Summer, 50
4 REGULAR FEATURES

Theorem MMuseum —

Une purpose of a musenm 15 to display to the public concepiz of an endunng character
in some sort of hands—on maunner that will promote grasp and relention of that coneept,
When the display also pigues the interest of the observer, so much the Letter.

This particular leature 15 motivated by a vanely of sources. About ten vears ago, William
Iv. Arlmghaus and | submitted & proposal to The Mathematical Intelligencer for a museum
exhibit, based on constructing a giant Hobik's (trademarked name) Cube, to teach peaple
elements of group theory by carrying them physically [in Ferris wheel fasluon) through
group theorshic wotions while ading mside the cube Al the same time, T also submitied
another proposal to the same journal for another museum exhibit to be called "The Garden
of Shadows” This was to be an cutdoor display based on using the sun az a point sonree of
Lght et “mhmte” distance to physically demonstrate a number of theorems from projective
EeOMELTY.

A number of years later, I came to know fine artist Dawd Barr who specializes 1n large
ontdoor senlpture.  Bill Arlinghaons and Jeho Nystuen ars conbinumg parbicpanis at my
[MalGe mestings; over Lhe years others have joined us, and one of the most regular is David
Harr. Ofen, we have, rs a group, discussed various aspects of uging outdoor seulpture to
educate the public as well as colleagues. Jolhn Nysiuven suggesied that we build an actual,
physical Theorem Musenm, dedicated to Theorems that could be portrayed in sculpturs
[similar te the Intelligencer proposals). Bare informs us Lhal mtercst in this sort of idea 1=
well-established 10 the world of Art: Swiss artist Max [ill, and other Western European
pamiers mned sculptors, create arl determined by mathematical equations of various sorts.
Here, we are suggesting that il s the theorem, itself, that is art. This feature is therefore
the written groundwork for such a museum. If you have o favonte theorem, and can suggest
how to express 11 physically LELILE artistie media, you 1::|:|_:._r,|:u wani lo consider 51|.hn1:ll.in5 i
be Solsuee for this section. Theorems thal can be so envisioned may also he ones that are
eraiest 10 maold to fit other rerl- world phenomena, Projective peometry is o highly general
geametry that is perfectly symmetnic in ils stetements. The reason for this is that “paraliel”
lines meet 1 “ideal” pomis, lymg on an “ideal” line, at mfinity. Thug, in the projective
plane, 25 1o the Euclidean planc, two poinls determine a ling; however, in the projective
plane & dual statement (that is NOT true in the Evclidean plane) that tweo lines determine
i paint 15 also true Duality n l:u:l_guag_r: results m syminelry of form. Here is a remarkable
Lheorem from projective geometry (see reference for proof).

Desargnes’s Two Triangle Theorem.

Given two toangles, PQR and PR such that PP, OO, and RR' are concurrent
at point O, Tt follows that the intersection points of correspondimg sides of the two tnangles
are collinear. That 15, suppose that corresponding sides PG and P'Q' intersect at poind L,
that 'R and ¢'R' interseet at point M, and that PR and P'R’ intersect at point N. Then,
the points L, M, and N all bie along a single straight line {please draw your own figure from
these directions).

Irom a geographic viewpeint, this savs that if a rigid tetrabedron were buill of melal
reds with apex at point (), that any two tdangles that fit perfectly inside this structure
wonld have this property. One toangle "projects” from a point (as for example 0 gnomomc
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SOLSTICE

Figure to accompany Desargues’s Two Trnangle Theorem

or stereographic map projection) to the other. This might suggest 2 way to deform cells of
a loangulation of a regon of the earth into one ancther in such a way that this Desargues’s
line serves as some sort of an invarant of the deformation.

This observation might then make one wonder what sorts of geometries exist that do not
obey Desargues’s Thecrem, There iz a whole class of “Combinatorial geometries” or finite
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projective planes that do not
References

Coxcter, H. 5. M. Introdection to Geomeire, New York: Wilev, 1961,
Coxeter, H. 5. M. Projective Geomeiry, Toronto: University of Toronto Press, 1574,
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SOLSTICE

Figure to accompany construclion of centrally symmetne hexagon
Constroction Hone —

One possible direction {or application of Desargues’s Theorem is to deform one tesselation
of a region into another, leaving ﬂmmnthing invaranl. Another related izsue wilk fesselations
is Lo iry to regulanze o tesselation composed of irregularly shaped cells. The following
construction shows how to denve a centrally symmetrie hexagon [rom an arbailrary convex
hexagon, Given an arbitrary eonvex hexagon, ViVolaValils, Join aliernate verbices to
inscribe a six-pointed star within this hexagon—ihat ig, draw lines Vil5, Vel Vals, Vilg,
Vel , Vel (it is suggested that von do so on & separate sheet of paper, at this point |.

