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Abstract

This paper is dedicated to study the algebraic properties and substructures that are related to the symbolic 18 and
19 plithogenic square matrices, where we present many different theorems and examples to clarify the
computation of symbolic 18 and 19 plithogenic determinants, and finding 18-plithogenic and 19-plithogenic
eigenvalues and eigenvectors. On the other hand, we provide algorithms for computing the inverses of symbolic
18-plithogenic and 19-plithogenic matrices with necessary and sufficient conditions for the orthogonality of
those matrices.

Keywords: symbolic 18-plithogenic matrix; symbolic 19-plithogenic matrix; eigenvalue; eigenvector;
orthogonal matrix

1. Introduction

The study of plithogenic sets began as a generalization of both fuzzy and neutrosophic sets in [2], where these
sets were used in the construction of extended algebraic constructions of classical algebraic structures, where we
see a direct use of plithogenic sets in in the expansion of matrices [8,19], vector spaces and modules [3-5], and
even integers [6, 17-18].

The study of matrices is fundamental in mathematics in general because of its wide applications, where many
researchers around the world have studied them in detail, in terms of finding methods, values and associated
eigen-spaces, and also applied in solving equations and ring theory [1, 12-16, 19-25].

Plithogenic matrices of different ranks from the second to the seventeenth rank [7,9, 10-11, 27-28] were studied,
where the researchers determined effective algorithms for calculating the determinants of these matrices and
their special values, in addition to their orthogonal conditions.

This is what prompted us to follow up the previous efforts and generalize the results to include the plithogenic
matrices of the eighteenth and nineteenth ranks, where we were able to find relationships that allow calculating
the scales of these matrices and their natural forces, in addition to calculating the special vectors and their special
values.

The necessary and sufficient conditions have also been defined for these matrices to be orthogonal.

2. Main Discussion

Definition:

The square 18-plithogenic matrix is defined:

T =10+ X218, TP, ; (T)nxn IS square matrix of real entries.
Example.

Consider the symbolic 18-plithogenic matrix:
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-6 -9 1 12 123 -1 —-96 -8 38 65 -5 -5
A; ( 11 56) * 5657 31) P ;2( 12 31)P Jlr (1%9 —16)8P3 +1(116 314)2134 +4(1—5 —2) Ps +
(3 2)P6 (" 9 8)P7 (65 —411)138 X (Z 1 9}2&0 ;’1(7 5 )ﬁlJ’(lz —8)1;12 1’9
( _ )P13 ( 21 — )P14+(2 _8)P15 +(32 _8)P16+(2 —8)P17+(—1 0)P18-
Def|n|t|on
Let T = 7o + 212, 7;P; be a symbolic 18-plithogenic matrix of size n x n, hence:
dett = det(ty) + [det(X}_o7;) — det(t)]P; + [det(Xi- 7;) — det(Ti—o 7)]P, + [det(Xi_o 7)) —
det(X2,1)1P;s + [det(Xi, 1)) — det(Xi, t)]P, + [det(Z T; ) det(X} ()'[L)]P5 [det(Z T;) —
det(Zl oTi)|Ps + [det(Z oT ) — det(Xf_ 7)]P; + [det(X? oT) det(X’, oT D]Pg + [det(X7 oTJ
det(X?_,7;)]1Ps + [det(Xi 7;) — det(Xi_y 1)]P1o + [det(Tido 7)) — det(X {2 t)1Pry + [det(TiZ, 7)) —
det(X}, OTl)]Plz [dEt(Z OTL) det(X} OT)]P13 + [det(TiZo ) — dEt(Z oT)]P14 [det(Zl oTL) -
det(Xi2, 1) |Pis + [det(TiS, 7)) — det(Ti2,7:) | P + [det(TiZy7;) — det(X1E 7)]Pi, + [det(Tiy 1) —
det(zg'zo Ti)]P18'
Theorem
Let T = 7o + 212, 7;P; be a symbolic 18-plithogenic matrix of size n x n, hence:
1. tisinvertible if and only if det T is an invertible symbolic 18-plithogenic real number.
2. Tl =1+ [Cle) T o P +H G ) T - G oT)_l]Pz [ t)™ =
(zl 0T) 1P + [(2 )T = o) R+ (L) - Tl t) Y P+ [y T -
Soti) | Pot (e 7)™ = (B )Py + (B 7)™ = (Vo) 1Ps + (B 1) ™" -
(ZS 0T) 1Py + [(Z 1) = o) TP + (B 1) = i) TPy + [T ) T —
(Zz OTI.) 1]P12 + [(Z 1T) - (Z OT) ]P13 + [(Z S1T)” - (Z— T') 1Py + [(Zi—ﬂ")

