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Abstract

This papar aims <mainly <to introduce the new concept of ‘““‘RYAD and
ellustrating its mathematical structure . Many new concepts are Introduced like
the concepts of effect’’ ¢ ”’effect matrix >’ ¢”° effect diagram *’¢’effect
coordinates system ’¢>> RYADIC transformation of coordination’’¢’RYADIC
equation’’¢”” RYADIC matrix multiplication ... *’¢etc.

Galiiual

J A g Las A &bl sl Clagg " Sl ' b s aggda JAY) ) Gad) Giagy
"o Ayl clBlaay) Al o el Sl Jadadia ¢ " Ay AUl A3 ghiaall " Sha ¢ Baaa 5 Al aalia Sae
e ld ghaall gl Gl 5 Asadd) Agaly ) Aalaal) T cldlaadd g ol Jy el

Mathematical Analysis / “ RYAD “ as a Mathematical Concept

Let f ( xi ) and g ( xi ) be two continuous functions, where x; are some
continuosindependent variables,and where 1=1,2,3, ......... , . Assume that there
exists some finite positive number m of mathematical operations ; p; , p2, P35, .--» P
m » Which can be applied to £ ( x; ) or g (x; ) in the form of p; [ f(x;) Jorp;[g(xi) ],
where j=1,2,3,...... , m . Assume that there exists another finite positive
number n of other mathematical operations; q1,q2,q3, ...... , qn Which can be also
applied to f ( x; ) in the form of qx[ g (x;) ], where k=1,2,3,...... , 1. Assume,
also, that the operations p; (j=1,2,3,...... ,m)andqy(k=1,2,3,...... ,Nn)
are arranged in rectangular ( matrix ) form such that the operations p ; represent the
rows of the matrix while the operations q  represent its columns as shown in the
following arrangement.

No. of columns =n
d1 ') ds ...... Jn

1
P X1 X2 Xi3eeunnn X1n )
pp X21 X2  X23...... Xoq
No. of Pp X31 X3  X33...... X3p

...............................
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Pm  Xml Xm2 Xm3...... Xmn

The next step is to imagine, that there exists some graph formed from the two
sets of operations pj and q such that each operator p ; is connected with each qy. This
oriented connection between pjto qi [ (pj, p« ) ] or from qk may be interrupted as
some “ effect ““ between the two. This effect is oriented, and the corresponding
rectangular graph ( matrix ) of effects in called the “ effect graph “ or * effect matrix
“, correspondingly. It is convenient to symbolize effect between p ; and q ¢ by the
notation

M
(pj,qk ), where the symbol M refers to the presence of the effect. Therefore, the
above arrangement can be represented as follows:

M
(0,0) q: q:2 s = eeeens Jn
[ [ [ [
P (p1, q1) (1,920  (p1,9q3) ... (p1,qn)
M M M M
P2 (P2,91) (P2,92) (P2,93) ... (P2, 9qn)
M M M M
p3 (Ps>q91) (3,920 (P3,93) ... (p3,9 n)
......... (2
M M M M
Pm Pmw-91)  (Pm>92)  Pm->93) ... (Pm > qn)

Assume that there exists a rectangular matrix of coefﬁciﬁ_ﬂts, , with an order
(moon) in the following form:

f ar i as ve a) n
A A1 a2 a3 apn
A= as| aszp ass apn
dmi dm? am3 oo dfn
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Let us symbolize the effect matrix by the symbol H\r  with order (moon);

1.€.,
(" M ) M M)
(p1, q1) (1,920 (P1,93) ... (pt,qp)
M M M M
(P2.91) (2,920  (P2,93) ... (P2, qp)
. M M M M
ME P:.q0)  (03-92)  (P3,93) e (ps > qp)
...(3)
M M M M
L. ©@w-4) ©Pm-92)  ©Pm-93) - (P » In)

whed is an (moon) effect matrix. If the oriented effect (p;, qx) could be
interpreted, mathematically, as some oriented mathematical operation, F, originating
at pj and ending at qi (i.e. , from p; to qx ), then this may be, simply, symbolized by

(pi-ax)_, [pi] Flak].
4

This operator F may be of any type what so ever (e.g., it may refer to addition,
subtraction, multiplication, division..., etc.). The quantity [ p;] F [ qx ] may be
scaled (or normalized), simply, by multiplication with the corresponding scaling
(normalization) coefficient, aj: that is,

“ [pi] F [oed—s ax[pj] F [a].
5

The above quantity in eqn. (5) is called the *“ scaled (normalized) F — RYAD *.
Forming the matrix equation of (5), yields

aJk[pJ]F[qk]: j:i72737---7m9—>A.MF-
(6)
. k=1,2,3,...,n
where Mg refers to the (moon) F — RYADic matrix, and the symbol “ .
refers to a special type of matrix multiplication in which each element of the matrix
A is

(13



multiplied with the corresponding element in the matrik\_ﬂ and, summing up all of
these products. This special type of matrix multiplication is called the RY ADic matrix
multiplication.

