dr. Quizzler's mind teasers; Games Magazine 16:3 (No. 109) (Jun 1992) 47 & 43, prob. 14, with additional comments in Ibid. 16:4 (No. 110) (Aug 1992) 4 and 16:6 (No. 112) (Dec 1992) 4.  "What relation is a man to his mother's only brother's only niece?"  Answer is her brother, but comments point out that she could be his cousin, i.e. his mother's sister's daughter, or even a kind of cousin-in-law, i.e. his mother's brother's wife's sibling's daughter.

Yvonne B. Charlot.  Conundrums of All Kinds.  Universal, London, nd [c1950?].


P. 77: "If your aunt's brother is not your uncle, who is he?"


P. 82: "What kin are those children to their own father who are not their own father's sons?"

Hubert Phillips.  Party Games.  Witherby, London, 1952.  Chap. XIII, prob. 3: Photograph, pp. 204 & 252‑253.  



"Though sons and brothers have I none, 



Your father was my father's son."  


Solution says this "is my own invention".

See Ascher in 9.E for some examples.

Iona & Peter Opie.  I Saw Esau:  The Schoolchild's Pocket Book.  (Williams & Norgate, London, 1947.)  Revised edition, Walker Books, London, 1992, ??NX.  No. 42, p. 45, just gives the rhyme;  illustration on p. 44;  answer on p. 144 just gives the answer, with no historical comments.

Ripley's Believe It or Not!, 8th series.  Pocket Books, 1962, p. 26.  Jimmy Burnthet, of Emmerdale, England, courted a girl for 40 years.  She broke off the engagement and married his nephew, whereupon he married her niece.

Philip Kaplan.  More Posers.  (Harper & Row, 1964);  Macfadden-Bartell Books, 1965.  Prob. 16, pp. 25 & 88.  "The father of the person in the portrait is my father's son, but I have no brothers or sons."

Ripley's Puzzles and Games.  1966.  

P. 12.  "What relation is your mother's brother's brother-in-law to you.  Answer: Your father".  There are several more answers.  My mother's brother is my maternal uncle.  He could have several sisters whose husbands are his brothers-in-law -- one is my father, the others are brothers-in-law of my mother.  Also, he could be married and any of his wife's brothers are also his brothers-in-law.

P. 13.  "Moab and Ben-am-mi were brothers yet cousins and their father was their grandfather."  These are the sons of Lot by his daughters.

P. 13.  Bible puzzle.  "Two people died who were never born" -- Adam and Eve.  "Two people were born who never died" -- Enoch and Elias both just disappeared!  "The oldest man who ever lived died before his father did" -- Methusaleh, the son of Enoch.

Pat Fairon.  Irish Riddles.  Appletree Press, Belfast, 1992;  Chronicle Books, San Francisco, 1992;  pp. 27 & 60.  "Brothers and sisters have I none  But this man's father  Was my father's son."  Answer is "Oneself".


9.E.2.
IDENTICAL SIBLINGS WHO ARE NOT TWINS

Two siblings are born on the same day to the same parents but are not twins.  New section.  This must be older than the example below.

Harold Hart.  The World's Best Puzzles.  Op. cit. in 7.AS.  1943.  The problem of the two students, pp. 4 & 50


9.F.
THE UNEXPECTED HANGING
Nicholas Falletta.  The Paradoxicon.  Op. cit. in 8.H.1.  1983.  Pp. 162‑163 relates that during World War II, Swedish Radio announced there would be an unexpected civil defence exercise next week.  Lennart Ekbom, a Swedish professor of mathematics, noted the paradoxical nature of this and discussed it with his students.

D. J. O'Connor.  Pragmatic paradoxes.  Mind 57 (1948) 358‑359.  Discusses several other paradoxes, e.g. "I remember nothing", then the unexpected blackout exercise.

L. Jonathan Cohen.  Mr. O'Connor's "Pragmatic paradoxes".  Mind 59 (1950) 85‑87.  Doesn't deal much with the unexpected blackout.

Peter Alexander.  Pragmatic paradoxes.  Mind 59 (1950) 536‑538.  Also doesn't deal much with the unexpected blackout.

Michael Scriven.  Paradoxical announcements.  Mind 60 (1951) 403‑407.  "A new and powerful paradox has come to light."  Entirely concerned with the unexpected blackout and considers the case of only two possible dates.

Max Black.  Critical Thinking.  1952.  Op. cit. in 6.F.2.  Prob. 1, pp. 156 & 433.

Gamow & Stern.  1958.  The date of the hanging.  Pp. 23‑27.

M. Gardner.  SA (Mar 63) = Unexpected, chap. 1, with an extensive historical addendum and references.

Joseph S. Fulda.  The paradox of the surprise test.  MG 75 (No. 474) (Dec 1991) 419-421.


9.G.
TRUTHTELLERS AND LIARS

I have just started to consider problems where a number of statements are given and we know at least or at most some number of them are lies.  


Find correct answer in one question from a truthteller or liar:  Goodman;  Gardner;  Harbin;  Rice;  Doubleday - 2;  Eldin.  See:  Nozaki  for a generalization.


Problem with three truthtellers or liars and first one mumbles:  Rudin;  Haldeman-Julius;  Depew;  Catch-My-Pal;  Kraitchik;  Hart;  Leopold;  Wickelgren.

Magician's Own Book.  1857.  P. 216.  A  lies  1/4  of the time;  B  lies  1/5  of the time;  C  lies  1/7  of the time.  "What is the probability of an event which  A  and  B  assert, and  C  denies?"  Answer is  140/143,  but I get  2/3.  = Book of 500 Puzzles, 1859, p. 54.  

Chas. G. Shaw.  Letter:  The doctrine of chances.  Knowledge 7 (27 Feb 1885) 181, item 1620.  Says Whitaker's Almanac for this year, under The Doctrine of Chances, gives the following problem with a wrong answer.  A  lies  1/4  of the time;  B  lies  1/5  of the time;  C  lies  1/6  of the time.  What is the chance of an event which  A  and  B  assert, but  C  denies?  Whitaker and I get  (3/4)(4/5)(1/6) / [(3/4)(4/5)(1/6)  +  (1/4)(1/5)(5/6)]  =  12/17,  but Shaw claims  19/24  by asserting that the probability of an event when  A  and  B  testify to it ought to be   1 ‑ (1/4)(1/5)  =  19/20   instead of   (3/4)(4/5)  =  3/5,   He then says this leads to  19/24  by modifying the above formula, but I can't see how this can be done.

Lewis Carroll.  Diary entry for 27 May 1894.  "I have worked out in the last few days some curious problems on the plan of 'lying' dilemma.  E.g. 'A says B lies;  B says C lies;  C says A and B lie.'  Answer: 'A and C lie;  B speaks truly'.  The problem is quoted in Carroll-Gardner with his discussion of the result, pp. 22-23.  Gardner says this was printed as an anonymous leaflet in 1894.



Carroll-Wakeling.  Prob. 9: Who's telling the truth?, pp. 11 & 65.  Wakeling says "This is a puzzle based on a piece of logic that appears in his diary.



The Dodo says the Hatter tells lies.



The Hatter says that the March Hare tells Lies.



The March Hare says that both the Dodo and the Hatter tell lies.



Who is telling the truth?"



In a letter of 28 May 2003, Wakeling quotes the text from the Diary as above, but continues with it:  "And today 'A says B says C says D lies;  D says two lie and one speaks true.'  Answer: 'D lies; the rest speak truly.'  Wakeling adds that the Diary entry for 2 Jun 1896 (not given in the Lancelyn Green edition) says:  "Finished the solution of the hardest 'Truth-Problem' I have yet done",  but Carroll gives no indication what it was.

Lewis Carroll.  The problem of the five liars.  In his unpublished Symbolic Logic, Part II.  He was working on this after Part I appeared in 1896 and he had some galley proofs when he died in 1898.  Published in Lewis Carroll's Symbolic Logic, ed. by William Warren Bartley III; Clarkson N. Potter, NY, 1977, pp. 352‑361, including facsimiles of several letters of 1896 to John Cook Wilson (not in Cohen).  Each of five people make two statements, e.g. A says "Either B or D tells a truth and a lie;  either C or E tells two lies."  When analysed, one gets contradictions because a form of the Liar Paradox is embedded.

Carroll-Wakeling II.  c1890?  Prob. 32: Bag containing tickets, pp. 50 & 73.  This is one of the problems on undated sheets of paper that Carroll sent to Bartholomew Price.  Wakeling reproduces the MS.  



A bag contains 12 tickets, 3 marked 'A', 4 'B', 5 'C'.  One is drawn in the presence of 12 witnesses of equal credibility: three say it was 'A', four 'B', five 'C'.  What is the chance that it was 'A'?


There is no answer on the Carroll MS.  Wakeling gives an answer.




Let the credibility of a witness be "a" when telling the truth.  Hence, the credibility of a witness when telling a lie is "1 - a".




If it was  A,  then 3 tell the truth, and 9 lie; hence the credibility is 3 in 12, or 1 in 4.




Therefore the chance that it is  A,  and no other, is:





3/12 x 1/4  +  4/12 x 3/4  +  5/12 x 3/4  =  5/8


I cannot see how this last formula arises.  Wakeling writes that he was assisted in this problem by a friend who has since died, so he does not know how the formula was obtained.  



Assuming  a  is the probability of a person telling the truth, this probability depends on what the chosen ticket is and is not really determined by the information given -- e.g., if the ticket was  A,  then any value of  a  between  0  and  1  is possible.  The value  3/12  is an estimate of  a,  indeed the maximum likelihood estimate.  If  k  of the  12  people are telling the truth, I would take the situation as a binomial distribution.  There are  BC (12, k)  ways to select them and the probability of having  k  liars is then  BC (12, k) ak (1-a)12-k.  Now it seems that Bayes' Theorem is the most appropriate way to proceed.  Our basic events can be denoted  A, B, C  and their a priori probabilities are  3/12, 4/12, 5/12.  Taking  a = k/12,  the a posteriori  probabilities are proportional to  


k/12 x BC (12, k) (k/12)k ({12-k}/12)12-k,  for  k = 3, 4, 5.  Dropping the common denominator of  1213,  these expressions are  6.904,  8.504,  10.1913  times  1012.  Dividing by the total gives the a posteriori probabilities of  A, B, C  as  27.0%,  33.2%,  39.8%.



This is really a probability problem rather than a logical problem, but it illustrates that the logical problem seems to have grown out of this sort of probability problem.

A. C. D. Crommelin.  Problem given in an after-dinner speech, reported by Arthur Eddington in 1919.  ??where, ??NYS -- quoted in:  Philip Carter & Ken Russell; Classic Puzzles; Sphere, London, 1990, pp. 50 & 120-121.  Four persons who tell the truth once with probability  1/3.  If  "A  affirms that  B  denies that  C  declares that  D  is a liar, what is the probability that  D  was speaking the truth?"

Collins.  Fun with Figures.  1928.  The evidence you now give, etc., etc., pp. 22-23.  Three witnesses who tell the truth  1/3, 1/5, 1/10  of the time.  First two assert something which the third denies.  What is the probability the assertion is true?  Asserts it is  9  to  8,  which I also get.

Nelson Goodman.  The problem of the truth-tellers and liars.  Anonymous contribution to the Brainteasers column, The Boston Post (Jun 1929).  ??NYS -- described in an undated letter from Goodman to Martin Gardner, 1960s?, where he says he 'made it up out of whole logical cloth' and submitted it to the paper.

H. A. Ripley.  How Good a Detective Are You?  Frederick A. Stokes, NY, 1934, prob. 22: An old Spanish custom.  King will present the Princess's suitor a choice of two slips, one marked 'win', the other 'lose'.  The king is determined to double-cross the suitor so he has both marked 'lose'.  But the suitor realises this, so when he picks a slip, he drops it in the fire and then asks the King to reveal the other slip!

Rudin.  1936.  

No. 43, pp. 14-15 & 84.  9  statements with only  3  correct.

No. 85, pp. 29 & 92-93.  11  statements with at least  7  lies.  Makes a table to solve it.

No. 200, pp. 72 & 122.  Three truthtellers or liars.  First one is inaudible.  Second says the first claims to be a truthteller.  Third says the second is lying.  Author adds that there is just one liar and determines which each is.

Haldeman-Julius.  1937.  No. 5: Noblemen-huntsmen problem, pp. 3-4 & 20.  Noblemen tell the truth and huntsmen lie.  Same as Rudin, no. 200.  Says the problem was sent in by J. C. Furnas.

Hubert Phillips.  Question Time, op. cit. in 5.U.  1937.  

Prob. 10: Red and blue, pp. 6 & 178.  Involves truthtellers, liars and alternators.  

Prob. 25: Tom, Dick, and Harry, pp. 14 & 181.  Involves truthteller, liar and alternator.

Depew.  Cokesbury Game Book.  1939.  Mixed blood, p. 202.  Same as Rudin 200.

Catch-My-Pal cards, issued with The Hotspur, a magazine published by D. C. Thomson, Dundee, in 1939.  The cards are unnumbered, but the sixth in my set has three truthtellers or liars being asked what they are.  The reply of the first is inaudible.  The second says: He says he's a truthteller and he is a truthteller and so am I.  The third says: I'm a truthteller and they're liars.  Solution finds they are truthteller, truthteller, liar (TTL).  This assumes that all parts of the statements are true or false simultaneously.  If one assumes that a conjunctive statement is a lie if any one part is a lie, then there are more possibilities -- I get TTL, TLL, LLT, LLL.

M. Kraitchik.  Mathematical Recreations, 1943, op. cit. in 4.A.2, chap. 1, prob. 2, pp. 14‑15.  Truthtellers and liars.  (Not in Math. des Jeux.)  Same as Rudin 200, but doesn't give number of liars so only determines which the second and third are.

Harold Hart.  The World's Best Puzzles.  Op. cit. in 7.AS.  1943.  The problem of the nobles and the slaves, pp. 11 & 51.  Similar to Rudin, but doesn't say how many liars, but the statements are more elaborate so all can be determined.

Leopold.  At Ease!  1943.  Simpletons and liars, pp. 6-7 & 194.  Similar to Rudin.

Hubert Phillips.  Something to Think About, op. cit. in 7.AD, 1945.

Prob. 83‑85: Crazy island problems, pp. 51‑54 & 110‑112.

Prob. 83 involves three truthtellers or liars, not like Rudin.

Prob. 84 involves three truthtellers or liars or alternators. (Not the same as either problem in his Question Time, above.) 

Prob. 85 involves three truthtellers or liars or Minimums, who tell the truth at most a third of the time.

Hubert Phillips.  Hubert Phillips's Heptameron.  Eyre & Spottiswoode, London, 1945.  Day 1, prob. 25: Crazy island, pp. 18 & 231.  Same as prob. 83 in Something to Think About.

Leeming.  1945.  Chap. 3, prob. 17: Which was the officer?, pp. 25‑26 & 155‑156.  Two truthtellers and a liar.

Gardner.  SA (Feb 1957) c= 1st Book, chap. 3, problem 4: The fork in the road.  Truthteller or liar.  The book version includes a number of letters and comments.  I have photocopies from Gardner's files of letters from people who claim to have invented this problem -- only one of these seemed reasonable -- cf Goodman above.  Other material ??NYR -- DO.

N. A. Longmore, proposer;  editorial solution.  The oracle of three gods.  RMM 4 (Aug 1961) 47  &  5 (Oct 1961) 59.  Truthteller, liar and alternator.

Robert Harbin.  Party Lines.  Op. cit. in 5.B.1.  1963.  The road to freedom, p. 30.  Truthteller or liar.

Charlie Rice.  Challenge!  Op. cit. in 5.C.  1968.  Prob. 8, pp. 22-23 & 55.  Truthteller or liar.

F. W. Sinden.  Logic puzzles.  In:  R. P. Dilworth, et al., eds.; Puzzle Problems and Games Project -- Final Report; Studies in Mathematics, vol. XVIII; School Mathematics Study Group, Stanford, Calif., 1968; pp. 197‑201.  The District Attorney, pp. 200‑201.  Two truthtellers and a liar -- determine which in two questions.

Doubleday - 2.  1971.  Truth will out, pp. 151-152.  Truthteller or liar.

Peter Eldin.  Amaze and Amuse Your Friends.  Piccolo (Pan), London, 1973.  No. 34: Where am I?, pp. 79 & 106.  You are on an island of truthtellers or an island of liars.  Determine which in one question.

Wickelgren.  How to Solve Problems.  Op. cit. in 5.O.  1974.  Pp. 36‑37.  He uses 'truar' for truthteller.  From statements by three truars or liars, you can deduce the number of each, though you can't tell which is which!!

Rowan Barnes-Murphy.  Monstrous Mysteries.  Piccolo, 1982.  Tollimarsh Tower, pp. 14 & 57.  Two monster guards, one truar and one liar, and you have one question.  You discover one is asleep and the other says: "It doesn't matter that he's asleep, he always tells people to do  A."  Do you do  A  or  not A?

Shari Lewis.  Abracadabra!  Magic and Other Tricks.  (World Almanac Publications, NY, 1984);  Puffin, 1985.  Free choice, p. 22.  Truthteller and liar have distributed items  A  and  B.  You want to determine who has which item with one question.  You ask "Did the liar take  B?"  If the person answers 'yes', he has item A; if 'no', he has item B.

Akihiro Nozaki.  How to get three answers from a single yes‑no question.  JRM 20:1 (1988) 59‑60.  You have to ask a truthteller or a liar which of three roads is correct.  The author's question results in neither being able to answer in the third case.  He suggests extensions.

Ken Weber.  More Five-Minute Mysteries.  Running Press, Philadelphia, 1991.  No. 13, pp. 59-61 & 189-190.  You have gotten lost near the border between the truthtellers and the liars and you come out in an open area where there is a border marker with a guard on each side, but you cannot tell which side is which.  Further the guards are walking back and forth and exchanging positions, so you are not sure if they are on their correct sides of the border or not.  You can approach one of the guards and ask one question to determine which side you are on.  You ask "Are we in your country?"  If he answers 'yes', you are in truthtelling country.


9.H.
PRISONER'S DILEMMA
Charles Babbage.  On the Economy of Machinery and Manufactures.  (1832, ??NYS);  4th ed., (1835), reprinted by Augustus M. Kelley, NY, 1971. Section 348, p. 289.  "... both parties are often led to adopt arrangements ... at variance ... with the true interests of both."

Frederick Winslow Taylor.  The Principles of Scientific Management.  (1911);  Harper & Brothers, NY, 1923.  P. 10.  Speaking of employers and employés, he says "that perhaps the majority on either side do not believe that it is possible so to arrange their mutual relations that their interests become identical."

Merrill M. Flood & Melvin Dresher.  c1950.  ??NYS -- details.  They identified the paradox, but I have no reference to any publication.

Robert Axelrod.  The Evolution of Cooperation.  Basic Books, NY, 1986.  p. 216, ??NYS.  "The Prisoner's Dilemma game was invented in about 1950 by Merrill Flood and Melvin Dresher, and formalised by A. W. Tucker, shortly thereafter."

Keith Devlin.  It's only a game.  The Guardian, second section (17 Nov 1994) 12-13.  Says Tucker invented the dilemma in 1950.

Sylvia Nasar.  Albert W. Tucker, 89, pioneering mathematician.  New York Times (27 Jan 1995) ??  Asserts Tucker invented the dilemma when teaching game theory to psychology students at Stanford in 1950.


9.I.
HEMPEL'S RAVEN PARADOX
Carl G. Hempel.  Studies in the logic of confirmation.  (Mid 1940s?).  Reproduced in:  M. H. Foster & M. L. Martin, eds.; Probability, Confirmation and Simplicity; Odyssey Press, NY, 1966, pp. 145‑183.  ??NYS.


9.J.
FALLEN SIGNPOST

How do you use a fallen signpost to find your way?

Mr. X [cf 4.A.1].  His Pages.  The Royal Magazine 9:5 (Mar 1903) 490-491  &  10:1 (May 1903) 50-51.  The sense of direction.

King.  Best 100.  1927.  No. 22, pp. 14 & 44.

H. A. Ripley.  How Good a Detective Are You?  Frederick A. Stokes, NY, 1934, prob. 30: Class day.

Bernd Plage.  Der umgestürzte Wegweiser.  Verlag von R. Oldenbourg, München, 1944.  Prob. 1: Der umgestürzte Wegweiser, pp. 11-12 & 67.  (Kindly sent by Heinrich Hemme.)

John Paul Adams.  We Dare You to Solve This!.  Op. cit. in 5.C.  1957?  Prob. 180: On the right track?, pp. 67 & 121.

Jonathan Always.  Puzzles for Puzzlers.  Tandem, London, 1971.  Prob. 84: A resourceful motorist, pp. 41 & 87.


9.K.
CARROLL'S BARBER PARADOX

Martin Gardner asked me to look up some of these items as he is doing a section on it in a book about Carroll which will be much more detailed than the following, citing numerous other discussions.  This presumably refers to the now-appeared Carroll-Gardner, 1996.

Carroll-Wakeling.  c1890?  Prob. 16: Going out, pp. 20-21 & 67-68.  This is on one of the undated sheets Carroll sent to Bartholomew Price.  Wakeling notes that it is an early version of the Barber shop paradox and says that Mark Richards has pointed out a mistake in Carroll's solution.

Lewis Carroll.  Diary entry for 31 Mar 1894.  Says he has just had a leaflet "A Disputed Point in Logic" printed containing the problem that he and John Cook Wilson "have been arguing so long."  ??NYS -- quoted in Carroll-Gardner.  Gardner says the pamphlet was revised in Apr 1894.

Lewis Carroll.  A logical paradox.  Mind (NS) 3 (No. 11) (Jul 1894) 436-438.  Gardner says Carroll reprinted this as a pamphlet.

Alfred Sidgwick.  "A logical paradox".  Mind (NS) 3 (No. 12) (Oct 1894) 582.

W. E. Johnson.  A logical paradox.  Mind (NS) 3 (No. 12) (Oct 1894) 583.

Lewis Carroll.  Diary entry for 21 Dec 1894.  Not in Lancelyn Green.  Discusses the problem and seems to recognise the distinction between material and strict implication.  ??NYS -- quoted in Carroll-Gardner.

Alfred Sidgwick & W. E. Johnson.  "Hypotheticals in a context".  Mind (NS) 4 (No. 13) (Jan 1895) 143-144.

E. E. C. Jones.  Lewis Carroll's logical paradox (Mind, N.S., 3).  Mind (NS) 14 (No. 53) (Jan 1905) 146-148.

W. [= John Cook Wilson, according to Gardner].  Lewis Carroll's logical paradox (Mind, N.S., 3 and 53, P. 146).  Mind (NS) 14 (No. 54) (Apr 1905) 292-293.  He admits that Carroll had been right all along.

R. B. Braithwaite.  Lewis Carroll as logician.  MG 16 (No. 219) (Jul 1932) 174-178.  Brief discussion and solution of the paradox.

Warren Weaver.  Lewis Carroll: Mathematician.  Op. cit. in 1.  1956.  Discusses the paradox.  Alexander B. Morris's letter says the paradox is not real.  Weaver's response discusses this and other unpublished letters, saying he is not sure if the paradox is resolved.

Carroll-Gardner.  1996.  Pp. 67-71 discusses this in detail, citing a number of other references, including John Venn, but he only gives the page numbers of an article in Symbolic Logic.

Lewis Carroll discusses this in his unpublished Symbolic Logic, Part II.  He was working on this after Part I appeared in 1896 and he had some galley proofs when he died in 1898.  Published in Lewis Carroll's Symbolic Logic, ed. by William Warren Bartley III; Clarkson N. Potter, NY, 1977.  Bartley includes all eight known versions.  

10.
PHYSICAL RECREATIONS

See also 7.S and 7.Y.


I will collect here some material on physics toys in general.

Christian Ucke.  Physics toys for teaching.  IN: H. Kühnelt, ed.; Interdisciplinary Aspects of Physics Education; proc. of conf. at Altmünster, Austria, 1989; World Scientific, Singapore, 1990, pp. 267-273.  1: Some new and not so well known literature about physics toys gives 12 references.  2: Presenting a database about physics toys.  3. Physics toy experiments with PET bottles.  16 references at the end, some repeating those in part 1.


10.A.
OVERTAKING AND MEETING PROBLEMS

See Tropfke 588.


Note.  Meeting problems include two pipe Cistern Problems, 7.H.  Overtaking problems include Snail in Well problems without end effect, 10.H, and Cisterns with one inlet and one outlet, 7.H.  Many of the Indian versions involve gaining or losing wealth rather than covering distance.  Versions going around a circle or an island are related to Conjunction of Planets, 7.P.6, and to problems of Clock Hands meeting, 10.R.  


In the 17, 18 and 19 C, this problem was often discussed in relation to negative numbers as a change in the relative values leads to a negative solution -- cf: Clairaut;  Manning;  Hutton, 1798?;  Lacroix;  De Morgan, 1831? & 1836;  


NOTATION.  There are five types of meeting (M) and overtaking (O) problems which recur frequently with slight variations.  I have recently converted all problems to this notation and I hope I have done it correctly.  Tropfke 590 gives a more extended classification which includes motion on a right triangle (see 6.BF.5) and on a circle (see 7.P.6, though some occur here) and alternating motion (see 10.H), but doesn't distinguish between problems where times are given and those where rates are given.


M-(a, b).   Two travellers can cover a route in  a, b  (usually days).  They start at opposite ends at the same time toward each other.  When do they meet?  This is identical to the cistern problem  (a, b)  of 7.H.  Sometimes, the distance apart is given and the point of meeting is also wanted.  If the distance is, say  100, I will then say  "with  D = 100".  This corresponds to asking how much each pipe contributes to a cistern of capacity  D.  Sometimes, one starts later than the other.  If, say the first starts  2  later, I will say  "with the first delayed by  2".  This corresponds to opening one pipe later than the other.  This is the version of Tropfke's  I B a  where times are given.


MR-(a, b; D).   The same problem except that  a, b  are the actual rates of the two travellers and hence  D  must be given.  This corresponds to a simple form of cistern problem which does not have the characteristic feature of giving the times required to do the entire task.  This is the version of Tropfke's  I B a  with rates given.


MR-(a, b; c, d; D).   The same problem except that the travellers travel in arithmetic progressions, so this gives:  


a + a+b + ... + a+(n-1)b  +  c + c+d + ... + c+(n-1)d  =  D.

Hence   MR-(a, 0; c, 0; D)  =  MR-(a, c; D).  The value of  d  is often  0.  One can interpret this as a cistern problem as for  MR-(a, b; D),  but it is even harder to imagine a pipe increasing its rate in arithmetic progression that to imagine a traveller doing so.  (An additional difficulty is that the traveller is usually viewed discretely while a pipe ought to be viewed continuously.)  This is the version of Tropfke's  I B b  with an arithmetic progression specified.


O-(a, b).   Two travellers start from the same point at rates  a, b,  with the slower starting some time  T  before the faster, or they start at the same time at rates  a, b,  with the slower starting some distance  D  ahead of the other.  I.e. the slower has a headstart of time  T  or distance  D.  When does the faster overtake the slower?  This corresponds to a cistern with rates given, so that  O-(a, b)  with headstart  D, which is the same as  MR-(a, -b; D),  is a cistern problem with one inlet and one outlet.  When  a > b,  then this corresponds to a full cistern of size  D,  inlet rate  a  and outlet rate  b.  The case  a < b  is most easily viewed by negating the amount done, which interchanges inlet and outlet, and taking an empty cistern.  Hound and hare problems are basically of this form, with a headstart of some distance, but usually with rates and distances complicatedly expressed.  This is Tropfke's  I C a.  Sometimes the rates are not given explicitly, so I assume the first has the headstart.


O-(a, b; c, d).  Two travellers start from the same point at the same time, but in arithmetic progressions.  When do they meet again?  This gives us:  


a + a+b + ... + a+(n-1)b  =  c + c+d + ... + c+(n-1)d.  Some versions of this are in 7.AF.

If the first has a headstart of time  T,  then we either increase the first  n  by  T  or decrease the second  n  by  T,  depending on which number of days is wanted.  This is Tropfke's  I C b  with an arithmetic progression specified.  Sometimes the first has a headstart of distance  D.  Occasionally it is the second that has the headstart which is denoted by negative values of  T  or  D.


Snail in the well problems without end effect (see 10.H) are special cases of meeting problems, usually  MR-(a, 0; D)  (Tropfke's  I A c).  When there are approaching animals, then it may be  MR(a, b; D)  or  O‑(a, b)  with headstart  D  (Tropfke's  I B c).


Hound and hare problems.  Here one is often only given the ratio of speeds,  r,  so one can determine where the hare is caught, but not when.  In this case, the problem is  O-(a, ra)  with some headstart and one asks for the distance to overtaking, but not the time.  See:  Chiu Chang Suan Ching;  Zhang Qiujian;  Alcuin;  Fibonacci;  Yang Hui;  BR;  Bartoli;  Pseudo-dell'Abbaco;  AR;  The Treviso Arithmetic;  Ulrich Wagner;  HB.XI.22;  Calandri, c1485;  Calandri, 1491;  Pacioli;  Tagliente;  Riese;  Apianus;  van Varenbraken;  Cardan;  Buteo;  Gori;  Wingate/Kersey;  Lauremberger;  Les Amusemens;  Euler;  Vyse;  Hutton, c1780?;  Bonnycastle (= Euler);  King;  Hutton, 1798?;  D. Adams, 1801;  De Morgan, 1831?;  Bourdon;  D. Adams, 1835;  Hutton‑Rutherford;  Family Friend (& Illustrated Boy's Own Treasury);  Anon: Treatise (1850);  Brooks;  Clark;  Haldeman-Julius (in verse).



Cases where leaps differ in both time and distance:  Pacioli?;  Apian;  Cardan;  Wingate/Kersey;  Lauremberger;  Euler; Bonnycastle;  King;  Hutton, 1798? (= Lauremberger);  De Morgan, 1831?;  Bourdon (= Lauremberger);  Brooks;  Todhunter;  Mittenzwey;  Clark (= Lauremberger);  


General versions.  Newton.


Versions with geometric progressions.  Chiu Chang Suan Ching;  della Francesca;  Chuquet;  Pacioli;  Cardan.  See also 7.L.


Versions with sum of squares.  Simpson.


Circular versions.  Aryabhata(?);  AR;  Wingate/Kersey;  Vyse;  Pike;  Anon: Treatise (1850);  Todhunter;  Perelman.  See also 7.P.6, where problems with more than two travellers in a circle occur.


Versions using negatives.  Clairaut;  Manning.

Chiu Chang Suan Ching.  c‑150.  (See also Vogel's notes on pp. 126‑127.)

     Chap. VI.

Prob. 12, p. 61.  O-(60, 100),  D = 100.  (Mikami 16 gives English.) 

Prob. 13, pp. 62‑63.  Slower starts  10  ahead.  After the faster goes  100,  he is  20  ahead.  When did he overtake? 

Prob. 14, p. 63.  Hare starts  100  ahead of hound.  Hound runs  250  and is then  30  behind.  How much further for hound to overtake?  (Swetz; Was Pythagoras Chinese?; p. 21, gives this with numbers  50, 125, 30.) 

Prob. 16, p. 64.  Slower (the guest) goes  300  per day.  Faster (the host) starts after  ⅓  day, catches the slower and returns after  ¾  of a day.  How fast is the faster? 

Prob. 20, p. 66.  Birds can traverse a distance,  M-(7, 9).

Prob. 21, pp. 66‑67.  M-(5, 7)  with first delayed by  2.

     Chap. VII.

Prob. 10, p. 74.  Melon and gourd growing toward each other,  MR‑(7, 10; 90).

Prob. 11, pp. 74‑75.  Rush grows  3, 3/2, 3/4, ....  Sedge grows 1, 2, 4,. ...  When are they equal?  Solution of  2 6/13 = 2.4615  is obtained by linear interpolation between  2  and  3  days.  (Correct solution is  log2 6 = 2.5848.)  (English in Mikami 18.)

Prob. 12, pp. 75‑76.  Two rats separated by a wall  5  thick.  One gnaws  1, 2, 4, ....  The other gnaws  1, 1/2, 1/4, ....  When do they meet?  Solution of  2 2/17 = 2.1176  obtained by linear interpolation between  2  and  3.  (Correct answer is   log2 (2 + (6)  =  2.1536,   though Vogel has  8  instead of  6  in the radical.

Prob. 19, p. 79.  Two horses travel  193, 206, 219, 232, ...  and 97, 96 ½, 96, 95 ½, ....  They set out for a city  3000  away.  The faster gets there and then returns.  When does he  meet the slower?  Solution of  15 135/191 = 15.7068  obtained by linear interpolation between  15  and  16.  Correct answer is   (‑227 + (147529)/10  =  15.7095.

Zhang Qiujian.  Zhang Qiujian Suan Jing.  Op. cit. in 7.E.  468,  ??NYS.  Analogous to above hare and hound with values  37, 145, 23.  (English in  Sanford 212,  Mikami 41  and  H&S 74.)

Aryabhata.  499.  Chap. II, v. 30-31, pp. 72-74.  (Clark edition: pp. 40-42.)

V. 30.  One man has  a  objects and  b  rupees, another has  c  objects and  d  rupees, and they are equally wealthy.  What is the value of an object?  I.e. solve  ax + b = cx + d.  Though simple, this is the basis of many of the problems in this section, as discussed by Gupta (op. cit. under Bakhshali MS).  Clark gives an example with   a, b, c, d  =  6, 100, 8, 60.

V. 31.  Shukla translates this as describing simple meeting and overtaking problems,  MR-(a, b; D)  and  O-(a, b) with headstart D.  Clark translates it as having two planets separated by  D = s1 - s2  travelling with velocities  v1  and  v2,  so they meet in time   t  =  (s1 - s2) / (v1 ± v2).   This is discussed in Gupta, loc. cit.

Bakhshali MS.  c7C.  

Kaye I 43-44 describes the following types in general terms and indicates that general solutions are stated in the MS.  O-(a, b),  T = t.  O-(a, b; c, d).  O-(a, b; c, 0).  A problem equivalent to  MR(a, b; 2D).  Kaye I 49-52 describes problems of earning and spending which are equivalent to the following.  O-(a, b), headstart  2D.  O‑(a, b)  headstart  D.  Cistern problems with several inlets -- see 7.H.

Kaye III 171, f. 3r, sutra 15  &  Gupta.  General rule for  O-(a, b),  headstart  D.  (Gupta cites Aryabhata as giving the same rule.)

Kaye III 175, f. 4r  &  Gupta.  Examples of the previous with   a, b, D  =  5, 9, 7  and  18, 25, 8*18.  (The second is really an example with the first starting  T = 8  days ahead.)

Kaye III 189, f. 83r.  O-(3/2, 2),  D = 9.

Kaye III 216, ff. 60r-60v, sutra 52  &  Gupta.  Same as f. 3r, sutra 15, except that distance is replaced by wealth.  Example has a man with wealth  30  earning at rate  5/2  and spending at rate  9/3.  This can be considered as  O‑(5/2, 9/3),  D = 30.  This is also very like the simple versions of a snail climbing out of a well and could be considered as  MR(9/3 - 5/2, 0; 30).

Kaye III 217-218, ff. 60v-61v, sutra 53  &  Gupta  &  Hoernle, 1886, p. 146; 1888, p. 44.  Two men earn at rates  a, b,  but the first gives  c  to the second at the beginning.  When are they equally rich?  Examples with   a, b, c  =  5/3, 6/5, 7;   13/6, 3/2, 10.  This is equivalent to  O-(a, b),  D =  2c.  See also: G. R. Kaye;  The Bakhshāli manuscript;  J. Asiatic Soc. Bengal (2) 8:9 (Sep 1912) 349‑361;  p. 360, Sutra 53 and example, but he has a  +  for a  -  in his formula.

Kaye III 186, f. 31r  &  Gupta.  Another example of the above, with  a, b, c  =  7/4, 5/6, 7.

Kaye III 172, f. 8r  &  Gupta.  O-(a, b; c, 0), T = -e,  i.e.  a + (a+b) + ... + (a+(n‑1)b)  =  c(n+e).  In general this is a quadratic problem -- see below -- but when  e = 0,  a factor of  n  cancels leaving a linear problem.  Example:  O‑(2, 3; 10, 0).  

Kaye III 174-175, ff. 7v & 4r  &  Gupta.  O-(3, 4; 7, 0);  O‑(1, 2; 5, 0).

Kaye III 173, f. 9r  &  Gupta.  O-(1, 1; 10, 0).

Kaye III 176-177, ff. 4.r-5.r, sutra 18  &  Gupta  & in:  G. R. Kaye, The Bakhshāli manuscript;  J. Asiatic Soc. Bengal (2) 8:9 (Sep 1912) 349‑361; p. 358.  O‑(4, 3; 6, 1);  O-(2, 3; 3, 2)  and  O-(5, 6; 10, 3).  See also 7.AF.

Kaye III 174, f. 4v  &  Gupta.  This is a problem of the same type, but most of it is lost and the scribe seems confused.  Gupta attempts to explain the confusion as due to using the data   a, b; c, d  =  3, 4; 1, 2,   with the rule   n  =  2(c‑a)/(b-d) + 1,   where the scribe takes the absolute values of the differences rather than their signed values.  In this way he gets  n = 3  rather than  n = -1.

Kaye III 173, f. 9v.  Travellers set out at rates  a, b  to a destination  D  away.  The faster, on his return, meets the slower -- when?  This is equivalent to  MR‑(a, b; 2D).  Example with  a, b, D = 1, 6, 70.

Kaye III 190, f. 53v.  MR-(96/18, 27/108; 9).

Kaye I 44-46; III 177-178, ff. 5r-6v.  O-(3, 4; 5, 0),  T = -6,  which leads to a quadratic, but has answer  5.  O-(5, 3; 7, 0),  T = -5  is also given by Hoernle, 1886, pp. 128‑129; 1888, p. 33, and Datta, p. 42.  This also leads to a quadratic, but the answer is  (7 + (889)/6  and the MS gives an approximation for the root.  I have recorded that Kaye also has  O-(3, 4; 5, 0)  with no delay, but I can't find this.

Bhaskara I.  629.  Commentary to Aryabhata, chap. II, v. 30-31.  Sanskrit is on pp. 127-132; English version of the examples is on pp. 308-309.



V. 30, Ex. 1:  7x + 100  =  9x + 80.



V. 30, Ex. 2:  8x + 90  =  12x + 30.



V. 30, Ex. 3:  7x + 7  =  2x + 12.



V. 30, Ex. 4:  9x + 7  =  3x + 13.



V. 30, Ex. 5:  9x - 24  =  2 x + 18.



V. 31, Ex. 1:  MR-(3/2, 5/4; 18).



V. 31, Ex. 2:  O-(3/2, 2/3),  D = 24.

Anania Schirakatzi (= Ananias of Shirak).  Arithmetical problems.  c640.  Translated by:  P. Sahak Kokian as:  Des Anania von Schirak arithmetische Aufgaben; Zeitschrift für d. deutschösterr. Gymnasien 69 (1919) 112-117.  See 7.E for description.

Prob. 8.  Messengers,  O-(50, 80),  T = 15.

Prob. 16.  One mason working faster than the other:  O‑(140, 218),  T = 39.  [The 140 is misprinted as 218!]

Mahavira.  850.  Chap VI, v. 320‑327, pp. 177‑179.

V. 320:  O-(3, 8; 21, 0).

V. 321:  MR-(5, 3; 216).

V. 323:  O-(4, 8; 10, 2).

V. 325:  O-(5, 8; 45, -8).

V. 327:  O-(9, 13),  D = 100.

Alcuin.  9C.  Prob. 26: Propositio de campo et cursu canis ac fuga leporis.  Hound catching hare, hound goes  9  to hare's  7,  hare has  150  head start.  =  O-(7, 9),  D = 150.  (H&S 72 gives Latin and English.)  The actual rates are not given, only their ratio.

Sridhara.  c900.  

     V. 65‑67(i), ex. 81‑83, pp. 52‑53 & 95.  The verses give rules for various cases.

Ex. 81‑82.  O-(8/(5 ‑ ½),  3),  T =  6 ‑ ¼.

Ex. 83.  Slower goes  2,  faster goes  8  and then returns from  100  away.  When and where do they meet?

     V. 96‑98, ex. 111‑112, pp. 78‑79 & 96.

Ex. 111:  O-(3, 1; 10, 0).

Ex. 112:  O-(a, b; c, 2),  T = 6.  Determine  a, b, c  so that they will meet twice.  Answer assumes  a = 1,  b = 6  and first meeting is at  n = 10,  (which gives  c = 67)  and then asserts there is a second meeting at  n = 18.

al‑Karkhi.  c1010.  Sect. I, no. 5‑9, p. 82.

5:  O-(1, 1; 10, 0).

6:  O-(1, 1; 11, 0),  T = -5.

7:  O-(1, 2; 10, 0).

8:  O-(2, 2; 10, 0).

9:  10 + 15 + 20 + ... + 5(n+2)  =  325.  This could be considered as  MR‑(10, 5; 0, 0; 325).

Tabari.  Miftāh al-mu‘āmalāt.  c1075.  Pp. 103f.  ??NYS -- quoted in Tropfke 593.

No. 4.  O-(6, 9),  T = 4.

No. 5.  O-(1, 1; 30, 0).

No. 6.  M-(5, 7).

Ibn Ezra, Abraham (= ibn Ezra, Abraham ben Meir  = ibn Ezra, Abu Ishaq Ibrahim al‑Majid).  Sefer ha‑Mispar.  c1163.  Translated by Moritz Silberberg as:  Das Buch der Zahl  ein hebräisch-arithmetisches Werk; J. Kauffmann, Frankfurt a. M., 1895.  P. 56.  Brothers meeting,  MR-(17, 19; 100).  (H&S 72 gives English.)  Silberberg's note 121 (p. 109) says a similar problem occurs in Elia Misrachi, c1500.

Fibonacci.  1202.  He has many examples.  I give a selection.

P. 168 (S: 261-262).  O-(1, 1; 20, 0).

P. 168 (S: 262).  O-(1, 2; 21, 0).

P. 168 (S: 262).  O-(2, 2; 30, 0).

Pp. 168-169 (S: 262).  O-(3, 3; 60, 0).

P. 169 (S: 262).  O-(5, 5; 60, 0).

P. 169 (S: 263).  O-(3, 3; 10, 0).  This has a non‑integral solution.  He computes  n = 5 2/3  days from the equation and then considers the travel on the  6th day to be at constant rates  10  and  18,  with the first starting  5  ahead, so the overtaking is at  5 5/8  days.

Pp. 177‑178 (S: 274):  De duobus serpentibus [On two serpents].  Serpents approaching,  MR‑(1/3 ‑ 1/4,  1/5 ‑ 1/6;  100).

Pp. 179‑180 (S: 276):  De cane et vulpe [On a dog and a fox].  O-(6, 9),  D = 50.

P. 182 (S: 280):  De duabus formicis quorum una imittatur aliam [On two ants, one of which follows the other].  An ant pursuing another.  O‑(1/3 ‑ 1/4,  1/5 ‑ 1/6;  100).

P. 182 (S: 280):  De duabus navibus se se invicem coniungentibus [On two ships that meet].  Two ships approaching,  M‑(5, 7).

Yang Hui.  Supplements to the Analysis of the Arithmetical Rules in the Nine Sections  (=?? Chiu Chang Suan Fa Tsuan Lei).  1261.  Repeats first problem of the Chiu Chang Suan Ching.

BR.  c1305.

No. 24, pp. 42‑43.  Ship goes  380,  starting  24  days after another and overtakes in  85  days.  How fast does the slower ship go?  This is  O-(a, 380),  T = 24  -- determine  a  such that the solution is  85. 



General form:  a, b  =  velocities of slower and faster ships;  n  =  time the faster ship sails;  n + T  =  time the slower ship sails, i.e. the slower ship has  T  days headstart or the faster ship is delayed by  T.  This gives  a(n+T) = bn.  The above problem has   b = 380,  T = 24,  n = 85   and asks for the other value, namely  a.  I will denote this by   (a, 380, 24, 85),   etc.

No. 41, pp. 60‑61.  (20, 25, 4, n)  =  O-(20, 25),  T = 4.

No. 42, pp. 60‑61.  (20, b, 4, 16).

No. 43, pp. 62‑63.  (20, 25, d, 16).

No. 44, pp. 62‑63.  (a, 50, 5, 10).

No. 45, pp. 62‑63.  (15, 20, 10, n)  =  O-(15, 20),  T = 10.

No. 46, pp. 64‑65.  MR-(31½, 21; 105).

No. 87, pp. 106‑107.  O-(24, 30),  T = 4.

No. 88, pp. 106‑107.  Hare is  40  leaps ahead but hound's leap is  13/11  of hare's.

No. 94, pp. 114‑117.  MR-(18, 22; 240).

Gherardi?.  Liber habaci.  c1310. 

P. 144.  O-(1, 1; 25, 0).

P. 144.  Couriers,  M-(20, 30),  D = 200.

Lucca 1754.  c1330.  F. 59r, p. 134.  Couriers,  M-(20, 30)  with  D = 200,  though this is not used.

Munich 14684.  14C.  Prob. VIII & XX, pp. 78 & 81.   Discusses  O‑(1, 1; k, 0).

Folkerts.  Aufgabensammlungen.  13-15C.  18 sources for  O-(1, 1; c, 0).  Cites AR for extensions;  Chiu Chang Suan Ching, Alcuin, Fibonacci.

See Smith, op. cit. in 3.

Bartoli.  Memoriale.  c1420.  Prob. 28, f. 78r (= Sesiano, pp. 144 & 149-150.  Fox is  121  (fox-)steps ahead of a dog.  9  dog-steps  =  13  fox-steps.  He computes  9/13  of  121.  Sesiano notes that this assumes the fox stands still and determines how many dog-steps they are apart.  The correct answer, which assumes that both steps take the same time, is that the dog gains  4  fox-steps  for every  9  steps  he makes,  so he has to make  121 · 9/4  =  272 1/4  dog-steps,  which are equal to  121 · 13/4  =  393 1/4  =  121 + 272 1/4  fox-steps.

Pseudo-dell'Abbaco.  c1440.  

Prob. 91, p. 78 with plate on p. 79 showing hound chasing fox holding a chicken.  Fox is  40  fox‑steps ahead and  3 dog‑steps = 5 fox‑steps  (assuming both steps take the same time).  I have a colour slide of this.

Prob. 108, pp. 89‑91 with plate on p. 90.  M-(8, 5).  Asks for time to meet, but also gives  D = 60.

Prob. 118, pp. 96‑97.  O-(2, 2; 30, 0).  = Fibonacci, p. 168.

Prob. 119, pp. 97.  O-(3, 3; 18, 0).

AR.  c1450.  Several problems with arithmetic progressions which I omit.

Prob. 33, p. 37, 164‑165, 177, 223.  Hound and hare.  Hare  100  ahead and goes  7  for each  10  of the hound.

Prob. 148:  De planetis, pp. 72, 164‑165, 214.  Though described as conjunction by Vogel, this is really just the discussion of the general overtaking problem on a circle.  The text gives a general solution.

Benedetto da Firenze.  c1465.  P. 67.   O-(1, 1; 30, 0);   O-(1, 2; 30, 0);   O-(3, 3; 60, 0).

The Treviso Arithmetic = Larte de Labbacho.  Op. cit. in 7.H.  1478.

Ff. 54v‑55v (= Swetz, pp. 158‑160).  Messengers,  M-(7, 9)  with  D = 250.  (English is also in  Smith, Source Book I 12  and  Isis 6 (1924) 330.)

Ff. 55v‑56r (= Swetz, pp. 160‑161).  Hare & hound, rates  6  and  10,  starting  150  apart.  (English also in Isis 6 (1924) 330.)

Muscarello.  1478.  

F. 73v, p. 189.  Hare is  70  leaps in front of a hound.  Each hound leap is  7/5  as big as a hare's, but in the same time.  Says the hound catches the hare after  175  leaps.

F. 79v, p. 196.  Couriers,  M(70, 80).

Ff. 81r-81v, pp. 196-197.  Couriers,  O-(1, 2; 15, 0).

Ff. 82r-82v, pp. 198-199.  Couriers,  O-(2, 2; 15, 0).

della Francesca.  Trattato.  c1480.  F. 40r (102).  25 + 25n = 1 + 2 + 4 + 8 + ... + 2n-1 = 2n - 1.  The exact solution is  7.785540889.  He does linear interpolation on the seventh day, getting  7 73/103  =  7.7087378641.  English in Jayawardene.

Ulrich Wagner.  Das Bamberger Rechenbuch, op. cit. in 7.G.1.  1483.

Von Wandern, pp. 112 & 223,  O-(1, 1; 6, 0).

Regel vom Hasen, pp. 113 & 223‑224.  Hare goes  12  for hound's  15  and starts  100  ahead.

Chuquet.  1484.  See also 7.L for a problem with geometric progression.

Prob. 22.  English in FHM 204.  Meeting problem,  M-(7, 9).  He erroneously takes  7  and  9  as rates.

Prob. 98-108, FHM 220-221, are problems involving arithmetic progressions, usually overtaking problems, often with a fractional number of terms.  101 is a cask draining.

Prob. 98.  O-(1, 1; 11, 0).

Prob. 99.  O-(1, 1; 10, 0),  T = -3.

Prob. 105, English in FHM 220-221.  O-(3, 3; 14, 0).  Chuquet says another author, Berthelemy de Romans, gets  8 4/13  instead of  8 1/3.  FHM note that this assumes the speed is constant each day, while Chuquet assumes the speed increases through the day.

Prob. 117.  x + (x+1) + (x+2) + ... + (x+5)  =  30.

Prob. 127.  M-(7, 8).  See FHM 204 for comparison with prob. 22.

Borghi.  Arithmetica.  1484.  

Ff. 109v-109r (1509: f. 92r).  Two ships going between Venice and Padua,  MR‑(5, 8; 2400).  (H&S 74 gives Italian.)

F. 109r (1509: ff. 92r-92v).  O-(1, 1; 16, 0).

Calandri.  Aritmetica.  c1485.  

F. 92r, p. 184.  Ships meeting between Livorno and Marseilles --  M(7, 4).

F. 92v, p. 185.  Hare  3000  in front of hound who goes  8  while the hare goes  5.

HB.XI.22.  1488.  P. 52 (Rath 247).  (Rath says it is similar to Alcuin, but with different numbers.)

Calandri.  Arimethrica.  1491.  F. 97v.  

F. 65r.  O-(3, 3; 60, 0).

F. 66r.  Hare is  3000  hare leaps ahead of a hound, but the hounds step's are  8/5  as long as the hare's and take the same time.

F. 69r.  Ships meeting between Pisa and Genoa.  (3, 5).  Same woodcut as used for cistern problems -- see 7.H.

Pacioli.  Summa.  1494.

Ff. 39r-40r, prob. 1-6  =  the six problems on Fibonacci 168-169.