TH ) Pis + [E18 1) = (BEew) | Pre + (B4 7)™ = (BE& 1) P, + (B8 7)™ -
(Zl OTI.) 1]P18
Proof
1). Lett = 1, + 218, 7;P;, then  is invertible if and only if there exists I = I, + Y18, I; P; such that:
T X I = Upyq, hence:
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Tolop = Unxn
r

r
;1<r<18
ZTiZIiZUnxn

i=0 i=0
Hence det(Z —0T;) # 0forall 1 <r < 18, so that det(z) is invertible in 18 — SP;.
2). 370l = Qg 1) Mor 1 < r < 18, therefor
T_l_T 1+[(ZL oT) =1 P + [(Z OT) ! (Zl oT) Py + [(Z _0Ti) ! — (Z ~oTi) '1Ps +

[(Bhem) ™ = Blot) P+ |(Bh0t) = Chot) ™| P+ |Beot) ™ = (Tiot) | P+
[(Z oT) = o) P, + (B of) ! (Z ()T) 1P + [(X7 of) = o) P +

[(XizoTd)” 1—(2 )7 Pyo + [(Zl OTL) 1—(2 )Py + [(Zz oTL) ! (leofz) Py, +
6> OTl) 1—(2 OTI.) HPys+ [(Z OTL) 1—(2 oTL) P+ [(Z ) _(Zl oTz) 1] Py5 +

[(Zi:o )7 - (Zi=o Ti) ]P16 + [Ciot) ™~ (Zi:o )7 Py; + [(Z 0T — X)) Pis.

Definition.
Let £ = g, + Y18, &P, be a symbolic 18-plithogenic real number and 7 = 7, + X.}8, 7;P; be a symbolic 18-
plithogenic square real matrix, then ¢ is called symbolic 18-plithogenic eigen value if and only if 7X = £X.
X is called symbolic 18-plithogenic eigenvector.
Theorem:
Let e =gy + X7 1glPl € 18 — SPy, X = X, + X128, X;P; be a symbolic 18-plithogenic vector, then ¢ is eigen
value oft =15+ 318, 7;P; with X as the corresponding eigen vector if and only if:
!_, & is eigen value of Zl o T With X27_, X; as eigen vector with 0 < j < 18.
Proof:
Itis clear that r is an eigen value of T with X as an eigen vector if and only if:

7.X = €. X, which is equivalent to:
TOXO = 50X0

j
1<j<18
znzx >y
i=0 i=0

WhICh |s equwalent to:
Y!_, & isan eigen value of ¥./_, 7; with ¥/_, X; as an eigen vector forall 1 < j < 18.

