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w0 .Bch 7 AND MATERIAL FIGENFUNCTIONS =~ Cond'o .

'LQ/)ZQCL'Q% 9[79"27&’«"‘:*[0113 S;'nc‘@ }D‘YoJ‘t?CZlio'nJ of)/:’oihzl.(/
and newral networks: ..,
Vecilor_( 7"4'07;. 4$ J'faee 6.77{0 Z‘ée

12D Fla-y.e ar e o/"ff«'cul‘cl Zo ca%/greéeuo// we ﬁeu: on

zfée a/jeéra[c a-r/oec-/_r o-ﬁ 'roz/az’io;,.r % 4&9 J‘l,oace.
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Co'n.r:a/e-r['n; o-n/J Zhe Lasic rotations im /xux.z:X.?; X/r)-

'fface J S ’Yo‘/azzzan.r ar e Co%é[%azlo)’:ézy /Oo.r.n’é/e:
T/IPYG Px/.rzl Sex /po“,'é"/[z‘[e_r z(o select z[lvo oleée
fouv Cj['»,é‘h-"[o’h;/a/z'?eczl[oh: for which coovdivate values

Tema ;n u'nclla—n;ed W‘e-n Pev{’or'm:wj q -ro-zlazt[on -"W/l[/e
O'Hvey CooY&lt‘hﬂ‘l[e VaZuEI 016 ZAe Co%-:/p/emehz_lay z‘lwa
D[L'Me'n_novx;/o/ureczzwh_r are _ruéjec,z/e:/ 2-10 z.!/)e cos a‘ho(

Sthll zz‘ra’h.r-fov MaAions fa Lherr siriccated 2D .s‘«é'u;oéce.

For E‘Xa%/o/el one caon think of z/ée_re/wu;'é;/izlze_r as
Zlée 7[>(>2)ow<"hj e 4—47—1/‘ “hoazl'yg'x S{ruc{are_r:

& - = = - o
jooo loso §ooo Nozlazzz'o%:
-l °) oo =|©€ 0=8 =| o C=S 6
(A)X.X_z' o o€~s|’ 'Rx,xa R (/?beh cgc o ? (/Qx-x‘ =
cose 0§ o€ coo . ~e
® : " . g ? ;
- 3 - d - i ngj(d‘)j
€ O 0O=f & O=5 O C=$£0 0
’ -|2) 0o _|le ¥ oo dis € ol .| € =icos ()
(A)’zx.?- oo gol’ (R%z"e‘ soco|’ RexFloo o :
£ 0 0€ ] oo ol | OO0 0 1 | S = 5% )

In #his purely formal view of dhe six porccbelities,
the enzrg,"-s = -5/, (o()” ls “1"“:’ Zbe f/_itz/per—'n‘yig‘
entry of Zhe sub-strucdure }"'CJ " The | alhesnatel sub-
structarel S E] ) anid dhe vepetive Bmby-t maduices Rusnj

're/o-'e;e,,,{; an orientetion céqaje offée ?o#qzzioh-'p()"’“’i

Couuz‘ev—clock»wz:e fo c[oclr-wc'se- C[oaé[[u; le-le rumber a‘F
‘Possféilc'zzc'e.f Za d2. s ce
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'_L_Qplaciaoz eiy_e;;a_fu%cho'nS .Nozle’OTA e oriem ZLG Ilc’ou C/;q» &
and meural netwovks:... R R R =

o-,e a fYO‘t,la‘tLéuh ('Yoi'azlc"vr; é(;
il o c"hleeac[ o-,f' +o() £ olexcr:ée.;[ Qs fo/low.r N

(/Q €= &2 -..[COSf~oz) =<l (=ot) = [coster simca)
— L sim-«)  cos-) —ciwla) cox Cat))

Tl)uf/ zlée _5_"7"»1'»»62[77 bebavior o-,E Zhe Cos and $in

famediorn e GXPZ“"% Zbe Zwo /)o_uzé/e Sud=structuves
C =5 5
[S‘ c} and [_CS c] fov €ach votation madvix @x(: x5 .

O l» 2b/ s cowz‘exil it cs alse a/o/:rof'm’afe z"O/Jo:’v?zl out

Zle Yela-fzo—.,:ézlo between a wotadion , a i:y'hec[ e -

7.
Z{E"rw;“ha'h'l' o-F q 2—57—2 frozlaz!im« %a-z/yzx a‘n/ d_{e'jhez(

a~ea (L?,D@Y—Vola’hqe) of a-/DdrazleZQ/;___;/oec/, We coa-
scoler Zhe Zwo vodations shown
im 2he left figures. Fivid, we
rotate Lhe vector (1,0)T 653, 7,
proclucing Fhe vecdor (-Velz, V2/2) 7.