F. 41r, prob. 13.  Man travelling.  25+x + 2(25+x) + ... + 2x‑1(25+x)  =  300,  i.e.  (2x ‑ 1)(25 + x)  =  300.  Pacioli sets   y = x - 3.   After  3  days, he has gone  196 + 7y  and he travels  224 + 8y  on the  4th day.  Pacioli interpolates both linearly to get   196 + 7y + y(224 + 8y) = 300,  obtaining  x = 3.44341....  I get  x = 3.52567....

Ff. 41r-41v, prob. 14.  100  =  1 + 2 + 3 + ... + a  =  1 + 3 + 5 + ... + 2b-1  =  2 + 4 + 6 + .. + 2c  =  4 + 8 + 12 + ... + 4d.  When should each start so they all arrive at once?  (H&S 73 gives Italian and English and H&S 74 says he gives a problem involving flying about the earth, but I haven't found it.)

F. 41v, prob. 16-18.  These are examples of the general form treated in BR, i.e.  (a, b, T, n)  gives the equation   a(n+T)  =  bn.

     Prob. 16.  (30, 35, 5, n)  =  O-(30, 35),  T = 5.

     Prob. 17.  (32, b, 6, 25).

     Prob. 18.  (a, 35, 4, 20).

F. 41v, prob. 19.  O-(1, 1; 25, 0).

F. 41v-42r, prob. 20.   25n  =  1 + 2 + ... + 2n-2.   He gets  8 73/103 = 8.70874...  by interpolation on the  8-th day.  I get  8.78554....  = della Francesca.

F. 42r, prob. 21.  M-(4, 5)  with  D = 100.

Ff. 42v-43r, prob. 27.  Hound and hare.  Hare is  60  ahead and  5  hound leaps  =  7  hare leaps.  Says the problem is very unclear.  Assumes the  60  are hare leaps and interprets the relation as saying that  7  hare leaps are the same as  5  hound leaps and leaps take the same time.  Later, he supposes the  60  are hound leaps and converts this to  84  hare leaps.  See Cardan, whose description implies both the lengths and times of the leaps differ.

     Swetz, op. cit. as Treviso Arithmetic in 7.H, p. 244, says this is the first listing of  variants of the problem -- but we've seen lots of examples before and many of Pacioli's are taken from Fibonacci.  Swetz gives examples from  Wagner,  Calandri (1491)  and  Köbel (1514).

     PART II.

F. 64, prob. 80.  Overtaking on a circular island with speeds  1, 1/12.  Equivalent to  O‑(1, 1/12)  with headstart of distance 1.

F. 64, prob. 81.  Meeting on a circular island with speeds  1, 1/12.  Same as  M(1, 12).

Blasius.  1513.  F. F.iii.v: Decimasexta regula.  O-(10, 13),  T = 9.

Köbel.  1514.  ??NYS -- given in H&S 73.  O-(10, 13),  T = 9.

Tagliente.  Libro de Abaco.  (1515).  1541.  

Prob. 111, ff. 55v-56r.  Couriers meeting between Rome and Venice --  M-(17, 20).

Prob. 114, ff. 56v-57r.  O-(1, 1; 30, 0).

Prob. 118, f. 58r.  Ships meeting between Venice and Candia --  M‑(3, 5).

Prob. 122, ff. 59r-59v.  Hound chasing goat.  Goat is  50  leaps ahead and hound makes  7  to goat's  5.

Ghaligai.  Practica D'Arithmetica.  1521.  

Prob. 17, f. 64r.  O-(1, 1; 20, 0).

Prob. 18, f. 64r.  M-(4, 5)  with  D = 80.

Tonstall.  De Arte Supputandi.  1522.  

Quest. 35, p. 167.  O-(20, 33),  T = 6.

Quest. 37, pp. 168-169.  Couriers,  M-(3, 5).

Quest. 38, p. 169.  Couriers,  M-(⅓, ½).

Riese.  Die Coss.  1524.

No. 50, p. 47.  Messengers,  MR-(10, 8; 40).

No. 51, p. 47.  O-(6, 9),  D = 100.

No, 109, p. 54.  Messengers,  MR-(7, 9; 300).

No. 133, p. 59.  Fox is  300  fox leaps ahead of hound.  Each hound leap is  31/20  of a fox leap and they leap at the same rate.

Apianus.  Kauffmanss Rechnung.  1527.  

F. M.v.r.  Couriers between Leipzig and Venice.  M-(18, 24).

F. M.viii.v.  O-(7, 9),  D = 64.

Ff. M.viii.v - N.i.r.  Messengers between Prague and Vienna.  MR-(7, 9; 33).

F. N.i.r.  Hare is 30 leaps ahead of a hound.  Hound makes  8  leaps to hare's  6,  assumed same size.  I.e.  O-(8, 6),  D = 30.

Ff. N.i.r - N.i.v.  Hare is  50  hare leaps ahead of a hound.  Hare makes  4  leaps while hound makes  3,  but 2  hound leaps equal  3  hare leaps in length.  This can be viewed as  O-(8, 9),  where the units are  hare leaps per period in which a hare makes  8  leaps, with a head start of  50  hare leaps.

van Varenbraken.  1532.  ??NYS -- cited by the editor of King, 1795, p. 154.  Hound and hare --  O-(12, 15),  D = 200.

Cardan.  Practica Arithmetice.  1539.  Chap. 66.

Section 7, ff. BB.viii.v - CC.i.r (p. 137).   10n  =  1 + 4/3 + (6/5)(4/3) + (4/3)(6/5)(4/3) + (6/5)(4/3)(6/5)(4/3) + ....

Section 11, ff. CC.ii.v - CC.iii.r (p. 138) (iii  is misprinted  ii).  Hound & hare.  Hare is  60  hound leaps ahead.  Hound makes  63  leaps to hare's  100,  but  61  hound leaps equal  140  hare leaps.  Says Pacioli does it wrong, but I don't see that this is the same as Pacioli's problem??  [The phrasing of the problem is awkward.  H&S 72 gives the Latin and a mistranslation of it.]

Section 12, f. CC.iii.r (p. 139) (iii  is misprinted  ii).  O-(5, 3; 20, 0).

Section 13, ff. CC.iii.r - CC.iii.v (p. 139) (iii  is misprinted  ii).  1 + 2 + 4 + 8 + 16 + ... + 3 + 4 + 6 + 9 + 13 + ...  =  330.  He interpolates between the  7th  and  8th  days to get  7 95/137 = 7.69343,  while the correct(?) answer is  7.83659.  Says Pacioli could not do this.

Section 14, ff. CC.iii.v - CC.iiii.r (p. 139) (iii  is misprinted  ii).  Birds flying around the world.  1 + 2 + 3 + 4 + ... + 1 + 8 + 27 + 64 + ...  =  44310.  Seems to get  20½  days, but  20  is the answer.  (H&S 74 gives Italian and says similar problems are in Pacioli and Stifel.)

Section 15, ff. CC.iiii.r - CC.iiii.v (pp. 139-140).   


1 + 2 + 4 + 8 + ...   =   2 + 4 + 6 + 8 + ....

Section 66, ff. FF.ii.r - FF.ii.v (p. 155).  (66 is not printed in the Opera Omnia).  O‑(3, 5; 30, 0).

Section 154, ff. MM.iiii.r - MM.iiii.v (p. ??).  An overtaking problem, but with times for the entire route given which can be considered as  M-(10, -7)  with delay of  2,  giving   (n+2)/10  =  n/7.  Described in H&S 73.

Buteo.  Logistica.  1559.  

Prob. 21, p. 219.  A simple hound and hare problem,  O‑(6b/5, b),  D = 1.

Prob. 28, pp. 229-230.  States  O-(1, 1; 22, 0),  but does  O‑(1, 1; 18, 0).

Prob. 29, pp. 230-231.  O-(1, 1; 20, 0).

Prob. 30, p. 231.  O-(2, 2; 15, 0).

Prob. 31, pp. 231-233.  O-(24, -1; 10, 2).  Finds common distance of  199⅜  by linear interpolation on  11th  day.

Prob. 32, pp. 233-234.  M(3, 2)  with  D = 200  given.

Baker.  Well Spring of Sciences.  1562?  ??check if this in the Graves copy of the 1562/1568 ed.)  

Prob. 3,  1580?: ff. 36v-37r;  1646: pp. 62-63;  1670: pp. 76-77.  O-(1, 1; 8, 0).

Prob. 4,  1580?: ff. 37r-37v;  1646: pp. 63-65;  1670: pp. 77-78.  MR-(1, 1; 2, 2; 200).  He notes that they meet when the first has done  200/3 = 66 2/3,  which is  2/3  on the 12th day.  He assumes they travel at constant speed on each day, so they meet after  11 1/18 = 11.0555....  [18  is misprinted  28  at one point.]  But if the velocity is increasing linearly, so that the distance covered to time  t  is  t(t+1)/2,  then the problem leads to a quadratic with solution  t = 11.0578....

Gori.  Libro di arimetricha.  1571.

F. 72r (p. 78).  Deer is  60  ahead of a dog, which goes  7  for every  4  of the deer, i.e.  O-(4, 7),  D = 60.

F. 72v (p. 78).  Fox is  80  ahead of a dog, which goes  7  for every  5  of the fox, i.e.  O‑(5, 7),  D = 80.

F. 81v (p. 79).  Couriers between Paris and Siena meeting --  M(20, 24)  with  D = 800,  but not used.

F. 82r (p. 79).  Couriers meeting --  MR(40, 50, 1000).

F. 71r (p. 79).  O-(1, 1; 30, 0).

F. 81v (p. 79).  O-(1, 1; 40, 0).

van Halle.  1568.  ??NYS -- cited by the editor of King, 1795, p. 155.  O‑(11, 0; 1, 1).

Io. Baptiste Benedicti (= Giambattista Benedetti).  Diversarum Speculationum Mathematicarum, & Physicarum Liber.  Turin, (1580), Nicolai Bevilaquæ, Turin, 1585; (Venice, 1599).  [Rara 364.  Graves 141.f.16.]  This has a number of overtaking and meeting problems, but he makes diagrams showing the sums of the arithmetic progressions involved.

Theorema CVI, pp. 68-69 (misprinted 70-71).  O-(4, 1; 1, 1)  with diagram showing  1 + 2 + ... + 7 = 4 x 7.

Theoremae CVII & CVIII, pp. 69 (misprinted 71) - 70.  O-(k, 0; 1, 2)  with diagrams showing  1 + 3 + ... + 15  =  8 x 8  and  1 + 3 + ... + 13  =  7 x 7.

Theoremae CIX & CX, pp. 70-71.  O-(k, 0; 2, 2)  with diagrams showing  2 + 4 + ... + 14  =  7 x 8  and  2 + 4 + ... + 16  =  8 x 9.

Theorema CXI, p. 71.  O-(k, 0; 3, 3)  with diagram showing  3 + 6 + ... + 21  =  7 x 12.

Theorema CXII, pp. 71-73.  O-(11, 0; 3, 3),  which does not have an integral solution.  He draws a diagram of  3 + 6 + ... + 21  and tries to make it into a rectangle of side  11,  but sees this does not work.  He then sees the answer is between  6  and  7  days, so he does linear interpolation over this period, getting  6.3  days instead of the correct  6 1/3.  He then uses a simple triangle to show this interpolation process.

Theorema CXIII, pp. 73-74.  O-(a, b)  with first having headstart of time  T  done in general.  Does  O-(20, 25),  T = 8.  Gives a diagram of  a x n+T  =  b x n.  There is an Appendix to this Theorema on pp. 74-75 which applies it to Jupiter overtaking Saturn but I can't make it out.

Theorema CXIIII, pp. 75-77.  M-(9, 11)  starting  D = 400  apart.  Then does the problem in general, giving a diagram which I can't follow.

Theorema CXV, pp. 77-78.  MR-(10, 15; 100),  then  MR-(a, b; D)  in general.

Wingate/Kersey.  1678?.  

Quest. 14, pp. 485-486.  O-(14, 22),  T = 8.

Quest. 15, pp. 486-487.  O-(9, 7)  on a circular island of circumference  36.

Quest. 16, p. 487.  O-(8, 0; 1, 1).

Quest. 17, pp. 487-488.  M-(8, 6; 140).

Quest. 18, pp. 488-489.  M-(a, a + 5/2; 100)  takes time  8.

Quest. 19, pp. 489-490.  M-(11/2, 17/3; 134)  going opposite ways round a circular island.

Quest. 23, pp. 491-492.  Hare is  100  hare-leaps ahead of a hound.  Hare takes five leaps while the hound takes four, but three hound leaps equal four hare leaps.

Edward Cocker.  Arithmetic.  Op. cit. in 7.R.  1678.  Chap. 10, quest. 32.  1678, p. 181;  1715: p. 121;  1787: p. 106.  This problem is attributed to Moor's or More's Arith. cap. 8, qu. 7.  1678 states  O-(40, 50),  T = 3,  giving answers  12  days and  600  miles.  1715 states  O-(40, 50),  T = 3,  giving answers  32  days and  600  miles.  1787 states  O-(48, 50),  T = 3,  giving answers  12  days and  600  miles.  I am surprised at the misprints here.

Wells.  1698.  

No. 109, p. 207.  Meeting:  MR-(1, 3; 50).

No. 116, p. 208.  Overtaking:  O-(6, 10),  T = 8.

Peter Lauremberger (Petrus Laurembergus).  Institutiones Arithmeticæ ....  4th ed., Joh. Lud. Gleditsch, Leipzig, 1698.  P. 196, prob. 12.XII.  Fox is  60  hare-leaps ahead of a hound.  She makes  9  leaps while the hound does  6,  but  7  hare-leaps are as long as  3  hound-leaps.

Isaac Newton.  Arithmetica Universalis, 1707.  ??NYS.  English version:  Universal Arithmetic, translated by Mr. Ralphson, with revisions and additions by Mr. Cunn, Colin Maclaurin, James Maguire and Theaker Wilder; W. Johnston, London, 1769.  (De Morgan, in Rara, 652‑653, says there were Latin editions of 1722, 1732, 1761 and Raphson's English editions of 1720 and 1728, ??NYS.)  Resolution of Arithmetical Questions, Problem V, pp. 180‑184.  Begins with  MR(7/2, 8/3; 59)  with second delayed by 1.  Then "The same more generally" does  O(c/f, d/g)  with second having a headstart of distance  e  and either a headstart or delay of time  h  and  MR(c/f, d/g; e)  with second having either a headstart or delay of time  h.  Then does example:  O(13, 1)  with second starting distance  90  ahead, but first delayed by  3  days.  Then repeats original example from general viewpoint.

Simpson.  Algebra.  1745.  Section XI (misprinted IX in 1790).

Prob. XIX, p. 89 (1790: prob. XXXI, p. 92).  O-(28, -2; 20, 0).

Prob. L, pp. 113-115.  MR-(40, -2; 20, 2; 360).

1790: Prob. LXIII, pp. 114‑116.  MR-(60, -5; 40, 5; 500).

Prob. LI, pp. 115-116 (1790: prob. LXIV, pp. 116‑117).  Overtaking.  8 + 12 + ... + (4+4n)  =  1 + 4 + ... + n2.

Alexis-Claude Clairaut.  Élémens d'algèbre.  1746.  ??NYS -- cited by Tom Henley.  Discusses the relation between overtaking and meeting problems and the use of negative rates or negative headstarts to make them algebraically the same.

Les Amusemens.  1749.  

Prob. 113, p. 255.  O-(2½, ½; 7, 0).

Prob. 114, p. 256.  O-(5, 1; 2, 0).

Prob. 115, p. 257.  Meeting:   4n + n+2 + n+4 + n+6 + n+8  =  104.

Prob. 116, p. 258.  O-(10, 5; 30, 0).

Prob. 117, p. 259.  Cat and mouse,  O-(3, 5),  D = 23.

Euler.  Algebra.  1770.  I.IV.III: Questions for practice.

No. 16, p. 205.  Privateer and prey,  O-(18, 20),  D = 8.  [The numbers  8  and  18  are interchanged in the text.] 

No. 25, p. 206.  Hare  50  hare leaps ahead of greyhound.  Hare makes  4  leaps to greyhound's  3,  but hare's leaps are only  ⅔  as long.

Vyse.  Tutor's Guide.  1771?  

Prob. 57, 1793: p. 68; 1799: p. 74 & Key p. 99.  O-(22, 32),  T = 4.  Misprint in solution.

Prob. 60, 1793: p. 69; 1799: p. 74 & Key P. 100.  MR-(x, x+2½; 135)  with meeting after  8.

Prob. 65, 1793: p. 69; 1799: p. 75 & Key p. 101.  MR-(2, 3; 170)  with second delayed by 8.

Prob. 67, 1793: p. 70; 1799: p. 75 & Key p. 102.  Hound & hare,  O-(21, 15),  D = 96.  The actual rates are not given, only their ratio, so one can determine where the hare is caught, but not when.

Prob. 12, 1793: p. 78; 1799: p. 84 & Key p. 109.  A  and  B  start to circle a wood of circumference  135,  starting at opposite sides and going in the same direction.  A  goes  11/2,  B  goes  17/3.  When do they meet?  O‑(11/2, 17/3),  D = 67½.

Prob. 13, 1793: p. 186; 1799: p. 198 & Key p. 241.  Two rowers who can row at  5  set out towards each other at points  34  apart on a river flowing  2½.  Though this appears to belong in Section 10.G, it is simply  MR-(2½, 7½; 34).

Prob. 6, 1793: p. 189; 1799: p. 201 & Key p. 245.  Hare starts  5 rods  and  34 sec  before a greyhound and goes at  12 mph,  while the hound goes  20 mph.  Using  320 rods to the mile, this is  O-(16/15, 16/9)  where the slower has a headstart of  T = 34  and  D = 5.

Dodson.  Math. Repository.  1775.

P. 1, Quest. I.  MR-(8, 7; 150)

P. 2, Quest. V.  O-(30, 42),  T = 4.

P. 25, Quest LXIV.  Same as Euler's no. 25.

P. 57, Quest. CX.  MR-(7/2, 8/3; 59)  with second starting one unit of time later.

Pp. 58-59, Quest CXI.  General solution of  O-(a, b)  with one having a headstart and starting before or after the other.  Does  O-(10/3, 5/2),  D = -59,  T = 4;  then  O‑(10/3, 5/2),  D = -59,  T = -4.

P. 178, Quest XXIV.  O-(8, 0; 1, 2).

P. 179, Quest XXVI.  MR-(40, -2; 20, 2; 360).

P. 183, Quest. XXX.  8 + 12 + 16 + ...  =  1 + 4 + 9 + ...

Pp. 191-192, Quest XLII.  1 + 2 + 3 + ...  +  1 + 8 + 27 + ...  =  462.

Charles Hutton.  A Complete Treatise on Practical Arithmetic and Book-keeping.  Op. cit. in 7.G.2.  [c1780?]  

1804: prob. 68, p. 139.  Hare starts  40  yards before a hound and goes at  10  mph.  The hound doesn't see the hare for  40  seconds, and then goes at  18  mph.

1804: prob. 69, p. 139.  Exeter is  130  miles from London.  A  sets out from Exeter at  8  am going  3  mph;  B  sets out from London at  4  pm going  4  mph.  Where do they meet?

1804: prob. 71, p. 140.  Lincoln is  100  miles from London.  Travellers set out at the same time and meet after seven hours, when they find that  A  has gone  1½  mph faster than  B.  What are their rates?

Bonnycastle.  Algebra.  1782.  

P. 84, no. 5.  MR-(8, 7; 150).

P. 85, no. 19 (1815: p. 107, no. 31).  Same as Euler's no. 25.

Pike.  Arithmetic.  1788.  P. 350, no. 17.  Circle  268  in circumference.  Two men start at ends of a diameter and go in the same direction at rates  22/2  and  34/3.  When and where do they meet?   I. e.  O-(34/3,  22/6),  D = 134.

Eadon.  Repository.  1794.  

P. 80, no. 36.  O-(30, 42),  T = 4.

P. 80, no. 37.  MR-(23, 31; 162).

P. 235, ex. 3.  5 + 9 + 13 + ... + (5 + 13x4).  Find total travel.

John King, ed.  John King  1795  Arithmetical Book.  Published by the editor, who is the great-great-grandson of the 1795 writer, Twickenham, 1995.  

P. 109.  A meeting problem, but the times to meeting and the meeting point are given, so it reduces to:   a + a+2 + a+4 + a+6 + a+8  =  50  =  b + b+3 + b+6 + b+9.

Pp. 117-118.  Hare is  144  hare leaps ahead of a grayhound.  Hare makes  4  leaps while grayhound makes  3,  but grayhound leaps are  3/2  as big.

Thomas Manning.  An Introduction to Arithmetic and Algebra.  2 vols., Nicholson, Lunn & Deighton, Cambridge, 1796 & 1798.  Vol. 1, pp. 208-210.  O-(5/2, 7/2),  T = 2.  Then considers what would happen if the second traveller went slower than the first [more simply, suppose the second traveller had the headstart, i.e.  T  is negative].  This gives a negative solution and he interprets this as that they must have met before the starting time.  He gives a general solution and discussion of the problem.  ??NX.

Hutton.  A Course of Mathematics.  1798?  

Prob. 5,  1833: 210-211;  1857: 214-215.  Hare is  60  hare-leaps ahead of a greyhound.  She makes  9  leaps while the hound does  6,  but  7  hare-leaps are as long as  3  hound-leaps.  = Lauremberger.

Prob. 9,  1833: 213-214;  1857: 217-218.  O-(31½/5, 22½/3),  T = 8.  Then does  O‑(m/t, m'/t')  with first having headstart of  T.  

Prob. 20,  1833: 221;  1857: 225.  M-(8, 7, 150).

Remarks upon Equations of the First Degree,  1833: 224-231;  1857: 228-235,  is an extensive discussion concerning possible negative roots and considers  O-(m, n)  with the second having a headstart of distance  D.  When  m < n,  he says the directions must be reversed.

D. Adams.  Scholar's Arithmetic.  1801.

P. 134, no. 6.  O-(20, 25),  T = 5.

P. 208, no. 64.  Hare is 12 rods (= 198 ft) ahead of a hound and goes for 45 sec before the hound starts, running at 10 mph.  Hound then starts at 16 mph.  How long until the hound catches the hare and how far does the hound go?  = O‑(44/3, 352/15),  D = 858,  using ft and sec.

Robert Goodacre.  Op. cit. in 7.Y.  1804.  Miscellaneous Questions, no. 125, p. 205 & Key p. 269.  A  goes  4  mi/hr for  7  hrs each day.  B  starts a day later at  5  mi/hr for  8  hours each day, both starting at the same time each morning.  When does  B  overtake?

Silvestre François Lacroix.  Élémens d'Algèbre, a l'Usage de l'École Centrale des Quatre-Nations.  14th ed., Bachelier, Paris, 1825.  Sections 64-75, pp. 94-110  plus  Addition, pp. 359-360.  Discusses general problems  MR-(a, b; D)  and  O-(a, b)  and considers negative solutions and what happens when the divisor is zero!

Augustus De Morgan.  Arithmetic and Algebra.  (1831 ?).  Reprinted as the second, separately paged, part of: Library of Useful Knowledge -- Mathematics I, Baldwin & Craddock, London, 1836.  Art. 116, pp. 30-31.  Hare is  80  hare-leaps ahead of a greyhound.  Hare makes  3  leaps for every  2  of the hound, but a hound-leap is twice as long as a hare‑leap.  Then considers a hound-leap as  n/m  of a hare-leap.  Takes  n/m = 4/3  and finds a negative solution which he discusses.  Takes  n/m = 3/2  and finds division by zero which he interprets as the hound never catching the hare.

Bourdon.  Algèbre.  7th ed., 1834.

Art. 47, prob. 3, pp. 65-66.  Same as Hutton, 1798?, pp. 210-211, with greyhound chasing a fox.  = Lauremberger.

Art. 190, question 6, p. 319.  O-(10, 0; 3, 2).

D. Adams.  New Arithmetic.  1835.  

P. 243, no. 81.  O-(6, 8)  with headstart of distance  24.

Pp. 243-244, no. 82.  Hare is distance  12  and time  5/4  ahead of a hound.  Hare runs  36  and  hound runs  40.  When and where does the hound catch the hare?

Augustus De Morgan.  On The Study and Difficulties of Mathematics.  First, separately paged, part of: Library of Useful Knowledge -- Mathematics I, Baldwin & Craddock, London, 1836.  P. 30 mentions  O-(2, 3),  T = 4  and  O-(a, b) with second delayed by time  T.  Pp. 37-39 discusses the general courier problems  O-(m, n)  with second having headstart of distance  D  and  MR-(m, n; D).  He considers different signs and sizes, getting six cases.

Unger.  Arithmetische Unterhaltungen.  1838.  Pp. 135 & 258, nos. 515 & 516.  MR‑(5/4, 3/5; 57)  with first delayed by time  2½.  The second problem asks what delay of time for the first will make them meet at the half-way point?

Hutton-Rutherford.  A Course of Mathematics.  1841?

Prob. 7,  1857: 81.  Two persons on opposite sides of a wood of circumference  536,  start to walk in the same direction at rates  11, 11⅓.  How many times has the wood been gone round when they meet?  =  O-(11, 11⅓),  D = 268.  Answer is the number of times the faster has gone round.

Prob. 23,  1857: 82.  MR-(3, 4; 130),  T = 8.

Prob. 37,  1857: 83.  Hare starts  40 yd  and  40 sec  in front of a hound.  Hare goes  10 mph (=  44/9 yd/sec)  and hound goes  18 mph (= 44/5 yd/sec).  I.e.  O-(44/9, 44/5),  D = 40,  T = 40.

Tate.  Algebra Made Easy.  Op. cit. in 6.BF.3.  1848.  P. 46, no. 15.  Man makes a journey at  4  mph and returns at  3  mph, taking  21  hours in total.  How far did he go?

Family Friend 1 (1849) 122 & 150.  Arithmetical problems -- 1.  "A hare starts  40  yards before a greyhound, and is not perceived by him till she has been up  40  seconds:  she gets away at the rate of  10  miles an hour and the dog pursues her at the rate of  18  miles an hour:  how long will the course last, and what distance will the hare have run?"  = Illustrated Boy's Own Treasury, 1860, Prob. 4, pp. 427 & 431.  = Hutton, c1780?, prob. 68.

Anonymous.  A Treatise on Arithmetic in Theory and Practice: for the use of The Irish National Schools.  3rd ed., 1850.  Op. cit. in 7.H.

Pp. 198-199, no. 117.  Hare is  50  springs ahead of a hound.  Their springs are of equal length, but the hound makes  27  while the hare makes  25.  How many springs does the hare make before being overtaken?  Answer is misprinted  675  instead of  625.

P. 360, no. 47.  = Vyse, prob. 12.

P. 360, no. 48.  See in 7.P.6.

John Radford Young (1799-1885).  Simple Arithmetic, Algebra, and the Elements of Euclid.  IN: The Mathematical Sciences, Orr's Circle of the Sciences series, Orr & Co., London, 1854.  [An apparently earlier version is described in 7.H.]

No. 5, p. 177.  O-(9, 5),  T = 10.

No. 5, p. 216.  A  and  B  travel  90  miles.  A  goes  1  mile per hour faster than  B  and arrives  1  hour before him.  What were their speeds?

No. 8, p. 216.  Same as last with data  150,  3,  8⅓.

No. 4, p. 228.  MR-(1, 1; 20, -2; 165).

Vinot.  1860.  Art. LXIII: Problème du Renard et du Lévrier.  Fox is  72  (fox-)leaps in front of a greyhound.  Fox makes  9  leaps to hound's  5,  but fox-leaps are  3/7  the size of hound-leaps.  

Edward Brooks.  The Normal Mental Arithmetic  A Thorough and Complete Course by Analysis and Induction.  Sower, Potts & Co., Philadelphia, (1858), revised, 1863.  Further revised as:  The New Normal Mental Arithmetic: A Thorough and Complete Course by Analysis and Induction;  Sower, Potts & Co., Philadelphia, 1873.  Many examples.  I mention just one example.



1863 -- pp. 132-13, no. 19;  1873 -- p. 161, no. 18.  "E  takes  60  steps before he is overtaken by  D;  how many steps does  D  take to catch  E,  provided  E  takes  4  steps while  D  takes  3,  and  5  of  D's  equal  8  of  E's,  and how far ahead was  E  when they started?"

Todhunter.  Algebra, 5th ed.  1870.  Several examples, including the following.

Examples X, no. 26, pp. 86 & 577.  Hare is 80 hare leaps ahead of a greyhound who starts after her.  Hare does three leaps for every two of the hound, but hare leaps are half the size of hound leaps.  How many leaps does the hare make before it is caught?

Examples XXX, no. 53, pp. 268 & 589.  O-(5, 0; 3, ½)  with first having a headstart of time  4½.

Examples XXXIII, no. 7, pp. 285 & 590.  O-(1, 1; 12, 0)  with first having headstart of time 5.  [He says the second overtakes the first after the first travels  36,  i.e. after time  8,  but the first then overtakes the second after time  15!]

Miscellaneous Examples, no. 77, pp. 550 & 605.  A  and  B  start on a circular walking race.  After 30 min,  A  has done three circuits and  B  has done  4½.  When do they meet again?  This is just  O-(6, 9)  with the first having a headstart of distance  ½.

Mittenzwey.  1880.  Prob. 78, pp. 15 & 66;  1895?: 85, pp. 19 & 69;  1917: 85, pp. 18 & 65.  Hare is  50  leaps ahead and makes  6  leaps while the hound makes  5,  but  7  houndleaps are as long as  9 hare leaps.  How leaps does the hare make before being caught?

William J. Milne.  The Inductive Algebra ....  1881.  Op. cit. in 7.E.  No. 4, pp. 166 & 334.  General problem:   ax  =  b (n - x).   Solves for  n ‑ x.

Clark.  Mental Nuts.  1897, no. 46;  1904, no. 62.  The fox and the hound.  Fox is  60  (fox‑)leaps in front of a hound.  Hound takes  6  leaps to fox's  9,  but the hound leaps are  7/3  times as long as the fox's.  (= Lauremberger)

Dudeney.  Weekly Dispatch (17 May 1903) 13  &  (14 Jun 1903) 16.

Perelman.  1937.  MCBF.  At the cycle track, prob. 150, pp. 255-256.  Circular track of circumference  170m.  When cyclists are going in opposite directions, they meet every  10  sec;  when going the same direction, the faster passes the slower every  170  sec.

Haldeman-Julius.  1937.  No. 109: Hare and hounds problem, pp. 13 & 26.  Gives a verse version -- the only one I have seen -- and says the problem 'is about 150 years old.'



As I was walking o'er my forest grounds



Up jumped a hare before my two greyhounds.



The distance that she started up before



Was fourscore rods, just, and no more.



My dogs did fairly run



Unto her 16 rods just 21.



Now I would have you unto me declare



How far they ran before they caught the hare.


This is  O-(a, [21/16]a)  with headstart  D = 80.

C. Dudley Langford.  Note 1558:  A graphical method of solving problems on "Rate of Work" and similar problems.  MG 25 (No. 267) (Dec 1941) 304-307.  +  Note 2110:  Addition to Note 1558:  "Rate of Work" problems.  MG 34 (No. 307) (Feb 1950) 44.  Uses a graph to show  (a, b)  cistern problems as meeting problems.  Also solves problems  (A, x)  in  B  and  (a, -b),  the latter appearing as an overtaking problem.  The Addition gives a clearer way of viewing  (a, ‑b)  problems as overtaking problems

Gamow & Stern.  1958.  Pp. 9‑10, 59‑63.  Elevator problem.


10.A.1.
CIRCLING AN ARMY

The linear form has an army of length  L  moving with velocity  v.  A rider goes at velocity  V  from the rear to the front and then back to the rear, reaching the rear when it has advanced  d.  How far,  D,  does he go?  Since one version gives an erroneous answer, I will give the basic equations.  Let  t  be the time for the rider to reach the front of the army and  T  be the time to get from the front back to the rear.  We then have:  Vt = vt + L;  v(t+T) = d;  d = V(t-T);  D = V(t+T).  Here may be insufficient equations to determine all the values (as also occurs in 10.A.3), but the value of  D  can be found as   D  =  L + ((L2 + d2).   Note that  D/d = V/v.  Other versions of the problem can be solved, sometimes more simply, e.g.  L = (V2 - v2)d/2vV;  if  V = rv,  then  L = (r2-1)d/2r.


If the army has a width  W,  and the rider goes across the moving army at each end, the situation is more complex -- see the first example and Loyd.

J. Gale, proposer;  Joseph Edwards, Jr.  &  Mr. Coultherd, solvers.  Question III.  A Companion to the Gentleman's Diary; ... for the year 1798, pp. 59-60  &  The Gentleman's Mathematical Companion, for the year 1799, pp. 16-17.  Wagoner walking around his wagon and team while it is travelling.  L = 20 yd,  W = 4 yd.  He can walk  V = 4 mph  and he walks  74⅔ yd  in his circumambulation (hence taking  T = 7/11 min).  A complication arises as to how he goes crossways.  The proposer says he turns at right angles and passes  2 yd  clear at the front and at the back.  (He also says the walker passes  2 yd  clear on each side, but he never gives a width, taking the distance between the two side paths as  4,  which I have accounted for by taking  W = 4.  In some cases, we can account for the  2 yd  at each end by taking  L = 24.)  How fast,  v,  is the team going?  Both solvers get  v = 2 mph, but I find neither is viewing the problem correctly and neither has correctly formulated the problem he has described!  



Edwards starts in the middle, 2 in front of the horses, and says the the walker must go 2 to the left, 24 back and 2 to the right to get the the middle in back.  He then says the time required is  28/(V+v).  But this assumes the crossways motion is at the same relative speed as the lengthwise relative motion and seems definitely incorrect to me.  Edwards then says that a similar argument gives the time in the other direction as  28/(V-v).  Setting the sum of these equal to  T  does give  v = 2.



Coultherd starts in the middle, 2 behind the wagon, but I will rephrase it to parallel Edwards' solution.  It takes the man  2/V  to go  2  to the left.  During this time, the wagon moves ahead  2v/V,  so he is now only  2 - 2v/V  in front.  When he gets to the back, he only needs to be  2 - 2v/V  behind the wagon when he turns to cross, so that he will be exactly 2 behind at the middle.  So he must make a relative motion of  24 ‑ 4v/V  at the relative velocity  V + v.  Similarly, for the forward trip, he makes relative motion  24 + 4v/V  at relative velocity  V - v.  Adding the times for these to  8/V  for the crossways trips and setting equal to  T,  I get  v = 2.056 mph, which seems to be the correct answer.  Coultherd forgets to account for the  2 - 2v/V  at the end of his first lengthwise trip and confuses distance travelled at  V  and at  V-v,  which simplifies his algebra to the same final equation as Edwards.  



I am rather surprised at the basic errors in both solutions.

Clark.  Mental Nuts.  1897, no. 88;  1904, no. 98;  1916, no. 99.  A West Pointer.  Column is  25  miles long.  Courier goes from the rear to the front and returns to the rear and sees that he is now where the front of the column was when he started.  I.e. his trip takes the same time as the time the column moves 25 miles.  How far did he go?  Answer is  60 miles, 1876 feet,  which is correct.  Here  L = 25 = d,  so  D = 60.36.

Loyd.  The courier problem.  Cyclopedia, 1914, pp. 315 & 382.  (= MPSL2, prob. 146, pp. 103 & 167‑168, with solution method provided by Gardner -- Loyd only gives the values "following the rule for solving puzzles of this kind".)  Army  50  miles long.  Rider goes from back to front to back of the army in the time it moves forward  50  miles.  Here  L = 50 = d,  so  D = 120.71  -- Loyd says "a little over 120 miles".  Note this is the double of Clark's problem.  



Loyd also extends to the case of a square army and Gardner gives a solution, assuming the courier goes across the ends on an angle with velocity  V,  so his crossways velocity is  w  =  ((V2-v2).  The total time of his trip is then  T  =  L/(V‑v) + L/(V+v) + 2W/w.  Assuming  that the army advances its own length in this time, i.e.  vT = L,  and setting  x = V/v  leads to  L  =  L/(x‑1) + L/(x+1) + 2W/((x2-1).  Assuming  W = L  simplifies the expression, but it remains a fourth degree equation.  Gardner says the only relevant solution is  x = 4.18112+.  The courier's distance is  VT = xvT = xL = 209.056+.

Abraham.  1933.  Prob. 67 -- The column of troops, pp. 33 & 44 (19 & 116).  Rider circling army -- same as first part of Loyd.

Haldeman-Julius.  1937.  No. 74: Train problem, pp. 10 & 24.  Brakeman walks from rear of a train going at  V = 27 mph,  to the front, thereby passing a point in time  T = 2½ minutes  earlier than he would have.  How long,  L,  is the train?  Though this seems like a problem of this section, in fact it simply says the train takes  2½ minutes  to pass a given point and  L = VT.

Perelman.  1937.  MCBF.  Reconnaissance at sea, prob. 149 a & b, pp. 253-255.  Squadron moving and a reconnaissance ship is sent ahead.  Part  a  gives distance to go ahead and asks how long it will take.  Part  b  gives time for reconnaissance and asks when the reconnaissance ship will turn back.

McKay.  At Home Tonight.  1940.  Prob. 17: The orderly's ride, pp. 65 & 79.  Same as first part of Loyd with  1  mile army.

William R. Ransom.  Op. cit. in 6.M.  1955.  An army courier, p. 103.  Same as first part of Loyd with  25  mile army, but says it takes a day and asks how fast the courier rides.

G. J. S. Ross  &  M. Westwood.  Problems drive, 1960.  Eureka 23 (Oct 1960) 23-25 & 26.  Prob. G.  v = 15,  d + L = 23,  V = 60,  find  L.  At first I thought the result was wrong, but the phrasing is a bit different than usual as the back of the army is  23  from where the front finishes.

Nathan Altshiller Court.  Mathematics in Fun and in Earnest.  Op. cit. in 5.B.  1961.  Prob. m, pp. 189 & 191-192.  Courier going from back to front and then back again at three times the speed of the army.  Where is he when he gets to the back again?

Philip Kaplan.  More Posers.  (Harper & Row, 1964);  Macfadden-Bartell Books, 1965.  Prob. 76, pp. 78 & 107.  L = 100,  V = 3v,  find  d.

Julius Sumner Miller.  Millergrams.  Ure Smith, Sydney, 1966.  Prob. 25, pp. 25 & 70.  Army is 3 mi long, officer starts at back, goes to front and returns, reaching the back when it has advanced 4 miles.  How far did he go?  L = 3,  d = 4,  giving  D = 8 miles.  He says: "you can get the right answer by erroneous logic", but he doesn't explain how to get the answer!

Birtwistle.  Math. Puzzles & Perplexities.  1971.  Procession, pp. 43, 167 & 189.  = Birtwistle; Calculator Puzzle Book; 1978; prob. 55, pp. 38-39 & 99.  Procession  1½  miles long going at  2  mph.  Marshall starts at head, walks to the back and then forward, reaching his starting point when half the army has passed.  What is his speed?  He continues on the head and returns to the same point.  Where is the end of the procession when he gets back?


10.A.2.
NUMBER OF BUSES MET

New section -- I haven't done much on this yet.  Kraitchik has several examples.

Mittenzwey.  1880.  Prob. 75, pp. 14-15 & 66;  1895?: 82, pp. 19 & 69;  1917: 82, pp. 18 & 65.  Daily trains crossing America in  7  days.

[Richard A. Proctor].  Letters received and short answers.  Knowledge 3 (26 Oct 1883) 264.  Answer to Harry.  Recalls it being posed on by the captain's wife, Mrs Cargill, on the S. S. Australasia, but no date is clear.  Trains going between New York and San Francisco taking  7  days.  How many does one meet on such a trip?  Says he gave the wrong answer!

[Richard A. Proctor].  Editorial gossip.  Knowledge 3 (23 Nov 1883) 318.  Gives a careful answer to the problem stated above.

L. Carroll.  A Tangled Tale.  (1885) = Dover, 1958.  

Knot III, pp. 13‑18, 90‑95.  Circular railway with trains going at different frequencies in the two directions.  How many are met on a round trip in each direction?

Knot V, pp. 27‑28.  Comment on Knot III problem.

Knot VIII, pp. 52‑53, 55‑57, 132‑134.  Buses in both directions pass depot every  15  minutes.  Walker starts from depot at same time as a bus and meets a bus in  12½  minutes.  When is he overtaken by a bus?

Laisant.  Op. cit. in 6.P.1.  1906.  Chap. 49: Du Havre à New-York, pp. 123-125.  Definitely asserts that this problem was posed by Lucas at a meeting 'longtemps déjà'.  Boats leave every noon each way between le Havre and New York and take exactly seven days to make the trip -- how many do they pass?

Pearson.  1907.  Part II, no. 106, pp. 136 & 212‑213.  Tube trains run every  2  minutes.  How many are met in a  30  min journey?  Answer:  30.

Peano.  Giochi.  1924.  Prob. 11, p. 4.  Buses take  7  minutes from the centre to the terminus.  Buses leave from the centre and from the terminus every minute.  How many buses are met in going one way?  Observes that it takes  14  buses to run such a service and so one bus meets the other  13.

McKay.  At Home Tonight.  1940.  Prob. 14: Passing the trains, pp. 65 & 79.  12  hour journey and trains start from the other end every hour.

Sullivan.  Unusual.  1943.  Prob. 24: Back in the days of gasoline, tires, and motorists.  4½  hours from Chicago to Indianapolis, buses leaving every hour [on the hour].

Anonymous.  The problems drive, 1956.  Eureka 19 (Mar 1957) 12-14 & 19.  No. 10.  Circular line with trains departing each way every 15 minutes, but the east bound trains take 2 hours for the circuit while the west bound ones take 3 hours for a circuit.  Starting after one leaves the station, how many trains does one see?

Doubleday - 1.  1969.  Prob. 36: Traveler's tale, pp. 48 & 162.  = Doubleday - 5, pp. 55-56.  Trains going between Moscow and Paris, taking seven days.

[Henry] Joseph & Lenore Scott.  Master Mind Brain Teasers.  1973.  Op. cit. in 5.E.  How many buses, pp. 7-8.


10.A.3.
TIMES FROM MEETING TO FINISH GIVEN
Simpson.  Algebra.  1745.  Section XI (misprinted IX in 1790), prob. XLVI, pp. 110-111 (1790: prob. LIX, pp. 111‑112).  Travellers set out from each of two cities toward the other, at the same time.  After meeting, they take  4  and  9  hours to finish their journeys.  How long did they take?  He gives a general solution -- if  x  is the time before meeting and  a, b  are the times from meeting to finishing, then  x2 = ab.  [I have seen a 20C version where only the ratio of velocities is asked for -- indeed I used it in one of my puzzle columns, before I knew that the times could be found.]

Dodson.  Math. Repository.  1775.

P. 67, Quest. CXXV.  Travellers set out from London and York at the same time.  When they meet, they observe that  A  had travelled  30  miles more than  B  and that  A  expected to reach York in  4  days and  B  expected to reach London in  9  days.  What is the distance between London and York?

P. 68, Quest. CXXVII.  Travellers set out from London and Lincoln at the same time.  When they meet, they observe that  A  had travelled  20  miles more than  B  and that  A  travelled in  6⅔  days as much as  B  had gone and  B  expected to get to London in  15  days.  What is the distance from London to Lincoln?

Ozanam‑Montucla.  1778.  Supplement, prob. 42, 1778: 432;  1803: 425;  1814: 360;  1840: 186.  Couriers set out toward one another from cities 60 apart.  After meeting, they take  4  and  6  hours to reach their destinations.  What are their velocities?

Thomas Grainger Hall.  The Elements of Algebra: Chiefly Intended for Schools, and the Junior Classes in Colleges.  Second Edition: Altered and Enlarged.  John W. Parker, London, 1846.  P. 136, ex. 38.  Simpson's problem with cities of London and York and times of 9 and 16.

T. Tate.  Algebra Made Easy.  Op. cit. in 6.BF.3.  1848.  P. 89, no. 4.  Same as Simpson.

Todhunter.  Algebra, 5th ed.  1870.  Examples XXIV, nos. 20 & 22, pp. 211-212 & 586.

No. 20.  Simpson's problem between London and York, with times  16  &  36.

No. 22.  =  Dodson, p. 67.

William J. Milne.  The Inductive Algebra ....  1881.  Op. cit. in 7.E.  No. 132, pp. 306 & 347.  Travellers between London and York reach their destinations  25  &  36  hours after meeting.  How long did each take?

W. W. Rouse Ball.  Elementary Algebra.  CUP, 1890 [the 2nd ed. of 1897 is apparently identical except for minor changes at the end of the Preface].  Ex. 5, p. 231.  A  and  B  are  168 miles  apart.  Trains leave each end for the other starting at the same time.  They meet after  1 hour 52 minutes.  The train from  A  reaches  B  half an hour before the other reaches  A.

Haldeman-Julius.  1937.  No. 133: Racers' problem, pp. 15 & 28.  Racers on a circular track start in opposite directions.  After meeting, they take  4  and  9  minutes to pass the starting point, but they continue.  When do they meet each other at the starting point?

Nathan Altshiller Court.  Mathematics in Fun and in Earnest.  Op. cit. in 5.B.  1961.  Prob. b, pp. 188-190.  Trains start toward each other at  7  am;  one takes  8  hours, the other takes  12.  When do they meet?

Shakuntala Devi.  Puzzles to Puzzle You.  Op. cit. in 5.D.1.  1976.  Prob. 37: Walking all the way, pp. 29 & 106-107.  Similar to Simpson, but they start at given times and the time of meeting is given and they get to their destination at the same time.  This is thus the same as Simpson if it is considered with time reversed.  The elapsed times to meeting are  25/12  and  49/12  hours.

Birtwistle.  Calculator Puzzle Book.  1978.  

Prob. 60: Meeting point, pp. 42 & 102.  Travellers start at the same time from opposite ends of a journey.  When they meet, they find that the first has  11 1/5  hours to go, while the other has  17 1/2.  Also the first has travelled  7  miles further than the second.  How long is the journey?

Prob. 71: Scheduled flight, pp. 50-51 & 108.  Planes  A  and  B  start toward each other at  550  mph.  Five minutes later, plane  C  starts from the same place as  A  at  600  mph.  It overtakes  A  and then meets  B  36  minutes later.  When does  A  land?


10.A.4.
THE EARLY COMMUTER

A man is usually met by a car at his local train station, but he arrives  A  minutes early and begins walking home.  The car meets him and picks him up and they arrive home  B  minutes early.  How long was he walking?  The car's trip is  B/2  minutes shorter each way, so the commuter is met  B/2  minutes before his usual time and he has been walking  A - B/2  minutes.  New section -- there must be older examples. 

M. Adams.  Puzzles That Everyone Can Do.  1931.  Prob. 155, pp. 61 & 151: Catching the postman.  Man driving 10 mph usually overtakes the postman walking 4 mph at the same point every morning.  One morning, the man is four minutes late and he overtakes the postman half a mile beyond the usual point.  Was the postman early or late, and by how much?  (Note that the man is four minutes late starting, not in overtaking.)

Meyer.  Big Fun Book.  1940.  No. 10, pp. 162-163 & 752.  A = 60,  B = 10.

Harold Hart.  The World's Best Puzzles.  Op. cit. in 7.AS.  1943.  The problem of the commuter, pp. 8 & 50.  A = 60,  B = 20.

The Little Puzzle Book.  Op. cit. in 5.D.5.  1955.  Pp. 59-60: An easy problem.  A = 60,  B = 20,  he walks at  4  mph.  How fast does the chauffeur drive?

Nathan Altshiller Court.  Mathematics in Fun and in Earnest.  Op. cit. in 5.B.  1961.  Prob. f, pp. 189 & 191.  A = 60,  B = 16.  The time of arrival is also given, but is not needed.

Liz Allen.  Brain Sharpeners.  Op. cit. in 5.B.  1991.  The Commuter's tale, pp. 87-88 & 136.  A = 60,  B = 10.


10.A.5.
HEAD START PROBLEMS

Doubleday - 2 gives a typical example.  New section -- I have seen other examples but didn't record them.


Gardner, in an article:  My ten favorite brainteasers  in Games (collected in Games Big Book of Games, 1984, pp. 130-131) says this is one of his favorite problems.  ??locate

Todhunter.  Algebra, 5th ed.  1870.  Examples XIII, no. 23, pp. 103 & 578.  In racing a mile (= 1760 yds),  A  gives  B  a headstart of  44 yd  and wins by  51 sec;  but if  A  gives  B  a headstart of  75 sec,  A  loses by  88 yd.  Find the times each can run a mile.

Charles Pendlebury.  Arithmetic.  Bell, London, (1886), 6th ed, 1893.  Section XXXV (b): Races and games of skill, pp. 267-268, examples XXXV (b) & answers, p. viii.  Does an example:  A  can give  B  10  yards in  100  yards and  A  can give  C  15  yards in  100  yards.  How much should  B  give  C  in  150  yards?  He gives  11  similar problems.  On pp. 363-364 & answers, part II, p. xix, he gives some further problems, 45-48.

W. W. Rouse Ball.  Elementary Algebra.  CUP, 1890 [the 2nd ed. of 1897 is apparently identical except for minor changes at the end of the Preface].

Ex. 8, p. 135.  "A  can row a mile in  ¾ of a minute less time than  B.  In a mile race,  B  gets  250 yards head start, and lose by  14 yards."  Determine their times to row a mile, assuming uniform speed.

Prob. 37, pp. 161 & 467,  If  B  gets a  12 sec headstart in a mile race, he loses by  44 yards.  If he gets a  165 yards headstart, he wins by  10 sec.  Determine their times for a mile.

Lewis Carroll.  Letter of 8 Apr 1897 to Enid Stevens.  = Carroll-Wakeling, prob. 25: Handicaps, pp. 33 & 71.  A  loses 10 yards in every 100 against  B,  while  B  gains 10 yards in every 100 against  C.  What handicaps should  B  give  A  and  C  in a quarter mile (= 440 yards) race?  Mentioned in Carroll-Gardner, pp. 50-51  Cohen's comment is that is that this is too ambiguous to have a precise answer, but such problems were common in late Victorian times and Wakeling gives an answer (but no method) which seems correct to me and in line with other problems of the time.  However, Gardner does not comment on Cohen's remark and does not give an answer.  Letting  A, B, C  denote the uniform speeds of the runners, Wakeling and I would interpret the problem statements as:  A = 90/100 · B  and  B = 110/100 · C.  The ambiguity is that one could read the statements as saying  A = 100/110 · B  and  B = 100/90 · C,  but I think the first interpretation is more natural.  Either case permits a clear answer.  Cohen says it is clear that  A = 90/100 · B,  but is unsure whether  B = 100/90 · C  or  B = 110/100 · C,  but the first case makes  C = A,  which makes the problem much less interesting.

Charles Pendlebury & W. S. Beard.  A "Shilling" Arithmetic.  Bell, London, 1899 -- my copy is 59th ptg, 1960 and says it was reset for the 49th ptg of 1944.  Examination Papers XIV, prob. 11, p. 187.  A runs at  12 1/2 mph  and B runs at  12 7/16 mph.  If A gives B ten yards headstart, when will he overtake him.  Who is ahead when A has run a mile?

