Mathematische Basteleien

<Paper Foldings>

Flexagons
Tetraflexagons...05/2006

Flexatube

Magic Card...02/2009
Froebel Star
Kaleidocycles...06/2005
A Strip of Paper Only
Monogram

Origami Cube

Paper Pigeon

Paper Boat

Fortune Teller

Paper Purse

Paper Cup

Magic Bag

Paper Basket
Paper Banger...06/2004

Origami Frog...05/2011
Heart Basket...02/2005

Handkerchief Mouse...04/2008

<Writing Games>
House of Santa Claus

Spirograph

<Cube Puzzles>
Soma Cube
Pentominos

http://www.mathematische-basteleien.de/

<Papierarbeiten>

Flexagons ...05/1999
Tetraflexagon...05/2006
Hexahexaflexagon...06/2002
Flexatube...06/2005
Magische Karte...02/2008
Frobelstern...05/1999
Kaleidozyklen...05/2005
Nur ein Streifen Papier...09/1999
Monogramm...erweitert 05/2006
Origami-Wiirfel...12/1999
Papiertaube...01/2001
Papierschiff...02/2001
Himmel und Holle...11/2002
Papier-Portmonee...04/2003
Papierbecher...05/2003
Zaubertiite...06/2003
Pulverbriefchen...07/2003
Korbchen...06/2003
Kanalltiite...06/2004
Teufelskopf...09/2004
Origami-Frosch...05/2011
Herzkorbehen...02/2005
Kasten...11/2005

Korper flechten...07/2007
Taschentuchmaus...04/2008

<Schreibspiele>

Haus des Nikolaus ...05/1999
Tic-Tac-Toe...04/2000
Spirograph...12/2000
Sudoku...11/2005

Str8ts...01/2009

Vereinfachtes Késekéstchen...08/2007
Malen nach Zahlen...03/2009

<Wiirfelpuzzles>
Somawiirfel...07/1999
Pentominos...06/1999
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Tetracube
Hexominos

Happy Cube
Rubik's Cube

Snake Cube

Magic Cube
Picture Cube Puzzle...02/2006

Classic Puzzle Cube

Dice
Mac Mahon's Coloured Cubes

Cube One...04/2006

<More Puzzles>
Tangram

Rubik's Magic
Jacob's LLadder
Burr Puzzle

15 Puzzle
Domino Puzzles

Peg Solitaire

Polyiamonds

Polyhexes

<Playing with Numbers>

Chronograms
Numeric Palindromes

Magic Square
Magic Hexagon...08/2006
Kaprekar Number

Multiplication
Roman Numerals..11/2004

Triangular Numbers

http://www.mathematische-basteleien.de/

Tetrawiirfel...08/1999
Hexominos...01/2002

Happy Cube...05/1999
Zauberwiirfel...08/1999
Rubiks Miniwiirfel...01/2007
Schlangenwiirfel...11/1999
Magischer Wiirfel ...09/2000
Bilderwiirfel...02/2006
Zerlegbarer Wiirfel...08/2001
Spielwiirfel...12/2001
MacMahons Farbwiirfel...02/2002
The Shinsei Miracle...11/2004
The Shinsei Mystery...01/2005
Cube One...03/2006

<Weitere Puzzles>
Tangram...06/1999
Magisches Ei...04/2010
Rubik's Magic...10/1999
Jakobsleiter...10/1999
Teufelsknoten...11/1999
Fiinfzehnerspiel...02/2000
Domino Puzzles...08/2000
Solitér...08/2000

Turm von Hanoi...04/2002
Polyiamonds...03/2003
Polyabolos...06/2003
Polywaben...12/2003
Zerlegbare Kugeln...11/2003
Quadrate legen...01/2004
Stern-Puzzle...07/2004
Elefanten-Puzzle...10/2004
Irrgarten und Labyrinth...07/2006
Tetra One...04/2007
Tetraeder-Puzzles...04/2007

