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Abstract
Knowing a solution of ternary quadratic diophantine equation representing elliptic paraboloid, a
weneral formula for generating sequence of solutions based on the given solution is illustrated.

Keywords

i ternary quadratic, generation of solutions, elliptic paraboloid.
2010 Mathematics Subject Classification: 11D09

I. INTRODUCTION

ani uitThF _subject of diophantine equations in number theory has attracted many mathematicians since
antiquity. It is well-known that a diophantine equation is a polynomial equation in two or more unknowns with

Integer 1 iah i " . i f i A

unkﬁo (:O‘e‘ﬂl-::tents for_whlch integer solutions are required. An integer solution is a solution such that all the
i \‘_wn;, in the equation takle integer values. An extension of ordinary integers into complex numbers is the
gaussian integers. A gaussian integer is a complex number whose real and imaginary parts are both integers. It is

uite obvious i i ions ich i i i
qu qbuous: that dmph_antlne equations are rich in variety and there are methods available to obtain solutions
either in real integers or in gaussian integers.

A natural question that arises now is, whether a general formula for generating sequence of solutions based
on the given splution can be obtained? In this context, one may refer [1-7]. The main thrust of this
communication is to show that the answer to the above question is in the affirmative in the case of the followin
lemary quadratic diophantine equations, each representing a elliptic paraboloid. :

Il. METHOD OF ANALYSIS

lllustration: 1
The ternary quadratic diophantine equation under consideration is

16x* +9y° =4z (1)
Let (x,,¥,.2,)be any solution of (1).
The solution may be in real integers or in gausssian integers or in irrational numbers.
Let (x,.y,.z, ) be the second solution of (1), where

xlzh,,—x,,.y|=h,,—y“.:|=:“+6h§ (2)
in which 4, 1s an unknown to be determined.
Substitution of (2) in (1) gives

}l',, = 32)(,, +1 8_1’“ (3)
Using (3) in (2), the second solution is given by

x, =31x,+18y, , ¥, =32x,+ 17y, (4)

2, =2, +6(32%, +18y, ) (5)

Let (x,.y, .z, )be the third solution of (1), where
Xy=h=x ,p=h-y .5 =z5+6K
in which A, is an unknown to be determined.

The repetition of the above process leads to
h=Th, . x,=1537x, +864y, . y, = 1536x, +865y, (©)

2, =z, +6(32x, + 18y, (1 +49?) ™

m
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Abstract: Knowing a solution of ternary quadratic diophantine equation rc;?res'enfing hyperbolic paraboloid, a
general formula for generating sequence of solutions based on the given solution is illustrated.
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1. INTRODUCTION . )

The subject of diophantine equations in number theory has atiracted many mathematicians sm-ce
antiquity. It is well-known that a diophantine equation is a polynomial equation in two or more unknowns with
integer coefficients for which integer solutions are required. An integer solution is a solution such that all the
unknowns in the equation take integer values. An extension of ordinary integers into complex numbers is the
gaussian integers. A gaussian integer is a complex number whose real and imaginary parts are both integers. Itis
quite obvious that diophantine equations are rich in variety and there are methods available to obtain solutions
cither in real integers or in gaussian integers.

A natural question that arises now is, whether a general formula for generating sequence of solutions
based on the given solution can be obtained? In this context, one may refer [1-7]. The main thrust of this
communication is to show that the answer to the above question is in the case of the following ternary quadratic
diophantine equations, each representing a hyperbolic paraboloid.

II. METHOD OF ANALYSIS

Hyperbolic Paraboloid: 1
Consider the hyperbolic paraboloid given by

(a + l):r2 —ay’ =2z (1)
Introduction of the linear transformations
x=Xztal ,y=X(a+1)T )
leads to
X= (a2 +a)TI +2z
which is satisfied by

T=4k ,z=2k" = X =2k(2a+1)
In view of (2), we have
x=8ka+2k 2k and y=8ka+6k ,—2k 3)
Denote the above values of x, ¥, z as x,, Y, ,2, respectively. We illustrate a process of obtaining sequence of
integer solutions to the given equation based on its given solution (3).
Let (x,,, 2 ) be the second solution of (1), where
x,=h—xy,y,=Yo+h,z,=2+h @)
in which h is an unknown to be determined.
Substitution of (4) in (1) gives
h=2(a+1)x, +2ay, +2 )

Using (5) in (4), the second solution (x, 57 ,z,) of (1) is expressed in the matrix form as

(xl-yl 'zly =M("a-)’n 'zu)‘
where t is the transpose and
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I. INTRODUCTION _

The numbers that can be represented by a regular geometric arrangement of equally spaced points are
called the polygonal numbers or Figurate numbers. Mathematicians from the days of ancient Greeks }?avc
always been interested in the properties of numbers that can be arranged as a triangle, which is a threc‘-mded
polygon. There are many different kinds of triangles of which heron triangle is one. A heron triangle is a triangle
having rational side lengths and rational area [1]. One may refer [2, 3] for integer heron triangles. If a, b, ¢ are
the sides of the heron triangle then the triple (a, b, c) is known as Heron triple. The Indian mathematician
Brahmagupta derived the parametric version of integer heron triangles [4-6]. In [7], Charles Fleenor illustrates
the existence of Heron triangles having sides whose lengths are consecutive integers. In [8], the general problem
of Heron triangles with sides in any arithmetical progression is discussed. The above results motivated us to
search for d? fferent set of formulas for integer heron triangles which is the main thrust of this paper.

_ This paper consists of three sections 1, 2 and 3. In section 1, we illustrate the process of obtaining
different set of formulas for integer heron triangles. In section 2, we present heron triangles with sides in

fm'thmctic progression and it seems that they are not presented earlier. Section 3 deals with the different sets of
isosceles heron triangles.

II. METHOD OF ANALYSIS
2.1. Section: 1 Formulas for integer heron triangles

Let the three positive integers a, b, ¢ be the lengths of the sides BC, CA, AB respectively of the heron triangle
ABC. Consider the cosine formula given by

a’=b"+c*-2bc cos 4 (1.1)
Let cosAz%, B>a>0 (1.2)
where §*-a’ = D? (D)O) (1.3)
Substitution of (1.2) in (1.1) gives

2bca'=,8(b2+c2—a2) (1.4)
Introducing the linear transformations

b=2X+2al', c=2pT, a=24 (1.5)
in (1.4), it is written as

A* = X*+DT? (1.6)

which is in the form  of . well-known Pythagorean  equation  satisfied by

X=2mn, DT =m*=n* , A=m*+n* ,m>n>0 (1.7
Choosing m= DM and n=DNin (1.7), we have
X =2D*MN
7 =D(M?-N?) (1.8)

A=DM*+N?), M>N>0
Substituting (1.8) in (1.5), the values of a, b, ¢ are given by
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ABSTRACT

The quadratic equation with four unknowns given by Xayi=
integer solutions and Gaussian integer solutions. Cifferent chaices of
obtained. A general formula for obtaining sequence of solutions (real and complex)
illustrated.

i-:—n-:)is analysed for its non-zero distndt
solutions in real and Gaussian integers are
based on its given solunon IS

Keywords: Quadratic with four unknowns, real integers, Gaussian infegers

I. INTRODUCTION

Number theory is the branch of Mathematics concerned with studying the properties and relations of mtegers. Tha‘c
are number of branches of number theory of which Diophantine equation is very important. Diophantine sguatians
are numerically rich because of their variety [1-3]. In [4-11], different pattemns of integer solutions to quadranc
Diophantine equation with four unknowns are discussed. In [12]. Gaussian integer solutions to space Pythasoresn
equation are obtained. In this communication, the quadratic equation with four umknowns given by

V= 2(:2 - w:)is analysed for its non-zero distinct integer solutions and Gaussian integer sohutions.
II. METHOD OF ANALYSIS

2.1 Section: A (Real integer solutions)
The quadratic equation with four unknowns to be solved is

Wyt =2 - w‘)

)
Introduction of the linear transformations
X=u+v, V=Hu-—-V
. Q)
in (1) leads to
W+ +wt =27 3)

which is in the form of space Pythagorean equation
The choices of solutions for (3) are represented below:

u=m'=n’=p’+q’ v=2mn-2pq,

i)
w=2mp+2nq,z=m’ +n’ +p’ +¢*
u=2mp+2nq,v=2mn-2pq,

i) w=m’=n’-pl+q*,

z=m*+n’+pl+q’
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equation with five unknowns given by
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= 4lx +y )z IS Studied for determining its non-zero distinct integer solutions. A few
esting relations between the soluti

figurate numbers are obtained.

ith five unknowns, integer solutions.
L. INTRODUCTION

well know that the subject of diophantine equations has aroused the interest of many mathematicians since antiquity as it

's a rich variety of fascinating problems. In particular one may refer (1-11] for various problems on bi-quadratic diophantine

tions with four and five variables. In thijs Paper the homogeneous equation of degree four with five unknowns given by

-y +2(x2 —yz)(w2 + p2)= 4():

3 3], i g G :
+ ¥ )z is analysed for obtaining its non-zero distinct Integer solutions,

II. NOTATIONS

- Stella octangular number of rank n

Centered hexagonal pyramidal number of rank n
PR, = n(n+1)- Pronic number of rank n

50, = n(2n2 —»l)
CPs,,=n*-

OH, = %:»:(2::2 +1‘) - Octahedral number of rank n

ty, = n(n2+1) - triangular number of rank n
n +n . ;
CP3= . centered triangular pyramidal number of rank n
P~ Ht 16 n+2) - Tetrahedral number of rank n
2
P,,s i (n s 1) - Pentagonal pyramidal number of rank n

2
Pt n(n+ 1I2n +1)

———————=-square pyramidal number of rank n
! 6

IILMETHOD OF ANALYSIS
homogeneous biquadratic equation to be solved is

3
- y* +2()¢2 --yzlw2 + p2)=4,(x3 +y )z
oduction of the liner transformations
Utv, y=y-y z=vy

1), gives
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Abstract

A new and different set of solutions to the temary quadratic equation x” +xy + y? =12z? is obtained through the
concept of geometric progression and Pythagorean equation.

Keywords: homogeneous quadratic, ternary quadratic, integer solutions.

. INTRODUCTION

It is quite obvious that Diophantine equations are rich in variety [

59 1,3] and occupy a remarkable position since
antquity. In particular, while searching for problems in quadratic dio

phantine equations, the paper [4] was noticed,

Il.  METHOD OF ANALYSIS

The ternary quadratic equation under consideration is
5 +xy+ p? =1222

Introduction of the linear transformations W
X =2u+6v
y=2u- (w} )
in (1) leads to
ut +3y =77 3)
Let a,b,¢ be three non-zero distinct integers.
Substituting
v=2aa
z=b+3a’cta>0 @)
u=b-3a’c
In (3), it simplifies to a* = bc %)

which implies that the triple (b,a,c) or (c,a,b) forms a G.P,

= 134
L
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crds: Ternary cubic, Integer solutions

L. INTRODUCTION e
4 vearch is made for cubig diophantine €quations, the authors noticed a paper by Manju Somanath, J. Kannan, K. Raja [

ubic diophantine equation 11(x + y)? = dxy + 44z’
that are exhibited in this paper.

' they have presenteq lattice points of the ¢

. However, there are other
Stng sets of solutions 1o the above equations

I.. METHOD OF ANALYSIS
ider the cubic equation with three unknowns given by
Hx+y) = 4xy+ 4453
art with, the substitution

ey}
v=(2k-1)x (2)
1 gives
Wk —2k+1)e2 2 g0
118 satisfied by

X =120 - 2k 4 g
2= LK <2k 4 1)g2

(3)
4)
that (2) - (4) satisfies (N
1, the substitution
¥y = 2kx (3)
I leads to
44K = 36k + 112 = 4425
¢ solutions are
x=242(48k2 4 364 4 o ©
.-=n[44k3+36k+11)03 @
 5H7) satisfy (1)
er,
duction of the linear transformations
X=uU+v, y=u-vy, z=y . (®
'leads 1o
v? =u*(l lu-10) )
performing some algebra, it s noted that (9) is satisfied by the following two choices of y and -
IR 2k Ly = (k- 1) 18 - 2k

TR <2k sy = (11K + 1)1 162 +2k +1)
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ABSTRACT
This paper concerns with 6 different Systems of double equations involving surds to obtain their solutions in real
numbers respectively.

Keywords: System of indeterminate quadratic equations, pair of quadratic equations, system of double quadratic
equation, irrational solutions.

2010 Mathematics Subject Classification: 11D99.

INTRODUCTION

Systems of indeterminate quadratic equations of the form ax+c=u’ ,bx+d =1’ where a, b, ¢, d are non-zero
distinct constants, have been investigated for solutions by several authors [1, 2] and with a few possible exceptions,
most of the them were primarily concerned with rational solutions. Ew

en those existing works wherein integral
solutions have been attempted, deal essentially with specific cases only and do not exhibit methods of finding integral
solutions in a general form. In [3), a general form of the integral solutions to the system of equations

ax+c=u" ,bx+d =v* where a, b, c, d are non-zero distinct constants is presented when the product ab is a square

free integer whereas the product cd may or may not a square integer. For other forms of system of double diophantine
equations, one may refer [4-12].

In the above references, the equations are polynomial equations with integer coefficients which motivated us to search
for solutions to system of equations with surds. This communication concerns with the problem of obtaining solutions
a, b in real numbers satisfying each of the system of double equations with surds represented by

i) ava+bJb=N,aJb+bJa=N-1
i) ava+bvb=N+1,ab+bJa=N
i) ava+bdb=N+4,alb+bJa=N
iv) aJ;+bJ3=N+24,aJE+bJ_=N
v)  ava+bVb =2N+1,avb+bJa =N+

vi) ava+bvb =k +k+1 avb+bJa=3k+8 .
where N is an integer. In each case, a few interesting relations among the solutions are presented.

Corresponding Author: S. Aarthy Thangam®*
s*Research Scholar, Department of Mathematics,
Shrimati Indira Gandhi College, Trichy-620 002, Tamil Nadu, India.
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puiract: In thix paper, the cuble equatlon wigh Jour unknown given by 4( 4 ») 13(': “1)x+ )i -b:’ +IV (rns1) b
wisidered for determining Ity non.zep, distinet integer solutiony,
cywonds: Cubic with four unknowny, homogeneouy cuble, Integer solutlony,

L. INTRODUCTION
cuble equations with four unknowns to obtain integer solutions satisfying them [ "3]' In
s with four unknowns are presented in [4-12]. This paper has a different choice of

abic oquation with four unknowns Riven by 41(_\--‘ " y‘)... 12(39 -I)(x +y)z* ..(‘3,11 + l)wl. (s £1) to obtain its infinitely many
on-zero distinet integer solutions.

(is well-known that there nre varletios of
articular, different choices of eybie cquat

. . Il. METHOD OF ANALYSIS
he cubie equation with four unknowns to be solved for its non-zero distinet integer solutions is given by

RO e

)]
itroduction of the linear transformations
XUV = U=y, w2 (1 yw0) )
(1) leads to
v om gl -(sz—l)zl 3)
gain, considering the linear transformations
=X 4-(5’ -|)T (4)
1= X +8T (5)
1 (3), it gives
X¥ =5t - 5?) 72 402 ©

he fundamental solution of (6) is
Ty =2v,Xy =(2s? =1}y
o obtain the other solutions of (6), consider its pellian equation
X =t -s?) 12 41
hose general solution (‘ﬁ,, f”] is given by
1

. T~T==g
L) nr iy 2 34—32 "

here

- T 3 n+l
f,=| 25t =14 2¢s" ~-.\-?)' +(251—|—2 § =S
n

2 TE 2s% —1-29s" =52 =
g"a[zs =1+24s - LA
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= 40x* - 36 is analyzed for its distinct integer
hyperbola, we have
d special figurate

sract: The binary quadratic equation represented by the negative pellian y'
aions. A few interesting relations among the solutions are given. Employing the solutions of the above
gined solutions of other choices of hyperbolas and parabolas. Also, the relations between the solutions an

nbers are exhibited.
words: Binary quadratic, Hyperbola, Parabola, Pell equation, Integer solutions and Figurate numbers.

I. INTRODUCTION

+ subject of Diophantine equation is one of the areas in Number Theory that has attracted many Mathematicians since antiquity
it has a long history. Obviously, the Diophantine equation are rich in variety [1-3]. In particular, the binary quadratic
phantine equation of the form y* =Dx’ =N (N >0, D > 0and square free)is referred as the negative form of the pell equation
) related pell equation. It is worth to observe that the negative pell equation is not always solvable. For example, the
ations y* =3x* =1, y* = 7x* =4 have no integer solutions whereas y* = 65x* —1, y* =202x* —1 have integer solutions. In this
text, one may refer [4-10] for a few negative pell equations with integer solutions.

his communication, the negative pell equation given by y* = 40x* —36 is considered and analysed for its integer solutions. A

interesting relations among the solutions are given. Employing the solutions of the above hyperbola, we have obtained solutions
sther choices of hyperbolas and parabolas. Also, the relations between the solutions and special figurate numbers are exhibited.

Il. NOTATIONS

(.= n[l + i"—_lxzm—_z]] - Polygonal number of rank n with sizem

pr= é nln+ II(m -2+ (s —m)]- Pyramidal number of rank n with size m

III.LMETHOD OF ANALYSIS

: negative Pell equation representing hyperbola under consideration is

¥ =40x"-36 )
»se smallest positive integer solution is

xo=1,y,=2
obtain the other solutions of (1), consider the Pell equation

yt=40x% +1
»se general solution is given by

oL el

where

£ = (1943430 +(19-3Ja0] "
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ABSTRACT -
The binary quadratic equation represented by the negative pellianx’ =6y* -50 s analyzed for its distinct

‘nteger solutions. A few interesting relations among the solutions are also given. Further, employing the
solutions of the above hyperbola, we have obtained solutions of other choices of hyperbolas, parabolas and
special Pythagorean triangle.

