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Abstract

Plithogenic matrices are considered as advanced mathematical generalizations of classical square matrices. One
of the most research problems that is related to them is finding the eigen-values and vectors. This paper aims to
present an easy algorithm to find all eigen-values and eigen-vectors for 10 different symbolic square n-
plithogenic matrices with plithogenic real entries, where n is between 20 and 29. All algorithms are explained
through clear theorems and proofs.

Keywords: plithogenic matrix; plithogenic eigen-value; plithogenic eigen vector; neutrosophic matrix.

1. Introduction

The theory of neutrosophic logic and plithogenic sets was studied widely by many authors, especially those
applications that are related to algebra and algebraic structures [1-2].

In [20-23], we find many great efforts done by mathematicians to improve and to understand the algebraic
behaviors of these algebraic structures. These structures diverse in many categories such as commutative
structures [16-18], and non-commutative structures [3-4, 12-15].

The study of plithogenic matrices and their substructures began in [7], with many algebraic concepts such as
determinants and Invertibility of 2-plithogenic matrices. Recently, many authors keep generalizing results to
higher orders of plithogenic matrices. For example, 3-plithogenic and 4-plithogenic matrices were studied in
[8,26]. Also, very large orders were discussed in different works, see [10-11, 27-28].

This prompted us to close an interesting research gap by providing algorithms to compute eigen-values and
vectors of plithogenic matrices of finite orders between 20 and 29, which is considered as a continuation of the
efforts done previously to generalize results for extended classes of plithogenic matrices.

2. Main Discussion
Definition:
The square 20-plithogenic matrix is defined:
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R =Ko+ X222, R;P; ; (R nxn IS square matrix of real entries.
Definition.
Let & = Ry + Y22, R, P; be a symbolic 20-plithogenic matrix, we have:
detX = det(NO) + [det(T1, R;) — det(Ro)]P; + [det(X2, R — det(Xio, 8P, + [det(Ti_, X)) —
det(TZ, R)IP; + [det(Ti—, R;) — det(Ti_, R)IP, + [det(Tioo &) — det(Tio &)]|Ps + [det(Teo &) —
det(X7-o 8;)|Ps + [det(X7=, R;) — det(Xf_o R)IP; + [det(TE, R;) — det(Z —o R)]Pg + [det(Bi_o X)) —
det(Xi_o R)]Py + [det(R) — det(Z9 oK )]Pw + [det(TiZo R;) — det(Ti2 X, )]P11 + [det(Ti2,8;) —
det(Zil:lo R)IPi2 + [det( 0 R;) — det( 0 R)IPi5 + [dEt(Z R;) — dEt( o Ri)]Pis + [det( 2o X; ) -
det(%i2o R)|Pys + [det(Zl% ;) — det(leo R;)|Prs + [det(Z”o ;) — det(Zl% R)1P7 + [det(lei’o ;) —
det(XiZ, R)1Pyg + [det(X12,8;) — det(X 2, 8)Pyg + [det(T7% ;) — det(X 12, 8Pz
Definition
Let § = 6, + Y22, 5;P; be a 20-plithogenic real number and R = Ry + 322, R;P;; (R)nxn be a 20-plithogenic
square real matrix, then § is called 20-plithogenic eigenvalue if and only if XV= V.
V is called 20-plithogenic eigenvector.
Theorem:
Let § = & + Y20, 8;P; € 20 — SPg, V=V, + Y20, V;P; be a 20-plithogenic vector, then § is eigen value of X =
Ko + 220, X, P; with V as the corresponding eigen vector if and only if:

t_o 8, is eigen value of 3}f_, X; with Y¢_ V; as eigen vector with 0 < t < 20.

Proof:
6 is an eigen value of X with V as an eigen vector if;
NV= §V., thus:
NOVO_ 6OVO
t
Z ZV _z6lzvl 1<t<20
i=0 i=0

WhICh |s equwalent to:
£, 8; isan eigen value of ¥.f_ ®; with Y;{_, V; as an eigen vector for all 1 < ¢ < 20.
Definition:
The square 21-plithogenic matrix is defined:
R =Ko+ X221 R;P;; (R)nxn IS square matrix of real entries.

