Solutions to the
Rotational Cube
Puzzles

Introduction

The solutions for all the Rotational Cube Puzzles in production
today are provided in this chapter. We begin with the most common
puzzle, the 3x3x3, and then cover those of other sizes, from

the 2x2x2 up to the 7x7x7.

The solution for the 3x3x3 is thoroughly explained with accompanying
illustrations provided as necessary. We have designed the solution
instructions to enable a beginner who has never solved a Rotational
Cube Puzzle before (perhaps you) to do so successfully. In addition,
the solutions will provide an important foundation as well as an
introduction to the terms, notation, and move sequences that will

be built upon in the larger and more complex cube puzzles.

As you solve the 3x3x3 cube you
will learn sequences of moves that

are useful for all cubes. These Advanced Notes:

. . Small bits of information
Seql‘!ence_s will be shown in that may be of interest to
detailed diagrams for the smaller those who want to know
cubes with fewer diagrams as you more about cube-solving
progress to the larger cubes. will appear in boxes
The 4x4x4 provides additional like this one. They will

L never be necessary to the

challenges and after mastering it,

s solution but may help you
the remaining cube puzzles, the understand things better.

5x5x5, 6x6x6, and 7x7x7, make
use of the same basic sequences.
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Each cube is made up of small indivisible cubes called cubies.
(Technically a cubies is not really a cube, but a piece of plastic
that appears to be a cube on the outside surface.) As the puzzle
gets larger, the number of cubies increases. The following table
shows how many cubies on each cube are movable and therefore
must be placed and oriented properly to solve each

of the Rotational Cube Puzzles.

Cl:lbe Mova_ble *Advanced Notes:
Size Cubies For the cubes with an add number of
2X2%2 8 cubies on an edge, the number at left
* doesn’t include the 6 face center cubies,
3%x3%3 20 as some experimentation will show you
4x4x4 56 that they can never move (relative to
5x5x%x5 g2* each other). However, if your cube has
pictures on the faces, the orientation of
6x6%6 152 these face cubies can matter. We’'ll show
TxTx7 212* you how to deal with that in a later
Advanced Note.

Terminology

The following terms are very important for understanding and
solving Rotational Cube Puzzles. They are used throughout our
solutions (and by many English-speaking cube solvers around the
world) so it is important that you become familiar with them

before attempting to follow our instructions.

The Cube: The Rotational Cube Puzzle. The Cube is composed
of layers that can be turned. Each layer is made up of cubies.
The Cube can be a 2x2x2, 3x3x3, 4x4x4, or more.

Cubie: The smallest external part
of The Cube. A cubie can have corner
three §t|ckers (corner cfuble), B cubie
two stickers (edge cubie), or

one sticker (face cubie) of

various colors attached to it. & edge
The 3x3x3, for example, cubie
has 26 cubies (eight corners,

twelve edges, and six faces). face cubie
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(The diagrams highlight the defined cubies in white.)

Face cubie: A cubie that is on the face of the cube.
It has only one color. The 3x3x3 only has one face
cubie on each face, and they are also center cubies.

5x5%5 face cubies
Center cubie: A face cubie that is at the center of
the face. They only exist on odd-sized Cubes.
Since the center cubies never move relative to each
other, they can always be used to determine the
correct color arrangement even when the rest of
the cube is messed up.

5x5x%5 centers

Corner cubie: A cubie that is on a corner of The
Cube. It has three differently-colored stickers. All
of the Cube puzzles have 8 corner cubies.

3%3x%3 corners

Edge cubie: A cubie that is on an edge of the cube
It has two differently-colored stickers.

The 3x3x3 Cube has 12 edge cubies, the 2x2x2
has none, and the larger Cubes have more.

4x4x4 edges

Middle edge cubie: An edge cubie that is on the
midpoint of the edge. On the 3x3x3 Cube, all edge
cubies are middle edge cubies, so we don’t bother
using this term.

5x5x5 middle edges

Side edge cubie: An edge cubie that is not a middle
edge cubie. On even-sized Cubes such as the
4x4x4 Cube, all edge cubies are side edge cubies.

5x5x5 side edges

Face: One of six sides of The Cube. We call the six faces of The Cube
Up (U), Down (D), Front (F), Back (B), Left (L), and Right (R).

When The Cube is solved, all of
the sides of the cubies that show [—<
on each face are the same color
(or part of a picture). One common
mistake is to think “B” stands
for “Bottom” -- don’t do that!

the six faces



Naming Cubies vs. Naming Positions: A position
is a location for a cubie, usually designated by the
faces the cubie is on Usually this is based on the
parts of the cubie that are already solved.

For example, the “UF position” (or “UF edge”) is

the location of the edge cubie that is on the Up

In the diagram

and Front face. The “UF cubie,” on the other above, the UF
hand, refers to the cubie that should belong in the eﬁgiﬁ:‘ggis
UF position when the cube is solved -- even position.

if the cubie is currently at a different location!

Advanced Notes:

(Some books are careful with the order of letters in naming their positions
and cubies to be careful about twists and flips (see next page); for example,
“UFR position” and “FRU position” are the same position but with a
different cubie orientation. We won’t bother with this distinction.)

Layer: The smallest group of cubies
that can be moved together. The
layers on the end (that contain an
entire face) are often named after
the corresponding face (e.g., “The
U layer”), and the other layers are
called slices.

face layer (U)

slice (U2 or D4)

slice (U3 or D3) or
Ds
slice (U4 or D2)

face layer (D)

.-./
o)
oo

Slice: A layer that is not a face (see
above). Odd-sized cubies will have a middle slice. We tend to
number our slices based on a parallel face layer (e.g., “U2”), and

use a lowercase “s” to refer to all the slices parallel to that direction
when moved as a group (e.g., “Fs”).