KEYWORDS: binary quadratic, hyperbola, parabola, pell equation, integral solutions.

1. INTRODUCTION
Diophantine equation of the form y* = Dx* —1, where D>0and square free, is known as negative pell
equaton. In  general, the general  form  of negative pell  equation s represented by
V=D =N N>0,D>0and square free. It is  known that negative pell  equations
V=33 =137 =72 —4have 6o integer ~ solutions  whereas ¥ = 65" — | . ¥ =202 ~l have integer

solutions. It is observed that the negative pell equation do not always have integer solutions. For negative pell
cquations with integer solutions, one may refer [1-11].

gative pell equation given by y* = 7x? _ 14 considered for its non-zero
distinct integer solutions. A few interesting relations among the solutions are alsp given,

solutions of the above hyperbola, we have obtained solutions of other choices of hyp
special Pythagorean triangle.,

Further, employing the
erbolas, parabolas and

2. METHOD OF ANALYSIS
The negative pell equation representing hyperbola under consideration is
x =6y’ =50 (1)
whose smallest positive integer solution is X =2,y,=3

To obtain the other solutions of (1), consider the pell equation
=6y +1
Whose solution is given by

Je=

“"_fn""_.
I"Z!yu

H

276
where f = ‘51-21/3)". +(5—2JETH
g, =l5+2/6)" - 520"

ht.lp' www:|c'crtcom@luu’nmnrm;i -.}u.l'.l-ﬂl_;fl-i;)ff‘:l-lg;'f'net’rfﬂg Sciences & Research Technology
[50]
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Abstract: A new and different sets of solutions to the ternarv quadratic equation
Sxm+ 7y =972=" are obtained through the concept of geomelric progression and

Pwvihagorean equation.

1. Introduction
While making a survey of problems on ternary quadratic Diophantine equations. the

article entitled “Observations on Ternary Quadratic Equation 5¢° + 7v =972 is noticed

in which the authors have presented a few patterns of integer solutions [1]. However. it is
observed that there are other sets of interesting integer solutions (o the considered quadratic
equation with three unknowns which is the main thrust of this communication.

2. Method of Analysis
The terary quadratic equation under consideration 1s
5x° +7"_1-'2 =972:° (N
Introduction of the linear transformations
x=X+7T,y=X-5T (2)
in (1) leads to

x24+3577 = 8127 (3)

which is satisfied by

10
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I ABSTRACT

\ naw and different set of solutions is obtaineq
‘r."_ the ternary quadratic diophantine equation

C+aw+by =27 through representing it as q
wstem of double equations.

-words ternary quadratic, system of double
cquations, integer solutions.
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Il INTRODUCTION

The diophantine equation of the

E 2 2
o +axy+by” =dz” where a, b, c. d are non-zero

form

& J Shanthi®

integers has been discussed by several authors
[!'3]-_ln [4-14], integer solutions to the above
€quation are presented when a, b, c d take
particular  numeriea] values. In  this
COmmunication, different sets of integer solutions
o the above equation are obtained when

c=d= .

_ I bj-r’ Tepresenting it as a system of double
€quations involving trigonometric functions. It
Seems that they have not been presented earlier.

. METHOD OF ANALYSIS
The diophantine equation under consideration is

x! +axy+ by’ = 7

(1)

The above equation is represented as the system of double equations as below-

Z2+Xx

(ax+ by)sech

ycotB (@x +by)cotd

ycos

(a.r +by)tan®

vtan®

Consider system: 1

Elimination of 2 leads to

rzr(b-coslﬁ) ; y-_-:(ZCosﬁ—a)

Case: ;

(2)

Assume
2
cosQ = <P4 r (2 o2

* 2018 Londgn Journals Press

Substituting (3) in (2), we have
x=blp* +¢*)+2p°¢’(6-2)
y=(p*+¢")(4pg-alp* +4’))
and from the given system

z=b(p* +¢')+ 2p°¢* (b+2)-2apg(p’ + ¢°)

Volume 18 | Issue 4 | Compdabon 1.0 .
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On gaussian diophantine quadruples
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Abstract

s a perfect square. The construction of
ger solutions of the g
gaussian diophantine quadruples with the given property.
Keywords: Diophantine Ouadruple; Double Diophantine Fquations; Gaussian Diophantine Quadruples;

is illustrated through employing the non-zero distinct inte
the above process leads to the generation of sequences of

1. Introduction

The construction of the sets with property that the product of any
two of its distinct elements is one less than a squarc has a very
long history and such sets were studied by Diophantus. A set of m

distinct non-zero integers {q .a,. -»a,} is called a Diophantine m-
tuple with property D (n) if aa +n is a perfect square for all
Isi<j<m [1]. Various mathematicians discussed the construc-
tion of different formulations of Diophantine triple and diophan-
tnc quadruples with property D (n) for any arbitrary integer n
and also for polynomials in n [2-15].

Aset{a a,. . ,a}cZ (1)-{0} is said to have this property 1 (z)
if the product of its any two distinct elements increased by z is a
squarc of a Gaussian integer. If the sct {q.qa,,...a,} is a complex
diophantine quadruple then the same is true for the set
{~4.=a,.. ,=a_}. Particularly in [16], the authors have analyzcd
the problem of the existence of the complex diophantine quadru-

ples. In this context, onc may refer | 17-25). o
In this communication, we construct scquences of gaussian dio-
phantine quadruples with propertics 1 (1) and D (4).

2. Method of analysis

2.1. Problem 1;

Let A, B be two gaussian integers represented by

Ackpth vikg . B =kp2(2n+k)+ikg

where k, P. q and n arc non-zero inlegers.
Note that

AB 4 n' =(kp t(m+k )+ .rkq)' -r' (say)

———

sandhi College, Trichy-620 002, Tamil Nadu, India

“-mail:aarth vthangam(@gmail.com

gaussian diophantine quadruple (4,8 ¢ D)
ystem of double diophantine equations. The repetition of

Integer Solutions; Pell Equations.
Therefore, the pair (4 »B) is a gaussian diophantine 2-tuple with
property D (n)

Consider C to be a gaussian integer such that

AC +n' =g? (1)
BC +n' =/ 2)
Assume

a=A+r fi=B+r (3)

Substituting (3) in (1) and (2

) and subtracting one from the other,
observe that

C=A+B+2r =4kp t4(n +k )+1 4kq

It is observed that the triple (1.5 (') is a gaussian diophantine 3-
tuple with property D (n') . When n=1,n=2, the above triple

(4.8,C) can be extended to diophantine quadruple with their
corrcsponding properties.

2.1.1. Diophantine quadruple with property D (1):
Let n=1. Then the triple (4,8 ) is given by
A=kp Tk +ikg

B=kp+(2+k)+iky

€' =dkp £4(k +1)+14kg

which is a gaussian diophantine triple with property (1) .
If (4.4 .C) is o diophantine triple with property D (1) then the
fourth tuple D is given by

ed under the O
This ypen wevess arikle distribul Nl
Currts C18 uvund“:ihmhln: l’l:ll:‘tl:l‘ﬂt:ﬂl:ll:ll'l any medium, provided the originul work s pro
mils unrestricled use,

" , which per-
perly clied.
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. The binary quadratic equation represented by the positive peljjq,
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Afew interesting relatlons among the solutions are given. Further
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2 : sined solutlons of other cholces of hyperbola and parabola,

ords: Binary quadratic, hyperbola, Integral solutlons, parabola, peyy

1

¥ =325 441 i analyzed for its distinct integer

employlng the solutions of the above hyperbola, we

quation. 2010 mathematics subject classification:

L INTRODUCTION
_ ) 7 2 ;
- quadratic equation of the form y* = Dx” + 1 where D i non=squarc positive integer has been studied by various
;"; icians for its non-trivial integral solutions when I takes different integral values [1-2]. For an extensive review of various

goblems. one may refer [3-12]. In this communication, yet another interesting hyperbola given by y* =32x" 1 41is considered

od infinitely many integer solutions are obtained. A few interesting properties among the solutions are obtained.

. Vethod of Analysis

e positive Pell equation representing hyperbola under consideration is
yr =32x* +41

s smallest positive integer solution is
X,=2,y,=13

o ohtzin the other solutions of (1), consider the Pell equation
y=32x% +1

hos: general solution is given by

(n

NN R,
n sﬁgn’yu 2‘n

£,=(741242)" +(17-1242)"
g =07412v2)" - (17-12v2)" , n=-1,0,1.2....

n
w7y Brahmagupta lemma between (x“, y,) and (’f_‘,j?" ), the other integer solutions of (1) are given by

13
xm- :fﬂ ';- "
BV
13
y""" :?fn +8‘J§gu

Fhye . .
*fecumence relations satisfied by x and y are given by
Ya=34x,,+x, =0
ym't_34ym2+y -—_-0
Yoy e : | i : T
NuMmericq| examples of x and y satisfying (1) arc given in the 'l
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A CONNECTION BETWEEN PAIRS OF

RECTANGLES AND SPHENIC NUMBERS

'S.Vidhyalakshmi M.A. Gopalan, *'s. Aarthy Thangam

"Professor, “Research Scholar
\2Department of Mathemat.lcs, Shr?mall Indira Gandhi College, Trichy-620 002, Tamil Nadu, India.
*Department of Mathematics, Shrimatj Indira Gandhj College, Trichy-620 002: Tamil Nadu, India.

i aims at determining pairs of rectangles .
gt fm’a‘,'i?’ﬂii the number of primitive and non-primtiye 1o . ©ACh P, the sum of their areas is represented by a

g § -primitive rectangles for each sphenic number is given.
I.gr ferms - Pairs of rectangles, Area, Sphenic number,

J INTRODUCTION _—
uence CTs
: a0 seq‘ chu:ctem'lmr:ti as pattern. In fact, mathematics can
g el illustrated by a scientific theory
yapatten. In other PY

i 1] ®spond
that there s & One 10 OnE corgpondence be giSides of the polygon. Apart from
Dhuruva numbers and Jarasandha

o DEFINITION
jc Number:

omsider
A + A, =30, a sphenic nugh
h i'sl
y+zw=30

%, 1, s be three non-zero distinct positivéiinges 3
troduction of the linear transformations

x=5,y=29+S,z=r—s,w=r+s @)
(1) leads to

r*=30-2gs 3)

lving (3) for ¢, 7,5 and using (2), the corresponding values of rectangles R, and R, are obtained and presented in Table:1
low:

Table: 1 Rectangles

R, R, A+ 4, Observations
Primitive Non-Primitive
(1: 15) (31 5) 30 RI »Rz
(1,27) (1,3) 30 R ,R,

ke that the above two pairs of rectangles are primitives as gcd(x,y)=1and ged(z,w)=1
me other numerical examples of sphenic numbers are presented in Table: 2 below:

e ——
ETIR1901A31 | Journal of Emerging Technologles and Innovative Research (JETIR) www,etir.org | 231
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pinary quadratic equation represented by the positive Pellian y* = 35x> 4 |4 analyzed for its distinct integer

‘ . > .
pii eresting relations among the solutions are given. Further, employing the solutions of the above hyperbola, we

" it
o Afowin ; ;
fio" el tions of other choices of hyperbola and parabola.

& Binary quadratic, hype rbola, integral solutions, parabola, pell equation. 2010 mathematics subject classification:
’”w . INTRODUCTION
- % 5 = )
_\ quadratic equation of the form ¥ = Dx” +1where D is non-square positive integer has been studied by various
A pinar}

\icians for its non-trivial integral solutions when D takes different integral values [1-2]. For an extensive review of various
hcma ] . ) ) .
s, One May refer [3-12]. In this communication, yet another interesting hyperbola given by .;,-2 =35x% +14 is considered

pli finitely many integer solutions are obtained. A few interesting properties among the solutions are obtained.
n 8 L

1 Hefhﬂd qf4nafv51'8
he Positive Pell equation representing hyperbola under consideration is
C

2 =35x +14
shose smallest positive inleger solution is
xg=1,y,=17
Toobiain the other solutions of (1), consider the Pell equation
y* =35x% +1

whose general solution is given by

X —L—g y lf
xrl = n? n ) n
2435 2

=(6+35)"" + (6~ v35)"
=6+435)" =(6-35)"" . n=-1,0,1.2.....

Applying Brahmagupta lemma between (xo, yu) and (ﬁx'” . i, , the other integer solutions of (1) arc given by

.._—f+

(N

phere

zmgﬂ
V3s

1
ym e +
! zfﬂ' 2 gn

he fecurrence relations satisfied by x and y are given by

xn+3"]2-¥n+2+x =0

In‘!. ]2-}!"‘_2 + y"‘” — 0
e Numerical examples of x and y satisfying (1) are given in the Table: 1 below:

-‘..-"'---___
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ABSTRACT

ntuples (x, y. z. w. T)
of degree seven with five unknowns given by x* 4 ' —

We obtain infinitely many non-zero integer qui satisfying the non-homogeneous equation
(v+ ,t}ll’3 =142’T° . Various interesting properties
between the solutions and special numbers are presented.

KEYWORDS: Higher degree. Heptic with five unknowns. Integer solutions.

1. INTRODUCTION
The theory of Diophantine equations offers a rich variet
and non-homogeneous equations of higher degree have
antiquity [1-3]. Particularly. in [4-10]. heptic equations with three. four and five unknowns are analyzed. This
paper concerns with yet another problem of determining non-trivial integral solutions of the non-homogeneous
cquation of seventh degree with five unknowns given by x* + y* — (3 + x* =142T* . A few relations between
the solutions and the special numbers are presented.

vy of fascinating problems. In particular, homogeneous
aroused the interest of numerous Mathematicians since

2. NOTATIONS

~  Polygonal number of rank n with size m

Lo = n[l +£’L_‘m‘_2)}

2
» Pyramidal number of rank n with size m

P =<l m—2)u+ 5~ m)]

» Centered Pyramidal number of rank n with size m
m(n—Dn(n+1)+6n
CP,, = .
~  Stella Octangular number of rank n
SO, =2n* —n
»  Gnomonic number of rank n
GNO, =2n-1
#  Pronic number of rank n
Pr,=n(n+1)

#  Five dimensional Figurate number of rank n whose generating polygon is a triangle
n® +10n* +35n' +50n" 4 24n
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ABSTRACT
The transcendental equation with three unknowns given by 2(x+ y)—3Jx—y =(k’ +7s%)z%is considered and
analyzed for finding different sets of integer solutions,

KEYWORDS: Transcendental equation, Integer solutions,

1.  INTRODUCTION
The subject of diophantine equation, one of the interesting areas of Number Theory, plays a significat role in
higher arithmetic and has a marvelous effect on credulous people and always occupies a remarkable position
due to unquestioned historical importance. The diophantine equations may be either polynomial equation with
atleast two unknowns for which integer solution, are required or transcend

ental equation involving
trigonometric, logarithmic, exponential and surd function such that one may be interested in getting integer
solution.

It seems that much work has not been done with reg
surds. In this context, one may refer [1-10].

ard to integer solution for transcendental equation with

In this paper, we are interested in obtaining integer solutions to transcendental equation involving surds. In
particular, we obtain different sets of integer solutions to the transcendental equation with three unknowns given

by 2x+y) -3y = (k* +75%)2".

2. METHOD OF ANALYSIS .
The ternary transcendental equation to be solved is

Ax+y)-3Joy = (k" +7s%)2* )
Introduction of the transformations

x=(u+v),y=u-v); uzvz0

in (1) leads to

W+ s (k4 Ts)2 - g o
The above equation (3) is solved through different methods and using (2), one obtains differcat sets of solutions
to (1).
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ABSTRACT
The hyperbola represented by the binary quadratic equation 3x? —Sy? =40 is analyzed for finding its non-

zero distinct integer solutions. A few interesting relations among its solutions are presented. Also, knowing an infegral
solution of the given hyperbola, integer solutions for other choices of hyperbolas and parabolas are presented.

