strips and strings: Mobius’ models unveiled
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Mobius

August Ferdinand Mobius (1790—1868)



MOBIUS

ANLY Hily BANLD

John Fauvel, Robin Wilson, Raymond Flood (eds.), 1993.



comparison.

e Leipzig: tenure in 1816; full professor in 1844 (age: > 50)

o August Ferdinand Mébius <— Johannes Arnoldus van Maanen

e didactically well-written papers



e sharp contrast(!!): many/no female students



mobius strip/band/ring
mobius transformation
mobius function
mobius inversion

new: mobius string



strip

to strip < strip/band « strip/cartoon



N MOEBILISRING Z
FAAR HES K Naba NOAT
VAN GEEHOOED.

MET M'N ZIEM KAN T
K WEL LITLESSEN |
WAT IK BEFOEL ... S

LUISTER. ... OF MigN EIGEN WERELP, LANG
GELEDEN . WAREN ER GELEERUEN ... gF PANIAR-
VE ZOWUEN ZE MAKIERE GENCEMD WORDEN...
PIE MEENPEN PAT PE RUIMTE GEKEOME 15!

EEN VAN UEZE MAGIERS, GAENAAMD

MOEE/iiisS, BEDACHT EEN OPFPERVLAK
MET MAAR EEN KANT.., ZIE JE VEZE

RIEMZ! Hid HEEFT TWEE KANTEN NET ALS
ALLE DINGEN,., ALS JE OF BEIPE KANTEN
EEN MERKTEKEN ZET KLUN JE SEEN LIdN
TREKKEN VAN HET EEN NAAR HET ANPECE
ZONPER OVER PE RANE TE SAAN!
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NEL N JE RECHTPOOR
VAN HET ENE MERKTEKEN
NAAR HET ANPERE ZON-
PER OVER L& ~ANZ
TE &A49N Y

NIET SEK!
N RIEM MET MAAR
EEN KANT... PIE VER-
SLIST MAAE HALF Zo
ASNEL !

PRECIES ) MAAR N
PRAAI K PE RIEM EEN
St A5G VISR K HEM
: FIEHTAMAAK ..

Don Lawrence & Martin Lodewijk: De Wentelwereld



ER EEN MOEEILISEING VAN

= NEE... HET BETEKENT DAT WIE LANG Y ¥
INDERZAAL ... ~ = T | GENOES OVER PE SPOORLIN REIST,., Mplethilio £OM MILER LN
BAT WS SoR EE &E- > ONGEACHT PE RIZHTING. .. WEEE QTT’ TE KOAJ':-EH_. HET KAN ook AN-

ZACHTE VAN Gk GLNTSE 'y
ASTRONCOM ALGLET
MOEBILS (1750 - TE68).
EEN VRIEND VidN HEM,
DIE EEN ZAASMILEN
HAD kLAAz0E GAT CE
LEREN PR JFRIEMEN [IE
PE BEWEGING VAN HET
WATERRALD OVERERAL H-
TEN NAAR D& ZAGEN, Z0
SNEL SLETEN..» EN MAAR
AAN EEN KANT.
MOEBILIG SNEEL CE
RIEMEN POOR, LEGLE ER
EEN SLAZ IN EN MAAK~
TE ZE WEER VAST.
LAACNA SLETEN ZE AN
BEIPE KANTEN EVENVEEL,
ZOLAT ZE TWEE KEER 20
LANG MEE AINGEN,

HET 1% HEEL EENVOLIPIE
2N ZELF EEN MOEBILG -

KOMT Bl Z'N VERLTEEKFZNT. CES

INTERESSANT .\, MAAR
WAT HEBBEN WE PAAE-
AAN om PE TREIN INTE

HALEN 2 :

SNAP JE WAT
DAT BETEKENT,
NoMAPZ

RING TE MAKEN VAN EEN
STROOK PAFPIER .
: DAT WE STRAKS
INDERWES EEN X
. | ENORME GE<SF 20543
T | TESENKOMENZ &
< HAHAHAY
| '\ _
\ o
L . - s =
S |

W

WE ZOUPZEN NATLGR LI
KUNNEN WASHTEN ToT OF
TREIN WEEKE LANAS KOMTu.
MAAR WIE WEET HOE LANA
VAT NOoA el ER 14 Mis- | 22

| somien N KoRTERE WE&!
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7 string models,
produced in 1899 by the company Martin Schilling (Leipzig),

extending earlier collections of models of company Ludwig Brill
(Darmstadt).
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Models for the Higher Mathematical Instruction

PURBLISTTED BY L. BREILL IN TPABEMSTADT fll]-]RMAH‘f:l.