Move: Rotating a single layer (or, for the larger cubes, a group of
connected layers). Occasionally we’ll use the word in its generic
sense (e.g., “our next goal is to move the DR edge to the UF
position”).

Turn: Some solvers use this as a special term, to mean a move

that is a simple 90° rotation between two layers (hence, a 90° slice
move is two “turns,” and a 180° rotation is two “turns”). We don’t use
this as a special term, but we’ll sometimes use it for moves ("turn

the U layer clockwise”) and we’ll occasionally use it to refer to
reorienting the entire cube, e.g., “turn the cube upside-down so

that the UFR corner is now the DFL corner.” Page 4



Sequence: A series of moves that changes the cube in a predictable
way. Most methods of solving the cube involve looking for the
positions of certain cubies on the cube, then executing sequences
to move them into the correct position (and/or orientation).

Sequence Ky from sect/on 3.6, found later in this book

Sequences often focus on changing one section of the cube while
ignoring other sections of the cube (which the sequence might mess
up); when we depict a sequence, we'll portray the sections to be
ignored in gray, as in the diagram above.

Positioned Correctly: When a cubie is in the correct
position. For example, if the UFR corner cubie (the
cubie with the U, F, and R colors on it) is in the UFR
position (the corner cubie position common to the

The UFR cubie U, F, and R layers, then it is positioned correctly. A

is positioned . . e
correctly but cubie tha:t is positioned correctly may not
not oriented yet be oriented correctly, though.

correctly

Oriented Correctly: When a cubie has been spun
or flipped such that its colors match the face colors.
(Usually this term only applies to cubies that are
positioned correctly, as it is a bit ambiguous

otherwise, but it might occasionaly be used to refer T”i‘: g:; tce“:"e
to one face color matching, as in the diagram at right). correctly but
The Cube is solved when all cubies are not positioned

iy . correctly
positioned correctly and oriented correctly.

Twist. To re-orient a corner cubie
such that it is in the same position
but has its colors pointing in
different directions.

three different ways to spin the UFR cubie

Flip: To re-orient a center edge cubie such
that it is in the same position but has its colors
swapped.

two ways toHEgéhe FR cubie



3.1 Solve the U Layer Corners 3.2 Solve the U Layer Edges

g

Solve the Remaining Corners 3.4 Solve the R Layer Edges

3.5 Position the Remaining Edges 3.6 Orient the Remaining Edges

Advanced Notes: Our method is great for learning and easy to memorize,
but it's not so great if you want to break speed records. Speed-cubing
systems require a /ot of memorization and are optimized for few moves on
few faces, which has the advantage that fewer moves are needed. However,
generalization to larger cubes becomes difficult. We hope that our method
will help you understand more why than how, and help you remember how

to solve the cube for years to come. If you‘re interested in moving into the
realm of speedcubing, by all means check out the many web sites on the
other methods (the two main families are Jessica Fridrich’s layer-by-layer
method and Lars Petrus’ two-adjacent-faces last method) after you read ours.
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Oct 10, 2008 5:41 PM
The graphics are really outstanding.  I'm hoping that a general solver can go through the solution by just looking at the pictures and following the sequences.  The text should support the graphics.  I felt that when Chris and I read some of the text, it made the sequence more confusing.

Oct 10, 2008 5:36 PM
This sentence sounds a little admonishing.  If a solver starts to get confused, hopefully they'll go back and read anything they've missed but I don't think they should be scolded before they start.

Julie's comments are teal.

After you read the section 3.0 On Notation, we will approach the solution as follows:


3.0 On NotationE

Most solvers tend to hold the cube in
the left hand urning faces with
the rlght hand; € —eHr

t (F), and Right (R
Iayers rd dlagram deplcted
to the ri

be using some non- standard colors in our dlagrams

Cyan. Purple. Brown .
-Lime ] Pink ] Tan [

as-neeessary—\We'll also use Gray . for faces we don’t
particularly care about at the moment.

B Occasionally we’ll need to refer
to the other three faces of the

cubes -- Down (D), Left (L),
L and Back (B). When depicting

them, we’ll use the “flap”
notation as seen to the left;
imagine the hidden faces as if
the cube were a partially
unfolded box.

D

One common problem is ing that B stands for “bottom” when

it really stands for Back. Well-make-this-easy-en-you-by-never
reguiringyeu-te-turnthe Backfacebubtwellstill needtereferto—
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Allan
Allan - Oct 10, 2008 8:44 AM
3.0 On Notation and practice moves


Allan
Allan - Oct 10, 2008 8:49 AM
....right hand, this book will use that convention, with moves of the....


Oct 10, 2008 5:45 PM
I felt the term "optimized" referring to the position of how the cube is displayed could be worded a little more simply.

Allan
Allan - Oct 10, 2008 8:51 AM
..., for simplicity...


Oct 10, 2008 5:47 PM
I think this sentence is obvious and doesn't need to be stated.

Oct 10, 2008 12:58 PM
The faces can be thought of as opposites, Up, Down, Left, Right, Front & Back.

Oct 10, 2008 1:13 PM
...right) shows the...


For turns, we’'ll use the following notation and diagrams:

UO: Turn the Up layer
counterclockwise 90°.

B

UO: Turn the Up layer
clockwise 90°.