The quaity M risan operator which is applied only to the function f '( Xj
) to yield. o
INERPAC) ()

Assume the eqn. (7) is located in some coordinates system, S, called the effect
“effect coordinates system”. This effect coordinates system is something like the
usually X — Y coordinates system in which the X — axis represents the self (auto)
effect between

a n
any two quantities [ e.g., (u,u) ] and its Y — axis represents the mutual (cross)
effect
M M

between any two quantities [ e.g., (u, v )or (v, u) ]. Let this effect coordinates
system S, be rotated by an angle of & to get another effect coordinates system S . In
this case eqn. (7) will be changed to:

AM . 1 ffxseIM 1 fl(x),
®)

where( F’ ')is other an mathematical operation which could be of any
type whatsoever [e.g.,addition,convolution, multiplication, ...... , etc ] and f '(Xi) 1S
nothing but g (x;j). In this case, eqn. (8) may then, be rewritten as:-

)
Wheme = N; M ;F'=Gandg(ki)=f'(xi).
(10)

The quantg|8 N ¢ is called “ scaled G — operational RYAD “ operating on
the second function g ( x; ). The fundamental theory of RYADs states, that the “
RY ADic transformation of effect coordinates is invariant “; i.e.,

A M . ] f'(xB=IN . ,]g(x)=invariant,
(1)
Equation (11) is called “ fundamental RY ADic equation ““. This equation finds

a very wide variety of applications. The following topics apply this fundamental
equation in the fields of vector analysis and electromagnetic.



First Application (A )
“ RYADic approach in Vector Analysis “
*“ Basic operations on (between) vectors using the RYADic approach «

Let A=ayi+ayj+azk . B=hi+hyj+hzk (123
i _ i
Or (-'Ell da ds _1 B= ( 1II1 bg 1II3 _ (13}
{_J )Lc
It can he rewritten also as:-
— a1 _ _ |
A=(1 ] k) [32] . B=(1i ] k)b . (14
az bz
Then _
_ i R Y
AaB=(a a aj_J o (i j k)|b| =
Lk Jhs
1ol io ok by
=(a a a)] joi joj jok {bﬂ (15)
koi koj kol b
]34 _
AcB =( k3 o Chy by by g =
k
d; o hl a0 hg a0 1:I3 :1;
dz o 1II1 dz0 tlg dz o b _J (lﬁ:l
dz o h]_ dz o tlg dz o h k

Iwlore generally,



Ll 1a

o dj o hl =N (] hg =N [u] 1ZI3
(i ] k

[1
J
k

== da o h] dano tlg da o [ [:lﬁ:l
azo by azo by azso b
Ivlore gmﬁ:ra]lj.r, o L
o dy o 1:I1 ayo hg dy o [ 1ol _i,':'_j _i_l:l_k
B = azo by ago by a3 o 1:% [_l_; Joj  jok
dz o 1:I1 dz o hg El3|:l1il lgg kl:lj kok
[a;0b; Ao by aoh 101_ Enj :in:k
= azo by ago ha Az o 1:% ] ll:{ joj ok (1n
aso by aso by azo b lﬁgl lgg] 155;!“1{
_OR__ _ _ -
AoB=(ab)(ioi)+ (ab)liof)+ (abli(Tok)+ (abl) (Goi)
+laxbyjo))+ (abp(jok)+ (abliCkr)+ (abli(koy)
+ (az b))kl (1&)
Exampies:-
A—Leto — . [ dot scalar product of two vectors ] , then
foi — i.i=1 iej—-1.=0 ok~ i k=10;
joi—j.i=0 : joj=ij=1 . jok—j k=0;
koji—k 1=0 koj—k =0 kok— k k=1
(193
1111.15_ a] tll a] tlg ds 1:I3 1 1] 1]
ADB= da hl da hg da tl3 u} 1] 1 ol =
33131 8.3133 a3 ]:I3 1] 1] 1
= arhy + agby + azby  as expected . (207
B-Leto — x [ cross( wector ) product of two wectors ], then
ioi—_ixi=0 ; dej—ij=k ; iok— ixk=-j;
joil—jxi="k ; loj—=i7i=0_; jok— jxk=i ;
knl* kxi=1 kaoj— kxj=-i kok— kxk=n0o; (21
Thus a; by a; b a; bz 0 k - ]
AoB= dz hl da hg da ]:I3 u] _1{ E_ L S
_ 33131 33133 dz 1ZI3 1 L _I:I
='(Elgh3:l El3hg:I+JI:E13tI1 31h3}+k(alhg—agh1}—
i i k
= a a; az as expected . (2
by hy by