<Zahlenspielereien>
Chronogramme...05/1999
Zahlen-Palindrome...07/1999

Magisches Quadrat...iiberarbeitet 4/2011

Magisches Sechseck...07/2006
Kaprekarzahl...02/2000
Symbolritsel...08/2001
Multiplikation...01/2002
Romische Ziffern...07/2003
Tetraden...07/2003
Dreieckszahlen...12/2003
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Square Numbers...06/2009
Cube Numbers...06/2009

<Computing>
Mandelbrot Set

Stereogram

<Regular Polygons>

Square...02/2004

<More Polygons>
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Quadratzahlen...12/2005
Kubikzahlen...06/2009

Primzahlen...07/2009

Fakultiten...10/2009

Geometrische Folgen und Reihen...07/2009
Tetraederzahlen...10/2006
Zweiersystem...02/2006

Trio und weitere Zahlenspiele...erweitert 07/2009
Binomische Formeln...02/2007

Goldener Schnitt...04/2008

13 983 816...04/2009

Pascalsches Dreieck...06/2010

Klassische Mittelwerte...08/2011

<Computern>
Apfelménnchen...08/2000
Hiipfer...09/2003

Game of Life...11/2000
Stereogramm...12/2000
Langton-Ameisen...02/2004
Alter berechnen...02/2005

<Regelmifige Vielecke>
Dreieck...01/2003
Quadrat...11/2002
Fiinfeck...erweitert 09/2010
Sechseck...erweitert 10/2010
Siebeneck...03/2005
Achteck...erweitert 10/2010
Neuneck...05/2005
Zehneck...06/2005
Elfeck...07/2005
Zwolfeck...08/2005
30-Eck...06/2006
Vieleck...08/2005

<Weitere Vielecke>

Allgemeines Dreieck...08/2010

> Rechtwinkliges Dreieck...02/2010

> Gleichschenkliges Dreieck...03/2010
> Gleichsch.-rechtw. Dreieck...04/2003
> 30-60-90-Dreieck...4/2003

> 3-4-5-Dreieck...05/2003
Allgemeines Viereck...11/2010

> Hohen im Dreieck...04/2010

> Parallelogramm...11/2008

> Rechteck...11/2008
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Taxicab Geometry...09/2009

<More Plane Figures>

Egg Curves

Spirals
Heart Curves...07/2004

Arc Figures

Illustrations of Formulas

Stars
Geographic Centre...05/2005
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> Raute...05/2004

> Drachenviereck...09/2004

> Trapez...erweitert 12/2010

> Sehnenviereck...01/2006

> Tangentenviereck...01/2006

> Doppelquadrat...06/2003

> Hierarchie der Vierecke...08/2007
Papierformat A4...03/2004

Figuren in einer Figur zdhlen...03/2003

Homogene Parkettierungen...04/2004
Parkettierung mit Vielecken...06/2004
Begegnungen mit Parkettierungen...05/2005
Asymmetrischer Propeller...05/2009
Dreiteilung eines Winkels...08/2009
Taxi-Geometrie...09/2009
Geradengleichungen...12/2009
Geobrett...02/2010

<Weitere Figuren>
Ei-Linien...11/2000
Spiralen...6/2002
Herzkurve...07/2004
Achtkurve...01/2005
Kreisteile...04/2001

Kreise im Kreis...08/2003
Arbelos...09/2003
Salinon...09/2011
Kreis...10/2006
Ellipse...12/2007
Parabel...07/2007
Hyperbel...11/2007
Halbkreis...05/2003
Zweikreisfiguren...04/2007
Formeln im Bild...04/2002
Ringe...12/2002
Sterne...03/2003
Geographischer Mittelpunkt...04/2005
Gleichdick...12/2005

Achsen- und punktsymmetrische Figuren...08/2008
Dreistrahlige Figuren...11/2006

Vierstrahlige Figuren...05/2008

Schwerpunkt von Figuren...06/2007

Kurven im Polarkoordinatensystem...07/2008
Kettenlinie...01/2009

Gerade Strophoide...11/2009

Einfach geschlossene Kurven...01/2010
Sinusfunktion...03/2011
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Regular Solids
Tetrahedron
Cube...02/2004