B

UOO: Turn the Up layer
180°. (This is the same
as UDU.) Note the
double-arrowhead in the
diagram.

D—: Turn the Down
layer to the right 90°
(clockwise if you are
looking from below).

Y

D«: Turn the Down
layer to the left 90°
(counterclockwise).

D——: Turn the Down
layer face 180°. (This is
the same as D—«.)

! 7

-
-y
G

O
!
!

Advanced Notes: Most experts use a different notation for turns (invented by

David Singmaster, a contributor to this bookg, where U means clockwise,

U' (or U'1) means counter-clockwise, and U° means 180°. We use our notation

= lcause you won’t need to tilt your cube around to figure out which way is
ckwise and we can avoid ambiguity with slice moves, but be aware of

this difference when reading about the Cube elsewhere. Singmaster

versions of the moves will be supplied at the end of this section.

Also, you might ask, why don’t we use the same sort of arrows for U as we do

for D? Because a lot of people think of “turn to the right” as clockwise, so for

us to use U— to mean counterclockwise would be really confusingp 8
age



Allan
Allan - Oct 10, 2008 8:52 AM
to emphasise, maybe highlight the background of the advanced notes.

Oct 10, 2008 1:00 PM
Maybe double-arrowhead graphic could be a little clearer, or different color?


Us—: Move the second

layer from the top to

the right 90°. This is the
same as Ds—, as the second
layer from the top is the same as the second layer from the
bottom. This in-between layer is often called a “slice”.

Us« and Us—— (not shown) follow similarly.

—
Rl

US—>

R|: Turn the Right
face downwards
(counterclockwise) 90°.

R1 and R|| (not shown) follow similarly.

FO: Turn the Front
face clockwise 90°.

- F?d FOU (not shown) follow similarly.

We’'ll also use Rs and Fs for the two slices in the other dimensions.

-

But let’s start out with the modest

go just getting one corner cubie
to the center cubies next to

- it

3.1 Solve the U Corners

The 3x3x3 has center face cubies
that will determine what the color
arrangement in the solved cube
should look like:
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Oct 10, 2008 1:02 PM
I think it would be logical to move all the "slice" moves to the same area.  So move this down to the bottom of this section.

Oct 10, 2008 1:03 PM
Add pictures for these two slice moves. 

Oct 10, 2008 1:21 PM
Slice moves are introduced in the very first step, so I think the method could be taught now.

Oct 10, 2008 1:17 PM
I feel like most people have at least tried this much.

Oct 10, 2008 5:50 PM
This feels "fluffy" to me.

Oct 10, 2008 1:04 PM
Add small header here for "Slice Moves" would be helpful.


Here’s a simple way to do it that :
move the center cubies to match the corner, instead of the other
way around.

Pick up your cube, and look at the UFR corner cubie. th the
color that is on the U side of that cubie (in our example, let's-say it’s
pink). Find the center cubie that has that color.

If it is on the F, D, or
S|mply repeat Rs?. (¥es—be{-h- »
yeu—ﬁgu-re—eu-t—wh-y—?—)

Once the U face cubie is in position,
repeat Us— until the F and R face

ies match the UFR corner cubie.
ﬂl :li.EE SO EE'.'El 'E'E’ .' 'Eili.i Ell With
we-canthelp-you)

Congratulatio ou’ve now positioned (and oriented) the UFR
cubie correctl i isatgol
Turn the entire Cube

(clockwise from the top)

so that the UFR cubie is
now the UFL cubie.

If that center cubie is on the R,
D, or L face, simply repeat FsO
to bring it to the U face.

Us—

Our next goal is to find the cubie that should go in the (new) UFR
position and solve that. It should be another corner cubie with the
U and F color ("pink” and “purple” in our example), and the third
color should match our new R color. Once you have found the
cubie, see if you can get it there yourself without disturbing the
UFL cubie or moving the face cubies. If you're stuck (or even

if you're not), go on to the next section. Page T






















Oct 10, 2008 5:35 PM
This sentence sounds negative.  I think it might sound better to say something like:  "now let's continue on" or something like that.

Oct 10, 2008 5:53 PM
I think the possibility of a cube being tampered with would be a rare occurrence, so the topic should be an aside note at the end of the section.

Oct 10, 2008 10:52 PM
I think it actually IS pink.

Oct 10, 2008 1:18 PM
This has a little bit of a superior flavor.  I think it could be reworded with:
you may not have tried:

Oct 10, 2008 10:53 PM
This sentence struck me as a little superior sounding.


3.1.1. Solving the UFR Corner Cubie

,).

Assuming the UFR-colored cubie isn’t in the correct place already,
your task should be to put it in the DFR position. You should be
able to do this without disturbing the UFL cubie, by simply turning
the B (back) face, R (right) face, and D (down) face as needed.

Here’s how:

If the cubie is anywhere on th-wn
layer, simply doing D— (turning the Down
layer to the right) repeatedly will bring the
cubie to the DFR position eventually.

If the cubie is in the UBR position, then
R | will bring it to the DFR position.

And if the cubie is hiding in the UBL position,
then you can turn the B (back) 180° to bring
it do the Down layer, then turn the Down
layer to bring it to the DFR position.

Now that you have the cubie in the DFR position, here’s a
simple sequence that swaps the UFR cubie with the

DFR cubie. (For this sequence, we’ve colored those two
cubies one consistent color so you can see how they swap.)

= g-) = =
R} D Rt D—

We'll call this sequence A. [ A1 = Rl D« RT D— }
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Oct 10, 2008 10:59 PM
In this section the term "Down" is sometimes spelled out and sometimes referred to as the initial "D".   It just needs to be consistent.  Maybe "D (down)" in each instance at this point.