Theorem:

h=1"+ P (
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=
|
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| \i=1 i=0 | \i
[ /14 n 13 [ 1
Py3 + ( Ti) _< Ti) P, + (
| | \i=1 i=0 | \i
15 n] [ 17 16 [
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Theorem:

Let T = 7o + 212, 7;P; be a square 18-plithogenic invertible real matrix, then:
1). det(z™1) = (det7)?
2). dettt = dett
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3). det(r.Y) = dett.detY;Y =Y, + Y18, V;P;.
Proof:
1). dett™t = det(t," 1) + P [det (X}, 1) — det(ry™ )] + [det(T, 1)t — det (X} o‘rl)_ 1P,

[det(Ei-17) ™" — det(Tio 7)) 7H1Ps + [det Tz, 7)™ — det (T ) 7HP + [det(Zf’ i)

det(Tiot)"” ]Ps |det (22,7t — det(Z507:) | Pe + [det(Tiy 7)™ — det(Ro 1) HIP, +
[det(X, 7)™ — det (Y], or) YPg + [det (-, 7)™ — det (B, 1) 1Py + [det (12, 1) ™" —
det(X7_o 1) HPyo + [det(Ti2 )7t — det (T2, )‘1]P11+[det(23£11)1 det(Xi2ot) 7Py, +

[det (T, 7)™ — det (T2, 1) M Pys + [det (BH, 1) — det(Ri 1) 1Py, + [det (81, 7,) -

det(Xi 7)) ]P15 [det(zl L) = det (T, ) | Prg + [det (T, 1) 7 — det (SIS, 7)1 Py +
[dEt(Zl 1TL) det(Z ZoTi)” 1Pg = (dett)™".

.ttt =1t +1,PP + TZtPZ + T3tP3 + 1,tP, + TstPS + 16 Py + T, P, + Tt Py + T Py + 719 Pyg + 7115 P11 +
T2 Pip + T13' Py + 114 Pra + 745 Pis + Ty Pig + T17 Pyy + 715 Prg.

dettt = det(to") + [det(Xi, 7;%) — det(1,)]P; + [det (X, 1Y) — det(Ti—o 7. 1P, + [det (T3, 7,5) —
det (X2, t;)P; + [det (Xl i) — det (X3, 7,9)]P, + [det(Zl O‘rlf) det (X1 Orlt)]Ps + [det(zlzo ;%) —
det (Zl Orlt)]PG + [det(Tl_o1:%) — det (Xo_,7,9)]P; + [det(TE,1;%) — det (X7_oT:)]Ps +

[det (X, ;") — det (& OTlt)]Pg
det (12, 1;)1Py; + [det(XiZ, 7;") —
[det(Zl OTI.t) —det (Zl Oth)]P14

[det (X1 1,5 — det (X t:)]Pyo + [det (T, tit) —
det (X12,7;91P1, +

[det(Zz OTlt) det (312 OTlt)]P15 [det(Zl Tt —

[det(Zl OTlt) —det (Zl OTlt)]P13 +

det( i= OTLt)]PIG-I_ [det(XiZy 1Y) — det (Xi )Py +

[det(Z18, ;) — det (X1, 1:")]Pg = det(zy) +

[det(Xi=o ;) — det(ty)]P, + [det(Xi=o 7)) — det(Xioo 7)1P; + [det(Xi, 7;) — det(Xio, 7;)1Ps +
[det(Tio i) — det(Xi_o T)1Py + [det(Ti_o ;) — det(Xi—o 7)) |Ps + [det(Te_o 7)) — det(Ti_o 7)) ]Ps +
[det(X7-o 1) — det(Xi-o T)1P; + [det(TL o 7;) — det(X_o 7;)1Ps + [det(X? oTi) det(Xf_, 7,)]Ps +
[det(Xi27;) — det(Zg 0 Ti )Py + [det(i‘.“o 7)) — dEt(ZlooT )Py + [det(TiZ, 1) — det(znof )Py, +
2,7)]P13 + [det(X},
]

