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Purpose: This note discusses two level quasi-orthogonal matrices which were first highlighted by J. J. Sylvester; Hadamard
matrices, symmetric conference matrices, and weighing matrices are the best known of these matrices with entries from
the unit disk. The goal of this note is to develop a theory of such matrices based on preliminary research results. Methods:
Our new regular Hadamard matrix constructed for order 196, suggests a source of ideas to construct regular Hadamard
matrices of ordersn=1+pxq=1+px(1+2m), where p, q are twin odd integer (q - p=2); m =(q - 1)/2, prime, order of
inner blocks. Results: We present a new method aimed to give regular Hadamard matrix of order 196 and similar matrices.
Such kinds of regular Hadamard matrix of order 36 were done by Jennifer Seberry (1969), that inspired to find matrices of
orders 4k2, k integer, 36, 100, 196, ..., 1444 and many others. We apply this result to the family of regular matrices obtaining
a new infinite family of Cretan matrices with orders 4t + 1, t an integer, 37, 101, 197, ..., 1445, etc. Practical relevance: Web
addresses are given for other illustrations and other matrices with similar properties. Algorithms to construct regular matrices
have been implemented in developing software of the research program-complex.
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We present a new method aimed to give regular
Hadamard matrices, that can be used to construct
Cretan matrices [1, 2] with orders 4t + 1, ¢ is an
integer. Similar kinds of regular Hadamard matrix
of order 36 were done by Jennifer Seberry (1969)
[3] that inspired to find matrices of orders 4k2,
k integer, 36, 100, 196, and many others. The
conditions for the existence request SBIBD is given
in [4]. We observe an example of regular Hadamard
matrix, order 196.

Let order of regular Hadamard matrix is
n=1+pxq, pisprime (or prime power), q is prime
or not prime. Thus we take composition n =1 + p x
xq=1+px(1+2m), where p, ¢ are twin odd integer
(@q—p=2); m=(q—1)/2is prime and it is order of
blocks of the following two-border structure
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here A, B of size p, J, e are the same size matrix
and vector of all 1s respectively; matrix border

has m blocks B, ..., Band m blocks A, ..., A; and C,;,
Cig, Cgq, Cyy are m x m matrices of blocks of a core
consisted J, A, B.

Forordern=196=1+13x15=1+ 13 x (1 +
+ 2 x 7) we have p = 13, ¢ = 15 is not prime, m =7
is prime. Let be C;; = circ(A, -B, -B, A, -B, A, A)
be a circulant matrix of order m = 7 of Legendre
symbols where “1” (and “0”), “-1” changed
to A, —B respectively; a complementary matrix
is Cyy = cire(-B, A, A, -B, A, -B, -B); C,; = CT,,
and C;, = circback(-A, —A, B, -A, B, B, J) is
the back-circulant matrix of Legendre sym-
bols, taken in reversed order, where “0” is chan-
ged by J.

Thenif A=1-Q,B = —I-Q; Qis a circulant
matrix of order p = 13 of Legendre symbols (Figu-
re, a), Hadamard matrix of order 196 has sums of
all columns and rows equal to 14 (i.e. it is regular

B Circulant matrix Q of Legendre symbols (a) and
regular Hadamard matrix of order 196 (b)
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matrix) (Figure, b). In such a way, we can get set
of regular Hadamard matrices orders 36 = 1 +
+5x7=1+5x(1+2x3)and it can be constructed
with oneborder and one circulant coredue 7isprime,
100=1+9x11=1+9x @A+ 2x5) — this
matrix has a special cell-structure due order of Q
is9=8x3,196=1+13x15=1+13x(1+2x7)
is given matrix, ..., 1444 =1+ 37 x 39 =1 + 37 x
x (1 +2x19)itis used as a test with positive result,

and many others with the same form described
above. We apply this result to the family of regular
matrices obtaining a new infinite family of Cretan
matrices of Fermat-type [1, 2] with orders 4¢ + 1,
t an integer, 37, 101, 197, ..., 1445, etc. which will
be studied in later papers. We acknowledge the use
of the http://www.mathscinet.ru and http://www.
wolframalpha.com sites for the number and symbol
calculations in this paper.
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YBAXXAEMbIE ABTOPbI!

Hayunsnie 6assl ganubix, Braouas SCOPUS u Web of Science, o6pabaTsiBaoT JaHHBIE aBTO-
matudecku. C OTHOI CTOPOHEBI, ATO YCKOPSET mpoiecc 06paboTKU JaHHBIX, C IPYTOM — pas3auyuuns
B Tpaucautepanuu ®VO, HeTOUHbIE JaHHBIE 0 MecTe PaboThl, 00JIaCTH HAYUHOI'O 3HAHUS U T. [I.
IPUBOIAT K TOMY, UTO B 0a3aX OKa3bIBAETCA HECKOJIbKO ABTOPCKUX CTPAHUIL IJIsI OMHOI'O U TOTO JKe
yeJI0BeKa. B pesyibTare IJisl BCeX II0 OTAEJIbHOCTUA CUNUTAIOTCA UHIAEKCHI IIUTUPOBAHUSA, CHUMK A

PEeuTHHT yYeHOoTo.

Hnsa ngentTuduranum aBTopoB B ceTsax Thomson Reuters mpoBoguT perucTpaiunio ¢ mpucBoe-
HHeM YHUKaJIbHOTOo nHAeKca (ID) 1aa xamaoro 13 aBTOPOB HAYYHBIX ITYOJIMKAIIAA.

IIpouenypa monyuenusi ID GecriaTHAa M OYEHB IIPOCTA: BXOAUTE Ha cTpaHuily http://www.
researcherid.com, caeBa nmox Hagmuchbo «New to ResearcherID?» HaskmMaeTe HA CUHIOIO KHOIKY
«Join Now It’s Free» u 3amosiHsgeTe KOPOTKYIO aHKeTY. [[0 yKa3aHHOMY 3JIEKTPOHHOMY aJIpecy Io-
JyJaeTe COOOIeHUe C IPeIoKeHNeM II0 CChIIKE 3aIl0JHUTh MOJHYIO0 PeTUCTPAIIMOHHYI0 (DOPMY

"a ORCID. IToxyuaere ID.
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