Definition.
Let & = Ry + 2L, R, P; be a symbolic 20-plithogenic matrix, we have:
det X = det(R,) + [det(T1., R;) — det(R)]P; + [det(XTZ, K,) — det(X 1, K)]IP, + [det(X3, K,) —
det(TE o 8)1P; + [det(Ti o &;) — det(Ti, 8)1P, + [det(Tio &;) — det(Tio &) |Ps + [det(Teo K;) —
det(32.o X,)]Ps + [det(XLo X,) ~ det(Lieo K]y + [det(DLo K,) — det(No R)IPy + [det(Rio X)) -
det(T2 o R;)]Py + [det(X) — det(X7_, R)]Pyo + [det(T i1, R;) — det(Ti2 8;)]Py; + [det(XiZyX;) —
det(Z“o R)1P, + [det(Xi3, R;) — det(Xi2, R)Pis + [det(TiZo X)) — det(ZBo KP4 + [det(leo K; ) -
det(ZiZo R)|Prs + [det(TiS, R;) — det(TiZ, 8;)|Prg + [det(TiZ, 8, — det(TiS, R)IPy, + [det(TiZo R)) —
det(X}Z8)1Pig + [det(Ri2, X;) — det(Xi2, X)) Py + [det(T% X)) — det(2320 R)]Pyo + [det(X7Ly R;) —
det(X72) 8;)]P;;.
Definition
Let § = &8, + Y22, 6;P; be a 21-plithogenic real number and X = R, + Y21, R;P;; (X;)xn be a 21-plithogenic
square real matrix, then § is called 21-plithogenic eigenvalue if and only if XV= §V.
V is called 21-plithogenic eigenvector.
Theorem:
Lets = 60 21 8;P; € 21 — SPy, V=V, + Y2, V,P; be a 21-plithogenic vector, then & is eigen value of X =
NO + Y21, X;P; with V as the corresponding elgen vector if and only if:

t_, 8; is eigen value of X:f_, X; with Y:f_, V; as eigen vector with 0 < t < 21.

Proof:
4 is an eigen value of X with V as an eigen vector if:
XV= §V., thus:
NOVO_ 80V0
t t t t
ZNLZVL- :Zainl’ lst=z1
i=0 i=0 i=0 i=0
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Which is equivalent to:
t_o 8, isan eigen value of Y.f_ X; with Y;{_, V; as an eigen vector forall 1 < ¢ < 21.
Definition:
The square 22-plithogenic matrix is defined:
R =Ry + Y22, R P;; (R;)xn IS square matrix of real entries.
Definition.
Let X = R, + Y22, R, P; be a symbolic 22-plithogenic matrix, we have:
detX = det(NO) + [det(Xloo ) — det(R)]P; + [det(T,R;) — det(Tio RDIP, + [det(T3,K;) —
det(X2, R)1P; + [det(TioR;) — det(T3_, R)IP, + [det(Z _o N; ) det(X, N; )]P5 [det(Z o N —
det(Ti_o 8;)|Ps + [det(T7-o X)) — det(TE_o RDIP; + [det(z o) — det(z _oR)Pg + [det(z o) —
det(Xi_o R)]Ps + [det(R) — det(X7_, N; )]Pw [det(XiZo 8;) — det(Ti2) X; )]P11 [det(XiZ, ®;) —
det(Zl: R)IPi2 + [det(Z =0 N ) det(Z 0 R)IPi5 + [dEt(Z R;) — dEt(Z o Ri)]Pi4 + [det(Z o N; ) -
det(Ti, R)]Pys + [det (TS X, — det(TiZ, R;)|Pig + [det(TiZy R, — det(TiE, R)1Py; + [det(Ti% X)) —
det(ZilZO X;)]Pig + [det(Z =0 N ) det(Z ZoR)]Po + [dEt(Z —oNy) — det(Z 20 R)]Pyo + [det(Z ZoR;) —
det(X72) R)1Py; + [det(T72,X;) — det(T72, 8P,
Definition
Let § = 8, + Y22, 5;P; be a 22-plithogenic real number and R = Ry + 222, R;P; ; (R)nxn be a 22-plithogenic
square real matrix, then & is called 22-plithogenic eigenvalue if and only if XV= §V.
V is called 22-plithogenic eigenvector.
Theorem:
Let § = 8, + Y22, 6;P; € 22 — SPg, V=V, + Y2, V,P; be a 22-plithogenic vector, then & is eigen value of X =
Ro + Y22, X;P; with V as the corresponding eigen vector if and only if:
t_o 8, is eigen value of Y.f_, &; with Y¢_ V; as eigen vector with 0 < t < 22.
Proof:
6 is an eigen value of X with V as an eigen vector if;
XV= §V., thus:
RoVo= 50V0
t