[det(Ei3,7;) — det(X} 207 — det(T2,t)]1Ps + [det( 50T ) det(Ci2, 7 )]P15
[4et (512 1) — det(512 7)]Pre + [det(EHZo ) — det(X1% 1)]Pyy + [det(5i ) — det(RiZy 7Py =
detrt.
3). we have:
T.Y = 15¥ + Xl TlZl oY TOYO]P1 +[Xon oY — Xl OTlZl oYiIP, + [Xiot:i 2o Vi —
0T Ximo Yi1Ps + [T 0'[1 oY — XisoTi Xiso P4+[Zz OTz oY = Mot Xt oy]Ps
[Z?:OTiZ?:OYi_ZiSOTL ]P6+[Z7OTLZL OY 26 oTi Y]P7+[ZBOTLZL 0
1 OTI. OY]P8+[ i= OTl Y Zl OTlZB ] [Zl OTI.Z Zl OTl YI.]P10+
[Zz OTl Y Zl 0Ti Y]P11 [ 1071 Y Zl 0Ti Y]P12 [ onL zlsoy
l OTz Yi1Py5 + [Zz 0'[1 Y Zl 0Ti Y P14+[Zl oTl Y Zl 0Ti Y]Pls
[Zl oTL Y Zz oTLlesoY]P16+[Zl OTl oY Zl OTLZ Y]P17+[Zl oTi ngoY
l OTL Y]Pls
det(r. Y) = det(t,Yp) + [det(Cioo A Z oY) — det(AoYo)]P1 [det(T2o A Y, Y) —

det(X1- OTiZz oYDIP, + [det (X3t Y2, Y) — det G2, T; Y)]P3 + [det(Z" oTi Y)
det(Xi ot X3, Y)IP, + [det(zl 0T Zl OY) det (X, Y)]Ps + [det(Zl oTi =0 Y1) —

det (T30 Y)]P6 + [det(El_o i X1 Yy) — det (X1 X5, YDIP, + [det(Z8 OTLZL oY) —

det (Zz 0 T; Y)]PS [det(Zl 0 T; 29 Y) det (Zz 0 T; 28 Y)]P9 [det( O Tl ZLlO Y) -

det (X7~ OTLZL OY)]P10 [det(Zl OTL 2o, — det (Zl OTL 20 YD1Py, + [det(Zl 0Ti iz Y1) —

det Xio; Y)]P12 [det (X123, 7 X120 V) — det (X207 D12, Y)1Piz + [det (X2, D12, V) —

det (ZL OTl Y)1P, + [det(zl Orl Y) det Xt Y)]Pls + [det(zl OTL 5 YY) —
det ( 20T C )]PIG [det(XiZo; XiZo Y,) — det (Xi27: Xi2o C)1P17 + [det (RS, 1; 21180 Y) —
det 12,1 XM C)IP; = det(ro)det(CO) + [det(Z ‘L'l-).det(zi:o Yl-) det(‘r).det(Zi=1 i—1)]Pi =

det(r)det(Y) 1 <j<18

Definition.

Let T =1y + Y18, 7, P; be a symbolic 18-plithogenic real square matrix, then:
7 is called orthogonal if and only if ¢ = 771,

Theorem:

T is orthogonal if and only if Z{:o 7;; 0 <j < 18 are orthogonal.

12
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Proof

tt =771, hence:

To +ZL 1T1tPL_T0_1+[(Z =0T~ 1_To 1]P1 [(Z OT) 1_(21 0T P, + [(Z _oTi) ! —
R0 Py + [Tl m) ™ = Bom) P + [(Thot) T — Chot) ™ Ps + [Eeom) ™ -
5507) | Pe+ (B0 1) ™ = (B 1) 1]P7 ()™ = Gl 1P + (o)™ -
(o) 1P + (B2 )™ = (o)™ 1Pro + (B0 7)™ = Ty 1Py £ (277 -
) 1Prs + [0 7)1 — (5270 1Pyt [ 7)1 — (012 1) |Pog [(zi:on)
EHor) ™ Pis + [@E )7 = (B0 1) 7 | Pro + (B )™ = B )Py + [(BE 7)™ -
(XiZo 7)) 1Pyg, thus:

13
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This implies that:
7ot =1o7"

le o = (T ofl)
ot (Zz ofl)_
ot (Zz ofl)
ot (Zz ofl)
o Tif (Zz ofl)_
ot (Zz ofl)
ot (Zz ofl)
ot (Zl OT)_1
=0 Ti" (Z; OTI.) )

PSS —( i:o'fi)_1
20Tt = (Zilzlo'f)_l

Y%t ( ilzzofi)_l
i:oTi = (Zilzsofi)_l
Tt = (SHr)
11501': = (2150'51)_1
Y%t = (T 071)_
Yot = (T 071)_
Y%t = (T 071)_

1

1

Definition:

The square 19-plithogenic matrix is defined:

T =Ty + Xi2, TiP; ; (T)nxn is square matrix of real entries.
Example.