Cuboctahedron

<More 3d/4d Figures>

Hypercube
Hypertetrahedron

Pyramid
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Epizykloide...06/2011
Lissajous-Figur...07/2011

<Regelmifige Korper>

Platonische Korper...01/2005

> Tetraeder...09/2001

> Wiirfel...09/2002

> QOktaeder...08/2004

> Pentagondodekaeder...08/2004

> lkosaeder...09/2004
Kepler-Poinsot-Koérper...07/2008
Archimedische Korper...01/2008

> Abgestumpftes Tetraeder...10/2007

> Abgestumpftes Oktaeder...11/2007

> Abgestumpfter Wiirfel...11/2007

> Kuboktaeder...04/2004

> Abgestumpftes Ikosaeder...01/2006

> Abgestumpftes Dodekaeder...12/2007

> Ikosidodekaeder...12/2007

> Kleines Rhombenkuboktaeder...12/2007

> GroBes Rhombenkuboktaeder...01/2008

> Kleines Rhombenikosidodekaeder...01/2008
> GroBes Rhombenikosidodekaeder...01/2008
> Abgeschrigter Wiirfel...01/2008

> Abgeschrigtes Dodekaeder...01/2008

Die Kuppeln unter den Johnson-Koérpern...07/2010

<Weitere Korper>
Hyperkubus...04/2001
Hypertetraeder...11/2001
Quader...05/2010

Quadratische Pyramide....erweitert 10/2011
Pyramidenstumpf...06/2008
Deltaeder...02/2003
Prisma...erweitert 09/2009
Rhombendodekaeder...08/2004
Halbwiirfel

Zylinder...03/2006
Kegel...05/2006
Kugel...09/2006
Halbkugel...09/2007

Ellipsoid...03/2009
Paraboloid...01/2011
Hyperboloid...01/2011
Torus...09/2010

Geoditische Linien...05/2007
Bipyramide...03/2008
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<Different Topics>
Ladder Problems...12/2004

Oscillation by Friction
Nim Game
Willow Whistle

Links
Gdansk-Ujescisko...10/2008
"Imprint"

Quadratisches Antiprisma...04/2009

<Verschiedene Themen>
Leiter-Aufgaben...12/2004
Uhren-Aufgaben...02/2008
Flussiiberquerungen...09/2008
Extremwertaufgaben...11/2011
Schwingung durch Reibung...01/2000
Nim-Spiel...03/2000
Weidenflote...05/2001
Miihlespiel...05/2002

Kartoffelaufgabe...12/2003

Worter der Schulmathematik D/E...05/2003
Gardners Biicher in Deutsch...04/2005
Links...05/2003

Danzig-Wonneberg...10/2008
"Impressum"...05/2003

11/25/11 11:19 AM

Feedback: jkoeller@gmsx.de

EIHTEIEE gesuche seit dem 14.04.2006

URL dieser Homepage: http://www.mathematische-basteleien.de/

© 1999..2011 Jiirgen Koller
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Rubik's Cube

Contents of this Page

What is Rubik's Cube? Taking to Pieces
Solution of the SPIEGEL Magazine |[Solving with a Stop-watch
.Introductory Solving with Little Numbers of Sequences
.First Slice Some Mathematics
...Middle Slice Patterns
Last Slice Rubik's Cube on the Internet
Planned Chaos References

To the Main Page "Mathematische Basteleien"

What is Rubik's Cube? top

Rubik's Cube is a cube shaped puzzle.

At first glance it consists of 27 cubelets, which make together a 3x3x3-
cube.

1 2 . . .. .
In reality there are 21 pieces: 1 main piece with three axles,
8 corner pieces (corner cubelets) with three colours and 12
il edge pieces (edge cubelets) with two colours.

The colours of the original cube are white/yellow,
orange/red (here: orange=pink) and green/blue. After
several random turns the cube is coloured. If the cube is
solved, every lateral face has the same colour.

