_Ber'ng( #a%a’h'h -2 - I/l‘l-/ZOZ‘f
Sf'raz‘oVa'h

] 03J£cr AND MATERIAL EIGENFUNCTIONS — Cont'HA.

.La/:alacia'n e _e__a,fauc-t‘zon; @ ?eFlec-ézou - wiidh Tesp ect

anol neurqgl etworks:...

to a_plane pasiing £hrough
l 2he _o_fr_cj:z amnd /la‘r‘t"nj Voutwavied ! dme? Hovmel
® vector In=(my,ny,ny) 7, llinll=l. This Zransfor-
=(x,uz)"' A atclown e ol cdrade ol
??f;‘ o Zhe zf»,fft f_i;ure.
>tz p'=(x)yi2) = My M- p
=M3'”2'ﬂl L {"171 2)7;\\!’1878
M, = matrix Naffu'w] Vec{n_n
ToVecdor_00l ,
Nz = matvix ‘R@*F[ectlc"hj W:éj
Qexfec{ToXYP[ahe )
03 M3=M-. (=£'hver.re o-{-”ma{ri}r /‘f,)
=(‘3} ¥ The [eft figure shows Zhe relevent clata
needed for the clefinition of My, in,ot and by,

I oro[e»r 2o ex/?-rerr 2‘44'5‘ TG-/,/ec-/«.'oh 4 ?“aller’hio‘v) no—

Za z‘:’o'h, we uno/P"r.rz‘afna/ féefofth//D a:fo.rc'zlc‘o-nql_

-
Vector ml sSee f[que abave, TA«:/ we <Camn 'refvesehv.L

al[l:" y_ ano z-coovelimnatde va ]qes‘ O#ﬂ a"ﬂ{"’l_ Via

7!'49 COY"’?.{FOMo([‘hj Com})lex - 2(:- a'ha//("zzerw_r o{’
L‘l)e e_?uiva/eﬁy_/- _?u‘azlerfrz[o'n.r. /'h sze Fouow(_"h?/ we
we ll S/Iow 1(4411 Z_‘A[: 7’6"1[)/96‘/4'011 Cam Ae W?c‘zﬁ/ew as

AR IS

glm el tiliegeithd = grop gt guep | =
= (O+L"hx*jm,+kshz) . (O +Zx+j7+kz}»(0+[nx+jm7+k'nz) -

=((&-1m>)'((ll)&())'({i,m)). ec e




Qerna( Hamann it A Al 1/15) 2024
Stratovan

mOBJECT AND MATER|AL EIGENFUNCTIONS = Cont'dl.

’Ladacia'n e;ig%fw»c*:oﬂn.r T/te Cofm/oac-zL TNo fach‘o—h.r (‘Q»(>

- MNeuval mMeeTworKs:,,. /7

i % am (dlm) o/e-foc"he Zhe <nmmer
f’rb ducts” <{illk)’ /""X; %7,072)> = Z’hx'f'o{’n; +l{’hz ::mal
<(‘:ljlk)l (X,y,'Z}) = L.X+f:y +kz.. W?'how Co-rnfu‘ILe ? 4
‘3'-‘-‘- (me+&f'w7+le'nz)'(£>c+j7+k2)'(Z’hx"';"’ thny) =

= (wa+jw7+knz)'?~><nx +kx-n7 4 X

& -ky'nx" ymy +<ymz
+jz'n,‘- izmy = Znz ) =

==Cxng —fx ey —Kxmymy

“‘J,' yfn; = :7 Py ogy T Y o

2 .
+kzhy + 271)("17-(—2')1)(712

T Pk i,

ST Z'hy’hx +k2'h72_ ‘jZ’n7”tz

. 2

-+ Z My s, 1= 1‘7’“2"7 +J.y,hzz
0 ‘c'z'hz'nx‘jz'nz'n.,—/(zhz_z =
= -y’hx'nz +‘zlnx"”7+x777772 “Z’?y"?x "'X'hz"’)y +7'Vlz M 5