— O O

W
]

_ Ell2 d147 4 az 1 0
cC-A A {agal a2 Elgﬂg] .1 1

4z d) 4z 4z 332 1] I



=ap® + 3% + 3 | _,{5. T = A2 asexpected. (23

a1 ayay apas

d-A A Saza a? apa
2[33 d1 93 3z _33:"_] _
s{mm-mylitilwa-aga)+k(an-ua)=

e PP IS |

k
[i
!

=0+ 0+ 0=o0 asexpected. (243
e—Given A=(a;,a;,a); B=(h,hy, by, C=(ep,cy,cs)then-
ABC]= ABxC= (25
o , ™
a hicy a; by o a; bz .
a by a3 by o1 a bz .
az by az by oy az bz 0y
a; bica a; by s a; by
= ag hlllg da bg C3 da h3 Ca 0 =




az hicy az by oz az by oy

[31 1II1I23 a1 hg C3 ‘ a1 1II3 Eg}
ag s a3 by o3 az bz 3
az hycs az by 3 az bz o3
- L L -, )]
oSN s U e e
{J—'LXL LJ—."L‘ L'IE"-L}
kojxi | kojxi k. kxiy
Lixg | 10 ‘ akj
— 0 joixi joixi jokxj ]
koixj k. jx) ko kxg L
L ixk ‘:wls 4--kx-1j
Lixk | 1 ixk | jkxk
L k.ixk k. jxk k. lexk) |
or
B x C=[:Elgh3—33hgjlC1+(El3h1—a1h3:lEg+l:alhg—agh1:l Cz. I:ET}
a1 E dz
but | by b hs =ayhycz—ay by ca—ay bicz+ a3 by oy + a8z oy —az ba oy
0y Gz Gz | =imbi-smbyio+(mb-arbida+tiaby-ab)os (25
Therefore: - a as i

;_‘E';TEI KT: = 1ZI1 hg 1:I3

C1 Ca C3

as expected (2

a2

It can be, also, proved that £xB, C=4A BxzC=[A B

] by eszactly the same
manner explained above,

f — IMore generally 1
given A =1 a Ay 83 ... = i ; (30
k
_ il _ 1] @y
B=(by by bz ... yd|if:C=(c1 ca tzofn) ]
Lk k
_ i
D=(d R S ; = R then
k




iiil..
didd--

lu;,.
S et
lﬂji.”
iL@ﬁ“
18-
kil

—
a] 1:I1I31 Eil .

dz h1I31 |:11 .
dz 1II1I31 Eil .

al hltg Eil .

f=h} hllig Eil .
ds hlﬂg |:11 .
d] 1II1I33 Eil .
da 1:I1I33 Eil .
ds, 1:I1I23 Ijl .

it
11
ERIA
lﬂj;_.
ik

Bk

Ellhg (] Eil .
dz hg 4] dl .
dz hg (05 ] dl .
d] hg Ca dl .
t=h} hg Ca dl .
s hg Ca dl .
d] hg Cx dl .
da hg Cx dl .
ds hg Cs I:il .

heco b
L J]
Lok

--lLlL--
kil
Liiky o
_]Lk]._
Lkiky o

=4 hltl Ijg .
da h1I31 dg .
dz h1I31 dg .
a3 tlllig Iig .
da hllig Ijg .
=k hlllg dg .
d] h1I33 dg .
da h1E3 Ijg .
ds h1E3 dg .