The main problem is solving the cube ;-).

Solution of the SPIEGEL Magazine slightly altered

Introductory top

Ernd Rubik, a Hungarian professor of physics and design, invented the cube in 1974.
About 1980 Rubik's cube spread out all over the world like a virus. In the early 80's
about 100 million cubes were sold worldwide. People tried to solve it. But most of them
kept to one slice or to two slices.

In Germany the magazine DER SPIEGEL published the first solution, which you could
understand. This solution is still of topical interest.

Short after publishing (4/1981) there appeared a solution for the problem "switching the
position of three corner cubelets", which I describe here. You only need 8 moves instead

http://www.mathematische-basteleien.de/rubikscube.htm Page 1 of 10
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of 22.
The copyright is at the SPIEGEL and the journalist Albrecht Kunkel.

The following seven pictures show how the cube is solved.
(Picture 4 und picture 6 may be different.)

The turns of the slices are shown by a 3x3
square and an arrow. The squares are always

l l/ i/ E l ‘ ‘/ F/ ‘ ‘/ ‘/ !/ ﬁ ﬁ ﬁ é
1 2 3 B 5 B 7
the front squares, the arrow describes a quarter

i 6 § ﬁ
turn in direction of the arrowhead. The arrows
= are in the slice you must turn.
— — The illustration opposite shows the meaning of
the squares with arrows in two examples.

| = [ —p| + This is more practical.
’ ‘_-

Remember one principle at the following seven steps of this solution:
Never turn the cube itself but only separate slices during the sequences of turning. That
means the orientation of the cube in space is always the same while turning.

Building the First Slice top

Solving the first and middle slice you have to hold the cube so that the white centre of
the face is at the top.

Ist step: Solving the edge cubelets.

You look for the edge cubelet blue/white and rotate it to front/down/middle.
There are two possibilities 1a) or 1b).

la) white underneath

Ga

1b) white in front

http://www.mathematische-basteleien.de/rubikscube.htm Page 2 of 10
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You repeat the moves with the orange, the green and the red faces in the same way.
Result: On the top there is a white cross. The colours of the edge cubelets and the centre
of the four faces have the same colour. (Picture 1 of 7)

2nd step: Solving the corner cubelets.

There are four corner cubelets with the colour white. You hold the cube so that white is
at the top and blue in front.

E.g. you have to move the corner cubelet white/red/blue to its correct position
front/right/top.

First you move this cubelet to the place front/down/left.

There are three possibilities 2a), 2b) or 2c).

2a) white left

‘-
|

|
et

2b) white in front

2¢) white underneath
| Fatas
I l
| s
[ l
—= W [ et I

In the same way you deal with the three remaining white corner cubelets.
Result: The top slice is completely white. The colours of the edge cubelets match the
centre cubelets. (Picture 2 of 7)

Building the Middle Slice (3rd step) top

In the middle slice move only four edge cubelets blue/orange, blue/red, green/orange
and green/red. You must do this by starting at the bottom. You hold the cube so that
white is at the top.

You have to turn the down slice so that one of the edge cubelets blue/orange or blue/red

http://www.mathematische-basteleien.de/rubikscube.htm Page 3 of 10
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is at front/down/middle. There are two possibilities 3a) or 3b).

3a) to the right
] & o
| |
| [ ¥ [ [
3b) to the left
[ e o
| |
sl | (W o | [V
{-—\_
o+ =

If the blue square shows underneath, you start with another colour.

If all cubelets are in the middle slice, move the cubelet down to the middle by one of the
sequences 3a) or 3b) first.

Result: The top slice and the middle slice are in the right positions. (Picture 3 of 7)

Building the last Slice top
You turn the cube to solve the last slice (white underneath, yellow at the top).

4th step: Switch the position of two cubelets.