Consider the symbolic 19-plithogenic matrix:

A (—6 —9)+(1 12)P1+(123 —1)P +(—96 —8)P3+(38 65)P4+(:5 :5)P5+

5 11 56 1657 31 » 1121 31 ) 1%9 —168 _1116 3142 _415 2

(3 2) (9 8)P7+(65 —1)P8+(1 o)P1°+(7 5)P11+(2 —8)P12+

(3 Tora+(s Z)rut (B T)Rs+(y ) Re+ (Y T)Pe+ (T )P+
(422 —481) P,

Definition.

Let T = 7o + X712, T;P; be a symbolic 19-plithogenic matrix of size n X n, hence:
dett = det(zy) + [det(X}, 7;) — det(t)]P;, + [det(X2, ;) — det(Eio, T)]P, + [det(Ti, 1) —
det(X2,1)1Ps + [det(Xi, 1)) — det(Xi, t)]P, + [det(Z T; ) det(Elo T )]PS + [det(Z T;) —
det(Xi=o 7:)|Ps + [det(R]_o 7;) — det(Xf_o 7:)]P; + [det(XF =T ) — det(X/. =i )]Ps + [det(X? oTl)
det(Z OT )Py + [det(Z 0 7)) — det(Z OT )]Pio + [det(Z 0Ti) — det(Z oT D]1P; + [det(Z OTI.) -
det(X2,1)1P1, + [det(X13, 1) — det(X 12, t:)1Pi5 + [det(Ti2, 7;) — det(X O‘L' )Pis + [det(ZL OTL) -
det(E12, T )]P15 + [det(Z 0Ti) — det(Z T; )]P16 [det(TH, 1) — det(X}e, TPy, + [det(Xie, T) —
det(ZlfoT )]Pig + [det(Zli’o 7)) — det(Z =0 Ti)]P1o.
Theorem
Let T = 7o + X712, 7;P; be a symbolic 19-plithogenic matrix of size n X n, hence:
1. tisinvertible if and only if det  is an invertible symbolic 19-plithogenic real number.
2. T =1+ [Qlet) T o P+ [Ehet) T - B or) P+ [(BEim) ™ =
CEot) Py + [y )™ = Bom) ™R + [(TEa 1) = Chot) ™ Ps + [y )™ -
(Ziom) ]Ps +[QEL )™ - Clot) TP H G )T - Cloot) TP + [ T) ! —
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Ciot) P + [ 1T) = (o0 t) Py + [C2i )™ = G t) P + (B2 1) 7 =
(ZL OTL) P, + [( 1T) ! (Z )7 Pz + [(Z 1T t— (Z— 1) Py + [(Zi:l
4 7) 7 Pis + [(BE8 )7 = (B0 w) | Pro + [EH 1) = (BE 1) MR + [(BE 1) -
(Z OTL) Pyg + [(Z )7t - (Z 20 T) " Pro.
Proof
1). Lett = 14 + 212, 7;P;, then  is invertible if and only if there exists I = I, + Y12, I; P; such that:
T X I = Uyyq, hence:
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= Unxn

Tolo

g S S S S S S S S S S S S S S S S S

On _ __ Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
I ~ -~ - -~ - -~ -~ o ~ o ~ o ~ o ~ o ~ o ~ o ~ o ~ o ~ o ~ o
< 32__4 Tl AT AT~ AT = AT = AT 2 AT AT AT 2 AT 2 AT 2 AT 2 AT S AT 2 AT