t t

1<t<22
Yy m-yayn EE
i=0 =0 i=0

= i=0
Which is equivalent to:
£, 8; isan eigen value of ¥f_, ®; with f_  V; as an eigen vector forall 1 < t < 22.
Definition:
The square 23-plithogenic matrix is defined:
R =Ko + 223, R;P; ; (R nxn IS square matrix of real entries.
Definition.
Let & = Ry + Y23, R; P; be a symbolic 23-plithogenic matrix, we have:
detX = det(NO) + [det(Xlo 8y — det(R)]P; + [det(T2,R;) — det(Ti o RDIP, + [det(T3,K;) —
det(TE, 8)1P; + [det(Ti o &;) — det(Ti, 8)1P, + [det(Tio &;) — det(Tio &) |Ps + [det(Teo ;) —
det(2.o X,)]Ps + [det(XLo X,) ~ det(Lieo K], + [det(NLo R,) — det(No R)IPy + [det(Tio X)) -
det(EE.o R)IPy + [det(X) — det(ZLo N)IPro + [det(EiZ, Kp) — det(Zi% R)IPyy + [det(EiZ, ) ~
det(TH2, )Py, + [det(TE, ¥, ) det(X12, R)1P5 + [det(TH, &) — det( 0 8Py, + [det(TiE,8;) —
det(Z“o R)]Pys + [det(ZFo i det(ZzlEo R;)|Pr6 + [det(leZo R;) — det(Z R)1Py7 + [det(Zlgo )
det(%}, 0 R)]Pig + [det(Xi2) 8;) — det(XiZ%, 8;)]Pyo + [det(X72) ¥;) — det(Xi2) 8Py + [det(X71, R,) —
det(Z o X)]Pyy + [det(Z ZoN) — det(Z 2o RD]P, + [det(Z ZoN) — det(Z 0N 1Py
Definition
Let § = &, + Y22, 8;P; be a 23-plithogenic real number and R = Ry + 323, X;P; ; () nxn be a 23-plithogenic
square real matrix, then § is called 23-plithogenic eigenvalue if and only if XV= §V.
V is called 23-plithogenic eigenvector.
Theorem:
Let 8§ = & + Y23, 8;P; € 23 — SP, V=V, + Y23, V,P; be a 23-plithogenic vector, then § is eigen value of X =
Ro + 223, R, P; with V as the corresponding eigen vector if and only if:
t_o 8, is eigen value of Yf_, &; with Y¢_ V; as eigen vector with 0 < t < 23.
Proof:
4 is an eigen value of X with V as an eigen vector if:
XV= §V., thus:
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RoVo= 84V,
t t t t 1 23
;1<t<
Y n Yy
i=0 i=0 i=0 i=0

Which is equivalent to:

t_o 8, isan eigen value of ¥f_, ®; with Y¥_, V; as an eigen vector forall 1 < ¢ < 23.
Definition:
The square 24-plithogenic matrix is defined:
R =Ry + 222 R.P;; (R;)xn IS square matrix of real entries.
Definition.
Let R = R, + Y2, X, P; be a symbolic 24-plithogenic matrix, we have:
det X = det(R,) + [det(T 1o, R;) — det(R)]P; + [det(TZ, KR,) — det(X 1, X)]P, + [det(Xi, &) —
det(TZ o R)1P; + [det(Ti_o X)) — det(Ti_, R)DIP, + [det(Tioo 8;) — det(Tio 8)]|Ps + [det(To X;) —
det(Ti_o 8;)|Ps + [det(T7_o X)) — det(Te_o X)]P; + [det(Z o N — det(Z o NP + [det(Z o N —
det(%? =0 R)1Py + [det(X) — det(X7_, X; )]P10 [det(X12, &) — det(T{2X; )]P11 [det(Xi2, ;) —
det(Z o R)1Py, + [det(Xi3, X)) — det(X}2 0 R)IPi3 + [det(Z R;) — det(Z o R)]Pis + [det(Z 0 N, ) -
det(3}, 0 8)|Pis + [det(TiE, X)) — det(T1E, 8;)|Pre + [det(X1Z, R,) — det(X1E, R)IP; + [det(TiE, K,) —
det(%}Z =0 R;)]Pig + [dEt(Z 0N ) — det(Z =0 R)]Po + [det(Z oN ) — det(Z =0 R;)]Pyo + [det(Z =0 R;) —
det(X° =0 R)1P2y + [det(X72, R;) — det(X72, R)1Py, + [det(TE, X)) — det(X 72, X)) 1P,z + [det(XF2, 8;) —
det(X73,8,)]P,s.
Definition
Let § = 8, + Y22, 5;P; be a 24-plithogenic real number and R = Ry + 224 R P;; (R)nxn be a 24-plithogenic
square real matrix, then & is called 24-plithogenic eigenvalue if and only if XV= §V.
V is called 24-plithogenic eigenvector.
Theorem:
Let § = 8, + X2, 6,P; € 24 — SPy, V=V, + Y%, V,P; be a 24-plithogenic vector, then & is eigen value of X =
Ro + X2 R;P; with V as the corresponding eigen vector if and only if:

t_o 8, is eigen value of Y.f_, &; with ¥¢_ V; as eigen vector with 0 < t < 24.
Proof:
4 is an eigen value of X with V as an eigen vector if:
XV= §V., thus:

RoVo= 50V0

t t
sy n=Ya
i= i= i=0

Which is equivalent to:

Yt 8; is an eigen value of ¥¢_, R; with X:f_, V; as an eigen vector forall 1 < t < 24.

Definition:

The square 25-plithogenic matrix is defined:

K =Ry + 225 R;P;; (R)nxn IS Square matrix of real entries.

Definition.

Let X = X, + Y25, K;P; be a symbolic 25-plithogenic matrix, we have:

det X = det(R,) + [det(Z _oR;) — det(Ro)]P; + [det(TZ, &) — det(Xi, 8)]P, + [det(Xi, &) —
det(TZ, R)1P; + [det(Ti—, R,) — det(Ti_, R)IP, + [det(Tioo &) — det(Tio &) |Ps + [det(TEo &) —
det(%i—o ;)| Ps + [det(T7-o R) — det(Tf_, R)1P; + [det(Z8 o) — det(ZLo R)]Pg + [det(Ti—o X)) —
det(Xi_o RDIPy + [det(R) — det(X7_o 8;)]Pro + [det(XiZy X;) — det(Ti2 R)]Py; + [det(TiZ,R;) —
det(Z“o X, )]P12 [det(213o Ni) - det(Z“o N; )]P13 + [det(Z N; ) - det(ZBo Nl)]P14— + [det(Zzljo Ni) -
det(Xi2, X; )]P15 + [det(Z o Ri) — det(Z N; )]P16 + [det(XZ, R — det(XiEo X)IPy, + [det(XiE,®) —
det(leo R;)]Pyg + [det(Z N;) — det(Z R)]Po + [det(Z N;) — det(Z R;)]Pyo + [dEt(Zmo R;) —
det(X72) R)1Pyq + [det(T 72, X)) — det(T 7o R)IP,, + [det(X73,8,) — det(X72, 8,)1Py3 + [det(X72, R,) —
det(X23, R,)]Pyy + [olet(sz"0 &) — clet(zf“0 &) Pas.

Definition

Let § = &, + X2, §,P; be a 25-plithogenic real number and X = Ry + 225, R, P;; () nxn be a 25-plithogenic
square real matrix, then § is called 25-plithogenic eigenvalue if and only if XV= §V.

V is called 25-plithogenic eigenvector.