Hummerston.  Fun, Mirth & Mystery.  1924.  Speed, Puzzle no. 18, pp. 49 & 174.  Cook can run  100  yards in  12  sec.  Brown can give Cook a  10  yd headstart and finish even with him.  Adams can give Brown a  5  yd headstart and finish even.  Adams gives Cook a  15  yd headstart and Cook loses  1/20  of a sec in a bad start.  Who wins and by how much?  He notes that one must assume uniform speeds.

Collins.  Fun with Figures.  1928.  The 100-yard dash, pp. 24-26.  = Hummerston with  Adams, Brown, Cook  replaced by  Bob, Jack, Bill.

Doubleday - 2.  1971.  Running commentary, pp. 59.  In a  100  yard dash,  A  gives  B  a head start of  25  to make an even race and  B  gives  C  a head start of  20.  How much head start should  A  give  C  to make an even race?


10.A.6.
DOUBLE CROSSING PROBLEMS

New section.  I recall Loyd and/or Dudeney have versions.  Also, the problems in 10.A with the faster meeting the slower on the return trip are related.

Mittenzwey.  1880.  Prob. 296, pp. 54 & 105;  1895?: 326, pp. 57 & 106;  1917: 326, pp. 52 & 100.  Field in the shape of a right triangle.  Runners whose speeds are in the ratio  13 : 11  start at the right angled corner along different legs.  They first meet at the midpoint of the hypotenuse and then at  60m  from the starting point.  As far as I can see, this leads to a quadratic.

Wood.  Oddities.  1927.  Prob. 61: The errand boys, p. 47.  Alan goes from  A  to  B  and back while Bob goes from  B  to  A  and back, both starting at the same time.  They first cross at  720  from  A  and then at  400  from  B.  How far is it between  A  and  B?  Gives a general formula:  If the two crossings occur at distances  a, b,  then the width is  3a - b.  He asserts that Alan goes faster, but the ratio of velocities is  a/(2a-b)  which is  9/13  in this case.

Philip Kaplan.  More Posers.  (Harper & Row, 1964);  Macfadden-Bartell Books, 1965.  Prob. 73, pp. 76 & 106.  Two swimmers in a pool, like above with distances  40,  20.


10.A.7.
TRAINS PASSING

New section.  If a fast train, going at velocity  V,  takes time  T  to overtake a slow train, going at velocity  v,  and it takes time  t  for the trains to pass when meeting, then the lengths of the trains cancel out and one gets  V/v  =  (T + t)/(T - t).

Haldeman-Julius.  1937.  No. 28: Speed problem, pp. 6 & 22.  T = 35,  t = 3,  V = 38.


10.A.8.
TOO SLOW, TOO FAST

New section.  If I go at rate  v1,  I arrive  t1  too late; if I go at rate  v2,  I arrive  t2  too soon.  I do not recall seeing anything like this before.

Charles Pendlebury & W. S. Beard.  A "Shilling" Arithmetic.  Bell, London, 1899 -- my copy is 59th ptg, 1960 and says it was reset for the 49th ptg of 1944.  Examination Papers XI, prob. 185, p. 185.  If a man goes at 4 mph, he arrives 5 min late; if he goes 5 mph, he arrives 10 min early.  How far is he going?

The general solution is easily found to be  D = v1v2(t1+t2)/(v2-v1).  However, I wondered what was the correct rate,  v,  so that I arrive on time.  This leads to the following.



(t1+t2)/v  =  t1/v2 + t2/v1   or   1/v  =  t1/(t1+t2)·1/v2  +  t2/(t1+t2)·1/v1,  so  v  is a weighted harmonic mean of  v1  and  v2.  On the other hand, we find the time to arrive is  t = D/v  =  v1/(v2-v1)·t1  +  v2/(v2-v1)·t2,  which is a weighted mean of  t1  and  t2.  



The only type of problem that I can recall that leads to similar means is the classic problem:  If I make a journey at 30 mph and return at 20 mph, what is my average speed.  In general, if I travel  di  at speed  vi,  what is my average speed?  Letting  ti  be the time at speed  vi,  we have  ti = di/vi,  so the average speed is given by  



(d1+d2)/v  =  t1 + t2  =  d1/v1 + d2/v2   or   



1/v  =  d1/(d1+d2)·1/v1  +  d2/(d1+d2)·1/v2,  so  v  is again a weighted harmonic mean of  v1  and  v2.  


10.B.
FLY BETWEEN TRAINS

There are two trains  d  apart, approaching at rates  a, b.  A fly starts at one, flies to the other, then back to the first, then back to the second, etc., flying at rate  c.  How far does he go? 


NOTATION.  We denote this problem by  (a, b, c, d).  For overtaking problems, we let  b  be negative.  I need to check for details.

Laisant.  Op. cit. in 6.P.1.  1906.  Chap. 53: Le chien et les deux voyagers, pp. 132-133.  A  is  8  km ahead and goes at  4  km/hr.  B  starts after him at  6  km/hr.  A dog starts at one and runs back and forth between them at  15  km/hr until they meet.  I.e. (4, ‑6, 15, 8).  Notes that the distance the dog travels is independent of where he starts and that the travellers could be meeting rather than overtaking.

Dudeney.  Problem 464: Man and dog.  Strand Mag. (Jul 1919).  ??NX.

Dudeney.  Problem 643: Baxter's dog.  Strand Mag.  (1924?).  ??NX.  A  goes at rate  2  and has an hour's head start.  B  goes at rate  4  and dog starts with him at rate  10.  I.e. (4, ‑2, 10, 2).

G. H. Hardy.  Letter of 5 Jan 1924 to M. Riesz.  In:  M. L. Cartwright.  Manuscripts of Hardy, Littlewood, Marcel Riesz and Titchmarsh.  Bull. London Math. Soc. 14 (1982) 472‑532.  (Letter is on p. 502, where it is identified as Add. MS. a. 275 33, presumably at Trinity College.)  Says it defeated Einstein, Jeans, J. J. Thomson, etc.  Fly between cyclists  (10, 10, 15, 20).  "One thing only is necessary: you must not know the formula for the sum of a geometrical progression.  If you do, you will take  15-20  minutes: if not,  2  seconds."

Ackermann.  1925.  Pp. 116‑117.  Couple walking up a hill.  Their dog, who is twice as fast as they are, runs to the top and back to them continually.  (a, 0, 2a, d) -- he only says the couple start  1/4  of the way up the hill.

Dudeney.  Problem 754: The fly and the motor‑cars.  Strand Mag. (Jun 1925)  ??NX.  (?= PCP 72.)

H&S 53, 1927, says this is 'a modern problem'.

M. Kraitchik.  La Mathématique des Jeux, 1930, op. cit. in 4.A.2, chap. 2, prob. 17, p. 30.  (15, 25, 100, 120).  (Identified as from L'Echiquier, 1929, 20, ??NYS.)  I can't find it in his Mathematical Recreations.

M. Adams.  Puzzles That Everyone Can Do.  1931.  Prob. 181, pp. 71 & 156: Little Red Riding Hood.  Little Red Riding Hood with her dog and Grandma set out at the same time to meet: (2, 2, 8, 6).

Dudeney.  PCP.  1932.  Prob. 72: The fly and the motor‑cars, pp. 28 & 86.  = 536; prob. 86: The fly and the cars, pp. 26 & 243.  (50, 100, 150, 300).

Phillips.  Week‑End.  1932.  Time tests of intelligence, no. 38, pp. 21 & 193.  Fly between cyclists.  (10, 15, 20, 60).

Abraham.  1933.  

Prob. 11 -- The fly and the cyclists -- A problem in convergent series?, pp. 6 & 23 (4 & 111).  (10, 10, 15, 20).

Prob. 63 -- The escaping prisoner, pp. 21 & 28 (16 & 115).  Warders going  4  after an escapee going  3  with  3/2  headstart.  A dog runs back and forth at  12.  I.e.  (4, ‑3, 12, 3/2).

Streeter & Hoehn.  Op. cit. in 7.AE.  Vol. 2, 1933, p. 29: Aeroplane dilemma.  Destroyer going  25  overtaking battleship going  20  with headstart of  30.  Plane flies back and forth at  90.  I.e.  (25, ‑20, 90, 30).

Phillips.  Brush.  1936.  Prob. G.21: The busy fly, pp. 20 & 87.  Same as in Week‑End.

J. R. Evans.  The Junior Week‑End Book.  Op. cit. in 6.AF.  1939.  Prob. 37, pp. 265 & 270.  Fly between cyclists,  (10, 10, 15, 20).

Haldeman-Julius.  1937.  

No. 73: The walking dog problem, pp. 9-10 & 24.  Man walking home with dog running between home and man.  (2, 0, 4, 2).

No. 149: Suicide of a bird, pp. 16-17 & 28.  Bird between two trains,  a = 52, b = 30, c = 60,  but  d  is not given.  Instead, he says the trains collide after half an hour, thereby making the problem pretty trivial and making the values of  a  and  b  unnecessary.

McKay.  At Home Tonight.  1940.  Prob. 20: The fluttered pigeon, pp. 66 & 80-81.  Pigeon between walkers --  (3, 3, 21, 30).  Gives solution by adding a GP and the easy solution.

Sullivan.  Unusual.  1943.  Prob. 4: A busy bee.  Bee between motorists -- (10, 10, 15, 20).

L. Lange.  Another encounter with geometric series.  SSM 55 (1955) 472‑476.  Studies the series involved.

William R. Ransom.  Op. cit. in 6.M.  1955.  The bicycles and the fly, pp. 22‑23.  Studies the series.

Eugene Wigner.  In the film:  John von Neumann, MAA, 1966, he relates this as being posed by Max Born to von Neumann, involving a swallow between bicyclists.  He says it was a popular problem in the 1920s.

Paul R. Halmos.  The legend of John von Neumann.  AMM 80 (1973) 382-394.  Gives the fly between two cyclists puzzle and story on pp. 386-387.

David Singmaster.  The squashed fly -- (60, 40, 50, 100)  with fly starting on first train.  Used in several of my series.

On training a fly to fly right.  Los Angeles Times (21 Dec 1987) Section CC Part II.

A very fly braintwister.  Special Holiday Edition of The Daily Telegraph:  The Great British Summer (Aug 1988) 15 & 10.

Flight of fancy.  Focus, No. 2 (Jan 1993) 63 & 98.

The squashed fly.  Games & Puzzles, No. 11 (Feb 1995) 19  &  No. 12 (Mar 1995) 41.

Herbert R. Bailey.  The girl and the fly: A von Neumann Legend.  MS 24 (1991/92) 108-109.  Cites Halmos, but gives a version with a girl walking toward a wall.  Finds the relevant series.

Yuri B. Chernyak & Robert S. Rose.  The Chicken from Minsk.  BasicBooks, NY, 1995.  

Chap. 2, prob. 10: The crazy dog (or the problem that didn't fool John Von Neumann), pp. 16 & 108.  Dog between cyclists; usual solution and some comments.  Refers to MTr (Nov 1991) -- ??NYS.

Chap. 11, prob. 7: The problem that didn't fool Von Neumann, pp. 95 & 183.  Does it by summing one series.


10.C.
LEWIS CARROLL'S MONKEY PROBLEM

A monkey and a barrel of equal weight are on the ends of a rope over a pulley.  The monkey starts to climb the rope -- what happens?

Stuart Dodgson Collingwood.  The Life and Letters of Lewis Carroll.  T. Fisher Unwin, London, 1898.  Pp. 317-318.  Referring to Dec 1893, he says "Mr. Dodgson invented a new problem to puzzle his mathematical friends with, which was called "The Monkey and Weight Problem."  A rope is supposed to be hung over a wheel fixed to the roof of a building; at one end of the rope a weight is fixed, which exactly counterbalances a monkey which is hanging on to the other end.  Suppose that the monkey begins to climb the rope, what will be the result?"  

Carroll.  Letter of 19 Dec 1893 to Price.  Discussed and reproduced for the first time in Edward Wakeling: Lewis Carroll and the Bat; ABMR (Antiquarian Book Monthly Review) 9:2 (No. 99) (Jul 1982) 252-259.  Wakeling has sent me a copy of this.  Carroll starts: "Many thanks for your solution of the "Monkey & Weight" Problem -- It is the reverse of the solution given me by Sampson", and discusses consequences of Sampson's argument.  As a postscript, Carroll states: "I own to an inclination to believe that the weight neither rises nor falls!"

Carroll.  Diary entry for 21 Dec 1893.  In Roger Lancelyn Green's edition, p. 505.  Quoted in Collingwood, above; in Carroll-Wakeling II, below; and slightly differently in Wakeling's 1982 article, above.  "Got Prof. Clifton's answer to the "Monkey and Weight Problem."  It is very curious, the different views taken by good mathematicians.  Price says the weight goes up, with increasing velocity.  Clifton (and Harcourt) that it goes up, at the same rate as the monkey; while Sampson says it goes down."

Carroll-Wakeling II, prob. 9: The monkey and weight problem, pp. 15-16 & 66.  Quotes the problem and the Diary entry.  Identifies the people, who were all Oxford academics:  Robert Bellamy Clifton, Professor of Experimental Philosophy;  Bartholomew "Bat" Prices -- cf Carroll‑Wakeling in Common References;  Augustus Vernon Harcourt, Lee's Reader in Chemistry, at Christ Church;  Rev. Edward Francis Sampson, assistant mathematical tutor to Carroll at Christ Church.  Wakeling notes that most modern mathematicians and scientists agree with Clifton and Harcourt.

Carroll.  Letter of 23 Dec 1893 to Mrs. Price.  Discussed and partially reproduced in Wakeling's 1982 article, above.  In a PS, he asks her to remind Price to return Sampson's proof, summarises the various solutions received and concludes the paragraph with  "And my present inclination is to believe that it goes neither up nor down!!!

Carroll-Collingwood.  1899.  Pp. 267‑269 (Collins: 193-194).  Repeats material from The Life and Letters.  Then includes a letter from Arthur Brook, arguing that 'the weight remains stationary'.  Collingwood discusses it and sides with Sampson.

Pearson.  1907.  Part II, no. 11: A climbing monkey, pp. 9 & 188.  Asserts that the weight goes up, but the monkey does not!

Dudeney.  Some much‑discussed puzzles.  Op. cit. in 2.  1908.  Cites the diary entry from Collingwood's Life and Brook's comment in the Picture Book.  Says mechanical devices have been built.

Loyd.  Lewis Carroll's monkey puzzle.  Cyclopedia, 1914, pp. 44, 344‑345 (erroneous solution).  (= MPSL2, prob. 1, pp. 1‑2 & 121.)

William F. Rigge.  The climbing monkey.  SSM 17 (1917) 821.  (Refers to L'Astronomie (Jul 1917) ??NYS.)  Asserts that the weight remains fixed and that he made a clockwork climber and demonstrated this.

Wilbert A. Stevens.  The monkey climbs again.  SSM 19 (1919) 815.  Assert's Rigge's climber was too light to overcome friction and that both should ascend together.

William F. Rigge.  The monkey stops climbing.  SSM 20 (1920) 172‑173.  Says he increased the speed of his monkey and that now it and the weight go up together.

Editors, proposers;  E. V. Huntington & L. M. Hoskins, solvers.  Problem 2838.  AMM 27 (1920) 273‑274  &  28 (1921) 399‑402.  Proposal quotes Carroll and cites Collingwood & SSM.

Ackermann.  1925.  Pp. 1‑2.  Says they would go up together, but the rope moves to the side of the monkey and so the weight will rise faster.  Cites Carroll.

Ernest K. Chapin.  Loc. cit. in 5.D.1.  1927.  

P. 83 & Answers p. 6: Balanced swings.  Two equally weighted swings and children connected by ropes over pulleys.  One child starts swinging.  What happens to the other?  Answer says the centrifugal force would pull the other child up.

P. 104 & Answers p. 12: The climbing monkey.  [Unsigned item -- possibly by Loyd Jr??]  Refers to L'Astronomie (Jul 1917), ??NYS.  Gives Carroll's problem.  Suggests making the rope a loop so movement of the rope doesn't cause an imbalance.  Answer says they go up together, but if the inertia of the rope is considered then the monkey will rise faster than the weight.  If the monkey lets go and recatches the rope, then things are again symmetric until one considers the inertia of the rope which will cause the barrel to fall less rapidly and hence the process will cause the barrel to rise.

Jerome S. Meyer.  Fun-to-do.  Op. cit. in 5.C. 1948.  Prob. 6: How good are you in physics?, part 2, pp. 19-20 & 181-182.  Carroll's problem, with no reference to Carroll.  Answer says the weight will go up.

Warren Weaver.  Lewis Carroll: Mathematician.  Op. cit. in 1.  1956.  Mentions the problem.  A. G. Samuelson's letter says a modern version has a mirror at the other end and asks if the monkey can get away from his image.  He says the monkey and the mirror will behave identically so he cannot get away.  Weaver's response is that this is correct, though he was saying that the behaviour of the weight cannot be known unless you know how the monkey climbs.

H. T. Croft  &  S. Simons.  Some little naggers.  Eureka 23 (Oct 1960) 22 & 36.  No. 5.  Answer says they go up together.

Carroll-Gardner.  1996.  Pp. 23-24.  Quotes the problem and gives the accepted solution.  Says there is a demonstration at the Chicago Museum of Science and Industry.


10.D.
MIRROR PROBLEMS

10.D.1
MIRROR REVERSAL PARADOX

Why does a mirror reverse right and left, but not up and down?  This is a perennial problem in Notes and Queries type columns.

Alice Raikes.  Letter.  The Times (22 Jan 1932).  ??NYS -- cited in:  Michael Barsley; The Left Handed Book; (Souvenir, London, 1966);  Pan, 1989, pp. 199‑200.  Quoted in:  Roger Lancelyn Green; Alice -- an excerpt from his:  Lewis Carroll, Bodley Head, 1960;  IN:  Robert Phillips, ed.; Aspects of Alice; (1971;  Gollancz, London, 1972);  Penguin, 1974, pp. 52-53.  Quoted in:  Florence Becker Lennon; Escape through the looking-glass -- an excerpt from her:  Victoria Through the Looking-Glass, 1971;  IN:  Robert Phillips, ibid., pp. 108-109.



Miss Raikes was one of Carroll's girl friends.  She relates that Carroll put an orange in her right hand and then asked her to stand in front of a mirror and say which hand the reflection had the orange in.  She said the left hand and Carroll asked her to explain.  She finally said  "If I was on the other side of the glass, wouldn't the orange still be in my right hand?"  Carroll said this was the best answer he had had and later said it was the idea for "Through the Looking Glass".  Green dates this as Aug 1868 and says it took place when Carroll was visiting his uncle Skeffington Lutwidge at his house in Onslow Square, London.

Dudeney.  PCP.  1932.  Prob. 327: Two paradoxes, pp. 112‑113 & 526.   = 536, prob. 526, pp. 216‑217 & 412.

Gardner.  Left and right handedness.  SA (Mar 1958) = 1st Book, chap. 16.

Eric Laithwaite.  Why Does a Glow-worm Glow?  Beaver (Hamlyn), London, 1977.  Pp. 54‑56: When you look into a mirror, your left hand becomes your right, so why doesn't your head become your feet?  He gives the correct basic explanation but then introduces an interesting complication.  If you hold a rotating wheel with its axis parallel to the mirror, the image appears to be rotating in the opposite direction to the real wheel.  Now turn the wheel so the axis is perpendicular to the mirror and the image now appears to be rotating in the same direction as the real wheel!!  [What do you see when you're halfway in the turning process??]

Gardner.  The Ambidextrous Universe.  2nd ed., Pelican (Penguin), 1982.  Pp. 6‑9 & 22‑26 surveys the question and cites three 1970s serious(!) philosophical articles on the question.

Richard L. Gregory.  Mirror reversal.  IN: R. L. Gregory, ed.; The Oxford Companion to the Mind; OUP, 1987, pp. 491-493.  ??NX.  Gives the basic explanation, but seems unhappy with the perceptual aspects.  I would describe it as making heavy weather of a simple problem.

Don Glass, ed.  Why You Can Never Get to the End of the Rainbow and Other Moments of Science.  Indiana Univ Press, Bloomington, Indiana, 1993.  (Adapted from scripts for the radio series A Moment of Science, WFIU, Bloomington, Indiana.)  A mirror riddle, pp. 32-33.  States that a mirror usually reverses right and left, but a reflecting lake (or a flat mirror) reverses up and down.  Says that the explanation is that a mirror reverses clockwise and anticlockwise, but this is basically inadequate.

In c1993, there was correspondence in the Answers column of The Sunday Times.  Collected in: The Sunday Times Book of Answers; ed. by Christopher Lloyd, Times Books, London, 1993.  (The column stared in Jan 1993, but 70% of the book material did not appear in the paper.)  Pp. 63-67.  One correspondent said he asked the question in New Scientist almost 20 years ago.  One correspondent clearly states it reverses front and back, not right and left.  Another clearly notes that the appearance of reversing right and left is due to the bilateral symmetry of our bodies, so we turn around to consider the mirror image.

In c1994, there were several letters on the problem in The Guardian's Notes & Queries.  These are reproduced in: Joseph Harker, ed.; Notes & Queries, Vol. 5., Fourth Estate, London, 1994, pp. 178-180  and in: Joseph Harker, ed.; The Weirdest Ever Notes & Queries; Fourth Estate, London, 1997, pp. 140-142.  R. Thomson clearly sees that right and left are not reversed, but front and back are.  Richard L. Gregory has a slightly confusing letter but adds that the problem goes back to Plato and that he has given the history and solution in his Odd Perceptions (Routledge, 1986, ??NYS) and in the Oxford Companion to the Mind -- see above.

Erwin Brecher.  Surprising Science Puzzles.  Sterling, NY, 1995.  The mirror phenomenon, pp. 16 & 80.  "Why does a mirror reverse only the left and right sides but not up and down?"  Gives a nonsensical answer: "Left and right are directional concepts while top and bottom, or up and down, are positional concepts." and then follows with an unreasonable analogy to walking over the North Pole.

Seckel, 2002, op. cit. in 6.AJ, fig. 17, pp. 26 & 44.  Straightforward discussion of the paradox.


10.D.2.
OTHER MIRROR PROBLEMS
Richard A. Proctor.  Our puzzles.  Knowledge 10  (May 1887) 153  &  (Jun 1887) 186-187.  Prob. XXVIII: how to see yourself properly  --  use two mirrors at right angles.  Prob. XXIX: in a fully mirrored room, what do you see when you look into a corner?  --  yourself inverted.  Prob. XXX: in the same room, how many images of yourself do you see?  --  26.


10.D.3
MAGIC MIRRORS

These are oriental (Chinese or perhaps Japanese) polished discs which cast reflections containing a pattern.  I first came across them in one of R. Austin Freeman's detective stories and I was kindly brought one from China a few years ago.  Since about 1991, they have been made in and exported from China and are commercially available.  A fine example, with explanation, is in the Museum of the History of Science in Oxford, but it is not illuminated.  Basically, the pattern is hammered on the disc and this causes molecular changes which remain even when the surface has been made apparently smooth.  Apparently other methods of producing a difference in metallic structure have been used.  Sometimes the pattern is also made in relief on the opposite side of the disc, and sometimes a different pattern is made.


Peter Rasmussen and Wei Zhang have sent a bundle of material on this, ??NYR.

Aignan Stanislas Julien.  Notice sur les miroirs magiques des Chinois et leur fabrication.  CR, 1847?  Separately printed or extracted from the journal, Bachelier, Paris, 1847.  15pp.  ??NYS -- seen in a dealer's catalogue.

John Timbs.  Things Not Generally Known,  Familiarly Explained.  A Book for Old and Young (spine says  First Series  and a note by a bookdealer on the flyleaf says  2 vol.).  Kent & Co., London, (1857?), 8th ed., 1859.  Chinese magic mirrors, p. 114.  Says the reflected pattern is in relief on the other side of the disc.  He quotes an explanation given by 'Ou-tseu-hing' who lived between 1260 and 1341 and who worked out the process by inspecting a broken mirror.  He says that the disc with the relief pattern is made by casting, in fine copper.  The pattern is then copied by engraving deeply on the smooth side and the removed parts are filled with a rough copper, then the disc is fired, polished and tinned.  The rough copper produces dark areas in the reflection.

R. F. Hutchinson.  The Japanese magic mirror.  Knowledge 10 (Jun 1887) 186.  Says he has managed to fulfil a boyhood longing and obtain one.  Describes the behaviour and asks for an explanation.

J. Parnell.  The Japanese magic mirror.  Knowledge 10 (Jul 1887) 207.  Says he studied it some 20 years earlier and cites:  The Reader (1866);  Nature (Jul 1877)  and  a paper read to the Royal Society by Ayrton & Perry in Dec 1878  -- all ??NYS.  Says the mirror is somewhat convex and the picture lines are slightly flatter, so the reflection of the picture is brighter than of the surrounding area.

The Japanese mirror.  Cassell's Magazine (Dec 1904) 159-160.  Short note in the Flotsam and Jetsam section.  Says they are bronze covered with a mercury amalgam with a raised pattern on the back, whose image is reflected by the front.  Says it "is due to inequalities of convexity on the face, caused by the pattern on the back dispersing the sunlight more or less."

R. Austin Freeman.  The Surprising Adventures of Mr. Shuttlebury Cobb.  Story VI: The magic mirror.  The series first appeared in  Pearson's Magazine:  (1 Jun 1913) 438-448,  (15 Jun 1913) 565-574,  (1 Jul 1913) 748-757   and  Red Magazine:  (15 Jul 1913) ??,  (1 Aug 1913) ??,  (15 Aug 1913).  Collected as a book:  Hodder & Stoughton, London, 1927,  with Story VI on pp. 231-281.  "... product of Old Japan, ...."  Says the device on the back is cast as a dark shape with a bright halo.  Says the design is formed by chasing or hammering the lines, which makes them harder than the surrounding bronze (or similar metal), so when polished, they project slightly and produce an image in the reflection.  Says there is an Encyclopedia Britannica article on the subject, but it is not in my 1971 ed.

R. Austin Freeman.  The magic casket.  Pearson's Magazine (Oct 1926) 288-299, ??NYS.  Collected in:  The Magic Casket; Hodder & Stoughton, London, 1927 and reprinted numerous times (I have 5th ptg, 1935), pp. 7-41.  Collected in:  Dr. Thorndyke Omnibus (variously titled); Hodder & Stoughton, London, 1929, pp. 398-425.  Says the phenomenon was explained by Sylvanus Thompson.  Says the polished lines project slightly and produce dark lines with a bright edges in the reflection.

Will Dexter.  Famous Magic Secrets.  Abbey Library, London, nd [Intro. dated Nov 1955].  P. 56.  Describing a visit to the premises of The Magic Circle, he says:  "Here are Japanese Magic Mirrors -- a whole shelf of them.  Made of a secret bronze alloy, ..., they have a curious property.  ...  Why?  Well now, people have written books to explain this phenomenon, ....  Some other time we'll talk about it...."


10.E.
WHEEL PARADOXES
Clark.  Mental Nuts.  1897, no. 36;  1904, no. 44;  1916, no. 46.  The wheel.  "Does the top go faster than the bottom?"  Answer is: "Turning on ground, yes; on shaft, no."

See Laithwaite, 1977, in 10.D.1 for a combined wheel and mirror paradox.


10.E.1.
ARISTOTLE'S WHEEL PARADOX

Wheels of different sizes joined concentrically and rolling on two tracks at different heights.  At first, it appears that they each roll the same distance and hence must have the same circumference!

Aristotle (attrib.).  Mechanical Problems.  c-4C?  In:  Aristotle -- Minor Works.  Trans. by W. S. Hett; Loeb Classical Library, 1936, pp. 329‑441.  The wheel paradox is section 24, pp. 386‑395.

Heron (attrib.).  Mechanics (??*).  c2C?  Ed. by L. Nix & W. Schmidt.  Heronis Opera, vol. II, Teubner, Leipzig.  Chap. 7.  ??NYS.  (HGM II 347‑348.)

Cardan.  Opus Novum de Proportionibus Numerorum.  Henricpetrina, Basil, 1570, ??NYS.  = Opera Omnia, vol. IV, pp. 575-576.

Galileo.  Discorsi e Dimostrazione Matematiche intorno à Due Nuove Scienze Attenenti alla Mecanica & i Movimenti Locali.  Elzevirs, Leiden, 1638.  Trans. by S. Drake as:  Two New Sciences; Univ. of Wisconsin Press, 1974;  pp. 28‑34 & 55‑57.  (English also in:  Struik, Source Book, pp. 198‑207.)

E. P. Northrop.  Riddles in Mathematics.  1944.  1944: 59-60;  1945: 56‑57;  1961: 63‑64.  Footnote on p. 248 (1945: 229;  1961: 228) only dates it back to Galileo.

Israel Drabkin.  Aristotle's wheel:  notes on the history of a paradox.  Osiris 9 (1950) 162-198.


10.E.2.
ONE WHEEL ROLLING AROUND ANOTHER

How often does a wheel turn when it is rolled around another?  This is a well-known astronomical phenomenon -- the solar day and the sidereal day are different.  This is closely related to Section 10.E.3, qv.

Gardner.  Some mathematical models embedded in the solar system.  SA (Apr 1970) = Circus, chap. 16, Solar system oddities.  In 1806, a reader's letter to SA asked "How many revolutions on its own axis will a wheel make in rolling once round a fixed wheel of the same size?"  The editors replied "One", which started an enormous correspondence.  In vol. 18 (1868) 105-106, they printed a selection of letters, but more continued to come until in Apr 1868, they announced they were dropping the topic, but would continue it in a new monthly, The Wheel.  This was advertised as being available in the 23 May issue of SA.  In Carroll-Gardner, p. 46, Gardner indicates he has never seen a copy of The Wheel.

Clark.  Mental Nuts.  1897, no. 38;  1904, no. 46;  1916, no. 48.  The cog wheels.  "Suppose two equal cog wheels or coins (one stationary), how many turns will the other make revolving around it?"  Answer is: "Two full turns."

Pearson.  1907.  Part II, no. 58: The geared wheels, pp. 58 & 172.  10  tooth wheel turning about a  40  tooth wheel.

Dudeney.  AM.  1917.  Prob. 203: Concerning wheels, pp. 55 & 188.

McKay.  Party Night.  1940.  No. 23, p. 181.  Two equal circles, one rolling around the other.

W. T. Williams & G. H. Savage.  The Penguin Problems Book.  Penguin, 1940.  No. 80: Revolving coins, pp. 46 & 129.  Equal coins, then rolling coin of half the diameter.

E. P. Northrop.  Riddles in Mathematics.  1944.  1944: 55-57;  1945: 52‑54;  1961: 60‑62.  Also considers movement of a slab on rollers.

Gardner.  Coin puzzles.  SA (Feb 1966)  =  Carnival, chap. 2, Penny Puzzles.  Gives the basic problem and the elegant generalization for rolling around an arbitrary ring of coins of the same size.


10.E.3.
HUNTER AND SQUIRREL

This is closely related to Section 10.E.2, qv.

Gardner.  Some mathematical models embedded in the solar system.  SA (Apr 1970) = Circus, chap. 16, Solar system oddities.  He says there have been many, mostly self-published, booklets arguing that the moon does not rotate and that several are included in De Morgan's Budget of Paradoxes of 1872.  

Jelinger Symons.  Letter: The moon has no rotary motion.  The Times (8 Apr 1856).  ??NYS -- discussed by Edward Wakeling in his edition of Lewis Carroll's Diaries, because Carroll responded and made an entry on 8 Apr.  Discussed in Carroll‑Gardner, pp. 45-46.  Carroll "noticed for the first time the fact that though [the moon] only goes 13 times round the earth in the course of the year, it makes 14 revolutions round its own axis, the extra one being due to its motion round the sun."  There were numerous responses to Symons' letter, and The Times printed seven of them on 9 Apr, but not Carroll's.  Symons riposted on 14 Apr, Carroll responded again, with a brief diary entry, and a reply appeared on 15 Apr, signed  E.B.D., but this is not known to be a pseudonym of Carroll and if it were, Carroll would most likely have recorded it in his diary.

Bubbenhall.  Letter:  A puzzle.  Knowledge 3 (9 Feb 1883) 91, item 719.  "A squirrel is sitting upon a post and a man is standing facing the squirrel, the squirrel presently turns round and the man moves round with it, always keeping face to face.  When the man has been round the post has he been round the squirrel?"  Proctor was editor at the time -- could he have written this letter??

Richard A. Proctor.  Editorial comment.  Knowledge 3 (9 Mar 1883) 141-142.  Says the hunter does go round the squirrel and that the problem is purely verbal.

W. Smith.  Letter:  The squirrel puzzle.  Knowledge 3 (4 May 1883) 268, item 807.  Disagrees with above, but not very coherently.  Proctor's comments do not accept Smith's points.  "In what way does the expression going round an object imply seeing every side of it?  Suppose the man shut his eyes, would that make any difference?  Or, suppose the man stood still and the squirrel turned round, so as to show him every side -- would the stationary man have gone round the squirrel?"

Clark.  Mental Nuts.  1897, no. 22;  1904, no. 15;  1916, no. 21.  The hunter and the squirrel.  Here the squirrel always keeps on the opposite side of the tree from the hunter.  The 1897 answer is: "No; he did not."  The 1904 ed extends this by: "They travel on parallel lines and do not change their relative position." and the 1916 abbreviates the answer as: "No; they travel on parallel lines, don't change relative position."

Pearson.  1907.  Part I: Round the monkey, p. 126.  Says R. A. Proctor discussed this some years ago in "Knowledge".

William James.  Pragmatism.  NY, 1907.  ??NYS.

Dudeney.  Some much‑discussed puzzles.  Op. cit. in 2.  1908.  'The answer depends entirely on what you mean by "go around."'

Loyd.  Cyclopedia.  1914.  The hunter and the squirrel, p. 61.  c= SLAHP: The hunter and the squirrel, p. 9.  Loyd Jr. says it is a "hundred‑year‑old question".

Collins.  Fun with Figures.  1928.  Monkey doodles business, pp. 232-234.  Monkey on a pole as in Bubbenhall.  "It is really a matter of personal opinion, ...."  Quotes Proctor's comments of 4 May 1883 with some minor changes.

Harriet Ventress Heald.  Op. cit. in 7.Z.  1941.  Prob. 36, p. 17.  Answer says it depends.

Robin Ault.  On going around squirrels in trees.  JRM 10 (1977‑78) 15‑18.  Cites James.  Develops a measure such that if the hunter and the squirrel move in concentric circles of radii  a  and  b,  then the hunter goes  a/(a+b)  around the squirrel and the squirrel goes  b/(a+b)  around the hunter.


10.E.4.
RAILWAY WHEELS PARADOX

New Section.  Although I learned this years ago and have used it as a problem, I don't recall seeing it in print before acquiring Clark in Aug 2000.

Clark.  Mental Nuts.  1897, no. 49.  Argument.  "The wheels of a locomotive are fixed fast on the axle.  The outer rail in a curve is the longest.  How do the outer and inner wheels keep even in rounding the curve?"  "By the bevel of the wheels and sliding."  His 'bevel' refers to the fact that the wheels are tapered, being smaller on the outside.  Centrifugal force on a curve causes the locomotive to move toward the outside of the curve so the outer wheel has a larger effective circumference than the inner wheel.

David Singmaster.  Wheel trouble.  Problem used as Round the bend, Weekend Telegraph (26 Nov 1988)  =  Wheel trouble, Focus, No. 9 (Aug 1993) 76-77 & 90.




Car enthusiasts will know that the rear axle of a rear-wheel-drive vehicle has a differential gear to allow the wheels to turn at different speeds.  This is essential for turning because the outside wheel travels along a circle of larger radius and hence goes further and turns more than the inner wheel.  But a railroad car has rigid axles, with the wheels firmly attached at each end.  How can a railroad car go around a bend?




One must look closely at the wheels of a railroad car to see the answer.  The wheels are tapered, with the larger part toward the inside of the car, and the rails are slightly rounded.  Consequently, when the car goes around a bend, its inertia (generally called centrifugal force) causes it to move a bit outward on the rails.  The outer wheel then rides out and up, giving it a larger radius, while the inner wheel moves in and down, giving it a smaller radius.




The diagram shows an exaggerated view of the wheels and axle.
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10.F.
FLOATING BODY PROBLEMS

Of course, the original floating body problem is Archimedes' testing of Hieron's crown.  I have only included a few examples of this -- it is fairly widely available.

Archimedes.  On Floating Bodies, Book I.  In:  T. L. Heath, The Works of Archimedes, ..., op. cit. in 6.AN, 1897 & 1912, pp. 253-262.  On pp. 258-261, Heath describes how Archimedes probably analysed Hieron's crown.

Marcus Vitruvius [Pollo].  De Architectura.  c-20.  Translated by Morris Hicky Morgan as: Vitruvius  The Ten Books on Architecture; Harvard Univ. Press, 1914 = Dover, 1960.  Pp. 253-254.  Describes Hiero's crown problem and says Archimedes simply measured the amount of water displaced by the crown and equal weights of gold and silver.

 E. J. Dijksterhuis.  Archimedes.  Op. cit. in 6.S.1.  1956.  Pp. 18-21 discusses the problem, noting that the object was actually a wreath, stating that the oldest known source is Vitruvius (late 1C) and giving several versions of the method thought to have been used by Archimedes.

[I've recently read Vitruvius and his description of Archimedes' work says he measured the displacements when the crown and equal weights of gold and silver were placed in water.  I'll expand on this when I find my photocopy.]

Isaac Disraeli.  Miscellanies of Literature.  Preface dated 1840 -- my copy is: New edition, revised;  Ward, Lock, London, 1882 (date of publisher's catalogue at end).  P. 211 relates that Charles II, when dining with the Royal Society "on the occasion of constituting them a Royal Society", asked what would happen if one had two pails of water of equal weight and put fish in one of them -- "he wanted to know the reason why that pail with such addition, should not weigh more than the other ...."  This produced numerous confused explanations until one member burst into laughter and denied the fact.  I find the phrasing confusing -- it seems that he wanted to know why the pails remained of equal weight.  However, there is a possible way that the pails would remain of equal weight -- if both pails were full to the brim, then the insertion of fish would cause an equal weight of water to overflow from the pail.  Disraeli is not specific about dates -- there are two basic dates of the beginning of the Society.  It was founded on 28 Nov 1660 and it was chartered on 15 Jul 1662, with a second charter on 22 Apr 1663.  The 1662 date seems most likely.

Dudeney??  Breakfast Table Problems No. 334: Water and ice.  Daily Mail (3  &  4 Feb 1905) both p. 7.  Ice in a full glass of water.  "..., what volume of water will overflow when the ice melts?"

Ackermann.  1925.  

Pp. 62‑63.  Barge in a canal going over a bridge.  How much more weight is on the bridge? 

Pp. 94‑95.  Ice in full vessel of water.

Dudeney.  Problem 1060: Up or down?  Strand Mag. (Jun? 1931).  ??NX.  Boat full of iron in a reservoir.

Perelman.  FMP.  c1935?

Which is heavier?, p. 114.  Bucket of water versus equally full bucket with wood floating in it.  

Under water, pp. 199 & 202.  Submerge a balanced balance with stone on one side and iron on the other. 

W. A. Bagley.  Paradox Pie.  Op. cit. 6.BN.  1944.  

No. 90: Supporting the ship, p. 60.  Ship in canal going over a bridge. 

No. 91: A n'ice question, p. 60.  Ice in glass.

John Henry Cutler.  Dr. Quizzler's Mind Teasers.  Greenberg, NY, 1944.  ??NYS -- excerpted in: Dr. Quizzler's mind teasers; Games Magazine 16:3 (No. 109) (Jun 1992) 47 & 43, prob. 7.  Balance two bowls of water on a scales.  Add some goldfish to one of them.  Do the bowls still balance?

W. T. Williams & G. H. Savage.  The Third Penguin Problems Book.  Penguin, Harmondsworth, 1946.  Prob. 79: Aquatics, pp. 38 & 117.  Boat with iron weight in a bathtub.

J. De Grazia.  Maths is Fun.  Allen & Unwin, London, 1949 (reprinted 1963).  Chap. I, prob. 7, Cobblestones and water level, pp. 12 & 111.

Gamow & Stern.  1958.  The barge in the lock.  Pp. 104‑105.  Barge full of iron in a lock.

H. T. Croft  &  S. Simons.  Some little naggers.  Eureka 23 (Oct 1960) 22 & 36.  

No. 1.  Ordinary milk bottle with cream on top of the milk.  When shaken, they claim the pressure on the bottom becomes greater, but no reason is given and this seems wrong to me -- ??

No. 2.  Ice cube in a full glass of water.

No. 3.  Boat on a lake.

David Singmaster.  Any old iron?  Barge full of iron in the lock.  What happens to the boat when the iron is thrown into the lock?  Appeared as:  Watertight problem.  The Weekend Telegraph (9 Jun 1990) XXIV  &  (16 Jun 1990) XXIV.  

About 1994, there was some correspondence -- possibly in the Guardian's Notes & Queries column -- about barges in a canal on a viaduct.  Apparently Telford's 1801 Pontcysyllte viaduct on the Shropshire Union Canal at Chirk, near Llangollen, is  1007  ft long, but has a notice restricting the number of barges on it to three, though a barge is about  70  ft long.  Responses indicated that the reason for the restriction may have been wave problems.

Erwin Brecher  &  Mike Gerrard.  Challenging Science Puzzles.  Sterling, 1997.  [Reprinted by Goodwill Publishing House, New Delhi, India, nd [bought in early 2000]].  Pp. 33 & 73: Water level.  Discusses the problem of a boat in a pool and throwing a brick overboard.  Asks what happens if the boat springs a leak and slowly sinks?


10.G.
MOTION IN A CURRENT OR WIND

Simple problems of this type are just variations of meeting problems -- see Vyse and Pike, etc. -- but they only seem to date from the late 18C.


The comparison of up and down stream versus across and back is the basis of the Michelson-Morley experiment and the Lorentz-Fitzgerald contraction in relativity, so this idea must have been pretty well known by about 1880, but the earliest puzzle example I have is Chapin, 1927.


More recently, I posed a problem involving travel uphill, downhill and on the level and I have now seen Todhunter.  I will add such problems here, but I may make a separate subsection for them.

Vyse.  Tutor's Guide.  1771?  Prob. 13, 1793: p. 186; 1799: p. 198 & Key p. 241.  Two rowers who can row at  5  set out towards each other at points  34  apart on a river flowing  2½.  Though this appears to belong here, it is simply  MR-(2½, 7½; 34).

Pike.  Arithmetic.  1788.   P. 353, no. 33.  Two approaching rowers, starting  18  apart and normally able to row at rate  4, but the tide is flowing at rate  1½.  I. e.  MR‑(2½, 5½; 18).  (Sanford 218 says this is first published version!) 

D. Adams.  New Arithmetic.  1835.  P. 244, no. 86.  Two boats, with normal speeds  8   start to meet from  300  apart on a river flowing at rate  2.  I. e.  MR-(6, 10; 300).  

I imagine this appears in many 19C texts.  I have seen the following.  

T. Tate.  Algebra Made Easy.  Op. cit. in 6.BF.3.  1848.

Pp. 45-46, no. 14.  Rower goes  30  miles down and back in  7  hours.  He can row  2  miles upstream in the time he can row  5  miles downstream.  Find his rates.

P. 86, no. 11.  Rower goes  a  mph with the tide and  b  mph against the tide.  What is the rate of the tide?

Colenso.  Op. cit. in 7.P.1.  1849.

Exercise 47, no. 10, p. 85 & Answers, p. 11.  Rower goes  20  miles and back in  10  hours.  He goes  3  miles downstream in the time he goes  2  miles upstream.  How long does he take each way?

Miscellaneous examples, no. 336, p. xix & Answers, p. 23.  Crew rows  3½  miles down and back up a river in  100  minutes, where the current is  2  miles per hour.  What is their rate in still water?

Edward Brooks.  The Normal Mental Arithmetic  A Thorough and Complete Course by Analysis and Induction.  Sower, Potts & Co., Philadelphia, (1858), revised, 1863.  Further revised as:  The New Normal Mental Arithmetic: A Thorough and Complete Course by Analysis and Induction;  Sower, Potts & Co., Philadelphia, 1873.  Several examples of the following type.



1863 -- p. 136, no. 4;  1873 -- p. 146, no. 4.  Steamboat goes  12  in still water; current is  4.  Goes down river and returns in  6  hours.  How far did it go?

Todhunter.  Algebra, 5th ed.  1870.  

Examples X, no. 21, pp. 85 & 577.  A crew can row  9 mph  in still water.  In a river, they find it takes them twice as long to go up a distance as to come back down.  How fast is the river?

Examples XXIV, no. 4, pp. 209 & 586.  A boat goes  3½ mi  down river and returns in  1 hr 40 min.  If the river goes at  2 mph,  how fast is the boat?

Miscellaneous Examples, no. 58, pp. 549 & 604.  A  to  B  is  7½ mi  with some uphill, some downhill and some level (or flat).  Man's walking speeds on these sections are  3, 3½, 3¼ mph  respectively.  It takes him  2 hr 17½ min  to go and  2 hr 20 min  to return.  I find that the general solution for the flat distance  S,  given the total distance  L,  speeds  U, D, F  and times  T1, T2,  is given by  S [2/F ‑ 1/U - 1/D]  =  T1 + T2 - L(1/U + 1/D).  

Miscellaneous Examples, no. 88, pp. 551 & 605.  Road from  A  to  B  comprises  5  uphill, then  4  level, then  6  downhill.  Man walks from  A  to  B  in  3 hr 52 min (i.e. 3:52)  and from  B  to  A  in  4:00.  He then walks halfway from  A  to  B  and returns in  3:55.  Find his three rates.

Colenso.  Op. cit. in 7.H.  These are from the (1864), 1871 material.  Let  V  be the velocity of the rower and  T  the velocity of the tide.

No. 6, p. 187.  V + T  =  5/3 * (V ‑ T)   and   V + T + ½  =  2 (V ‑ T ‑ ½).

No. 25, pp. 190 & 215.  V = 1/9  mile/minute,  V ‑ T = 1/14  mi/min.  What is  V + T?

Horatio N. Robinson.  New Elementary Algebra: Containing the Rudiments of the Science for Schools and Academies.  Ivison, Blakeman, Taylor & Co., New York, 1875.  Prob. 90, p. 305.  Man can row  15  miles down river in  2½  hours, but requires  7½  to row back.  What are the rates of the rower and of the river?

William J. Milne.  The Inductive Algebra ....  1881.  Op. cit. in 7.E.  No. 89, pp. 301 & 347.  Steamboat goes  10  in still water, current is  4,  boat goes down and returns in  10  hours -- how far did it go?

Briggs & Bryan.  The Tutorial Algebra, Part II.  Op. cit. in 7.H.  1898.  Exercises X, prob. 24, pp. 125 & 580.  Stream goes  4.  Man rows up and back and takes  39  minutes longer than in still water.  With a second rower, they can go  3/2  as fast as the single man.  They do the same trip in only  8  minutes longer than in still water.

W. P. Workman.  The Tutorial Arithmetic, op. cit. in 7.H.1.  1902.  Section IX, art. 240, example 3, p. 410 (= 416 in c1928 ed.).  Boat goes  4  mi in  20  min in still water and in  16  min with the tide.  How long against the tide?

Richard von Mises.  c1910.  Described in: George Pólya; Mathematical Methods in Science; (Studies in Mathematics Series, vol. XI; School Mathematics Study Group, 1963); reprinted as New Mathematical Library No. 26, MAA, 1977;  Von Mises' flight triangle, pp. 78-81.  How can one determine the airspeed of a plane from the ground speed when the wind is unknown?  "It was solved by Von Mises some fifty years ago; this I well remember as I heard it from him at that time."

Schubert.  Op. cit. in 7.H.4.  1913.  Section 17, no. 99, pp. 64‑65 & 140.  Steamship covers  60  km in  4  hours going upstream and in  3  hours going downstream.

Loyd.  Cyclopedia.  1914.  Riding against the wind, pp. 199 & 365.  = MPSL2, prob. 49, pp. 34 & 137.  = SLAHP: Wind influence, pp. 38 & 97.  Against and with the wind.

Loyd.  Cyclopedia.  1914.  The Santos‑Dumont puzzle, pp. 202 & 366.  Against and with the wind.

Peano.  Giochi.  1924.  Prob. 14, pp. 4-5.  Two ships travel  6000  miles and return.  The first goes at  8  mph and returns at  12  mph;  the second goes  10  mph both ways.  Which is faster?

Ackermann.  1925.  Pp. 77‑81.  Determine speed of wind using sound echoes.

Ernest K. Chapin.  Loc. cit. in 5.D.1.  1927.  

P. 92 & Answers p. 9.  Flyers go from  A  to  B  and back, one in still air, the other in a steady wind.  Who is faster?  Answer notes that the naive view is that the wind helps and hinders equally, but one only needs to consider a wind as fast as the flyer to see that it is not equal and that for a lesser wind, the flyer is hindered for longer than he is helped.

Prob. 3, p. 98 & answers pp. 10-11: The problem of the swimmers.  Both swim a mile, one up and down stream, the other across and back.  Who is faster?  Answer gives detailed calculation.

Harriet Ventress Heald.  Op. cit. in 7.Z.  1941.  Prob. 48, pp. 21‑22.  Current of  1  mph.  Man rows up in  3  hours & back in  2  hours.  How far did he go?

D. A. Hindman.  Op. cit. in 6.AF.  1955.  Chap. 16, prob. 23: The floating hat, pp. 260‑263.  Hat falls off rower going upstream and is picked up on his return.

Gamow & Stern.  1958.  Boat and bottle.  Pp. 100‑102.  Bottle falls off boat going upstream and is picked up later.

David Singmaster.  Racing along.  Used in my puzzle columns.  Test track has one mile stretches of level, uphill, level, downhill, then two mile stretches, then three mile stretches, until a total of 60 miles.  For optimum economy, a car goes  30 mph  uphill,  60 mph  downhill and  40 mph  on the level.  How long does it take to cover the track?



Fuel on the hill.  Weekend Telegraph  (17 Dec 1988) xv  &  (24 Dec 1988) x.



G&P 16 (Jul 1995) p. 26.  (Solution never appeared as this was the last issue.)


10.H.
SNAIL CLIMBING OUT OF WELL

A snail is at the bottom of a well which is  D  deep.  He climbs  A  in the day and slips back  B  in the night.  How long does it take to get out?  The earlier versions had serpents, snakes and lions.  The 'end effect' is that when the snail gets to within  A  of the top, he doesn't slip back.  The earlier versions did not have this clear and thus are just equivalent to meeting problems,  MR-(A, 0; D)  or  MR-(A, B; D)  or  O-(A, B) with headstart  D.  See 10.A:  Bakhshali ff. 60r-60v;  al-Karkhi no. 9(?);  Fibonacci pp. 177-178 & 182 (S: 274 & 280).  


It appears that the  problem grows out of the usage of unit fractions such as  1/2 - 1/3  to specify rates.  At first this just meant  1/6  per day, but then it began to be interpreted as going ahead  1/2  followed by retreating  1/3,  resulting in the 'end effect'.  The earliest to treat the end effect clearly seems to be c1350.  