Oct 10, 2008 11:02 PM
The notation for the movements should be below each picture like on page 17.


Using A1, you should e&sity be able to get the cubie from DFR to
UFR (its correct position), but it is possible that the cubie is in
the wrong orientation. What can we .bout that?

The answer is: by simply repeating A1,"'we have a move sequence
that twists the UFR cubie counterclockwise:

-
A1 A1

We'll call this sequence Az:

Az =A1A; =R| D— R} D— R| D« Rt D—

Advanced Notes: You might have noticed that if all we care about is getting
the DFR cubie “up” to the UFR position, the fourth move in A1 seems
unnecessary; why turn the Down face when we don’t care about it anymore?
Advanced solvers, in fact, don’t bother with that fourth move, and will often
do just R| D« R7? instead if they don’t care about the D face:

D— Rt
=

Furthermore, based on how the cubie is oriented, a similar
sequence might be used instead:

-@-
FO D—

This is actually the same sequence, but “mirrored” in a way that swaps
F with R. This “mirroring” technique ends up being quite useful for sequences
that relate to moving corner cubies.

R
Y

Y

FO

Page 12



Allan




Oct 10, 2008 11:12 PM
twice


If the UFR cubie is still in the wrong orientation after Az, another
application of A2 should fix it:

'.”. &
A2

UFR cubie should now be positioned and oriented correctly
and matching the UFL cubie.

Advanced Notes: You might have noticed it strange that it takes 8 moves (A2)
to twist the UFR cubie counterclockwise, but 16 moves (A2A2) to twist it
clockwise. By doing A2 backwards, however, we can do the clockwise twist
in 8 moves:
anti-A2 = D— R| D— Rt D« R| D— R?
Also, since we don'’t really care about the other pieces in the D layer, we can
use the F/R mirror trick mentioned in the last box of notes, and combine both
sequences to do the twist in just 6 moves:
alternate Ao = FO D« FU R| D« R? (twists UFR counterclockwise)
anti-alternate Ap = R| D— R FO D— FO (twists UFR clockwise)

3.1.2. Solving the Other U corner cubies

-9

Once you have the UFL and UFR @ :
.

cubies cor the next thing
todois tu whole cube
Page 13

clockwise areund-the-U-face;
so that what-were the two
cubies you solved become the
UBL and UFL cubies.







Allan
Allan - Oct 10, 2008 8:58 AM
Move all this up with A2, it's lost below the advanced notes

Oct 10, 2008 11:15 PM
the picture explains this better than words but I would put in "90 degrees".

Allan
Allan - Oct 11, 2008 10:13 PM
I agree with Julie, it happened to me, twice.

Oct 10, 2008 11:27 PM
I agree.  A solver might think they are done with the move, and not in a solved position.  It gets lost below the Advanced Notes.


This now puts a new color on the

F and R faces, which means we

have a new UFR position to fill. -)
We can re-use the moves in the

previous section to solve the new

UFR cubie (put it in the DFR position and

solving the new UFR corner),

repeat A1/A2 as necessary). . .
we can then complete the last

By repeating the process again
(turning the whole cube and

corner cubie in the U face. Now Reminder:
all the corners in the U face are solved! =R| D« R? D—

3.2 Solve the U Layer Edges

~ &

There are four “heles” in the U layer (edge-eubie-pesitions), and

our next goal is to fill them with the appropriate edge cubies. Look
around your cube and see if you can find an edge cubie with the

U color (in our picture, pink) that isn’t already on the U layer. Turn
either the Us slice or the D {Pewn) layer so that the cubie is in one
of these two positions:

If the cubie is in the Us {middle)
layer, bring it to the FR position by
turning the Us slice. (Don’t worry
about the center cubies for now.)

If the cubie is in the D {dewn) layer,

bring it to the FD position by turning

the D layer.

Page 14












Oct 10, 2008 11:31 PM
This is the first time the term "holes" is introduced.  I think it's misleading since the cube doesn't actually have any holes.  "edges that need solving"

Oct 10, 2008 11:33 PM
Just for consistency, either use the notation "Us (middle)" or just "Us", the same with the other terms.

Allan
Allan - Oct 11, 2008 10:14 PM
I think the pictures are easier to visualize in a linear diagram


A Digression: The Power of the Slice

The slice moves get scant respect among the Cube community. The
reasons for this are twofold; the speed-solvers don’t like slice moves
because they can’t be executed with one finger quickly, and the
theoreticians don’t like them because they like keeping the center face
cubies stationary so that notation is simpler.

But the slice move is excellent for new solvers trying to understand the
Cube, for one simple reason -- the slice moves don'’t disturb the corner
cubies. Since solving the 3x3x3 is simply solving the 8 corners and 12
edges, using moves that only affect edges allow for beginners to more

easily follow what’s going on in these sequences and understand how

they work. This becomes even more invaluable when you move up to

the bigger Cubes.

However, having an easy-to-visualize move isn’t much use if you can’t
execute the move cleanly and simply. So, here’s a quick guide on how
to make some slice moves:

To do Us—, hold the U layer steady
with your left hand, while your right
hand grips the Us and D {Bewn) layers.
Your right thumb should be between
both layers, while your right index and
middle fingers are on the Us and D
layers, respectively.

»>

Us—

Turn both the Us and D layers to the
right a quarter-turn.

Without releasing the cube, shift your
right thumb down a bit, and release
pressure on your right index finger.