Theorem:

; 1<t<24
v,o T T

t
i=0
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Lets = 60 + Y25 §,P; € 25 — SPg, V=V, + X2, V,P; be a 25-plithogenic vector, then & is eigen value of & =
NO + »25, X;P; with V as the corresponding elgen vector if and only if:
t_, 8; is eigen value of Xf_, X; with Y:f_, V; as eigen vector with 0 < t < 25.
Proof:
4 is an eigen value of X with V as an eigen vector if;
NV= §V., thus:
NOVO_ 80V0

t
z Zv —z&zvl 1<t<25
i=0 i=0
WhICh |s equwalent to:
t_o 8, isan eigen value of ¥.f_ X; with Y;{_, V; as an eigen vector for all 1 < ¢ < 25.
Definition:
The square 26-plithogenic matrix is defined:
R =Ry + X228, R;P; ; (R)nxn IS square matrix of real entries.
Definition.
Let & = Ry + Y26, R, P; be a symbolic 26-plithogenic matrix, we have:
det X = det(R,) + [det(T 1., R;) — det(R)]P; + [det(XTZ, K,) — det(X 1, X)]P, + [det(X3, K, —
det(BZ, R)IP; + [det(Ti—, X)) — det(Ti_, R)IP, + [det(Tioo &) — det(Tio &) Ps + [det (T &) —
det(Xi_o 8;)|Ps + [det(T7_o X)) — det(Te_o X)IP; + [det(Z8 o) — det(Z7 o NP + [det(Z" o Ny —
det(X o X;)]Py + [det(X) — det(X7_, R)]Pyo + [det(T {2, R;) — det(Xi2 8;)]Py; + [det(XiZ,K;) —
det(Z“o R)1Py, + [det(Bi3, X)) — det(Z“o R)IPi3 + [det(Z R;) — det(ZBo Ri)]Pys + [det(leo N; ) -
det(Ti2, R)|Pys + [det(TH, ;) — det(Ti2) X;)|Pys + [det(Tiy &) — det(TE, 8Py, + [det(TiE, X)) —
det(Z”o R)]Pg + [det(Z”o X)) — det(leo R)]Po + [det(Zzoo R;) — det(Zlgo R)Pyo + [det(Z“o R;) —
det(X7, o R;)]1P,q + [det(XF 0 X;) — det(¥? o R)]P,, + [det(XF 0 X;) — det(¥? o R;)1Py3 + [det(X72, R,) —
det(z 3 RDIPyy + [det(z S0 R;) — det(z 4 R |Pys + [det(Z SR — det(z 20 %) Pas.
Definition
Let § = &, + Y25, 8;P; be a 26-plithogenic real number and R = Ry + 228, X;P; ; (R)nxn b€ a 26-plithogenic
square real matrix, then ¢ is called 26-plithogenic eigenvalue if and only if RV= §V.
V is called 26-plithogenic eigenvector.
Theorem:
Let§ = 60 + %25, 8;P; € 26 — SP, V=V, + Y28, V,P; be a 26-plithogenic vector, then § is eigen value of & =
R, + Y28, K, P; with V as the corresponding eigen vector if and only if:
t_o 8, is eigen value of Y.f_, &; with ¥¢_ V; as eigen vector with 0 < t < 26.
Proof:
4 is an eigen value of X with V as an eigen vector if:
XV= §V., thus:
RoVo= 50V0
t

t t

1<t<26
Yy meyayn 5
i=0 =0 i=0

= i=0
Which is equivalent to:
Yt 8; is an eigen value of ¥¢_, R; with X:f_, V; as an eigen vector forall 1 < t < 26.

Definition:

The square 27-plithogenic matrix is defined:

R =Ko + 227, R;P; ; (R nxn IS square matrix of real entries.

Definition.

Let & = Ry + Y%7, R;P; be a symbolic 27-plithogenic matrix, we have:

det X = det(X,) + [det(Z _o X)) — det(Ro)]P; + [det(XTE, R;) — det(Xi_y R)]P, + [det(T3_, K,) —

det(X7_o R)1P; + [det(Ti, X;) — det(Ti_o R)IP, + [det(T7, R;) — det(Ti, R)]Ps + [det(Xf_, X;) —
det(33, X;)]Ps + [det(X7_o &) — det(T6_ o X)]P, + [det(z X)) — det(z o R)1Ps + [det(z9 X)) —
det(Z 0 R)]Py + [det(R) — det(Z —o N )]Pm [det(Z ZoNy) — det(Z N; )]P11 [det(Z )

