
THE MAOIC CUBE SOLUTION 

Introduction ------------ 
Tho 'Magic* cube conmimtm o f  26 small cuboa* each clovor ly 

mhÃ§pÃ ao that thoy f i t  together t o  form a 3 x 3 ~ 3  largor cube. Any 
on0 o f  tho m i x  facoa may bo rotmtmd i n  turn*  aaking i t  pommiblo t o  
a l t e r  tho ro la t i vo  poaitionm o f  tho small c u b  

Tho small cubom* or  PIECES* TO o f  throo d i s t i nc t  typos. 

1. Thomo with on0 colourod f ~ f i  a t  tho CENTRE o f  oach face. 

2. Thomo with two colourod facomi tho EDOEB o f  tho cube. 

3. Thomo with throe colourod faces* tho CORNERS o f  tho cub*. 

Tho colour o f  a face i m  mot by tho colour o f  the contra 
piocoi 8hC0 t h i s  pioco can only bo r o t a t o d ~  novor moved auay. 

Tho nine pioeom which go together t o  form a faco o f  tho 
cub- i n  fac t  conat l tuto a comploto SLICE o f  tho cube. Thaw 
plÃ§Co arm only i n  t h o l r  corrÃ§c pomitionm I f  a11 t h e i r  fÃ§cÃ 
WtCh tho ad~Ã‡C0n COntr0~. 

Handling Hints -------------- 
Host boginnorm confumo thommolvos by holding tho cube i n  a 

d i f ferent  way a f t o r  turning a face. It i s  very important not t o  
lomo sight o f  tho or ionta t ion o f  tho cube while making a moves thr 
bast method being t o  remember tho coloura o f  tho controm o f  tho 
top and f ront  facom. 

Notation -------- 
Since tho coloura o f  tho facom vary from one batch o f  cubom 

t o  anothori i t  i s  nocommwy t o  have a way o f  &emcribing ftov 
without rofor ing t o  colourm. This ham tho advantÃ§g o f  making tho 
Ã§ovo independent o f  tho or ionta t ion o f  tho cube* providing it i s  
not changed during tho movo. 

Tho notation chomon i m  bawd on tho phymical pornition o f  
thm facem a t  tho s t a r t  o f  a movot and conmists o f  tho i n i t i a l  
lottorm of tho uordm L o f t *  Right* Front* Backs Up* and Down. 
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F i g u r e  1 shows t h e  cube 
w i t h  t h r e e  o f  t h e  faces 
a p p r o p r i a t e l y  l e t t e r e d .  Me can 
now r e f e r  t o  i n d i v i d u a l  p ieces  
by t h e  l e t t e r s  on t h e i r  f a c e s *  
eg. t h e  upper f r o n t  edge w i l l  
be 'UF* * w h i l e  t h e  c o r n e r  t o  
t h e  r i g h t  o f  i t  w i l l  be 'URF". L j 

A s i n g l e  90 degree 
c lockw ise  t u r n  o f  a  f a c e  w i l l  
be denoted by t h e  f a c e  l e t t e r *  
eg. 'F '  means move t h e  f r o n t  
face c l o c k w i s e  one q u a r t e r  
t u r n .  180 degrees i s  denoted by 15 
'FF' o r  Fa! and 270 degrees by 
F* '  C 90 degrees a n t i c l o c k w i s e  1 .  FIGURE 1. 

These moves a r e  always w r i t t e n  assuming t h e  face  i s  be ing  
viewed o n  i t s  co lou red  s ide9 so  we must be c a r e f u l  no t  t o  t u r n  t h e  
DÃ L i  and P faces t h e  wrong nay. 

L e t  us  examine a  move* say F a  i i n  d e t a i l .  T ry  i t a  coup le  
o f  t imes1 watch ing what happens t o  t h e  p i e c e  f rom FD. We say t h a t  
FD has moved t o  FUÃ which  means t h a t  t h e  F  f a c e  o f  FD becomes t h e  
F  face o f  FUv and t h e  D face  o f  FD has become t h e  U  face  o f  FU. 
So we have n o t  o n l y  desc r i bed  t h e  p o s i t i o n  t h e  p i e c e  has moved t o *  
bu t  t h e  o r i e n t a t i o n  o f  i t  i n  i t s  new p o s i t i o n .  You might  l i k e  t o  
check t h e  e i g h t  o t h e r  p ieces  wh ich  have changed p o s i t i o n i  

FU t o  FDt FL t o  FR. FR t o  FL. FUR t o  FDL, FDL t o  FUR. FUL t o  FDR* 
and FOR t o  FUL 

I f  we had wanted t o  move FD t o  UFv t h e n  t h e  sequence o f  
moves D. R.  F 1 .  R 1 .  would have been requ i red.  