Now turn the D layer back left, using
just your right thumb and middle

(L fingers. (You can slide the ring finger
of your left hand down a bit to keep
the Us layer from turning.)

This two-turn combination should
perform Us— suitably. Practice this

a few times to make sure you have the
movement down pat as one fluid
motion.

P
iN

[4)]





Oct 10, 2008 11:39 PM
To try this, the solver may mess up what's already been solved.  I think this should be introduced earlier.  Maybe under the suggested "On Notation and Practice Moves".  Otherwise, I love this section.  It really does work nicely.


Us« is similar, but this time start your
right hand in the rear position, and
slide your left thumb down a bit to
hold the Us layer in place when

you turn the D layer back.

R

Rs?t can be done by holding the L layer
with your left hand, while the right hand
turns both the Rs and R layer up, then
the R layer down after retracting the
right-hand grip a bit.

e a8 &

FsO is a bit trickier to deal with. You

can either us amilar method to the
Us and Rs sI!r\‘/es, where the left
hand holds oné face steady while the

right hand does a back-and-forth turn,
or you can use this alternate method:

=
Rs?

»>

FsO

Grip the L layer with the left hand, making
sure not to touch the Fs slice (easy).

Have your right hand in a “claw” position,
where your thumb is on the D (down)
side of the DR cubie, and your index and
ring fingers are on the U side of the UFR
and BFR corner cubies.

With one move, squeeze the “claw” by
pulling your right thumb up. This should
make FsO in just one move!

To do FsO, simply hold the “claw” upside-down, with your thumb on UR.
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Oct 10, 2008 11:42 PM
This sounds superior.  How about "Moving Rs is done similarly" instead?

Oct 10, 2008 11:44 PM
This is really important!  It works well.


Inspect the edge cubi look at what
the other color is on th e cubie. That

shou | you which “hele” in the U layer
it sh o into. Turn the U layer so that
the “hele” is in th position. In the

example at right, dge cubie (in the FD
position) has a lime color, so we position
the lime “hole” at the UF position (outlined
in white).

Now you should be able to use one of these four 4-move sequences,
based on the position and orientation of your edge cubie:

S-8GS Y
Us— FO

US(—(—

Rs? FO Rs|

Find the diagram on the left that matches the
position of the UF edge cubie. Then follow the
four steps to the right of that diagram. The UF
ed bie should now be positioned correctly!
(Ch 0 make sure your corners are still safe.)











Oct 10, 2008 11:52 PM
"position"

Oct 10, 2008 11:53 PM
purple

Allan
Allan - Oct 10, 2008 9:01 AM
lable these 4 sequences, maybe x1, x2, x3, x4

Oct 11, 2008 12:02 AM
target position

Allan
Allan - Oct 10, 2008 9:02 AM
add: Congratulations, you moved an edge cubie into final position. Now continue with these sequences to move the remaining missing edges into the U layer. 

Allan
Allan - Oct 10, 2008 9:00 AM
in a earlier version this picture was on the right of the 4 sequences, I loved that


Advanced Notes: Advanced solvers will note that these aren’t the fastest
sequences that work. For example, FO Us— FO is clearly better than
Rst FO Rs| FO. We chose these because the parallelism between these
makes them a bit easier to remember. As you get better at visualizing the
cube, try to come up with moves that can move an edge cubie from
anywhere to the UF position, without necessarily bringing it to the FR

or DR position first.

3.3 Solve the Remaining Corners

First, turn the cube upside-down, so that the layer you have
solved is now the D layer:
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Allan


Allan


Oct 10, 2008 11:55 PM
This definitely needs to be reworked.

Allan
Allan - Oct 10, 2008 9:04 AM
If there are edge cubies in the U layer but in the wrong position, move the correct edge cubie into that position. If there are 2 edge cubies in wrong position, use one of the sequences (x1 -x4) to remove one of the incorrectly positioned edge cubies and then use a sequence to put it in correct. That moves the incorrect one out and using a sequence you can put it correct. 

Allan
Allan - Oct 10, 2008 9:07 AM
Congratulations, you have completed a the U layer of the Rubik's cube. 


The four remaining unsolved corners had better be in the U layer
(after all, there’s nowhere else for them to go), but they probably

are not in their individually-correct positions. Even if they are
positioned correctly, they probably aren’t oriented correctly yet.

We will position them correctly first, and then fix their orientation later.

3.3.1 Position the Remaining Corners Correctly

Advanced Notes: It turns out
that, barring rotations of the

U layer, these eight coloring
arrangements are the only
possible ways the color panels
of the U face corner cubies
can be positioned. One
consequence of this is that,

if you see a configuration that
is not one of these eight (such
as having three corner faces
on top with the U color), then
some joker has probably
disassembled and
reassembled your cube in

an unsolvable position!
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Allan
Allan - Oct 10, 2008 9:11 AM
First, look at the color of the center cubie, that is the correct color for the U layer. Now check that all 4 U corner cubies have that color. All ok, good. Now find 2 corner cubies that have a comon second color. Rotate the cube so these are in the UFL adn UFR position. Rotate the Us layer so the center cubie matches the common color. Rotate the L layer that you already completed matches the center cubie.

Allan
Allan - Oct 10, 2008 9:15 AM
delete these views

Allan
Allan - Oct 10, 2008 9:19 AM
Add a picture of the center cube matching the L layer and the UFR and UFL matching but rotated.


=T

Now you have to find out whether the UFL and UFR cubies are in

the correct position (regardless of orientation), or if they have to be
swapped. Look at the three colors on the UFR cubie. If you've done
everything right up to now, one will be the U color and one will be

the F color. What about the third? Is it the R color (you can determine
the R color by looking at the R center cubie or the RD cubies)?