The Ivaluel D =|[:‘ —W/z} -‘-’VZ/Z
aEE T O Vz/z

; r)///// $ (s 9_74(42 Zo 'L[AE sianed a~Ca Q o
\i Y7 =7 4
i /////!// ¥4 ’ ar - 15
( 1) /////‘ZZ“ a=-Vz/2 £p 8 p "”629/’°/9¢/ def 60/47 e

‘VE/Z 72/ .14

£W4> V@c'gor,:. 596014 p{, we ’Yoz’*a{e [’, 0)7

_éy 574'/7", P’)'ao{llc[‘h; the vector ('VZ—/Z;VE/Z)TQ”’{ Zhes

z‘4e 54.;7160/f97’6‘¢2/€/€f_.[f@p/ areq. Qs O{EZLEV%E‘haﬁi‘
velael = [é:g:‘j ==\2)2. 7-6545, when 'rofa{'za«}__(llo)r

A}/_ Q% ﬂ’hjze oL, w4, 77’<0‘<2ﬂ;
Onre obtacns a Zz_e?a{a've fa-.«q?leleﬂz/oe,,-( area, queo( on

2he vilae of Fhe védalltens Gstocialed determinant. e
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‘ﬁ:/:lzi?c;::af:\&itfiz-izﬂon: O Since Zbe z‘o/ow discusrecf
heve relates Zo o/é‘{@r"»-ghahzl.i
Signs of o/E’Z[e'rwi‘ha‘hzlJ' ovienmtaZion aoqa/[na/exin;
we é-nef/ désevile z‘é&re asp ects of a basss. We
"’z.’- ~ comsider 2he 2D case Livet  shown
' , “o in the left fisure. The ovthonor-
mal baciccs LI, WoF. InZhe Lefs
Scemavio, /L, = /I,O}rafna( 4, ::(0) IIT/' En z‘ée:_f;_éé
.s'ce'na'n‘o/ b, = (0‘ 1 dnd @21' (I,O)T.. 37 us"ﬁj z‘éC
coovdinate z/c./,/e; o f Llese vectorse as columns of g
2-—47-2 o/ez‘ew;m‘;.ahfj sne obtainr Zhe detevminand velees
/I o © 1
IO I I ©
be usled Zao calll fhe Livield arientatios ”/o.r[ Live "
aml Fhe Secondd orientatios "'hejazlrire.” 74 e Zwo
bases ave jeow{, colly Zhe same’ buf Zhe ol iffovent
c‘nd'é‘xL'»j_ used (ndicates Adifferend basis ovien —

T@f/? ec{{yelj 5 Tée

/

=1 and I

5L'j'h 072 a Va]ue can

z.la zlgo»,_r s W/ucé can be 're/erm,zl ﬁw.rome caleunla 'Zl'(.o'h_r
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lhg ‘:1”’2. lflb iifll. b o1l 0 Yy oo Y o o
xs T he lef# ‘IP;?HTQ a'na(z‘/:e asso-

c¢ :zz‘ec/ Cleller'vnt‘th,r pre vided for Z4he six /’Jafu’é/e cases fov

O e
n

Q=0

Zhe 3D case show Zhbat Zhree /Oort'ZlL'l/e and Zbree ”ejaﬁ've

crientations ©xisZ, o
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*Laplacian e:;eo.fahcz"zou: In 2he 32 Case, one can also
anod meural welworks:...

relate fl;e:e SX Fax:;éc‘/Zzzc'e.r
weith the ”'Y[jl,zl-—/ra’ha/ rule o (Q")p{”/ele‘éah{// 'ru/e”}:
The Yhree Po.fz'zZZVc orientatians ‘/ef""e—t‘:j——-hzl-

Aa'n c:/ea( s XJ Xl coor Acmate 57.rz‘e'm.r/ as ol 2l e zléree
'heja 2£¢'Ve Ore Ph 44 z‘:m—,r 016’7@"%8 /szl‘éﬂh/e’t//

‘esmemmg,

X XJ' X = coorodim ate .5‘74'2L6>"h1_("

For Zhe app llcationsr We ave COn:ZJerin} —Z')—:CZua/c'h?
Z4e con si€vuction 07[) an o/of«:»»,q/ ovZbororaadld basis
-F'ro'w, a ?[ve‘h J'ez[ o/} fno'n-o»'zl}:ojoaa/ éq.r",r l/ec?l‘“'J"—-

fée ovr < ew{—a{;’oh . 01@ amn 'n-a/[—w,efh.rc‘o»,q[ coor -~

o/['p,a-/e .(; stem as Z'hv/o/:'pc/ é; ¢"ha/ex;'hj enod Ahe
n 574’2‘@111—&/97(051«;[1;} Aa.r[,r VECz‘ar_s (072‘401101«‘»:«[)