MODELS

0Of Plaster, constructed of Silk Threads
in Brass Frames of Wire,
Sheet-Brass, etc.

146 SERILS.

A

The models of seven of those series are constracted after the originals in the Mathemati-
eal Institute of the Royal Polytechnieum in Muunich, under the divection of Prof. Dr. Brroy,
Prof. Dr. KLemw and Prof. Dr, Dyvek,  Other series of Prof. Dr. Koumer in Berlin, Prof.
D, Neovivs in Helsingfors, Prof. D, Rovevsere in Hannover, Prof. Dr. Ross in Dresden,
Dir. BcHLEGEL in Hagen, Prof. Dr. Wiexer in Karlsrohe, Privat-Docent D, Wisssr in
Halle, ete.

Excepting two series, all the models can be obtained separately.  An explanatory text
accompanies most of them.  The prices ave exelosive of packing and transportation.

Progpectus furnished, if desired, gratis and postpaid,  OF the whole 217 numbers of the
vollection, 158 are of plaster, 19 are constructed of silk threads, 40 of wire, ete. They refer
to almost all the departments of mathematical knowledge: synthetical and analytical
geometry, theory of enrvature, mathematical physics, theory of funetions, ete,

Juli 1890
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designer of the MoObius strings:

Hermann Wiener (Darmstadt, 1857—1939)
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earlier design, on two plaster balls:

Alexander Wilhelm von Brill (1842—-1935)

(brother of Ludwig)
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Brill models, Serie XVII 2a & 2b (1886)
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Problem:

real constants a,b,c

function  — y = /23 + az? + bz + ¢

what possible graphs?
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ways to visualize these graphs:

include graph of = — y = —/23 4 a22 + bz + ¢ as well,
so consider points (z,y) satisfying
y2 =:1:3—|—a5132—|—b:1:—|-c.

Any such point (z,vy) determines a line ¢ in R3,

namely the line through (0,0,0) and (x,vy,1).
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union of these lines /:

a cone through (0, 0,0), with equation y2z = 23 + az?z + bxz? +

6253.

Example: \/:1:3 + 222 — 21 vields the cone
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\/a:3—|—2:1:2—|—2x
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\/CE3 — 2g?
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5
3 2

x> — 2x° + —=x
\/ 4
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\/a:3 —|—2:zc2 —I—%w
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\/:1:3 -+ D2
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Theory starts with Sir Isaac Newton (1643—1727)

Appendix Enumeratio Linearum Tertii Ordinis to
book Opticks (1704)
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Newton: 5 types according to roots of

p(z) =234 ax’+br+c=0:

e one triple root. Graphs of &/p(x):

$<_

Fig. 11.

parabola cuspidata
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e one double root and one simple, larger root. Graphs:

Fig. 8.

parabola punctata
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e one double root and one simple, smaller root. Graphs:

Fig. 19,

parabola nodata
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e only one real root, which is simple. Graphs:

Fig. 9n. Fig. 9v.

parabola pura
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e three distinct roots. Graphs:

Flg. 7.

parabola campaniformis cum ovali
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Mobius: Ueber die Grundformen der Linien der dritten Ordnung

(82 pages, published in 1852).

Def. A flex point of y/p(x) is a point of the graph where the
tangent line meets with multiplicity > 3.

Thm. \/:133 -+ az? + bx 4+ ¢ has:
e no flex point for the parabola cuspidata and nodata;

e precisely one flex point for the three other cases.
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Idea for a modern proof: the third derivative of the function is
positive on the domain.



T hm.

e for the parabola punctata and campaniformis cum ovali, the
slope of the tangent line at the flex point is positive.

e [ here exist three different types of the parabola pura, de-

pending on the slope of the tangent line at the flex being
negative, zero, or positive.

Hence [Mobius]: there are in total 7 different types of graphs!
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Intersecting the cone given by
yzz = 23 -+ ax?z -+ baz? -+ cz3

with a ball centered at the origin, one obtains the following 7
pictures for these Mobius types.
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Gattung 2 (punctata)

Gattung 1 (pura—a)
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Gattung 4 (pura—c)

Gattung 3 (campanif. cum ovali)
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Gattung 5 (pura—-b) Gattung 6 (nodata)
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B et g L E

Gattung 7 (cuspidata)
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Gattung 7 (the Groningen IWI cuspidata)
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Gattung 3 (the Groningen IWI campaniformis cum ovali)
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