If it is, then the UFR is in the correct position (though it may have to
be spun to a new orientation); if the third color on UFR does not match
the right bottom row, then we will have to swap UFR and URL.

-k kK-

Matches R; Doesn’t match R; Matches R; Doesn’t match R;
no swap needed swap needed no swap needed swap needed

To swap the UFL and UFR cubies, use this sequence (in the
diagram, we’ve colored the UFL and UFR cubies with a uniform
color so you can see how they move):

uo

FO UU  FO
Call this [C =FO UO FO UL RTUUR| }

sequence C:
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Allan
Allan - Oct 10, 2008 9:21 AM
delete 3 of these, add the R center and L and UFR colors to the one remaining.

Allan
Allan - Oct 10, 2008 9:23 AM
delete these 4

Oct 11, 2008 12:20 AM
This sequence could be larger.


After placing the UFL and UFR cubies correctly, we’ll need to

look at the other two cubies on the U layer (the UBL and UBR
cubies), since they might also need to be swapped. To check
this, simply turn the cube 180 degrees, keeping the U face up:

Now the UBL and UBR cubies
have become the UFR and UFL
cubies. Check to see if they
need to be swapped. If so,

use sequence C again to do so.

¢/

@ -

Now the U layer corners cubies are placed correctly but (unless
you are very lucky) are not oriented correctly.

3.3.2 Orient the Remaining Corners Correctly

&~
=

This can be done in a straightforward way based on our old
friend A2 from 3.1.2:

[A2=RiD<—RTD—>RiD<—RTD—>]

Recall that the main feature of this sequence is that it twists the

nter-clockwise. lHeaves-therestof-the-tHayer—

AU W PR He——iaeaalkatalkla
T8y oY, Cl o

|E|D turn in Az or you'll be sorry!)
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Allan
Allan - Oct 10, 2008 9:26 AM
To rotate the corner cubes, we'll use a simple but disturbing method. This fixes a corner but mixes up the rest of the cube, IN A PREDICTABLE WAY. Keep on using this method and it WILL BE RESTORED. Don't panic in the middle. Don't set the cube down either, you need to keep the same orientation throughout this step !

Ok, lets start, this can be done.......

Oct 11, 2008 12:22 AM
corner

Julie's idea for this section: Oct 11, 2008 12:23 AM
Check the orientation of your cube and remember which color is F and U at the start of this sequence.  As you progress, the down layer will get messed up but DON'T PANIC!  As you continue the sequence over and over, the cube eventually becomes restored.

Now, find a UFR corner that needs to be oriented correctly.  Check which colors are Up and Front.  Apply A2 until the corner is correctly oriented.  You will notice that the down layer is now in chaos, just continue on....

Next, turn ONLY the U layer until another corner cubie that needs to be oriented is in the UFR position.  The U and F colors should still be the same as when we started.  Apply A2 again until the UFR cubie is correctly oriented.

Continue this process of turning just the U layer and applying A2 to each corner that needs to be oriented.  On the very last turn, the down layer will be restored.  The U layer may need to be turned to match up all the corners with the center cubies.

Allan
Allan - Oct 10, 2008 9:31 AM
On the UFR cubie, check the color on top, if it matches the center cubie, you're done. If not, do A2. If it still doesn't match, do A2 again. 


After ori the UFR cubie

correctly.,”turn only the U layer

clockwise (UQU) so that there is »
a new cubie in the UFR position. uo

(Don’t turn the Us layer or the
whole cube!)

If the new UFR cubie is already oriented correctly (the U color will
be on top), just do UL again until there is a cubie in the UFR position
that needs to be oriented correctly.

Noew—appty-Armore-tnti-the-
ﬁ»‘ . . .
aviavay eorrecty-twith-the-J-eoterontep)-:

Continue in this fashion, turning only the U layer to bring a new
cubie to the UFR position, using A2 to spin it, and so on. Eventually
all the U-layer corner cubies will be oriented correctly; and, as if by
magic, the D-layer cubies will be restored as well.

Finally, turn the U layer as
necessary to match up all
the corn;%]\ll the corners
are now sdlved—roew-onrty-the
edgesareteft!

Advanced Notes: This method of re-orienting the top corners is simple
but can take up to six applications of A2 and four turns of the U layer, a
total of 52 face turns. However, it turns out that A2A2 and anti-A2 have
exactly the same effect, so by using anti-A2 as necessary we can reduce
the maximum number of turns to 28. By using the alternate A moves
mentioned in a previous note, the number of moves can be reduced even
further! Speed-cubers go one step further and memorize moves that twist
(and flip) multple cubies at once. One old standby is this sequence, called
Sune™ by Lars Petrus when he rediscovered it in 1980:

Rt UL R| UL RT ULL R| ULV
This sequence twists three cubies in the top layer clockwise while leaving
the D layer untouched. The versatility of this sequence is that all of the 8
orientations can be solved by at most two applications of Sune or
anti-Sune; and that Sune can be executed very rapidly as only two

faces (R and U) are ever turned. Page 22
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Allan
Allan - Oct 10, 2008 9:33 AM
delete this picture

Allan
Allan - Oct 10, 2008 9:34 AM
...match up all the corners with the center cubies.

Oct 11, 2008 12:28 AM
check punctuation


Before you begin the next section, turn the entire cube so that the
solved Bewr) layer is now the L {=ef layer.