O u t l i n e  Process --------------- 

The method t o  be desc r i bed  o f  r e s t o r i n g  t h e  cube t o  i t s  
s t a r t  p o s i t i o n *  c o n s i s t s  o f  t h e  f o l l o w i n g  s tages.  

Choose a  c o l o u r  f o r  t h e  'Us face.  
Put t h e  f o u r  t o p  edge*! c o r r e c t l y  i n  p lace.  
Put  t h e  f o u r  t o p  c o r n e r s  c o r r e c t l y  i n  p lace.  
Put  t h e  f o u r  m idd le  s l i c e  edge's c o r r e c t l y  i n  p lace.  
Turn t h e  cube o v e r *  SO t h a t  t h e  'D' f ace  i s  now t h e  'U' face.  
Put t h e  t o p  edges i n  p lace.  
Put t h e  t o p  c o r n e r s  i n  p lace.  
F l i p  t h e  t o p  edges as r e q u i r e d *  t o  c o r r e c t l y  a l i g n  t h e  co lou rs .  
Tw is t  t h e  t o p  co rne rs  i n t o  t h e i r  c o r r e c t  o r i e n t a t i o n .  
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s t a g e  1. -------- 
The c o l o u r  you c h o o s e  t o  h a v e  o n  t h e  t o p  f a c e  i n i t i a l l y  is 

immateriali a l t h o u g h  you w i l l  f i n d  it e a s i e r  i f  you a l w a y s  u s e  t h e  
same c o l o u r .  

S t a g e  2. -------- 
T h i s  is t h e  e a s i e s t  p u t  o f  t h e  p r o c w i  b e c a u s e  t h e r e  a r e  

no p i e c e s  t h a t  c a n  b e  d i s t u r b e d .  I f  any  o f  t h e  p i e c e  are 
a c c i d e n t a l l y  c o r r e c t  a t  t h i s  s t a g e *  i g n o r e  them. 

L e t  u s  s t a r t  by p u t t i n g  t h e  FU p i e c e  i n  p l a c e .  F i r s t  n o t e  
t h e  c o l o u r  o f  t h e  F f a c ~  t h e n  f i n d  t h e  e d g e  p i e c e  which  h a s  t h e  F 
and U c o l o u r s v  and  move i t  down i n t o  t h e  bot tom 0 slice.  T h i s  
c a n  be  d o n e  by t u r n i n g  t h e  slice c o n t a i n i n g  t h e  p i e c e  by e i t h e r  90 
o r  180 d e g r e w  o n e  w y  o r  t h e  o t h e r .  E n s u r e  you a r e  still  
h o l d i n g  t h e  c u b e  i n  its o r i g i n a l  o r i e n t a t i o n i  w i t h  t h e  U and F 
f  Ã§c c e n t  re c o l o u r s  c o r r e c t .  

Now1 by t u r n i n g  t h e  D sl ice* move y o u r  p i e c e  i n t o  porn i t ion  
F D i  iÃ§ b r i n g  it t o  t h e  f r o n t  o f  t h e  bo t tom slice by r o t a t i n g  t h e  
bot tom slice u n t i l  i t  a p p e a r s .  The p i e c e  w i l l  be  i n  o n e  o f  two 
o r i e n t a t i o n s i  s i n c e  its F c o l o u r  may b e  l o c a t e d  i n  e i t h e r  t h e  F o r  
D f a c e .  

I f  t h e  F c o l o u r  is i n  t h e  F f a c e ,  t h e n  t h e  move Fa w i l l  
p o s i t i o n  it c o r r e c t l y *  ie. move FD t o  FU. I f  t h e  F c o l o u r  is 
l o c a t e d  i n  t h e  D f a c e t  t h e n  you must move DF t o  F U  by t h e  s e q u e n c e  
D.R.F-'. R-1. 

T h i s  p r o c e s s  c a n  b e  r e p e a t e d  f o r  e a c h  of  t h e  r e m a i n i n g  
t h r e e  t o p  e d g e  p i e c e s  by h o l d i n g  t h e  c u b e  s o  t h a t  a n o t h e r  c o l o u r  
is a t  t h e  f r o n t .  Note however* t h a t  you may now b e  d i s t u r b i n g  a n  
a l r e a d y  correct t o p  e d g e  p i e c e  when you f i r s t  move y o u r  n e x t  p i e c e  
i n t o  t h e  bo t tom slice. To a v o i d  t h i m  t h e  f i r s t  t u r n  must be  
r e v e r s e d  a f t e r  t h e  s e c o n d *  eg .  s a y  t h e  r e q u i r e d  p i e c e  is a t  RBÃ 
t h e n  t h e  moves r e q u i r e d  f o r  RB t o  FD a r e  R.D".R"~. 