KEYWORDS: Binary quadratic, Hyperbola, Parabola, Integral solutions, Pell equation.
2010 Mathematics subject classification: 1 1 D09

1. NOTATION
1= n[ I (f_l)gi-z—)J -Polygonal number of rank n with sides m
2. INTRODUCTION

The binary quadratic  Diophantine equations of the form
wx’ —by* = N,(a,b, N #0) are rich in variety and have been analyzed by many
mathematicians for their respective integer solutions for particular values of a,b

and ~ . In this context, one may refer [1-13].
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e
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Contents 1t3s to be noted that (1) represents a hyperbola.
Substituting
v oIntroduction...........ooiiiiiiiii e - |
2 Method of Analysis...................... ... 1 X=x-1.¥=y+1 (2.2)
References................................. 3 in (1), we get
1. Introduction sl o X+ 44y -6=0 (2.3)
Every student of mathematics is familiar with the subject . .
! : ain sett
of analytical geometry which is a study of geometry using ~ /124in setting
a co:ordi.nate System. Linear equations invo!ving x.and y X=MAN,y=M—-N (2.4)
Specify lines while quadratic equations specify conic sec-
tons. The hyperbola, a special conic, represented by the pell in (3). it simplifies to the equation
®quation v = Dx2 4 N (D > 0 and square free) for various i
values of D and N are swudied in [6, 8, 9]. The hyperbola rep- N =3M2_3 (2.5)
‘esented by an equation of the form x2 + Axy+y* + Bx = o ‘
0 analyzed for various values of A and B in [2-5). In  whose initial solution is Mg = 2 , Ng = 3 Now consider the
[1.7], the hyperbola represented by an equation of the form  fundamental positive pell equation
By +Cy? 4 Dx 4 Ey+ F = 0is considered for particu-

P =am° 2.6)
ha Values A, 8.C, D, E and F. It seems that much work has not N-=3M"+1 (

nd 1 i H = 3 - the . T :
hyperbz:]:r?p::::lzodlcb?;zli ?;?T;:zlf“;isé};‘i:]i‘ms whose general selution (M;, N;) is given by

considered in thig paper for determining its non-zero distinct

__ _—
'W' solutions. Employing the solutions of the given equa- N, = Efs M= E—ﬁg,
:Jm'. "Mieger solutions 1o special hyperbolas and parabolas are
Wained, where
s+ _ ﬁ);ﬂ
B 0y o o = (24 V3 4 (2 i
e Methaskt Analpitsi ; = (24 V3P -2~ VAFY,
The diophantine equation under consideration is 8 ~‘ ) l’ .
§ O 2
X'4axx4v2 gy oy g0 @b
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ABSTRACT

This communication aimy at determin ing pairs of non-zero distinct integers (a, b) such that, in each pair

(i) the sum iz a cubic integer and the product is a square integer
(). the difference is a cubical integer and the product is a square integer
KEYWORDS: svstem of deuble equations, integer solutions

L INTRODUCTION

[ the history of number theory, the Diophantine equations occupy a remarkable position as it
has an unlimited supply of fascinating and innovating problems [ 1-9]. This communication
concerns with the problem of obtaining two non-zero distinct integers @ and b such that

: 3 2
W atbh=p’ | ab=q° and

). a-h= ;)" ; ahzqz
7

. METHOD OF ANALYSIS

2
() On the system a+ b = p3 , ab=gq

Let a,bbe two non-zero distinct positive integers such that

a+h= p; Cab = ql’ (1,2)

Where P, =)
Phe elimiy

ation of b between (1) and (2) leads to

Volume: §f lssue: 1| fanuary 2019
www.eprmournals.com
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The binary quadratic Diq?kfmtine fqnaﬁou -rqrresenred by the positive Pellian yl =
'.rt _ solutions. A few interesting relations among the solutions are

"Wt‘ obtained solutions of other choices of hyperbolas and parabolas.
" tic, Hyperbola, Parabola, Pell equation, Integer solutions

15x? + 10 is analyzed for its non-
given. Employing the solutions of the above

ot Bin

I. INTRODUCTION
o quadratic equation of the form y? = Dx? +1 where D is non-square positive integer, has been selected by various
s 1A for its non-trivial integer solutions when D takes different integral values [1-4]. For an extensive review of various
giiens. 00€ 3Y refer [5-16]. In this com.t‘nm'liwﬁm, yet another an interesting equation given by y* =15x2 +10 is considered
 nfitcly many integer solutions are obtained. A few interesting properties among the solutions are presented.

II. METHOD OF ANALYSIS
e Positive Pell equation representing hyperbola under consideration is
y =152 +10 (1)
b smallest positive integer solutions of (1) are
x,=1,y,=5
To obtain the other solutions of (1) , consider the pellian equation
y? =15x% +1 )
hose mitial solution is given by
X =1,5,=4
be general solution (%, , 7, ) of (2) is given by
1 —3 |
PV A oY

=
Rt
S, =@+415)" +(4-415)""

g, =(@+J15)" —(@4-J15)"" ,n=-101,..
Pyog Brahmagupta lemma between (xo, J"u) and (Sc" ,},) , the other integer solution of (1) are given by
1 5

B =—f, + .
e 21 &
5 -J
J’.u=-2—f,+ ;5 g.

be e .
ence relations satisfied by the solutions x and y are given by
L i sxul tX = 0

Yasy -8)’.,2 Ve = 0

oy
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gisract: The binary quadratic equation represented by the negative pellian y'=12x' - 23is analyzed for its distinct integer

lations. A few interesting relations among the solutions are given. Employing the solutions of the above hyperbola, we have
ined solutions of other choices of hyperbolas and parabolas.

Reywords: Binary quadratic, Hyperbola, Parabola, Pell equation, Integer solutions

I. INTRODUCTION
The subject of Diophantine equation is one of the areas in Number Theory that has attracted many Mathematicians since antiquity
od it has a long history. Obviously, the Diophantine equation are rich in variety [1-3]. In particular, the binary quadratic
giophantine equation of the form y'=Dx*=N(N>0, D>0and square free) s referred as the negative form of the pell equation
() related pell equation. It is worth to observe that the negative pell equation is not always solvable. For example, the
equations y' =3x —1,y* = 7x* —4 have no integer solutions whereas y* =65x> —1, y* =202x" —1have integer solutions. In this
sontext, one may refer [4-10] for a few negative pell equations with integer solutions. In this communication, the negative pell
equation given by y’ =12x" —23is considered and analysed for its integer solutions. A few interesting relations among the
wlitions are given. Employing the solutions of the above hyperbola, we have obtained solutions of other choices of hyperbolas and

parabolas.
II. METHOD OF ANALYSIS

The Negative Pell equation representing hyperbola under consideration is

yl=12x*-23 (M
The smallest positive integer solutions of (1) are
‘rﬂ = 2 ] yﬂ = 5
Toobtzin the other solutions of (1), consider the pellian equation
| Y =12 41 =
Whose initjal solution is given by
A X=2,%=1
gneral solution (;..;n) of (2) is given by
Bt st
- 43 :
L, =(1+43y" 4+ (7-443)"
g, =(T+4/3)y" —(7-4J3)"" , n=-1,0,L.
lﬁlimg Brahmg (ki) %7 ), the other integer solutions to (1) are given by
8upta lemma between the .‘it)lUlilmﬁ(Iu'le) and (%,,5,)-

b |
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/f:ﬂw pinary quadratic equation represented by the
ﬂsﬂ’ﬁ u‘mSIz"TJ’z = -8 is analyzed for its distinct

WW A few interesting relations among the
et sl iven. Employing the solutions of the above
ghtons ‘:fm obtained solutions of other choices of

Fm nd parabolas.
e
' . Binary quadratic, Hyperbola, Parabola, Pell

gt [nteger solutions.

{ NTRODUCTION

me binary quadratic Diophantine equation of the
gmat by’ =N,(a,b,N #0) are rich in variety and have

jeenanalyzed by many mathematicians for their respective
meger solutions for particular values of a,b and N . In this

wntext, one may refer [1-14].

This ommunication concerns with the problem of obtaining
mor-zero distinct integer solutions to the binary quadratic

squation given by 5x° -7}'1 =-8 representing hyperbola. A
B interesting relations among its solutions are presented.
lowing an integral solution of the given hyperbola, integer
®iutions for other choices of hyperbolas and parabolas are
pesented.  Also, employing the solutions of the given
iation, special Pythagorean triangle is constructed.

LMethod of Analysis

mphﬁnﬁ"e Equation representing the binary quadratic
-.m“ 0 be solved for its non-zero distinct integral

nis
SXZ"? =
}’1 8 1)
i the linear transformations
X=
X+ yexast @)

o, (1) ang (2), we -

2019
vl
RET | Impact Factor value: 7.211

X2=3572 44 (3)
whose smallest positive integer solution is
X 0= 12 Tb =2

To obtain the other solutions of (3), consider the pellian
equation is

X% =3572 41 (4)
whose smallest positive integer solution is
(X0, 7)) =(6.)

The general solution of (4) is given by

n="7—8n » Xp=

1
27

fo=lo 5] 4l s )™
ga=lo+35)"" ~lo-33)"™

Applying Brahmagupta lemma between (Xp,7;)and
(X o~ f},) the other integer solutions of (3) are given by

Xn+l = 6fl'l +J§§g"
(5)

6
Tor1=Jn +_J§gﬂ

From (2), (4) and (5) the values of x and y satisfying (1) are
given by

17
xn+1=l3f,,+-‘['3=58n

I1SO 9001:2008 Certified Journal | Page 979



atfunal fonnmal TOT ROEsCAreiy m Apphied Scwence & Engineering Technology (ITRASET)

ISSN 2321 9453 IC' Vaive 4% 98 ST Impact Factor 6 837

!n“’ﬂ
Y § Volume ? Jeowe

_(he positive Pell Equation

Dr. A Kavitha', K. Megala’

p— professor. Department of Mathematics. SIGC, T Fchy-620002, Tamilnead India
LRl .

<M Phil Scholar. Department of Mathematics, SIGC, Trichy-620002, Tamitnadu India

r,.dram‘ Diophantine equation represented by the positive pellian }'Z =2 h‘ +4 analyzed for ity non-

relations among the soluti
T"’Mm. A f"‘ lmm:;hymrb"hs i I:a s ons are given, Further, fﬂp‘ﬂ_ﬂﬂg the solutions we have
her choices

ol
.M .,.M'f"“‘af Hyperbola, Parabola, Integral solutions, Pell equation.
ginary ¢ '
B INTRODUCTION

; f y2 :Df +1 wh Di itivia &
Jaticoquations of the form ere D 1s non-square positive integer has been selected by vanous
- QW

:
g for its non-rivial integer solutions when D takes different integral values[1-4].For an extensive review of Various
| Inl

r“ - refer| 5 10]. In this communication, yet another interesting equation given by }’2 2 h* +4|~; considered and
V er solutions are obtained. A few interesting properties among the solutions are presented.

r_, many intcg
II. NOTATIONS
f - Ilm a)J polygonal number of rank n with size m
L onl
[ lmn f(m-2)n+ 5— rn) Pyramidal number of rank n with size m
b
1L METHOD OF ANALYSIS
e Pell equation representing hyperbola under consideration is,
V=217 +4 (1)
snllest positive integer solutions of (1) are,
x=1y,=5 D=21
« the pellian equation 1s
2
[ y =2 b +1 )
sl solution of pellian equation is
%,=12,5,=55,

aum m}uuun( ; J’.) of (2) is given by,
l

|
| 7—3,- Vo=t
P’

14

=55+ 12Ty + (55 - 12431y
8= (55 +1221)"" - (55 - 12421)""

{L‘.\n.; I’fﬂhma ) are given by,

EUpta lemma between (.)c‘I y y") and ('fn ,:ﬁ") the other integer solution of (1

» 1
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The binary quadratic Diophantine equation y* = 17,2 8 is analyzed for its non-zero distinct integral solutions. A
> ons among the solutions are given, Further,

sing relati employing the solutions have obtained solutions of other

:::_ ginary quadratic, Hyperbola, Parabola, Integral solutions, Pel] equation.

I. - INTRODUCTION
o quadratic equations of the form ¥y =Dx* 41 where D is non-
~c.zns for its non-wrivial integer solutions when D takes different inte
::: e may refer{5-10]. In this communication, yet another interesting

4w+ many integer solutions are obtained. A few

Square positive integer has been selected by various
gral values[1-4] .For an extensive review of various
equation given by y* =17x? +8is considered and
interesting properties among the solutions are presented

IL. METHOD OF AN ALYSIS
positive Pell equation representing hyperbola under consideration is,

y'=17x* +8

(1
mzl/¢s: positive integer solutions of (1) are,
x=1l,y,=5 D=17
der the pellian equation is
¥ =172 +1 ?)

nitiz! solution of pellian equation is
Ax-ﬂ = 8 s j}‘ﬂ = 33 .
general solution (.'fn ,}'5) of (2) is given by,
- 1 O
xfl = gn ‘ yn = -_'fr,-
2417 2

£, =(33+8J17)™ +(33-8/17)"
g, = (33+817)"™ — (33 - 8417)™
ying Brahmagupta lemma between (xn » Yo ) and ('f,. o¥ )

5

'___gn
2J17

the other integer solution of (1) are given by,

1
Xaa1 =Efn +

h)
ym; :—z-fn + 17 g’"

217

*eumrence relatjon satisfied by the solution x and Yy are given by,
xn+1 _66xn+2 * xn+1 = 0

yu+3_66yn+2 +yn+l =0
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. Th hinary 'uadranf' Daqph'anrme equation represented by the Positive pellian yt =232 + 13 isana lyzed for its non-
ot solutions. A few interesting relations am,

hg the solutions are iven. Further, 1! the solutions of the above
we have obtained solutions of other chojces g €, employing the . 4

of hyperbolas, parabolas and Pythagorean triangle
"d\ Binary quadratic, Hyperbola, Parabolq, Integral solutions, Pell equation. ’ )

1. lNTRODUCT[ON
pinan quadratic equations of the form y2 =Dx* +1 where D is
p hind!

o Non-square positive integer has been selected by various
pematicians for its non-trivial integer solutions when p takes differen

L integral values[1-4].For an extensive review of various

interesting equation given by »> =23x? +13 is considered
roperties among the solutions are presented.

ems, one may refer[5-10]. In this communication, yet another

\pfinitely many integer solutions are obtained. A few interesting p

II. METHOD OF ANALYSIS
ipositive Pell equation representing hyperbola under consideration is,

¥ =230 413

smallest positive integer solutions of (1) are, ()
X =1,y,=6 D=23
: pellian equation is
y? =23x? +1 @
mitial solution of pellian equation is
'-fn =5 ’j;u =24,

general solution (xn,y”) of (2) is given by,
%, =g, 5, =/
n 2@ nr Ja 2 "

Te,

(24+5423)"" +(24—523)™
g, =(24+5v23)" —(24-5y23)™

ying Brahmagupta lemma between (.74:0 Yo ) and (35" , ;ﬁ ) the other integer solution of (1) are given by,

S

X | — lf +Lg
n+ 2 n 2J2_3' n
n+l 2 n 2‘\/’23 n
The recurrence relation satisfied by the solution x and y are given by,
x""‘3 - 48xr.-+2 + x.n+l = 0

\ 1
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Abstract:

This paper aims at presenting pairs of rectangles representing the same sphenic
~umber where, in each pair, the sum of the areas is 2 times sphenic number -1

Keywords: Pairs of rectangles, sphenic number
2010 Mathematics Subject Classification: 11D09
Introduction:

When a search is made for collecting problems on special patterns of numbers, the
article entitled “Special pairs of rectangles and sphenic number” is noticed. In the above
article 1], the authors have presented only one pair of rectangles for each sphenic number.
However, It seems that there are some more pairs of rectangles where, in each of the pairs,
the sum of the areas is represented by 2 times sphenic number -1.

Definition:
Sphenic Number:

A Sphenic number is a positive integer which is the product of exactly 3 distinct
primes,

Method of Analysis:

et R (x.y)ang R, (z.w)be two distinct rectangles whose corresponding areas are 4, , 4, .

Consider

"Il +A2 :(2*30)_]
That I,
-‘.1‘4-:1;‘-_—.59 (1)

*19,1,5 be gy

. €e non-zero distinct positive integers and r > s .

lim
: |l‘“*55"'2!540-7272, S.Vidhyalakshmi' M.A.Gopalan’,
. ‘ﬂl‘ﬂw Th‘l'lnm’ Page 1
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Special Characterizations of Rectangles in Connection with Armstrong
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Abstract:

This paper consists of two sections A and B. Section A exhibits rectangles, where, in
each rectangle, the area added with its semi-perimeter is an Armstrong number with digits

3,4,5,6. Section B presents rectangles, where, in each rectangle, the area minus its semi-
perimeter is an Armstrong number with digits 3,4,5,6.

Keywaords: Rectangle, Armstrong number, Primitive rectangle, Non-Primitive rectangle.
2010 Mathematics Subject Classification: 11D99

Introduction:

In [1-15], the diophantine problems relating geometrical representations with
special numbers, namely, Armstrong numbers, Sphenic numbers, Harshad numbers, etc.
The above results motivated us for obtaining rectangles with special characterizations in
connection with Armstrong numbers of order 3, 4, 5 and 6.

It seems that the above problems has not been considered earlier.

Definition: (Armstrong Number of Order ‘n’)

Let N be an n-digit number represented by

fN=a+ a, +a;...+a,, then Nis said to be an Armstrong number of order n.

Method of Analysis:
IIMRAS-ISSN 2640-7272, M.A. Gopalan, ). Srilekha Page S
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. Thr inaty quadratic F)iophanline equation
et py the positive Pellian 2:7 3,1 _ _4is
;f‘_rf;wnrh 'ngn-zl‘-m distinct nneger.sululions. A few
 ged fO7 its sions among the solutions are given,
?": re,lc:l:mm,o]_‘S of the above hyperbola, we have
gn?"’-"’. :,::ti.uns of other choices of hyperbolas and
W;;Lind pythagorean triangle.

P

Words: Bi

* on, Integer solutions
anafis
jo*

nary quadratic, Hyperbola, Parabola, Pel]

y quadratic Diophantine equations of the
The bl: il N,(a,b, Nz 0) are rich in variety and have
form :ialﬂ;!d by many mathematicians for their respective
pee?

rsolutions for particular values of a,b and N . In this
jatege
cntext, one may refer (1-14].

s communication concerns »ivith the prohl_em of obtaining
nuﬁ-zﬂﬂ distinct integer s.olutlons to the binary quadratic
ationgiven by 2x* =3y° =—4 representing hyperbola. A
faw interesting relations among its solutions are presented.
fowing an integral solution of the given hyperbola, integer
slitions for other choices of hyperbolas and parabolas are
ented. Also, employing the solutions of the given
eguation, special Pythagorean triangle is constructed.