"'Z(""”xz‘]”x”y =ZnyNz +}<w72-7w7wx +xny’ ~znynx )
"'j('"'"x'ny*y"xz "./X"”y’"x"vayz “Znymz +/Vnzef‘"}2nzh7)
+k(—xwx'nz+2'n>f -yh7n2_+zw72 "X""z"'x“y"zhy‘z"'zzl
= ¢ ( X ('”xz+%72+wzz) s 2y“n,"n7 —2znymz )

4}( y( ’nxz-,,"zf.,,,zz) “2X777'"x -2 Zznymy )

il 21{ "’xz"""yz"”zz) —2xmnymy =2 YWz ny 315
(

2 2 2 2 2 2

(’hx +'n7+q1z =1 => -1,,)‘2-#'177 +m, = '—Z'nxz,
,hxz_’“[z_,,,,z?:'—-zw‘, i g
41>‘Z+w12""z2="2”zz 1




39*%0[ #a'h«a'nh -23~ 1/15-/2026‘
Stratovan

WOBIELT AND MATERIAL ZIGENFUNCTIONS = Comt'd,

*Laplacian eigenfunctions =i x (12ny?] =2 (ymomy +2mym 2 )
and neural metworks:...
*j(y('%,z) -Z(X'h,'»,, +7'n7'nz))
+h( z(4245°) -.2()(%201;(4'77437,})):
=2( x =2xm,* =2 (ymxmy + Z gz ) )
""j( y -Zy'nf' = 2 ( xmy my +‘z'n7rn2))
tk( 2z =227 ‘Z(X'nz'nx*y'hz'»;)) =
= (tx *7y thz) =2 ( ixnt +jjf»7‘+kzo,z’~}
I -2 (:(7'»,”71'-71«;,‘4,2)4?’{,”,7'”*+zp,7,,z)
+k(xfn,-n,+ynzny)) =

= g-V-w '.—.\.,P-'\';-i\':\u H

,’h ordenr éo show f/yaig.'_.':“g“v-w Pk 5 z.‘lze ::onreczZ

veflection resuld (m guafeywzou fYE/sve.rea—.%ach‘ovr = ol

amod 2o Uunderstamd Zhbe %ea%Z’n; off =V ang —w =—

oy e s co‘h_f;/ev 2.1/»8 Lt‘ho/er/7£‘h _?90%9{};,. G’ha{
I Co%/ouzlefl Ay 'Yef/t‘cz‘ih}_/’/') W:.zz/_, 're-rfec% zlc: éée
® f’_f»,/; /c’cé-//} 0[6’72[1464( "re-f/E’c'zl[eh /a/a‘he . This P/ahe

is| showm im zlée_f_:';uve eh Page 21 (/-l‘f'zozi);[z’.r

c’mf/[czzl definitdion is ;”x*'Z""/*;""z =0 ; where
o

v A~ v

¥ = X, y,z)T[: a féi'n?_L in Zbe f/qwe (V[ewea/ s

posctional vectov) amd In =('hx,fn7”nz)rc’: Zhe plane’s
Unlo | okdwarnicl | b irlnal vector, C. el <§</’ my=0,
T/re.?qvamez‘w‘caﬁy defFirviec linee )X{z‘) -‘-ﬁ‘l’fﬁ'}; Can
be usecd Zo compute Zhe pevpencdicalar prosection
of”) imZo Zbe rellection /:o/q'he)aha/ Shéfﬁ;{&ﬁhz‘//
Compute 7P’) é)y z'nz‘evsec¥<'n} ()}’,1/@):0 amd X{£).




Bernd Hamann =124 — 1/15/2024

.S'f'ra‘t(o van

-OB}ECT AND MATERIAL ZFIGENFUNCTIONS — Cond' L.

