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Abstract - The objective of this work is to identify the pairs of
rectangles such that a Wagstaff prime number represents the sum of
their areas in each pair. Each Wagstaff prime number is also
accompanied by the number of primitive and non-primitive rectangles.
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1. INTRODUCTION

In mathematics, which is the universal language, numbers
are important. The branch of pure mathematics that focusses on integer
solutions is called number theory. Finding solutions to Diophantine
problems involves using integers and involves fewer equations than
unknown variables. A universal approach for determining if a
Diophantine equation has a solution or identifying all of its solutions is
not yet available. In this regard, [1-4] may be cited. Similarly, one can
have knowledge about Dhurva numbers and some other special
numbers from [5-7].

Any numerical sequence that can be represented by a
mathematical function can be regarded as a pattern. Actually, it is
possible to think of mathematics as a description of patterns. Any
regularity that may be demonstrated by a scientific theory is a pattern
for the purposes of clarity. Stated otherwise, a pattern is a collection of
shapes, numbers, or things that adhere to a set of rules. The number of
sides of a polygon and its polygonal numbers correlate one to one, as
any pattern-conscious observer might perceive. Apart from these, many
authors dealt with special pairs of rectangles and Pythagorean triangles
related with many special polygonal numbers like Jarasandha numbers,
sphenic numbers etc., and they found the number of primitive and non-
primitive rectangles and triangles based on the dimensions of
rectangles and sides of triangles which can be found from [8-24] .

In this study, sum of the areas of two rectangles is taken as Wagstaff
prime number of 1,2,3 and 4 digits. The number of primitive rectangles
and non-primitive rectangles are also evaluated and tabulated based on
the dimensions of the two rectamgles. In the section 2, Some basic
definitions are given and the methodology of finding the rectangles are
given in section 3. Section 4 presents some remarkable observations
based on the table 1.

2. BASIC DEFINITIONS

In a talk at the Eurocrypt 1990 conference, Frangois Morain
is credited by the prime sites with naming Wagstaff primes after the
Table 1

mathematician Samuel S. Wagstaff Jr. Wagstaff primes are used in
cryptography and are mentioned in the New Mersenne conjecture.

Definition 1:- Wagstaff Prime number is a prime number of the form

2P+1 . .
- where p is an odd prime.

The first few Wagstaff primes are:

3, 11, 43, 683, 2731, 43691, 174763, 2796203, 715827883,
2932031007403, 768614336404564651,.....

Definition 2:- A rectangles with dimensions (m,n) is said to be
primitive if gcd(m,n) = 1.

Definition 3:- A rectangles with dimensions (m, n) is said to be non-
primitive if gcd(m,n) # 1

3. METHOD OF ANALYSIS

Let R, (m,n) and R,(p, q) be the two different rectangles whose areas
are represented as A%, A5 and (m,n), (p, q) are the dimensions of two
distinct rectangles Ry, R, respectively.

Let
Al + A, =W, 1)
where ‘W, is a Wagstaff number.
That is,
mn+pq =W, 2

Letu,v,w € Z,, where all three are distinct and non-zero with v > w.
Take the linear transformations
m=w, n=2u+w, p=v—-w, q=v+w
On using this transformation in (2), one may have
wQu+w)+@—-w)v+w) =W,
vi =W, - 2uw 3)

On solving (3), one can obtain the values for u, v, w for the 1,2,3 and 4
digits Wagstaff number W,,. Also, the dimensions of the rectangles
R4, R, are evaluated. Based on the value of the dimensions, it is easy to
categorize the primitive and non-primitive rectangles.

Few numerical examples of different Wagstaff primes are listed in
the Table 1.
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A +a,=w, R, R, Observation
Primitive Non-Primitive