You turn one of the four edge cubelets yellow/blue, yellow/orange, yellow/green,
yellow/red to the face with the correct colour (if yellow is not at the top, don't worry!).
If the remaining cubelets are not at the correct positions, you have to switch them over
the left edge cubelet at the top. Probably you will have to repeat this sequence. (Picture
4 of 7)

& o [
)

4
|
e

Sth step: Flip the edge cubelets

Though all edge cubelets are in the correct position, they might be wrong. Yellow is not
at the top.

You have to flip them. You hold the cube so that the edge cubelet is right/top/middle.
Now there are eight moves.

http://www.mathematische-basteleien.de/rubikscube.htm Page 4 of 10
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| |
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If the cube is coloured after these 8 turns, go further. Turn the next edge cubelet to be
flipped to the same place right/top by turning the whole slice (Don't turn the whole
cube). Then there are the eight moves again.

Result: There is a yellow cross. You turn the top slice so that the edge cubelets are at the
correct places. (Picture 4 of 7)

6th step: Switch the positions of three corner cubelets

First you move the four remaining corner cubelets to the proper positions. Their colours
needn't be correct.-

If all four corner cubelets are in the proper position, then the following sequence is
unnecessary.

If all the four corner cubelets are at a wrong place after aligning , then there are a further
eight moves:

& e )

— =)

t t
| |
el e
e o -
| |
! !

If all the four corner cubelets are still in the wrong places, you have to repeat the eight
moves. The front face must stay in front.

After these moves one corner cubelet is in a proper place. Turn the cube so that this
corner cubelet is back/left. Now you repeat the eight moves.

Result: The four corner cubelets are in their correct places. (Picture 6 of 7)

7th step: Rotating the corner cubelets.
The colours of a corner cubelet have to turn.
You hold the cube so that a corner cubelet is top/right/front. Then there are eight moves.

1] g
T b

If yellow is not at the top of this special corner cubelet, you repeat these eight moves.
Then you turn the top slice (not the whole cube), so that the next corner cubelet is
top/right/front.

You repeat the 8 or 2x8 moves.

If all the four corner cubelets are rotated, yellow must be on the top. Now there is a last
step. Turn the last slice. The six faces have one colour. FINISHED! (Picture 7 of 7)
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Planned Chaos top

Is it possible to turn a cube so that you have every colour on each face at least once? Yes
it is.

(Start with blue at the front, white at the top)

T 77
% d 4
p [ // [ ] %
| | |/
d W e ==
LA ’ ; v LA ’ E/
111 > - % 1
e ! e

Taking to Pieces top

You can also solve the cube by taking it apart and putting it together.

There are some products with a screw at the centre of a face. You can unscrew it. Then
you can solve the cube.

You can take apart most products only with a little force. You turn the top slice about an
angle of 45 degrees. You lift the top slice with a screw-driver or a spoon-handle
carefully. In this position you can remove an edge cubelet and then the adjacent corner
cubelets.

If you are very clever you solve the cube by removing the adhesive films and sticking
them again ;-).

Solving with a Stop-Watch top

Those who can solve the cube see the next challenge: Solving the cube as quickly as
possible.

The times solving the cube are different. It depends on the arrangement of the cubelets at
the beginning. But there are average times.

The professional cube turners need no more then 90 moves. They know a lot of
sequences to enable react them to special situations appropriately. They don't solve the
cube step by step. They see many cubelets together.

Besides they use silicone oil.

In the "Guiness Buch der Rekorde 1986" you find:
On June 5, 1982 Min Thai, USA, won the Rubik™s Cube Championship in Budapest.
His time: 22.95 s.

Solving the Cube with Little Numbers of Sequences top
Most of the people prefer a method with a small number of sequences (not moves). If
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you solve the cube you are not willing to look at a paper, you solve it by heart.

In this respect the SPIEGEL solution is a good one.

If you have some practice you can order the first slice easily. Step 2c¢) is not necessary,
you can use 2a) and 2b). You need only sequences of no more than eight moves.
Nevertheless you need 120 to 180 moves, because you have to repeat sequences again
and again. If you have bad luck you need 75 moves for the last step "Rotating the corner
cubelet". The cube can be solved with the Spiegel method in 2 to 3 minutes.