For convenience, let the net gain per day be  G = A - B.  The solution is to take the least  N  such that  NG + A ( D,  i.e.   N  =  ((D‑A)/G(,   then interpolate during the daytime of the  (N + 1)‑st day,  getting  (D - NG)/A  of the day time on the  (N + 1)-st day as the time of meeting.  


When we have approaching animals, going  +a, -b; +c, -d,  set  A = a + c,  B = b + d,  so  G = a - b + c - d.  If we are considering meeting without an end termination such as the cat eating the mouse, and  A ( G,  then one can have multiple meetings.  The last night on which a meeting occurs during the retrogression is the last  M  such that  MG ( D,  i.e.   M  =  (D/G(.   Thus there will be   2 (M - N) + 1   meetings, though this is reduced by one if  (D - A)/G  is an integer and by one if  D/G  is an integer.  (When both are integers, one reduces by two.)  Simple modifications deal with the cases of negative  B,  say if a snail continues going up at night, but at a different rate, and the case with  A < B.  


Versions with two approaching animals:  Fibonacci,  Muscarello,  Chuquet,  Borghi,  Pacioli,  Tagliente,  Ghaligai,  Buteo,  Tartaglia.  Chuquet and Buteo treat the end effect clearly and Pacioli and Tagliente almost get it.


More complex versions:  Mahavira, Wood.


See Tropfke 588.  Tropfke 589 classifies these as  I A c (one person),  I B c (two persons meeting),  I C c (two persons overtaking).

Bakhshali MS.  c7C.  

See 10.A for ff. 60r-60v.   v  =  + 5/2 - 9/3,   D = 30.

Kaye I 51; III 222, f. 20v.   v  =  + 1/2 + 1/18 - 1/21,   D = 360.

Kaye I 51; III 225, f. 36v.  Seems to say   v  =  (1/2*3 + 1/3 ‑ 1/4)/(1/2*3)  ‑  (1/2*5)/(3/8),   D = 108,  but the problem is not complete.

Bhaskara I.  629.  Commentary to Aryabhata, chap. II, v. 26-27.  Sanskrit is on pp. 115-122; English version of the examples is on pp. 304-306.  The material of interest is example 4.   v  =  + 1/2 - 1/5,   D = 480.

Chaturveda.  860.  Commentary to Brahma‑sphuta‑siddhanta, chap. XII, section 1, v. 10.  In Colebrooke, pp. 283‑284.   v  =  + 4/5 ‑ 1/60,   D = 76,800,000.

Mahavira.  850.  Chap. V, v. 24‑31, pp. 89‑90.

v. 24:   v  =  (1/5 ‑ 1/9) / (3/7);   D = 4 * 99 2/5.

v. 25:   rate  =  (5/4) / (7/2) ‑ (5/32) / (9/2);   total = 70.

v. 26:   v  =  (3/10) / (11/2) ‑ (2/5) / (7/2);   D = 399/2.

v. 28:   lotus growing in well with outflow and evaporation of water and turtle pulling down lotus;   v  =  (5/2) / (3/3) + (6/5) / (4/3) + (5/2) / (3/2) ‑ (21/4) / (7/2);   D = 960;  problem has  1  for  4/3,  but  4/3  is needed for the given answer. 

v. 31:  snake going into hole while growing;  v = (15/2) / (5/14) ‑ (11/4) / (1/4);   D = 768.

Sridhara.  c900.  Ex. 32‑33, pp. 24 & 93.

Ex. 32.   v  =  ½(1+¼)(1‑⅓)(1+½) / 6(1/5)(1/9)(⅓)(1+¼)  ‑  2(1‑⅓) / (1+½);   D = 100.

Ex. 33:   rate  =  (8 ‑ ½) / (1 + ⅓) ‑ ½;   total = 100.

Tabari.  Miftāh al-mu‘āmalāt.  c1075.  Pp. 103f.  ??NYS -- quoted in Tropfke 593.  No. 7.  "A boat comes forward 18 parasangs per day and goes backward 12 parasangs per day.  It comes and goes for 40 days.  How many days does it come and how many days does it go?"  This is not clear -- I wonder if 'days' in the last sentence should be 'parasangs' -- ??

Fibonacci.  1202.  

P. 177 (S: 273): De leone qui erat in puteo [On the lion who was in a pit].  v = 1/7 ‑ 1/9;  D = 50.  No alternation.  H&S 63 gives Latin and English.  H&S 64 claims that this is an example of day and night alternation, but this is not in the text.

Pp. 177-178 (S: 274): De duobus serpentibus [On two serpents].  Tower is 100.  One comes down  1/3 - 1/4,  other goes up  1/5 - 1/6.  No end effect.

Columbia Algorism.  c1350.  Prob. 67, pp. 88‑89.  Pigeon going down tower.  Rate  =  ⅔ ‑ (⅓ + ¼),   D = 10 (but Cowley says 50).  These are alternatively day and night, and the end effect is clearly treated to get  112  full days and one more daytime.  (Cowley 399.)

Pseudo-dell'Abbaco.  c1440.  Prob. 191, pp. 151‑153 with fine plate on p. 152.  Serpent in well of depth  30.  Goes  +2/3  in day and  ‑1/5  at night.  Gives simple answer and then carefully analyses the end effect to get  63  full days plus  9/10  of daytime.  Says that some solve it erroneously.  I have a colour slide of this.

AR.  c1450.  Prob. 65, pp. 47, 177, 224.  Tower  10  high.  Dove flies up  ⅔  in the day and drops back  ¼ + ⅓  at night.  Answer is  120  days, which ignores the end effect.  Should be  112½,  as in the Columbia Algorism.

Muscarello.  1478.  

F. 73r, p. 187-188.  Cat climbing a tower  30  high, going  +½, ‑⅓.  End effect not treated, so he gets  180  days.

Ff. 74r-74v, pp. 188-189.  Cat at bottom of a tower going  +⅓, ‑¼.  Mouse at the top going down  ½  and back up  ⅓.  When do they meet?  Again, the end effect is not treated and he gets  240  days.

Tommaso della Gazzaia.  Liber geometriae.  Manuscript C.III.23, Biblioteca Communali di Siena.  15C??  F. 169r.  ??NYS -- quoted in Franci, op. cit. in 3.A, p. 29.  Serpent going  +⅓ -¼  up a tower  30  high.  End effect ignored.

Chuquet.  1484.  Mentioned on FHM 204 as 'the frog in the well'.  All these treat the end effect clearly.

Prob. 125:  +15, ‑10,  to go  100.  Takes  17  natural days and one 'artificial' day.

Prob. 126:  +15, ‑9,  to go  100.  Takes  15  natural days and  ⅔  of an artificial day.

Prob. 128:  two travellers  100  leagues apart travelling  +12, ‑7  and  +10, ‑6.  Answer:  9  days and  9  nights with  19/22  of a day without the night.

Borghi.  Arithmetica.  1484.  

F. 110r (1509: f. 92v).  Two brothers paying a debt from earnings less expenses:  rate  =  2/3 ‑ 2/5 + 3/4 ‑ 1/2;   total = 700.  (H&S 64 gives Latin.)

Ff. 110r-110v (1509: ff. 92v-92r).  Sparrow hawk at bottom and dove at top of a tower  60  high.  Hawk goes  + ⅔ - ½;  dove goes  + ¾ - ⅔,  approaching in day and retreating at night.  Ignores end effect and gets  240  days.  With end effect, one gets  235  days plus  15/17  of the daytime.

Calandri.  Arimethrica.  1491.  

F. 66r.  Traveller goes  +4  in the day and  -3  in the night to go  20.  Gets  17  days, meaning  16  whole days and a daytime.

F. 71v.  Serpent in well.  +1/7  in the day and  -1/9  in the night to go  50.  He doesn't consider the end effect, so gives  1575  instead of  1572½.)  Nice woodcut, reproduced in Smith, History II 540 and  Rara 48.  Same as Fibonacci, p. 177.  

F. 72r.  Two serpents on a tower of height  100  going  +1/3, -1/4;  +1/5, -1/6,  clearly distinguished as day and night, but he ignores the end effect.  Woodcut showing one serpent (or dragon) at bottom of tower.

F. 72v.  Two ants meeting from  100  away going  +1/3, -1/4;  +1/5, -1/6,  distinguished as day and night, but he ignores the end effect.  Woodcut showing two ants.

F. 73r.  Two ants are at distances  D  and  D + 100  from a pile of grain.  Going  +1/3, ‑1/4;  +1/5, -1/6,  distinguished as day and night, gets them to the pile at the same time.  He ignores the end effect.  Woodcut showing ants by a pile.

F. 73v.  Cat and squirrel in tree of height 26.  They go  +1/2, -1/3;  +1/4, -1/5  clearly distinguished as day and night.  Ignores end effect and gets  120,  but then adds one to get  121  for no clear reason.

Pacioli.  Summa.  1494.  

F. 42r, prob. 22.  Two ants  100  apart approaching at rates  1/3, ‑1/4  and  1/5, -1/6,  clearly stated to be day and night.  He says they approach  7/60  per whole day and then computes  (100 - 7/60) / (7/60)  and adds  1  to get  762 6/7  days.  In the numerator, he seems to have used  88 53/60  instead of  99 53/60.  His process is close to the general solution with end effect, but he should subtract  8/15 = 1/3 + 1/5  instead of  7/60  and he should interpolate on the last day.

Ff. 42r-42v, prob. 23.  Cat & mouse at bottom and top of a growing and shrinking tree originally  60  high.  Mouse descends  1/2  per day and returns  1/6  at night.  Cat goes  +1, -1/4.  Tree grows  +1/4, -1/8  between them.  He says the net gain between them is  23/24  per whole day and computes  (60 - 23/24) / (23/24)  and adds  1  to get  T = 62 14/23.  He asserts the tree has grown  T/8  -- i.e. he is still thinking of overall rates rather than considering the alternation properly.  (Sanford 207‑208.  H&S 64‑65 gives Italian and English.)

F. 42v, prob. 24.  +2, -1  to go  10.  Obtains answer of  10  and says it isn't right and should be  8  whole days and a daytime, which he calls  9  days.  He also does  +3, -2  and gets  7  whole days and a daytime.

Blasius.  1513.  F. F.ii.r: Secunda regula.  +50, -19  to reach  992.  No end effect considered, even though the rates are in the day and in the night.

Tagliente.  Libro de Abaco.  (1515).  1541.  Prob. 121, f. 59r.  Cat and mouse on tree which is  26¾  tall.  Cat goes  +1/2, -1/3 (misprinted  2/3);  mouse goes  +1/4, -1/5.  Seems to say they meet on the  120th  day, but it should be the  121st  day.

Ghaligai.  Practica D'Arithmetica.  1521.  Prob. 19, f. 64v.  Two ants  100  apart going toward a pile of grain.  Further goes  +7, -4;  other goes  +5, -3  during day, night.  How far is the pile if they get there at the same time?  He says they take  100  days, but this ignores the end effect -- they meet at the end of the  99th  daytime.  This is equivalent to a snail going  +2, -1  up a wall of  100,  (H&S 65 gives Italian and English.)

Riese.  Rechnung.  1522.  1544 ed. -- pp. 107‑109;  1574 ed. -- pp. 72v‑73r.  The 1574 ed. calls it Schneckengang.  +4⅔, ‑3¾,  D = 32.  Treats end effect clearly and says it was first done correctly by Hansen Conrad, Probierer zu Eissleben (?= assayer at Eissleben).  He discusses how to convince people of the end effect.

Tonstall.  De Arte Supputandi.  1522.  Quest. 36, p. 168.  +70, -15  clearly stated to be day and night, to go  4000,  but he ignores the end effect.

Riese.  Die Coss.  1524.  No. 142, p. 61.  +4¼, ‑3⅓,  D = 32.  Treats end effect properly.  Says the Nurmbergk Rechenmeister N. Kolberger got it wrong and that Hans Conradtt got it right.

Giovanni Sfortunati.  Nuovo lume.  Venice, 1545.  F. 88r.  ??NYS -- described by Franci, op. cit. in 3.A, p. 41.  Solves a problem with end effect and says that Borghi, Pacioli and Calandri have done it wrong.

Christoff Rudolph.  Künstlich rechnung mit der ziffer und mit den zalpfennigen ...  Auffs new wiederumb fleissig ubersehen und an vil arten gebessert.  Nuremberg, 1553, 1561.  ??NYS -- quoted by:  Grosse; Historische Rechenbücher ...; op. cit. in 7.H under Faulhaber, p. 28.  Von einem schnecken.  Snail climbing  + 7, ‑2  to get out of a well  20  deep.  End effect clearly treated.  [This is a revision of the 1526 ed., ??NYS, which may have the problem?]



J. De Grazia; Maths is Fun; p. 12, attributes the problem to Christoff Rudolph (1561).

Buteo.  Logistica.  1559.  Prob. 33, pp. 234-237.  Problem of ships with oscillating winds.  They start  20000  apart.  First goes  +1200  per day and  -700  per night.  Second starts on the first night and goes  +1400  per night and  -600  per day.  He first solves without end effect and then end effect, getting  14  days +  12  hours of day +  10 2/7  hours of the night.  (H&S 65 gives Latin & English.)

Gori.  Libro di arimetricha.  F. 73r (p. 80).  Height  50,  rates  +⅓, ‑ ¼.  Notes end effect, but then forgets to add the last day!

H&S 64 says examples with alternating motion are in:  Fibonacci (1202),  Columbia Algorism (c1350),  Borghi (1484),  Calandri (1491),  Pacioli (1494?),  Tartaglia  and  Riese.  Also that examples with two animals approaching are in:  Fibonacci (two ants),  Borghi (1484, hawk & dove),  Pacioli (1494?, both types)  and  Tartaglia (both types).

Faulhaber.  Op. cit. in 7.H.  1614.  ??NYS -- quoted by Grosse, loc. cit. in 7.H under Faulhaber, p. 120.  No. 12, p. 212.  Worm climbs  +¾, ‑⅓  up a tree  100  high.  Gives answer with end effect.

Dilworth.  Schoolmaster's Assistant.  1743.  P. 166, no. 91.  +20, -15  to go  150.  No end effect considered so answer is  30  days.

Walkingame.  Tutor's Assistant.  1751.  1777: p. 172, prob. 47;  1860, p. 180, prob. 46.  Snail going  +8, -4  to get up a May pole  20  high.  Answer is  4  days, presumably meaning  3  whole days and a daytime.

Vyse.  Tutor's Guide.  1771?  Prob. 27, 1793: p. 40; 1799: pp. 43-44 & Key p. 39.  Same as Walkingame, but answer is done step by step and says 'the fourth Day at Night'.

D. Adams.  Scholar's Arithmetic.  1801.  P. 209, no. 1.  Frog in well  +3, -2  to go  30.  No answer.

Jackson.  Rational Amusement.  1821.  Curious Arithmetical Questions.  No. 5, pp. 15 & 72.  Snail going  +8, -4  to get up a maypole 20 high.  Treats end effect properly but states the answer is  4  days.

Family Friend 1 (1849) 150 & 178.  Problems, arithmetical puzzles, &c. -- 2.  Snail on wall.  +5, -4  to reach  20.  End effect clearly treated.  = The Illustrated Boy's Own Treasury, 1860, Arithmetical and Geometrical Problems, No. 24, pp. 429 & 433.

Magician's Own Book.  1857.  The industrious frog, p. 234.  + 3, ‑ 2  up a well  30  deep.  End effect treated.  = Boy's Own Conjuring Book, 1860, p. 200.

Charades, Enigmas, and Riddles.  1860: prob. 24, pp. 59 & 63;  1862: prob. 25, pp. 135 & 1865: prob. 569, pp. 107 & 154.  Snail going  +5, -4  up a wall  20  high.  Answer is  16  days, which considers the end effect, but doesn't describe the final daytime well.

Bachet-Labosne.  Problemes.  3rd ed., 1874.  Supp. prob. II, 1884: 182.  +9, -5  to cover  173.  Gives simple answer and then considers end effect.

Mittenzwey.  1880.  

Prob. 136, pp. 29 & 78;  1895?: 154, pp. 32 & 81;  1917: 154, pp. 29-30 & 78.  Locomotive goes  +11, -7  in alternate hours.  When does it get to  255  away.  Gives trivial approach and then asks why it is wrong.

1895?: prob. 18, pp. 9 & 63;  1917: 18, pp. 8 & 57.  Snail going up a wall of height  40,  going  +8, -5  in day and night.  1895? just states the answer; 1917 gives a brief comment, referring to prob. 154.

Lucas.  L'Arithmétique Amusante.  1895.  Prob. XI: La ballade de l'escargot rétrograde, pp. 25-26.  +5, -2  going up a tree of height  9.  Also quoted in Laisant; op. cit. in 6.P.1; 1906; p. 125.

Mr. X [cf 4.A.1].  His Pages.  The Royal Magazine 9:6 (Apr 1903) 544-546.  "A frog was trying to get up a slippery bank twelve feet high.  In the first twelve hours he climbs eight feet, but in the next twelve hours he loses four feet.  How long will he be in reaching the top?"  "Why, having lost his four feet, how could he get to the top at all?"

Clark (1897, 1904 & 1916),  Pearson (1907),  Loyd (Cyclopedia, 1914),  Ahrens (A&N, 1918),  Loyd Jr. (SLAHP, 1928)  all have versions.

Wood.  Oddities.  1927.

Prob. 65: A snail's journey, p. 51.  Usual problem with  A, B, H  =  3, 2, 12.

Prob. 66: another snail, pp. 51-52.  A, B, H  =  3, 2, 20,  but the snail has to get to the top and down the other side.  He asserts the level speed of the snail would be  3 + 2 = 5 per day  and hence the downward speed is  5 + 2 = 7 per day.  Hence, at the end of the daylight of the 18th day, he has reached the top and then slides down 2 on the other side in that night.  It then take two more whole days to reach the bottom, making 20 whole days for the trip.

M. Adams.  Puzzles That Everyone Can Do.  1931.  Prob. 197, pp. 76 & 158: Seaside problem.  Deck-chair man earns £6 when it is sunny but loses £3 when it rains.  The weather alternates, being sunny on the first day.  When is he £60 ahead?

Stephen Leacock.  Model Memoirs and Other Sketches from Simple to Serious.  John Lane, The Bodley Head, 1939, p. 290.  In a sketch on quizzes, he has the following.



"Sometime we drop into straight mathematics, which has the same attraction as playing with fire: for example: -- If a frog falls into a sand-pit twenty feet deep and gets up the side in jumps two feet at a time, but slips back one foot on the sand while taking his breath after each jump, how many jumps would it take him to get out of the pit?


There, be careful with it.  Don't say you can do it by algebra -- that's cheap stuff -- and anyway you can't."

Evelyn August.  The Black-Out Book.  Op. cit. in 5.X.1.  1939.  The man who hoarded petrol, pp. 154 & 215.  Tank holds  8  gallons, man puts in  2  gallons every day and  1  gallon leaks out every night;  when is it full?


10.I.
LIMITED MEANS OF TRANSPORT -- TWO MEN AND A BIKE, ETC.

The men have to get somewhere as quickly as possible and have to share a vehicle which may be left to be picked up or may return to pick up others.

Laisant.  Op. cit. in 6.P.1.  1906.  

Chap. 51: Deux cyclistes pour une bicyclette, pp. 127-129.  Graphic solution, assuming walking speeds and riding speeds are equal, but notes one can deal with the more general problem with a little more mathematics.

Chap. 52: La voiture insuffisante, pp. 129-132.  Two couples, but the car can only carry two persons besides the driver.  Graphic solution, again assuming walking speeds and driving speeds are equal, but making an estimate for calculational convenience.  He also states the exact solution.

Loyd.  Tandem puzzle.  Cyclopedia, 1914, pp. 322 & 382 (erroneous solution).  = MPSL2, prob. 123, pp. 88 & 160‑161, with solution by Gardner.  Three men and a tandem bike.

Loyd Jr.  SLAHP.  1928.  A tandem for three, pp. 52 & 104.  Like Loyd's but with different data.

Dudeney.  PCP.  1932.  Prob. 75: A question of transport, pp. 29 & 136.  = 536, prob. 89, pp. 27 & 244.  Twelve soldiers and a taxi which can take four of them.

Haldeman-Julius.  1937.  No. 64: Tandem for three problem, pp. 9 & 24.  Tom, Dick and Harry can walk  3, 4, 5  mph.  They have a tandem bike and any one or two of them can ride it at  20 mph.  They want to go  43 1/3  miles as quickly as possible.  Clearly the slowest boy should stay on the bike at all times, so this is really two men and a taxi.  

Gaston Boucheny.  Curiositiés & Récréations Mathématiques.  Larousse, Paris, 1939, pp. 77‑78.  Two men and a bike.

R. L. Goodstein.  Note 1797:  Transport problems.  MG 29 (No. 283) (Feb 1945) 16‑17.  Graphical technique to solve general problem of a company of men and a lorry.

William R. Ransom.  Op. cit. in 6.M.  1955.  A ride and walk problem, pp. 108‑109.  Same as Dudeney.

Karl Menninger.  Mathematics in Your World.  Op. cit. in 7.X.  1954??  A bit of 'hitch hiking', pp. 100‑101.  Three men and a motorcyclist who can carry one passenger.  Graphical method, but he neglects to consider that the passengers can be dropped off before the goal to walk the remaining distance while the cyclist returns to pick up the others.

Doubleday - 2.  1971.  Dead heat, pp. 79-80.  Two men and a pony, but the pony is assumed to stay where it is left, so this is like two men and a bike.  If the pony could go back to meet the second traveller, then this would be two men and a motorcyclist.

Jonathan Always.  Puzzles for Puzzlers.  Tandem, London, 1971.  Prob. 103: Two men and a bicycle, pp. 50 & 94.  Journey of 25, men can walk at rates 3 and 4 or either can ride the bike at rate 7.

David Singmaster.  Symmetry saves the solution.  IN:  Alfred S. Posamentier & Wolfgang Schulz, eds.; The Art of Problem Solving: A Resource for the Mathematics Teacher; Corwin Press, NY, 1996, pp. 273-286.  Men and a vehicle, pp. 282-285.  Uses appropriate variables to make the equations more symmetric and hence easily solvable, even with different speeds.


10.J.
RESISTOR NETWORKS

Find the resistance between two points in some network of unit resistors.

E. E. Brooks & A. W. Poyser.  Magnetism and Electricity.  Longmans, Green & Co., London, 1920.  Pp. 277‑279.  ??NYS.

Anon.  An electrical problem.  Eureka 14 (Oct 1951) 17.  Infinite square lattice of one ohm resistors along edges.  Asks for resistance from  (0, 0)  to  (0, 1)  and to  (1, 1).  Solution to be in No. 15, but isn't there, nor in the next few issues.

Huseyin Demir, proposer;  C. W. Trigg, solver.  Problem 407 -- Resistance in a cube.  MM 33 (1959‑60) 225‑226  &  34 (1960‑61) 115‑116.  All three inequivalent resistances for a cubical network are found, i.e. the resistances between points which are distance  1, 2, 3  apart.  Trigg says  distance = 1 and 3  cases are in Brooks & Poyser.

Gardner.  SA (Dec 1958) = 2nd Book, p. 22.  Gives cube solution and cites Trigg's reference to Brooks & Poyser.

B. van der Pol & H. Bremmer.  Operational Calculus -- Based on the Two‑sided Laplace Integral.  2nd ed., Cambridge Univ. Press, 1959.  ??NYS.  'Very last section' obtains formulae for the resistance  R(m, n)  in the infinite plane network between  (0, 0)  and  (m, n).  These are in terms of Chebyshev polynomials or Bessel functions.

Albert A. Mullin & Derek Zave, independent proposers;  A. A. Jagers, solver.  Problem E2620 -- Symmetrical networks with one‑ohm resistors.  AMM 83 (1976) 740  &  85 (1978) 117‑118.  All regular polyhedra and the  n‑cube, but only between furthest vertices.  (Editorial note says the cubical case first occurs in Coxeter's Regular Polytopes, but I can't find it??  It also erroneously says Gardner gives other solutions.)

D. C. Morley, proposer;  Friend H. Kierstead Jr., solver.  Problem 529 -- Hyper‑resistance.  JRM 9 (1976‑77) 211  &  10 (1977‑78) 223‑224.  4‑cube, resistance between points  3  apart.

David Singmaster, proposer;  Brian Barwell, solver.  Problem 879 -- Hyper‑resistance II.  JRM 12 (1979‑80) 220  &  13 (1980‑81) 229‑230.  n‑cube, furthest vertices.  What happens as  n  goes to infinity?

David Singmaster, proposer;  B. C. Rennie, partial solver.  Problem 79‑16 -- Resistances in an  n‑dimensional cube.  SIAM Review 21 (1979) 559  &  22 (1980) 504‑508.  In an  n‑cube, what are the resistances  R(n, i)  between points  i  apart?  Results are only known for  i = 1, 2, 3, n‑2, n‑1, n.  Other solvers considered the infinite  n‑cubical lattice and obtained a general result in terms of an  n‑fold integral, including  R(n, 1) = 1/n.

P. Taylor & C. Feather.  Problems drive 1981.  Eureka 44 (Spring 1984) 13‑15 & 71.  No. 1.  Find all resistances for regular polyhedral networks.

P. E. Trier.  An electrical resistance network and its mathematical undercurrents.  Bull. Inst. Math. Appl. 21:3/4 (Mar/Apr 1985) 58‑60.  Obtains a simple form for  R(m, n)  (as defined under van der Pol) which involves a double integral.  He evaluates this explicitly for small  m, n.  The integral is the same as that of the other solvers of my problem in SIAM Review.

P. E. Trier.  An electrical network -- some further undercurrents.  Ibid. 22:1/2 (Jan/Feb 1986) 30‑31.  Letter making a correction to the above and citing several earlier works (McCrea & Whipple, 1940;  Scraton, 1964;  Hammersley, 1966 -- all ??NYS) and extensions:  an explicit form for  R(m, m),  the asymptotic value of  R(m, m)  and extensions to three and  n  dimensions.


10.K.
PROBLEM OF THE DATE LINE

A man who circles the earth gains or loses a day.  


I include some related problems here.  See also 6.AF.

E. John Holmyard.  Alchemy.  Penguin, 1957, p. 119, says Roger Bacon (1214-1294 (or 1292)) foresaw circumnavigation, but doesn't indicate if he recognized the date problem.

Nicolas Oresme.  Traitié de l'espere.  c1350.  ??NYS -- described in:  Cora E. Lutz; A fourteenth‑century argument for an international date line; Yale University Library Gazette 47 (1973) 125‑131.  Chap. 39.  Three men.  One circles the world eastward in  12  days, another westward and the third stays at home.  He computes their effective day lengths.



Lutz describes the occurrence of the problem in other of Oresme's writings. 



Quaestiones supra speram (c1355),  where the travellers take  25  days and Oresme suggests "one ought to assign a definite place where a change of the name of the day would be made".



His French translation of Aristotle's  De caelo et mundo  as:  Traitié du ciel et du monde (1377),  where they take  9  days.

Kalendrier des Bergers; 1493.  = The Kalendayr of the Shyppars (in a Scottish dialect); 1503.  = The Shepherds' Kalendar; R. Pynson, London, 1506.  ??NYS.  Described in:  E. G. R. Taylor; The Mathematical Practitioners of Tudor & Stuart England; (1954); CUP for the Inst. of Navigation, 1970; pp. 11‑12 & 311.  Three friends, one stays put, others circle the earth in opposite directions.  When they meet, they disagree on what day it is.

Antonio Pigafetta.  Magellan's Voyage: A Narrative Account of the First Circumnavigation ....  Translated and edited by R. A. Skelton, 1969.  Vol. I, pp. 147‑148.  ??NYS -- quoted by Lutz.  When they reached Cape Verde in 1522, a landing party was told "it was Thursday, at which they were much amazed, for to us it was Wednesday, and we knew not how we had fallen into error."

Cardan.  Practica Arithmetice.  1539.  Chap. 66, section 34, ff. DD.iiii.v ‑ DD.v.r (p. 145).  Discusses ship which circles world three times to the west, and also mentions going east.  (H&S 11 gives Latin.  Sanford 214 thinks he was first to note the problem.)

Cardan.  De Rerum Varietate.  1557, ??NYS.  = Opera Omnia, vol. III, pp. 239-240.  Liber XVII.  Navis qua orbem cirūambivit.  Describes Magellan's circumnavigation, giving dates and saying they had lost a day.

van Etten.  1624.  Prob. 91 (96), part IV (7), p. 141 (231‑232).  "How can two twins, who are born at the same time and who die together, have seen a different number of days?"  The English edition comments on a Christian, a Jew and a Saracen having their Sabbaths on the same day.

"A Lover of the Mathematics."  A Mathematical Miscellany in Four Parts.  2nd ed., S. Fuller, Dublin, 1735.  The First Part is:  An Essay towards the Probable Solution of the Forty five Surprising PARADOXES, in GORDON's Geography, so the following must have appeared in Gordon.

Part I, no. 8, pp. 8-9.  Two men born & dying together, but living different numbers of days.  Gives various explanations, e.g. differing calendars, living in the Arctic and going around the earth.

Part I, no. 9, p. 9.  Two nearby places have their dates different.  Again, this can be due to different sabbaths:  Christians on Sunday, Graecians on Monday, Persians on Tuesday, Assyrians on Wednesday, Egyptians on Thursday, Turks on Friday, Jews on Saturday.  Better, Macao and the Philippines differ by a day since one was colonized from the west and the other from the east.

Ozanam‑Montucla.  1778.  Vol. III, prob. 5, 1778: 32-33;  1803: 34-35;  1814: 33-34;  1840: 415-416.  Two men, born & dying together, but one living one day, or even two days, more than the other.

Philip Breslaw (attrib.).  Breslaw's Last Legacy.  1784?  Op. cit. in 6.AF.  1795: pp. 36-38.



Geographical Paradoxes.

Paradox IV, p. 36.  How can there be two persons who were born and died at the same time and place, but one lived several months longer than the other?  

Paradox VI, pp. 37-38.  A man sees one day which is the longest day, the shortest day and a day whose day and night are equal.  Answer: he crosses the equator on 22 Jun.

Carlile.  Collection.  1793.  

Prob. CXIV, p. 68.  Two children who were born and died at the same time, "yet one was several months older than the other."  One lived within the Arctic Circle, at 73o22', where days are three months long!

Prob. CXV, p. 68.  Two sailors meet and find their calendars are off by a day.  They have gone to New Zealand, one eastward and the other westward.

Jackson.  Rational Amusement.  1821.  Geographical Paradoxes.

No. 6, pp. 35-36 & 102-103.  Two nearby places in Asia whose reckonings differ by a day.  Solution is either Christians and Jews, whose sabbaths are a day different, or Macao and the Philippines, which differ by a day since the Portuguese came to Macao from the west and the Spanish came to the Philippines from the east.

No. 8, pp. 36 & 103-104.  Children born and dying at the same times, but one lives longer than the other.  Solution is either due to difference between lunar and solar calendars or due to one sailing round the world.

No. 47, pp. 47 & 114.  How can Christians, Jews and Turks all have their sabbath on the same day.  Christian sails east and the Turk west.

Endless Amusement II.  1826?  Pp. 74-75:  "How Two Men may be born on the same Day, die at the same Moment, and yet one may have lived a Day, or even two Days more than the other."  Notes that this can give three Thursdays in one week.

Carroll.  The Rectory Umbrella.  c1845??  Difficulties: No. 1.  In:  The Rectory Umbrella and Mischmasch; (Cassell, London, 1932), Dover, 1971, pp. 31‑33.  Also in:  Carroll-Collingwood, pp. 4‑5 (Collins: 11-12).  Carroll-Gardner, pp. 81-82, says he published a letter on this in the Illustrated London News of 18 Apr 1857.  In 1860, he later gave this as a lecture to the Ashmolean Society at Oxford.  

Warren Weaver.  Lewis Carroll:  Mathematician.  Op. cit. in 1.  1956.  Mentions Carroll's interest in the problem.

J. Fisher.  Where does the day begin?  The Magic of Lewis Carroll.  Op. cit. in 1, pp. 22‑24.  This discusses several of Carroll's versions of the problem.

Vinot.  1860.  Art. CXXIV: La semaine des trois jeudis, p. 145.  How to have three Thursdays in a week.

Jules Verne.  Le tour du monde en quatre-vingts jours (Around the World in Eighty Days).  1873.  Features the gain of a day by going eastward.

In 1883 and 1884, the Rome and Washington Conferences for the Purpose of Fixing a Prime-Meridian and a Universal Day adopted the Greenwich Meridian and the basic idea of time zones, which implied the acceptance of the International Date Line.  The Philippines, having been colonized from the New World, had to skip a new to conform with its Asian neighbours, but I don't know when this happened.  When Alaska was purchased in 1867, it had to drop 12 days to convert to the Gregorian calendar and then had to have one eight-day week to conform with the rest of the New World.

Clark.  Mental Nuts.  1897, no. 89.  Where is the day lost?  Travel from San Francisco to Pekin at the speed of the sun and one finds it is a day later.  Answer says "New day begins at 180th meridian, which is midway in the Pacific Ocean."

A. M. W. Downing.  Where the day changes.  Knowledge 23 (May 1900) 100-101.  Observes that the precise location of the Date Line has not yet been fixed.  Gives four versions on a map, the last two of which only differ at a few islands.

F. &. V. Meynell.  The Week‑End Book.  Op. cit. in 7.E.  1924.  2nd. ed., prob. eight, pp. 276‑277;  5th? ed., prob. twelve, p. 410.  What happens if you go around the world from west to east in  24  hours, or in less than  24  hours?  Suggests that in the latter case, you get back before you started!

McKay.  Party Night.  1940.  No. 36, p. 184.  Two airmen circle the earth in opposite directions, both taking  14  days.  Which gets back home first?  Answer is that the eastbound one gets back two days sooner because the  14  days are considered as days viewed by the airmen.

A. P. Herbert.  Codd's Last Case and Other Misleading Cases.  Methuen, London, 1952.  Chap. 14: In re Earl of Munsey:  Stewer v. Cobley -- The missing day case, pp. 72-83.  (This probably appeared in Punch, about 7 Dec 1949.)  Reprinted in:  More Uncommon Law; Methuen, 1982, pp. 74-83.  Lord Munsey left property to his great-nephew "if he has attained the age of 21 before the date of my death", otherwise the property went to Lord Munsey's brother.  The great-nephew's birthday was 2 May.  On 1 May, Lord Munsey was on a cruise around the world and the ship crossed the Dateline at about noon, going westward, so the Captain declared that the next day would be 3 May at midnight, but Lord Munsey expired just after midnight.  So who inherits?

Jonathan Always.  Puzzles for Puzzlers.  Tandem, London, 1971.  Prob. 2: Another birthday poser, pp. 11 & 60.  Four persons, born on different dates, lived to be fifty years of age, but never saw their fiftieth birthday.  One was born on 29 Feb.  "Another crossed the International Date-line travelling eastward, so that he gained a day and never arrived at his fiftieth birthday at all however long he lived."  This confuses me -- crossing the Dateline goes back a day, so it would seem his fiftieth birthday would simply be delayed by at most a day.  Always continues: "The third crossed the International Date-line travelling westwards on the eve of his fiftieth birthday, thus losing a day, a died a few hours later."  I think he has confused things.  If a man travels eastwards across the Dateline on the day before his 50th birthday, then he goes back a day and hasn't yet arrived at his 50th birthday, though he is now 50 years old.  If he dies before midnight, then that fits the problem.  If another man travels westwards across the Dateline at midnight on the eve of his fiftieth birthday, he goes ahead two days and really loses a day, namely his fiftieth birthday, which he never saw.  The fourth person was blind!

Shakuntala Devi.  Puzzles to Puzzle You.  Op. cit. in 5.D.1.  1976.  Prob. 138: The Sabbath day, pp. 86 & 134.  In order for a Moslem, a Jew and a Christian to have their Sabbath at the same time, send the Moslem around the world to the west and the Christian around the world to the east.  When they meet again they will all have the same Sabbath day!

David Singmaster.  Letter [on the International Date Line].  Notes and Queries column, The Guardian, section 2 (20 Dec 1995) 7.  Reprinted in Guardian Weekly (7 Jan 1996) 24.  Sketches the history from Oresme onward and notes the anomalies that Alaska and the Philippines essentially crossed the Date Line.

Ed Barbeau.  After Math.  Wall & Emerson, Toronto, 1995.  Double Christmas, pp. 153-154.  Straightforward problem illustrating that flying east from Australia, one may return to the previous day.  Here the heroine gets 36 hours of Christmas, in two disconnected parts!  [Indeed if one just crosses the date line from west to east at midnight, one gets 48 hours of the same day.]


10.L.
FALLING DOWN A HOLE THROUGH THE EARTH

The angular frequency of the oscillation is  ((g/R)  where  g  is the acceleration of gravity at the surface and  R  is the radius of the earth.  Taking a mean radius of  3956.665 mi  and  g = 32.16 ft/sec2  gives half-period of  42.20 min  =  42 min 12 sec.

Hesiod.  The Theogony.  c-700.  IN: The Homeric Hymns and Homerica, translated by H. G. Evelyn White; Harvard Univ. Press, 1959, p. 131, lines 724-725.  ??NYS -- information sent by Andrew Simoson [email of 25 Feb 2003].  This claims that a brazen anvil dropped from the Earth's surface will reach Tartarus in nine days.

Plutarch.  Plutarch's Moralia, vol. XII, translated by H. Cherniss & W. C. Helmbold.  Harvard Univ. Press, 1957, pp. 65-67.  ??NYS -- cited by Simoson.  Plutarch notes that if the centre of the earth is at a person's navel, then both his head and his feet are pointing up.  Simoson quotes Plutarch as: "Not that ... masses ... falling through the ... earth stop when they arrive at the centre, though nothing encounter or support them; and, if in their downward motion the impetus should carry them past the centre, they swing back again and return of themselves?"

Galileo.  Dialogo ... sopra i due Massimi Sistemi del Mondo ... (Dialogue Concerning the Two Chief World Systems).  Gio. Batista Landini, Florence, 1632.  Translated by Stillman Drake; Univ. of Calif. Press, Berkeley, 1953; pp. 22‑23, 135‑136, 227 & 236.  Asserts the object will oscillate.  No mention of air resistance.

van Etten.  1624.  Prob. 91 (88), part II (2), p. 139 (220).  Says a millstone dropped down such a hole at  1  mile per minute will take more than  2½  days to reach the centre, where "it would hang in the air".

Ozanam.  1694.  Prob. 7, corollary 3, 1696: 218;  Prob. 7, Remark, 1708: 312.  Prob. 7, part 8, corollary 3, 1725: vol. 2, 151-152.  Considers falling down a well to the centre of the earth but uses a hypothetical constant value of  g.  Then considers a tube through the earth and says the object will oscillate, but air resistance will slow it down to rest at the centre.

Euler.  A Physical Dissertation on Sound.  1727?  ??NYS -- described by Truesdell in his Introduction to Euler's Algebra, p. xiv.  Annex announces the solution of the problem of oscillation through a hole in the earth.

Euler.  Algebra.  1770.  I.III.X.501, p. 163.  How far would an object fall in a hour under constant  g  as at the earth's surface?  39272  miles!

Euler.  Letters to a German Princess.  ??NYS -- Simoson cites an Arno Press, 1975, reprint of the 1833 ed.  Vol. 1, letter L, pp. 178-182.  Simoson quotes Euler as: "You will remember how Voltaire used to laugh at the idea of a hole reaching to the centre of the earth, ... but there is no harm is supposing it, in order to discover what would be the end results."

Ozanam‑Montucla.  1778.  Vol. IV, prob. 9, 1778: 41-42;  1803: 42-43;  1814: 34-35;  1840: 616-617.  First finds the time to reach the centre if  g  is constant, namely  19  minutes.  Then considers that gravity will decrease and quotes a result of Newton to find the time to the centre is  21' 5" 12"'.

John Baines, proposer;  Wm. Rutherford;  N. J. Andrew & George Duckett;  independent solvers.  Question (23).  The Enigmatical Entertainer and Mathematical Associate for the Year 1830; ....  Sherwood & Co., London.  No. III, 1829.  This has two separate parts with separate pagination.  The second part is The Mathematical Associate and the problem is on pp. 36-37 in the Answers to the Questions Proposed Last Year.  "If a hole were bored through the earth, parallel to the equator, in lat. 20o, and a heavy body let fall into it from the surface, it is required to determine its velocity at any point of its descent, taking into account the variation of gravity, but abstracting all resistance."

Lewis Carroll.  Alice in Wonderland.  Macmillan, London, 1865.  Chap. I, pp. 27-28 in Gardner's Annotated Alice, below.  "I wonder if I shall fall right through the earth!"

Lewis Carroll.  Sylvie and Bruno Concluded.  Macmillan, London, 1893.  Chap. 7, pp. 96‑112, esp. pp. 106‑108.  Discusses trains using straight holes, not through the centre.  Cf Carroll-Gardner, pp. 7-8, where Gardner notes that Carroll frequently uses the value 42 which is the half-period in minutes.

Martin Gardner.  The Annotated Alice.  Revised ed., Penguin, 1970.  Chap. I, note 4 (to the line given above), pp. 27‑28.  Describes Carroll's interest in the problem.  Says it interested Plutarch, Bacon and Voltaire and that it had been resolved by Galileo (see above).  Gardner also cites C. Flammarion, Strand Mag. 38 (1909) 348; ??NYS.  

Clark.  Mental Nuts.  1897, no. 53.  Matters of gravity.  "Suppose you drill a hole through the earth and drop an iron ball in it, where will the ball go?"  Answer is "Centre of earth."

Pearson.  1907.  Part II, no. 79: Dropped through the globe, pp. 130 & 207.  Says it will oscillate, but air friction will cause it to come to rest at the centre.

Ackermann.  1925.  Pp. 60‑61.  Similar to Pearson.

Collins.  Fun with Figures.  1928.  A hole through the earth, p. 203.  Says it will oscillate like a pendulum and if air is present, it will slow down and stop at the centre.

W. A. Bagley.  Puzzle Pie.  Op. cit. in 5.D.5.  1944.  No. 46: Down Under, pp. 51-53.  Various discussions of what happens to a person or a cannonball falling through the earth.  Seems to think a man would turn over so that he would be rightside up at the other side??  Says the oscillation will continue with diminishing periods (presumably meaning amplitude) until the person is stuck at the centre.  A cannonball would burn up from friction.

R. E. Green.  A problem  &  H. Martyn Cundy.  A solution.  Classroom Note 178:  Quicker round the bend!  MG 52 (No. 382) (Dec 1968) 376‑380.  Green notes the well known fact that the time to fall through a straight frictionless hole is independent of its length -- about  42  minutes.  He asks what path gives the least time?  Cundy says it is a straightforward application of the calculus of variations.  He finds a solution for  θ  as a function of  r,  in terms of  R,  the radius of the earth, and  m,  the distance of closest approach of the curve to the centre.  Also   m/R  =  1 ‑ 2a/π,  where  2a  is the central angle between the ends of the tube.  The straight through time is  π ((R/g).  The shortest time is  π ({(R2‑m2)/Rg}.

K. E. Bullen.  The earth and mathematics.  MG 54 (No. 390) (Dec 1970) 352‑353.  A riposte to Classroom Note 178, pointing out Saigey's result of c1890, that  g  increases as you start down a hole because the interior of the earth is denser than the surface.  More recent theoretical and practical work indicates  g  is essentially constant for at least the first  2000  km.

H. Lindgren.  Classroom Note 250:  Quicker round the bend (Classroom Note 178).  MG 55 (No. 393) (Jun 1971) 319‑321.  Shows the optimal curve is a hypocycloid and rephrases the time required.  If  d  is the surface distance between the ends and  C  is the earth's circumference, the minimal time is  ({d(C‑d)/Rg}.  He cites 1953 and 1954 papers which treat the problem in general.

Erwin Brecher.  Surprising Science Puzzles.  Sterling, NY, 1995.  Hole through the earth, pp. 20 & 88.  Asks a number of straightforward questions and then asks whether a ball will take more or less time to fall through a hole in the moon.  He says it will take about  53 min  on the moon -- I get  54.14 min.

In 2000 or 2001, Tim Rowett asked me the following.  If an apple could be dropped from a point on the earth's orbit, but only attracted by the sun, how long would it take to reach the sun?  This is complicated by gravity varying and I found it quite awkward to do, having to make some approximations to get a time of 64.4 days.  After seeing Simoson's article, below, I asked him if his work would deal with the problem and he pointed out that the formula for falling to the centre of the earth considered as a point mass (p. 349, case 3) can be used if one adapts the parameters appropriately.  After a little conversion, this is identical to the formula I obtained.  He computes  64.57 days,  or  63.89 days  to the surface of the sun, the difference being due to his using more accurate values for the astronomical constants.

Andrew J. Simoson.  The gravity of Hades.  MM 75:5 (Dec 2002) 335-350.  Considers the problem for several models of the earth.  Cites Plutarch, Halley, Euler and discusses models from Greek mythology, Dante, Hooke (a multi-layer, onion-like, earth), Halley (a hollow earth), etc.  He finds the time to the centre is about  21.2 min.  He finds the time to the centre for a constant acceleration model is about  19.0 min -- cf Ozanam and Ozanam-Montucla.  For the best known results on the earth's mass distribution, he finds about  19.2 min.  If all the earth's mass is at the centre, he gets about  15.0 min  and observes this is the model of the the earth's mass distribution which gives the fastest time (p. 349, case 3).  He then poses a problem of falling down the  z-axis to a galaxy in the  x-y plane, as Satan may have done when cast out of heaven, thereby estimating the Miltonian distance between Heaven and Hell.


10.M.
CELTS  =  RATTLEBACKS

When rotated, these objects stop and then start turning in the opposite direction.  The word 'celt', with a soft 'c', so it sounds like 'selt', means a stone hand axe, chisel or similar primitive implement -- see 1910 below.  I once heard that the phenomenon was discovered by anthropologists examining handaxes and that they used the spin as a form of classification.

The OED entry for Celt is long and not definitive.  The word 'celte' appears in the Vulgate translation of the Bible and is understood to mean some kind of tool, but others feel it is a miscopying -- it seems to be 'certe' in some manuscripts.  By 1700, it was considered a proper Latin word and was adopted by British archaeologists for primitive tools.

Chambers's Encyclopedia.  Revised edition, W. & R. Chambers, London & Edinburgh, 1885.  Vol. II, p. 711.  About a column on celts.  "CELT (Lat. celtis (?), a chisel), the name by which certain weapons or implements of the early inhabitants of Western Europe are known among archaeologists."

G. T. Walker.  J. Walker says his investigations occur in old books on rotational mechanics in the chapter on asymmetrical tops.  ??NYS

G. T. Walker.  On a curious dynamical property of celts.  Proc. Camb. Philos. Soc. 8 (1892/95) 305‑306.  (Meeting of 13 May 1895.)  ??NX

G. T. Walker.  On a dynamical top.  Quarterly J. Pure & App. Mathematics 28 (1896) 175‑184.  (& diagrams??)  ??NX

Harold Crabtree.  An Elementary Treatment of the Theory of Spinning Tops and Gyroscopic Motion.  Longmans, Green & Co., London, 1909, ??NX;  2nd ed, 1914.  Pp. 7 & 54 and Plate I.  (I have a citation to these pages in the 1st ed and the material is on the same pages in the 2nd ed.  The Preface to the 2nd ed says changes occur elsewhere.)  Says the term comes from Latin, celtis, a chisel, and uses it for the stone axes in general.  Shows and discusses three examples.  The first is an ordinary axe.  The second is a two-way version -- when spun in either direction, it will reverse.  The third is a one-way version -- when spun in one direction, it continues, but when spun in the other direction, it reverses.  Cites Walker, 1896.  The plate has photos of the three examples.

Encyclopedia Britannica.  11th ed., 1910.  Entry for Celt.  ??NYS -- quoted by Bürger, below.  "CELT, a word in common use among British and French archeologists to describe the hatchets, adzes or chisels of chipped or shaped stone used by primitive man.  The word is variously derived from the Welsh celit, a flintstone (that being the material of which the weapons are chiefly made, though celts of basalt, felstone and jade are found);  from being supposed to be the implement peculiar to the Celtic peoples;  or from a Low Latin word celtis, a chisel.  The last derivation is more probably correct."

Andrew Gray.  Treatise of Gyrostatics and Rotational Motion.  (1918);  Dover, 1959.  ??NYS.

Charles W. Sherburne (3409 Patton Ave., San Pedro, California, 90731, USA).  US Design 210,947 -- Scientific demonstration toy.  Filed: 12 Nov 1995;  patented: 7 May 1968.  1p.  This simply says it 'shows my new design' and there is no indication of the skew curvature of the bottom.  Sherburne has published material claiming that the rattleback demonstrates the failure of Newton's laws and that it is the shape of Noah's Ark!

Karl Magnus.  The stability of rotations of a non-symmetrical body on a horizontal surface.  Festschrift Szabo, Berlin, 1971, pp. 19-23.  ??NYS -- cited by Bürger.  This determines which direction of rotation is stable.  I don't know if it deals with 'both-way reversing' examples.

Jearl Walker.  The mysterious "rattleback": a stone that spins in one direction and then reverses.  SA 241:4 (Oct 1979) 144‑150.  Reprinted with extra Note and recent references in:  Jearl Walker; Roundabout -- The Physics of Rotation in the Everyday World; Freeman, NY, 1985; Chap. 6, pp. 33‑38 & 66.  Cites Crabtree and G. T. Walker.  Discusses work of Nicholas A. Wheeler and of A. D. Moore.

Allan J. Boardman.  The mysterious celt.  Fine Woodworking (Jul/Aug 1985) 68‑69.  Describes how to make celts.

Hermann Bondi.  The rigid body dynamics of unidirectional spin.  Proc. Royal Soc. London A 405 (1986) 265‑274.  Analyses the dynamics and shows that the phenomenon occurs even without friction.  Only cites G. T. Walker, Quarterly J.  The Cavendish Laboratory has made a fine steel model with adjustable weights which Bondi has seen make five reversals.

Wolfgang Bürger.  A Celtic rocking top.  English version of leaflet to accompany the plastic version of the celt distributed by Nixdorf Computers.  Nd [probably late 1980s].  Cites Walker, 1896, and quotes Encyclopedia Britannica, 11th ed., 1910, for the term as quoted above.  He conjectures that the spinning property may have been discovered by an archaeologist and he gives a myth that such spinning was used by ancient priests to determine guilt or innocence.  (Frame-ups were common even then.)  Until recent realization that these objects were man-made, they were the subject of superstitions throughout the world.  He gives a short discussion of the physics/geometry involved and says that since 1980, nine scientific papers have tried to analyse the motion and that it was the subject of a German Jugend forscht (Young Researchers) prize winning project in 1985.


10.M.1.
TIPPEE TOPS

The physics of this is hard and I will only give some general articles.