S t a g e  3. -------- 
T h i s  s t a g e  is c o n c e r n e d  w i t h  c o m p l e t i n g  t h e  t o p  slice o f  

t h e  c u b e *  by p l a c i n g  t h e  f o u r  c o r n e r s  c o r r e c t l y *  w i t h o u t  o f  #?OUPrne 
d i s t u r b i n g  t h e  f o u r  e d g e  p i e c e s .  

Choose a  c o r n e r  t h a t  you a r e  g o i n g  t o  work o n i  and  f i n d  
where  it  is a t  t h e  moment. F o r  s i m p l i c i t y i  t r y  t o  c h o o s e  o n e  
which I s  a l r e a d y  i n  t h e  bo t tom s l i c k .  Then h o l d  t h e  c u b e  w i t h  its 
U f a c e  upwards  and  t h e  d e s t i n a t i o n  f o r  t h e  c o r n e r  i n  p o s i t i o n  FUR* 
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and t u r n  t he  bottom s l i c e  u n t i l  t h e  requi red p iece i s  pos i t i oned  
a t  FRO. It has t h ree  poss ib le  o r i e n t a t i o n s i  each one r e q u i r i n g  a  
d i f f e r e n t  sequence o f  mOVâ‚¬ t o  p lace i t  c o r r e c t l y .  

Rememb~ring how we spec i f y  t h e  e f f e c t  o f  a move by t h e  
order  o f  t h e  l e t t e r s  I n  t h e  p iece names* choose t he  move you 
requ i re  from t h e  t h ree  given. 

a. FRD t o  URF - D-~.R-'.S.R. 

b. FRD t o  FUR = D.F.D-'.F-'. 

c  FRD t o  RFU - R".D~.R.D~.F.D-'.F-'. 

Once Ã § r t n  repeat t h i s  process f o r  t he  o ther  th ree  corners 
o f  the  t o p  s l i c e .  I f  you have t o  get  a  piece out o f  t he  t o p  s l i c e  
f i r s t i  then  t he  same type  o f  move can be used? eg. t o  move FUR t o  
DLFi f o r  tnstancei  perform R-'.Di.R. 

The middle s l i c e  on ly  requ i res  i t s  fou r  corners t o  be 
inser ted*  s ince  l t s  edge pieces are i n  f a c t  t he  cen t res  of  t he  P i  
L i  B Ã  and R faces i  and are t he re fo re  a l ready cor rec t .  

There a re  two moves* one t he  complement o f  t he  o the r *  nh tch  
are s u f f i c i e n t  t o  complete t h e  middle s l i c e i  t h e  choice being 
governed by t h e  o r i e n t a t i o n  of  the  p iece being inser ted.  I f  the  
requi red p iece i s  located ( i n c o r r e c t l y  ) i n  the  middle s l i c e i  
then one o f  these move- should be used t o  t r a n s f e r  i t  t o  the  
bottom s l i c e *  i t  does not  mat ter  which. 

You n i l 1  n o t i c e  t h a t  the  p iece i s  moved from a  bottom edge 
on one s i de  t o  a  f r o n t  edge on t he  opposi te  s i d e i  so t he  choice o f  
f r o n t  face and move 'a '  o r  ' b' i s  dependent on t h e  v e r t i c a l  co lour  
o f  the  p iece i n  t h e  bottom s l i c e .  I n  o ther  words* t u r n  t h e  bottom 
s l i c e  u n t i l  t h e  v e r t i c a l  co lour  o f  the  p iece I s  on t he  opposi te  
s i de  o f  t he  cube t o  t h e  t he  face o f  t he  same c o l o u r i  then  ho ld  t h e  
cube so t h a t  the  d e s t i n a t i o n  i s  i n  t h e  f r o n t  s l i c e  wh i l e  the  piece 
i s  i n  e i t h e r  t he  l e f t  o r  r i g h t  s l i c e .  
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S t a g e  5. -------- 
Now w e  o n l y  h a v e  o n e  s l ice left t o  do. Of c o u r s e *  i t  is 

t h e  most d i f f i c u l t  one.  