3.4 Solve the R Layer Edges

=
—

At this juncture, there are only eight unsolved edge cubies left; four
on the R layer, and four on the Rs slice. Our next task is to find
which four edge cubies that should be on the R layer, and then
move them to their proper place including correct orientation.

(We'll deal with the Rs slice in the next section, so don’t worry
about messing it up now.)
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Allan
Allan - Oct 10, 2008 9:44 AM
show the center color on blue and purple

Oct 11, 2008 10:13 AM
"Once you've found an edge cubie in the Rs layer that needs to go into the R layer you'll want to determine if you need to apply the clockwise or counterclockwise sequence G1 or G2.  Remember at this point you'll be ignoring any possibly solved edge cubies in the Rs slice.

To determine which sequence to use, move the Rs slice so that the edge cubie's R color is in either the F layer or B layer (it can only go in one or the other).  Now it will be in either the UF position or the UB position.  Turn the R layer so that the target edge is UR.  If the edge cubie is in the UF position, apply G1 to move the cubie counterclockwise to it's target UR position.  Likewise, if the edge cubie is in the UB position, apply G2 to move it clockwise.

Next, making sure you continue to hold the cube such that L is still the completely solved layer, find the next edge cubie that needs to be moved from the Rs slice into the R layer.  If the only edge cubies left are already in the R layer but in the wrong positions or wrong orientation, you'll need to bump them out into the Rs slice by applying either the G1 or G2 sequence.  Once the edge cubie is in the Rs slice, you can position it such that G1 or G2 will rotate it into it's correct position.

Allan
Allan - Oct 11, 2008 9:56 PM
on Julies above, use "move", not "bump".


Next-turthe R-facetntt-the—
twocornerson-top-mateh-that—
“destination—for our edge cubie
isrowthe-UR-edge—

Now we’re ready to apply the next sequence, which moves, UF,
UR, and UB in a cycle. This comes in two varletles WhICh move
the three edges counterclockwi F

Gq1=R]] UO FsO Gy =R|| UU FsO
UOO FsO UO R|] UOU FsO UL R |
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Allan
Allan - Oct 10, 2008 9:47 AM
(or counter clockwise).

Allan
Allan - Oct 10, 2008 9:48 AM
add the 3 arrows on the U layer from a previous version of the book, I really liked those.

Allan
Allan - Oct 10, 2008 9:49 AM
For G1, show full page width, not 2 collums.

Allan
Allan - Oct 10, 2008 9:49 AM
For G2, show sequence and picture with 3 arrows, and delete the 8 pictures.

Oct 11, 2008 12:56 AM
There used to be a picture with an arrow showing which cubes moved and in which direction.  I think it still needs to be here.

Oct 11, 2008 10:24 AM
I think this should be in "clockwise" then "counterclockwise" order only because when I looked at the sequences without reading the text, I immediately assumed that G1 was clockwise and G2 was counterclockwise.  It just makes more sense to be in that order. 

Oct 11, 2008 10:36 AM
I'm not sure I agree with Allan here.  I really want to be able to perform the sequence by just looking at the pictures.


Some solvers may find G1 and G2 inconvenient because of the
Fs moves. Here are some alternate versions that do the same
thing, but “fake” the slice by turning the F and B faces:

alt-G1 = R|| U0 FOBUR|| FOBU UUR|]
alt-G, = R| | ULV FU BUR|| FO BU UUR]]

(BU here is “clockwise when looking at the front of the cube,” not “clockwise when
looking at the back of the cube.” You can see why we avoid using B in sequences.)

By using G1 and G2, you have now solved one of
the four edges on the R layer. Well done!

(Or, if we told you to “fake it” earlier, you have now
ejected an R layer cube out into the Rs slice,

S0 now you can do the process again, for real

this time.)

The next thing to do is to repeat the process:

Look for another edge cubie on the Rs layer
that is supposed to go to the R layer (it will have
the R color somewhere).

Turn Rs until that edge cubie is on the U layer
but the R color isn’t on the U face (here, we have
purple on the U face and brown on the F face).

Turn R until the destination for our edge cubie
is on the U layer.

Use G1 or G2 as appropriate, and one more
edge cubie is solved.

L@

Do this for all four edges, and the R layer should be solved!
Page 25


Allan
Allan - Oct 10, 2008 9:51 AM
this is the first time for the inverse of the "advanced notes", it's a "beginner notes" topic, use a border and background color different from advanced notes for this whole discussion.


Again, just like as in Step 3.2,
you might find yourself with
some edges already in the R
face, but placed incorrectly. As
before, you'll have to use a G
move to get it out of its spot,
then put it in its spot correctly.

Your R edges are now all solved!
G2

Advanced Notes: After doing a lot of G sequences, you may notice that it
sure seems like you're turning the R face back-and-forth a lot. And you

would be correct. The only reason the R|| moves are at the beginning of
G is so that all the

affected edges are on G1s = U0 FsO UVU FsL UO
the U layer, making it Gos = UL FsU ULL FsL UL
of unnecessary R

easier to visualize.
moves by using i i

Without those moves,
the simplified G sequences, as shown to the right.

it is the RD edge cubie
instead of the RU cub|e
that gets involved.

you can deal with

that and not get
confused; you'll

save yourself a lot

In fact, if you look carefully, you'll see a similarity between these simplified
G sequences and the H sequence in the next section; they’re the same
sequence, just with an extra U turn and using Fs instead of Rs.

Speed-cubers use this sequence instead:

G1 = FOUL UO FO UO FO UL FO UL FO UO FU

More moves, but only two faces are turned, making it very easy to do fast.
I's very hard to see exactly how this sequence accomplishes the same
thing as our G+, though!