Helene Sperl.  German Patent 63261 -- Wendekreisel.  Patented: 7 Oct 1891;  published: 12 Jul 1892.  1p + 1p diagrams.  Several slightly diferent shapes.  Diagram is reproduced by Kuypers & Ucke, below.

Harold Crabtree.  An Elementary Treatment of the Theory of Spinning Tops and Gyroscopic Motion.  Longmans, Green & Co., London, (1909, ??NX);  2nd ed, 1914.  Pp. 4-5 describes some rising tops.  One of these is a loaded sphere, which seems to have the same inverting properties as the Tippee Top.  Appendix IV: The rising of a spinning top, pp. 145-158, is new in the 2nd ed and discusses the loaded sphere on pp. 155-156.  

Gwen White.  Antique Toys and Their Background.  Op. cit. in 5.A.  1971.  P. 45.  "An interesting little top known as a 'tippe top' came in 1953 ....  It was a great commercial success for the British Indoor Pastimes Company."

D. G. Parkyn.  The inverting top.  MG 40 (No. 334) (Dec 1956) 260‑265.  Cites 4 papers in 1952.

Leslie Daiken.  Children's Toys Throughout the Ages.  Spring Books, London, 1963.  [This may be a reprint of an earlier publication??]  P. 38.  "... the most recent craze, invented by a Swede.  Made from plastic, and known as the Tippy Tap [sic], this type will turn upside down and spin on its head!"

Jearl Walker.  Amateur Scientist columns.  SA (Oct 1979) -- op. cit. in 10.M  and  The physics of spinning tops, including some far‑out ones.  SA 244:3 (Mar 1981) 134‑142.  Reprinted with extra notes in:  Roundabout, op. cit. in 10.M, chap. 6 & 7, pp. 33‑44 & 66, esp. pp. 37‑44.  15 references on p. 66, not including Parkyn.

Wolfgang Bürger.  Elementary dynamics of simple mechanical toys.  Mitteil. der Ges. f. Angew. Math. und Mechanik 2 (Jul 1980) 21-60.  (Reproduced in: Spielzeug-Physik; Bericht Nr. 98, Akademie für Lehrerfortbildung Dillingen, 1986, pp. 159-199.)  Pp. 49‑52 (= 188-191) discusses the Tippe Top, noting that Fraülein Sperl's explanation in her patent 'was far from being correct.'  Says the dynamics is difficult and cites 1952 & 1978 articles on it.  J. L. Synge asserted that friction was not necessary for the turning over motion, but Bürger shows it is essential.

Friedhelm Kuypers & Christian Ucke.  Steh' auf Kreisel!  Physik in unserer Zeit 25:5 (Sep 1994) cover & 214-215.  The German names are Stehaufkreisel and Kippkreisel.  Describes Sperl's patent and modern work on the mechanics involved -- "it is not so easy as we first believed".


10.N.
SHIP'S LADDER IN RISING TIDE

Water is touching the bottom rung of a rope ladder hanging over the side of a ship.  The tide is rising at a known rate.  How many rungs will be covered after some time?

Phillips.  Brush.  1936.  Prob. O.1: The ship's ladder, pp. 49 & 106.

Haldeman-Julius.  1937.  No. 42: The Queen Mary problem, pp. 7 & 22.

Morley Adams.  The Children's Puzzle Book.  Faber, London, 1940.  Prob. 174: The ship's ladder, pp. 55 & 78.

Shirley Cunningham.  The Pocket Entertainer.  Blakiston Co., Philadelphia, and Pocket Books, NY, 1942.  Prob. VI: The rope ladder, pp. 72 & 222.

Harold Hart.  The World's Best Puzzles.  Op. cit. in 7.AS.  1943.  The rope ladder, pp. 31 & 59.

Leopold.  At Ease!  1943.  Of time and tide, pp. 9-10 & 195.

Sullivan.  Unusual.  1943.  Prob. 3: Time the tide.

Leeming.  Op. cit. in 5.E.  1946.  Chap. 3, prob. 40: Rising tide, pp. 36 & 162.


10.O.
ERRONEOUS AVERAGING OF VELOCITIES

See also 7.Y which involves erroneous averaging of unit costs.  There must be earlier examples than I have here.

H. A. Ripley.  How Good a Detective Are You?  Frederick A. Stokes, NY, 1934, prob. 42: Class day.  Average  10 mph  and  50 mph  over the same distance.

Dr. Th. Wolff.  Die lächelnde Sphinx.  Academia Verlagsbuchhandlung, Prague, 1937.  Prob. 17, pp. 190 & 201.  Going and returning at  100  km/hr versus going at  120  and returning at  80.

Harriet Ventress Heald.  Op. cit. in 7.Z.  1941.  Prob. 31, pp. 15‑16.  Man goes  30  mph for a mile.  How fast must he go for a second mile in order to average  60  mph overall?

Sullivan.  Unusual.  1943.  Prob. 22: Don't get caught trying it.  If you are going  60  mph, how much faster do you have to go to save a minute on each mile?

E. P. Northrop.  Riddles in Mathematics.  1944.  1944: 11-13;  1945: 10‑12; 1961: 20-22.  Same as Heald with rates  15, 30.  Relates to airplane going with and against the wind.

Leeming.  Op. cit. in 5.E.  1946.  Chap. 5, prob. 20: Sixty miles per hour, pp. 59‑60 & 178.  Does  30  mph for  10  miles.  How fast for the next  10  miles to average  60  mph?

Sullivan.  Unusual.  1947.  Prob. 31: A problem without a title.  Same as Heald.

Birtwistle.  Calculator Puzzle Book.  1978.  Prob. 40: Motoring problem, pp. 30 & 87-88.  Same as Heald with rates  15, 30.


10.P.
FALSE BALANCE
Solomon (or The Preacher).  c-960.

Proverbs 11:1.  "A false balance is abomination to the Lord:  But a just weight is his delight."

Proverbs 16:11.  "A just weight and balance are the Lord's:  All the weights of the bag are his work."

Proverbs 20:10.  "Divers weights, and divers measures,  Both of them are alike abomination to the Lord."

Proverbs 20:23.  "Divers weights are an abomination unto the Lord:  And a false balance is not good."

Hosea 12:7.  "He is a chapman, the balances of deceit are in his hand."

Aristotle.  Mechanical Questions.  c-340.  ??NYS -- cited by van Etten.

Pappus.  Collection.  Book 3.  c320.  ??NYS - cited by W. Leybourn.

Muhammed.  Koran.  c630.  Translated by J. M. Rodwell, Everyman's Library, J. M. Dent, 1909.  Sura LXXXIII -- Those who stint: 1-3.  "Woe to those who STINT the measure:  Who when they take by measure from others, exact the full;  But when they mete to them or weigh to them, minish --".  (I saw the following version on a British Museum label, erroneously attributed to Sura LXXX:  "Woe be unto those who give short measure or weight.")

Cardan.  De Subtilitate.  1550, Liber I, ??NYS.  = Opera Omnia, vol. IV, p. 370: Modus faciendi librā, que pondera rerum maiora quàm sunt[?? -- nearly obliterated in the text I have seen] ostendat.  Describes a scale with arm divided  11 : 12.

John Wecker.  Op. cit. in 7.L.3.  (1582), 1660.  Book XVI -- Of the Secrets of Sciences: Chap. 20 -- Of Secrets in Arithmetick: Fraud in Balances where things heavier shall seem to be lighter, p. 293.  Says such fraud is mentioned by Aristotle.

van Etten.  1624.  Prob. 54 (49), pp. 49‑50 (73‑74).  Mentions Aristotle's mechanical questions and cites Archimedes' law of the lever.  Discusses example with arm lengths  12 : 11

W. Leybourn.  Pleasure with Profit.  1694.  Tract. IV, pp. 2-3.  Cites Solomon and Pappus' Collections, Book 3.  Discusses arm lengths  11 : 10.

Ozanam.  1694.  Prob. 4, 1696: 275-276 & fig. 131, plate 46.  Prob. 4 & fig. 26, plate 14, 1708: 351‑352.  Vol. II, prob. 7, 1725: 339‑340 & fig. 131, plate 46.  Vol. II, prob. 3, 1778: 4-5;  1803: 4-6;  1814: 3-5;  1840: 196-197.  Construct a balance which is correct when empty, but gives dishonest weight.  This can be detected by interchanging the contents of the two pans.  Hutton notes that the true weight is the geometric mean of the two weights so obtained, and that this is close to the average of these two values.  Illustrates with weights  16  and  14.  The figure is just a picture of a balance and is not informative -- the same figure is also cited for various sets of weights.

Vyse.  Tutor's Guide.  1771?  Prob. 1, 1793: p. 303; 1799: p. 316 & Key p. 356.  Cheese weighs  76  in one pan and  56  in the other.  States the general rule with no explanation.

Jackson.  Rational Amusement.  1821.  Curious Arithmetical Questions.  No. 8, pp. 16 & 72.  Cheese weighs  16  on one side and  9  on the other.  Says the answer is the mean proportional.  = Illustrated Boy's Own Treasury, 1860, prob. 12, pp. 428 & 431.  

Julia de Fontenelle.  Nouveau Manuel Complet de Physique Amusante ou Nouvelles Récréations Physiques ....  Nouvelle Édition, Revue, ..., Par M. F. Malepeyre.  Librairie Encyclopédique de Roret, Paris, 1850.  Pp. 407-408 & fig. 146 on plate 4 (text erroneously says V): Balance trompeuse.  A bit like Ozanam, but doesn't indicate the true weight is the geometric mean.  Figure copied from Ozanam, 1725.

Magician's Own Book.  1857.  The false scales, p. 251.  Cheese weighs  9  on one side and  16  on the other.  Says the true weight is the mean proportional, hence  12  here.  = Book of 500 Puzzles, 1859, p. 65.  = Boy's Own Conjuring Book, 1860, p. 223.  Almost identical to Jackson.

Hoffmann.  1893.  Chap. IV, no. 94: The false scales, pp. 169 & 229 = Hoffmann-Hordern, p. 154.  On one side a cheese weighs  9  and on the other it weighs  16.  Answer notes that the true weight is always the geometric mean.  Almost identical to Jackson and Magician's Own Book.

Clark.  Mental Nuts.  1904, no. 66;  1916, no. 84.  The grocer puzzled.  Weights of  8  and  18.  Answer says to solve  8 : x :: x : 18.

Briggs & Bryan.  The Tutorial Algebra -- Part II.  Op. cit. in 7.H.  1898.  Exercises X, pp. 125 & 580.  Weighing one way gains an extra  11%  profit, but weighing the other way gives no profit at all.  What is the legitimate profit?

Pearson.  1907.  Part II, no. 72, pp. 128 & 205.  Same problem as Hoffmann.  Answer says to take the square root of  9 x 16.

Ernest K. Chapin.  Loc. cit. in 5.D.1.  1927.  Prob. 1, p. 98 & Answers p. 10: The druggist's balance.  One arm is longer than the other, but the shorter is weighted to give balance when the scales are empty.  He uses the two sides equally -- does he gain or lose (or come out even)?  If the lengths are  L  and  l,  then balancing against weight  W  will result in  WL/l  and  Wl/L  equally often and the arithmetic mean of these is greater than their geometric mean of  W,  so the druggist is losing.  Answer only does the example with  L = 2l.

Loyd Jr.  SLAHP.  1928.  The jeweler's puzzle, pp. 21‑22 & 90.  More complex version.

Kraitchik.  La Mathématique des Jeux.  Op. cit. in 4.A.2.  1930.  Chap. II, prob. 26, p. 34.  = Mathematical Recreations; op. cit. in 4.A.2; 1943; Chap. 2, prob. 54, pp. 41‑42.  Merchant has a false balance.  He weighs out two lots by using first one side, then the other.  Is this fair on average?


10.Q.
PUSH A BICYCLE PEDAL

Holding a bicycle upright, with the pedals vertical, push the bottom pedal backward.  What happens?

Pearson.  1907.  Part II, no. 17: A cycle surprise, pp. 14 & 189.

Ernest K. Chapin.  Loc. cit. in 5.D.1.  1927.  P. 99 & Answers p. 11.  Pull the bottom pedal forward.  What happens?  What is the locus of the pedal in ordinary travel?  Answer says it is a cycloid but it is actually a curtate cycloid.

W. A. Bagley.  Paradox Pie.  Op. cit. in 6.BN.  1944.  No. 60: Another cycling problem, p. 46.  Uses a tricycle -- which simplifies the experimental process.

David E. Daykin.  The bicycle problem.  MM 45:1 (Jan 1972) 1.  Short analysis of this 'old problem'.  No references.


10.R.
CLOCK HAND PROBLEMS

These are questions as to when the hands can meet, be opposite, be interchangeable, etc.  There are also questions with fast and slow clocks.  Many examples are in 19C arithmetic and algebra books and in Loyd, Dudeney, etc.  I am somewhat surprised that my earliest examples are 1678? and 1725, as clocks with minute hands appeared in the late 16C.  The problems here are somewhat related to conjunction problems -- see 7.P.6.  


See also 5.AC for digital clocks, which are a combinatorial problem.


These are related to Section 7.P.6.

Wingate/Kersey.  1678?.  Quest. 20, p. 490.  Clock with an hour hand and a day hand, which goes round once every 30 days.  They are together.  When are they together again?  In 30 days, the faster hand must pass the slower 59 times, so the time between coincidences is  30/59  of a day.

Ozanam.  1725.  Prob. 11, question 3, 1725: 76‑77.  Prob. 2, 1778: 75-76;  1803: 77-78;  1814: 69;  1840: 37.  When are the hands together?  1725 does it as a geometric progression, like Achilles and the tortoise.  1778 adds the idea that there are  11  overtakings in  12  hours, but this does not appear in the later eds.

Les Amusemens.  1749.  Prob. 122, p. 264.  When are clock hands together?

Vyse.  Tutor's Guide.  1771?  Prob. 7, 1793: p. 304; 1799: p. 317 & Key pp. 357-358.  When are the hands together between  5  and  6  o'clock?

Dodson.  Math. Repository.  1775.

P. 147, Quest. CCXXXIV.  When are hour and minute hands together?

P. 147, Quest. CCXXXV.  When are hour, minute and second hands together?

Charles Hutton.  A Complete Treatise on Practical Arithmetic and Book-keeping.  Op. cit. in 7.G.2.  [c1780?]  1804: prob. 35, p. 136.  When are watch hands together between  4  and  5?

Pike.  Arithmetic.  1788.  P. 352, no. 27.  When are the clock hands together next after noon?

Bonnycastle.  Algebra.  1782.

P. 86, no. 22.  When are the hands next together after  12:00?

P. 201, no. 1 (1815: p. 226, no. 1).  When are the hands together between  8:00  and  9:00?

Eadon.  Repository.  1794.  P. 195, no. 13.  When do the hands meet after noon?

Hutton.  A Course of Mathematics.  1798?  Prob. 36,  1833: 223;  1857: 227.  When do the hands next meet after noon?

Robert Goodacre.  Op. cit. in 7.Y.  1804.  Miscellaneous Questions, no. 128, p. 205 & Key p. 270.  When are clock hands next together after  12:00?

Silvestre François Lacroix.  Élémens d'Algèbre, a l'Usage de l'École Centrale des Quatre-Nations.  14th ed., Bachelier, Paris, 1825.  Section 82, ex. 6, p. 122.  When are clock hands together after noon?  Notes that this is related to overtaking problems.

Bourdon.  Algèbre.  7th ed., 1834.  Art. 57, prob. 10, p. 85.  When are clock hands together?

D. Adams.  New Arithmetic.  1835.  P. 244, no. 83.  When are hands next together after 12:00?  Observes that the minute hand gains  11  spaces (i.e. hour marks) per hour on the hour hand.

Augustus De Morgan.  Examples of the Processes of Arithmetic and Algebra.  Third, separately paged, part of: Library of Useful Knowledge -- Mathematics I, Baldwin & Craddock, London, 1836.  P. 90.  How much time elapses between times when the hands are together?  Suppose one hand revolves in  a  hours, the other in  b  hours -- how long between conjunctions?  In the latter case, how long does it take the faster hand to gain  p/q  of a whole revolution on the other?

Hutton-Rutherford.  A Course of Mathematics.  1841?

Prob. 11,  1857: 81.  When are clock hands next together after 12:00?

Prob. 19,  1857: 82.  When are clock hands together between 5 and 6 o'clock?

T. Tate.  Algebra Made Easy.  Op. cit. in 6.BF.3.  1848.

Pp. 46-47, no. 19.  When are the hands together between  2:00  and  3:00?

P. 46, no. 20.  Same between  3:00  and  4:00?

Anonymous.  A Treatise on Arithmetic in Theory and Practice: for the use of The Irish National Schools.  3rd ed., 1850.  Op. cit. in 7.H.

P. 356, no. 4.  When are hands together between  5  and  6?

P. 360, no. 46.  When are hands together between  1  and  2?

Dana P. Colburn.  Arithmetic and Its Applications.  H, Cowperthwait & Co., Philadelphia, 1856.  Miscellaneous Examples.

No. 12, p. 359.  When are hands together after  12:00?

No. 13, p. 359.  When are hands opposite after  12:00?

No. 32, p. 361.  When is the hour hand as much after  12  as the minute hand is before  1?

Todhunter.  Algebra, 5th ed.  1870.  

Examples X, no. 35, p. 87 & 577.  Between  1:00  and  2:00,  when is the minute hand one minute in front of the hour hand?

Miscellaneous Examples, no. 17, pp. 546 & 604.  When are clock hands together between 9:00 and 10:00?

Colenso.  Op. cit. in 7.H.  These are from the (1864), 1871 material.

No. 3, p. 186.  When are hour and minute hands at right angles, or coincident, between  5:00  and  6:00? 

No. 21, pp. 190 & 215.  When are hour and minute hands  162o  apart between  11:00  and  12:00?

Problem 203.  Zeitschrift für mathematische und naturwissenschaftlichen Unterricht 15 (1874) 197-198.  Interchanging clock hands.  Taken from Journ. élém., which must be a French journal, but I don't recognise it.  Shows that interchanging hands gives a legal appearance when the hour hand is at  60k/143 minutes,  k = 0, ..., 143.  Copy sent by Heinrich Hemme.

William J. Milne.  The Inductive Algebra ....  1881.  Op. cit. in 7.E.

No. 95, p. 140.  When are hands together after  2:00?

No. 96, pp. 140 & 332.  When are hands together after  5:00?

No. 97, pp. 141 & 332.  When are hands together after  8:00?

No. 98, pp. 141 & 332.  When are hands at  180o  after  4:00?

No. 99, pp. 141 & 332.  When are hands at  180o  after  5:00?

No. 100, pp. 141 & 332.  When are hands at  90o  after  6:00?

No. 101, pp. 141 & 332.  When are hands at  90o  after  8:30?

No. 104, pp. 303 & 347.  When are hands at  180o  after  11:00?

Carroll-Wakeling.  1888 to 1898.  Prob. 14: Looking-glass time, pp. 17 & 66-67.  This was on one of the undated typed sheets Carroll sent to Bartholomew Price.  "A clock face has all the hours indicated by the same mark, and both hands the same in length and form.  It is opposite to a looking-glass.  Find the time between 6 and 7 when the time as read direct and in the looking-glass shall be the same."  This seems to be the first example of looking at the mirror image of a clock.  This can also occur by reading a transparent clock from the wrong side.  Mentioned in Carroll-Gardner, p. 53.  Wakeling has sent me a copy of the typescript.

Anon.  Prob. 80.  Hobbies 31  (No. 795) (7 Jan 1911) 350  &  (No. 798) (28 Jan 1911) 412.  Three pendulum clocks, supposed to have one second swings.  One gains 5 minutes per day, the second loses ten minutes per day and the third is correct.  Assuming we start all three pendula at the same time at the same end of their swing, when will they all be together at this point again?  Answer: 9 min 36 sec  = 1/150 of a day.

Ernest K. Chapin.  Loc. cit. in 5.D.1.  1927.  Prob. 5, p. 89 & Answers p. 8.  Can the three hands make equal angles?  [Last line of the answer has slipped into the next column.]

W. B. Campbell, proposer;  W. E. Buker, solver.  Problem ??.  AMM 41 (Sep 1934) 447  &  42 (Feb 1935) 110-111.  Interchanging clock hands.  ??NYS - information sent by Heinrich Hemme.

Perelman.  1937.  MCBF.  Interchanging the hands of a clock, prob. 141, pp. 235-238.  Says the following was posed to Einstein by his friend A. Moszkowski:  at what times can one exchange the hour and minute hands and get a valid position of the hands?  There are  143  solutions, of which  11  are the positions where the hands coincide, which Perelman discusses as prob. 142, pp. 238-239.

Sullivan.  Unusual.  1943.  Prob. 1: Watch and see.  How many places do hands meet?

Anonymous.  Problems drive, 1957.  20 (Oct 1957) 14-17 & 29-30.  No. 10.  B reckons A's clock gains one minute per day.  C reckons B's clock gains one minute per day.  They synchronise watches.  Assuming rates are constant, when do all three agree again?

Pierre Berloquin.  The Garden of the Sphinx, op. cit. in 5.N.  1981.

Prob. 11: What coincidences?, pp. 10 & 91.  When are the hour, minute and second hands together?

Prob. 12: Meetings on the dot, pp. 10 & 92.  At what other times are the three hands closest together?

Jamie & Lea Poniachik.  Cómo Jugar y Divertirse con su Inteligencia; Juegos & Co. & Zugarto Ediciones, Argentina & Spain, 1978 & 1996.  Translated by Natalia M. Tizón as: Hard-to-Solve Brainteasers.  Ed. by Peter Gordon.  Sterling, NY, 1998.  Pp. 14 & 70, prob. 18: What time is it -- IV.  Hour hand is on a minute mark and the minute hand is on the previous mark.

??, proposer; Ken Greatrix & John Bull, separate solvers, with editorial note by ADF [Tony Forbes].  Problem 168.1 -- Clock.  M500 168 (?? 1999) & 170 (Oct 1999) 11-14.  Hour hand is 3" long; minute hand is 4".  When are the ends 'travelling apart at the fastest speed'?  Bull notes that the problem can be interpreted in two ways.  A: 'When is the relative velocity of the ends the greatest?', which occurs when the hands are at 180o.  B: 'When is the distance between the ends increasing most rapidly?', which occurs when the angle between the hands has cosine of  3/4.  Greatrix did the first case in general, finding the maximum occurs when the cosine equals  h/m,  where  h, m  are the lengths of the hour and minute hand.

John Conway.  Naming and understanding the PENTAgonal polytopes; When are the three hands equally spaced?  4pp, handwritten, Handout at G4G5, 2002.  Basically the hands are never equally spaced, but they are close at  9:05:25  (and at the mirror image time).  When are they closest?  This depends on how you measure 'closeness'.  He finds there are just five reasonable answers within a second of this time.  There is a sixth answer but it is nearly two seconds away.  The most interesting solution is at  9 hr 5 min 25/59 sec  when the angle between the minute and second hands is  120o,  the angle between the second and hour hands is  120o + ε  and the angle between the hour and minute hands is  120o - ε,  where  ε = 10( 10( 10‴ ....


10.S.
WALKING IN THE RAIN
W. A. Bagley.  Paradox Pie.  Op. cit. in 6.BN.  1944.  No. 93: Better take a brolly, p. 61.  Says the faster you go, the wetter you get.

A. Sutcliffe.  Note 2271:  A walk in the rain.  MG 41 (1957) 271‑272.

C. O. Tuckey.  Note 2384:  A walk in the rain [Note 2721].  MG 43 (No. 344) (May 1959) 124‑125.

M. Scott.  Nature.  ??NYS -- reported in This England 1965-1968, p. 70.  "When walking into the rain one should lower the head and walk as fast as possible.  When the rain is coming from behind one should either walk forward leaning backwards, or backwards leaning forwards, at a deliberate pace."

David E. Bell.  Note 60.21:  Walk or run in the rain?  MG 60 (No. 413) (Oct 1976) 206-208.  "... keep pace with the wind if it is from behind; otherwise, run for it."

D. R. Brown.  Answer to question.  The Guardian (2 Apr 1993) 13.  Cites Bell.

Yuri B. Chernyak & Robert S. Rose.  The Chicken from Minsk.  BasicBooks, NY, 1995.

Chap. 4, prob. 5: Rainy day on the carousel, pp. 27 & 113.  How to hold your umbrella when riding on a carousel in vertical rain.

Chap. 4, prob. 9: The May Day parade, pp. 31 & 116-117.  How to point a cannon on a truck so that vertical rain does not touch the sides of the barrel.

Chap. 4, prob. 11: Boris and the wet basketball -- reference frames and fluxes, pp. 33 & 118-120.  Sliding a sphere in the rain, it gets wetter faster, the faster it goes.  However the total wetness is reduced by going faster because it takes less time to get home.

Chap. 4, prob. 12: Chicken feed, pp. 34 & 120.  Boris is wheeling a wheelbarrow with a bucket of chicken feed in it when it starts to rain vertically.  Assuming the bucket is level, should he run?  The flux of rain entering the bucket is constant, so running reduces the time in the rain and hence the amount of rain which gets into the bucket.

Chap. 4, prob. 13: Fluxes and conservation laws (or it always helps to run in the rain), pp. 34 & 121-122.  Is there a contradiction between the rate results in prob. 11 and prob. 13?  No, because the effective cross sections behave differently.

Erwin Brecher  &  Mike Gerrard.  Challenging Science Puzzles.  Sterling, 1997.  [Reprinted by Goodwill Publishing House, New Delhi, India, nd [bought in early 2000]].  Pp. 38 & 76‑77: Lingering in the Rain.  Starts with no wind and wearing a hat, but says he ran home and the rain stopped when he got there.  So the wetness is due to moving into the rain and he says it makes no difference if the rain continues, but since the rain stopped, walking would have been drier.  Then says that if he has no hat, his head gets wetter the longer he is in the rain.  Then says if there is a head wind, one gets wetter the longer one is out, but if there is a tail wind, the best strategy is to move as fast as the wind.


10.T.
CENTRIFUGAL PUZZLES
Fred Swithenbank.  UK Patent 11,801 -- An Improved Toy or Puzzle, applicable also as an Advertising Medium.  Applied: 21 May 1913;  completed: 21 Nov 1913;  accepted: 1 Jan 1914.  2pp + 1p diagrams.  Shows two ball version and four ball round version.

I have acquired an example in wood with a celluloid(?) top with the following printed on the sides.   'Zebra' Grate Polish.  Get one ball in each hole at the same time.   'Brasso' Metal Polish.  Patent No. 11801/13.  I have seen others of similar date advertising:  "Swan" Pens / "Swan" Inks;  Hoffmann Roller Bearings.  Both have the same instruction and patent no.

Slocum says that he has the same Zebra/Brasso version and another version from R. Journet, called Spoophem, with the same patent number and that a round version "The Balls in the Hole Puzzle" is in Gamage's 1913 catalogue.  He cites Maxwell's patent, below.

James Dalgety.  R. Journet & Company.  A Brief History of the Company & its Puzzles.  Published by the author, North Barrow, Somerset, 1989.  P. 13 mentions the Spoophem puzzle, patented in 1913.

Slocum.  Compendium.  Shows 4 ball Centrifugal Puzzle from Johnson Smith 1919 & 1929 catalogues.  Shows 2 ball Spoophem Puzzle from the latter catalogue.

Western Puzzle Works, 1926 Catalogue.  No. 72: Four Ball Puzzle.

William R. Maxwell.  US Patent 1,765,019 -- Ball puzzle device.  Filed: 6 Apr 1929;  patented: 17 Jun 1930.  2pp + 1 p diagrams.  Shows 2-ball and 4-ball versions.

L. Davenport & Co. and Maskelyne's Mysteries.  New Amusement Guide [a novelties catalogue].  Davenport's, London, nd [Davenport's identifies this as being in the period 1938-1942], p. 6, shows a Boat Puzzle, which is a 2 ball version..


10.U.
SHORTEST ROUTE VIA A WALL, ETC.

I have just added this.  I imagine there are ancient versions of this problem.  See also 6.M and 6.BF.3 for some problems which use the same reflection principle.  Basically, this will cover two-dimensional cases where the reflection process is very physical.

Ozanam‑Montucla.  1778.  Prob. 24 & fig. 36, plate 5, 1778: 305;  1803: 300-301;  1814: 256;  1840: 130.  Run from  A  to  B,  touching the wall CD.

Ozanam‑Montucla.  1778.  Vol. II.  Prob. 35: Du jeu de billard & figs. 34 & 35, plate 7, 1778: 58-62;  1803: 63-66;  1814: 52-55;  1840: 222-224.  Use cue ball to hit another after hitting one or two cushions.

Birtwistle.  Math. Puzzles & Perplexities.  1971.  Playground circuit, pp. 142-143.  In a rectangular playground with a point marked in it, what is the shortest route from the point to all four walls and back to the point?  He draws it and says it's a parallelogram, but doesn't see that the length is twice the diagonal of the rectangle, independently of the starting point.


10.V.
 PICK UP PUZZLES  =  PLUCK IT

I have recently added these.  The puzzle comprises a ball which is about half into a hole and the object is to remove it without moving the hole.  It can be done with the fingers, but one can also use the Bernoulli or Venturi effect!

Western Puzzle Works, 1926 Catalogue.  No. 11: Pick up ball.  Negro head.


10.W.
PUZZLE VESSELS

S&B 140-141 gives an outline of the ancient history.  Vases which fill from the bottom were found in Cyprus, by General Louis Palma di Cesnola, who was American Consul there for ten years from about 1865.  He discovered the Treasure of Curium.  He shipped back a large amount which forms the Cesnola Collection at the Metropolitan Museum of Art, NY.  Such a vase is named an 'askos' by archaeologists.


There are examples or descriptions of such jugs in ‑5C Greece, in the works of Hero and Philo of Alexandria in 1C, and in 13C France.  From the 16C, they are common throughout Europe and China, and the bottom filling 'Cadogan' teapot goes back to perhaps c1000 in China.  I have now looked at some of the literature and have realised that this topic covers a much larger range of types than I had initially thought.  In Banu Musa, there are about a hundred types.  Some of these are common in later works, e.g. van Etten, Ozanam, etc. have casks which pour different liquids from the same spout.  I don't know if I will try to include all these later versions.  Archaeologists refer to these as 'trick vessels' or 'trick vases'.


A Tantalus, greedy, justice, temperance or dribble cup has a siphon such that if it is filled above a certain point, the siphon drains the cup, usually into the drinker's lap!


In response to an exchange on NOBNET in Feb 1999, Peter Rasmussen kindly sent a page and a half of bibliography on Chinese puzzle vessels.  A number of his entries are auction, sale or collection catalogues which apparently only show one or two items, so I won't list them here, but I have included the more general books at the end of this section.


Norman Sandfield has sent a draft copy of his A Monograph on Chinese Ceramic Puzzle Vessels (Antique, Vintage and Contemporary) Featuring a Classification System and Descriptive Inventory of more than 60 different puzzle vessels, dated 20 Jan 2000, with 3pp of bibliographical material and a 4pp version of this section, 25pp in all.  He also sent further material: 3pp of time line and a 7pp extended version of his bibliographical material incorporating this section, dated 27 Jan 2000.  He has more recently sent An Annotated Bibliography on Chinese and Non-Chinese Puzzles Vessels (Over 155 records) and Museums with Puzzle Vessels (over 30 Museums), 25pp, dated 4 Jun 2002.  I will not try to copy all these references.  Most Chinese examples are 'Cadogan' wine pots (= Magic Wine Pot) or 'Tantalus' Cups (= Justice Cups -- this is the literal translation of the Chinese name).  The Chinese did not adopt teapots until the Ming Dynasty (1368-1644) and they then adapted the Cadogan style to teapots.  The Justice Cup traditionally has a base to hold the spillage, sometimes inside it as a mystery to the drinker.  Sandfield feels there is a difference between the ordinary Justice Cup and the Dribble Cup, but it may just be a difference in the outlet hole size.  (The modern Dribble Glass has cut decorations, one or several of which go through the glass so that it dribbles when you tilt it to drink, but this is unrelated to the present topic.)



CYPRUS

General Louis Palma di Cesnola was the American Consul in Cyprus for ten years from about 1865 (his commission was one of the last documents signed by Lincoln).  He collected antiquities enthusiastically and discovered the Treasure of Curium.  He shipped a large amount back to the Metropolitan Museum of Art in New York.  He describes his adventures and collecting in: Cyprus: Its Ancient Cities, Tombs and Temples; New York, 1877; but there is no mention of puzzle vessels there.  He also wrote  A Descriptive Atlas of the Cesnola Collection of Cypriote Antiquities in the Metropolitan Museum of Art -- ??NYS, vol. 2 appeared in 1894.  Karageorghis cites pl. XCV.813 for Myres 518.

John L. Myres.  Handbook of the Cesnola Collection of Antiquities from Cyprus.  The Metropolitan Museum of Art, New York, 1914.  Items 518, 519, 930, 931, pp. 67-68 & 113.  The first two and the last are illustrated with photos.  The first two are described as 'animal-headed vases' from the Early Iron Age (c‑1000, with the second being later than the first) and their trickiness is only mentioned in the index.  The latter two are in a group of Spout Vases with Modelled Head and in these two examples the woman's head "blocks the apparent neck of the vase, and the real opening, through which the vase is filled, is inside the foot, which communicates with a long tube running up the middle of the inside of the vessel after the manner of the neck of a modern safety ink-pot.  These trick vases are not common, ....  Both these examples are as early as the sixth century, and 931 may go back to the seventh."  (These are centuries BC.)  These were fairly common at Kourion (= Curium) and at Marion, but rare in other parts of Cyprus.

Einar Gjerstad.  The Swedish Cyprus Expedition: Vol. IV, Part 2: The Cypro-geometric, Cypro-archaic and Cypro-classical Periods.  The Expedition, Stockholm, 1948.  This has several sections - the drawing numbers refer to the section Pottery Types, drawn by Bror Millberg, following p. 545, labelled Fig. I, Fig. II, ....  The individual items on the page have two numbers, one being its number on the page, e.g. 1), 2), ..., at the upper left of the item; the other being the number within its category, e.g. 1, 2, ..., below the item -- I will use the first.  The sources of the pots drawn are in a preliminary section with capital Roman numeral page numbers.  The author is interested in pottery styles and rarely gives dates or even periods.  There is a Relative Chronology for pottery on pp. 186-206 and an Absolute Chronology on pp. 421‑427.  Date ranges below are deduced from these chronologies.



Pp. 52-53: White Painted II Ware (-950/-850), says that the askos, Fig. XV, 3, in the Cyprus Museum, B. 1933, is a trick vessel.  As with several other entries, it says to see Fig. XXXVI, 9, which is Myres 519, with a cross-sectional view showing how it works.



P. 60: Bichrome I Ware (-1050/-850), says that the askos, Fig. VIII, 24 (= Myres 518), at the Metropolitan, is a trick vase and says to see Fig. XXXVI, 9.



Pp. 62-64: Bichrome IV Ware (-600/-475), says that the askos, Fig. XXXVI, 9 (= Myres 519), at the Metropolitan, is a trick vase.



Pp. 69-71: Black-on-Red II (IV) Ware (-700/-475), says that 'the spout-jug with the neck in the shape of a human protome', Fig. XXXIX, 15, in the BM (Brit. Mus. Cat. Vases I:2, C 882), is a trick vase and says to see Fig. XXXVI, 9,



P. 73: Bichrome Red I (IV) Ware (-700/-600), says the spout-jug with human protome, Fig. XLII, 5 (= Myres 931) in the Metropolitan is a trick jug similar to the item above.  He also says that the askos, Fig. XLII, 9 in the BM (Corp. Vas. Ant., Great Britain 2, Brit, Mus. 2, II Cc, Pl. 10.24. (Gr. Brit. 63) 'has a low foot, but apart from that its shape is identical with the corresponding type of Black-on-Red II (IV).  It is a trick vase (cf. Fig. XXXVI, 9)."  However, the material on Black-on-Red II (IV) is on pp. 69‑71 and it does not explicitly say there that the askos, Fig. XXXIX, 19 in the BM (Corp. Vas. Ant., Great Britain 2, Brit, Mus. 2, II Cc, Pl. 13.12. (Gr. Brit. 57)) is a trick vase, but says the remaining items are similar to Bichrome IV Ware and that seems to imply this is, like XXXVI, 9, a trick vase.

Vassos Karageorghis.  Ancient Art from Cyprus  The Cesnola Collection in the Metropolitan Museum of Art.  The Museum, New York, 2000.  P. 80, #126: Trick vase in the form of an askos.  = Myres 518  = Gjerstad Fig. VIII, 24.  A bottom-filling (Cadogan) pot with a goat's head from c-1050/c-950, with colour picture.  He says it is Cypro-Geometric I, White Painted I Ware and is a "trick vase".

Joseph Veach Noble.  Some trick Greek vases.  Proc. Amer. Philosophical Soc. 112:6 (Dec 1968) 371-378.  He describes and illustrates a number of types of trick vases from Athens:  false bottoms (-4C);  dribble vases (which dribble wine over the guest) (-5C);  a covered drinking cup which fills from the bottom like a Cadogan teapot (‑5C);  vases with concealed contents which pour when the host releases fingers from holes (-5C).  In each case he cites museums and extended descriptions.  One reference gives a list of covered cups.

Jasper Maskelyne.  White Magic.  Stanley Paul, London, nd [c1938], p. 110.  Discusses puzzle pitchers, saying  "On the site of a Greek temple at Athens, excavators a few years ago discovered a magic pitcher which was famous in Greek legend in trials for witchcraft."  He describes the standard hollow handled pitcher.

Walter Gibson.  Secrets of the Great Magicians.  (Grosset & Dunlap, 1967);  Collins, Glasgow, 1976.  Describes several ancient devices based on siphons.  

Pp. 13-14: The tomb of Belus.  This was encountered by Xerxes, c‑480, and was a vessel which maintained its level when liquid was poured into it.

Pp. 18-19: The ever-full fountain.  This was described by Hero and is a vessel which maintains its level when water is drawn from it.

Pp. 95-96: The Bundar boat.  This is a device which has intermittent flow which was used by Indian magicians, apparently already in use when Westerners got to India.

John Timbs.  Things Not Generally Known,  Familiarly Explained.  A Book for Old and Young (spine says  First Series  and a note by a bookdealer on the flyleaf says  2 vol.).  Kent & Co., London, (1857?), 8th ed., 1859.  Hydrostatic wonders, p. 111, mentions some classical examples as:  "The magic cup of Tantalus, which he could never drink, though the beverage rose to his lips; the fountain in the island of Andros, which discharged wine for seven days, and water during the rest of the year; the fountain of oile which burnt out to welcome the return of Augustus from the Sicilian war; the empty urns which, at the annual feast of Bacchus, filled themselves with wine, to the astonishment of the assembled strangers; the glass tomb of Belus, which, after being emptied by Xerxes, would never again be filled; the weeping statues of the ancients; and the weeping virgin of modern times, whose tears were uncourteously stopped by Peter the Great when he discovered the trick; and the perpetual lamps of the magic temples, -- were all the obvious effects of hydrostatical pressure.  -- North British Review, No. 5."

Banu Musa  = Banū Mūsā bin Shākir  (Sons of Moses),  but largely the work of Ahmad  = Abu-l-Hasa [the  H  should have an underdot] Ahmad [the  h  should have an underdot] ibn Mūsa.  Kitāb al-Hiyal [the  H  should have an underdot].  c870.  Translated and annotated by Donald R. Hill as:  The Book of Ingenious Devices; Reidel, 1979.  Describes 103 devices, most of which are trick vessels, as well as fountains, etc.  E.g. Model 1:  "We wish to explain how a beaker is made in which a quantity of wine is poured, and if [a measure] of wine or water is added to it all its contents are discharged."  This is a Tantalus cup.  Model 4:  "We wish to make a jar with an open outlet: if water is poured into it nothing issues from the outlet, and if pouring is stopped the water issues from the outlet, and if pouring is resumed [discharge] ceases again, and if pouring is stopped the water discharges, and so on continuously."  Models 12 - 15 have finger holes under the handle allowing the pourer to produce various effects.

Sandfield says the earliest Chinese puzzle vessels are in the Xian Museum and are dated to either the Song (951-960) or Northen Song (960-1127 or 1279).  (My Chinese chronology has Song being 960-1279, with Northern Song being 960-1127 and Southern Song being 1127-1279.)  Sandfield says they visited the Yaozhou Kiln Museum which apparently has been making Celadon Magic Teapots ever since that time!  [See his Annotated Bibliography items 6 & 7.]

Al-Jazari  = Badī‘al-Zamān Abū al-‘Izz Isma‘il ibn al-Razzāz al-Jazarī.  Kitāb fī ‘rifat al-hiyal (the  h  should have an underdot) al-handasiyya.  c1204.  Translated and annotated by:  Donald R. Hill as:  The Book of Knowledge of Ingenious Mechanical Devices; Reidel, Dordrecht, 1974.  Introduction, pp. 3‑12, and Conclusion, pp. 279-280, include comparisons with other works.  Not much of interest to us, except for the following.

Category II, chapter 5, pp. 110-114, 221, 256-257, 272.  "It is a pitcher for wine which is used in carousals, into which water and wines of [different] colours are poured; it has a valve from which each colour is drawn separately."

Category III, chapter 1, pp. 127-129, 259, 272.  "A pitcher from which hot water, cold water and mixed water is poured."

In the Historical Museum at Cologne is the 'goblet of Albertus Magnus', which has a false bottom which allowed him to introduce antimony and make the drink emetic.  He lived 1193-1280, so this might date from c1250.  Described and illustrated in:  Edwin A. Dawes; The Great Illusionists; Chartwell Books, Secaucus, New Jersey, 1979, p. 21.

Ashmolean Museum, Oxford, item 1921-202, presently in Room 4, in the case devoted to Decorative Techniques, item 14.  Late 13C, different than the Exeter jug below.  Described, with photo and photo of a cut-away model, in Crossley, below.  The same item is illustrated by a drawing in the following entry.

Jeremy Haslam.  Medieval Pottery in Britain.  Shire, Aylesbury, (1978);  2nd ed., 1984.  On pp. 19, under: Some regional types; Oxford region; Thirteenth and fourteenth centuries, he mentions, among characteristic items of the Oxford region in the late 13C, "'puzzle‑jugs' decorated with applied scales, strips of red-firing clay and stags' heads (13, 10)".  Fig. 13 on p. 47, Oxford, Fourteenth- and Fifteenth-Century Vessels, item 10, is "Puzzle-jug, glazed green, with app. scales, red strips, face masks and deer head over spout."  The drawing is by the author from the above mentioned item in the Ashmolean Museum, Oxford.

The Royal Albert Museum, Queen Street, Exeter, EX4 3RX, has a notable example of a puzzle jug, c1300, from SW France or the Saintonge region of west France, described as the finest piece of imported medieval pottery in England.  A postcard of it is available from the Museum.  Crossley, below, says it is late 13C from the Saintonge and was excavated in Exeter in 1899.  He gives a cross-sectional drawing and cites a 1988 excavation report.  In fact, the puzzle aspect is quite simple -- the upper level is connected to the base via the handle which leaves room for three levels of decoration, showing some apparently unclothed bishops inside, then some ladies leaning out of windows and then some musicians serenading outside!  It is depicted and described in: John Allan & Simon Timbs; Treasures of Ancient Devon; Devon Books (Devon County Council), Tiverton, 1996, pp. 34-35.  

A 16C German puzzle glass is shown and described in:  Franz Sales Meyer.  (Ornamentale Formenlehre; 1888.  Translated as:  A Handbook of Ornament; Batsford, 1894.  Reprinted as:  Meyer's Handbook of Ornament; Omega Books, London, 1987, pp. 351 & 353, plate 207 (on p. 351), fig. 10.  "To those times also belonged: Puzzle-glasses from which the liquor had to be sucked-out at the end of the handle (fig. 10): ...."  The figure shows a tallish vessel apparently with a closed top through the hollow handle runs to the bottom of the vessel and the bottom of the handle bends out to provide a sucking point.  The interior tube is marked with dotted lines.

Cardan.  De Rerum Varietate.  1557, ??NYS.  = Opera Omnia, vol. III, pp. 252.  Liber XVIII.  Urcei qui non se mergunt.  Apparently a vase which one fills with water and then pours wine out of. 

The Percival David Foundation of Chinese Art, London, has a late 16C Tantalus Cup (labelled Mazer Cup, item PDF A721) with a statue in the middle.

Prévost.  Clever and Pleasant Inventions.  (1584), 1998.  Pp. 41-44.  A Tantalus cup.

John Bate.  The Mysteries of Nature and Art.  In foure severall parts.  The first of Water works.  The second of Fire works.  The third of Drawing, Washing, Limming, Painting, and Engraving.  The fourth of sundry Experiments.  (Ralph Mab [sic], London, 1634.)  The second Edition; with many additions into every part.  Ralph Mabb, London, 1635.  (3rd ed., Andrew Crooke, London, 1654.)  [BCB 20-22.  Toole Stott 81-83.  HPL [Bate] RBC has 2nd & 3rd eds.]  The first part has several examples, notably the following.



P. 2.  How to make a conceited pot, which being filled with water, will of it selfe runne all out; but not being filled will not run out.



P. 3.  Another conceited Pot out of which being first filled with wine and water, you may drinke pure wine apart, or faire water apart, or els both together.

Louis L. Lipski.  Dated English Delftware: Tin-glazed Earthenware, 1600-1800.  Sotheby Publications, London  &  Harper & Row, Scranton, Pennsylvania,  1984.  ??NYS -- cited and quoted by Sandfield.  Their earliest upright puzzle jug is no. 1009, dated to 1653.

Edgar Gorer  &  J. F. Blacker.  Chinese Porcelain and Hard Stones, Illustrated ....  Quaritch, London, 1911.  Vol. 1, plate 135 and preceding page.  ??NYS -- cited by Rasmussen and quoted by Sandfield.  Two illustrated examples of puzzle jugs, i.e. 'how-to-pour puzzles', dated from the Kang-he (= K'ang Hsi) period, 1662-1722.  ??check dates.

Ozanam.  1694.  Probs. 14 & 26: 1696: 286 & 294 & figs. 137 & 138, plate 47 & fig 146, plate 49;  1708: 362-363 & 370-371 & figs. 33 & 34, plate 15 & fig. 44, plate 18.  Probs. 18 & 30: 1725: vol. 2: 389-390 & 404 & figs. 137 & 138, plate 47 & fig. 146, plate 49.  Probs. 4 & 5: 1790: vol. 4: 33-35 & figs. 5-7, plate 1;  1803: 34-36 & figs. 5-7, plate 1;  1840: 613‑614.  Three forms of Tantalus cups.  In 1790, it is called Tantalus and a figure of Tantalus is put in the cup so that when the liquid approaches him, it runs out.  Some of these are such that they pour out when the cup is tilted.

Patrick J. Donnelly.  Blanc de Chine: The Porcelain of Tehua in Fukien.  London, 1969.  Pp. 95, 345, Appendix 5: N86 & N69.  ??NYS -- cited and quoted by Sandfield.  Describes some tantalus cups, where the siphon is concealed in a figure, dated 1675‑1725.  The T'ao-ya says the figure represents Lu Hung-chien (= Lu Hong Jian), a 16C author on porcelain whose name was Hsiang Yuan-pien Tzu-ching and that the vessel is called a 'quiet mind' dish.  Augustus the Strong (of Saxony?) had an example before 1721.  There is an example in the Princessehof Museuem, Leeuwarden, The Netherlands.  Other versions mentioned in Sandfield have naked men or women in the cups.

The Percival David Foundation of Chinese Art, London, has a 'peach shaped wine pot', i.e. a Cadogan pot, from the Kangxi period, 1662-1722, item PDF 826.

The Victoria and Albert Museum, London, has an example from the K'ang Hsi period (1622‑1722).  ??NYS -- cited and quoted by Sandfield.  ??check dates.

Alberti.  1747.  Art 31, pp. ?? (131-132) & fig. 57 on plate XVI, opp. p. ?? (130).  Vase pours different liquors.

Tissandier.  Récréations Scientifiques.  1880?;  2nd ed., 1881, pp. 327-328 describes 'vases trompeurs', with illustrations on pp. 324-325.  Says they were popular in the 18C and earlier and the illustrations are of examples in the Musée de la Manufacture de Sèvres.  Not in 5th ed., 1888.

Tissandier.  Popular Scientific Recreations.  1890?  Pp. 65-67, with illustrations on pp. 67-69, describes "vases of Tantalus" -- cups which cannot be filled too full -- and then gives the material from the 2nd French ed., 1881.

The Ashmolean Museum, Oxford, Room 47 has a fine example of a Lambeth puzzle jug dated 1745.

The Rijksmuseum, Amsterdam, Room 255 has a fine example of a Delft puzzle jug dated 1768.

Henry Pierre Fourest.  Delftware: Faience Production at Delft.  (Translated from La Faiences de Delft.)  Rizzoli, NY, 1980.  P. 136, no. 130.  ??NYS - cited and quoted by Sandfield.  Shows a Delft puzzle jug from second half of 18C.  In a footnote, the author says: "This very old common form was copied from the Chinese for the East India Company."

Sandfield says the earliest English Cadogan teapots were made at Swindon, Yorkshire, after 1806 and they became popular after 1810.

Badcock.  Philosophical Recreations, or, Winter Amusements.  [1820].  Pp. 130-131, no. 195 & Frontispiece fig. 10: Hydraulic Experiment called Tantalus's Cup.

Rational Recreations.  1824.  Experiment 66, pp. 122-123.  Tantalus cup.

The Boy's Own Book.  1828: 446.  Tantalus's cup.  With statue of Tantalus inside.

An exhibit in the Bramah Tea & Coffee Museum, London, says Mrs Cadogan brought the first examples, of what became Cadogan teapots, to England about 1830, but see above.

Young Man's Book.  1839.  Pp. 172-173.  Tantalus's Cup.

The Secret Out.  1859.  

The Magic Coffee-Pot, pp. 346-347.  Pours coffee, milk or both.

A Vessel that will let Water out at the Bottom, as soon as the Mouth is uncorked, p. 371 (UK: p. 181).  Small holes in the bottom of a corked bottle.

G. J. Monson-Fitzjohn.  Drinking Vessels of Bygone Days  from the Neolithic age to the Georgian period.  Herbert Jenkins, London, 1927.  



On pp. 42-43, he discusses and illustrates fuddling cups and pot crowns.  He says fuddling cups, tygs and puzzle pots dates from Elizabethan times.  Says fuddling cups have three to six cups and there is an example with six in the British Museum, dated 1790, with the inscriptions: "My friend is he that loves me well, but who he is I cannot tell".  Says Drake, Frobisher and Raleigh used or owned examples.



A pot crown has four cups mounted on a ring, with four tubes rising to a central spout.  A maiden wore this on her head and the object was to drain the cups by sucking on the spout, which is not a puzzle, but the maiden could tilt her head to prevent anyone but her chosen suitor managing to drink.



On p. 49-50, he describes tygs and posset pots as simple large drinking vessels.