A t  p r e s e n t *  i t  is t h e  bo t tom s l i c e n  b u t  a t  t h i s  p o i n t  w e  
t u r n  t h e  c u b e  o v e r  s o  t h a t  t h e  i n c o r r e c t  slice becomes t h e  t o p  
slice. I n  t h e  r e m a i n i n g  s t a g e s *  t h e  U Face is t h e  o n e  which up t o  
now h a s  been  t h e  D f a c e .  

S t a g e  6. -------- 
The f i r s t  o b j e c t i v e  is t o  g e t  t h e  p i e c e s  i n t o  t h e i r  

r e s p e c t i v e  p o s i t i o n s ~  w i t h o u t  b o t h e r i n g  a b o u t  whether  t h e y  a r e  t h e  
r i g h t  way u p  o r  n o t *  and s t a r t i n g  w i t h  t h e  two f a c e d  e d g e  p i e c e s .  

S i n c e  a l l  t h e  p i e c e s  a m  now i n  t h e  c o r r e c t  h o r i z o n t a l  
slice* by t u r n i n g  t h e  U slice i t  mt:st b e  p o s s i b l e  t o  p u t  a t  l e a s t  
o n e  e d g e  p i e c e  i n  its r i g h t  p l a c e .  Having done  t h i s *  examine t h e  
o t h e r  t h r e e  e d g e s )  you w i l l  f i n d  t h a t  t h e y  a r e  e i t h e r  a l l  c o r r e c t Ã  
a l l  i n c o r r e c t *  o r  o n e  o t h e r  is c o r r e c t  and t h e  o t h e r  two r e v e r s e d .  

I f  t h e y  a r e  a l l  c o r r e c t *  g o  on t h a n k f u l l y  t o  s t a g e  7. I f  
two o p p o s i t e  e d g e s  a r e  c o r r e c t *  t h e n  h o l d  t h e  c u b e  s o  t h a t  o n e  o f  
t h e  c o r r e c t  e d g e s  is a t  t h e  f r o n t ,  and per form R . U . R ~ . U . R . U ~ . R " .  
t o  make two a d j a c e n t  e d g e s  c o r n Ã § c t  Then 

I f  two a d ~ a c e n t  e d g e s  a r e  c o r r e c t s  t u r n  t h e  U slice s o  t h a t  
o n l y  o n e  o f  t h e  f o u r  e d g e s  is c o r r e c t .  Then 

With o n l y  o n e  c o r r e c t  edges h o l d  t h e  c u b e  s o  t h e  c o r r e c t  
e d g e  is a t  t h e  f r o n t *  and d e t e r m i n e  w h e t h e r  a  c l o c k w i s e  o r  
a n t i c l o c k w i s e  c y c l e  o f  t h e  o t h e r  e d g e s  is needed t o  p u t  them i n  
t h e i r  c o r r e c t  p l a c e s .  

Clockwise:  UR t o  ULF UL t o  UB. UB t o  UR = R.ua.R-'.u-'.R.u*.R"". 

S t a g e  7. -------- 
Ttie f o u r  t o p  c o r n e r s  c a n  now be  p o s i t i o n e d ~  o n c e  a g a i n  

w i t h o u t  r e g a r d  t o  t h e i r  o r i e n t a t i o n .  To d o  t h i s ,  w e  u s e  a  
s e q u e n c e  which swaps two a d j a c e n t  c o r n e r s  w i t h o u t  o t h e r w i s e  
a l t e r i n g  t h e  t o p  sllce. However* w i t h  t h i s  move w e  i n t r o d u c e  a  
new c o n c e p t *  b e c a u s e  p i e c e s  a r e  d i s t u r b e d  i n  t h e  two lower  slices. 
Now o b v i o u s l y  t h i s  c a n  b e  c o r r e c t e d  i f  w e  per form t h e  d i s r u p t i v e  
s e q u e n c e  i n  e x a c t l y  t h e  r e v e r s e  o r d e r *  b u t  what is t h e  u s e  o f  
t h a t ?  
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Wel l i  i t  i s  here tha t  fortune smiles on uss bmcauf you 
w i l l  always f i n d  tha t  these moves arm required i n  pai rs1 and i f  
the top Â¥lie i s  turned t o  another pos i t i on  i n  between the move 
and i t s  converses then two useful act ions are completed by the 
time tha t  the lower s l i c e s  8re restored. Needless t o  says i f  you 
forget  which colour the  F face should be i n  between the moves* 
then complete cham w i l l  resu l t .  This p r i nc ip le  i s  also used i n  
stages 8 and 9.  