Page 26



Allan
Allan - Oct 11, 2008 10:00 PM

I really like the linear diagram with the moves listed underneath



3.5 Position the Remaining Edges

First, turn the Rs slice so that the centers match up:

—

Now, by inspecting the remaining four edge cubies, you should be
able to tell which ones are in the correct position, and which ones
are not. It's possible for an edge cubie to be in the correct position
but “flipped” (oriented the wrong way); count those as correct; we’'ll
deal with the “flipping” in the next section. Depending on how many
edge cubies are correct, you'll do different things:

If all four of your edge cubies are already in the correct
position, great! Move on to the next section.
cubies is correct, then the other three

If one of your ?
need to be perrhuted. Re-orient your cube so that the correct

edge cubie is in the BD (back-and-down) position. If the
permutation you need is “upwards” (FD needs to go to FU which
needs to go to BU) you can use this sequence:

H UOU Rst UV Rs¢

If you need a “downwards” permutation, you have several choices:
(1) You can reorient your cube so that the U and F faces are
switched, then do H just once.
(2) You can do H twice.
(3) You can do the inverse of H ( Rst UOO Rs| UOO).

Uuoo

Choose whichever is easiest for you. Page 27


Oct 11, 2008 11:06 AM
This word needs to be defined.


If none of your edges are correct, you’ll have to do a bit
@ more work. Repeat sequence H (in the previous section)
until one edge is correct, then (as per the previous section)
put that edge in the BD position and apply H as necessary.

Advanced Notes: If you don’t mind learning some new
sequences, here are two that will make the 0 case less
tedious:

UOO Rs1t UOO Rs| | »
Swaps UF with UB
and DF with DB.

Us—— Rs? Us—— Rs?

Swaps UF with DB
and DF with UB.

If exactly two of your edges are correct, some practical
joker has probably disassembled your cube and put it back

together in an impossible-to-solve configuration. Solving
such a cube is outside the scope of this section.

If exactly three of your edges are correct, some practical
@ joker has probably swapped the stickers of your cube with
the stickers of another cube. (Think about it -- how can just
one item be wrong if there’s no other place for it to go?)

3.6 Orient the Remaining Edges

G-
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Oct 11, 2008 11:08 AM
The rare case of tampering keeps being mentioned.  I think it will make the frustrated solver assume their cube's been tampered with instead of persevering to see where they've in fact made a mistake.  Save the concept of a cube being tampered with to a special section at the end.


If your cube isn’t solved yet, either 2 or 4 of the edge cubies
are flipped -- an even numbe an odd number of edge cubies
are flipped, your cube has been tampered with and cannot be

solved usmg only face turns.) FuratheRs-sliee{orre-orientthe—

uo

This should flip the other edge while the rest of your
cube gets magically restored.

ase this description leaves you a little
squeamish, here’s a more specific example.
Let’s suppose that you need to flip the
FD (purple-lime) edge cubie and the
UB (cyan-tan) edge cubie, as shown to the right:
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Oct 11, 2008 11:10 AM
Place with tampering section at end.

Allan
Allan - Oct 11, 2008 10:02 PM
I'm really with Julie's comment above. How about this :

The solution to the remaining center slice edges is twofold, use K1 to correct the center slice; which predictably "messes up" the rest of the cube. Then use K2 to fix everything.

So here we go, turn the Rs slice (or re-orient the cube until one of the edges that needs to be flipped is in the UF position. Note the color of the R slice, L slice and U slice. Now do K1 shown below. Rotate Rs only so a different "needs to be flipped edge" is in the UF position, then do K2.

Oct 11, 2008 11:12 AM
"sequences".  It should be stated initially that both K1 and K2 are needed.

Allan
Allan - Oct 11, 2008 10:08 PM
This is another "beginner notes" use a box and color background


First, do Rs? so that the purple-lime edge (one
edge that needs to be flipped) is in the UF
position, so we can prepare to flip it.

Then, do K1 (UO FO R| UU FO ), which inverts
the UF edge and messes up the rest of the cube
(but note how nice the Rs slice looks!):

Then, do Rs| | to bring the cyan-tan edge to the
the UF position:

Then, do Ko ( FO UU Rt FO UU ), which not
only inverts the cyan-tan UF edge, but also
undoes the mess done to the rest of the cube:

A simple Rs?t (cancelling out the Rs? and
Rs| | you did previously) and you’re done!
Advanced Notes: Flipping two opposite
edges on the same face using K
sequences takes 14 face-turns, which
is actually the fewest number of turns
possible. But to flip all four edges on
the center slice, K sequences end up

requiring 28 turns (24 if you’re crafty).
The theoretical minimum is only 18.

Congratulations! Here’s one such sequence; see if you
Hyotvebeentolowing can figure out how it does what it does:
caretotytptonew,

UU R} UL Rs| FU Rs| FU

you should have a Rs| FU Rs| FO U0 Rt UO

solved cube -- and you
should have a little bit

more of an idea of how
cube-solving methods work!
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Bonus Section: Orienting the Center Face Cubies

Occasionally you’ll come across a Cube where one or more of the
center face cubies has a picture or words on it, and therefore
must be oriented correctly in the solution. We won't give a
thorough treatment of how to re-orient all the center faces, but
here are two sequences (and their theories) that, when applied
correctly, can solve all arrangements of center orientations in

less than 7 applications.

The first sequence rotates the U center face 180° by using the
R and L layers to spin the cubies around it:

[ R|