& & S R & e e e @
L 32__4 T AT e LA]T - AT = AT = AT 2 AT 2 AT 2 AT 2 AT 2 AT 2 AT 2 AT S AT 2 AT

= | | | _ _ | | | | | | | | | |

Z A .I...L ~ ~ ~ -~ -~ -~ ~ ~ ~ ~ ~ ~ ~
< RN EEIZN S 2N L AN __92__12 AT = AT 2 AT = AT 2 AT AT S AT 2 AT 2 AT

INE & & e @ e w e @ & ¢ e & w
RN IEIZN 2N L AN __92__IZ__1252.;mz.iz.izhmzhuz.pmz.pwzh
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Tolop = Unxn
r

r
;1<r<19
ZTiZIiZUnxn

i=0 i=0
Hence det(Z —0Ty) #= 0forall 1 <r <19, so that det(z) is invertible in 19 — SP;.
2). 310 = Qg1 Mor 1 < r < 19, therefor

T‘l—f 1+[(ZL 0T = To P + [(XF oT) T= Cloot) P+ [Eet) ™ - Gl ) TP +
[(Bhem) ™ = Blot) P+ |(Bh0t) = Chot) ™| P+ |Beot) ™ = (Tiot) | P+
[(Z oT) = o) P, + (B of) ! (Z ()T) 1P + [(X7 of) = o) P +

[(XizoTd)” 1—(2 )7 Pyo + [(Zl OTL) 1—(2 )Py + [(Zz oTL) ! (leofz) Py, +
6> OTl) 1—(2 OTI.) HPys+ [(Z OTL) 1—(2 oTL) P+ [(Z ) _(Zl oTz) 1] Py5 +

[(Z 0T — (Zi=o Ti) ]P16 + [Cet) ™ = Qi) Py + [CiE )™ — Qo) Pis +

[(EiZo)™ — CiZo ) 1Pro.

Definition.

Let € = g, + Y12, &P; be a symbolic 19-plithogenic real number and 7 = 7, + 2.2, 7;P; be a symbolic 19-

plithogenic square real matrix, then ¢ is called symbolic 18-plithogenic eigen value if and only if 7X = £X.

X is called symbolic 19-plithogenic eigenvector.
Theorem:

Let e =gy + 272 1eLP €19 —SPy, X = X, + 212, X;P; be a symbolic 19-plithogenic vector, then ¢ is eigen

value oft =15+ 32, 7;P; with X as the corresponding eigen vector if and only if:
!_, & is eigen value of Zl o T With X27_, X; as eigen vector with 0 < j < 19.

Proof:

Itis clear that r is an eigen value of T with X as an eigen vector if and only if:

7.X = €. X, which is equivalent to:
TOXO = 50X0

j
1<j<19
znzx >y
i=0 i=0

WhICh |s equwalent to:
Z{ o & is an eigen value of Zl o T With X)/_ X; as an eigen vector forall 1 < j < 19.

Theorem:

™ =1,"+ P (

Nl
\i‘/
|

S

S

+
—
M1~
\i/

|
S
Ing

i

N

+
—
M
i/

|
M
M1~
\:‘/

oo

i=0 i=0 i=0 i=0 i=0

[ 4 n 3 n 5 n 4 n [ 6 n
+ (Z ‘rl> - (Z ‘rl> P, + (Z ‘ri) - (Z ‘L'l-> Ps + (Z Tl-)

i=0 i=0 i=1 i=0 i=1

- 7 n 6 n: -y 8 n 7 n: l 9 n
+ ( Ti> - ( Ti> P7 + (Z Ti) - ( Ti) P8 + (Z Ti)

| \i=1 i=0 | | \i=1 i=0 | | \i=1

[, 10 n 9 n [ 11 n 10 n [, 12 n
+ ( Ti) - ( Ti) P10 + ( Ti) - ( Ti) P11 + ( Ti) -