LMETHOD OF ANALYSIS:

TheDiophantine equation representing the binary quadratic
#uation to be solved for its non-zero distinct integral
solution is

U’ ~3y* =—4 (1)
Ursider the linear transformations
I=X43,y=X+2T (2)
ftum (1) and (2), we have
X =67 44 (3)

Who L .
“smallest positive integer solution is

Xu=]U1I, =4

Impact Factor value: 7.211
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ollege,
To obtain the othe
equation

T solutions of (3), consider the Pell

X' =67 41 (4)
W s
th:ctse smallest positive integer solution is (X, T)=(52)
general solution of (4) is given by
~ 1 = |
lL=——rg X =—7
2J6 4 =7 )
Where
1, =6+246)" +(5- 2J6)"
8, =(5+2J6)" —(5-246)"",
n =—10.L...
Applying Brahmagupta lemma between (%,,¥,) and
(x,.),) the other integer solutions of (3) are given by
8 12
Xa=2,+—F=g,
7 g (5)
y =2f + 5 g
Al " Jg n [6]

From (2), (5) and (6) the values of x and v satisfying (1)
are given by
27
X, =l +==g
6

. 22
yu-H :9J"n +ﬁgu

The recurrence relations satisfied by x and v are given
by
={)

el

X, —10x,, +x

Yoy =109, + 3, =0

Some numerical examples of x, and y, satisfying (1) are

given in the Table: 1 below,
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2 . a4l
iiract: The binary quadratic cquatlon y* = 33X+ 4" representing hyperboty iy comldered for finding lts integer solutlons.
. interesting propertles among the solutlons are presentod, 4 Isn,

We present Infinitely many posidve integer solutions in
s of Generalized Fibonaccl sequences of mumbers, Generalized [

as sequences of numbers,
ywords: Binary quadratlc Integral solutlons, generaliz
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umhers
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GF, (k,s) : Generalized Fibonaec Sequences of funk p,
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(n=1)m-2
Iy = ”(I 4 ‘) }]

pm [+ 1)((m = 2)(n + (5 - m))|
n = e "

-

6
Pr, =n(n+1)
. mn(n+1)
Clypn = = "”'i' i o]

Sp=6n(n-1)+1

R INTRODUCTION

e binary quadratic equation of the form y? = Dx? 41, where D is non-square positive integer has been studied by various
sihematicians for s non-trivial integral solutions when 1 tokes diflerent integral values [L.24] In 3] intinitely many
thagorcan triangles in ¢uch of which hypotenuse is four times the product of the gencrators added with unity are uhlu-incr.l by
Ploying the non-integral solutions of binary quadratic equation y* = 3x” + L In |S] u, special Pythagorean triangle is obtained
employing the integral solutions of y? = 182x% + 14. In |6] diflerent pattern of infinitely many Pythagoreun triangles are
ined by, [7.8]. These results have
= 33x% + 4! representing a hyperbola,
lew imurcsling properties among the solutions are presented. Employing the integral solutions of (he equation under consideration
“ Palterns of Pythagorean triangles are obtuined.

employing the non-integral solutions of y* = 14x? + 4. In this context one may also refer
Ivaled us (o search for (he integral solutions ol yet another binury quadratic equation y?

I METHODS OF ANALYSIS
nsider the binary quadratic equation
,Vz =33x2 44" 120 (1)
bleast positive integer solutions is
X = 4{2)‘ . Yo = 23(2)1
Obtain the other solutions of (1),

e —
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The hinary quadratic equation ¥ =14x 416 representing hyperbola is considered for finding its integer solutions.
2 ng properties among the solutions are presented Also,

s Ge i Li s it b many POSJ. i b'"egff solutions in
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GF,,(k, s): Generalized Fibonacci Sequences of rank n,

GL”(k,s): Generalized Lucas Sequences of rank n,

Iyn = n[! + ______(n = 1X2m = 2))
pr = [ D{(0m = 2)(n + (5 - m))]

6
Pr, =n(n+1)
mn(n+1)
Clyppn= 5
n =6n(n—1)+1

l. INTRODUCTION
be binary quadratic equation of the form y2 =
#hematics for its non-trivial integer solutions.

ten D takes different integral values [1,2,4]. In [3] infinitely many

Dx? + 1 where D non-square positive integer has been studied by various

Pythagorean triangles in each of which hypotenuse is four

: 2 2 .
mes the product of the generators added with unity are obtained by employing the Y =14x“+1.m (5] a special Pythagorean
i . 2 2 t
Wngles is obtained by employing the integral solutions of y° =182x" +14' .

Iiﬁj different patterns of infinitely many Pythagorean triangles are obtained by employing the non-integral solutions of

‘ = |4I + 4 In this context one may also refer [7,8]. These results have motivated us to search for the integral solutions of
& wnpther binary quadratic equation y =14x’ +16' representing a hyperbola. A few interesting properties among the

Sutions are presented. Employing the integral solutions of the equation under consideration a few patterns

of  Pythagorean
ngles are obtained.
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'uadrﬂic equation is considered and a few interesting properties among the solutions are presented.

pinary y . ;
: m‘ . 'm,mric, integral solutions, Generalized Fibonacci sequences, Generalized Lucas Sequences.

I. INTRODUCTION
2 2 :
quadratic equation of the form y~ = Dx~ +1, where D is a non-square positive integer has been studied by various

jcians for its non-trivial integral solutions when D takes different integral values [1-5]. In this context one may also refer
- ese results have motivated us to search for the integral solutions of yet another binary quadratic equation representing a
: A few interesting properties among the solutions are presented.

II. NOTATIONS

f - Polygonal number of rank 7 with size m
ar

P : Pyramidal number of rank 7 with size m
P : Pronic number of rank »

§ : Star number of rank n

T

- Centered Pyramidal number of rank n with size m

=y

GF'{L_;) : Generalized Fibonacci sequence number of rank 7

Gf.l(k“g) : Generalized Lucas sequence number of rank 7

[I.LMETHOD OF ANALYSIS

esents a hyperbola to be solved for its non-zero integral solutions

) non-homogeneous quadratic Diophantine equation repr

¥ =105x2 +4' 120 e
“elest positiye integer solution (xu ; ye) of (1) is 2
w=d), y, = aie) N
! ﬂic other solutions of (1), consider the pellian equation &)
Y =105¢2 4 p—— 7.). the other integer solutions of (1) are given by

M,
b B"’h""supta lemma between the solutions (xgs Yo

'{wzﬂ(‘z’—)‘f;+4 2 g
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: is considered and a few interesting
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. the solutions are presented .Empfoymg )
pﬂﬁe‘ﬂm‘ﬁoluﬁﬂﬂs of the equation ynder , ; ‘ :
" o eterns of Pythagorean triangle gre To obtain the other solutions of (1),Consider pellian
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its non-trivial
erral solutions when D takes different integral values
5} In this context one ma

y also refer [4,10]. These
sifs have motivated us to search for the integral
fiions of yet another binary Quadratic equation
=M 416 representing  a  hyperbola A few
krsting properties among the solution are presented.
Boying the integral solutions  of the equation

:mideration afew patterns of Pythagorean triangles are
ined,
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+ Polygong] number of rank » with size m
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h * Pyramiga) number of rank n with size m
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fsig g
e the binary Quadratic Diophantine equation is

2
| y :“27212 +16 [1}

Impur value: 7.211

(3)

The initia solution of pelljan equation is

%0 =2,yy=33

whose general solution (%,,%.) of (3) is given by,

where,
fa=33+2{272)™ +(33-272)™!

£, =(33+2y272)™ ~(33-2y272)™

Applying Brahmagupta lemma between, (.

X0
the other integer solution of (1) are given by,

66 .
21"

Tntl =4fn +

(#)

40
Yoo =90, +—=g, 5)

Therefore (4) becomes

2'}'2):'“_] =44272 n +66g" [6)

Replace n by n+1 in (6),we get

2M2x, = W212f 1 +66g,,,,

— 4212331, +2272g,) + 66(33g, + 22727

272x,., = 26442721, +4354g, 7

Replace 1 by n+1 in(7)we get
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ABSTRACT
T binary quadratic equation represented by the positive pellian y* = 35x" + 46
solutions. A few interesting relation amon
pola, we have obtained solutions of other ¢

is analyzed for its distinct

g the solutions are given. Employing the solutions of the above
hoices of hyperbolas and parabolas

KEYWORDS: Binary quadratic, Hyperbola, Parabola, Pell equation, Integer solution.

1. INTRODUCTION

The binary quadratic Diophantine equations are rich is variety. The binary quadratic equation of the form
¢ =Dx’ +1.where D is non square positive integer has been satisfied by various mathematician for its non-
el integral solution. When D takes different integral values[1-4].In [5-11] the binary quadratic non-
homogeneous equation representing hyperbolas respectively are studied for their non-zero integral solutions.
This communication concerns with yet another binary quadratic equation given by y' =35x +46. The

recurrence relation satisfied by the solutions x and y are given. Also a few interesting properties among the
solutions are exhibited.

2. METHOD OF ANALYSIS -
The positive Pell equation representing hyperbola under consideration is
¥ =35x°+46 (1)
The smallest positive integer solutions of (1] are
X,=1._\;,:‘-’ .
To obtain the order solution of (1), consider the pellian equation
y' =35x" +1 @
Whose initial solution is given by
x,=1.y,=6
The general solution (¥, 3, ) of (2) 1 given b
1
|

T \ =

I[“;JE-;)-,.- . 2
L
hre J3s) 416 V35)
f=(6+33%)

(6 J3sy 16 S35y im0
K, - L I 4
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mogeneous hinary quadratic equation represents hyperbola givenby8x* ~3)?
att” ﬂf tions. Afew interesting relation between the solution of the given hyp
1] v ;
; it '"Iﬂy,,;:gnd parabola are obtained,
Lha h
e

o
i
J

Diophantine equations of the form ax? —by* = N,(a,b, N #0) arerichin variety and have been analysed
;niratif-'l ns for their respective integer solutions for particular values of a, b and N. In this context, one may refer
ematicia

=20 isanalyzed for its non-
erbola, integer solutions forother

mogeneous quadratic, binary quadratic, integer solutions.
on-ho

uﬂf“"a[h
.

concerns with the problem of obtaining non-zero distinct integer solutions to the binary quadratic
immnunlcaﬂﬂ';x! -3y* =20 representing hyperbola. A few interesting relations among its solutions are presented.
ion W::t b:ral solution of the given hyperbola, integer solutions for other choices of hyperbolas and parabolas are
winf an Inke

oted.
thod of Analysis

Jophantine equations representing the binary quadratic equation to be solved for its non-zero distinct integer solution is
b =3y' =20 (1)
sider the linear transformations
x=X43T,y= X +6T (2)
(1) and(2), we have
X' 23072 +19 (3)
biesmallest positive integer solution is

ain the other solutions of (3), consider the Pell equation

Fewrt g (4)

smallest posivive integer solution is («?..-?h =(15)

Ty e =
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dratic equation of the form y? = Dx? +1 where D is non-square positive integer, has been selected by
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Lol cans for its non-trivial integer solutions when D takes different integral values [1-4]. For an extensive
g u?ablems- one may refer [5-17]. In this communication, yet another an interesting equation given by

y 0fﬂnm]s P

3 + 29 ls co

, nsidered and infinitely many integer solutions are obtained. A few interesting properties among the
'4.‘\5-1' ted‘

presenting hyperbola under consideration is

T
pslive pell equation ré
y* =35x+29 ”
dlest positive integer solutions of (1) are
n=1.y,=8

. dain the other solutions of (1), co nsider the Pell equation

Y =35c +1 @

“#eral Solution (X, ¥, ) of (2) is given by

Y=g, 5=~/
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; ABSTRACT o

concems with the problem of attaining Pythagorean triangle where, in each Pyth

s POt

. ' dgorean triangle
204rea_ g g Leg is represented by a Narcisstic numbers .

08 ey
S “porimeter

Pythagorean triangle, primitive and non primitive triangle, Narcisstic numpers

jevords:

. INTRODUCTION

Pythagorean triangles have been a very big interest to varj s B

i umber theorys A _ 0 various mathematicians since it is a very
:«;:rmsm house to hunt for. For various types of problem and ideas on Pythagorean triangle and Spi‘izf; ::m v ;;\
e may refer [1-12]. In this communication, we search for pairs of Pythagorean triangle so that in each pair

H] . . .
241 Hpotenuse—a Leg is a Narcisstic number.
Perimeter

Ikfinition; Narcisstic Number
inn digit number which is the sum of nth power of its digits is called an n- Narcisstic number. It is also known as
Amstrong number.

Il. METHOD OF ANALYSIS

#T(xyz) be a Pythagorean triangle where
x=m’-n’,y=2mn,z=m’ +n’ (N
[ F
Jne the area, perimeter and hypotenuse of T(x,y,z) by A, Pand H respectively.
2A
53 +H-y=a,a Narcisstic number of orders 3,4 and 5.
Th : : . 3 .
“roblem under consideration is equivalent to solving the Diophantine equation

G m(m = n) =0
e e ;

"% Uis possible to attain the values of m and n satisfying (2) knowing m, n and using the (

(2)
1) obtains different

] . 2
Mhagorean ¢ A oo PR
mangle, each satisfying the relation 2  +H-y=0,a Narcisstic number. A few illustrations ar¢
it
led in the Tables: |, 2% fiakow:
“ hres
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P FV"M’ with the problem of obtaining many Pythagorean triangles where,
. s Area _ , .
g lw___.-r W -a Leg is represented by q Sphenic number and Sphenic palindrome number respectively. Also,
A oo namber of primitive and non-primitive Triangles.
o
M_ M triangles, Sphenic numbers, Sphenic Palindrome numbers, Primitive and non-primitive triangles.

in each Pythagorean riangles,

. _ I. INTRODUCTION
o ey is the Queen of Mathematics. It is one of the largest and oldest branches of mathematics. We may note that there is
""_m fl,c';,cn@q:nandﬂ'ﬂi'e between the polygonal numbers and the sides of polygon. Apart from the above patterns of numbers,
I qumbers Nasty numbers and Dhuruva numbers have been considered in connections with Pythagorean triangles in [ 1-12].
. communication, we search for pattens of Pythagorean triangles such that. in each of which, the expression
V@ H-a Leg is represented by a Sphenic number and Sphenic palindrome number and they are exhibited in sections A
pedll

2
N

1L. DEFINITION
rgindrome Number: Palindrome number is one that is the same when the digits are reversed.
soaenic Number: A Sphenic number is a positive integer which is the product of exactly three distinct prime num bers.
sonenic Palindrome Number: A Sphenic number which is palindrome is called a Sphenic palindrome number.

IILMETHOD OF ANALYSIS
: Tiny.z) be a Pythagorean triangle where

x=m’-n’,y=2mn.z=m’ +n’ ()

o the area, perimeter and hypotenuse of T(x.y.z) by A.P and H respectively.

Section A; _Z_A_+H_\r=a_ a Sphenic number of orders 3 and 4.
P )

 problem under consideration is mathematically equivalentto solving the Diophantine equation

(2)
m(m-n)=a

atisfying (2). Knowing - m, n and using (1) one obtains Pythagore:

siom & . . alues of m and n satisfying { s Pythagorean
% @, itis possible o obtain the values © |
ks, each Jati 2A | {-y=a, @ Sphenic number. [t is worth to note that there are only four Pythagorean

satisfying the relation . —= b . e
- P\d | of exactly three distinet prime numbers, A few illustrations are presented in Table i
3 ::;]Qas . o iS a rc uc a b
iy the Sphenic number p

_— =
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i ng relations among the solution are given, Further,
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' subject

Is analyzed for its distinct integer
emplaying the solufions of the above hyperbola, we

L INTRODUCTION

. Diophanline equations (both homogeneous and non-homogeneous) are rich in variety. In [1-17] the binary
ratic

eneous equations representing hyperbolas respectively are studied for their non-zero integral solutions. This
-homog!

cerns with yet another binary quadratic equation given by y* = 48x? — 23 The recurrence relations satisfied
,.eunif‘ﬁm o are given. Also a few interesting properties among the solutions are exhibited.
 quions X 8ndY
e

IL METHOD OF ANALYSIS
jon representing hyperbola under consideration is

. | equat
x‘n@’mpd e y2 = 48x1 -23

(1)
allest positive integer solution is
o S x[):l!y0=5
i ider the Pell equation
. ugn the other solutions of (1), consider the q : 2
y =48x" +1

smallest positive integer solution is

x general solution is given by : 1

xn gn'!;n:_fﬂ'
2448 2

1= as)" + - ag)”
g, =(7+Ja8)" -1~ Vag)”

hing Brahmagupta lemma between (x - J’o) and (}‘c’n " j?"), the other integer solutions of (1) are given by
5

1
=—fy ¥—=8,
xn—H 2f 8 i3
5 6
== + '—'g,,
yn+] 2 f f3
“nenge relations satisfied by x and y are given by

xm_3 _l4x +xn+l =0

n+l

yn+3 "—]4)},,41 + y”" = 0
e examples of x and y satisfying (1) are given in the Table: I below:
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equation representing hyperbola given by 8x* —7y* =k* +14k -1,
1S

qcous binary quadratic
4 for its non-zero distinc:c integer solptions. A few interesting relations among its solutions are presented.
ol owing an integral solution of .the given hyPcrbola, integer solutions for other choices of hyperbola and

kn prescﬂwd- Also, employing the solutions of the given equation, special Pythagorean triangle is

w._.hamﬂ!“

Hyperbola, Parabola, Integral solutions, Pell equation.

gvords: Binar? quadraic,
[NTRODUCTION

2 L,
ax” —by” = N,(a,b,c #0) are rich in variety and have

ophantine equations of the form
b and N- In

The binary quadratic Di
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Inroduce the linear transformation
x=X+1T,y=X+8T @)
From (1) & (2) we have
X? =56T% +k> +14k—1 3)

?H smallest positive integer solution is
: u=k+7,To =1
—
obizin the other solutions of (3), consider the pell equation,
X?=56T"+1

Wh(,se
smallest positive integer solution is

(&)

- -
=% (C)Global Journal Of Engineering Science And Researches



4, April 2018
v 512

7. 188

Vol g6
@8 Laz0-91
ls‘GN -*

o Global Scientific sournais

GSJ: Volume 7, Issue 4, April 2019, Online: ISSN 2320-9186
www.globalscientificjournal.com

= 34x%* + 18

2
yTHE POSITIVE PELL EQUATION y

heswari and ?) keerthana

ot professor, Department of Mathematics, SIGC, Trichy-620002, Tamilnadu, India.

A Wm@qmaﬂ.cam

g SchoI0", Deportment of Mathematics, SIGC, Trichy-620002, Tamilnadu, India.

wmnn;byuram.?ﬂ@gmﬂ. com

yzed for its non-zero distinct
e above hyperbola, the solutions

yquadratic, Hyperbola, Parabola, Integral solution, Pell equation.