(s mot velevant. /Veverzlée/e.r_r/ one murt be aware of

Zhe factd Zhat ovientation defimnes Zhe -S‘z'j'b of

c/ezlev'm{wq'hz‘.r anod thatl one ._o_'b_..jz‘/oerfor%.r PP (P

z‘[o-h.r f.'roo/acc"h; OuZZCO'n—,eJ‘ Zhad are cnvaviand Zo

Oh.'ea.-/az‘[o-n amn ol a/ev/ewm:«qq-n{— J-[;a—, céa—nje,r,

%x,xz... Cnas T (k:gx‘,-.-x% ELGR Od gogp /0 it/ 18] t023),
- ’ £l g F = i'Ae siX Comélwazloria)l;,
% ' 'Q o o C‘so eee O # £
°® 2o ., . S c; . Po;rz!/e basic rotations
e o0 o © o ¢
PR YY) LR L Ry, sy Rxguy are pro-
M| ° ol~-=§ . e ©
" O ece os c © see O' Vc'o(ea( -Fo‘r 41:4. WA’?’PL
o - - - S e S

Comn 5',:a/e-.—,:wj z[laf’ n-dimensional cqrel one oé«/azh: Q/Z

PQSIc‘élé’ "'Oédl,lc'oh,r 47 de%f""‘hc”‘l(—"hj QZZ cz”owea( "’OZLQILL'th

En a 2-dimensional x; Xj —-!aé.r/aac e. Two matlrices are Shown Aere‘
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o anlaciis e{?c’ﬁf‘d‘vcﬁ'ohs One can Zhus detevrine Zbe

an‘od meuval medworkSt. ..
"7“%48‘7 °'ﬁ Co%é[ha{ov;’azzj

{7/ /¢
poscible basic” wodatione == from Ry s, isem-s 2o

ngx#...x% o - 7 - B -0 0 8 P S AN R sez‘zh"n_} a.s

&,
‘FOZZOWJ - /92 ')’l"c/c"rne?z.f[o‘na/ qu'ce {7?%2]/ a ,Iéa.r"c !
rYotation (5 a rotadiom in  oune of z!ée/oouié/e

I Z‘wo—o/a"h, ensiomal Jué‘:/oéce,rl £l @./ in Zzéé’ X‘ )(Z-Al
‘ X’ Xa'; x' X‘r"’ L X’ Xn“) )‘_2 >‘37 u_z-} Xz_xhn, o-ujxh_.’xh—.

Sub-:’pacex. T;”t-"/ z.ZAPMuméeY of»vo'faz‘:‘on: iy

(n=t)+(n=-2)+...+2 +1 = n(n-1)/2 =(n2=n)/2.

Az{er'n azl;Vezy) on €& Can O/P'P’ZVG zz/n'_r yumber as zlée
Yymber of /oo.r./.:éi'/iz!ie.r one can use 2o P/ace 2146’
cos anel Sin Zevoms i two of Zle availalle m

Tow.s (COZM%%S} 078 z‘Ae oz—b - .S‘ﬁuare YaZvrix !
(;_z)___ “‘"7—,’/(2!('71-2)1) = (n-1) n/21 =(n2=n)f2.
Furzllrg_?'r Sl Agile o/(le:'n;u;réer between cleckwise

G ol Cou’klle‘r = Clocl{\&u.s@ W“OZLQ{‘LO'?‘IS“)L e, (: e “'"ﬁ"[(’.fc)

the number of POIJL/JZE‘ rotations i s (’rz -n).

I n [n2=-n Lo left £able shows Zbe _?aaa/‘ratztcalzc?
2 2

e 3 6 g'rowi'ny 'hu'méey o,E cowé,."zqaiéov.{az/op_r;[—
& '2 bl les -7[’97’ jwal/ M-VaZue;, I i/zeé_gcase,
5 20 One Qc/zZQVE’.f @ ”géheva[”"roz‘azlu’ow cz'roamo(
6| 30 5

any G XS Pa.rxc’hj z.lénu;/z e o'nyc'h A}I fonca —

teha"liﬁj~ en af/:vop’u’azle Seguence c-ﬁ "éaszc” roZetioms,

'G?’?PTQ[ ')'OzLGZLL on § Q‘Yoq'na( amn (’h'Z"" g
-J.cme'ns;ofnal_ sub-space are definecl aualojoqsz;! for M=SPacC e