1
gn}[j} ; = [ then
Iz
L L L L o ™y
Pi. ikdip-tiik.qjik o ikik
1idg . jkiy oo giikooqjik o gkik
Hij. ki Hik.  Kik. . Keik
SRR - SPRNE Y SRR A IR S92 4
Uil ikgloojigkoogjikojkjk.oop
CkjiL kR Rk EJLE_;HQQLE;.
;]k]“.aggj Ciikk _ﬁ.“rgﬁgm
iK1 (KE] .. jiEE ---_J_l_ kooikie.
kikj EEki Wkk Tkk.Ehkk..
-
a1 hllildg . d] hg Eldg . d] hg C1 Ijg A
dz ]:I1I31 dg =] 1II3 Eldg =] hg (] dg
dz 1ZI1I31I212 . dz h3 C1 Ijg . ds hg C1 dg
=5} tlllig Ijg . d] hg Ca Eig . d] tlg Ca Iig
da tlllig Iig =] tl3 Ca Eig . dg hg Ca Ijg
a3 tllllg dg . dz 1II3 Ca dg . dz hg Ca dg
d] 1ZI1I33 dg .dl tlg C3 dg .dl hg Cx dg
da h1E3 Iig . da tl3 Cs Eig . da hg C3 Ijg
ds h1E3 dg = tl3 Cs dg = hg C3 dg
a] hltldg . d] hg 4] Ijg . d] hg C1 o5 .
da tl1I3]_ d3 . da hg C1 d3 =] 1II3 (] .‘13
as tl1I31 d3 . dz hg [55] d3 =k 1II3 C1 .‘13
al hltg I:i3 . d] tlg Ca Ij3 . d] 1:I3 Ca d3
da hltg Ijg . |3 hg Ca Ii3 =] tl3 Ca 313
dz hltg d3 . dz hg Ca d3 . dz 1II3 Ca .‘13
d] h1I33 d3 .al hj C3 Ij3 . dl 1ZI3 C3 d3
da h1I33 Ii3 . da tlg C3 Iig . da tl3 Cs 313
az h1I33 Ij3 . dz hg C3 Iig . dz tl3 Ei’h
(32-b)
A = d =, 8 =
2 Ea!ﬁg a},+E§§,thm (33)
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2 Y io] 1ok
a}{ h') 'l
Toh=| 2 0| jei joj jok
y
& kol koj kot
Jz
. v L.
B By ¥ Tol i0] 1ok
e dJ J v
| Dy el Toi 1] 1ok (34
d d d o N
Iy Dby g i0i ioj iok
bd Jz az A *
b - L -
Exomuples:-
A-1f o — =, then (35
(o8 | (1 g o)
3 b e
7 B = % By By o o1 0 | =
3y dy oy
Wb Oy O o0 1
&= X x| L )
= Oy g Oy e Diwvergence of A [ scalar (367
X Ay &

B-If o—e =, then- (37




5

Dby by O AR
A% e 3x
VA= Hu by O 0 k i i | =
& Iy & T
iy Pl Sy i 4 o
T P ) § : i
= (e By T e ey g My Ohw
(33: = }“(ax az}+k(ax ay}' (38
ij ok
a 3 3 | _T.88, O, . <.88; Bhy ., T, 0% A
but, = & o | "IGE-) TGRSR G A
By Loy b (39
ik
Thus ¥V x A= % % ;z_ as expected (40
Ay A A
C—Let A=ty fy+ A B+ S8,  and suppose that
_r"“u_ _ _r"ﬁ_ _ ™ .
(a3 ) = Cax.a)=0 (& .3)=0
_r"“'u_ _ _r"‘u_ . _r"‘u_ _
(ay,3)=0 - (8y,8,)=0
_r”‘n_ _ _r"‘u_ . _r"‘n _
(8z. 3% )= (8,87 = ; (8,8 ) =8 ,then (41}
( an, 3k . | (= )
Bz S e o0 0
Vb= B Iy = S ) o
3y dy dy
e %, e R



~agdagi ey (42)

Ifdy =t =fa=4A . then (45

ﬁ,:,ﬁ:%g{+%%+?_§€;—ugradimt(vectnrquantitjr} = Wy
=T 4

A s I:Elllﬁ:d the wector equivalent of the scalar &

D —1If o—=, then

N 9 2
o 3y 2
g 1 [+ o 0
o
= = J
V.V = =— 0 1 0 =
33; u]
£ o0 1
dz L J
=32 + E + 2 =71 ( Laplacian opeator 3 (453
B2 A R
APPENDIX
Operator vector, M=N =F
Input vector __E System B Output
S Vector
A D

Final Results and Conclusions
1-The new concept of > RYAD’is introduced, illustrated and interpretated.
2- The fundamental basis of “RYADIC theory  is stated as
followes;”’ RYADIC equations [Laws] are invariant under RYADIC transformation
of effect coordinates’’.

3-An application of the RYADIC concept is illustrated. This application is from
the field of vector analysis .
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