0 Global Scientific souw <

GsJ: Volume 7, Issue 4. April 2019, Online: [SS

_ N 23209184
WWwW _globalsgcmiﬁci_@mnl.cnm

2 _
NEGATIVE PELLEQUATIONY = 102x% - 18

HENEGATIV o
__:—’—Fand <K Kaviyarasi o
e

nt of Mothematics, SIGC, Trichy-620002, Temilnadu, India
petese” FE

o

- wortment of Mathemaics. SIGC. Tnchy-620002, Tamilnadu, Indig

' .. quadratic Diophantine equation represented by the negative pellian v = 102y - 18 is analyzed for its

;_ sstinct solutions. A few interesting relations among the solutions are given. Further, employing the solutions
.- hyperbola, we have obtained solutions of other choices of hyperbolas, parabolas and Pythagorean triangle,

47705, Bimary quadratic, Hyperbola, Parabola, Integral solutions, Pell equation.

GSJ© 2019 )
WWW .globalscianuﬁciuurnal com



nal Laul‘l'ﬂl of Apt
a1

c ; "
o This paper concerns with the problem of obtaining
rectangles. where, in each pair, the sum of the areas is

i
r"‘ﬁ"mj by an Armstrong number with 3 and 4 digits

,l.:::\l'."}"-

| words: Pairs of rectangles, Armstrong number, Primitive

argle. Non-Primitive rectangle.

i Mathematics Subject Classification: 11D09

gduction:

Number is the essence of mathematical calculations.
ers have vari ctics: of range and richness. Many numbers
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Definition: (Armstrong Number of Order ‘n’)
Let N be an n-digit number represented by
N =a,a,a;......4,
If N=a'+d}+dj...+d,, then N is said to be an Armstrong
number of order n.

In otherwords, A number that is the sum of its own
digits each raised to the power of the number of digits.

Method of Analysis:
Let R (x, y)and R, (X ,Y)be two distinct rectangles whose
corresponding areas are 4, , 4, .
Consider
A, + A, = o (Armstrong Number)
That is,
xw+XY=a (H
Let q, r, s be three non-zero distinct positive integers and
r>s.
Introduction of the linear transformations

«may refer (10-15]. x=s5,y=2q+s,X=r-s,¥Y=r+s (2)
: g5 . in (1) leads to
In this communication, we search for pairs of 2
. _ ‘ rr=a-2gs (3)
zagies where, in each pair, the sum of the areas is Solving (3) forg.r.sand using (2). the
weented by an Armstrong number with 3 and 4 digits corresponding values of rectangles R, and R,are obtained
miively. The total number of primitive and non-primitive and presented in Table:1 below:
Sagles is also given.
Table: 1 Rectangles
- Amstrong R R, Observations Remarks
_ Mumber Primitive | Non-Primitive
153 (1,33) (10, 12) R R, Total number of Primitive
' - rectangles =14
; ' non-Primitive
8.1 19 Total number of non
e G. 19 R, R, rectangles =16

| (2,18) (9,13) R, R, -

| I . O (P

. [TamTewo | R | R |
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I.  INTRODUCTION

3 o — AT
The binary quadratic Diophantine equations of the form @~ —bY" = N,(a,b,c # 0) are rich in variety and have

ing non-zero distinct integer solutions to the binary
quadratic equation given by, Tx —oy =38 representing hyperbola, A few interesting relations among its
solutions are presented. Knowing an integral solution of the given hyperbola, inte
nyperbolas and parabolas are

ger solutians for other choices of
presented. Also, employing the solutions of the given equation, special Pythagorean
riangle is constructed,

II.  METHOD OF ANALYSIS

The Diophantine equation representing the binary quadratic equation to be solved for its non-zero distinct integral
solution is

Ix* —=5y% =8

Introduce the linear transformation
x=X+5T,y=X+17T

From (1) & (2) we have,

X =35T"+.4

Whose smallest positive integer solution is

X, =12, T, =2

()

(2)

(3

To obtain the other solutions of (3), consider the Pell equation

X =357 41 @
“hose smallest positive integer solution is

X0=6’?ﬂ:u_—_1

-
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The binary quadratic equation of the form

1. INTRODUCTION
The binary quadratic Diophantine equ
v* = Dx? + | where D is non square positive integ
kes different integral values [

hyperbolas respectively are stu 2 1
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homogencous equation representing

This communication concerns with yet another binary
by the solutions x and y are given. Also a few interesting properties among the

S N

recurrence relation satisfied
solutions are exhibited.

2. METHOD OF ANALYSIS
The positive Pell equation representing hyperbola under consideration is

2 2
y2=35¢% +29 (1)
whose smallest positive integer solution is
X, = T Vo= 8
To obtain the other solutions of (1), consider the Pell equation
2 &
yr=35x" +1
whose smallest positive integer solution is
.1‘" =] s )"0 = 6
whose general solution is given by
EN 1 1
¥ X = o v =
» el ] — O y e
235 50 =3

fo= ((j + J}Ts)'” " (6 B \ES‘TH
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L. INTRODUCTION
The binary quadratic equations of the form y2 =Dx’+1 whereDis non-square positive integer has been

«lected by various mathematicians for its non-trivial integer solutions when D takes different integral values{1-
4]For an extensive review of various problems, one may refer[5-10]. In this communication, yet another

interesting equation given by y:E =30x? — 45is considered and infinitely many integer solutions are obtained.
A few interesting properties among the solutions are presented.

II. METHOD OF ANALYSIS

The negative Pell equation representing hyperbola under consideration is

y? =30x* —45 ()
whose smallest positive integer solution is

X, =3, ¥, =15.
To obtain the other solutions of (1), consider the Pell equation

y? =30x" +1 )

whose initial solution is given by

The general solution (X, /, ) of (2) is given by,

= 1 o _]f
N TRAARCIETEL
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1. INTRODUCTION

The binary quadratic Diophantine equations (both homogeneous and non homogeneous) are rich in variety [1-
6]. In [:7-17] the binary quadratic non-homogeneous equations representing hyperbolas respectively are studied
for their non-zero integral solutions. These results have motivated us to search for infinitely many non-zero

integral solutions of still another interesting binary quadratic equation given by 4x2-3y?=37. The
recurrence relations satisfied by the solutions x and y are given. Also a few interestin properties among
solutions are exhibited. ’ the
2. METHOD OF ANALYSIS

Consider the non homogeneous binary quadratic equation
4x2 -3y? =37 M
Introducing the linear transformations
x=X13T,y=X 24T Q@)
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Abstract:
In this paper, di t choices of positive and negative Pell equations are considered. Employing the non-zero

gative Pell equations, the relations among the

ye

1. INTRODUCTION

Every researcher in Number Theory is familiar with the subject of Diophantine equations. In fact, Number
theory is the great and rich intellectual heritage of man-kind and essentially a man-made world to meet his
ideals of intellectual perfection. No doubt that number is the essence of mathematical calculations and one may
discover beautiful patterns in numbers. Recognizing number patterns is also an important proplem solving skill.
It is worth to quote the remark “There is strength in numbers, but organizing those numbers is one of the great
challenges” by the mathematician John C. Mather and one may call “Mathematics as the science of patterns as

remarked by Ronald Graham.

ment of equally spaced points are called

Th ted by a regular geometric arrange
e numbers that can be represented by a regular g _gonal numbers generated through the

Figurate numbers [1]. In [2], the relations among the pairs of special m ; "
solutions of the binary quadratic equation y*=2x 1 are determined. In [3], the relations among speci
figurate numbers through the equation y* =10x?+1are obtained. In [4], employing the ::ln:j?;;’;ﬂ;
Pythagorean equation, the relations between the pairs of special polygonal "umbml:,u c:r:h :; N:sty number as
each pair is a perfect square is obtained. Also, Bert Miller [5] has defined a number (-’-b=c+d e 2. Bk
follows: A positive integer n is a Nasty number if n=ab=cdand a+b=c-d or @

and d are non-zero distinct positive integers.
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Non-homogeneous binary quadratic equation representing hyperbola given by 5x° —6y" =

'S non-zero distinet integer solutions. A few interesting relations among its solutions are presented. Aluo,
knowing an integral solution of the given hyperbola, integer solutions for other choices of hyperbola and
parabola are presented. Also, employing the solutions of the given equation, is constructed.

5. ;
is nnalyzed for

KEY'WORDS: Binary quadratic, Hyperbola, Parabola, Integral solutions, Pell equation.

1. INTRODUCTION
The binary quadratic Diophantine equations of the form ax® -—by:" = N,(a,b,c # 0) are rich in variety and

have been analyzed by many mathematicians for their respective integer solutions for particular values of «,h

and N. In this context, one may refer [1-18).

This communication concerns with the problem of obtaining non-zero distinct integer solutions to the binary
' . . 2 2 ; 5 ; ; ,
quadratic equation given by, 5Xx” =6y =35 representing hyperbola, A few interesting relations among its

solutions are presented. Knowing an integral solution of the given hyperbola, integer solutions for other choices
of hyperbolas and parabolas are presented. Also, employing the solutions of the given equation, is constructed,

2. METHOD OF ANALYSIS

The Diophantine equation representing the binary quadratic equation to be solved for its non- zero distinet

integral solution is

5x*~6y* =5 i
Introduce the linear ransformation
X=X+6T,y=X+5T 2)
From (1) & (2) we have
X =307 -5 (3)

whose smallest positive integer solution 15

| Xy=5T, =1
To obtain the other sajutions of (3), consider the pell equation ,
Al 1] 3
X =307 3. |
whose smallesgpositive integer solution is )

The general solution of (4) is piven by,
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_ o L INTRODUCTION
“he binary quad.ratlc Dlophantine equations of the form ax3 ._by2 - N, (a, b,(,‘ # 0) are rich in Vaﬁe{y and have been analyzed
p many mathematicians for their respective integer solutions for particular values of @,band N. In this context, one may refer [1-

&

this m";u"jcam’“ concems with the problem of obtaining non-zero distinct integer solutions to the binary quadratic equation
L AXT =Jy" = S .

gron bY; ' 3y _12 representing hyperbola. A few interesting relations among its solutions are presented. Knowing an

stegral solution of the given hyperbola, integer solutions for other choices of hyperbolas and parabolas are presented.

N ‘ . 1L METHOD OF ANALYSIS
' The Diophantine equation representing the binary quadratic equation to be solved for its non-zero distinct integral solution is

3x* -5y =12 (1)
jaroduce the linear transformation
x=X+5T,y=X+3T ()
from (1) & (2) we have,
X =15T" -6 3
whose smallest positive integer solution is
X,=3,T, =1
Toobtain the other solutions of (3), consider the Pell equation
X =157%1 (©)
vhose smallest positive integer solution is
X,=4,T, =1
shose general solution is given by
~ 1 = 1
T'n= gn’Xu:_-fn
2415 2

shere

fo=lon T sl
BN A

Pplying Brahmagupta lemma between (X,], y,,) and (37" Yy ) the other integer solutions of (1) are given by

J15x,,, = 4151, +15g,
Jisy,, =315/, +12g,

—
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Abstract
Knowing a solution of ternary quadratic diophantine equation representing elliptic paraboloid, a
weneral formula for generating sequence of solutions based on the given solution is illustrated.

Keywords

i ternary quadratic, generation of solutions, elliptic paraboloid.
2010 Mathematics Subject Classification: 11D09

I. INTRODUCTION

ani uitThF _subject of diophantine equations in number theory has attracted many mathematicians since
antiquity. It is well-known that a diophantine equation is a polynomial equation in two or more unknowns with

Integer 1 iah i " . i f i A

unkﬁo (:O‘e‘ﬂl-::tents for_whlch integer solutions are required. An integer solution is a solution such that all the
i \‘_wn;, in the equation takle integer values. An extension of ordinary integers into complex numbers is the
gaussian integers. A gaussian integer is a complex number whose real and imaginary parts are both integers. It is

uite obvious i i ions ich i i i
qu qbuous: that dmph_antlne equations are rich in variety and there are methods available to obtain solutions
either in real integers or in gaussian integers.

A natural question that arises now is, whether a general formula for generating sequence of solutions based
on the given splution can be obtained? In this context, one may refer [1-7]. The main thrust of this
communication is to show that the answer to the above question is in the affirmative in the case of the followin
lemary quadratic diophantine equations, each representing a elliptic paraboloid. :

Il. METHOD OF ANALYSIS

lllustration: 1
The ternary quadratic diophantine equation under consideration is

16x* +9y° =4z (1)
Let (x,,¥,.2,)be any solution of (1).
The solution may be in real integers or in gausssian integers or in irrational numbers.
Let (x,.y,.z, ) be the second solution of (1), where

xlzh,,—x,,.y|=h,,—y“.:|=:“+6h§ (2)
in which 4, 1s an unknown to be determined.
Substitution of (2) in (1) gives

}l',, = 32)(,, +1 8_1’“ (3)
Using (3) in (2), the second solution is given by

x, =31x,+18y, , ¥, =32x,+ 17y, (4)

2, =2, +6(32%, +18y, ) (5)

Let (x,.y, .z, )be the third solution of (1), where
Xy=h=x ,p=h-y .5 =z5+6K
in which A, is an unknown to be determined.

The repetition of the above process leads to
h=Th, . x,=1537x, +864y, . y, = 1536x, +865y, (©)

2, =z, +6(32x, + 18y, (1 +49?) ™

m
ISSN: 2231-5373 http://www.ijmttjournal.org Page 20
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Abstract: Knowing a solution of ternary quadratic diophantine equation rc;?res'enfing hyperbolic paraboloid, a
general formula for generating sequence of solutions based on the given solution is illustrated.
KEYWORDS: Temary quadratic, generation of solutions, hyperbolic paraboloid

1. INTRODUCTION . )

The subject of diophantine equations in number theory has atiracted many mathematicians sm-ce
antiquity. It is well-known that a diophantine equation is a polynomial equation in two or more unknowns with
integer coefficients for which integer solutions are required. An integer solution is a solution such that all the
unknowns in the equation take integer values. An extension of ordinary integers into complex numbers is the
gaussian integers. A gaussian integer is a complex number whose real and imaginary parts are both integers. Itis
quite obvious that diophantine equations are rich in variety and there are methods available to obtain solutions
cither in real integers or in gaussian integers.

A natural question that arises now is, whether a general formula for generating sequence of solutions
based on the given solution can be obtained? In this context, one may refer [1-7]. The main thrust of this
communication is to show that the answer to the above question is in the case of the following ternary quadratic
diophantine equations, each representing a hyperbolic paraboloid.

II. METHOD OF ANALYSIS

Hyperbolic Paraboloid: 1
Consider the hyperbolic paraboloid given by

(a + l):r2 —ay’ =2z (1)
Introduction of the linear transformations
x=Xztal ,y=X(a+1)T )
leads to
X= (a2 +a)TI +2z
which is satisfied by

T=4k ,z=2k" = X =2k(2a+1)
In view of (2), we have
x=8ka+2k 2k and y=8ka+6k ,—2k 3)
Denote the above values of x, ¥, z as x,, Y, ,2, respectively. We illustrate a process of obtaining sequence of
integer solutions to the given equation based on its given solution (3).
Let (x,,, 2 ) be the second solution of (1), where
x,=h—xy,y,=Yo+h,z,=2+h @)
in which h is an unknown to be determined.
Substitution of (4) in (1) gives
h=2(a+1)x, +2ay, +2 )

Using (5) in (4), the second solution (x, 57 ,z,) of (1) is expressed in the matrix form as

(xl-yl 'zly =M("a-)’n 'zu)‘
where t is the transpose and
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I. INTRODUCTION _

The numbers that can be represented by a regular geometric arrangement of equally spaced points are
called the polygonal numbers or Figurate numbers. Mathematicians from the days of ancient Greeks }?avc
always been interested in the properties of numbers that can be arranged as a triangle, which is a threc‘-mded
polygon. There are many different kinds of triangles of which heron triangle is one. A heron triangle is a triangle
having rational side lengths and rational area [1]. One may refer [2, 3] for integer heron triangles. If a, b, ¢ are
the sides of the heron triangle then the triple (a, b, c) is known as Heron triple. The Indian mathematician
Brahmagupta derived the parametric version of integer heron triangles [4-6]. In [7], Charles Fleenor illustrates
the existence of Heron triangles having sides whose lengths are consecutive integers. In [8], the general problem
of Heron triangles with sides in any arithmetical progression is discussed. The above results motivated us to
search for d? fferent set of formulas for integer heron triangles which is the main thrust of this paper.

_ This paper consists of three sections 1, 2 and 3. In section 1, we illustrate the process of obtaining
different set of formulas for integer heron triangles. In section 2, we present heron triangles with sides in

fm'thmctic progression and it seems that they are not presented earlier. Section 3 deals with the different sets of
isosceles heron triangles.