det(T1, R)1Py, + [det(TE, R,) — det(TF2, R)]Py5 + [det(TH2, &) — det( 0 8Py, + [det(TiE % 8 —
det(Z %0 8)|Pis + [det(Z o Ni) — det(Z &;)|Pie + [det(X1Z, R;) — det(XiE, R)IPy; + [det(Z R;) —
det(%}, 0 R)]Pig + [det(Ri2) R;) — det(XiZ, 8;)]Pyo + [det(R7% R;) — det(Xi2, 8;)]P,o + [det(XF 0 R;) —
det(Z o R)]Pyy + [det(Z ZoN) — det(Z 2o RD]P;, + [det(Z ZoN) — det(Z 0N )]P3 + [det(Z o) —
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det(X23, 8Py + [det( 50K ) det(X22, X, )]P25 + [det( 20 Ni) — det( 50N )]P26 [det(T27,R;) —
det(Zio R;)P2;.

Definition

Let § = 8, + Y27, 5;P; be a 27-plithogenic real number and & = Ry + Y27, X, P; ; (R;)nxn be a 27-plithogenic
square real matrix, then 4 is called 27-plithogenic eigenvalue if and only if XV= V.

V is called 27-plithogenic eigenvector.

Theorem:
Lets = 60 Y27 68,P; € 27 — SPg, V=V, + Y27, V,;P; be a 27-plithogenic vector, then § is eigen value of X =
NO + 37 R;P; W|th V as the corresponding eigen vector if and only if:

t_o 8, is eigen value of Y:f_, &; with ¥¢_ V; as eigen vector with 0 < t < 27.

Proof:
4 is an eigen value of X with V as an eigen vector if:
XV=6V., thus:
RoVo= 50V0
t t t
inzvi _Zalzvl 1<t<27
i=0 i=0 i=0 i=0

Which is equivalent to:

t_o 8, isan eigen value of ¥f_, ®; with f_, V; as an eigen vector forall 1 < ¢ < 27.
Definition:
The square 28 plithogenic matrix is defined:
R =Ko+ 228 R;P;; (R)nxn IS square matrix of real entries.
Definition.
Let & = R, + Y28, R, P; be a symbolic 28-plithogenic matrix, we have:
detX = det(NO) + [det(Xloo &) — det(Ro)]1P; + [det(Ti, R;) — det(Ti—o R)IP, + [det(TE, K;) —
det(TZ, R)IP; + [det(Ti—o R) — det(Ti_, R)IP, + [det(Tioo 8;) — det(Tio &) |Ps + [det(TEo X;) —
det(2.o X,)]Ps + [det(XLo X,) ~ det(Lieo K)]P; + [det(NLo K,) — det(RLo R)IPy + [det(Rio X)) -
det(X?, =0 R)1Py + [det(R) — det(X7_, X; )]Pw [det(X12, 8;) — det(T{2X; )]P11 [det(XiZy ;) —
det(Z 2o R)1P;, + [det(Ti2) X)) — det(T{2, R)1Py3 + [det(Z R — det(Z o KP4 + [det(Z 20 N; ) -
det(}} Oxﬂa5+wa( 0x)—det( Oxﬂaﬁ+kmu Ox)—daQ: o R)1P; + [det(THE, R) —
det(X 17, R)]Pyg + [det(Xi2) ¥;) — det(Xi2, 8;)1Pyo + [det(X7% X;) — det(Xi2, X)]Pyo + [det(X72, R,) —
det(Zz"o R)IPyy + [det(Z“o X)) — det(Z“o R)]Po; + [det(223o X)) — det(Zzzo R)]Ps3 + [det(ZMo R;) —
det(X23, R 1P,y + [det(T23, R;) — det(X22, )| Pos + [det(X28, X)) — det(T25, 8;)|Poe + [det(TZZ,8;) —
det(szo R)IPz7 + [det(Zzi’o X)) — det(22=0 R)]Pss.
Definition
Let § = 8, + Y28, 6;P; be a 28-plithogenic real number and & = Ry + Y28, X, P; ; (X;)nxn be a 28-plithogenic
square real matrix, then § is called 28-plithogenic eigenvalue if and only if XV= §V.
V is called 28-plithogenic eigenvector.
Theorem:
Let § = 8, + Y28, 8;P; € 28 — SP, V=V, + %28, V;P; be a 28-plithogenic vector, then § is eigen value of X =
R, + X728, K, P; with V as the corresponding eigen vector if and only if:

t_, 8; is eigen value of X:f_, X; with Y:f_, V; as eigen vector with 0 < t < 28.