The move we require a t  t h i s  stage swaps the corners o f  the 
f ron t  face. 

FLU t o  URF s URF t o  FLU - F . it. F*'. R-'. F. R .  F-'. R-'. F. R . F ~ .  R-*. 

Ue can wr i t e  t h i s  move more simply CF.R.F-'.R-'.)~ 

Having exchanged two o f  the corners using t h i s  moves and 
keeping the F face the samei t u rn  the U s l i c e  u n t i l  the  other two 
corners t o  be swapped are i n  the F s l i c w  and repeat the sequence. 
< Yes* i n  t h i s  case on ly*  t ie move and i t s  converse do the  same 
th ing  ). 

The choice o f  corne- i  t o  be exchanged must be worked out 
f i r s t 9  o f  course. They may be two d i s t i n c t  pa i r s  o f  corners* o r  
they may have a common pizza i f  one corner i s  already corrects o r  
two whole pa i rs  o f  moves r a y  be required t o  swap opposite corners. 

Stage 8. -------- 
NOW a l l  the  pieces are i n  t h e i r  respective placesS we can 

see how many need t o  be turned over* and unless you have had the 
cube t o  b i t s  and assembled i t  jumbled up* an even number o f  edges 
w i l l  need t o  be f l ipped*  ie. O i  2 s  o r  4. 

We w i l l  use a sequence which f l i p s  the UF pieces and is 
perhaps the most d is rup t ive  move we w i l l  encounters so great care 
must be taken t o  keep the F face constant. The converse move w i l l  
restore the lower s l i ces  afd Â ¥ l i  another piece put i n  pos i t ion  UF 
f o r  tha t  p u r p o r t  by tu rn ing  the'U s l i c e  between moves. 

b . Converse = U-'. R ~ .  Da . U' . L* .D .u-'. F". 
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Stage 9. -------- 

Near ly  f i n i shed  now  we should on ly  have some corners t o  
t w i s t .  

Since t h e  corners each have t h ree  poss ib le  o r i e n t a t i o n s *  we 
must examine them c a r e f u l l y  t o  see exac t l y  what i s  needed t o  put  
them r i g h t .  I f i n d  i t  best t o  imagine t h a t  we a re  going t o  t w i s t  
a  corner  e i t h e r  c lockwise o r  an t i c l ockw i se i  as viewed from t he  
ou ts ide  corner.  Using our no ta t i on *  and examining the  FUR p iece*  
then a  c lockwise t w i s t  w i l l  move FUR t o  URFi and an t i c lockw ise  FUR 
t o  RFU. 

The sequence we are going t o  use t w i s t s  FUR clock wise^ and 
i t s  converse t w i s t s  t h e  p o s i t i o n  an t i c lockw i f .  You w i l l  f i n d  
t h a t  your cube requ i res  a  numb- o f  these p a i r s  o f  tw is tas  t o  
co r rec t  e i t h e r  2 i  3 7  o r  4 corners. I f  you do have t h ree  corners 
t o  t w i s t *  then they w i l l  a l l  seem t o  r equ i r e  one t w i s t  i n  t he  same 
d i r e c t i o n *  but you w i l l  choose one t o  rece ive two t w i s t s  i n  t h e  
opposi te  d i r e c t i o n *  which i s  o f  course t h e  same as one i n  t he  
r i g h t  d i r e c t i o n .  

a. Clockwise! FUR t o  URF - (rl.~.R.F.D.F"'. 

b. Converse r FUR t o  RFU = F.D".F".R-'.D-'.R. 

Congratu la t ions ! I F  you have got  t o  t h i s  po i n t  wi thout  
making any mistakes* then you now should have a  cube w i t h  a  s i n g l e  
co lour  on each face. Apart from astounding your f r i ends  by 
l ea rn i ng  . t h e  sequences o f f  by hear t  Ã you may 1  i k e  t o  p l ay  w i t h  a  
few symet r i ca l  pa t te rns  g iven  below. 

Patterns. --------- 
S t a r t i n g  w i t h  t he  p l a i n  faces*  t h e  cub" can  be movmd masi ly  

i n t o  some i n t e r e s t i n g  pat terns.  To r es to re  i t *  perform the  moves 
exac t l y  i n  reverse*  eg. reading backwards and t u rn i ng  t he  
opposi te  way. 

Spot Face - R.L-'.u. D-'.F-'.B.R.L-'. 

Cross Face = R ~ . L ~  .ua .Da.Fa.Ba. 

2L's Face = R.L.U.D.F"'.B"R.L. 

Diagonals = (F.B.R.L. >' 