II. METHOD OF ANALYSIS
2.1. Section: 1 Formulas for integer heron triangles

Let the three positive integers a, b, ¢ be the lengths of the sides BC, CA, AB respectively of the heron triangle
ABC. Consider the cosine formula given by

a’=b"+c*-2bc cos 4 (1.1)
Let cosAz%, B>a>0 (1.2)
where §*-a’ = D? (D)O) (1.3)
Substitution of (1.2) in (1.1) gives

2bca'=,8(b2+c2—a2) (1.4)
Introducing the linear transformations

b=2X+2al', c=2pT, a=24 (1.5)
in (1.4), it is written as

A* = X*+DT? (1.6)

which is in the form  of . well-known Pythagorean  equation  satisfied by

X=2mn, DT =m*=n* , A=m*+n* ,m>n>0 (1.7
Choosing m= DM and n=DNin (1.7), we have
X =2D*MN
7 =D(M?-N?) (1.8)

A=DM*+N?), M>N>0
Substituting (1.8) in (1.5), the values of a, b, ¢ are given by
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ABSTRACT

The quadratic equation with four unknowns given by Xayi=
integer solutions and Gaussian integer solutions. Cifferent chaices of
obtained. A general formula for obtaining sequence of solutions (real and complex)
illustrated.

i-:—n-:)is analysed for its non-zero distndt
solutions in real and Gaussian integers are
based on its given solunon IS

Keywords: Quadratic with four unknowns, real integers, Gaussian infegers

I. INTRODUCTION

Number theory is the branch of Mathematics concerned with studying the properties and relations of mtegers. Tha‘c
are number of branches of number theory of which Diophantine equation is very important. Diophantine sguatians
are numerically rich because of their variety [1-3]. In [4-11], different pattemns of integer solutions to quadranc
Diophantine equation with four unknowns are discussed. In [12]. Gaussian integer solutions to space Pythasoresn
equation are obtained. In this communication, the quadratic equation with four umknowns given by

V= 2(:2 - w:)is analysed for its non-zero distinct integer solutions and Gaussian integer sohutions.
II. METHOD OF ANALYSIS

2.1 Section: A (Real integer solutions)
The quadratic equation with four unknowns to be solved is

Wyt =2 - w‘)

)
Introduction of the linear transformations
X=u+v, V=Hu-—-V
. Q)
in (1) leads to
W+ +wt =27 3)

which is in the form of space Pythagorean equation
The choices of solutions for (3) are represented below:

u=m'=n’=p’+q’ v=2mn-2pq,

i)
w=2mp+2nq,z=m’ +n’ +p’ +¢*
u=2mp+2nq,v=2mn-2pq,

i) w=m’=n’-pl+q*,

z=m*+n’+pl+q’
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equation with five unknowns given by
2] 3 3 . . . " .

= 4lx +y )z IS Studied for determining its non-zero distinct integer solutions. A few
esting relations between the soluti

figurate numbers are obtained.

ith five unknowns, integer solutions.
L. INTRODUCTION

well know that the subject of diophantine equations has aroused the interest of many mathematicians since antiquity as it

's a rich variety of fascinating problems. In particular one may refer (1-11] for various problems on bi-quadratic diophantine

tions with four and five variables. In thijs Paper the homogeneous equation of degree four with five unknowns given by

-y +2(x2 —yz)(w2 + p2)= 4():

3 3], i g G :
+ ¥ )z is analysed for obtaining its non-zero distinct Integer solutions,

II. NOTATIONS

- Stella octangular number of rank n

Centered hexagonal pyramidal number of rank n
PR, = n(n+1)- Pronic number of rank n

50, = n(2n2 —»l)
CPs,,=n*-

OH, = %:»:(2::2 +1‘) - Octahedral number of rank n

ty, = n(n2+1) - triangular number of rank n
n +n . ;
CP3= . centered triangular pyramidal number of rank n
P~ Ht 16 n+2) - Tetrahedral number of rank n
2
P,,s i (n s 1) - Pentagonal pyramidal number of rank n

2
Pt n(n+ 1I2n +1)

———————=-square pyramidal number of rank n
! 6

IILMETHOD OF ANALYSIS
homogeneous biquadratic equation to be solved is

3
- y* +2()¢2 --yzlw2 + p2)=4,(x3 +y )z
oduction of the liner transformations
Utv, y=y-y z=vy

1), gives
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Abstract

A new and different set of solutions to the temary quadratic equation x” +xy + y? =12z? is obtained through the
concept of geometric progression and Pythagorean equation.

Keywords: homogeneous quadratic, ternary quadratic, integer solutions.

. INTRODUCTION

It is quite obvious that Diophantine equations are rich in variety [

59 1,3] and occupy a remarkable position since
antquity. In particular, while searching for problems in quadratic dio

phantine equations, the paper [4] was noticed,

Il.  METHOD OF ANALYSIS

The ternary quadratic equation under consideration is
5 +xy+ p? =1222

Introduction of the linear transformations W
X =2u+6v
y=2u- (w} )
in (1) leads to
ut +3y =77 3)
Let a,b,¢ be three non-zero distinct integers.
Substituting
v=2aa
z=b+3a’cta>0 @)
u=b-3a’c
In (3), it simplifies to a* = bc %)

which implies that the triple (b,a,c) or (c,a,b) forms a G.P,

= 134
L
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L. INTRODUCTION e
4 vearch is made for cubig diophantine €quations, the authors noticed a paper by Manju Somanath, J. Kannan, K. Raja [

ubic diophantine equation 11(x + y)? = dxy + 44z’
that are exhibited in this paper.

' they have presenteq lattice points of the ¢

. However, there are other
Stng sets of solutions 1o the above equations

I.. METHOD OF ANALYSIS
ider the cubic equation with three unknowns given by
Hx+y) = 4xy+ 4453
art with, the substitution

ey}
v=(2k-1)x (2)
1 gives
Wk —2k+1)e2 2 g0
118 satisfied by

X =120 - 2k 4 g
2= LK <2k 4 1)g2

(3)
4)
that (2) - (4) satisfies (N
1, the substitution
¥y = 2kx (3)
I leads to
44K = 36k + 112 = 4425
¢ solutions are
x=242(48k2 4 364 4 o ©
.-=n[44k3+36k+11)03 @
 5H7) satisfy (1)
er,
duction of the linear transformations
X=uU+v, y=u-vy, z=y . (®
'leads 1o
v? =u*(l lu-10) )
performing some algebra, it s noted that (9) is satisfied by the following two choices of y and -
IR 2k Ly = (k- 1) 18 - 2k

TR <2k sy = (11K + 1)1 162 +2k +1)
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ABSTRACT
This paper concerns with 6 different Systems of double equations involving surds to obtain their solutions in real
numbers respectively.

Keywords: System of indeterminate quadratic equations, pair of quadratic equations, system of double quadratic
equation, irrational solutions.

2010 Mathematics Subject Classification: 11D99.

INTRODUCTION

Systems of indeterminate quadratic equations of the form ax+c=u’ ,bx+d =1’ where a, b, ¢, d are non-zero
distinct constants, have been investigated for solutions by several authors [1, 2] and with a few possible exceptions,
most of the them were primarily concerned with rational solutions. Ew

en those existing works wherein integral
solutions have been attempted, deal essentially with specific cases only and do not exhibit methods of finding integral
solutions in a general form. In [3), a general form of the integral solutions to the system of equations

ax+c=u" ,bx+d =v* where a, b, c, d are non-zero distinct constants is presented when the product ab is a square

free integer whereas the product cd may or may not a square integer. For other forms of system of double diophantine
equations, one may refer [4-12].

In the above references, the equations are polynomial equations with integer coefficients which motivated us to search
for solutions to system of equations with surds. This communication concerns with the problem of obtaining solutions
a, b in real numbers satisfying each of the system of double equations with surds represented by

i) ava+bJb=N,aJb+bJa=N-1
i) ava+bvb=N+1,ab+bJa=N
i) ava+bdb=N+4,alb+bJa=N
iv) aJ;+bJ3=N+24,aJE+bJ_=N
v)  ava+bVb =2N+1,avb+bJa =N+

vi) ava+bvb =k +k+1 avb+bJa=3k+8 .
where N is an integer. In each case, a few interesting relations among the solutions are presented.

Corresponding Author: S. Aarthy Thangam®*
s*Research Scholar, Department of Mathematics,
Shrimati Indira Gandhi College, Trichy-620 002, Tamil Nadu, India.
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puiract: In thix paper, the cuble equatlon wigh Jour unknown given by 4( 4 ») 13(': “1)x+ )i -b:’ +IV (rns1) b
wisidered for determining Ity non.zep, distinet integer solutiony,
cywonds: Cubic with four unknowny, homogeneouy cuble, Integer solutlony,

L. INTRODUCTION
cuble equations with four unknowns to obtain integer solutions satisfying them [ "3]' In
s with four unknowns are presented in [4-12]. This paper has a different choice of

abic oquation with four unknowns Riven by 41(_\--‘ " y‘)... 12(39 -I)(x +y)z* ..(‘3,11 + l)wl. (s £1) to obtain its infinitely many
on-zero distinet integer solutions.

(is well-known that there nre varletios of
articular, different choices of eybie cquat

. . Il. METHOD OF ANALYSIS
he cubie equation with four unknowns to be solved for its non-zero distinet integer solutions is given by

RO e

)]
itroduction of the linear transformations
XUV = U=y, w2 (1 yw0) )
(1) leads to
v om gl -(sz—l)zl 3)
gain, considering the linear transformations
=X 4-(5’ -|)T (4)
1= X +8T (5)
1 (3), it gives
X¥ =5t - 5?) 72 402 ©

he fundamental solution of (6) is
Ty =2v,Xy =(2s? =1}y
o obtain the other solutions of (6), consider its pellian equation
X =t -s?) 12 41
hose general solution (‘ﬁ,, f”] is given by
1

. T~T==g
L) nr iy 2 34—32 "

here

- T 3 n+l
f,=| 25t =14 2¢s" ~-.\-?)' +(251—|—2 § =S
n

2 TE 2s% —1-29s" =52 =
g"a[zs =1+24s - LA
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= 40x* - 36 is analyzed for its distinct integer
hyperbola, we have
d special figurate

sract: The binary quadratic equation represented by the negative pellian y'
aions. A few interesting relations among the solutions are given. Employing the solutions of the above
gined solutions of other choices of hyperbolas and parabolas. Also, the relations between the solutions an

nbers are exhibited.
words: Binary quadratic, Hyperbola, Parabola, Pell equation, Integer solutions and Figurate numbers.

I. INTRODUCTION

+ subject of Diophantine equation is one of the areas in Number Theory that has attracted many Mathematicians since antiquity
it has a long history. Obviously, the Diophantine equation are rich in variety [1-3]. In particular, the binary quadratic
phantine equation of the form y* =Dx’ =N (N >0, D > 0and square free)is referred as the negative form of the pell equation
) related pell equation. It is worth to observe that the negative pell equation is not always solvable. For example, the
ations y* =3x* =1, y* = 7x* =4 have no integer solutions whereas y* = 65x* —1, y* =202x* —1 have integer solutions. In this
text, one may refer [4-10] for a few negative pell equations with integer solutions.

his communication, the negative pell equation given by y* = 40x* —36 is considered and analysed for its integer solutions. A

interesting relations among the solutions are given. Employing the solutions of the above hyperbola, we have obtained solutions
sther choices of hyperbolas and parabolas. Also, the relations between the solutions and special figurate numbers are exhibited.

Il. NOTATIONS

(.= n[l + i"—_lxzm—_z]] - Polygonal number of rank n with sizem

pr= é nln+ II(m -2+ (s —m)]- Pyramidal number of rank n with size m

III.LMETHOD OF ANALYSIS

: negative Pell equation representing hyperbola under consideration is

¥ =40x"-36 )
»se smallest positive integer solution is

xo=1,y,=2
obtain the other solutions of (1), consider the Pell equation

yt=40x% +1
»se general solution is given by

oL el

where

£ = (1943430 +(19-3Ja0] "
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ABSTRACT -
The binary quadratic equation represented by the negative pellianx’ =6y* -50 s analyzed for its distinct

‘nteger solutions. A few interesting relations among the solutions are also given. Further, employing the
solutions of the above hyperbola, we have obtained solutions of other choices of hyperbolas, parabolas and
special Pythagorean triangle.

KEYWORDS: binary quadratic, hyperbola, parabola, pell equation, integral solutions.

1. INTRODUCTION
Diophantine equation of the form y* = Dx* —1, where D>0and square free, is known as negative pell
equaton. In  general, the general  form  of negative pell  equation s represented by
V=D =N N>0,D>0and square free. It is  known that negative pell  equations
V=33 =137 =72 —4have 6o integer ~ solutions  whereas ¥ = 65" — | . ¥ =202 ~l have integer

solutions. It is observed that the negative pell equation do not always have integer solutions. For negative pell
cquations with integer solutions, one may refer [1-11].

gative pell equation given by y* = 7x? _ 14 considered for its non-zero
distinct integer solutions. A few interesting relations among the solutions are alsp given,

solutions of the above hyperbola, we have obtained solutions of other choices of hyp
special Pythagorean triangle.,

Further, employing the
erbolas, parabolas and

2. METHOD OF ANALYSIS
The negative pell equation representing hyperbola under consideration is
x =6y’ =50 (1)
whose smallest positive integer solution is X =2,y,=3

To obtain the other solutions of (1), consider the pell equation
=6y +1
Whose solution is given by

Je=

“"_fn""_.
I"Z!yu

H

276
where f = ‘51-21/3)". +(5—2JETH
g, =l5+2/6)" - 520"

ht.lp' www:|c'crtcom@luu’nmnrm;i -.}u.l'.l-ﬂl_;fl-i;)ff‘:l-lg;'f'net’rfﬂg Sciences & Research Technology
[50]
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Abstract: A new and different sets of solutions to the ternarv quadratic equation
Sxm+ 7y =972=" are obtained through the concept of geomelric progression and

Pwvihagorean equation.

1. Introduction
While making a survey of problems on ternary quadratic Diophantine equations. the

article entitled “Observations on Ternary Quadratic Equation 5¢° + 7v =972 is noticed

in which the authors have presented a few patterns of integer solutions [1]. However. it is
observed that there are other sets of interesting integer solutions (o the considered quadratic
equation with three unknowns which is the main thrust of this communication.

2. Method of Analysis
The terary quadratic equation under consideration 1s
5x° +7"_1-'2 =972:° (N
Introduction of the linear transformations
x=X+7T,y=X-5T (2)
in (1) leads to

x24+3577 = 8127 (3)

which is satisfied by

10
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\ naw and different set of solutions is obtaineq
‘r."_ the ternary quadratic diophantine equation

C+aw+by =27 through representing it as q
wstem of double equations.

-words ternary quadratic, system of double
cquations, integer solutions.

.o a o Professor, Department of Mathematics
shrimati Indira Gandhi College, Trichy-620 002, Tamii
Nadu, India.

. Associate Professor, Department of Mathematics
shrimati Indira Gandhi College, Trichy-620 002, Tamii
Nadu, India.

Il INTRODUCTION

The diophantine equation of the

E 2 2
o +axy+by” =dz” where a, b, c. d are non-zero

form

& J Shanthi®

integers has been discussed by several authors
[!'3]-_ln [4-14], integer solutions to the above
€quation are presented when a, b, c d take
particular  numeriea] values. In  this
COmmunication, different sets of integer solutions
o the above equation are obtained when

c=d= .

_ I bj-r’ Tepresenting it as a system of double
€quations involving trigonometric functions. It
Seems that they have not been presented earlier.

. METHOD OF ANALYSIS
The diophantine equation under consideration is

x! +axy+ by’ = 7

(1)

The above equation is represented as the system of double equations as below-

Z2+Xx

(ax+ by)sech

ycotB (@x +by)cotd

ycos

(a.r +by)tan®

vtan®

Consider system: 1

Elimination of 2 leads to

rzr(b-coslﬁ) ; y-_-:(ZCosﬁ—a)

Case: ;

(2)

Assume
2
cosQ = <P4 r (2 o2

* 2018 Londgn Journals Press

Substituting (3) in (2), we have
x=blp* +¢*)+2p°¢’(6-2)
y=(p*+¢")(4pg-alp* +4’))
and from the given system

z=b(p* +¢')+ 2p°¢* (b+2)-2apg(p’ + ¢°)
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Abstract

s a perfect square. The construction of
ger solutions of the g
gaussian diophantine quadruples with the given property.
Keywords: Diophantine Ouadruple; Double Diophantine Fquations; Gaussian Diophantine Quadruples;

is illustrated through employing the non-zero distinct inte
the above process leads to the generation of sequences of

1. Introduction

The construction of the sets with property that the product of any
two of its distinct elements is one less than a squarc has a very
long history and such sets were studied by Diophantus. A set of m

distinct non-zero integers {q .a,. -»a,} is called a Diophantine m-
tuple with property D (n) if aa +n is a perfect square for all
Isi<j<m [1]. Various mathematicians discussed the construc-
tion of different formulations of Diophantine triple and diophan-
tnc quadruples with property D (n) for any arbitrary integer n
and also for polynomials in n [2-15].

Aset{a a,. . ,a}cZ (1)-{0} is said to have this property 1 (z)
if the product of its any two distinct elements increased by z is a
squarc of a Gaussian integer. If the sct {q.qa,,...a,} is a complex
diophantine quadruple then the same is true for the set
{~4.=a,.. ,=a_}. Particularly in [16], the authors have analyzcd
the problem of the existence of the complex diophantine quadru-

ples. In this context, onc may refer | 17-25). o
In this communication, we construct scquences of gaussian dio-
phantine quadruples with propertics 1 (1) and D (4).

2. Method of analysis

2.1. Problem 1;

Let A, B be two gaussian integers represented by

Ackpth vikg . B =kp2(2n+k)+ikg

where k, P. q and n arc non-zero inlegers.
Note that

AB 4 n' =(kp t(m+k )+ .rkq)' -r' (say)

———

sandhi College, Trichy-620 002, Tamil Nadu, India

“-mail:aarth vthangam(@gmail.com

gaussian diophantine quadruple (4,8 ¢ D)
ystem of double diophantine equations. The repetition of

Integer Solutions; Pell Equations.
Therefore, the pair (4 »B) is a gaussian diophantine 2-tuple with
property D (n)

Consider C to be a gaussian integer such that

AC +n' =g? (1)
BC +n' =/ 2)
Assume

a=A+r fi=B+r (3)

Substituting (3) in (1) and (2

) and subtracting one from the other,
observe that

C=A+B+2r =4kp t4(n +k )+1 4kq

It is observed that the triple (1.5 (') is a gaussian diophantine 3-
tuple with property D (n') . When n=1,n=2, the above triple

(4.8,C) can be extended to diophantine quadruple with their
corrcsponding properties.