'LanZacca'n ec m.funcﬁon: We obtaim the intevsection
2 ’hEu'raz he-l-WOYEI

Point by insertiny Zhe pare-
metlvic expresiions X (Z), \,({) anof =l¢) Fron £he
lime olefimition X(E) = (xll),ytd), 2 (4))7 inZo
Zhe implicit defimition of e planc'
(x+2"hx) nx * (\] +'Z"h7)fn7 #+ (z+2mz)m, = O
=5 vl (fwx2+'»72+fhza) = —(th+7"77+z’nz)
= ik 2 == (xuxtynytzu,), |
Thus Zhe /DPYfeﬁdtculqr/Jrochlcoh of P <mte Zhe
reflectiom /o/mye s Zhe /oomflp /})*(}?ﬂh)ﬂt,
since Zhe Z-value for /oomz‘-za (x,y‘z) (s given
197 Zhe Value of z_‘:-—(},'l), m) 7544: z‘ée;}a;»f/?
"omw Zhe otbher scde of Zbe veflection plane (s
_p‘=7f "‘2(7}, in) "’L‘-'-';;D-Z (xny+yn,+znz) 1 =
=(x,\/,z)r—2(th+yhy+z"2)(")<‘"‘]|”z)r=
=‘X*-2X»x2—2nx(yn +znz) ,

y=2yn 1y -2n’(xn,‘+znz),
Z=2n,T e 24, ( X"x“"y*'y))
(x,y,z)r"z("”xz*'y ny*tznz?)’ 1"
—2,7mx(yny'f-.zuz)+h (%ny+2znz)
*nz Gxmeryny))7

ST AT
= Z«) -V —=w = 9 =W,

There calecalations show Zhad Zbe ?’roa{uc{?q_e#-g.?ref

Cisllal Faviveat fre/ove.re’hllafzon of Zbe Adesived Te —

-/-’/ecz‘[on and z%azL ?'ref'?‘??e’f:?"V-W =72'Q£{':E'W-ﬁ.




Bernd Hamans —25~ b /16 /2024
Sf’rdf'n Van

& oz;zcr AND MATERIAL FIGCENFUNCTIoNS = Conid'd.

®l aplacian pigenfunctions TAe il o Z[szé o Uater—
am]:Z newral ?é{\forzzs:--- 7[> ? 767? i

Mcion ?X[_WEUZOnJ Sumanardzes

254 6-7[)(4‘»1 a/a’mé’nlla/ j?o%e*&é’n’c Z(*cuq_c-,for'ma{'?nlu Ch 31)5 ace

e

@ Translation: g:O-’-ZX"‘J'y*‘kZ

(Y g'-_- g-l-f =g +(0+21‘x+'1‘7+/(2‘z)
/23 = (¢x ""—'*x"'j}""j‘gy +hz+kis)
© : ¢

= O +ilxsdultilytty) +k(z+¢2)
=O+£x'+j7'+k z’

?=O+£>¢+J‘7+kz
3‘,2 gl »g':s.gz{sf‘[o-fj'O'!‘kO)'?
= & (0+[x +j7+kz) =¢:sx+j_4_-7+k:z

=O+£x'+jy'+/<z'
q =0 + éx-ij-t-kz ) cl=ia/x+jo/7+kdz
P2 = Grot g Frer
=(c%‘*(ca/x+3’a/7+kalz)s§)'¥'g_;:
=(c$+< )5 )G, (e 3~e, 1y 53)
= 0+{x'+j7'+k21

$=O+ix+jy+l<z ) n=i'hx+j‘"7"’k’"z
W2 =9rep 2 Fres
:(O-l-i‘nxéj"nrikmz).z. -71—91?
= (&, m)) (i, d)-(<2,m))

'y =0 +ix'+iy +hz'
/Vofe. (z?,) UI> = Z.L{,‘f'diu y*k“z;ul'—”(g;;).

These mappings define "basic Zransformations” (3D space
Lo z‘{‘erms‘ o-F a_geawef'rzg Ql(jeg‘r‘a._ Y