11 1,3) (2,4) Ry R,
43 (1,35) (2,4) Ry R,
43 (1,19) (4,6) Ry R,
43 (3,9) (2,8) R, R,
683 (1,675) (2,9) R, R,
683 (1,659) (4,6) Ry R,
683 (1,635) (6,8) Ry R,
683 (1,603) (8,10) R, R,
683 (7,93) (2,16) Ry R,
683 (1,563) (10,12) Ry R,
683 (1,515) (12,14) Ry R,
683 (1,459) (14,16) Ry R,
683 (1,395) (16,18) Ry R,
683 (1,323) (18,20) Ry R,
683 (7,53) (12,26) Ry R,
683 (1,243) (20,22) Ry R,
683 (11,33) (10,32) R, R,
683 (1,155) (22,24) Ry R,
683 (7,29) (16,30) Ry R,
683 (11,25) (12,34) Ry R,
683 (1,59) (24,26) Ry R,
2731 (13,23) (38,64) R, R,
2731 (5,31) (46,56) R, R,
2731 (1,131) (50,52) Ry R,
2731 (1,331) (48,50) R, R,
2731 (5,71) (44,54) R, R,
2731 (33,43) (16,82) Ry R,
2731 (3,113) (46,52) R, R,
2731 (11,41) (38,60) R, R,
2731 (15,37) (34,64) Ry R,
2731 (3,177) (44,50) R.,R,
2731 (29,47) (18,76) R, R,
2731 (9,67) (38,56) Ry R,
2731 (1,523) (46,48) R, R,
2731 (1,707) (44,46) R, R,
2731 (1, 883) (42,44) Ry R,
2731 (3, 297) (40,46) Ry, R,
2731 (7,133) (36,50) Ry, R,
2731 (9, 107) (34,52) Ry R,
2731 (21,63) (22,64) Ry, R,
2731 (1,1051) (40,42) R, R,
2731 (3, 353) (38,44) R, R,
2731 (5, 215) (36,46) Ry, R,
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2731 (7, 157) (34,48) R R,
2731 (15,85) (26,56) Ry, R,
2731 (35,65) (6,76) Ry, R,
2731 (21,71) (20,62) R, R,
2731 (25,67) (16,66) R, R,
2731 (1, 1211) (38,40) R, R,
2731 (5, 247) (34,44) R, R,
2731 (11, 121) (28,50) Ry, R,
2731 (1, 1363) (36,38) Ry R,
2731 (3, 457) (34,40) R R,
2731 (1, 1507) (34,36) Ry R,
2731 (3, 505) (32,38) Ry R,
2731 (1, 1643) (32,34) Ry R,
2731 (1,1771) (30,32) R R,
2731 (3,593) (28,34) Ry R,
2731 (5,359) (26,36) Ry R,
2731 (15,133) (16,46) Ry R,
2731 (1,1891) (28,30) Ry R,
2731 (3,633) (26,32) Ry, R,
2731 (5,383) (24,34) Ry R,
2731 (7,277) (22,36) Ry R,
2731 (9,219) (20,38) RiR,
2731 (15,141) (14,44) RiR,
2731 (21,111) (8,50) Ry, R,
2731 (27,97) (2,56) R, R,
2731 (1,2003) (26,28) R, R,
2731 (7,293) (20,34) Ry R,
2731 (11,193) (16,38) R, R,
2731 (13,167) (14,40) R, R,
2731 (1,2107) (24,26) Ry R,
2731 (3,705) (22,28) R.,R,
2731 (9,243) (16,34) Ry, R,
2731 (13,175) (12,38) Ry R,
2731 (1,2203) (22,24) R, R,
2731 (3,737) (20,26) R, R,
2731 (1,2291) (20,22) Ry R,
2731 (5,463) (16,26) R R,
2731 (1,2371) (18,20) R, R,
2731 (3,793) (16,22) Ry R,
2731 (5,479) (14,24) R, R,
2731 (15,173) (4,34) R, R,
2731 (1,2443) (16,18) R, R,
2731 (3,817) (14,20) R, R,
2731 (11,233) (6,28) Ry R,
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Observation
A’l + A’Z = Wp Rl RZ
Primitive Non-Primitive
2731 (1,2507) (14,16) R, R,
2731 (7,365) (8,22) Ry R,
2731 (1,2563) (12,14) R, R,
2731 (3,857) (10,16) R, R,
2731 (7,373) (6,20) R, R,
2731 (1,2611) (10,12) R, R,
2731 (3,873) (8,14) R, R,
2731 (5,527) (6,16) R, R,
2731 (9,299) (2,20) Ry R,
2731 (1,2651) (8,10) R, R,
2731 (5,535) 4,14) R, R,
2731 (1,2683) (6,8) R, R,
2731 (3,901) (4,10) R, R,
2731 (1,2707) (4,6) R, R,
2731 (3,905) (2,8) R, R,
2731 (1,2723) (2,4) R, R,
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