| \i=1 i=0 ] | \i=1 i=0 | | \i=1

[, 13 n 12 n] [/ 14 n 13 n [, 15 n
&) S () - e[

| \i=1 i=0 ] | \i=1 i=0 | [ \i

[/ 16 n 15 n] [ 17 n 16 n] [ n

| \i=1 i=0 | | \i=1 i=0 | | \i

[, 19 n 18 n]

| \i=1 i=0
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Theorem:
Let T = 7o + 212, T;P; be a square 19-plithogenic invertible real matrix, then:
1). det(z™1) = (det7)?
2). dettt = dett
3). det(r.Y) = dett.detY;Y =Y, + Y12, V;P;.
Proof:
1). dett™t = det(t,™Y) + P [det (X} 1)t — det(ty V)] + [det(E2 1)t — det (Xl 1) 1P, +
[det(Thoy 7)™ — det(Sgt) 1P + [det(Thoy 7)™ — det(So ) 1P, + [det (S, w) " -
det(Rto1)” ]Ps |det(3e 7)™t — det (850 7)) | Po + [det (ST, 1) ™" = det(SE. 1) 1P, +
[det(TP_, ) ™" — det(X]. ~oTi)" '1Pg + [det(Xi-y 7)) ™! — det (T, N 1P, [det(Z“’ )7 -
det(Z 0T~ Py + [dEt(Z 1T ! dEt(Z oTi D7HPy + [det( 1T ) ! det( oT )™ 1]Plz
[det (T2, 7)™ — det(312,7) 1Py + [det (R, 7)™ — det (813, 7) 1Py + [det(z-_ w)"
det(TH, r-)—i] Pys + [det(z (1) = det (T, ) | Prg + [det (T, 1) 7 — det(T16, 7)1 Py +
[det(Zz 1771) —det(X{Zy7) P + [det(Z 1T) 1 —det(Xi2, 1) Py = (dett) ™.
2.t =1  +1,'P + thPz + T3tP3 + T, Py + 15 Ps 4+ 16 Pg + 1" Py + 15 Py + To' Py + T4 Pyg + 711 Py +
T2 Py + 13t Pig + 114 Pra + 715 Pis + Ty6 Pig + T17 Pyy + T15°Pig + T19" Pio.
dettt = det(t,") + [det(Xl, 7;%) — det(1,)]P;, + [det (X, 1Y) — det(Ti—o 7.9 1P, + [det (T3, 7,5) —
det (52w )|P; + [det(Shgr,") — det(Nhor P, + [det(Nor?) — det (Nyr)]Ps + [det(Seog ) —
det (T3 Orlt)]PG + [det(X_,1;%) — det (Zl o TP, + [det (T8, 1;t) — det (X7_o7:")]Ps +
[det(07_ ") — det (g )Py + [det (L 7i*) = det (%o )IPrg + [det (LI Ti") —
det (12, 71;)]1P1; + [det(Xi2, 7;") — det (XiZo7,)1Pis + [det (X2, 1Y) — det (Xi2,7:)]Py3 +
[det(Z‘,”‘0 ;9 — det (313, ‘rlt)]PM [det(zls0 ‘L'Lt) det (312 Orlt)]Pls [det(2160 ;) —
det ( i= OTLt)]PIG + [det (T2, 1Y) — det (Xi%T:DIPy; + [det (X2, 7;") — det (B2, 7;9)]Pig +
[det(Xi2, ;") — det (Xi2,T:)]Pyo = det(ty) + [det(Xi_, 7;) — det(zo)]P; + [det(Ti—o ) —
det(Xioo )P, + [det(Ti, 7)) — det(XZ, t)]P; + [det(Tiy 7)) — det(Xi, t)]P, + [det(Z 0 T )
det(X Orl)]PS + [det(z‘,6 oTi) — det(Ti, T )]P6 [det(X7_o ;) — det(Xe_,7)]1P; + [det(Z8 0Ti) —
det(X]_o7;)]Pg + [det(X? oTl) det(%? =oTi D]1Ps + [det(X}2 T) det(X? OTL)]Plo [det(X, oTJ
det(X{27)1P; + [det(X;2 =0 ) — det(Z 0 TPz + [det(X i3, 7;) — det(Xj2 oT )Py3 + [dEt(Z 7)) —
det(X13,7)]Pia + [det( 20T ) det(T12, 1; )]P15 + [det( 50Ti) — det( S0 T )]P16 + [det(X}Z OTL) —
det(XiS1)1P17 + [det(Xi2, 7;) — det(X}Z, 7,)1Prg + [det(Zl 0T) — det(XiZ, 7,)]Pro = detr.
3). we have:
T-Y:T0Y0+[Zi1:07121 0 TOYO]P1 (X0t oY — Xl OTlZl oYiIP, + [Xiot:i 2o Vi —
Zl OTZZl 0 ] [ i= OTl Y Zl OTlZl 0 P4+[Zz OTL Y Zz Orlzl OY]PS
[Zl OTlZL OY Zl OTl ]P6+[Zl oTi Y Zz oTi Y]P7+[ZL OTEZI. 0