Some Mathematics top

In the book of Trajber (3) there is a mathematical theory of the cube.

You number the squares, which you can move, from 1 to 48 (48 = 6x9-6). A move or a
sequence of moves brings you to a new arrangement of the numbers 1 to 48. This is
called a "permutation". All the permutations form a "group".

So instead of looking into Rubik's Cube you can occupy yourself with the group.

One interesting point in the theory of groups is transferred to the cube:

If you repeat a move or a sequence of moves, you always come back to the beginning.

If you would like to have some exercise with the sequences of the SPIEGEL solution,
you do it like this:

Step 1 25

gizg 2 4425 You take the solved cube and follow one sequence of moves again
Step 4 12 and again. After n steps you come back to the clear cube.

Step S 2

Siep b 3 n is at the second column.

Step 7 3

Theoretically there are 54!/(9!*9!*9!*91*91*9!) = 1.10*10A38 combinations of 54
squares of a 3x3x3 cube.

Rubik's cube shows "only" 8!*3A8*121%2A12 = 519,024,039,293,878,272,000
=5.19*%10A20 combinations of the 54 squares, if you take apart the cube and put it
together.

43,252,003,274 489,856,000 combinations (1/12) appear at the cube while turning.

Patterns  top

A wide field of activities is finding new patterns.

Here is an example, which you can develop to find more patterns. (Each arrow means a
quarter turn.)

http://www.mathematische-basteleien.de/rubikscube.htm
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If you repeat the sequence, you return to the solved cube.

Variations:

If you don't start with the solved cube, but with
one variant at the left, you get new patterns.

Y o
! ! If you turn the slices in another way, you get new patterns, too.

‘-

You get 12 patterns:

Rubik's Cube on the Internet top
German

DH-Online-NET
Losungsweg zur Ordnung des Magischen Wiirfels (Quelle: Practic-das Magazin der
Selbstbautechnik Heft 3/1981)

Jiirgen Fischbach
Losungsseite fiir den "Rubik's Cube" oder Zauberwiirfel (3x3x3)

Lars Petrus
Rubiks Zauberwiirfel auf Zeit 10sen

Michael Jasmund
Zauberwiirfel (Losung, Spiel, Modelle)
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Oliver Reimann
Anleitung fiir den Zauberwiirfel

Puzzle Shop
Anleitung fiir den Rubik’s Cube

Rekord-Klub Saxonia
Rubik's Cube

Ronald Bieber
Rubiks Cube

Sigrun Dewef
Rubik-Zauberwiirfel ordnen

Spiegel-Wissen
Schrei Hurra! SchmeiB 'ne Runde!

Die Spiegelausgabe 4/1981 vom 19.01.1981 ist jetzt (Feb2008) fiir den privaten

Gebrauch freigegeben!  :-)

spotn.de (Videos)

Rubiks Cube: Zauberwiirfel 16sen (Teil 1 von 3), Teil 2, Teil 3

Thomas Stadler
Speedcubing Schweiz

Urs Manser
Rubik's Cube (Losung)

Volkmar Grandy
Rubik Jazz

Wikipedia
Zauberwiirfel
English

Georges HELM
Collection of Rubik's cubes and related puzzles

Jaap Scherphuis
Rubik's Cube 3x3x3, Barrel/Octagon

Jessica Fridrich
My speed cubing page

Lars Petrus
Solving Rubik's Cube for speed
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Michael Reid (Englisch)
Rubik's cube information

Nader (naderc)
CV Rubik - Computer sees Rubik's cube and solves it (The Spiegel solution as a video)

Rubik on-line
Erno Rubik's Official Homepage

Stefan Pochmann
Stefan Pochmann's Cube Corner

Volkmar Grandy
Rubik Jazz
Wikipedia
Rubik's Cube
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Feedback: Email address on my main page
This page is also available in German.

URL of my Homepage:
http://www.mathematische-basteleien.de/

© 1999 Jiirgen Koller
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