2.1.1. Diophantine quadruple with property D (1):
Let n=1. Then the triple (4,8 ) is given by
A=kp Tk +ikg

B=kp+(2+k)+iky

€' =dkp £4(k +1)+14kg

which is a gaussian diophantine triple with property (1) .
If (4.4 .C) is o diophantine triple with property D (1) then the
fourth tuple D is given by

ed under the O
This ypen wevess arikle distribul Nl
Currts C18 uvund“:ihmhln: l’l:ll:‘tl:l‘ﬂt:ﬂl:ll:ll'l any medium, provided the originul work s pro
mils unrestricled use,

" , which per-
perly clied.
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. The binary quadratic equation represented by the positive peljjq,
racl:

Afew interesting relatlons among the solutions are given. Further
ik "
2 : sined solutlons of other cholces of hyperbola and parabola,

ords: Binary quadratic, hyperbola, Integral solutlons, parabola, peyy

1

¥ =325 441 i analyzed for its distinct integer

employlng the solutions of the above hyperbola, we

quation. 2010 mathematics subject classification:

L INTRODUCTION
_ ) 7 2 ;
- quadratic equation of the form y* = Dx” + 1 where D i non=squarc positive integer has been studied by various
;"; icians for its non-trivial integral solutions when I takes different integral values [1-2]. For an extensive review of various

goblems. one may refer [3-12]. In this communication, yet another interesting hyperbola given by y* =32x" 1 41is considered

od infinitely many integer solutions are obtained. A few interesting properties among the solutions are obtained.

. Vethod of Analysis

e positive Pell equation representing hyperbola under consideration is
yr =32x* +41

s smallest positive integer solution is
X,=2,y,=13

o ohtzin the other solutions of (1), consider the Pell equation
y=32x% +1

hos: general solution is given by

(n

NN R,
n sﬁgn’yu 2‘n

£,=(741242)" +(17-1242)"
g =07412v2)" - (17-12v2)" , n=-1,0,1.2....

n
w7y Brahmagupta lemma between (x“, y,) and (’f_‘,j?" ), the other integer solutions of (1) are given by

13
xm- :fﬂ ';- "
BV
13
y""" :?fn +8‘J§gu

Fhye . .
*fecumence relations satisfied by x and y are given by
Ya=34x,,+x, =0
ym't_34ym2+y -—_-0
Yoy e : | i : T
NuMmericq| examples of x and y satisfying (1) arc given in the 'l

] A
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A CONNECTION BETWEEN PAIRS OF

RECTANGLES AND SPHENIC NUMBERS

'S.Vidhyalakshmi M.A. Gopalan, *'s. Aarthy Thangam
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i aims at determining pairs of rectangles .
gt fm’a‘,'i?’ﬂii the number of primitive and non-primtiye 1o . ©ACh P, the sum of their areas is represented by a

g § -primitive rectangles for each sphenic number is given.
I.gr ferms - Pairs of rectangles, Area, Sphenic number,

J INTRODUCTION _—
uence CTs
: a0 seq‘ chu:ctem'lmr:ti as pattern. In fact, mathematics can
g el illustrated by a scientific theory
yapatten. In other PY

i 1] ®spond
that there s & One 10 OnE corgpondence be giSides of the polygon. Apart from
Dhuruva numbers and Jarasandha

o DEFINITION
jc Number:

omsider
A + A, =30, a sphenic nugh
h i'sl
y+zw=30

%, 1, s be three non-zero distinct positivéiinges 3
troduction of the linear transformations

x=5,y=29+S,z=r—s,w=r+s @)
(1) leads to

r*=30-2gs 3)

lving (3) for ¢, 7,5 and using (2), the corresponding values of rectangles R, and R, are obtained and presented in Table:1
low:

Table: 1 Rectangles

R, R, A+ 4, Observations
Primitive Non-Primitive
(1: 15) (31 5) 30 RI »Rz
(1,27) (1,3) 30 R ,R,

ke that the above two pairs of rectangles are primitives as gcd(x,y)=1and ged(z,w)=1
me other numerical examples of sphenic numbers are presented in Table: 2 below:

e ——
ETIR1901A31 | Journal of Emerging Technologles and Innovative Research (JETIR) www,etir.org | 231
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pinary quadratic equation represented by the positive Pellian y* = 35x> 4 |4 analyzed for its distinct integer

‘ . > .
pii eresting relations among the solutions are given. Further, employing the solutions of the above hyperbola, we

" it
o Afowin ; ;
fio" el tions of other choices of hyperbola and parabola.

& Binary quadratic, hype rbola, integral solutions, parabola, pell equation. 2010 mathematics subject classification:
’”w . INTRODUCTION
- % 5 = )
_\ quadratic equation of the form ¥ = Dx” +1where D is non-square positive integer has been studied by various
A pinar}

\icians for its non-trivial integral solutions when D takes different integral values [1-2]. For an extensive review of various
hcma ] . ) ) .
s, One May refer [3-12]. In this communication, yet another interesting hyperbola given by .;,-2 =35x% +14 is considered

pli finitely many integer solutions are obtained. A few interesting properties among the solutions are obtained.
n 8 L

1 Hefhﬂd qf4nafv51'8
he Positive Pell equation representing hyperbola under consideration is
C

2 =35x +14
shose smallest positive inleger solution is
xg=1,y,=17
Toobiain the other solutions of (1), consider the Pell equation
y* =35x% +1

whose general solution is given by

X —L—g y lf
xrl = n? n ) n
2435 2

=(6+35)"" + (6~ v35)"
=6+435)" =(6-35)"" . n=-1,0,1.2.....

Applying Brahmagupta lemma between (xo, yu) and (ﬁx'” . i, , the other integer solutions of (1) arc given by

.._—f+

(N

phere

zmgﬂ
V3s

1
ym e +
! zfﬂ' 2 gn

he fecurrence relations satisfied by x and y are given by

xn+3"]2-¥n+2+x =0

In‘!. ]2-}!"‘_2 + y"‘” — 0
e Numerical examples of x and y satisfying (1) are given in the Table: 1 below:

-‘..-"'---___
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ABSTRACT

ntuples (x, y. z. w. T)
of degree seven with five unknowns given by x* 4 ' —

We obtain infinitely many non-zero integer qui satisfying the non-homogeneous equation
(v+ ,t}ll’3 =142’T° . Various interesting properties
between the solutions and special numbers are presented.

KEYWORDS: Higher degree. Heptic with five unknowns. Integer solutions.

1. INTRODUCTION
The theory of Diophantine equations offers a rich variet
and non-homogeneous equations of higher degree have
antiquity [1-3]. Particularly. in [4-10]. heptic equations with three. four and five unknowns are analyzed. This
paper concerns with yet another problem of determining non-trivial integral solutions of the non-homogeneous
cquation of seventh degree with five unknowns given by x* + y* — (3 + x* =142T* . A few relations between
the solutions and the special numbers are presented.

vy of fascinating problems. In particular, homogeneous
aroused the interest of numerous Mathematicians since

2. NOTATIONS

~  Polygonal number of rank n with size m

Lo = n[l +£’L_‘m‘_2)}

2
» Pyramidal number of rank n with size m

P =<l m—2)u+ 5~ m)]

» Centered Pyramidal number of rank n with size m
m(n—Dn(n+1)+6n
CP,, = .
~  Stella Octangular number of rank n
SO, =2n* —n
»  Gnomonic number of rank n
GNO, =2n-1
#  Pronic number of rank n
Pr,=n(n+1)

#  Five dimensional Figurate number of rank n whose generating polygon is a triangle
n® +10n* +35n' +50n" 4 24n

5
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ABSTRACT
The transcendental equation with three unknowns given by 2(x+ y)—3Jx—y =(k’ +7s%)z%is considered and
analyzed for finding different sets of integer solutions,

KEYWORDS: Transcendental equation, Integer solutions,

1.  INTRODUCTION
The subject of diophantine equation, one of the interesting areas of Number Theory, plays a significat role in
higher arithmetic and has a marvelous effect on credulous people and always occupies a remarkable position
due to unquestioned historical importance. The diophantine equations may be either polynomial equation with
atleast two unknowns for which integer solution, are required or transcend

ental equation involving
trigonometric, logarithmic, exponential and surd function such that one may be interested in getting integer
solution.

It seems that much work has not been done with reg
surds. In this context, one may refer [1-10].

ard to integer solution for transcendental equation with

In this paper, we are interested in obtaining integer solutions to transcendental equation involving surds. In
particular, we obtain different sets of integer solutions to the transcendental equation with three unknowns given

by 2x+y) -3y = (k* +75%)2".

2. METHOD OF ANALYSIS .
The ternary transcendental equation to be solved is

Ax+y)-3Joy = (k" +7s%)2* )
Introduction of the transformations

x=(u+v),y=u-v); uzvz0

in (1) leads to

W+ s (k4 Ts)2 - g o
The above equation (3) is solved through different methods and using (2), one obtains differcat sets of solutions
to (1).

hitp: // www.ij O International Journal of Engineering Sciences & Research Technology
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ABSTRACT
The hyperbola represented by the binary quadratic equation 3x? —Sy? =40 is analyzed for finding its non-

zero distinct integer solutions. A few interesting relations among its solutions are presented. Also, knowing an infegral
solution of the given hyperbola, integer solutions for other choices of hyperbolas and parabolas are presented.

KEYWORDS: Binary quadratic, Hyperbola, Parabola, Integral solutions, Pell equation.
2010 Mathematics subject classification: 1 1 D09

1. NOTATION
1= n[ I (f_l)gi-z—)J -Polygonal number of rank n with sides m
2. INTRODUCTION

The binary quadratic  Diophantine equations of the form
wx’ —by* = N,(a,b, N #0) are rich in variety and have been analyzed by many
mathematicians for their respective integer solutions for particular values of a,b

and ~ . In this context, one may refer [1-13].
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e
in this work, we search for the lattice points of the hyperbola x?2

; 5 : : +A4XY +¥2-2X 1+ 2¥Y -8 =0. Various connections
among the solutions are given. Gwen_a solution, solutions for other forms of hyperbolas and parabolas are
determined
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ANS Subject Classification P

11D09.

'23 Department of Mathematics, Shrimali Indira Gandhi College, Trichy-620002, Tamil Nadu, India.
*Corresponding author: ' vidhyasige@gmail.com:

?mayilgopalan@gmail.com: aa\ar!h:.:tharsgarn@gnnau‘l.n::orn
Article History: Received 21 December 2018; Accepted 11 February 2019

©2019 MJM.
Contents 1t3s to be noted that (1) represents a hyperbola.
Substituting
v oIntroduction...........ooiiiiiiiii e - |
2 Method of Analysis...................... ... 1 X=x-1.¥=y+1 (2.2)
References................................. 3 in (1), we get
1. Introduction sl o X+ 44y -6=0 (2.3)
Every student of mathematics is familiar with the subject . .
! : ain sett
of analytical geometry which is a study of geometry using ~ /124in setting
a co:ordi.nate System. Linear equations invo!ving x.and y X=MAN,y=M—-N (2.4)
Specify lines while quadratic equations specify conic sec-
tons. The hyperbola, a special conic, represented by the pell in (3). it simplifies to the equation
®quation v = Dx2 4 N (D > 0 and square free) for various i
values of D and N are swudied in [6, 8, 9]. The hyperbola rep- N =3M2_3 (2.5)
‘esented by an equation of the form x2 + Axy+y* + Bx = o ‘
0 analyzed for various values of A and B in [2-5). In  whose initial solution is Mg = 2 , Ng = 3 Now consider the
[1.7], the hyperbola represented by an equation of the form  fundamental positive pell equation
By +Cy? 4 Dx 4 Ey+ F = 0is considered for particu-

P =am° 2.6)
ha Values A, 8.C, D, E and F. It seems that much work has not N-=3M"+1 (

nd 1 i H = 3 - the . T :
hyperbz:]:r?p::::lzodlcb?;zli ?;?T;:zlf“;isé};‘i:]i‘ms whose general selution (M;, N;) is given by

considered in thig paper for determining its non-zero distinct

__ _—
'W' solutions. Employing the solutions of the given equa- N, = Efs M= E—ﬁg,
:Jm'. "Mieger solutions 1o special hyperbolas and parabolas are
Wained, where
s+ _ ﬁ);ﬂ
B 0y o o = (24 V3 4 (2 i
e Methaskt Analpitsi ; = (24 V3P -2~ VAFY,
The diophantine equation under consideration is 8 ~‘ ) l’ .
§ O 2
X'4axx4v2 gy oy g0 @b
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ABSTRACT

This communication aimy at determin ing pairs of non-zero distinct integers (a, b) such that, in each pair

(i) the sum iz a cubic integer and the product is a square integer
(). the difference is a cubical integer and the product is a square integer
KEYWORDS: svstem of deuble equations, integer solutions

L INTRODUCTION

[ the history of number theory, the Diophantine equations occupy a remarkable position as it
has an unlimited supply of fascinating and innovating problems [ 1-9]. This communication
concerns with the problem of obtaining two non-zero distinct integers @ and b such that

: 3 2
W atbh=p’ | ab=q° and

). a-h= ;)" ; ahzqz
7

. METHOD OF ANALYSIS

2
() On the system a+ b = p3 , ab=gq

Let a,bbe two non-zero distinct positive integers such that

a+h= p; Cab = ql’ (1,2)

Where P, =)
Phe elimiy

ation of b between (1) and (2) leads to
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The binary quadratic Diq?kfmtine fqnaﬁou -rqrresenred by the positive Pellian yl =
'.rt _ solutions. A few interesting relations among the solutions are

"Wt‘ obtained solutions of other choices of hyperbolas and parabolas.
" tic, Hyperbola, Parabola, Pell equation, Integer solutions

15x? + 10 is analyzed for its non-
given. Employing the solutions of the above

ot Bin

I. INTRODUCTION
o quadratic equation of the form y? = Dx? +1 where D is non-square positive integer, has been selected by various
s 1A for its non-trivial integer solutions when D takes different integral values [1-4]. For an extensive review of various
giiens. 00€ 3Y refer [5-16]. In this com.t‘nm'liwﬁm, yet another an interesting equation given by y* =15x2 +10 is considered
 nfitcly many integer solutions are obtained. A few interesting properties among the solutions are presented.

II. METHOD OF ANALYSIS
e Positive Pell equation representing hyperbola under consideration is
y =152 +10 (1)
b smallest positive integer solutions of (1) are
x,=1,y,=5
To obtain the other solutions of (1) , consider the pellian equation
y? =15x% +1 )
hose mitial solution is given by
X =1,5,=4
be general solution (%, , 7, ) of (2) is given by
1 —3 |
PV A oY

=
Rt
S, =@+415)" +(4-415)""

g, =(@+J15)" —(@4-J15)"" ,n=-101,..
Pyog Brahmagupta lemma between (xo, J"u) and (Sc" ,},) , the other integer solution of (1) are given by
1 5

B =—f, + .
e 21 &
5 -J
J’.u=-2—f,+ ;5 g.

be e .
ence relations satisfied by the solutions x and y are given by
L i sxul tX = 0

Yasy -8)’.,2 Ve = 0

oy
et Rights are Reserved
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gisract: The binary quadratic equation represented by the negative pellian y'=12x' - 23is analyzed for its distinct integer

lations. A few interesting relations among the solutions are given. Employing the solutions of the above hyperbola, we have
ined solutions of other choices of hyperbolas and parabolas.
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I. INTRODUCTION
The subject of Diophantine equation is one of the areas in Number Theory that has attracted many Mathematicians since antiquity
od it has a long history. Obviously, the Diophantine equation are rich in variety [1-3]. In particular, the binary quadratic
giophantine equation of the form y'=Dx*=N(N>0, D>0and square free) s referred as the negative form of the pell equation
() related pell equation. It is worth to observe that the negative pell equation is not always solvable. For example, the
equations y' =3x —1,y* = 7x* —4 have no integer solutions whereas y* =65x> —1, y* =202x" —1have integer solutions. In this
sontext, one may refer [4-10] for a few negative pell equations with integer solutions. In this communication, the negative pell
equation given by y’ =12x" —23is considered and analysed for its integer solutions. A few interesting relations among the
wlitions are given. Employing the solutions of the above hyperbola, we have obtained solutions of other choices of hyperbolas and

parabolas.
II. METHOD OF ANALYSIS

The Negative Pell equation representing hyperbola under consideration is

yl=12x*-23 (M
The smallest positive integer solutions of (1) are
‘rﬂ = 2 ] yﬂ = 5
Toobtzin the other solutions of (1), consider the pellian equation
| Y =12 41 =
Whose initjal solution is given by
A X=2,%=1
gneral solution (;..;n) of (2) is given by
Bt st
- 43 :
L, =(1+43y" 4+ (7-443)"
g, =(T+4/3)y" —(7-4J3)"" , n=-1,0,L.
lﬁlimg Brahmg (ki) %7 ), the other integer solutions to (1) are given by
8upta lemma between the .‘it)lUlilmﬁ(Iu'le) and (%,,5,)-
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/f:ﬂw pinary quadratic equation represented by the
ﬂsﬂ’ﬁ u‘mSIz"TJ’z = -8 is analyzed for its distinct

WW A few interesting relations among the
et sl iven. Employing the solutions of the above
ghtons ‘:fm obtained solutions of other choices of

Fm nd parabolas.
e
' . Binary quadratic, Hyperbola, Parabola, Pell

gt [nteger solutions.

{ NTRODUCTION

me binary quadratic Diophantine equation of the
gmat by’ =N,(a,b,N #0) are rich in variety and have

jeenanalyzed by many mathematicians for their respective
meger solutions for particular values of a,b and N . In this

wntext, one may refer [1-14].

This ommunication concerns with the problem of obtaining
mor-zero distinct integer solutions to the binary quadratic

squation given by 5x° -7}'1 =-8 representing hyperbola. A
B interesting relations among its solutions are presented.
lowing an integral solution of the given hyperbola, integer
®iutions for other choices of hyperbolas and parabolas are
pesented.  Also, employing the solutions of the given
iation, special Pythagorean triangle is constructed.