i= OTZZl=0 l] [ i= OTl Y Zl OTLZL 0 ] [Zl OTl Y ZL OTEZI. =0 ]P10
[Zl OTlZil=10Yi i= oflzllooY]Pn [Zl 0Ti OY ZL oTzZ Y]Plz [Zl:OTL =oy -

i= OTLZL OY]P13 [Zl OTL OY Zl OTlZl OY P14+[Zl 071215 Y 21140‘[121'1:0}71']P15+
[ 1 OTl S Y; — Zl 0Ti Y]P16+[Zl oTi 1170Y 20T 1S YilPyy + (X2, 1 X1 Vi —

iZoTi Yi1Ps + [Xi2 0'[1 20 Y — 220t XiZo Vil Pro. )
det(r. Y) = det(‘ro)det(CO) + [det(ZizO rl).det(Zizo YL) dett(r).det(Z{;l1 Yi—1)]Pz = det(t)det(Y);1 <
j <19,

Definition.

Let T =1ty + Y12, 7;P; be a symbolic 19-plithogenic real square matrix, then:

7 is called orthogonal if and only if ¢t = 771,

Theorem: .

7 is orthogonal if and only if ¥}J_;7;; 0 < j < 19 are orthogonal.

Proof

8 =171, hence:

To' + X2 TP = 1o +H (Bl )T — 1o P + [ oT) -l ™MP + [Chet) ™ —

(Cro ™) P + [(Eho )™ = Clo ) P+ [(Bhom) T — Clomd) ™| P + [ o)™ -

(Zo0t) ]Ps‘i' l=0T) T = Qo) TP + [Eot) ™ = (Bl t) TP + (X1 oTJ t—

o) Py + [(Zi=ofi) = (o0 t) Py + (e t) ™ = Ciet) P + [BiZp )™ =
19
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(Z 2ot) P + (BB t) ™ = G2 ) TP+ [Cidot) ™ — (Bi2o 1) Pt [(Zl OT)
TH0 ) Pis + [B1% 7)™ = (B w) | Prs + [Eem) ™ = 1) Py, + (B )™ -
(ZL Tot) NP + [E20t) ™ = X120 ) 1Py, thus:
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This implies that:
Tt =151

Yot = (Zhot)
ot (Zl OT)_1
ot (Zl OT)_1
=0Tt (Z OT)
=0 T (Zl OT)_1
ot (Z; OT)_1
=0Tt (Z OT)
ot (Z; OT)_1
?oTz (Z 071) '
YTt = (T2 071)
Lot = (T2 T)_l
Yot = (T2 071)_
Yot = (T2 071)_
Yidort = (T 071)_
2Tt = (22 071)_

STt = (21 7)

St = (2 p7)

gt ( i:o'fi)_1

Zz oTi —( 1'1207:1')_1
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