Proof:
4 is an eigen value of X with V as an eigen vector if:
XV= §V., thus:
x%_%%
t
Z Zv _Z6lzvl 1<t<128
i=0 i=0

WhICh |s equwalent to:

t_,8; isan eigen value of Yf_, &, with ¥¥_, V; as an eigen vector forall 1 < t < 28.
Definition:
The square 29-plithogenic matrix is defined:
R =R+ 222, R;P; ; (R nxn IS square matrix of real entries.
Definition.
Let & = o + Y22, R, P; be a symbolic 29-plithogenic matrix, we have:
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det R = det(R,) + [det(T1., ;) — det(R)]P; + [det(TE, R;) — det(Ti, R)]IP, + [det(Ti_, K,) —
det(XF_o R)]Ps + [det(Ti, 8;) — det(Ti_o R)IP, + [det(T7o R;) — det(Ti, R)]Ps + [det(Xf_, X;) —
det(Z o Ni )]P6 [det(T7_o R;) — det(T8_, RDIP, + [det(T8 , R;) — det(X7_, R;)]Pg + [det(X7_, &) —
det(28 -0 R)]Py + [det(R) — det(Zg Y )]Plo [det(X12,8;) — det(T{2,X; )]Pll [det(XiZy ;) —
det(X}, 0 R)IP;, + [det(T13,R;) — det(T12, R)1Py5 + [det(X12, &) — det(X} 0 NP + [det( =0 N; ) -
det(Z -0 N; )]P15 + [det(Z <0 R;) — det(ZF’o N; )]P16 + [det(Z =0 R;) — det(Z =0 R)IPi; + [det(Z =0 N;) —
det(X}, 0 R;)]Prg + [det(X; 0 X;) — det(X}, 0 R)]Pro + [det(X? o X;) — det(X; 0 R;)]Pyo + [det(X7 0 X)) —
det(Z o R)]Pp1 + [det(Z 0 X)) — det(Z 0 R)]P;, + [det(Z 0 X;) — dEt(Z oN )]Py3 + [det(Z o R;) —
det(3? 0 )Py, + [det(TZ 0 R;) — det(TH, 8| Pas + [det(TZE, &;) — det(TE, X;)|Pos + [det(TH,K;) —
det(T2% R)1P,; + [det(T, X,) — det(R7, R,)1Pyg + [det(E22 X)) — det(T% X)]Pyo.
Definition
Let § = 8, + Y22, 8;P; be a 29-plithogenic real number and & = Ry + Y22, X;P; ; (X;)nxn be a 29-plithogenic
square real matrix, then § is called 29-plithogenic eigenvalue if and only if XV= §V.
V is called 29-plithogenic eigenvector.
Theorem:
Let § = 8o + Y22, 8;P; € 29 — SP, V=V, + %22, V;P; be a 29-plithogenic vector, then § is eigen value of R =
Ro + Y22, R, P; with V as the corresponding eigen vector if and only if:

t_o 8, is eigen value of Y.f_, &; with ¥¢_ V; as eigen vector with 0 < t < 29.

Proof:
4 is an eigen value of X with V as an eigen vector if:
XV= §V., thus:
RoVo= 50V0
t t t
inzvi —Z‘Slzvl 1<t<29
i=0 i=0 i=0 i=0

Which is equivalent to:
t_o 8 isan eigen value of ¥f_, ®; with f_, V; as an eigen vector for all 1 < ¢ < 29.

3. Conclusion

In this paper we presented an easy algorithm to find all eigen-values and eigen-vectors for 10 different symbolic
square n-plithogenic matrices with plithogenic real entries, where n is between 20 and 29. All algorithms are
explained through clear theorems and proofs. In the future, we aim to generalize our results for plithogenic
matrices of orders higher than 30.
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