On p. 58, he illustrates and describes an ordinary puzzle jug.  An example in the BM bears the following verse:  "Here, gentlemen, come try your skill  /  I'll hold a wager if you will  /  That you don't drink this liquor all  /  Without you spill or let some fall."  He says there is a good example in the Unicorn Hotel, Ripon,. and that an example, dated 1775, has the following:  "God save the King I say  /  God bless the King I pray  /  God save the King."



On pp. 103-104, he describes and illustrates the 17C 'Milkmaid Cup' of the Vintners' Company.  When inverted, the milkmaid's skirt is a large cup.  A smaller second cup is supported on pivots between her upraised arms.  When inverted, this second cup is also filled and the drinker must drain the larger cup without spilling any from the swinging cup.

Robert Crossley.  The circulatory systems of puzzle jugs.  English Ceramic Circle Transactions 15:1 (1993) 73-98, front cover & plate V.  Starts with medieval examples from late 13C -- see above.  Says the traditional jug with sucking spouts is first known from late 14C England, though it probably derives from Italy but no early examples are known there.  Classifies puzzle jugs into 10 groups, subdivided into 20 types and into 40 variations.  Some of these are only known from one example, while others were commercially produced and many examples survive.  64 B&W illustrations, 4 colour illustrations on the cover and plate V.  Many of the illustrations show the circulation systems by cut-away drawings or photos of cut-away models, followed by photos of actual jugs.  72 references, some citing several sources or items.  The Glaisher collection at the Fitzwilliam Museum, Cambridge, provided the most examples -- 13.  (I wrote to Crossley in about 1998, but had no answer and the Secretary of the English Ceramic Circle sent me a note about a year later saying he had died.)



In the same issue of the journal, pp. 45, 48 & plate IIb show 6 examples of Cadogan teapots.

The Glaisher Collection of pottery in the Fitzwilliam Museum, Trumpington Street, Cambridge, CB2 1RB; tel: 01223-332900, has the largest number of puzzle vessels on display that I know of.  I found 22 on display, including one specially made for Glaisher.  James Whitbread Lee Glaisher (1848-1928) was a mathematician of some note at Trinity College, Cambridge.  His collection included over 3000 items.  Many of the items on display are described in Crossley's article, but Crossley mentions six items of the Glaisher Collection which are not on display.  I have prepared a list of the items on display and the further six items.



The collection includes several 'tygs', which are large cups with several handles.  Some of these are specifically described as puzzle vessels.  In some other cases one cannot see if a tyg is a puzzle tyg or not, but these cases are all included in Crossley.  [Crossley, pp. 92-93.]



The collection includes some 'fuddling cups' which are multiple interconnected small cups which either spill on you if you don't use them correctly or cause you to drink several cupfuls instead of one -- when this is not expected, you get fuddled!  One example has ten cups in a triangular array.  [Crossley, pp. 91-92] mentions these briefly.  The collection is described in the following.

Bernard Rackham.  Catalogue of the Glaisher Collection of Pottery & Porcelain in the Fitzwilliam Museum, Cambridge, 2 vol., CUP, 1935;  Reprinted: Antique Collectors' Club, Woodbridge (Suffolk), 1987.  ??NYS -- found in BLC.

J. F. Blacker.  Chats on Oriental China.  T. Fisher Unwin, Ltd., London, 1908, 406 pp.  See pp. 272‑273.  Cadogan pots.  (??NYS -- from Rasmussen.)

R. L. Hobson.  Chinese Pottery and Porcelain.  Funk & Wagnalls, New York, 1915.  Reprinted by Dover, 1976.  See pp. 276, 278.  Tantalus cups, Cadogan pots.  (??NYS -- from Rasmussen.)

R. L. Hobson & A. L. Hetherington.  The Art of the Chinese Potter from the Han Dynasty to the end of the Ming.  Benn, London  & Knopf, New York,  1923, 20[sic ??] pp.  Reprinted as: The Art of the Chinese Potter: An Illustrated Survey, Dover, 1982, 137 pp.  See Plates 128 & 149.  Tantalus cups.  Cadogan pots.  (??NYS -- from Rasmussen.)

R. L. Hobson; Bernard Rackham & William King.  Chinese Ceramics in Private Collections.  Halton & Truscott Smith, London, 1931, 201 pp.  See pp. 109‑110.  Tantalus cups.  (??NYS -- from Rasmussen.)

D. F. Lunsingh Scheurleer.  Chinese Export Porcelain: Chine de Commande.  Pitman, New York, 1974, 256 pp.  See pp. 94‑95, 215, plate 105.  Puzzle jugs.  (??NYS -- from Rasmussen.)

Miriam Godofsky.  The Cadogan pot.  The Wedgewoodian (Oct 1982) 141-142.  ??NYS -- cited and quoted by Sandfield.  Three illustrations and mentions of several in museums.

Tassos N. Petris.  Samos  History - Art - Folklore - Modern Life.  Toubis, Athens, 1983, pp. 32 & 66-68] says the local potters at Mavratzaioi, Samos, were still making puzzle jugs (maskara bardak) and tantalus cups (dikia koupa), but "the secrets of making these vessels are now known to only a few, and it must be regarded as a dying trade."

C. J. A. Jörg.  Interaction in Ceramics: Oriental Porcelain & Delftware.  Hong Kong Museum of Art, Hong Kong, 1984, 218 pp.  See pp. 78‑79 and 162‑163, nos. 36 and 115.  Puzzle jugs.  (??NYS -- from Rasmussen.)

Nob Yoshigahara.  Puzzlart.  Tokyo, 1992.  Puzzle Collection, pp. 50-57 shows many examples and a photo of Laurie Brokenshire, all in colour.

Lynn Pan.  True to Form: A Celebration of the Art of the Chinese Craftsman.  FormAsia Books Ltd., Hong Kong, 1995, 148 pp.  See p. 18.  Cadogan pots.  (??NYS -- from Rasmussen.)

Fang Jing Pei.  Treasures of the Chinese Scholar.  Weatherhill, New York, 1997, 165 pp.  See pp. 116‑117.  Cadogan pots.  (??NYS -- from Rasmussen.)

Rik van Grol.  Puzzling China.  CFF 47 (1998??) 27-29.  ??NYR -- cited and quoted by Sandfield.  

Franz de Vreugd.  Oriental puzzle vessels.  CFF 49 (Jun 1999) 18-20.  ??NYR-- cited by Sandfield.  12 puzzle vessels in colour.


10.X.
HOW FAR DOES A PHONOGRAPH NEEDLE TRAVEL?

New section.  I have just seen a recent version of this and decided it ought to be entered.  There must be examples back to the early part of this century.

Meyer.  Big Fun Book.  1940.  No. 2, pp. 173 & 755.

Young World.  c1960.  P. 29.  "How many grooves are there in a long playing record?  Just one long one."  [Actually there are two!]

The Diagram Group.  The Family Book of Puzzles.  The Leisure Circle Ltd., Wembley, Middlesex, 1984.  Problem 95, with Solution at the back of the book.  


10.Y.
DOUBLE CONE ROLLING UPHILL
W. Leybourn.  Pleasure with Profit.  1694.  Tract. III, pp. 12-13: "A Mechanical Paradox: or, A New and Diverting Experiment.  Whereby a Heavy Body shall by its own Weight move up a sloping Ascent.  Written by J. P."  Nice drawing.  No indication of who J. P. is and he is not one of the publishers or the additional author.

Andrew Q. Morton.  Science in the 18th Century.  The King George III Collection.  Science Museum, London, 1993.  P. 33 shows the example in the George III Gallery and says it is c1750 and that the idea was invented at the end of the 17C and was popular in 18C lectures on mechanics.

Henk J. M. Bos.  Descriptive Catalogue  Mechanical Instruments in the Utrecht University Museum.  Utrecht University Museum, 1968, pp. 35-37.  Describes several examples, saying they are described in the classic experimental mechanics texts of the early 18C, citing 's Gravesande, Desaguliers, Nollet, Musschenbroek.  Item M 5 was bought in 1755.  



The Museum also has two oscillatory versions where the cone seems to roll over a peak and down the other side, then back again, ....  Item M 7 is first mentioned in an inventory of 1816.

Ozanam-Montucla.  1778.  Vol. II, prob. 26:  1790: 45-46 & figs. 22-24, plate 5;  1803: 49-50 & figs. 22-24, plate 5;  1840: 216-217.

Catel.  Kunst-Cabinet.  1790.  Der bergangehende Kegel, p. 12 & fig. 4 on plate I.  

Bestemeier.  1801.  Item 40 -- Der Berggehende Kegel.  Copies most of Catel.  Diagram is copied from Catel, but less well done.

Gardner D. Hiscox.  Mechanical Appliances  Mechanical Movements  and  Novelties of Construction.  A second volume to accompany his previous Mechanical Movements, Powers and Devices.  Norman W. Henley Publishing Co, NY, (1904), 2nd ed., 1910.  Item 931, p. 372, is an attempt to use this device as a perpetual motion by having the rails diverging where it goes uphill and parallel where it goes downhill in alternate sections.  Patented in 1829!

Magician's Own Book (UK version).  1871.  A double cone ascending a slope by its own weight, pp. 136-137.  The picture of the cone looks more like an octahedron!

Will Goldston.  Tricks & Illusions  for amateur and professional conjurers.  Routledge  &  Dutton,  9th ed (revised), nd [1920s?], pp. 28-29: The magic cone.


10.Z.
THE WOBBLER

This is formed by slotting two discs on radial lines and fitting them together.  When the distance between centres is  (2  times the radius, then the centre of gravity at two obvious positions is at the same height and the object rolls rather smoothly with a 'wobbly' motion.  The basic result is that the centre of gravity stays at constant height as it rolls.  Similar shapes are included here.

Gardner D. Hiscox.  Mechanical Appliances  Mechanical Movements  and  Novelties of Construction.  A second volume to accompany his previous Mechanical Movements, Powers and Devices.  Norman W. Henley Publishing Co, NY, (1904), 2nd ed., 1910.  Item 355: The pantanemone, p. 144.  Take a disc and cut it along a diameter.  Twist one half by 90o about the diameter perpendicular to the cut, so the planes of the semi-circles are at right angles, looking  bit like the Wobbler.  Mount the pieces on an axle at 45o to each plane -- in practice this requires some guy wires between the pieces.  He asserts that this rotates in a wind from any direction, except perpendicular to the axle, so it can be used as a stationary windmill, giving 60 days more work per year than conventional windmills.

A. T. Stewart.  Two-circle roller.  Amer. J. Physics 34:2 (Feb 1966) 166-167.  Shows the basic result and gets the height of the centre of gravity for any spacing.  Shows examples made from slotted plastic discs.  I learned of Stewart's work in 1992 from Mike Berry.  In a letter of 27 Oct 1992 to Berry, he says the problem is difficult and little known.  It took him "a dozen pages of cumbersome trigonometry".  He offered $5 to anyone who could derive the result on one page and only two people ever collected.

Anthea Alley.  Rocking Toy  1969.  This is an example of the wobbler made from 48" diameter disks, 1" thick, with holes about 12" diameter in the middle.  This is shown, with no text, in a photograph on p. 108 of:  Jasia Reichardt, ed.; Play Orbit [catalogue of an exhibition at the ICA, London, and elsewhere in 1969-1970]; Studio International, 1969.

Paul Schatz.  Rhythmusforschung und Technik.  Verlag Freies Geistesleben, Stuttgart, 1975.  In this he considers a number of related ideas, but his object -- the Oloid -- has the distance between centres being the radius.  This does not roll smoothly on the level, but he would roll it down a slope -- see Müller.

Paul Schatz.  Swiss patent 500,000.  (??NYS -- cited in Müller.)

Georg Müller, ed.  Phänomena -- Eine Dokumentation zur Ausstellung über Phänomene und Rätsel der Umwelt an der Seepromenade Zürichhorn, 12 Mai - 4 November 1984.  Zürcher Forum, Zürich, 1984.  P. 79 shows the Oloid rolling down a slope.

David Singmaster and Frederick Flowerday.  The wobbler.  Eureka 50 (1990) 74-78.  Flowerday developed the idea in the 1980s, but I can't recall if he developed it from Schatz's work.  This paper proves the basic result and discusses unsolved problems such as the path of the centre of gravity.  For the Oloid, the distance between the two contact points is of constant length.  Stewart's paper was not known when this was written.

Christian Ucke & Hans-Joachim Schlichting.  Wobbler, Torkler oder Zwei-Scheiben-Roller.  Physik in unserer Zeit 25:3 (1994) 127-128.  Short description, mentioning Flowerday and citing Stewart and Schatz.  Says they are sold in Germany and Switzerland as Wobbler or Go-On.  Shows a version using slotted plastic discs called Rondi.  Instructions on how to make one.

Christoph Engelhardt & Christian Ucke.  Zwei-Scheiben-Roller.  Preprint of 3 May 1994, to appear in Mathematisch-Naturwissenschaftlicher Unterricht (1995).  Basic description and derivation of the basic result.  Shows this also works for elliptical discs!  Attempts to find the path of the centre of gravity.  Singmaster & Flowerday was not known when this was written.


10.AA.
NON-REGULAR DICE

This deals with determining the probability of the various faces of a die which is not a regular polyhedron.  The immediate approach is a simple geometric model -- the probability of a face should be proportional to the solid angle subtended by that face viewed from the centroid.  However, this fails to agree with reality and a number of authors have attempted to explain the real situation by more complex modellings of the physical situation.  Note that a coin or cylinder is a non-regular die, so the phenomenon of a coin landing on edge is included here.  I have included everything I know of here as there has been considerable interest in this problem in recent years.  Ricky Jay recently asked about the history of loaded or mis-spotted dice and we would appreciate references on this -- it is commonly asserted that mis-spotted dice occurred in the 11C, but I cannot relocate my source for this and there may not have been very specific -- cf Jay, 2000.

Scott Beach.  Musicdotes.  Ten Speed Press, Berkeley, California, 1997, p. 77.  Says Jeremiah Clarke (c1674-1707), the organist of St. Paul's Cathedral and a composer best known for the Trumpet Voluntary (properly the Prince of Denmark's March, long credited to Purcell) became enamoured of a lady above his station and was so despondent that he decided to commit suicide.  Being somewhat indecisive, he threw a coin to determine whether to hang himself or drown himself.  It landed on the ground and stuck on edge!  Failing to recognise this clear sign, he went home and shot himself!  (The text is given as a Gleaning: A loss of certainty, submitted by me, in MG 66 (No. 436) (1982) 154.)

P. S. de Laplace.  Théorie Analytique des Probabilités.  3rd ed, Courcier, Paris, 1820.  P. 359 remarks that determining the probabilities for a cuboid is beyond analytic techniques.

J. D. Roberts.  A theory of biased dice.  Eureka 18 (Nov 1955) 8-11.  Deals with slightly non-cubical or slightly weighted dice (e.g. due to the varying number of pips).  He changes the lengths by  ε  and ignores terms of order higher than first order.  He uses the simple geometric theory.

J. R. Probert-Jones.  Letter to the Editor.  Eureka 19 (Mar 1957) 17-18.  Says Roberts' article is the first to treat the problem quantitatively.  States that about 1900, Weldon made two extensive trials on dice.  Weldon's work is not known to have been published, but Pearson cited his results of  26,306  throws of six dice in the paper in which he introduced the  χ2  test.  The analysis showed the results would occur with fair dice about once in  20,000  trials, but using Roberts' estimate of the bias of dice, the result would occur about once in every two trials.  Edgeworth describes Weldon's other trials, which were a bit more elaborate.  Assuming fair dice, the probability of the results was  .0012,  while Roberts's estimate leads to probability  .067.  Both trials show that fairness of ordinary dice is not reasonable and Roberts' estimates are reasonable.

L. E. Maistrov.  Probability Theory.  A Historical Sketch.  Academic, 1974.  ??NYS -- Heilbronner says he measured ancient dice at Moscow and Leningrad, finding them quite irregular -- the worst cases having ratios of edge lengths as great as 1.2 and 1.3.

Robert A. Gibbs, proposer;  P. Merkey & Martin Berman, independent solvers.  Problem 1011 -- An old dice problem.  MM 50:2 (Mar 1977) 99  &  51 (1978) 308.  Editor says it is an old problem which might be of interest to new readers.  Can one can load a pair of dice so each value has equal probability of occurring.  I.e. each of  2, 3, ..., 12  has probability  1/11.  Solution notes refer to  Problem E 925, AMM 57 (1951) 191-192  and  E. J. Dudewicz & R. E. Dann; Equally likely dice sums do not exist; Amer. Statistician 26 (1972) 41-42,  both ??NYS.

Scot Morris.  The Book of Strange Facts and Useless Information.  Doubleday, 1979, p. 105.  Says  6  is the most common face to appear on an ordinary die because the markings are indentations in the material, making the six side the lightest and hence most likely to come up.  He says that this was first noticed by ESP researchers who initially thought it was an ESP effect.  The effect is quite small and requires a large number of trials to be observable.  (I asked Scot Morris for the source of this information -- he couldn't recall but suspected it came from Martin Gardner.  Can anyone provide the source?)

Frank Budden.  Note 64.17: Throwing non-cubical dice.  Math. Gaz. 64 (No. 429) (Oct 1980) 196-198.  He had a stock of 15mm square rod and cut it to varying lengths.  His students then threw these many times to obtain experimental values for the probability of side versus end.

David Singmaster.  Theoretical probabilities for a cuboidal die.  Math. Gaz. 65 (No. 433) (Oct 1981) 208-210.  Gives the simple geometric approach and compares the predictions with the experimental values obtained by Budden's students and finds they differ widely.



Correspondence with Frank Budden led to his applying the theory to a coin and this gives probabilities of landing on edge of  8.1%  for a UK 10p coin and  7.4%  for a US quarter.  [And  9.5%  for a US nickel.]

Trevor Truran.  Playroom: The problem of the five-sided die.  The Gamer 2 (Sep/Oct 1981) 16 & 4 (Jan/Feb 1982) 32.  Presents Pete Fayers' question about a fair five-sided die and responses, including mine.  This considered a square pyramid and wanted to determine the shape which would be fair.

Eugene M. Levin.  Experiments with loaded dice.  Am. J. Physics 51:2 (1983) 149-152.  Studies loaded cubes.  Seeks for formulae using the activation energies, i.e. the energies required to roll from a face to an adjacent face, and inserts them into an exponential.  One of his formulae shows fair agreement with experiment.

E. Heilbronner.  Crooked dice.  JRM 17:3 (1984-5) 177-183.  He considers cuboidal dice.  He says he could find no earlier material on the problem in the literature.  He did extensive experiments, a la Budden.  He gives two formulae for the probabilities using somewhat physical concepts.  Taking  r  as the ratio of the variable length to the length of the other two edges, he thinks the experimental data looks like a bit of the normal distribution and tries a formulae of the form  exp(-ar2).  He then tries other formulae, based on the heights of the centres of gravity, finding that if  R  is the ratio of the energies required to tilt from one side to another, then  exp(-aR)  gives a good fit.

Frank H. Berkshire.  The 'stochastic' dynamics of coins and irregular dice.  Typescript of his presentation to BAAS meeting at Strathclyde, 1985.  Notes that a small change in  r  near the cubical case, i.e.  r = 1,  gives a change about  3.4  times as great in the probabilities.  Observes that the probability of a coin landing on edge depends greatly on how one starts it - e.g. standing it on edge and spinning it makes it much more likely that it will end up on edge.  Says professional dice have edge  3/4"  with tolerance of  1/5000 " and that the pips are filled flush to the surface with paint of the same density as the cube.  Further, the edges are true, rather than rounded as for ordinary dice.  These carry a serial number and a casino monogram and are regularly changed.  Describes various methods of making crooked dice, citing Frank Garcia; Marked Cards and Loaded Dice; Prentice Hall, 1962, and John Scarne; Scarne on Dice; Stackpole Books, 1974.  Studies cuboidal dice, citing Budden and Singmaster.  Develops a dynamical model based on the potential wells about each face.  This fits Budden's data reasonably well, especially for small values of  r.  But for a cylinder, it essentially reduces to the simple geometric model.  He then develops a more complicated dynamical model which gives the probability of a 10p coin landing on edge as about  10-8.

John Soares.  Loaded Dice.  (Taylor Publishing, Dallas, 1985);  Star (W. H. Allen), 1988.  On p. 49, He says "Aristotle wrote a scholarly essay on how to cheat at dice."  In an Afterword by George Joseph, pp. 243-247, on p. 246, he describes 'flats': "Certain sides of the dice are slightly larger (Flat) 1/5,000th to 1/10,000th of an inch."

David Singmaster.  On cuboidal dice.  Written in response to the cited article by Heilbronner and submitted to JRM in 1986 but never used.  The experimental data of Budden and Heilbronner are compared and found to agree.  The geometric formula and Heilbronner's empirical formulae are compared and it is found that Heilbronner's second formulae gives the best fit so far.



I had a letter in response from Heilbronner at some point, but it is buried in my office.

Joseph B. Keller.  The probability of heads.  AMM 93:3 (Mar 1986) 191-197.  Considers the dynamics of a thin coin and shows that if the initial values of velocity and angular velocity are large, then the probability of one side approaches  1/2.  One can estimate the initial velocity from the amount of bounce -- he finds about  8 ft/sec.  Persi Diaconis examined coins with a stroboscope to determine values of the angular velocity, getting an average of  76π rad/sec.  He considers other devices, e.g. roulette wheels, and cites earlier dynamically based work on these lines.

Frank H. Berkshire.  The die is cast.  Chaotic dynamics for gamblers.  Copy of his OHP's for a talk, Jun 1987.  Similar to his 1985 talk.  

J. M. Sharpey-Schafer.  Letter: On edge.  The Guardian (20 Jul 1989) 31.  An OU course asks students to toss a coin 100 times and verify that the distribution is about 50 : 50.  He tried it 1000 times and the coin once landed on edge.

D. Kershaw.  Letter: Spin probables.  The Guardian (10 Aug 1989) 29.  Responding to the previous letter, he says the probability that a tossed coin will land on edge is zero, but this does not mean it is impossible.

A. W. Rowe.  Letter.  The Guardian (17 Aug 1989) ??  Asserts that saying the probability of landing on edge is zero admits 'to using an over-simplified mathematics model'.

K. Robin McLean.  Dungeons, dragons and dice.  MG 74 (No. 469) (Oct 1990) 243-256.  Considers isohedral polyhedra and shows that there are 18 basic types and two infinite sets, namely the duals of the 5 regular and 13 Archimedean solids and the sets of prisms and antiprisms.  Then notes that unbiased dice can be made in other shapes, e.g. triangular prisms, but that the probabilities are not obvious, citing Budden and Singmaster, and describing how the probabilities can change with differing throwing processes.

Joe Keller, in an email of 24 Feb 1992, says Frederick Mosteller experimented with cylinders landing on edge 'some time ago', probably in the early 1970s.  He cut up an old broom handle and had students throw them.  He proposed the basic geometric theory.  Keller says Persi Diaconis proposed the cuboidal problem to him c1976.  Keller developed a theory based on energy loses in rolling about edges.  Diaconis made some cuboidal die and students threw them each 1000 times.  The experimental results differed both from Diaconis' theory (presumably the geometric theory) and Keller's theory.

Hermann Bondi.  The dropping of a cylinder.  Eur. J. Phys. 14 (1993) 136-140.  Considers a cylindrical die, e.g. a coin.  Considers the process in three cases: inelastic, perfectly rough planes;  smooth plane, for which an intermediate case gives the geometric probabilities;  imperfectly elastic impacts.  

In late 1996 through early 1997, there was considerable interest in this topic on NOBNET due to James Dalgety and Dick Hess describing the problem for a cubo-octahedron.  I gave some of the above information in reply.

Edward Taylor Pegg, Junior.  A Complete List of Fair Dice.  Thesis for MSc in Applied Mathematics, Dept. of Mathematics, Univ. of Colorado at Colorado Springs, 1997.  40pp.  He started with the question of finding a fair five-sided die and tried to find one in the form of a triangular prism as well as a square pyramid.  He considers the simple geometric model and notes it cannot work as some polyhedra have unstable faces!  Asserts that an isohedron is obviously fair.  [A polyhedron is isohedral if any face can be mapped onto any other by a symmetry (i.e. a rotation or a rotation and reflection) of the polyhedron.]  Notes that the method of throwing a die affects its fairness and says this shows that isohedra are the only fair dice.  He lists all the isohedra -- he says there are 24 of them and the two infinite families of dual prisms (the bipyramids) and dual antiprisms (the trapezohedra), but I only see 23 of them in his lists).  He explicitly describes a fair but unsymmetrical cardboard tetrahedron, but it seems he has to cut a circular hole in one face or weight the face.  Develops an energy state model and finds that the probability of a US nickel landing on edge is  3/10,000, but then revises his model and gets  15/100,000,000  -- Budden's 1981 method gives  9.5%.  20 references, but he was unaware of the above literature and the references are mostly to polyhedra and their groups.  Pegg also sent a graph of Frank Budden's data versus the mathematical model - presumably one of Pegg's models.

[A. D. [Tony] Forbes.]  Problem 171.1 - Cylinder.  M500 171 (Dec 1999) 9.  Asks for the shape of cylinder such that the probability of landing on the side is 50%. 

David Singmaster.  Re: Problem 171.1 -- Cylinder.  M500 173 (Apr 2000) 19.  Sketch of history of the problem.

David Singmaster.  Non-regular Dice.  M500 174 (Jun 2000) 12-15.  The material of this section up through 1997, though I have since amended some of it.  With a prefatory note by ADF that he had no idea the problem had any history when he posed it.

Gordon Alabaster.  Re: Problem 171.1 -- Cylinder.  M500 174 (Jun 2000) 16-17.  Gives a simple physical argument that 50% should occur when the cross-section is square.

Colin Davies.  Re: Problem 171.1 -- Cylinder.  M500 176 (Oct 2000) 22.  Differs with Alabaster's analysis and notes the the way in which the cylinder is tossed has a major effect.

Ricky Jay.  The story of dice.  The New Yorker (11 Dec 2000) 90-95.  A set of 24 loaded or mismarked dice was found in a container, dated late 15C, in the Thames in 1984, apparently ditched by an early Tudor gambler to avoid being caught out; these are now in the London Museum.  Two 19C histories of gambling state that loaded dice were discovered at Pompeii or Herculaneum, but neither gives a reference or details of the dice and they give different sites.  The earliest discussion of false dice in English is in Roger Ascham's Toxophilus of 1545.  The Mirror of Saxony, a 13C legal compendium, specifies that users of false dice could have their hands cut off and the makers of false dice could have their eyes put out.


10.AB.
BICYCLE TRACK PROBLEMS.


There are three different problems involved here.  


First, does the front wheel wear out more rapidly than the rear one?  Why?


Second, ignoring the first point, can you determine from bicycle tracks which one is front and which is rear?


Third, can you determine which way the bicycle was going?  

This section was inspired by running across several modern items and recalling Doyle's article.

I have recently read that the front wheel of a bicycle wears out faster than the rear wheel because the front wheel travels further -- on a curve, front wheels travel in an arc of larger radius than rear wheels, and even in fairly straight travel, the front wheel oscillates a bit to each side of the line of travel.  In addition, front wheels are often turned when the vehicle is at rest.  However, I cannot relocate my source of this, though I recall that the answer simply said the front wheel travels farther with no further explanation.

Yuri B. Chernyak & Robert M. Rose.  The Chicken from Minsk.  BasicBooks (HarperCollins), NY, 1995.  Asks why the front tires on a car wear out faster than the rear tires and says that proper turning requires the front wheels to turn by different amounts and that this, with some other undiscussed reasons, leads to the front wheels being set slightly out of parallel, which causes the extra wear.  The solution concludes: "The perfect suspension, which would turn the wheels at exactly the proper angles, has yet to be devised."  

(On the other hand, a cross-country cyclist recently told me that his rear tire wears out faster.)

See Gerrard & Brecher in Section 6.Y for a somewhat related problem.

From the fact that the front wheel makes a more sinuous path, or that it is the outer track on a curve, or that the rear track goes over the front track, or, perhaps, that it makes a shallower track, we can tell which of the two tracks is the front wheel, but Doyle, below, does not refer to this point.

A. Conan Doyle.  The Adventure of the Priory School.  In this, Holmes says he can tell which way a bicycle was going from its tracks on a pathway.  

A. Conan Doyle.  The truth about Sherlock Holmes.  The National Weekly (= Collier's Weekly) (29 Dec 1923).  Reprinted in: The Final Adventures of Sherlock Holmes; ed. by Peter Haining; W. H. Allen, London, 1981, pp. 27-40 in the PB ed., esp. p. 38.  See also: The Uncollected Sherlock Holmes; ed. by Richard Lancelyn Green; Penguin, 1983, pp. 305-315, esp. pp. 313-314, which gives a longer version of the article that appeared as Sidelights on Sherlock Holmes; Strand Mag. (Jan 1924) and is basically a part of a chapter in Doyle's autobiography which he was writing in 1923.



Doyle recalls the bicycle track episode in "The Adventure of the Priory School" and says that a number of letters objected to this, so he went out and tried it, finding that he couldn't tell on the level, but that "on an undulating moor the wheels make a much deeper impression uphill and a more shallow one downhill; so Holmes was justified of his wisdom after all."  

Ruth Thomson  &  Judy Hindley.  Tracking & Trailing.  Usborne Spy Guides, 1978, Usborne, London, pp. 44-45.  This says: "The front wheel of a cycle makes a loopy track as the cyclist turns it from side to side to keep his balance.  As he goes faster he turns it less, so the loops are flatter.  The narrow end of the loops point in the direction where the cyclist is heading."  When I first read this, I thought that one could tell the direction from the fact that the loops get flatter as the cycle goes downhill, but the track going uphill will look similar - the cycle travels faster at the bottom then at the top.  I am not convinced that 'the narrow end of the loops' works -- see my analysis below.

Joseph D. E. Konhauser, Dan Velleman & Stan Wagon.  Which Way Did the Bicycle Go? ...and Other Intriguing Mathematical Mysteries.  MAA, Dolciani Math. Expos. 18, 1996, prob. 1, pp. 1 & 63-64.  This is a careful treatment of determining which way the bicycle was going from the geometry of the tracks in general, but I have found there is a much simpler solution in ordinary cases.  



Consider when the bicycle is going essentially straight and begins to turn.  Both wheels move off the straight route onto curves, so the front wheel will have gone a bit further (namely the distance between the axles) along the straight route than the rear one did, so the outer track, which is made by the front wheel, has a short straight section at the beginning of the turn.  When the bicycle completes its turn and both wheels are now going straight, the front wheel is the same distance ahead, so the rear wheel makes a bit of a straight track before meeting the track of the front wheel.  So the inner track, made by the rear wheel, has a short straight section at the end of the turn.  Knowing this, one can tell which way the cycle was going from examination of one end of a turn, provided the track is distinct enough.


10.AC.
ROBERVAL'S BALANCE.

This is a mechanism commonly used in pan balances but if one extends part of it outward, then it exhibits the paradoxical behaviour that the position of a weight doesn't affect the equilibrium, apparently in violation of the law of the lever.  Imagine a rectangle with pivoted corners.  Let the long edges be horizontal and the short edges be vertical.  Attach the midpoints of the long edges to an upright, so these can pivot.  As the rectangle pivots the short ends will remain vertical.  Now attach horizontal rods to these ends.  As the rectangle pivots, these remain horizontal.  If you hang equal weights on these rods, the whole thing balances, regardless of where the weights are positioned on these rods.

Nouvelle maniere de Balance inventée par M. de Roberval, Professor Royal des Mathématiques dans l'Université de Paris.  Journal des Sçavans (10 Feb 1670).  ??NYS - cited and described in: Henk J. M. Bos; Descriptive Catalogue  Mechanical Instruments in the Utrecht University Museum; Utrecht University Museum, 1968, pp. 37-38.


10.AD.
POUND OF FEATHERS.

New section.  The usual question is: which is heavier -- a pound of feathers or a pound of gold?  This has the trick answer dependent on the different pounds used to weigh these materials.  However, I have recently seen the 1850 & 1930 items below and decided to add this section.

Fireside Amusements.  1850: No. 108, pp. 138 & 187?;  1890: No. 77, p. 114.  "Which is heaviest -- a pound of lead, or a pound of feathers?"  "Both the same."

Clark.  Mental Nuts.  1897, no. 69;  1904, no. 79;  1916, no. 75.  Which weighs the most?  "A pound of feathers or a pound of gold."  Answer: "Feathers, 7000 grains; gold, 5760."  (The editions vary slightly.)

Heinrich Voggenreiter.  Deutsches Spielbuch  Sechster Teil: Heimspiele.  Ludwig Voggenreiter, Potsdam, 1930.  P. 108: Was ist schwerer?  'Which is heavier, a pound of feathers or a pound of lead.'  There is no answer or explanation.  'Schwer' has several other related meanings, especially 'strong' and 'difficult'.

Hummerston.  Fun, Mirth & Mystery.  1924.  Problem, Puzzle no. 63, pp. 148 & 182.  "If one pound of potatoes balances with a box containing one pound of gold  What is the weight of the box?"  Correctly notes that Avoirdupois and Troy ounces are different, so one has to go to grains of which there are  5760  in a Troy pound (1 Troy oz = 480 grains) and  7000  in an Avoirdupois pound (1 Avoirdupois oz = 437.5 grains).  So the box must weigh  1240  grains  =  2.58333... oz  =  2 oz 11 pennyweight 16 grain  Troy  =  2.83429... oz  =  2 oz 13 dr 9 17/32 grain  Avoirdupois.


10.AE.
JUGGLING OVER A BRIDGE

New section.

Doubleday - 1.  1969.  Prob. 10, Over the limit, pp. 17 & 157-158.  = Doubleday - 4, pp. 21‑22.  A man of weight 145 finds three balls, each weighing 2 and wishes to carry them across a bridge over a ravine.  But the bridge can only carry a weight of 150.  How does he do it?  Solution says to juggle the balls, so the man is only holding at most two balls at a time.  He says he was once challenged about this by someone who claimed that air pressure and humidity invalidated the method.

David Singmaster.  Problem proposal 78.B.  MG 78 (No. 481) (Mar 1994) 112.  Shows that the above is a fatal delusion, as the average force, on the juggler, of a ball being juggled is its weight.

11.
TOPOLOGICAL RECREATIONS

Many of the puzzles described here have the common characteristic that a loop of string is entangled in some object and the entangled string has to be worked through a number of holes in order to remove the string or to release a ring, etc.


In 11.I, the end of the loop is worked through holes until it can be looped around the other end of the string which has an obstructive object on it.  Alternatively, the loop can be passed round the object containing the holes.  Which is easier depends on the relative sizes of the two objects involved.


In 11.A, the other end of the loop is inaccessible and the end of the loop is then passed around the object, which is equivalent to passing it over the other end of the loop.  


In 11.E, the other end of the loop is inaccessible and the end of the loop must be partly passed over the deformable object to allow the obstruction to pass through the deformed object.  11.I, 11.A and 11.E are thus all based on the reef or square knot and topologically equivalent.  Some of the trick purses in 11.F use this idea.


In 11.B, the basic process is obscured by using people so that one does not readily see the necessary path.  11.H are 11.H.1 are essentially the same as this, both in their topology and their obscuring process.  The wire puzzle called The United Hearts, Cupid's Bow, etc. is isomorphic to this.


In 11.C, the basic process is obscured by using a flexible object which is deformed to act as the loop.


In 11.F, the basic process is again obscured, this time by the fact that the holes do not appear to be part of the puzzle and by the fact that one does not remove the loop, but instead a ring is released.


11.D is somewhat similar, but the process of moving the end of the loop is quite different and the object is to move objects along the string, so this is basically a different type of puzzle.


7.M.5 is in this general category, but the systematic binary pattern of disentanglement makes it quite different from the items below.


James Dalgety has shown me some examples of Puzzle Boxes from John Jaques & Son, London, c1900, which contain many of these puzzles.  The decorative features on these are very similar to those in Hoffmann's illustrations.  It is clear that Hoffmann (or his artist) drew from such examples (Jaques are not known to have published any illustrations of these puzzles), so Jaques must have been producing them in the 1880s.  I will note 'drawing based on Jaques' puzzle' in the entry for Hoffmann for such puzzles.


11.A.
SCISSORS ON STRING
Ozanam.  1725.  Vol. IV, prob. 35, p. 437 & fig. 42, plate 18 (error for 13) (15).

Minguet.  1733.  Pp. 108-109 (1755: 76-77; 1822: 83-84 & 127-128; 1864: 72-73 & 107-108).  Somewhat similar to Ozanam.

Alberti.  1747.  Art. 35, p. 209 (110) and fig. 43, plate XII, opposite p. 212 (110).  Taken from Ozanam.

Manuel des Sorciers.  1825.  Pp. 210-211, art. 25.

de Savigny.  Livre des Écoliers.  1846.  P. 265: Le nœud des ciseaux.

The Sociable.  1858.  Prob. 40: The scissors entangled, pp. 298 & 316.  "This is an old but a capital puzzle."  Says the ends are held in the hand, but figure shows them tied to a post.  = Book of 500 Puzzles, 1859, prob. 40, pp. 16 & 34.  = The Secret Out, 1859, pp. 238‑239: The Disentangled Scissors, but says the ends 'are held by the hand or tied firmly to a post ...', and with a diagram for the solution.  See Magician's Own Book (UK version) for a clearer version.  = Wehman, New Book of 200 Puzzles, 1908, p. 44.  

Indoor & Outdoor.  c1859.  Part II, p. 129, prob. 9: The scissors entangled.  Almost identical to The Sociable, but the figure omits the post and the problem statement starts with 56. -- apparently the problem number in the source from which this was taken.

Magician's Own Book (UK version).  1871.  The liberated prisoner, pp. 211-212.  Shows a prisoner chained in this manner, but the diagram is too small to really see what is going on.  Then says it is equivalent to the scissors problem, which is clearly drawn and much bigger than in The Sociable.  The explanation is clearer than in The Sociable.

Tissandier.  Récréations Scientifiques.  1880?  2nd ed., 1881, gives a brief unlabelled description on pp. 330-331, with figure copied from Ozanam on p. 328.  



5th ed., 1888, La cordelette et les ciseaux, p. 259.  Based on Ozanam, copying the diagram.



The index of the English ed. has a reference to this, but the relevant pages 775‑776 have become the title for the Supplement!  This is included on p. 84 of Marvels of Invention -- cf Tissandier in Common References.

Anonymous.  Social Entertainer and Tricks (thus on spine, but running title inside is New Book of Tricks).  Apparently a compilation with advertisements for Johnson Smith (Detroit, Michigan) products, c1890?  P. 38b: The scissors trick.

Hoffmann.  1893.  Chap. X, no. 46: The entangled scissors, pp. 355 & 393 = Hoffmann‑Hordern, p. 254.

A. Murray.  Tricks with string.  The Boy's Own Paper 17 or 18?? (1894??) 526-527.  Well drawn.

Devant.  Tricks for Everyone.  Op. cit. in 4.A.1.  1910.  The scissors trick, pp. 35-36.  Simple version. 

M. Adams.  Indoor Games.  1912.  The tailor's scissors, pp. 28‑30.

Williams.  Home Entertainments.  1914.  The entangled scissors, pp. 111-112.

Hummerston.  Fun, Mirth & Mystery.  1924.  The entangled scissors, p. 127.

Collins.  Book of Puzzles.  1927.  The dressmaker's puzzle, pp. 21-22.

J. F. Orrin.  Easy Magic for Evening Parties.  Op. cit. in 7.Q.2.  1930s??  The scissors puzzle, pp. 36-37.


11.B.
TWO PEOPLE JOINED BY ROPES AT WRISTS

This is isomorphic to 11.K.8.  See von Hartwig, Goldston and Svengarro for one person versions.

Ozanam.  1725.  Vol. IV, prob. 38, p. 438 & fig. 45, plate 18 (error for 13) (15).

Minguet.  1733.  Pp. 110-111 (1755: 77-78; 1822: 129-130; 1864: 108-109).  Similar to Ozanam.

Alberti.  1747.  Art. 38, p. 212 (111) and fig. 46, plate XII, opposite p. 212 (110).  Taken from Ozanam.

Family Friend 2 (1850) 267 & 353.  Practical Puzzle -- No. IX.  = Illustrated Boy's Own Treasury, 1860, Practical Puzzles, No. 37, pp. 402 & 442.

Parlour Pastime, 1857.  = Indoor & Outdoor, c1859, Part 1.  = Parlour Pastimes, 1868.  Mechanical puzzles, no. 10, pp. 180-181 (1868: 191-192).  

Magician's Own Book.  1857.  No. 11: The handcuffs, p. 11.  = The Secret Out, 1859, pp. 248‑250, but with a few changes of words, a diagram for the solution and more elegant drawing.  = Boy's Own Conjuring Book, 1860, p. 23.

Leske.  Illustriertes Spielbuch für Mädchen.  1864?  Prob. 177, p. 96: Die verschlungenen Schnüre.

Anonymous.  Every Little Boy's Book  A Complete Cyclopædia of in and outdoor games with and without toys, domestic pets, conjuring, shows, riddles, etc.  With two hundred and fifty illustrations.  Routledge, London, nd.  HPL gives c1850, but the text is identical to Every Boy's Book, whose first edition was 1856, and which has not yet been entered.  In 4.A.1, I've guessed this book may be c1868.  Pp. 360-361: The handcuffs.

Magician's Own Book (UK version).  1871.  The prisoner's release, pp. 209-211.  Adds that one can also intertwine the two cords in the form of a square or reef knot which allows a simpler disentanglement.

Elliott.  Within‑Doors.  Op. cit. in 6.V.  1872.  Chap. 4, no. 13: The handcuffs, p. 97.

Cassell's.  1881.  P. 94: The prisoners' release puzzle.  = Manson, 1911, 143-144

Tissandier.  Récréations Scientifiques.  1880?  2nd ed., 1881, brief unlabelled description on p. 330 with figure copied from Ozanam on p. 328.  



5th ed., 1888, Les deux prisonniers, pp. 257-258.  Based on Ozanam, copying the diagram.  



The index of the English ed. has a reference to this, but the relevant pages 775‑776 have become the title for the Supplement!  This is included on p. 84 of Marvels of Invention -- cf Tissandier in Common References.

Anonymous.  Social Entertainer and Tricks (thus on spine, but running title inside is New Book of Tricks).  Apparently a compilation with advertisements for Johnson Smith (Detroit, Michigan) products, c1890?  P. 14a: Slipping the bonds.

Richard von Hartwig.  UK Patent 3859 -- A New Game or Puzzle.  Applied: 27 Feb 1892;  accepted: 2 Apr 1892.  1p + 1p diagrams.  One man, the other loop being tied to a tree.

Hoffmann.  1893.  Chap. X, no. 36: Silken fetters, pp. 349‑350 & 390 = Hoffmann-Hordern, pp. 246-247.

A. Murray.  Tricks with string.  The Boy's Own Paper 17 or 18?? (1894??) 526-527.

M. Adams.  Indoor Games.  1912.  Release the prisoners, pp. 28‑29.

Will Goldston.  The Young Conjuror.  [1912 -- BMC];  2nd ed., Will Goldston Ltd, London, nd [1919 -- NUC],  Vol. 1, pp. 34-39: Three Malay rope tricks.  No. two is the present section, with one person having his wrists tied and a string looped around and held by another person.  Goldston thanks E. R. Bartrum for the text and illustrations.

Prof. Svengarro.  Book of Tricks and Magic.  I. & M. Ottenheimer, Baltimore, 1913.  Rope trick, p. 15.  As in Goldston, with wrists tied by a handkerchief and then a rope looped around it.

Williams.  Home Entertainments.  1914.  The looped chains, pp. 109-110.  Jailer tries to secure prisoner by this method.

J. F. Orrin.  Easy Magic for Evening Parties.  Op. cit. in 7.Q.2.  1930s??  The magic release (no. 1), pp. 26-27.

McKay.  Party Night.  1940.  How did it get there?, p. 150.  This is an alternate method which gives a 'knot' between the two strings.  It is most easily described from the undone state and the second loop is most easily visualised as a ring.  Form a bight in the string and pass it through the ring, then pass it under the loop around one wrist, over the hand and back under the loop.  This leaves the bight around the wrist below the loop.  Now just lift it off the hand and the string will be knotted to the ring.


11.C.
TWO BALLS ON STRING THROUGH LEATHER HOLE AND 





STRAP  =  CHERRIES PUZZLE

The basic version has a leather strap with two longish cuts allowing the central part to flex away from the rest of the strap.  There is a hole or two holes at the bottom of the strap.  A string with balls at each end comes through the hole(s) and around the central part.  The balls are larger than the hole(s), but the central part can be brought through the hole(s) to form a loop big enough to pass a ball through.  (I have just noted that two hole versions occur, but I haven't checked all versions.)


The balls were often called cherries and even drawn as such.  I wonder if the puzzle originally used a pair of joined-together cherries??  


An equivalent version has a slit in a card (sometimes tubular), producing a thin part on which hangs the string with two balls with a ring or cylinder about the double string.  A variation of this has a doubled paper or leather object such as a pair of boots attached at the tops, with a ring or just a paper loop or annulus around it.  The key to these versions is folding the card so the thin bit can be brought through the ring, cylinder or loop.  


A version with names like Key, Heart and Arrow has a card heart with slits and a card arrow as the doubled object and the key acting as the ring.  SEE:  Girl's Own Book; Secret Out; Magician's Own Book (UK); 

Pacioli.  De Viribus.  c1500.  

Ff. 210r - 210v, Part 2, Capito. CIIII. Do(cumento). cavare' et mettere' .2. cirege' in una carta tramezzatta (To remove and replace two cherries in a cut card).  = Peirani 288-289.  Description clearly shows there is one hole, but Dario Uri illustrates this with the picture from Alberti which has two holes.

Ff. 215v - 216v, Part 2, Capitulo. CX. Do(cumento). uno bottone' de un balestro. o vero doi cirege' de un botone' et valestro (A button from a (cross)bow or two cherries from a button and bow).  = Peirani 296-297.  Dario Uri translates 'balestro' as 'flexible stick' and illustrates this with Alberti's Fig. 37.

Schwenter.  1636.  Part 10, exercise 30, p. 411.  Version using a card.

Witgeest.  Het Natuurlyk Tover-Boek.  1686.  


Prob. 18, pp. 160-161.  Elaborate card version.


Prob. 19, pp. 162-163.  Cherries, with two holes.

Ozanam.  1725.

Vol. IV, prob. 30, p. 434 & fig. 36, plate 11 (13).  Version using a tube.

Vol. IV, prob. 33, p. 436 & fig. 39, plate 12 (14).  "On peut passer des queues de Cerises dans un papier, ...."  Two holes.

Minguet.  1733.  Pp. 112-113 (1755: 79; 1822: 131-132; 1864: 110-111).  Cherries version.  Similar to Ozanam, prob. 33.  Two holes and one hole are both shown.

Alberti.  1747.  Loc. cit. in 11.A.

Art. 30, pp. 204‑205 (108) and fig. 37, plate X, opp. p. 206 (between pp. 108 & 109)  Version using a tube.  Taken from Ozanam.

Art. 33, pp. 207-208 (109‑110) and fig. 40, plate XI, opp. p. 210 (109).  "Si possono passare dai gambi di cerase in una carta....".  Two holes.  Taken from Ozanam.

Catel.  Kunst-Cabinet.  1790.  Die verbundenen Kirschen, pp. 13-14 & fig. 18 on plate I.

Bestelmeier.  1801.  Item 273: Der verschlungenen Kirschen.  Copies part of Catel's text.

Manuel des Sorciers.  1825.  Pp. 182-183: Le jeu des cerises.

The Boy's Own Book.

The cherry cheat.  1828: 418;  1828-2: 423;  1829 (US): 215;  1855: 570;  1868: 672.

The card puzzle.  1828: 422‑423;  1828-2: 427-428;  1829 (US): 219;  1843 (Paris): 437 & 441, no. 12;  1855: 574;  1868: 676.  c= Magician's Own Book, 1857.  = Wehman, New Book of 200 Puzzles, 1908, pp. 38-39.  

Child.  Girl's Own Book.  Heart, dart, and key.  1833: 138-139;  1839: 122-123;  1842: 203‑204.  A variation of the card version with the key as the ring.  Cf: Secret Out: Magician's Own Book (UK).

Nuts to Crack II (1833), no. 92.  The card puzzle.  Almost identical to Boy's Own Book.

Crambrook.  1843.  P. 4, no. 16: Cherry Cheat Puzzle.  Check??

Family Friend 2 (1850) 208 & 239.  Practical Puzzle, No. VII.  Repeated as Puzzle 10 -- The button puzzle in (1855) 339 with solution in (1856) 28 .  = The Illustrated Boy's Own Treasury, 1860, Practical Puzzles, No. 43, pp. 403 & 442.  Identical to Magician's Own Book, prob. 11.  Cherries puzzle using buttons.

Magician's Own Book.  1857.  

Prob. 11: The button puzzle, pp. 269 & 294.  Identical to Family Friend with slight changes of wording.  = Wehman, New Book of 200 Puzzles, 1908, p. 15.  

Prob. 19: The card puzzle, pp. 272-273 & 296.  Identical to Boy's Own Book card puzzle, except the answer is split from the problem, but the problem refers to the figures which are now in the answer!

Book of 500 Puzzles.  1859.  

Prob. 11: The button puzzle, pp. 83 & 108.  Identical to Magician's Own Book.

Prob. 19: The card puzzle, pp. 86-87 & 110.  Identical to Magician's Own Book.

The Secret Out.  1859.  Key, Heart, and Arrow, pp. 390-391.  As in Girl's Own Book, but with much better pictures and clearer text.  Cf Magician's Own Book (UK).

Boy's Own Conjuring Book.  1860.

Prob. 10: The button puzzle, pp. 230 & 257.  Identical to Magician's Own Book.

Prob. 18: The card puzzle, 234 & 259.  Identical to Magician's Own Book.

Magician's Own Book (UK version).  1871.  

The string and button puzzle, p. 326.

Key, heart, and dart, pp. 232-233.  As in The Secret Out, the text is not as detailed.

Elliott.  Within‑Doors.  Op. cit. in 6.V.  1872.  Chap. 1, no. 10: The button puzzle, pp. 29 & 31.

Hanky Panky.  1872.  The undetachable cylinder, pp. 125‑126.  Card version.

Martin Appleton Wright.  UK Patent 7002 -- Improved Advertisement Cards.  Dated: 28 Apr 1884 and 30 Apr 1884.  1p + 2pp diagrams.  Card versions. 

Gaston Tissandier.  Jeux et Jouets du jeune age  Choix de récréations  amusantes & instructives.  Ill. by Albert Tissandier.  G. Masson, Paris, nd [c1890].  No. 10-11: Le problème des cerises, pp. 40-41, with elegant coloured plate.

William Crompton.  The odd half-hour.  The Boy's Own Paper 13 (No. 657) (15 Aug 1891) 731-732.  The slippery buttons.

Handy Book for Boys and Girls.  Op. cit. in 6.F.3.  1892.  Pp. 57-59: The boot puzzle.  Card version with a pair of boots.