This produces six distinct trin.ng!tﬁ {L‘.‘E interest here—of course thers are I:Lur::}l.'
AVIVRVa  L15VVa  AVVUE  AVVEVy AV, Al b

To find the center of gravity of any tnangle, find the point at which the medians are con-
current {the median 15 the line jeining a vertex to the midpoint of the opposite side). Thas
point 15 the center of gravity, Find the centers of gravity

Gi. G5 B4 B 05 5
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of each of the tnangles dstinguished above {in the order suggesied]. The hexagon delermined
ny these centers of gravity will be centrally symmetric. That =, apposite sides will be equal
inn length and paralle! to each other:

I::-|GE_ I GqG_a: ;G]f_:-lzl — |'-':'.:Gl_. !

GEGE. -| EFTERT 'G'z'l?ﬂ — |ﬂﬁﬂa:_~
Gsldy || Gl a7 g| = |[(Feldy)-

Another way of visuahmng the symmetry 15 10 cbserve that the three lines joiming GG,
(Falss, G3Gs are concurrent at a single pomnt {call it 7). In this way, one might also
determine a “center” for this symmetric hexagon which might then serve as & point to which
a reference value nught be attached for the arbitrary hexapon from which it was derived. Tlus
centrally symmetnie hexagon is called the Dinichlet region of the arbitrary comvex hexagon.
This construction can be proved using Boclidean geometry (if requests come in, Tll put it in
a later 1ssue).

This f=ature iz based on discussions in

Kasner, Edward, and Newman, James K. “New names for old,” in The Weorld of Mathe
matics, edited by James B, Newman, Velume IT1 1896-2010. New York: Simen and
Schuster, 1956,

Coxeter, . §. M. Introduciion fo Jeometry, New York: Wiley, 1961,
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Reterence Corner —

Fout get theory and topology. A recent pleasant evenming spemt with Hal Meellering had
lnm gquestioning me and Bill Arlinghaus as to what omght be reasonable, or useful, references
from wiineh graduate students i geography could get some sorl of grasp of the elements of
point set topology. A few references are listed below; send in vour favontes and they will
be printed next time. Hope thal mathematicians as well as geographers will do so. Fulure
topics to melude graph thecry and number theory as well as othess suggesied by reader
mmput. Thanks Hal for the idea (generated by your guestions) of doing this feature!

Some long-time favorites and classics:

Dugnndji, James. Topolagy. Boston: Allyn and Bacon, 1960,

Hall, Dick Wick and Guilford L. Spencer 11, Elementary Topology, New York Wiley, 1955
Halmns, Panl K., Naive Set Theory, Princeton: I3, Van Nostrand, 1960

Hansdorfi, Felix, sl Mengenlehre, Berlin: Walter de Groyer, 1935.

Hocking, John (i. and Gail 8. Young, Topology, Reading: Addison-Wesley, 1961

kelley, John L., General Topology, Princeten: D Van Nesirand, 1855,

Landau, BEdmund, Grundlagen der Analvsis, New York: Chelsea, 1946, Third edition, 1960,
Mansfield, Maynard J. Introduction to Topology, Prucecton: D, Van Nostrand, 1963,
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Games and other educational features

Crossword puzzle.

The focus of this puszzle is on herbs and spices. Spice trade has helped to shape many
geagraphic ahgnments and spices such as pepper, known from 1ts preservaiive charactenstic,
helped make long voyages possible, Puzzles should be fun; they should alse stimulate thoughi
and offer some sorl of educational value. If vou think that this puzzle might be of use to
vour students in this capacity, feel free 1o copy it from this page Think of the astersks as
Lie blank squares, or as tiles wath letter on the other side. Each set of four bullets represents

a black sguare.
ACROSS
1. Plant of the Capsicum family, native 1o the Americas. Good source of vitamins A and
. Bome varneties are native 1o Tabasco i Mexico
Fruit native to the Amences 15 the prckly —
10, Powder made from voung sassafras leaves that is sssential i making ersole gumbe
13. The “royal” herb - often the dominant herb in Pesta.

14. Bush-bud often seen 1 Tarlare savce or with an anl:hnv:..' roaled around it

[~} ]

15. Hour — abbreviation
16, College of Liberal —.
17, A fundamental tool of the geographer and of the mathematician,

18, T.5. state - remove one letter from the spice in 47 across to form an anagram of this
slatle nafne,

20, Umited States — abbreviation.

21, Jumble of letters 1m0 “ancther.”

25, Black, sticky substance,

26, Eastern Uganda — abbreviation.