Tom Tit, vol. 3.  1893.  Le jeu de la fève, pp. 225-226.  = K, no. 171: The bean trick, pp. 394‑395.  Card version, using a bean pod to make all the parts.

Hoffmann.  1893.  Chap. II, no. 24: The ball and three strings, pp. 34‑35 & 59‑60 = Hoffmann-Hordern, pp. 38-39, with photos.  This is a more complex puzzle, but based on the same principle.  A string goes around other strings, through a ball and then has ends separately knotted, so you have to bring the other strings through the ball in order to release the string.  Drawing based on Jaques' puzzle.  Photos on p. 39 show The Three-String Ball Puzzle, with instructions, by Jaques & Son, in its original state and with the strings through the ball, 1870-1900.

Benson.  1904.  The ball and strings puzzle, p. 217.  As in Hoffmann.

Anon.  Triangular string puzzle.  Hobbies 31 (No. 793) (24 Dec 1910) 302-303.  Same as Hoffmann, with the strings inside a triangular prism 

Williams.  Home Entertainments.  1914.  String and button puzzle, p. 112.  Cherries puzzle using buttons.

Hummerston.  Fun, Mirth & Mystery.  1924.  The buttons puzzle, Puzzle no. 73, pp. 160 & 183.

Collins.  Book of Puzzles.  1927.  The bachelor's button puzzle, pp. 22-23.

A. B. Nordmann.  One Hundred More Parlour Tricks and Problems.  Wells, Gardner, Darton & Co., London, nd [1927 -- BMC].  No. 88: The button trick, pp. 80-82.  This is a card version, but with a string and buttons.  The card has two long parallel cuts, as in the leather version, but it then has two slots off to the side that the string goes through.  One has to fold the card to superimpose these two slots, then fold it again to bring the thin strip to these slots.


11.D.
SOLOMON'S SEAL

See S&B, p. 114.  Slocum and Gebhardt have pointed out that there are two approaches to this problem, particularly in the two ball case, depending on how the ends of the string are attached to the board.  If the string is passed through a hole and a knot is tied in the string, rather than tying the string to the board, then one can partially undo the central loop by passing it through the end hole and around the end of the string -- repeating with a slight change completely undoes the central loop.  This approach makes the problem really a form of 11.I.  The only example in print that I have seen is in Hobbies, 1910.  However, I think that in most cases with a knot in the string, the indicated size of the hole in the board is too small to permit a loop to pass through and this method is not possible.  


I have recently acquired an example of the Waterloo Puzzle, produced by Jaques, c1900, and seen other examples at James Dalgety's.  This has seven holes in a bone plank.  There are four small holes at the corners and three larger holes on the midline, say A, B, C in order.  Two strings run lengthwise between pairs of end holes, but one dips into the centre hole B.  The small holes seem too small to admit another string, and the dip makes a very small loop on the other side.  (The other string has some slack in it and probably could also be brought through to make a double dip.)  A loop starts around both upper strings, goes down through hole A, through a ring, through the small dip (which is barely big enough for two strings), through another ring and up through hole C and around both strings.  I cannot decide if the string has been broken and then erroneously restrung.  Dalgety has provided a copy of the instructions which say the object is to remove the rings.  The instructions also state that the loop has to be passed through each of the end holes to pass around the ends of the strings -- at present, there is not enough slack to do this and it would be difficult to get that much string into the small holes.

Pacioli.  De Viribus.  c1500.  Ff. 206v-207r, Part 2, Capitulo. CI. Do(cumento) un altro filo pur in .3. fori in la stecca con unambra. per sacca far le andare' tutte in una (Another string also through three holes in the stick with one bead per loop, make them go onto one (loop)).  = Peirani 283‑284.  The problem titles vary between the actual problem and the Table of Contents and the latter shows that 'unambra' should be 'una ambra' -- Peirani has given it as un'ambra.  Sacca means pocket or bay or inlet and it seems clear he means a loop which has that sort of shape.  Ambra is amber, but seems to mean an amber bead here.  Sadly there is no picture though the text refers to one.

Schwenter.  1636.  Part 10, exercise 27, pp. 408-410.  With two rings.

Witgeest.  Het Natuurlyk Tover-Boek.  1686.  Prob. 43, pp. 33-34.  Clearly taken from Schwenter.

Ozanam.  1725.  Vol. IV, prob. 40, pp. 439‑440 & fig. 47, plate 14 (16).  Le Sigillum Salomonis, ou Sceau de Salomon -- version with four rings.

Alberti.  1747.  Art. 40, pp. 214 (112) and fig. 48, plate XIII, opposite p. 214 (111).  Il Sigillum Salomonis, o Sigillo Salomone -- version with 4 rings.  Taken from Ozanam.

Catel.  Kunst-Cabinet.  1790.  Die Salomonsringe, pp. 14-15 & fig. 24 on plate I.  Version with 4 rings.  Describes how to solve it.

Bestelmeier.  1801.  Item 214: Die Salomons‑Ringe.  Version with 3 rings.  Brief text.

Boy's Own Book.  1843 (Paris): 438 & 442, no. 17: The bead puzzle.  "This puzzle may be procured at many toy-shops."  = Boy's Treasury, 1844, pp. 426 & 430, no. 14.

Family Friend 3 (1850) 30 & 61.  Practical puzzle -- No. XI.  Love's Puzzle with two hearts.  = The Sociable, 1858, Prob. 24: Love's Puzzle, pp. 294 & 310.  = Book of 500 Puzzles, 1859, prob. 24, pp. 12 & 28.

Magician's Own Book.  1857.  Prob. 37: The string and balls puzzle, pp. 277-278 & 301.  Two balls.  = Boy's Own Conjuring Book, 1860, prob. 36, pp. 240-241 & 265.  = Wehman, New Book of 200 Puzzles, 1908, p. 9.  

Book of 500 Puzzles.  1859.  

Prob. 24: Love's Puzzle, pp. 12 & 28.  As in Family Friend.

Prob. 37: The string and balls puzzle, pp. 91-92 & 115.  Identical to Magician's Own Book.

The Illustrated Boy's Own Treasury.  1860.  Practical Puzzles, No. 5: Love's puzzle, pp. 396 & 436.  Identical with Family Friend.

Magician's Own Book (UK version).  1871.  The puzzle of Cupid, p. 227.  Two hearts.  Diagram is hard to make out.

Elliott.  Within‑Doors.  Op. cit. in 6.V.  1872.  Chap. 1, no. 11: The string and balls, pp. 29 & 31.

Cassell's.  1881.  P. 90: The string and balls puzzle.  = Manson, 1911, p. 147.  Version with 2 balls.

Hoffmann.  1893.  Chap. II, no. 13: The two balls, pp. 27‑28 & 53‑54 = Hoffmann-Hordern, p. 28, with photo.  Photo on p. 28 shows an ivory example, 1850-1900.  Hordern Collection, p. 22, shows a different example, apparently in ivory, 1870-1900.

Burnett Fallow.  An ingenious bead puzzle.  The Boy's Own Paper 15 (No. 755) (1 Jul 1893) 638.  Shows two loop version but notes it can be extended.

Anon.  Hexagonal wood puzzle.  Hobbies 31 (No. 791) (10 Dec 1910) 261-262 & 279.  Two loop version, but asks to undo the central loop from the wood, as discussed in the introduction to this section.

Collins.  Book of Puzzles.  1927.  The string and ball puzzle, pp. 23-24.

James Dalgety.  Email of 3 Sep 1999.  Reports that his father saw the puzzle in use by Inuits in the Canadian Arctic or Greenland in c1930, but his family lost the walrus ivory (or bone) and leather examples that his father brought back.  Also that a collection of topological puzzles from near Lake Tanganyika, gathered in the 1920s and now in the Horniman Museum, London, does not contain an example of Solomon's Seal.

R. P. Lelong.  Casse-tête guerzé.  Notes Africaines 22 (Apr 1944) 1.  ??NYS -- cited and described by Béart.  Says M. Gienger found the variant with an extra ring encircling both loops in the forest of the Ivory Coast in 1940, named  kpala kpala powa [body of a toucan]  or  kpa kpa powa [body of a parrot].

Paul Niewenglowski.  Bulletin de l'IFAN [Institut Français d'Afrique Noire] 14:1 (Jan 1952).  ??NYS -- cited and described by Béart.  Describes his invention of an interesting, rather simpler, variant as a result of seeing a standard version from Béart.

Charles Béart.  Jeux et jouets de l'ouest africain.  Tome I.  Mémoires de l'Institut Français d'Afrique Noire, No. 42.  IFAN, Dakar, Senegal, 1955.  Pp. 413-418 discusses and carefully illustrates several versions.  The standard version, but with several beads on one loop, is called pèn and is common in the forests of Guinea and Ivory Coast.  Describes variants of Gienger/Lelong and Niewenglowski.  

Ch'ung‑En Yü.  Ingenious Ring Puzzle Book.  1958.  Op. cit. in 7.M.1.  P. 28 shows a version, called Double Coin Ring Puzzle.

Fred Grunfield.  Games of the World.  Ballantine, NY, 1975.  On p. 267, he calls this "African String Game", but gives no reference.  Probably based on Béart.

Pieter van Delft & Jack Botermans.  Creative Puzzles of the World.  Abrams, New York, 1978.  African ball puzzles.  "It was once used in magic rites by tribes living in the jungles of the Ivory Coast.  The puzzle is still used for amusement in this part of Africa, not only by the people who inhabit the remote outlying areas but also by city dwellers.  ...  The puzzles were not restricted to this part of Africa.  Variations may be found in Guinea, and some ... were made in China."  No reference given, but I suspect it must come from Béart, although this is not listed in their bibliography.  My thanks to Mark Peters for the reference to van Delft and Botermans.


11.E.
LOYD'S PENCIL PUZZLE

See S&B, p. 114.  I have seen it claimed that the phrase 'to buttonhole someone' derives from the use of this.

Devant.  Tricks for Everyone.  Op. cit. in 4.A.1.  1910.  The flexible pencil, pp. 13-15.  No history. 

Will Goldston.  More Tricks and Puzzles without Mechanical Apparatus.  Op. cit. in 6.AK.  1910?.  The pencil, loop and buttonhole, pp. 69‑71.

W. P. Eaton.  Loc. cit. in 1.  1911.  Gives Loyd's narration of the invention of this for John A. McCall, President of the New York Life Insurance Co.

A. C. White.  Sam Loyd and His Chess Problems.  1913.  Op. cit. in 1.  P. 103.  Quotes from Eaton.

A. B. Nordmann.  One Hundred More Parlour Tricks and Problems.  Wells, Gardner, Darton & Co., London, nd [1927 -- BMC].  No. 87: Latch key trick, pp. 79-80 & 111.  This is the only version I have seen using something other than a pencil.  It has the advantage that a key has a loop at the end to tie the loop of string to, but the buttonhole will have to be large!

Rohrbough.  Puzzle Craft.  1932.  The Buttonholer, p. 4 (= p. 4 of 1940s?).

Abraham.  1933.  Prob. 165 -- Pencil and buttonhole, pp. 77 (49).

J. F. Orrin.  Easy Magic for Evening Parties.  Op. cit. in 7.Q.2.  1930s??  Looping the loop, pp. 34-36.  No mention of Loyd.

Slocum.  Compendium.  Shows Magic Coat Pencil from Johnson Smith 1937 catalogue.

Depew.  Cokesbury Game Book.  1939.  Lapel needle, p. 167.  No mention of Loyd.

"Willane".  Willane's Wizardry.  Academy of Recorded Crafts, Arts and Sciences, Croydon, 1947.  The looped pencil, pp. 10-11.

Gardner.  SA (Nov 1971) = Wheels, Chap. 12.


11.F.
THE IMPERIAL SCALE

This could be combined into 11.I.

Catel.  Kunst-Cabinet.  1790.  Das einfache Ringspiel, p. 13 & fig. 39 on plate II.  

Bestelmeier.  1801.  Item 199: Das einfache Ringspiel.  Copies part of Catel's text.

The Boy's Own Book.  The scale and ring puzzle.  1828: 424‑425;  1828‑2: 429;  1829 (US): 220-221;  1843 (Paris): 437 & 442, no. 13;  1855: 575;  1868: 677-678.  In the 1843 (Paris), the engraved heading of the section, p. 435, shows the puzzle.  Boy's Treasury, 1844, omits the puzzle, but copies this engraving on p. 424.  = de Savigny, 1846, pp. 354 & 358, no. 10: Le problème de la balance et de l'anneau.

Nuts to Crack III (1834), no. 82.  The scale and ring puzzle.  Almost identical to Boy's Own Book.

Crambrook.  1843.  P. 4, no. 8: Imperial Scale.  Check??

See Bogesen, 6.W.2, for an actual example, mid 19C.

Magician's Own Book.  1857.  Prob. 15: The scale and ring puzzle, pp. 270-271 & 295.  Identical to Boy's Own Book, but with an illogical break between puzzle and solution.  = Book of 500 Puzzles, 1859, pp. 84-85 & 109.  = Boy's Own Conjuring Book, 1860, prob. 14, pp. 232‑233 & 258.  = Magician's Own Book (UK version), 1871, pp. 229‑230.  c= Wehman, New Book of 200 Puzzles, 1908, p. 23, which omits the solution, which is not really needed.  

F. Chasemore.  Loc. cit. in 6.W.5.  1891.  Item 1: The balance puzzle, p. 571.

Hoffmann.  1893.  Chap. II, no. 19: The imperial scale, pp. 31‑32 & 56‑57 = Hoffmann‑Hordern, pp. 32-33, with photo.  Drawing based on Jaques' puzzle.  Photo on p. 32 shows The Imperial Scale Puzzle, with instructions, by M.M.M.M., London, in the "St. Dutius" Series of Novelties, 1870-1900.  Hordern Collection, p. 27, shows another version without instructions.

William Hollins.  UK Patent 21,097 -- An Improved Puzzle.  Applied: 23 Sep 1896;  accepted: 5 Dec 1896.  1p + 1p diagrams.  Identical to all the above!!


11.G.
TRICK PURSES
van Etten.  1624.  Prob. 60 (55), p. 55 & fig. opp. p. 33 (p. 80).

Schwenter.  1636.  Part 15, exercise 18, p, 545.  Almost identical to van Etten.

Witgeest.  Het Natuurlyk Tover-Boek.  1686.  Prob. 33, pp. 25-26.  Similar to van Etten, but with a more decorative purse.

Ozanam.  1725.  Vol. IV.

Prob. 32, pp. 435‑436 & fig. 38, plate 12 (14).  This has a sliding slit leather tab.

Prob. 39, p. 439 & fig. 46, plate 14 (16).  This is based on trick stitching, a concealed running stitch.

Prob. 42, pp. 440‑441 & fig. 49, plate 15 (17).  This is like the van Etten example.

Alberti.  1747.

Art 32, pp. 206-207 (109) & fig. 39, plate XI, opp. p. 211 (109).  Taken from Ozanam, prob. 32.

Art. 39, pp. 212-213 (111‑112) & fig. 47, plate XIII, opp. p. 214 (111).  Based on trick stitching, taken from Ozanam, prob. 39.

Art. 42, pp. 215‑217 (112‑113) and fig. 50, plate XIIII, opp. p. 218 (112).  Taken from Ozanam, prob. 52.

Catel.  Kunst-Cabinet.  1790.  

Die Jägertasche, p. 21 & fig. 35 on plate II.  Like Ozanam, prob. 42.

Die Vexierbörse, p. 21 & fig. 22 on plate I.  Apparently a trick stitch as in Ozanam, prob. 39.

Bestelmeier.  1801.  Item 387: Ein Zauberbeutel.  Copies Catel's Jägertasche.  Like Ozanam, prob. 42.

Child.  Girl's Own Book.  1833: 219-220;  1839: 198-199;  1842: 316.  The miser's purse, apparently a trick stitch as in Ozanam, prob. 39 ??

Crambrook.  1843.  P. 3.  The Miser's Purse;  The Ring Purse.  These might be trick items??

The Sociable.  1858.  Prob. 15: Puzzle purse, pp. 291 & 307.  Like Ozanam, 1725, prob. 52 but with a second similar locking mechanism.  = Book of 500 Puzzles, 1859, prob. 15, pp. 9 & 25. = The Secret Out, 1859, pp. 372-373: The Magic Purse. 

The Illustrated Boy's Own Treasury.  1860.  Practical Puzzles, No. 44: Puzzle purse, pp. 403 & 442‑443.  Identical to The Sociable.

Peck & Snyder.  1886.

P. 246: No. 161 -- A magical "pouch".

P. 247: No. 168 -- Grandfather's purse.


  Both are shown in Slocum's Compendium.

Hoffmann.  1893.  Chap. II, no. 42: Puzzle purse, pp. 43 & 68 = Hoffmann-Hordern, p. 54.  This is Ozanam's prob. 32 and finally made it clear to me how it worked.  

Burnett Fallow.  How to make the "B.O.P." puzzle purse.  The Boy's Own Paper 16 (No. 771) (21 Oct 1893) 43-45.  As in Ozanam's no. 32.

Jaques puzzle boxes of c1900 included The Secret Purse, based on the trick stitching of Ozanam prob. 39.

Will Goldston.  Tricks & Illusions  for amateur and professional conjurers.  Routledge  &  Dutton,  9th ed (revised), nd [1920s?], pp. 136-137.  Uses the trick stitching of Ozanam prob. 39 to make a sack large enough to hold a person, who easily escapes from it behind a screen and then tightens up the stitching before coming out.

Davenport's catalogue, op. cit. in 10.T, c1940, p. 3.  Tantalizing pants.  They are based on a trick stitch like Ozanam prob. 39.  Described as the very latest novelty.  Remnants of this stock, made in Japan, are still available from Davenport's as Puzzle pants.

In 1996, Harriet Hall gave me an example of Ozanam's prob. 32, made from deerskin, labelled:  Genuine Indian Handicraft  Native Renaissance II  Deseronto, Ontario  Made in Canada.  She obtained it from Puzzletts in Seattle.


11.H.
REMOVING WAISTCOAT WITHOUT REMOVING COAT
Philip Breslaw (attrib.).  Breslaw's Last Legacy.  1784?  Op. cit. in 6.AF.  1795: 128-129: 'To pull off any Person's Shirt, without undressing him, or having Occasion for a Confederate.'

Manuel des Sorciers.  1825.  Pp. 132-133, art. 9: Enlever la chemise à quelqu'un sans le déshabiller.

The Boy's Own Book.  1828: 362.  To pull off a person's shirt without undressing him.

Magician's Own Book (UK version).  1871.  To take a man's vest off without removing his coat, pp. 239-240.  The fact that this English book uses the American term 'vest' makes me suspect this is taken from a US source.

Cassell's.  1881.  P. 95: To take a man's waistcoat off without removing his coat.  = Manson, 1911, pp. 148-149: Waistcoat puzzle.

Anonymous.  Social Entertainer and Tricks (thus on spine, but running title inside is New Book of Tricks).  Apparently a compilation with advertisements for Johnson Smith (Detroit, Michigan) products, c1890?  P. 78: How to remove a man's shirt without taking off his coat or vest.

H. D. Northrop.  Popular Pastimes.  1901.  No. 20: The vest puzzle, pp. 69 & 74-75.  "How can you take a man's vest off with out removing his coat?"  Solution is = Cassell's.

Devant.  Tricks for Everyone.  Op. cit. in 4.A.1.  1910.  The waistcoat trick, pp. 106-109.

Hugh Shaw.  The Helping Hand: How to take a man's waistcoat off without removing his coat.  Hobbies 32 (No. 821) (8 Jul 1911) 303.  

Games and Tricks -- to make the Party "Go".  Supplement to "Pearson's Weekly", Nov. 7th, no  year indicated [1930s??].  Removing a waistcoat without the coat, p. 7.

Foulsham's New Party Book.  Foulsham, London, nd [1950s?].  P. 49: Removing a boy's waistcoat without taking off his coat.

Alfred C. Gilbert.  Gilbert  Knots and Splices with Rope-Tying Tricks  Explains methods of knot tying and reveals rope tricks made famous by great artists.  A. C. Gilbert Co, New Haven, Connecticut, 1920, pp. 79-82.  Turning vest inside out without removing coat and with the wrists securely tied.  

Gardner.  MM&M.  1956.

Reversing the vest, pp. 86-87.  Reverse a waistcoat (= vest) while the wearer has his hands clasped, whether he is wearing a coat or not.  In theory, you don't even need to unbutton the waistcoat.  Cf Gilbert, 1920.

Removing the vest, p. 87.  Remove a waistcoat without removing the coat.


11.H.1.
REMOVING LOOP FROM ARM
Family Friend 3 (1850) 341 & 351.  Practical puzzle.  No. XXII.  Loop around arm with hand in waist coat pocket.  Remove the loop without moving the hand.  Posed in verse.  = Magician's Own Book, 1857, prob. 4: The endless string, pp. 267 & 292.  = Book of 500 Puzzles, 1859, pp. 81 & 106.  = Boy's Own Conjuring Book, 1860, prob. 5, pp. 229 & 255, but this has a different picture.  = Illustrated Boy's Own Treasury, 1860, no. 20, pp. 399 & 438, with slightly abbreviated answer.

Magician's Own Book (UK version).  1871.  The string without an end, pp. 204-205.  Only shows a loop of string and the problem is a bit unclearly set.  Solution is similar to Family Friend.

J. F. Orrin.  Easy Magic for Evening Parties.  Op. cit. in 7.Q.2.  1930s??  Another magic release (no. 4), pp. 30-31.  

McKay.  Party Night.  1940.  Removing the string, pp. 147-148.  As in Family Friend.  Notes that many people will fail to do it because they put their hand in their trousers pocket!

Gardner.  MM&M.  1956.  The puzzling loop, p. 86 & fig. 41 on p. 90.  Coat off, loop around arm with hand in waistcoat pocket.  Loop must be big enough to pass round his chest.


11.I.
HEART AND BALL PUZZLE AND OTHER LOOP PUZZLES

The ALLIANCE or VICTORIA puzzle has two boards, each with two holes, and a length of string with a largish loop at each end.  To disentangle, a loop has to be worked along the string and taken around the entire board at the other end (or, equivalently, around the first board).  One can also use a large single loop of string.  There are also versions with three holes in each board.  One can also have one board with the free ends of the string tied to something else.  See most entries below.


The HEART AND BALL puzzle has a heart-shaped piece with several holes in it and a loop of string which goes through the holes and then loops around itself.  The other end of the loop has a ball on both strings of the loop and a large knot to prevent it coming free.  One has to work the first end of the loop along the string until it comes out along the free end of the loop when it can be passed around the free end and worked back to release the entire string and hence the ball.  A simple version of this has just three holes in a straight line on a board and is often sold with the Alliance puzzle.


SEE:  Boy's Own Book;  Nuts to Crack;  Crambrook;  Family Friend, 1850;  Illustrated Boy's Own Treasury;  Magician's Own Book (UK);  Hoffmann;  Benson;  Slocum;  Collins;  


The BOARD AND BALL puzzle has two holes in a board.  A string goes through both holes, crosses itself and then each end comes back through its hole and is terminated with a bead and a knot.  A largish bead is located on one of the loops through the holes.  To remove, this loop is put through the other hole and passed over the end and brought back, which allows everything to come apart.  The alternate approach to the Solomon's Seal described at 11.D is a variant of this approach.  


SEE:  Family Friend, 1858;  Secret Out;  Illustrated Boy's Own Treasury; Magician's Own Book (UK);  Anon: Social ...;  


The CHINESE LADDER has several crossbars with holes and a long string winding through the holes and through intermediate discs, with a needle attached to the end of the string.  One threads the needle back through all the holes, keeping the end of the loop from pulling through, then threads back through all the ladder holes, avoiding all the disc holes and again keeping the loop from pulling through.  When completed, pulling the end causes all the discs to fall off, but the string is still in its original place on the ladder.  Making another pass through the discs but not the holes has the effect that when you pull the string free, all the discs are on it.  


SEE:  Adams & Co.;  Hoffmann;  Benson;  Slocum, Compendium, c1890;  Williams;  Collins.

Pacioli.  De Viribus.  c1500.  

Ff. 206r - 206v, Part 2, (C)apitulo. C. Do(cumento) cavare una stecca. de un filo per .3. fori (To remove a stick from a cord through 3 holes).  = Peirani 282-283.  On f. 206r is a marginal drawing clearly showing the string through three holes in one stick, but this is not reproduced in the transcription.

Ff. 207v - 208v, Part 2, Capio. CII. Do(cumento) unaltro speculativo cavar doi botoni di una stenga fessa nel mezzo et sce'pia in testa (Another speculation - remove two buttons from a string divided in the middle and halved at the ends).  = Peirani 284-286.  Dario Uri says this is describing a version of the Alliance or Victoria puzzle with four holes in each button.

Ff. 209r - 210r, Part 2, Capo. CIII. Do(cumento) legare con la sopra detta strenga fessa. doi sola. de carpe' ambe doi. a uno modo. bella cosa (To tie two shoe soles together into one with the above mentioned doubled string -- a beautiful thing).  = Peirani 286-288.  Pacioli says this is "quasi simile alla precedente".  Dario Uri illustrates this with the Alliance or Victoria puzzle from Alberti.

Ff. 213r - 215r, Part 2, Capitulo. (C)VIII. Do(cumento). Cavare' uno anello grande fore' de doi legati a una bacchetta per testa (Remove a large ring from two tied to a stick by the ends ??)  = Peirani 292-295.  Dario Uri says this is a version of this idea and illustrates it with an unidentified picture.

Cardan.  De Rerum Varietate.  1557, ??NYS.  = Opera Omnia, vol. III, pp. 245-246.  Liber XIII.  Ludicrum primum & Ludicrum secondum.  The first is the Alliance or Victoria puzzle, with one diagram showing it apart.  Second is the version with three holes in each piece, with one diagram, again showing it apart.  

Prévost.  Clever and Pleasant Inventions.  (1584), 1998.  

Pp. 133-134.  Alliance Puzzle with two holes in each board.

Pp. 134-136.  Alliance Puzzle with three holes in each board.

Schwenter.  1636.  Part 10, exercise 29, pp. 410-411.  Two hole version.

John Wecker.  Op. cit. in 7.L.3.  1660.  Book XVIII -- Of the Secrets of Sports: The first Pastime and the second Pastime, p. 338.  Taken from and attributed to Cardan, with the same diagrams.  (I don't know if this material appeared in the 1582 ed.??)

Witgeest.  Het Natuurlyk Tover-Boek.  1686.  Prob. 44, pp. 35-36 is a two hole version taken from Schwenter.

Ozanam.  1725.  Vol. IV, prob. 31, p. 435 & fig. 37, plate 11 (13).  This is like the Alliance puzzle in Hoffmann, below.

Alberti.  1747.  Art. 31, pp. 205-206 (108‑109) & fig. 38, plate X, opp. p. 206 (between pp. 108 & 109).  Taken from Ozanam.

Catel.  Kunst-Cabinet.  1790.  Das Scheibenspiel, p. 15 & fig. 23 on plate I.  The Alliance puzzle, looking much like one of Ozanam's figures.  

Bestelmeier.  1801.  Item 291: Die verschlungenen Bretchen.  Alliance puzzle.  The diagram is very obscure and the description is too brief to be certain, but I now see it is copied from part of Catel's text, so this is definitely the Alliance.

Boy's Own Book.  The heart and ball puzzle.  1828: 424;  1828‑2: 428;  1829 (US): 220;  1843 (Paris): 438 & 442, no. 16;  1855: 574‑575;  1868: 675-676.  = Wehman, New Book of 200 Puzzles, 1908, p. 18.  In the 1843 (Paris), the engraved heading of the section, p. 435, shows the puzzle.  Boy's Treasury, 1844, omits the puzzle, but copies this engraving on p. 424.  = de Savigny, 1846, pp. 355 & 358, no. 12: Problème du cœur et de la boule.

Nuts to Crack II (1833), no. 91.  The heart and ball puzzle.  Almost identical to Boy's Own Book.

Crambrook.  1843.  P. 4, no. 9: Heart and Ball Puzzle.  Check??

Family Friend 3 (1850) 300 & 331.  Practical puzzle, No. XX.  Drawing shows the artist didn't understand the puzzle at all.  = Magician's Own Book, 1857, prob. 16: The heart puzzle, pp. 271-272 & 295.  = Book of 500 Puzzles, 1859, pp. 85-86 & 109.  = Boy's Own Conjuring Book, 1860, prob. 15, pp. 233 & 258.  

Family Friend (Dec 1858) 359.  Practical puzzles -- 3.  Board and ball, but no name given to it.  I don't have the solution.

The Secret Out.  1859.  

The Board and Rings, pp. 389-390.  Alliance Puzzle with two holes on each board formed by attaching rings at each end of the boards.  Cf Hoffmann.

The Board and Ball, pp. 382-383.  Same picture as Family Friend, but more text.  Diagram for the solution.

Illustrated Boy's Own Treasury.  1860.

Prob. 36, pp. 401‑402 & 441.  Identical to Family Friend, 1850, but omitting some comments in the problem.

Prob. 45, pp. 403 & 443.  Identical to Family Friend, 1858, with slightly more detailed text, but not as much as in The Secret Out.

Adams & Co., Boston.  Advertisement in The Holiday Journal of Parlor Plays and Pastimes, Fall 1868.  Details?? -- photocopy sent by Slocum.  P. 6: Chinese Ladder Puzzle.  Made of ivory and silk.  Ornamentally carved.  Probably the same as Hoffmann 17, below -- ??

Magician's Own Book (UK version).  1871.

The puzzle of Cupid: Variation. -- With beads or balls, pp. 227-228.  Board and ball puzzle.

The heart puzzle, pp. 228-229.  Diagram as in Family Friend, but text is different.

The board and rings, pp. 230-231.  A version of the Alliance puzzle.  It uses boards with screw-eyes in each end rather than holes and uses a long single loop of string.  Cf Secret Out.

Anonymous.  Social Entertainer and Tricks (thus on spine, but running title inside is New Book of Tricks).  Apparently a compilation with advertisements for Johnson Smith (Detroit, Michigan) products, c1890?  P. 68: The board and ball.  Same as Family Friend, 1858.

Hoffmann.  1893.  Chap. II.

No. 11: The heart puzzle, pp. 26 & 52‑53 = Hoffmann-Hordern, pp. 26-27, with photo.  Drawing based on Jaques' puzzle.  Photo on p. 27 shows The Heart Puzzle, with instructions, by M.M.M.M., London, in the "St. Dutius" Series of Novelties, 1880-1900.  Hordern Collection, p. 20, looks like the same example, without the instructions.

No. 12: The Alliance (otherwise known as the Victoria) puzzle, pp. 26‑27 & 53 = Hoffmann-Hordern, pp. 27-28, with photo.  Photo on p. 27 shows The Alliance Puzzle, with instructions, by M.M.M.M., London, in the "St. Dutius" Series of Novelties, 1881-1884.  Hordern Collection, p. 21, looks like the same example, without the instructions.

No. 14: The Ariel puzzle, pp. 28 & 54 = Hoffmann-Hordern, pp. 28-29.  Photo on p. 28 shows an example, 1881-1884.  Hordern Collection, p. 23, is a different example.

No. 15: The pen and wheel, pp. 28‑29 & 54 = Hoffmann-Hordern. pp. 29-30.

No. 17: The Chinese ladder, pp. 30 & 55‑56 = Hoffmann-Hordern, pp. 31-32, with photo.  "It is said to be a genuine importation from China."  Photo on p. 31 shows an example, 1881-1884.  Drawing based on Jaques' puzzle.  Hordern Collection, p. 25, looks like the same example, with the same dating.

At the end of the book (p. 396) is an advertisement for J. Bland's Magical Palace, showing a heart puzzle, an Imperial scale (11.F), Chinese rings (7.M.1) and handcuff puzzle (11.K).  This is not included in Hoffmann-Hordern.

A. Murray.  Some simple puzzles.  The Boy's Own Paper 17 or 18?? (1894??) 46.  Well drawn.

Benson.  1904.

The heart puzzle, p. 210.  (= Hoffmann, p. 26.)

The pen and wheel puzzle, pp. 210‑211.  (= Hoffmann, pp. 28-29.)

The Alliance puzzle, p. 215.  (= Hoffmann, p. 26.)

The Chinese ladder puzzle, p. 216.  (= Hoffmann, p. 30.)

Slocum.  Compendium.  Shows Chinese ladder from Joseph Bland catalogue, c1890, and heart and string puzzle from Johnson Smith 1929 catalogue.

Williams.  Home Entertainments.  1914.  Another string and buttons puzzle, pp. 112-114.  Chinese ladder.  Get all the buttons out of the ladder and onto the thread.

"Toymaker".  The New-century Cross Puzzle.  Work, No. 1394 (4 Dec 1915) 158 (or 153??).  Like half of a Victoria or Alliance Puzzle with two holes in the arms of a cross.

"Toymaker".  The "Wheel of Fate" Puzzle.  Work, No. 1467, (28 Apr 1917) no page number on the photocopy from Slocum -- ??  (= Hoffmann, pp. 28-29.)

Collins.  Book of Puzzles.  1927.  

Pp. 24-26: The Egyptian heart.  Heart and ball form.

Pp. 27-29: The Chinese ladder puzzle.  Description is a bit cryptic, but he winds up with the string only partly on the ladder and all the discs together on the string.

Charles Béart.  Jeux et jouets de l'ouest africain.  Tome I.  Mémoires de l'Institut Français d'Afrique Noire, No. 42.  IFAN, Dakar, Senegal, 1955.  Pp. 418-419.  Describes and illustrates a one-board, two-hole, version called djibilibi or jibilibi from Fonta-Djallon.


11.J.
MÖBIUS STRIP
Lorraine L. Larison.  The Möbius band in Roman mosaics.  Amer. Scientist 61 (1973) 544‑547.  Describes and illustrates a Roman mosaic in the Museum of Pagan Art, Arles, France, which has a band with five twists.  No date given.

At the Möbius Conference at Oxford, in 1990. it was stated that the strip appears in Listing's notes for 1858, apparently a few months before it appears in Möbius's notes.

Walter Purkert.  Die Mathematik an der Universität Leipzig von ihrer Gründung bis zum zweiten Drittel des 19. Jahrhunderts.  In:  H. Beckert & H. Schumann, eds.; 100 Jahre Mathematisches Seminar der Karl‑Marx‑Universität Leipzig; VEB Deutscher Verlag der Wissenschaften, Berlin, 1981; pp. 9‑39.  On p. 31, he says that Möbius's Nachlass shows that he discovered the strip in 1858.

Chris Pritchard: Aspects of the life and work of Peter Guthrie Tait, pp. 77-88  IN: James Clerk Maxwell Commemorative Booklet; James Clerk Maxwell Foundation, Edinburgh, 1999.  On p. 81, he says that Listing found the Strip in Jul 1858 and brought it to public attention in 1861, while Möbius found it around Sep 1858 but did not publish until 1865.

J. B. Listing.  Der Census räumlicher Complexe.  Abh. der Ges. der Wiss. zu Göttingen 10 (1861) 97-180.  This appeared as a separate book in 1862.  ??NYS -- cited by M. Kline, p. 1164.

A. F. Möbius.  Über die Bestimmung des Inhaltes eines Polyeders.  Königlich Sächsischen Ges. der Wiss. zu Leipzig 17 (1865) 31-68.  = Gesammelte Werke, Leipzig, 1885-1887, vol. 2, pp. 473-512.  ??NYS -- cited by M. Kline, p. 1165.  He also considers multitwisted bands.

Tissandier.  Récréations Scientifiques.  5th ed., 1888, Les anneaux de papier, pp. 272-273.  Illustration by Poyet.  Shows and describes rings with  0, 1, 2  twists.  Not in 2nd ed., 1881.  I didn't see whether this was in the 1883 ed.



= Popular Scientific Recreations; [c1890]; Supplement: The paper rings, pp. 867‑869.



Gardner, MM&M, 1956, p. 70 says the earliest magic version he has found is the "1882 enlarged edition of" Tissandier.  This may be Popular Scientific Recreations, but I don't see any date in it and the Supplement contains material that was not in the 1883 French ed. -- cf. comments in Common References.

P. G. Tait.  Listing's Topologie.  Philosophical Mag. (5) 17 (No. 103) (Jan 1884) 30‑46 & plate opp. p. 80.  This is based on Listing's Vorstudien zur Topologie (1847) and Der Census räumlicher Complexe (1861).  Section 8, pp. 37-38, discusses strips with twists, noting that an odd number of half-twists gives one side and one edge.  If the odd number  m  of half-twists is greater than  1,  then cutting it down the middle gives a knotted band with 2m half-twists.  He says this was the basis of a pamphlet which was popular in Vienna a few years ago, which showed how to tie a knot in a closed loop.  Pritchard [op. cit. above, p. 83] says Tait originally did not credit either Listing or Möbius for these results, and in an article in Nature in 1883, he noted that these properties were common currency among conjurers for some time as alluded to in Listing's Vorstudien.

Anon. [presumably prepared by the editor, Richard A. Proctor].  Trick with paper bands.  Knowledge 11 (Jan 1888) 67-68.  Short description, based on La Nature, i.e. Tissandier, with copy of the illustration, omitting Poyet's name.

J. B. Bartlett.  A glimpse of the "Fourth Dimension".  The Boy's Own Paper 12 (No. 588) (19 Apr 1890) 462.  Simple description.

Lewis Carroll.  Letter of  Jun 1890 to Princess Alice.  Not in Cohen.  In 1890, Carroll met Princess Alice (whose father, Prince Leopold had been a student at Christ Church and had been enamoured of the original Alice, then aged 18, but the Queen prevented such a marriage), then age 6 and became friends.  This letter has the plan of a Möbius strip.  This letter was advertised for sale by Quaritch's at the 2001 Antiquarian Book Fair in London.  Carroll refers to it in his letter of 12 Aug 1890 to R. H. Collins and Cohen's note quotes Sylvie and Bruno Concluded, qv below, and explains the object.

Tom Tit, vol. 3.  1893.  See entry in 6.Q for a singly-twisted band.

Lewis Carroll.  Sylvie and Bruno Concluded.  Macmillan, 1893.  Chap. 7, pp. 96‑112, esp., pp. 99‑105.  Discusses Möbius band ("puzzle of the Paper Ring"), Klein bottle and projective plane.  Quoted, with extended discussion in John Fisher; The Magic of Lewis Carroll; op. cit. in 1; pp. 230-234.  Cf Carroll-Gardner, pp. 6-7

Lucas.  L'Arithmétique Amusante.  1895.  Note IV:  Section II: No. 3: Les hélices paradromes, pp. 222-223.  Attributes the ideas to Listing's Vorstudien zur Topologie, 1848.  Says this is the basis of a lengthy memoir sold at Vienna some years ago showing how one can make a knot in a closed loop -- cf Tait.  Gives basic results, including cutting in half.

Herr Meyer.  Puzzles.  The Boy's Own Paper 19 (No. 937) (26 Dec 1896) 206.  No. 3: Paper ring puzzle.  Asks what happens when you cut into halves or thirds after one or two or more twists.

Somerville Gibney.  So simple!  The hexagon, the enlarged ring, and the handcuffs.  The Boy's Own Paper 20 (No. 1012) (4 Jun 1898) 573-574.  Cuts Möbius band in half twice, then does the same with doubly twisted band.  

Hoffmann.  Later Magic.  (Routledge, London, 1903);  Dover, NY, 1979.  The Afghan bands, pp. 471‑473.  Cuts various strips in half.



Gardner, MM&M, 1956, p. 71, says this is the first usage of the name Afghan Bands that he has found.

C. H. Bullivant.  The Drawing Room Entertainer.  C. Arthur Pearson, London, 1903.  Paper rings, p. 48.  Cuts various rings in half.

Dudeney.  Cutting-out paper puzzles.  Cassell's Magazine ?? (Dec 1909) 187-191  &  233-235.  Calls it "paradromic ring" and says it is due to Listing, 1847.  Probably based on Lucas.

Devant.  Tricks for Everyone.  Op. cit. in 4.A.1.  1910.  Curious paper patterns, pp. 20-21.  Cutting rings with  0, 1, 2  half-twists in half.

Anon. [H. W. R.]  Games and Amusements.  Ward, Lock & Co., London, nd [c1910??].  The mysterious paper bands, p. 128.  Describes bands with  1, 2, 3  twists and cutting them in half.

Williams.  Home Entertainments.  1914.  The magic paper rings, pp. 104-106.  Rings with  0, 1, 2  half-twists to be cut down the middle.  Good diagram.

Lee de Forest.  US Patent 1,442,682 -- Endless Sound Record and Mechanism Therefor.  Filed: 5 Oct 1920;  patented: 16 Jan 1923.  3pp + 2pp diagrams.  No references and no mention of any previous forms.

Hummerston.  Fun, Mirth & Mystery.  1924.  The magic rings, p. 91.  0, 1, 2  half-twists, each cut in half.

William Hazlett Upson.  A. Botts and the Moebius strip.  Saturday Evening Post (?? 1945).  Reprinted in:  Clifton Fadiman, ed.; Fantasia Mathematica; Simon & Schuster, NY, 1958; pp. 155-170.

Owen H. Harris.  US Patent 2,479,929 -- Abrasive Belt.  Applied: 19 Mar 1949;  patented: 23 Aug 1949.  2pp + 1p diagrams.  Same comments as on de Forest.

William Hazlett Upson.  Paul Bunyan versus the conveyor belt.  ??, 1949.  Reprinted in:  Clifton Fadiman, ed.; The Mathematical Magpie; Simon & Schuster, NY, 1962; pp. 33‑35.

Gardner.  MM&M.  1956.  The Afghan Bands, pp. 70-73 & figs. 9-14, pp. 74-77.  Describes several usages as a magic effect.  Cites Tissandier and Hoffman, cf. above.

James O. Trinkle.  US Patent 2,784,834 -- Conveyor for Hot Material.  Applied: 22 Jul 1952;  patented: 12 Mar 1957.  2pp + 1p diagrams.  Same comments as on de Forest, except that 5 references are mentioned in the file, but not in the patent itself.

James W. Jacobs.  US Patent 3,302,795 -- Self-cleaning Filter.  Filed: 30 Aug 1963;  patented: 7 Feb 1967.  2pp + 2pp diagrams.  "This invention relates to dry cleaning apparatus and more particularly to a self-cleaning filter element comprised of an endless belt having a half twist therein."  The diagram does not show the twist very clearly.  Same comments as on de Forest, except that the Examiner cites three patents.

Making resistors with math.  Time (25 Sep 1964) 49.  Richard L. Davis of Sandia Laboratories has made a Möbius strip noninductive resistor.  This has metal foil on both sides of a nonconductive Möbius strip with connections opposite to one another.  The current flows equally both ways and passes through itself.  He found the inductance as low as he had hoped, but he is not entirely clear why it works!  Gardner, below, describes this and also cites Electronics Illustrated (Nov 1969) 76f, ??NYS.

Jean J. Pedersen.  Dressing up mathematics.  MTr 60 (Feb 1968) 118-122.  Describes garments with two sides and one edge or one side and one edge or two sides and no edges!!

Gardner.  The Möbius strip.  SA (Dec 1968) = Magic Show, chap. 9.  Describes the above mentioned patents and inventions and numerous stories and works of art using the idea.

Ross H. Casey.  US Patent 4,161,270 -- Continuous Loop Stuffer Cartridge having Improved Moebius Loop Tensioning System.  Filed: 15 Jul 1977;  patented: 17 Jul 1979.  2pp + 3pp diagrams.  This is actually only for an improvement in the idea.  "Typically, a cubically-shaped wire form or a plurality of guides are used to effect a Moebius twist in the continuous loop.  The invention includes an improved Moebius loop device and tensioner in the form of an easily constructed planar triangular-shaped device to effect a Moebius twist and tensioning in a continuous loop."  Basically the loop folds around three edges of a triangle.  Cites several earlier patents, but Joe Malkevich says none of them relate to the Möbius idea.

In the early 1990s, Tim Rowett found a German making a stainless steel strip with a double twist in it which could be manoeuvred into a double Möbius strip which appeared to be cut in half through the thickness of the strip and which sprang apart when released.  In fact it can also be seen as the result of an ordinary cutting of a Möbius strip in half.  I cannot recall seeing this behaviour described anywhere, though I imagine it is well known.  The process is shown clearly in the following.

Jean-Pierre Petit.  Gémellité Cosmique.  Text for the month of Juin.  Mathematical Calendar:  Tous les mois sont maths! for 1990 produced by Editions du Choix, Bréançon, 1989.

Scot Morris.  The Next Book of Omni Games.  Op. cit. in 7.E.  1991.  Pp. 53-54 describes Jacobs' 1963 patent.  He says that David M. Walba and colleagues at Univ. of Colorado have synthesised "the first molecular Möbius strip", a molecule called trisTHYME and that they have managed to cut it down the middle!!


11.K.
WIRE PUZZLES

Wire and string puzzles are difficult to describe.  Only a few were illustrated before 1900.  S&B, p. 90, says they first appeared in the 1880s (when wire became common), though some are older -- see 7.M.1, 7.M.5, 11.A, 11.C, 11.D, 11.F, 11.I, 11.K.7 and possibly 11.B, 11.E, 11.H.  Ch'ung-En Yü's Ingenious Ring Puzzle Book (op. cit. in 7.M.1) implies that wire and ring puzzles, besides the Chinese Rings, were popular in the Sung Dynasty (960-1279) but I have no confirmation of this assertion.  See the entry under Stewart Culin in 7.M.1 for a vague reference to Japanese ring puzzles called  Chiye No Wa.  This section will cover the various later versions, but without trying to describe them in detail.  I have separated the Horseshoes (11.K.7) and the Caught Heart (11.K.8), as they are so common.


Wire puzzles were included in general puzzle boxes by 1893 -- see the ad at the end of Hoffmann mentioned in 11.I.  By  1912, they were being sold in boxes of just wire puzzles.  Six boxes of wire puzzles are offered in Bartl's c1920 Zauberkatalog, p. 305.  Wire puzzles are a major component of the Western Puzzle Works, 1926 Catalogue.


See S&B, pp. 88‑115.

Peck & Snyder.  1886.  P. 245, No. A -- The puzzle brain links.  11 interlocked links.  Not in Slocum's Compendium.

Slocum.  Compendium.  Shows Egyptian Mystery from Joseph Bland's catalogue, c1890.

Herr Meyer.  An improved ring puzzle.  In:  Hutchison; op. cit. in 5.A; 1891; chap. 70, section III, pp. 573‑574.  Folding ring on loop on loop on loop on bar.

Hoffmann.  1893.  Chap. VIII: Wire puzzles, pp. 302‑314 = Hoffmann-Hordern, pp. 198-206, with six photos.

No. 1: The united hearts.  (Isomorphic to 11.B.)  Photo on p. 199 shows an undated example.

No. 2: The triangle.  Photo on p. 199 shows an undated example.

No. 3: The snake and ring (= Ring and spring puzzle).  Cf 11.K.1.  Photo on p. 199 shows L'Anneau Prisonnier, with box, 1891-1905.  Hordern Collection, p. 80, shows the same, dated 1880-1905.

No. 4: The hieroglyph.  Photo on p. 201 shows an undated example.  Hordern Collection, p. 81, shows two similar puzzles, La Balance de Thémis and Le Bon Geôlier, dated 1890-1910.  

No. 5: The interlaced triangles.  Photo on p. 201 shows an undated example.

No. 6: The double bow and ring (= Horseshoes puzzle).  Photo on p. 201 shows an undated example.  Hordern Collection, p. 82, shows two versions, La Question du Divorce and Les Anneaux Diaboliques, dated 1880-1905.

No. 7: The Egyptian mystery.  Photo on p. 202 shows a version, with box and instructions, by J. Bland, 1855-1892.  Hordern Collection, p. 83, shows a different version, just of the puzzle.

No. 8: The ball and spiral.  Photo on p. 203 shows an undated example.  Hordern Collection, p. 84, shows what seems to be the same example.

No. 9: The Unionist puzzle (the solution is labelled The two horse-shoes, but Hoffmann-Hordern changes it to agree with the problem).  Photo on p. 205 shows Les Crochets du Diable, with box, 1890-1905.  Hordern Collection, p. 85, shows the same and Comment Vous Separer, with box, both dated 1890-1910.

No. 10: The Eastern question (= Intertwined question marks  = Double witch key).  Photo on p. 205 shows an example, with instructions, by Hamley Bros., 1890‑1900.  Hordern Collection, p. 86, shows two examples of Question Romaine, with their boxes, by W. S. and R. T., both Paris, 1890-1910.

No. 11: The handcuff puzzle (four interlocked broken rings). Photo on p. 205 shows an example by Jaques & Son, 1860-1900.  Hordern Collection, p. 87, shows a version with instructions and a three-ring version, both dated 1880-1890 -- this was included in Jaques puzzle boxes, c1900 (cf discussion at beginning of Section 11).

No. 12: The Stanley puzzle.  Photo on p. 206 shows an example, dated 1890.


See also the J. Bland ad on p. 396.

Montgomery Ward & Co.  Catalog No 57, Spring & Summer, 1895.  Facsimile by Dover, 1969, ??NX.  P. 237, item 25479, is a collection of 8 wire puzzles.  The Chilian Puzzle is shown.  Cf 1903.

Ernest C. Fincham.  Street Toys.  Strand Mag. 10 (1895) 765-773.  Shows:  bicycle puzzle (a circular version of Hoffmann No. 2);  "Ally Sloper" puzzle (a caught heart, cf 11.K.8);  gridiron puzzle (basically an elaborated version of the caught heart, cf 11.K.8);  magnetic puzzle (involves placing three needles by use of a magnet);  key puzzle (a cast puzzle of two interlocked keys);  oriental ring (ordinary four strand puzzle ring, cf 11.K.4).

H. F. Hobden.  Wire puzzles and how to make them.  The Boy's Own Paper 19 (No. 945) (13 Feb 1896) 332-333.  

Gridiron and tongs (similar to Hoffmann no. 2).  

Hourglass and ring (= Horseshoes  = Hoffmann no. 6).  

Cupid's bow (similar to Hoffmann no. 1).  

Saltspoon and eggwhisk (= Hoffmann no. 8).  

Magic rings (= Chinese rings) with  10  rings, requiring  681  moves.  (I think it should be  682.)

Montgomery Ward & Co.  Catalogue.  1903.  Reproduced in: Joseph J. Schroeder, Jr.; The Wonderful World of Toys, Games & Dolls  1860··1930; DBI Books, Northfield, Illinois, 1977?, p. 118.  Shows one puzzle (Chilian Puzzle) from a set.  Cf 1895.  Slocum's Compendium also shows this.

Benson.  1904.  Chap. VIII: Wire puzzles, pp. 236‑240.

The interlaced ring puzzle.  (= Hoffmann no. 11.)

The two hearts.  (= Hoffmann no. 1.)  (Isomorphic to 11.B.)

The bow and ring puzzle.  (= Hoffmann no. 6.)

The two crooks.  (= Hoffmann no. 10.)

The "X" puzzle.  (= Hoffmann no. 7.)

The spiral and ring.  (= Hoffmann no. 3.)  Cf 11.K.1.