27. The bran of this gramm is mueh in vogue.

28, Umnit on a ruler.
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SOLSTICE
He, she,

Herl sometimes used m frut cup. Can cause severe allergic reactions. Alse: French for
street,

34, Along with conander or cumn, thes 15 a dommant mmgredient in many curries.
7. A plant extract from whicl candies can be made.
afl, In humans, the color blue, for this, is & recessive penstic trait.
4l Semor — abbreviation.
41, bpice with Havor elose to nutmeg.
43, Chronological or mental —.
44. Association of American Geographers: —G.
dfi- U A o should be pu]pahh: and mute; As a g]nhm:l fruit,” from Archibald MacLeish's
"— Poetica.”
47, Odten found in Malian sauces.
5. Fifth and sixth letters of the alphabet nsed in English.
52. bpice often ground freshly and sprinkled on egenog.
84, Eau de —
55, Noize a Bon might make.
87, First two letters of Spanish for United States.
58, Jumble of the letters in the neme of an herh with a licorics flavor,
61, Word that might describe the flavar of a julep {adjectival form),
2. This broadleal “hig omion™ is a key ingredient in Vichyssose,
48, MHerb used 1n many pickled cucumbers.
§4. “Spiced-up” multiplication tables might be called “—" talbles.
DOWN
L. This herh supposedly has the power to destrov the scent of garlic and onion
2. Emst, m French,
3. ltalian aty - home {o Fibonaca,
1, Postal letter (abbreviation)
5. I:}rangish powder often association with ungerian dishes.
6. East Prussiz (abbreviation).
7. Almost everywhere {mathematical term — abbreviation).
5. Ranlroad {abbreviation).
9. First mitial and last name of former Panamantan leader,
0. A complimentary copy is 8 — one,
11. Left hand opponent {duplicate bridge term, abbreviation).
12, Jumble of the word “neared.”
7. “—= and bounds.”
19. Spintual guide i Hindwism.
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22,
24,

24,

25

LR

24,

Poland China is a vanety of these.

Thas herl is often held m vinegar becanse its Jeaf veins stiffen when dred and do nat
resoften when cooked, “Estragon”™ in French

“— A Clear Day”
"Though” — some newspapers spell that word in this way.

Thiz bierh loses most of its flavor when dred: “Pluches de cerfeuil” refers o sprigs of
thiz herl:.

AE5=": typical manner in which & theorem is stated
3. Removes [rom pobitical office.
. Ome varety of this herb, often used in conjunction with fat fish and lentils, 15 known as

F]'i.lﬂ'.']J LE -

- Tidy:

. Paramedic vans are often marked with these three letters,

- Uncontrolled anger,

- Company {abbreviation )

5 Kunming — {Malay word). To be in a violently frenzied state.

. Fine German white wine made from grapes harvested after frost: —wein,

Uwster Hesearch Instituie of Michigan, might be abbreviated thus.
Popular desenplion of wok cookery: stir—,
imploy,

. Identity element of the integers under multiplication
. Anno Dommi {abbrewation)

Natienal mcome {abbreviation)

. Elevated train (abbreviation) — forms “Loop” in Chicago.
. Prefix meaning “musele.”
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Coming attractions —

Feigenbaum's number
Pascal's theorem {rom projective geomelry
Bratkennidge-MacLaunin construction for & conic in the projective plane.



Summpmer, 1590

e Wt e =i
g et g = - B S

. |H-..-.i-.-_!.
r"".m..,-h_ rvﬂ r..l.ll.lmu LA

ol = mEMee oreels® o o
LN ] .._..nl.l.l._.r.. = ru.ll.l..l....” Ch
- [N T “moa'e

ot EES EES wmooo=TILT |
235300 wtESeT o Ml

i o W Wiy el e Rl LI
E_ur_ e mm o o™ S.ll.

R RIIDIRYES moEEE & oW

R T B TE R ey B =
_DE T lull_l-c...___“r..l l_._u__..ﬂ_ =

n (R A
L T T T P T
-m = = m mtr =" _.._...1.- ' 1LE .._u_.....rr_

-I
...._.n-...l......-.-r.-.-_.-_.-_-_
D B B B asaes

mgohoa o 8 &2 00 =

[N o

.
.u._u.r Jw"”ﬂﬂ.u,l._r.. “....._.H_....__l_-. n_..._l.rll

R R HEH TR TR

o

- EW.
P L R _..r.lll.lu...u. _.._.._H...ﬂ e By
SRR s B g 2B w R

l|1_.,I||E.ﬂ..U?ll4...u.._.h_-2"h...T_.n...ﬁ¥L
e s - 1 "a o e

Crossword puzzle solution
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SOLSTICE
5, SAMPLE OF TIOW TO DOWNLOAD THE ELECTRONIC FILE

This section shows the exaet sel of commands that work to download this file on The
University of Michigan's Xerox 9700 Because different universities will have different instal-
lations of TEX, this is only & rough puideline which might be of uge Lo the reader

This document ponts oul to be aboul 50 pages; om UM equipment, there are varving
rates al varying times of day. At the minimum rate, the cost to print this out, using TEX |
15 about six dollars.

ASSUME YOU HAVE SIGNED ON AND ARE AT THE SYSTEM PROMPT, #. &
create —ftex

# percent-sign t from pe cbackslash words backslash solsticetex to més —t.iex char
notab

[this command sends my fle, solsticetex, which [ did as a WordStar (subdirecicry,
“words") ASCIT fils 1o the mainframe

# tun *tex par=—i.tex

# run ¥dvixer par= —t.dvi

# comtrol *print® onesided

7 run “pagepr scards= —t.xer, par=paper=plain
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