The triangular maze.  (= Hoffmann no. 2.)

The ball puzzle.  (= Hoffmann no. 8.)

The mysterious loop.  (= Hoffmann no. 4.)

M. Adams.  Indoor Games.  1912.  Pp. 337‑341.

The gridiron and tongs.  (c= Hoffmann no. 2.)

The hourglass and ring.  (= Hoffmann no. 6  = horseshoes puzzle.)

Cupid's bow.  (c= Hoffmann no. 1.)  (Isomorphic to 11.B.)

The saltspoon and eggwhisk. (= Hoffmann no. 8.)

The magic rings.  (= Chinese rings, 7.M.1.)

The heart and link.  (= Cupid's bow, c= Hoffmann no. 1.)  (Isomorphic to 11.B.)

The gridiron and shovel  (c= Cupid's bow, c= Hoffmann no. 1.)  (Isomorphic to 11.B.)

The double gridiron.

The cross and double links.

The tandem and luggage.

The double link.  (= Loony Loop or Satan's Rings.)  See 7.M.5.  This has a loop of string and is isomorphic to the Chinese rings, 7.M.1.

Bartl.  c1920.  Vexier- und Geduldspiele, pp. 305-312, shows 43 wire puzzles.

Western Puzzle Works, 1926 Catalogue.  Shows about 65 wire puzzles.

Collins.  Book of Puzzles.  1927.  Some good metal puzzles, pp. 52-53.  Shows:  The devil's ring;  The teaser;  The three-in-one rings;  The link and rings;  The union puzzle.  Pp. 44-54 cover other wire puzzles:  The Twin Hearts (= Hoffmann no. 1, 11.K.8);  The eternal triangle (= Hoffmann no. 2);  The bead and spiral (= Hoffmann no. 8);  The snake and ring (= Hoffmann no. 3, 11.K.1);  The great seven-ring puzzle (= Chinese rings, 7.M.1);  The eastern question (= Hoffmann no. 10, Double witch key, 11.K.6).

Ch'ung-En Yü.  Ingenious Ring Puzzle Book.  1958.  Op. cit. in 7.M.1.  

Pp. 18-19 discusses the 'horseshoes puzzle' which is called 'Jade Interlocked Ring Puzzle' and is "the simplest and easiest puzzle of the Incomplete Ring Type".  Yü then discusses more complex versions of the puzzle.

P. 21 shows the interlocked nails puzzle.

P. 26 shows a single heart, similar to Hoffmann 1, but with a doubled second part, called Recessed Handle Ring Puzzle.  (Isomorphic to 11.B.)

Richard I. Hess.  Compendium of Over  7000  Wire Puzzles.  5th ed., published by the author, Rancho Palos Verdes, Mar 1991, 259pp.  7090  wire, entanglement and cast iron puzzles classified in 17 categories.  There is an 53 page index and then 205 pages of reduced photocopies of the actual puzzles.  The pictures come out almost as good as drawings.  Some of the more obvious combinations do not have pictures.  The naming of the puzzles has a certain poetry about it.  A118:  Type 2 trapeze with baffle, horseshoes, lock and 1-ring key.  A226:  Cascaded double compound trapeze with baffled heart.  B053:  Hong Kong house with semicircles (Hard 2-story).  C226:  Bug (3-ring) with triple cross.  D105:  Triple Finnish diddle.  (Previous editions:  2nd ed, 1982, c500 puzzles;  3rd ed, 1985, c1400 puzzles;  4th ed, 1988, c2600  puzzles.)


11.K.1.
RING AND SPRING PUZZLE

A ring is on a spring with sealed ends.

I have seen this illustrated in Wizard's Guide, a catalogue of magic apparatus by W. J. Judd, 1882.  ??NX.

Montgomery Ward & Co.  Catalogue.  1886.  Reproduced in: Joseph J. Schroeder, Jr.; The Wonderful World of Toys, Games & Dolls  1860··1930; DBI Books, Northfield, Illinois, 1977?, p. 24.  Slocum's Compendium also shows this.

Peck & Snyder.  1886.  P. 162: Universal pocket puzzle.

Hoffmann.  1893.  Chap. VIII, no. 3: The snake and ring (= ring and spring puzzle) = Hoffmann-Hordern, p. 199.  Photo on p. 199 shows L'Anneau Prisonnier, with box, 1891-1905.  Hordern Collection, p. 80, shows the same, dated 1880-1905.

Benson. 1904.  Chap. VIII: Wire puzzles, pp. 236‑240.  The spiral and ring.  (= Hoffmann's no. 3.)

I have seen a French example, called L'anneaux prisonnier, dated 1900-1920, but see above.

Slocum.  Compendium.  Shows many later examples:  1913, 1915, 1915, 1919, etc.

Bartl.  c1920.  

P. 307, no. 61: Der Ring der Nibelungen.

P. 307, no. 63: Spirale mit Nadel.  This has a rod down the middle of the spring.

P. 310, no. 87: Ring mit Kette.

Western Puzzle Works, 1926 Catalogue.  No. 9: Down and Out.

Collins.  Book of Puzzles.  1927.  The snake and ring puzzle, pp. 48-49.


11.K.2.
STRING AND SPRING PUZZLE

A loop of string goes through the spring which has a few turns and long tails so the string doesn't come off obviously.

Western Puzzle Works, 1926 Catalogue.  No. 1877: Loop and Chain.

Slocum.  Compendium.  Shows Magic Chain from Johnson Smith 1929 catalogue.


11.K.3.
MAGIC CHAIN  =  TUMBLE RINGS

One holds the two top rings and releases the upper one which appears to drop to the bottom.

A magic chain.  The Boy's Own Paper 12 (No. 581) (1 Mar 1890) 351.  Good picture by Poyet, so this ought to be in Tissandier or Tom Tit, but I haven't seen it.

Der Gute Kamerad.  Kolumbus‑Eier.  1890.  ??NYS, but reproduced in Edi Lanners' 1976 edition, translated as:  Columbus' Egg; Paddington Press, London, 1978; The magic chain, pp. 176‑177, with good illustration on p. 177 -- an enlargement of Poyet's picture with his name removed.

Bartl.  c1920.  P. 308, no. 71: Konsilkette.

Western Puzzle Works, 1926 Catalogue.

No. 12: Drop Rings Illusion.  15¢.  Picture shows  20  rings.

No. 334: Drop Ring illusion, chain of  35  Rings.  15¢.  However the picture shows  26  rings??

Davenport's catalogue, op. cit. in 10.T, c1940, pp. 8 & 29, calls it The Wizard's Chain.

Gardner.  SA (Aug 1962).  = Unexpected, chap. 13.  Calls it "tumble rings".  Describes the chain with a good diagram for making your own, but gives no indication of its history.


11.K.4.
PUZZLE RINGS
William Jones.  Finger-Ring Lore.  Chatto & Windus, London, 1877.  Pp. 313-321 discusses gemmel or gemmow rings with two or three parts.  He cites Herrick -- "a ring of jimmals",  quotes Dryden's play Don Sebastian describing a two part ring,  describes a three-part jointed ring,  describes a two part ring excavated in 1800 (medieval??),  describes 'a plain geemel wedding-ring' given by the Prince Regent to Mrs. Fitzherbert,  describes the five-link wedding ring of Lady Catherine Gray,  illustrates a 15C gemmel ring with a head of Lucretia of the type mentioned in Twelfth Night II.v,  illustrates Sir Thomas Gresham's betrothal ring of 1544,  describes and illustrates several other examples -- 16C, 13C.  On pp. 321-322, he mentions an exhibition of some puzzle rings by Rev. John Beck at a meeting of the Archaeological Institute in Mar 1863.  These had  7, 4 and 9  parts.

Ernest C. Fincham.  Street Toys.  Strand Mag. 10 (1895) 765-773.  Shows:  Oriental ring (ordinary four strand puzzle ring).

Dudeney.  Great puzzle crazes.  Op. cit. in 2.  1904.  Says he believes it is of Indian origin.

George Frederick Kunz.  Rings for the Finger.  J. B. Lippincott, Philadelphia, 1917;  reprinted by Dover, NY, 1973 (with the two colour plates done in B&W).  



Pp. 218‑233 discusses puzzle rings.  The earliest forms were gimmel rings which had two or three parts which could be separated for use at betrothal, with the parts rejoined at the wedding and given to the bride.  These are known from the 16C -- e.g. the plate facing p. 219 shows a 16C German example from the BM and Sir Thomas Gresham's betrothal ring (c1540) is similar.  P. 219 gives a quote from Dryden's play Don Sebastian which describes a two part ring.  The plates opp. pp. 220, 221 & 230 show other examples including a three part one from 17C.



Kunz says "the so‑called 'puzzle ring' ... was derived from the East."  The plate facing p. 220 shows examples of a three part ring and the common four part Middle Eastern ring, in gold, from the 17C in the BM.



The plate opp. p. 233 shows a six part gold betrothal ring from the Albert Figdor collection, Vienna.  This forms a simple chain of six rings.

Stewart Culin.  Korean Games.  Op. cit. in 4.B.5.  Section XX: Ryou‑Kaik‑Tjyo -- Delay Guest Instrument (Ring Puzzle), pp. 31‑32.  Says there are many Japanese ring puzzles, called Chiye No Wa, and shows one which seems to be  10  rings linked in a chain -- possibly the simple type of puzzle ring??

Slocum.  Compendium.  Shows The Lady's and Gentleman's "Wonderful Ring" from Joseph Bland's catalogue, c1890.  This has four parts which form a simple chain.  The Compendium also shows Puzzle Ring from Johnson Smith 1929 catalogue, which is the classic Turkish or Middle Eastern four part ring.


11.K.5.
RING MAZES

These are plates with holes and perhaps raised sections.  An open ring must be removed by working it from hole to hole.

S&B 92 says a version was sold by Hamleys in 1879 and appeared as The Boston In-and-Out Puzzle in 1880-1885 and as The Queen's Jubilee Puzzle in 1887.

Peck & Snyder.  1886.  P. 250: no. 188 -- The order of stupids.

Hoffmann.  1893.  Chap. X, pp. 353-354 & 392 = Hoffmann-Hordern, pp. 251-252, with photos.

No. 42: The Conjurer's Medal.  Photos on p. 251 show an example from 1880-1890 and The Queen's Jubilee Puzzle, 1887.  Hordern Collection, p. 96, shows a version labelled  Boston  In and Out,  dated 1880-1895.

No. 43: The Maze Medal.  Photo on p. 252 shows an example dated 1888.  Hordern Collection, p. 97, shows the same.

Western Puzzle Works, 1926 Catalogue.

No. 52: Spider Web.

No. 123: Boxing the Check.  (I'm not certain from the picture that this is a ring maze??)

Dudeney.  Great puzzle crazes.  Op. cit. in 2.  1904.  "... the 'Conjurer's Medal,' that came out some years ago ...."  Medal with five holes.


11.K.6.
INTERLOCKED NAILS, HOOKS, HORNS, ETC.


I have just added this.  The puzzle has two interlocked objects.  One type has nails bent around a  270o  twist -- see S&B 96-97.  A variation, called Wishbone Puzzle, has longer tails -- see S&B 97.  A variation has one of the nails made longer with twists at each end, sometimes called Tangle Twister -- see S&B 96.  A variation has two circular bits with tails, sometimes called Double Witch Key -- see S&B 97 & 102.  Another type has two S-shaped pieces or two J-shaped pieces (hooks) -- see S&B 95.

Hoffmann.  1893.  Chap. VIII, no. 10: The Eastern question, p. 307 = Hoffmann-Hordern, pp. 204-205.  Interlocked circular bits with tails  = Double witch key.  Photo on p. 205 shows an example, with instructions, by Hamley Bros., 1890‑1900.  Hordern Collection, p. 86, shows two examples of Question Romaine, with their boxes, by W. S. and R. T., both Paris, 1890-1910.

Burnett Fallow.  How to make an ingenious link puzzle.  The Boy's Own Paper 16 (No. 777) (2 Dec 1893) 143.  = Hoffmann no. 10.

Benson. 1904.  Chap. VIII: Wire puzzles, pp. 236‑240.  The two crooks.  (= Hoffmann no. 10.)

Walter S. Jenkins.  US Patent 969,481 -- Puzzle.  Filed: 16 Mar 1908;  patented: 6 Sep 1910.  3pp + 1p diagrams.  Interlocked nails.

Bartl.  c1920.  

P. 309, no. 76: Hexen-Schlüssel  = Double witch key.

P. 311, no. 91: Wodanschlüssel  = Hooks.  

P. 311, no. 98.  A type of Tangle twister.

P. 311, no. 99.  Interlocked nails.

P. 311, no. 100.  Double witch key.

Western Puzzle Works, 1926 Catalogue.

No. 10: Link the Link.  Two hooks.

No. 102: Nails.

No. 71: Elk Horns.  Patented.

No. 1978: [unnamed, circular bits with tails, sometimes called Question Marks or Double Witch Key.]

No. 211: Tantalizer -- like nails but one piece is twisted at both ends.

Collins.  Book of Puzzles.  1927.  The Eastern question, pp. 53-54.  As in Hoffmann, with very similar diagram.

S&B 95 calls the interlocked hooks, Loop the Loop or The Devil's Keys, and shows it, but gives no date.  S&B 96-97

Ch'ung-En Yü.  Ingenious Ring Puzzle Book.  1958.  Op. cit. in 7.M.1.  P. 21 shows the interlocked nails puzzle.


11.K.7.
HORSESHOES PUZZLE

See S&B 99.

Magician's Own Book (UK version).  1871.  The ring and wire-loop puzzle, p. 113.  With elongated horseshoe parts.

Hoffmann.  1893.  Chap. VIII: Wire puzzles, no. 6: The double bow and ring (= Horseshoes puzzle) = Hoffmann-Hordern p. 201.  Photo on p. 201 shows an undated example.  Hordern Collection, p. 82, shows two versions, La Question du Divorce and Les Anneaux Diaboliques, dated 1880-1905.

H. F. Hobden.  Wire puzzles and how to make them.  The Boy's Own Paper 19 (No. 945) (13 Feb 1896) 332-333.  Hourglass and ring.  

Benson. 1904.  Chap. VIII: Wire puzzles, pp. 236‑240.  The bow and ring puzzle.  (= Hoffmann no. 6.)

M. Adams.  Indoor Games.  1912.  Pp. 337‑341.  The hourglass and ring.  (= Hoffmann 6.)

Bartl.  c1920.  

P. 307, no. 62: Hufe an einer Kette.  Here the horseshoes are joined by bits of chain.

P. 308, no. 66: Vexierlyra.  Here the horseshoes are in a 'lyre' shape.

P. 310, no. 88: Hufeisen-Vexierspiel.

Ch'ung-En Yü.  Ingenious Ring Puzzle Book.  1958.  Op. cit. in 7.M.1.  Pp. 18-19 discusses the "horseshoes puzzle" which is called "Jade Interlocked Ring Puzzle" and is "the simplest and easiest puzzle of the Incomplete Ring Type".  Yü then discusses more complex versions of the puzzle.


11.K.8.
THE CAUGHT HEART

This puzzle is isomorphic to 11.B.

Hoffmann.  1893.  Chap. VIII: Wire puzzles, pp. 302‑314.  No. 1: The united hearts.

Ernest C. Fincham.  Street Toys.  Strand Mag. 10 (1895) 765-773.  Shows:  "Ally Sloper" puzzle (a Caught heart)  and Gridiron puzzle (basically an elaborated version of the Caught heart).

H. F. Hobden.  Wire puzzles and how to make them.  The Boy's Own Paper 19 (No. 945) (13 Feb 1896) 332-333.  Cupid's bow (similar to Hoffmann 1).

Benson. 1904.  Chap. VIII: Wire puzzles, pp. 236‑240.  The two hearts.  (= Hoffmann no. 1.)

M. Adams.  Indoor Games.  1912.  Pp. 337‑341.  

Cupid's bow.  (c= Hoffmann 1.)

The heart and link.  (= Cupid's bow, c= Hoffmann 1.)

The gridiron and shovel  (c= Cupid's bow, c= Hoffmann 1.)

Bartl.  c1920.  P. 308, no. 65: Vexierherz.

Collins.  Book of Puzzles.  1927.  The twin hearts puzzle, pp. 44-45.  As in Hoffmann, with similar diagram.

Ch'ung-En Yü.  Ingenious Ring Puzzle Book.  1958.  Op. cit. in 7.M.1.  P. 26 shows a single heart, similar to Hoffmann 1, but with a doubled second part, called Recessed Handle Ring Puzzle.  


11.L.
JACOB'S LADDER AND OTHER HINGING DEVICES

I am now realising that a number of the objects in 6.D, namely the tetraflexagons and the trick or magic books, are just extended forms of the Jacob's ladder.  See also Engel in 6.X.  The Chinese wallet has two boards with this kind of hinging so it can open on either side, giving different effects.  

Pacioli.  De Viribus.  c1500.  Ff. 229r - 229v, Part 2, Capitolo. CXXXII. Do(cumento). del solazo puerile ditto bugie (On the childish recreation called deception?).  = Peirani 316‑317.  Uses two tablets and three leather straps.  Describes how to use it to catch a straw.  His references show that it is called 'calamita di legno' (calamity of wood (or magnet of wood -- depending on whether the Italian is  calamità  or  calamita) in Italian.

Bernardino Luini.  "A Boy with a Toy" or "Cherub with a Game of Patience".  Proby Collection, Elton Hall, Peterborough, Cambridgeshire.  The painting is 15" by 13" (38 cm by 33 cm).  Luini was a fairly well known Lombard follower of Leonardo, born c1470 and last known in 1533.  I have found no indication of the date of the work, but the middle of his working life is c1510.  The figure is reproduced in: Angela Ottino della Chiesa; Bernardino Luini; Electa Editrice, Milan, 1980, item 59, but the quality is not good.  The painting is described in: G. C. Williamson; Bernardino Luini; George Bell and Sons, London, 1900, pp. 104-105.  Williamson says the tapes holding the boards together are red and are apparently holding a straw, but he doesn't seem to recognize the object.



F. Bartolozzi made a nice engraving of this in 1795, attributing the painting to da Vinci, as was generally believed at the time.  James Dalgety has an example and I have a photo of it.

Gustav Pauli.  Ausstellung von Gemälden der Lombardischen Schule im Burlington Fine Arts Club  London  April - Juni 1898.  (Schluss).  Zeitschrift für bildene Kunst (NF) 10 (1898-1899) 149.  The Luini was on display and the author describes the toy as a 'Taschenspielerstückchen', a little juggler's trick -- but recall that juggler was long a synonym for magician -- with two boards which allow one to vanish the straw.

Bernardino Licino (attrib.).  "Portrait of a Man with a Puzzle".  Picture Gallery, Hampton Court Palace, London, Richmond upon Thames, London.  Licinio was a Venetian painter born about 1485 and last known in 1549.  The painting is described and illustrated (in B&W) in John Shearman; The Early Italian Pictures in the Collection of Her Majesty The Queen; CUP, 1983, item 141, plate 124.  It is very similar to another portrait known to be by Licinio and dated 1524, so this is probably c1524 and hence a bit later than the Luini.  Shearman cites the Luini painting and Pauli's notice of it.  The description says the binding tapes are red, as in the Luini, and both show something like a straw being trapped in the wallet, which suggests some connection between the two pictures, though it may just be that this toy was then being produced in or imported to North Italy and was customarily made with red tapes.  On the toy is an inscription: Carpendo Carperis Ipse (roughly: Snapping snaps the snapper), but Shearman says it definitely appears to be an addition, though its paint is not noticeably newer than the rest of the painting.  Shearman says the toy comprises 'three or more rectangles ...', though both paintings clearly show just two pieces.  My thanks to Peter Hajek who reported seeing this in an email of 22 May 1998

Prévost.  Clever and Pleasant Inventions.  (1584), 1998.  Pp. 136-140.  Chinese wallet.

Schwenter.  1636,  Part 15, exercise 27, pp. 551-552.  "Ein einmaul zu machen."  Chinese wallet.  I can't find Einmaul in my dictionaries.

Witgeest.  Het Natuurlyk Tover-Boek.  1686.  Prob. 66, pp. 49-50.  Chinese wallet.

Peter Haining.  Moveable Books  An Illustrated History.  New English Library, 1979.  Pp. 12‑13 shows The Unique Click Tablets of c1790 which is a Jacob's Ladder of six pieces with a two part picture glued to each face, described as 'possibly unique'.  The pictures are uncoloured and similar to those occurring in chapbooks and/or hornbooks of the period.  (Thanks to Christopher Holtom for this information.)

de Savigny.  Livre des Écoliers.  1846.  P. 272: Les deux planchettes.  Shows 3½ parts and indicates one can continue beyond four.  "Tous les écoliers connaissent le jeu des planchettes ...."

Leslie Daiken.  Children's Toys Throughout the Ages.  Spring Books, London, 1963.  Plate 6 on p. 24 shows "Hand‑operated game of changing pictures, c. 1850" which clearly shows the "Jacob's ladder" hinging with four parts.

An example with nine blocks with coloured pictures, possibly home-made, mid 19C, was advertised by a book dealer in 2003.

Edward Hordern's collection has an example with four panels from c1854.

Hanky Panky.  1872.  The magic pocket-book (Die zwei magichen [sic] Brieftaschen), pp. 270-272.  This seems to be a form of this mechanism similar to the Chinese wallet.

H. F. Hobden.  Jacob's ladder, and how to make it.  The Boy's Own Paper 12 (No. 592) (17 May 1890) 526.  Says he doesn't know why it is called Jacob's ladder, but that it has been popular "for a number of years".  Suggests at least  7  blocks, preferably  12.

Hutchison.  Op. cit. in 5.A.  1891.  Chap. 71: Jacob's ladder, and other contrivances.  Section I -- Jacob's ladder, pp. 583‑585.  Shows it clearly.  Suggests use of  12  parts, or at least  7.

Axel O. Sodergren.  US Patent 778,282 -- Folding Picture-Album.  Applied: 28 Mar 1904;  patented: 27 Dec 1904.  2pp + 2pp diagrams.  Ordinary Jacob's Ladder used to display pictures.

Davenport's catalogue, op. cit. in 10.T, c1940, pp. 8 & 21, shows the two part version called The Wonderful Magic Book, now often sold as the Chinese Wallet.

Norman F. Rutherford.  US Patent 2,245,875 -- Toy.  Applied: 4 Dec 1939;  patented: 17 June 1941.  4pp + 7pp diagrams.  "... a development of and improvement upon the toy known for years under the name of Jacob's ladder."  Starts with two block versions, then shows 8 blocks formed into a ring and a number of shapes it can form.  Then considers three blocks in an L with hinges in two directions, using with square or hexagonal blocks.  Then considers five blocks in a W, or closed into a four block ring and the seven block extension of this idea, closed into a six block ring, and the nine block version closed into an eight block ring.  then considers the six hexagon version in a ring.  All in all, a pretty direct ancestor of Rubik's Magic puzzle.


11.M.
PUZZLE BOXES

A six piece burr with identical flat notched pieces and no key piece is sometimes assembled by forcing together (perhaps after steaming) to make an unopenable money box.  Cf 6.W.5.  Vesta boxes were small boxes to hold matches and were popular from c1850 to c1920.  Some of these had trick openings and form a distinct class of puzzle boxes.

Catel.  Kunst-Cabinet.  1790.  Das Vexierkästchen, p. 21 & fig. 21 on plate I.  Figure just shows a box.  Text says the cover is "made like a see-saw" and one presses firmly on one side and the other lifts up.

Bestelmeier.  1801.  Item 208: Eine Kästchen, welches man ohne das Geheimniss zu wissen nicht öfnen kan.  

Jerry Slocum, compiler.  Match box puzzles and related trick boxes from catalogs, books and patents.  Jan 1993.  12pp, with 25 entries during 1843-1912, some entries being lists of many items.  Includes Crambrook, Taylor, Peck & Snyder (only items 35 & 122), Hoffmann (items 30-39), below.

Crambrook.  1843.  P. 3 lists 24 types of Puzzling Boxes.  ??

1-4:  Brass Boxes with Dial-locks or Clock-faces.

5-6:  Common Oblong Snuff Box.

7-8:  Flat box-root [sic] Snuff Box.

9:  Mahogany double-lidded box.

10:  Waterloo Boxes, round reeded.

11:  Large Shaving ditto.

12:  Tin Pricker Box.

13:  Secret Cigar Case, in shape of a book.

14:  Larger ditto, for a Case for a Pack of Cards.

15-17:  Magic Cigar Case.

18:  Japan tinplate Oval Box.

19:  Brass Oblong Box.

20-22:  Indian Ball Puzzles.

23:  French Cube Box.

24:  The Puzzling Dice Box.

The 'Ne Plus Ultra' match or snuff box has a lid which opens by pressing on one edge.  Slocum, above, says the earliest known example is in silver, produced by Alfred Taylor, silversmiths of Birmingham, and hall-marked 1864.

Roger Fresco-Corbu.  Vesta Boxes.  Antique Pocket Guides, Lutterworth Press, Guildford, Surrey, 1983.  He mentions several trick boxes.  

P. 7, fig. 3.  Silver box, 1869, opens by sliding the stud on the front.

P. 9, fig. 4 & p. 13.  S. Basnett.  UK Patent 1212 (26 Jan 1887).  Catch on the front allows inner case to pivot out sideways.  Figure shows a silver example made by Basnett.

P. 34, fig. 48 & p. 35.  Fur covered boxes usually opened by pressing on a stud on the front, concealed by the fur.  Figure shows an example from the 1880s.

P. 35, fig. 50 & p. 36.  An ivory example, undated, but 2nd half of 19C, from the continent, that opens by pressing the stud on the front.

Peck & Snyder.  1886.

P. 129, no. 8: The deceitful tobacco box.

P. 230, no. 20: The Indian puzzle ball.

P. 230, no. 21: The enchanted tea chest.

P. 231, no. 35: The magic fusee box.  (Gravity lock.) 

P. 241, no. 122: The Not for Joseph snuff or fusee box.

P. 251, no. 203: The wonderful secret ball.

Montgomery Ward & Co.  Catalogue.  1889.  Reproduced in: Joseph J. Schroeder, Jr.; The Wonderful World of Toys, Games & Dolls  1860··1930; DBI Books, Northfield, Illinois, 1977?, p. 27.  Puzzle Locomotive Savings Bank.  Does not open until it is full of money.

Marshall Field & Co.  Catalogue.  1892.  Reproduced in: Joseph J. Schroeder, Jr.; The Wonderful World of Toys, Games & Dolls  1860··1930; DBI Books, Northfield, Illinois, 1977?, p. 66.  

The Dairy.  A money bank with a puzzle padlock.

Presto Trick Bank.  Has a trick drawer in which you put a coin which vanishes when you close the drawer.  Doesn't really seem to be a puzzle.

Hoffmann.  1893.  Chap. 2, pp. 37-68 = Hoffmann-Hordern, pp. 44-54, with photos, shows several items which could be included here.  

No. 30: The Psycho Match-box has a gravity lock.  Photo on p. 45 shows a wood version, with instructions, by Gamage, 1860-1890, and a brass version, 1860‑1890.  Hordern Collection, p. 32, shows a wood version with 'edelweiss' pattern, 1860-1900, in two states.

No. 31-37 are other match-boxes.  Photos on pp. 46 & 49.  Hordern Collection, pp. 33‑34.

No. 38-39 are snuff boxes.  Photos on p. 51.  Hordern Collection, p. 35.

No. 40-41 are puzzle balls.  Photos on pp. 53-54.  Hordern Collection, p. 36.

Carl P. Stirn.  1894  Trade Price List  Toys, ....  Reproduced in: Ronald S. Barlow, ed.; The Great American  1879-1945  Antique Toy Bazaar; Windmill Publishing, El Cajon, California, 1998.  The Magic Bank for dimes, on p. 99 of Barlow.  I believe this is a cylindrical device which will not open until it is filled with dimes -- I have several examples.

James Scott.  Chinese puzzles, tricks, and traps.  Strand Mag. 20 (No. 120) (Dec 1900) 715‑720.  Figure 7 shows an object that looks like a three-piece burr but which is a puzzle box made of cardboard or thin wood.  It opens by sliding one stick and then pressing its end, when its sides are seen to be hinged and they flex outward.  Figures 8‑10 show an ivory globular trinket casket, which has three orthogonal rods crossing in the centre.  These have to be turned and slid in the right order to open the box.

Montgomery Ward & Co.  Catalogue.  1903.  Reproduced in: Joseph J. Schroeder, Jr.; The Wonderful World of Toys, Games & Dolls  1860··1930; DBI Books, Northfield, Illinois, 1977?, p. 120.  

Little Gem Pocket Savings Bank.  Opens when $5 of dimes have been inserted.

Gem Pocket Savings Bank.  Opens when 50 pennies have been inserted.

Butler Brothers (now City Products Corp.).  Catalogue.  1914.  Reproduced in: Joseph J. Schroeder, Jr.; The Wonderful World of Toys, Games & Dolls  1860··1930; DBI Books, Northfield, Illinois, 1977?, p. 179.  "Gem" Pocket Money Banks.  Types which open when 20 nickels or 50 dimes are inserted.

M. Adams.  Indoor Games.  1912.  A puzzle matchbox, pp. 260-261.  Simply concealed slide.

Cecil Henry Bullivant.  Every Boy's Book of Hobbies.  T. C. & E. C. Jack, London, nd [c1912].  

Pp. 46-51: How to make a school box with secret compartments.  Simple chest with false bottom and hidden release.  

Pp. 52-55: How to make a puzzle box.  Small box with a gravity lock.

Bartl.  c1920.  P. 306, no. 25 is very similar to Hoffmann's Psycho match-box.

Butler Brothers.  [Toy catalogue], 1921.  Reproduced in: Ronald S. Barlow, ed.; The Great American  1879-1945  Antique Toy Bazaar; Windmill Publishing, El Cajon, California, 1998.  "Gem" Pocket Savings Banks, on p. 186 of Barlow.  One of these may be the same as the item mentioned under Stirn, above.


11.N.
THREE KNIVES MAKE A SUPPORT

New section.  The pattern of interlocking knives involved is also used in basketry, woven fences, latticework, etc.  Indeed, if they are beams with notches, this gives frameworks which can roof a space much wider than any available beam, e.g. Wren's ceiling of the Sheldonian Theatre, Oxford, and this is used in puzzle pot stands.


Four knives versions:  Magician's Own Book; Hoffmann; Blyth; Collins; Bile Beans; Doubleday; 

Pacioli.  De Viribus.  c1500.  Ff. 228r - 228v, Part 2, Capitolo. CXXIX. Do(cumento). atozzare .iij tagli de coltelli insiemi (Join together three blades of knives).  = Peirani 315.  Pacioli says this was shown to him on 1 Apr 1509 (Peirani has misread this as  isog) by "due dorotea veneti et u perulo 1509 ad primo aprile ebreo".  Peirani transcribes  u  as  un  but Dario Uri thinks it is the initial of Perulo's given name.  I wonder if 'dorotea' might refer to some occupation, e.g. nuns at S. Dorothy's Convent.  In Vienna, the Dorotheum is a huge public auction house where estates are auctioned off.  The word 'ebreo' means 'Hebrew', but I cannot see what it refers to.

Cardan.  De Subtilitate, Book 17, 1550.  = Op. Omnia III, p. 629.

Prévost.  Clever and Pleasant Inventions.  (1584), 1998.  PP. 19-20.

van Etten.  1624.  Prob. 6 (6), p. 7 (15‑16).  Henrion's 1630 Notte cites Cardan.

Hunt.  1631 (1651).  Pp. 278-279 (270-271).

Schwenter.  1636.  Part 15, exercise 7, pp. 536-537.  Three knives.

John Wecker.  Op. cit. in 7.L.3.  1660.  Book XVIII -- Of the Secrets of Sports: Sticks that mutually support one the other, p. 345.  Taken from and attributed to Cardan, with very similar diagram.  (I don't know if this material appeared in the 1582 ed.??)

Witgeest.  Het Natuurlyk Tover-Boek.  1686.  Prob. 74, pp. 56-57.  Three pipes shown.  Text refers to sticks, etc.

Ozanam.  1694.  Prob. 16: 1696: 287-288 & fig. 140, plate 47.  Prob. 16 & fig. 35, plate 15, 1708: 364.  Prob. 20 & fig. 140, plate 47 (45), 1725: vol. 2, 392-393.  Prob. 47 & fig. 50, plate 11, 1778: vol. 2, 87;  1803: vol. 2, 93-94;  1814: vol. 2, 76;  Prob. 46, 1840: 235.

Badcock.  Philosophical Recreations, or, Winter Amusements.  [1820].  P. 15, no. 25 & Frontispiece fig. 2: To place three sticks, or tobacco pipes, upon a table in such a manner, that they may appear to be unsupported by any thing but themselves.

Rational Recreations.  1824.  Feat 16, p. 64.  Three knives or tobacco pipes.

Endless Amusement II.  1826?  

Pp. 58-59: To arrange three sticks that shall support each other in the air.

Prob. VI, p. 193.  "The annexed figure explains a most ingenious device for forming flat roofs or floors, of pieces of timber, little more than half the length of such roof or floor.  This plan is well known to architects; and is particularly mentioned in Plot's Natural History of Oxfordshire, from which we have taken this figure.  ...."  = New Sphinx, c1840, pp. 132-133, but omitting  '; and is particularly mentioned in Plot's Natural History of Oxfordshire, from which we have taken this figure'.

Boy's Own Book.  1828.

The bridge of knives.  1828: 338;  1828‑2: 346;  1829 (US): 153;  1843 (Paris): 393, Bridge of knives;  1855: 485;  1868: 620.  = de Savigny, 1846, pp. 267-268: Pont de couteaux.

The toper's tripod.  1828: 338;  1828‑2: 352;  1829 (US): 159;  1843 (Paris): 391, The tobacco pipe jug stand;  1855: 485;  1868: 621.  = de Savigny, 1846, p. 260: Le plateau avex les pipes.



The 1843 (Paris) are c= the versions in Every Little Boy's Book, c1856.

Nuts to Crack II (1833).

No. 94.  The bridge of knives.

No. 95.  The toper's tripod.

Julia de Fontenelle.  Nouveau Manuel Complet de Physique Amusante ou Nouvelles Récréations Physiques ....  Nouvelle Édition, Revue, ..., Par M. F. Malepeyre.  Librairie Encyclopédique de Roret, Paris, 1850.  P. 408 & fig. 147 on plate 4: Disposer trois batons ....  Figure copied from Ozanam, 1725.

Magician's Own Book.  1857.  

P. 186: The toper's tripod.  Use three pipes to support a pot of ale.  = Boy's Own Conjuring Book, 1860, p. 162, with different illustration.

P. 187: The bridge of knives.  = Boy's Own Conjuring Book, 1860, p. 163 with redrawn illustration.

Anonymous.  Every Little Boy's Book  A Complete Cyclopædia of in and outdoor games with and without toys, domestic pets, conjuring, shows, riddles, etc.  With two hundred and fifty illustrations.  Routledge, London, nd.  HPL gives c1850, but the text is clearly derived from Every Boy's Book, whose first edition was 1856.  The material here is in the 1856 ed of Every Boy's Book (with J. G. Wood as unnamed editor), not yet entered, and later editions, but with different text and pictures.  These are essentially the same as the versions in Boy's Own Book, 1843 (Paris).



P. 339: The tobacco pipe jug stand.



P. 351: Bridge of knives.

Magician's Own Book (UK version).  1871.

To make a seat of three canes, p. 123.  Says this can also be done with three knives or "rounders" bats or long pipes (called the Toper's Tripod).

The puzzle bridge, p. 123.  Stream 15 or 16 feet across, but none of the available planks is more than 6 feet long.  He claims that one can use a four plank version of our problem to make a bridge.  See the discussion in 6.BD.

Tissandier.  Récréations Scientifiques.  1883?  Not in the 2nd ed., 1881.  I didn't see if these were in the 3rd ed., 1883.  5th ed., 1888.  Illustrations by Poyet.

Poser un verre sur trois bâtons ayant chacun une extrémité en l'air, pp. 42-43.  Cites and quotes Ozanam.

La carafe et les trois couteaux, p. 43.  The knives are resting on three glasses.

Tissandier.  Popular Scientific Recreations;  Supplement.  1890?  Pp. 798-799.  To poise a tumbler upon three sticks, each one of which has one end in the air.  The water-bottle and the three knives.  = (Beeton's) Boy's Own Magazine 3:6 (Jun 1889) 249-251.

Der Gute Kamerad.  Kolumbus‑Eier.  1890.  ??NYS, but reproduced in Edi Lanners' 1976 edition, translated as:  Columbus' Egg; Paddington Press, London, 1978.  Uses Poyet's illustrations.

The balancing goblet, p. 22.  c= Tissandier.

The floating carafe, pp. 22-24.  c= Tissandier.

Hoffmann.  1893.  Chap. X, pp. 350-351 & 390-391  = Hoffmann/Hordern pp. 248-249, with photo.

No. 38: The cook in a difficulty (La question de la marmite).  Four iron staffs to support a stewpan.  Photo on p. 249 shows Question de la Marmite, with box and instructions, by Watilliaux, 1874-1895.

No. 39: The Devil's bridge (Le pont du diable).  Three planks to make a bridge joining three points.  Photo on p. 249 shows Le Pont du Diable, with box instructions and solution, by Watilliaux, 1874-1895.  Hordern Collection, p. 95, shows La Passerelle de Mahomet, with box and solution, dated 1880-1905.

Blyth.  Match-Stick Magic.  1921.

Three-way bridge, p. 52.  Three matchsticks on three teacups or tumblers.

Four-way bridge, pp. 52-53.  "rather more stable".

Collins.  Book of Puzzles.  1927.  The bridge builder's puzzle, pp. 41-42.  Three and four match bridges over goblets.

The Bile Beans Puzzle Book.  1933.  No. 15.  Use four matches to support a wine glass above four wine glasses.

Ripley's Believe It or Not!, 16th series, 1971, unpaginated, next to last page, shows six strips forming the sides of a hexagon and then extending, so each strip goes  over, under, over, under,  four other strips, forming six versions of the three knife configuration.

Doubleday - 2.  1971.  What a corker!, pp. 17-18.  Four matches have to support a cork off the table, and the match heads must not touch the table.


11.O.
BORROMEAN RINGS

New section.  


The Borromean rings occur as part of the coat of arms of the Borromeo family, who were counts of the area north of Milan since the 15C.  The Golfo Borromeo and the Borromean Islands are in Lago Maggiore, off the town of Stresa.  In the 16 and 17C, the Counts of Borromeo built a baroque palace and gardens on the main island, Isola Bella.  The Borromean rings can be seen in many places in the palace and gardens, including the sides of the flower pots!  Although the Rings have been described as a symbol of the Trinity, I don't know how they came to be part of the Borromean crest, though the guide book describes some of the other features of the crest.  (Thanks to Alan and Philippa Collins for the information and loan of the guide book.)  Perhaps the most famous member of the family was San Carlo Borromeo (1538-1584), Archbishop of Milan and a leader of the Counter-Reformation, but he does not seem to have used the rings in his crest.

Clarence Hornung, ed.  Traditional Japanese Crest Designs.  Dover, 1986.  On plates 10, 20, 24 & 39 are examples of Borromean rings.  On plate 10, the outer parts of the rings are split open.  On plates 20 and 23, the Borromean rings are in the centre of an extended pattern.  On plate 39, three extra rings are added, giving the Borromean ring pattern four times.  These designs have no descriptions and the only dating is in the Publisher's Note which says such designs were common in the 12C-17C.

Claude Humbert, ed.  1000 Ornamental Designs for Artists and Craftspeople.  Ill. by Geneviève Durand.  [As: Ornamental Design; Office du Livre, Fribourg, Switzerland, 1970.]  Dover, 2000.  Design 260 on p. 73 is like the pattern on plate 10 of Hornung, but more opened.  It is only identified as from Japan.

Pietro Canetta.  Albero Genealogico  Storico Biografico della nobile Famiglia Borromeo.  1903.  This is available at:  www.verbanensia.org/biographica/Canetta%20‑%20albero%20genealogico.htm .  This says it is copied from a manuscript of the archivist Pietro Canetta, with a footnote: Il Bandello, p. 243, vol. VIII.  I suspect that this refers to a publication of the MS.



This simply says that the three rings represent the three houses of Sforza, Visconti and Borromeo which are joined by marriages.  [Thanks to Dario Uri [email of 17 Jul 2001] for this source].

Takao Hayashi has investigated the Borromean Rings in Japan and the following material comes from him.

Dictionary of Representative Crests.  Nihon Seishi Monshō Sōran (A Comprehensive Survey of Names and Crests in Japan),  Special issue of  Rekishi Dokuhon (Readings in History),  Shin Jinbutsu Oraisha, Tokyo, 1989, pp. 271-484.  Photocopies of relevant pages kindly sent by Takao Hayashi.  



The Japanese term for the pattern is 'mitsu-wa-chigai mon' (three-rings-cross crest).  



Crest 3077 is called 'mitsu-kumi-kana-wa mon' (three-cross-metal-rings crest) and is a clear picture of the Borromean Rings with thin rings.



Crest 3083 = 3930 is the Borromean Rings with moderately thick rings and an extra rounded triangular design behind it.



Crest 3114 is the example on Hornung's plate 10.



Crests 3638-3644 are Borromean Rings with open rings, almost identical to the example in Humbert.



Crest 3850 is the Borromean Rings with the rings being wiggly diamond shapes.



Crest 3926 is called 'mitsu-wa-chigai mon' (three-rings-cross crest) and is a clear picture with moderately thick rings.  



The pattern usually occurs in a group of interlinked rings patterns called 'wa-chigai mon' (rings-cross crest), starting with two interlocked rings in various surrounds (crests 3921-3925), then going to three rings (crests 3926-3931, all containing the Borromean Rings) and then more rings, but without the Borromean property, though some are partially Borromean in that some of the rings are not really interlocked and will be released when another ring is removed.  3931 is the example on Hornung's plate 10 without the surrounding circle.  3939 is on Hornung's plate 39.  



Crests 4058 and 4060 are Borromean Rings where the rings are hexagons.



Crest 4284 is the Borromean Rings where the rings are squares.

Hayashi says the patterns may have developed from a linear pattern of interlocked or overlapping circles used as early as the 8C or 9C.  But the Borromean Rings do not appear before the Edo Period (1603-1867).

Kansei Chōshū Shokafu.  This is a book of family records compiled in 1799-1812.  ??NYS -- information supplied by Hayashi.  Three families use the Borromean Rings as a crest:  the Tanabes (from c1630);  the Fushikis (from c1700);  the Kobayashis (from c1700).

P. G. Tait.  Letter to J. C. Maxwell in Jun 1877.  Quoted on p. 81 of Chris Pritchard: Aspects of the life and work of Peter Guthrie Tait, pp. 77-88  IN: James Clerk Maxwell Commemorative Booklet; James Clerk Maxwell Foundation, Edinburgh, 1999.  Tait says he is confused about the diagram which he draws, but does not name, of the Borromean rings: "This is neither Knot nor Link.  What is it?"

Birtwistle.  Math. Puzzles & Perplexities.  1971.  

Ring-ring, pp. 135-136 & 195.  Three Borromean rings.

String-ring, pp. 136 & 195.  If the rings are loops of string, find other ways to join them so that all three are joined, but no two are.  Find a way to extend this to  n  loops.


11.P.
THE LONELY MONK

New section.  I know of earlier examples from perhaps the 1950s, but the problem must be much older.


A monk starts at dawn and walks to top of a mountain to meditate.  Next day, at dawn, he walks down.  Show that he is at some point at the same time that he was there on the previous day.  This can be approached in two ways.  


Let  D  be the distance to the top of the mountain and let  d(t)  be his position at time  t  on the second day minus his position at time  t  on the first day.  Then  d(dawn) = D  while  d(evening) = -D,  so at some time  t,  we must have  d(t) = 0.


Equivalently, draw the graphs of his position at time  t  on both days.  The first day's graph starts at  0  at dawn and goes up to  D  at evening, while the second day's graph begins at  D  at dawn and goes down to  0  at evening.  The two graphs must cross.


This is an application of either the Intermediate Value Theorem of basic real analysis or of the Jordan Curve Theorem of topology.  

Ivan Morris.  The Lonely Monk and Other Puzzles.  (Probably first published by Bodley Head.)  Little, Brown and Co., 1970.  (Later combined into the Ivan Morris Puzzle Book, Penguin, 1972.)  Prob. 1, pp. 14-15 & 91.  Monk leaves his mountaintop retreat to go down to the village at 5:00 one morning and starts back at 5:00 the next morning.  Is there always a place which he is at at the same time each day?  A note says the problem is based on an idea of Arthur Koestler.

Yuri B. Chernyak & Robert S. Rose.  The Chicken from Minsk.  BasicBooks, NY, 1995.  Chap. 5, prob. 9: Another triumph of central planning, pp. 43-45 & 129-130.  This is a complicated version of the problem.  There are two roads from  A  to  B,  such that for each point on the first road, there is a point at most 20 m away of the second road.  This is verified by sending two cars along the two roads, attached by a 20 m phone line.  Is it possible to start trucks of width 22 m simultaneously from  A  to  B on one road and from  B  to  A  on the other road?  The solution uses a graphical method, plotting the distance from  A  of the first vehicle going along the first road, versus the distance from  A  of the second vehicle, going along the second road.  If the distance along the longer road is  D,  the verification cars give a graph starting at  (0, 0)  and ending at  (D, D),  while the trucks give a graph starting at  (0, D)  and going to  (D, 0).


11.Q.
TURNING AN INNER TUBE INSIDE OUT

New section.

Gardner.  SA (Jan 1958)  c= 1st Book, Chap. 14: Fallacies.  Says that the process was illustrated in SA (Jan 1950) and a New Jersey engineer sent in an inner tube which had been turned inside out.  Gardner then describes and illustrates painting rings in both directions, one inside, the other outside so they are interlinked at the beginning.  He then draws the inner tube apparently inverted, with the rings unlinked and asks for the resolution of this paradox.  The solution is given in the Addendum: "the reversal changes the 'grain,' so to speak, of the torus.  As a result, the two rings exchange places and remain linked."  Several readers made examples using parts of socks.

Victor Serebriakoff.  (A Second Mensa Puzzle Book.  Muller, London, 1985.)  Later combined with A Mensa Puzzle Book, 1982, Muller, London, as: The Mensa Puzzle Book, Treasure Press, London, 1991.  (I have not seen the earlier version.)  Problem P13: The Yonklowitz diamond, pp. 164-166, & answer A22, pp. 237-238.  After some preliminaries, he asks three questions.



A)  Can you pull an inner tube inside out through a small hole?



B)  What is the resulting shape?



C)  If you draw circles in the two directions, one inside and one outside so they are linked at the beginning, are they linked at the end?



His answers are:  A) yes;  B) the result has the same shape;  C) the circles become unlinked.  The last two are wrong.  The shape changes -- effectively the two radii change roles.  When this is carefully seen, the two circles are seen to still be linked.


11.R.
STRING FIGURES

This topic has a vast literature and I intended to omit it as it is very difficult to summarise.  However, I have recently acquired the books of Haddon which are an excellent source, so I have included here just a few books with extensive bibliographies which will lead the reader into the literature.  I have just learned of:  


International String Figure Association, PO Box 5134, Pasadena, California, 91117, USA.  Web: http://members.iquest.net/~webweavers/isfa.htm .  They publish Bulletin of the International String Figure Association (formerly without the International).  [SA (Jun 1998) 77.]


String figures seem to be relatively late in getting to Europe.  The OED cites  1768, 1823, 1824, 1867, 1887  for Cat's Cradle.  Magician's Own Book and Secret Out are the earliest examples I have where the process is explicitly described, but I have only started looking for such material.

Abraham Tucker.  The Light of Nature Pursued.  7 vols.   Vol. I, (1768); reprinted 1852, p. 388.  ??NYS -- quoted in the OED.  "An ingenious play they call cat's cradle; ...."  This is the first citation in the OED.

Charles Lamb.  Essays of Elia: Christ's Hospital.  1823, p. 326.  ??NYS -- quoted in the OED.  "Weaving those ingenious parentheses called cat-cradles."  A popular book says Lamb is describing his school days of 1782.

Child.  Girl's Own Book.  Cat's Cradle.  1833: 76;  1839, 63;  1842: 57.  "It is impossible to describe how this is done; but every little girl will find some friend kind enough to teach her."  

Fireside Amusements.  1850: No. 31, p. 95;  1890: No. 31, p. 71.  As a forfeit, we find: "Make a good cat's cradle."

Magician's Own Book.  1857.  No. 9: The old man and his chair, pp. 8-10.

The Secret Out.  1859.  The Old Man and his Chair, pp. 231-236.  Like Magician's Own Book, but many more drawings and more detailed explanation.

Caroline Furness Jayne.  String Figures.  Scribner's, 1906, ??NYS.  Retitled: String Figures and How to Make Them;  Dover, 1962.  97  figures given with instructions;  another 134 figures are pictured without instructions.  55  references.

Kathleen Haddon [Mrs. O. H. T. Rishbeth].  Cat's Cradles from Many Lands.  Longmans, Green and Co., 1911.  16 + 95 pp, 50 string figures and 12 tricks, 14 items of bibliography.

Kathleen Haddon [Mrs. O. H. T. Rishbeth].  Artists in String.  String Figures: Their Regional Distribution and Social Significance.  Methuen, 1930.  Discusses string figures in their cultural setting, describing five cultures and some of their figures.  41  string figures given with instructions, and some variants.  P. 149 says "descriptions of over eight hundred figures have been published and many more have been collected."  The Appendix on p. 151 gives the numbers of figures classified by type of objects represented and location, with a total of  1605  figures plus  101  tricks.  Two bibliographies, totalling  116  items.  (An abbreviated version, called String Games for Beginners, containing  28  of the figures and omitting the cultural discussions, was printed by Heffers in 1934 and has been in print since then, recently from John Adams Toys.)

Alex Johnston Abraham.  String Figures.  Reference Publications, Algonac, Michigan, 1988.  31  figures given with instructions plus a chapter on Cat's Cradle.  156  references.


11.R.
PUZZLE KNIVES

New section, inspired by finding Moore.

Mr. X [cf 4.A.1].  His Pages.  The Royal Magazine 26 (Jul-Oct 1911).  Each issue offers puzzle penknives as prizes.

Simon Moore.  Penknives  and other folding knives.  Shire Album 223, Shire, 1988.  Pp. 5-6 describe and illustrate several examples which he says became popular in the early 17C.  Most of these are of the type where the two sides of the handle have to be separated, then one side turns 360o to bring the blade out 180o and bring the handle back together.  There are a few 18C and 19C examples, but they were basically superseded by the spring-back knife in the late 17C.  On p. 10, he says the 'lockback' knives, with a mechanism to prevent accidental closure, were made from the late 18C.



A mid 17C example has lugs between the two sides of the handle which are locked by a pin, whose head is concealed by a false rivet near the pivot.  When the rivet is moved, the pin can be removed.



An example dated 23 Oct 1699 has two dials which have to be set correctly to release the locking lugs.  