LMethod of Analysis

mphﬁnﬁ"e Equation representing the binary quadratic
-.m“ 0 be solved for its non-zero distinct integral

nis
SXZ"? =
}’1 8 1)
i the linear transformations
X=
X+ yexast @)

o, (1) ang (2), we -

2019
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X2=3572 44 (3)
whose smallest positive integer solution is
X 0= 12 Tb =2

To obtain the other solutions of (3), consider the pellian
equation is

X% =3572 41 (4)
whose smallest positive integer solution is
(X0, 7)) =(6.)

The general solution of (4) is given by

n="7—8n » Xp=

1
27

fo=lo 5] 4l s )™
ga=lo+35)"" ~lo-33)"™

Applying Brahmagupta lemma between (Xp,7;)and
(X o~ f},) the other integer solutions of (3) are given by

Xn+l = 6fl'l +J§§g"
(5)

6
Tor1=Jn +_J§gﬂ

From (2), (4) and (5) the values of x and y satisfying (1) are
given by

17
xn+1=l3f,,+-‘['3=58n
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r,.dram‘ Diophantine equation represented by the positive pellian }'Z =2 h‘ +4 analyzed for ity non-

relations among the soluti
T"’Mm. A f"‘ lmm:;hymrb"hs i I:a s ons are given, Further, fﬂp‘ﬂ_ﬂﬂg the solutions we have
her choices

ol
.M .,.M'f"“‘af Hyperbola, Parabola, Integral solutions, Pell equation.
ginary ¢ '
B INTRODUCTION

; f y2 :Df +1 wh Di itivia &
Jaticoquations of the form ere D 1s non-square positive integer has been selected by vanous
- QW

:
g for its non-rivial integer solutions when D takes different integral values[1-4].For an extensive review of Various
| Inl

r“ - refer| 5 10]. In this communication, yet another interesting equation given by }’2 2 h* +4|~; considered and
V er solutions are obtained. A few interesting properties among the solutions are presented.

r_, many intcg
II. NOTATIONS
f - Ilm a)J polygonal number of rank n with size m
L onl
[ lmn f(m-2)n+ 5— rn) Pyramidal number of rank n with size m
b
1L METHOD OF ANALYSIS
e Pell equation representing hyperbola under consideration is,
V=217 +4 (1)
snllest positive integer solutions of (1) are,
x=1y,=5 D=21
« the pellian equation 1s
2
[ y =2 b +1 )
sl solution of pellian equation is
%,=12,5,=55,

aum m}uuun( ; J’.) of (2) is given by,
l

|
| 7—3,- Vo=t
P’

14

=55+ 12Ty + (55 - 12431y
8= (55 +1221)"" - (55 - 12421)""

{L‘.\n.; I’fﬂhma ) are given by,

EUpta lemma between (.)c‘I y y") and ('fn ,:ﬁ") the other integer solution of (1

» 1
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The binary quadratic Diophantine equation y* = 17,2 8 is analyzed for its non-zero distinct integral solutions. A
> ons among the solutions are given, Further,

sing relati employing the solutions have obtained solutions of other

:::_ ginary quadratic, Hyperbola, Parabola, Integral solutions, Pel] equation.

I. - INTRODUCTION
o quadratic equations of the form ¥y =Dx* 41 where D is non-
~c.zns for its non-wrivial integer solutions when D takes different inte
::: e may refer{5-10]. In this communication, yet another interesting

4w+ many integer solutions are obtained. A few

Square positive integer has been selected by various
gral values[1-4] .For an extensive review of various
equation given by y* =17x? +8is considered and
interesting properties among the solutions are presented

IL. METHOD OF AN ALYSIS
positive Pell equation representing hyperbola under consideration is,

y'=17x* +8

(1
mzl/¢s: positive integer solutions of (1) are,
x=1l,y,=5 D=17
der the pellian equation is
¥ =172 +1 ?)

nitiz! solution of pellian equation is
Ax-ﬂ = 8 s j}‘ﬂ = 33 .
general solution (.'fn ,}'5) of (2) is given by,
- 1 O
xfl = gn ‘ yn = -_'fr,-
2417 2

£, =(33+8J17)™ +(33-8/17)"
g, = (33+817)"™ — (33 - 8417)™
ying Brahmagupta lemma between (xn » Yo ) and ('f,. o¥ )

5

'___gn
2J17

the other integer solution of (1) are given by,

1
Xaa1 =Efn +

h)
ym; :—z-fn + 17 g’"

217

*eumrence relatjon satisfied by the solution x and Yy are given by,
xn+1 _66xn+2 * xn+1 = 0

yu+3_66yn+2 +yn+l =0
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. Th hinary 'uadranf' Daqph'anrme equation represented by the Positive pellian yt =232 + 13 isana lyzed for its non-
ot solutions. A few interesting relations am,

hg the solutions are iven. Further, 1! the solutions of the above
we have obtained solutions of other chojces g €, employing the . 4

of hyperbolas, parabolas and Pythagorean triangle
"d\ Binary quadratic, Hyperbola, Parabolq, Integral solutions, Pell equation. ’ )

1. lNTRODUCT[ON
pinan quadratic equations of the form y2 =Dx* +1 where D is
p hind!

o Non-square positive integer has been selected by various
pematicians for its non-trivial integer solutions when p takes differen

L integral values[1-4].For an extensive review of various

interesting equation given by »> =23x? +13 is considered
roperties among the solutions are presented.

ems, one may refer[5-10]. In this communication, yet another

\pfinitely many integer solutions are obtained. A few interesting p

II. METHOD OF ANALYSIS
ipositive Pell equation representing hyperbola under consideration is,

¥ =230 413

smallest positive integer solutions of (1) are, ()
X =1,y,=6 D=23
: pellian equation is
y? =23x? +1 @
mitial solution of pellian equation is
'-fn =5 ’j;u =24,

general solution (xn,y”) of (2) is given by,
%, =g, 5, =/
n 2@ nr Ja 2 "

Te,

(24+5423)"" +(24—523)™
g, =(24+5v23)" —(24-5y23)™

ying Brahmagupta lemma between (.74:0 Yo ) and (35" , ;ﬁ ) the other integer solution of (1) are given by,

S

X | — lf +Lg
n+ 2 n 2J2_3' n
n+l 2 n 2‘\/’23 n
The recurrence relation satisfied by the solution x and y are given by,
x""‘3 - 48xr.-+2 + x.n+l = 0
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Abstract:

This paper aims at presenting pairs of rectangles representing the same sphenic
~umber where, in each pair, the sum of the areas is 2 times sphenic number -1

Keywords: Pairs of rectangles, sphenic number
2010 Mathematics Subject Classification: 11D09
Introduction:

When a search is made for collecting problems on special patterns of numbers, the
article entitled “Special pairs of rectangles and sphenic number” is noticed. In the above
article 1], the authors have presented only one pair of rectangles for each sphenic number.
However, It seems that there are some more pairs of rectangles where, in each of the pairs,
the sum of the areas is represented by 2 times sphenic number -1.

Definition:
Sphenic Number:

A Sphenic number is a positive integer which is the product of exactly 3 distinct
primes,

Method of Analysis:

et R (x.y)ang R, (z.w)be two distinct rectangles whose corresponding areas are 4, , 4, .

Consider

"Il +A2 :(2*30)_]
That I,
-‘.1‘4-:1;‘-_—.59 (1)

*19,1,5 be gy

. €e non-zero distinct positive integers and r > s .

lim
: |l‘“*55"'2!540-7272, S.Vidhyalakshmi' M.A.Gopalan’,
. ‘ﬂl‘ﬂw Th‘l'lnm’ Page 1
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Abstract:

This paper consists of two sections A and B. Section A exhibits rectangles, where, in
each rectangle, the area added with its semi-perimeter is an Armstrong number with digits

3,4,5,6. Section B presents rectangles, where, in each rectangle, the area minus its semi-
perimeter is an Armstrong number with digits 3,4,5,6.

Keywaords: Rectangle, Armstrong number, Primitive rectangle, Non-Primitive rectangle.
2010 Mathematics Subject Classification: 11D99

Introduction:

In [1-15], the diophantine problems relating geometrical representations with
special numbers, namely, Armstrong numbers, Sphenic numbers, Harshad numbers, etc.
The above results motivated us for obtaining rectangles with special characterizations in
connection with Armstrong numbers of order 3, 4, 5 and 6.

It seems that the above problems has not been considered earlier.

Definition: (Armstrong Number of Order ‘n’)

Let N be an n-digit number represented by

fN=a+ a, +a;...+a,, then Nis said to be an Armstrong number of order n.

Method of Analysis:
IIMRAS-ISSN 2640-7272, M.A. Gopalan, ). Srilekha Page S
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y quadratic Diophantine equations of the
The bl: il N,(a,b, Nz 0) are rich in variety and have
form :ialﬂ;!d by many mathematicians for their respective
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s communication concerns »ivith the prohl_em of obtaining
nuﬁ-zﬂﬂ distinct integer s.olutlons to the binary quadratic
ationgiven by 2x* =3y° =—4 representing hyperbola. A
faw interesting relations among its solutions are presented.
fowing an integral solution of the given hyperbola, integer
slitions for other choices of hyperbolas and parabolas are
ented. Also, employing the solutions of the given
eguation, special Pythagorean triangle is constructed.

LMETHOD OF ANALYSIS:

TheDiophantine equation representing the binary quadratic
#uation to be solved for its non-zero distinct integral
solution is

U’ ~3y* =—4 (1)
Ursider the linear transformations
I=X43,y=X+2T (2)
ftum (1) and (2), we have
X =67 44 (3)

Who L .
“smallest positive integer solution is

Xu=]U1I, =4
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To obtain the othe
equation

T solutions of (3), consider the Pell

X' =67 41 (4)
W s
th:ctse smallest positive integer solution is (X, T)=(52)
general solution of (4) is given by
~ 1 = |
lL=——rg X =—7
2J6 4 =7 )
Where
1, =6+246)" +(5- 2J6)"
8, =(5+2J6)" —(5-246)"",
n =—10.L...
Applying Brahmagupta lemma between (%,,¥,) and
(x,.),) the other integer solutions of (3) are given by
8 12
Xa=2,+—F=g,
7 g (5)
y =2f + 5 g
Al " Jg n [6]

From (2), (5) and (6) the values of x and v satisfying (1)
are given by
27
X, =l +==g
6

. 22
yu-H :9J"n +ﬁgu

The recurrence relations satisfied by x and v are given
by
={)

el

X, —10x,, +x

Yoy =109, + 3, =0

Some numerical examples of x, and y, satisfying (1) are

given in the Table: 1 below,
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(n=1)m-2
Iy = ”(I 4 ‘) }]

pm [+ 1)((m = 2)(n + (5 - m))|
n = e "

-

6
Pr, =n(n+1)
. mn(n+1)
Clypn = = "”'i' i o]

Sp=6n(n-1)+1

R INTRODUCTION

e binary quadratic equation of the form y? = Dx? 41, where D is non-square positive integer has been studied by various
sihematicians for s non-trivial integral solutions when 1 tokes diflerent integral values [L.24] In 3] intinitely many
thagorcan triangles in ¢uch of which hypotenuse is four times the product of the gencrators added with unity are uhlu-incr.l by
Ploying the non-integral solutions of binary quadratic equation y* = 3x” + L In |S] u, special Pythagorean triangle is obtained
employing the integral solutions of y? = 182x% + 14. In |6] diflerent pattern of infinitely many Pythagoreun triangles are
ined by, [7.8]. These results have
= 33x% + 4! representing a hyperbola,
lew imurcsling properties among the solutions are presented. Employing the integral solutions of (he equation under consideration
“ Palterns of Pythagorean triangles are obtuined.

employing the non-integral solutions of y* = 14x? + 4. In this context one may also refer
Ivaled us (o search for (he integral solutions ol yet another binury quadratic equation y?

I METHODS OF ANALYSIS
nsider the binary quadratic equation
,Vz =33x2 44" 120 (1)
bleast positive integer solutions is
X = 4{2)‘ . Yo = 23(2)1
Obtain the other solutions of (1),
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GF,,(k, s): Generalized Fibonacci Sequences of rank n,

GL”(k,s): Generalized Lucas Sequences of rank n,

Iyn = n[! + ______(n = 1X2m = 2))
pr = [ D{(0m = 2)(n + (5 - m))]

6
Pr, =n(n+1)
mn(n+1)
Clyppn= 5
n =6n(n—1)+1

l. INTRODUCTION
be binary quadratic equation of the form y2 =
#hematics for its non-trivial integer solutions.

ten D takes different integral values [1,2,4]. In [3] infinitely many

Dx? + 1 where D non-square positive integer has been studied by various

Pythagorean triangles in each of which hypotenuse is four

: 2 2 .
mes the product of the generators added with unity are obtained by employing the Y =14x“+1.m (5] a special Pythagorean
i . 2 2 t
Wngles is obtained by employing the integral solutions of y° =182x" +14' .

Iiﬁj different patterns of infinitely many Pythagorean triangles are obtained by employing the non-integral solutions of

‘ = |4I + 4 In this context one may also refer [7,8]. These results have motivated us to search for the integral solutions of
& wnpther binary quadratic equation y =14x’ +16' representing a hyperbola. A few interesting properties among the

Sutions are presented. Employing the integral solutions of the equation under consideration a few patterns

of  Pythagorean
ngles are obtained.
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I. INTRODUCTION
2 2 :
quadratic equation of the form y~ = Dx~ +1, where D is a non-square positive integer has been studied by various

jcians for its non-trivial integral solutions when D takes different integral values [1-5]. In this context one may also refer
- ese results have motivated us to search for the integral solutions of yet another binary quadratic equation representing a
: A few interesting properties among the solutions are presented.

II. NOTATIONS

f - Polygonal number of rank 7 with size m
ar

P : Pyramidal number of rank 7 with size m
P : Pronic number of rank »

§ : Star number of rank n

T

- Centered Pyramidal number of rank n with size m

=y

GF'{L_;) : Generalized Fibonacci sequence number of rank 7

Gf.l(k“g) : Generalized Lucas sequence number of rank 7

[I.LMETHOD OF ANALYSIS

esents a hyperbola to be solved for its non-zero integral solutions

) non-homogeneous quadratic Diophantine equation repr

¥ =105x2 +4' 120 e
“elest positiye integer solution (xu ; ye) of (1) is 2
w=d), y, = aie) N
! ﬂic other solutions of (1), consider the pellian equation &)
Y =105¢2 4 p—— 7.). the other integer solutions of (1) are given by
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/__‘..- The binary  quadratic . equation Whose Smallest positive integer solutions of (x5

: is considered and a few interesting
416 _ : ¥0=8,y,=132 (2
. the solutions are presented .Empfoymg )
pﬂﬁe‘ﬂm‘ﬁoluﬁﬂﬂs of the equation ynder , ; ‘ :
" o eterns of Pythagorean triangle gre To obtain the other solutions of (1),Consider pellian
'ﬁymﬂ'ﬂ"s” few pa €quation is
el ¥ =21 4
i Binary, Quadratic, Pyramidal numbers, integra]

gions
ATRODUCTION

girary quadratic equation of the form 2 = p, 2 +1
we D IS NON -square positive integer has been
ied Dy various mathematicians for

its non-trivial
erral solutions when D takes different integral values
5} In this context one ma

y also refer [4,10]. These
sifs have motivated us to search for the integral
fiions of yet another binary Quadratic equation
=M 416 representing  a  hyperbola A few
krsting properties among the solution are presented.
Boying the integral solutions  of the equation

:mideration afew patterns of Pythagorean triangles are
ined,

Notations

+ Polygong] number of rank » with size m

\
’.

h * Pyramiga) number of rank n with size m
v 1 P

| fOnic numper of rank »n
r: * Star umber of rank »

" ¢ Centereq Pyramidal number of rank n with
Size

kg
' 'E'SJ : Geﬂeralized Fibonacci sequence of rank n
)

" Generalizeq Lucas sequence of rank n

L
"Thop OF ANALYS)S

fsig g
e the binary Quadratic Diophantine equation is

2
| y :“27212 +16 [1}

Impur value: 7.211

(3)

The initia solution of pelljan equation is

%0 =2,yy=33

whose general solution (%,,%.) of (3) is given by,

where,
fa=33+2{272)™ +(33-272)™!

£, =(33+2y272)™ ~(33-2y272)™

Applying Brahmagupta lemma between, (.

X0
the other integer solution of (1) are given by,

66 .
21"

Tntl =4fn +

(#)

40
Yoo =90, +—=g, 5)

Therefore (4) becomes

2'}'2):'“_] =44272 n +66g" [6)

Replace n by n+1 in (6),we get

2M2x, = W212f 1 +66g,,,,

— 4212331, +2272g,) + 66(33g, + 22727

272x,., = 26442721, +4354g, 7

Replace 1 by n+1 in(7)we get
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r’“{__ and @ /O glrfi;loying the integral solutions =45 =18 (2)
e pm_..fnreﬂ' considerations a few patterns of T ' _ )
o * on under Nosroed 0 obtain the other solutions of (1), Consider pellian
Iﬁfn! m.mﬂ-""‘ are 0 €quation s
o . quadratic Pyramidal numbers, integral . .
i BN ¥ =20x? 4} (3)
The initial solution of pellian equation is
10N < &
mODlIET 0=2,y,=9
. quadratic equation of the form y? = py? 4|

is non -square positive integer has been

b » us mathematicians for its non-trivial
¢ by \?22 when D takes different integral values = |
“;:f:l Zontgxt one may also refer [4, 10]. These )

Whose general solution (¥,,. 3, ) of (2) is given by,

n S T’,‘ =
2720 o -
pave motivated us to search for the integral

-« of yet another binary quadratic equation
1 +4 representing a hyperbola .A few interesting
;l.es among the solution are presented. Employing Ji=09+ 2@)”*' +(9— 2@)”"
-l solutions of the equation consideration afew

< of Pythagorean triangles are obtained.

j-ﬂ

19| —

where,

&, =(9+2y20)"" (9230
tations

Applying Brahmaguptalemma between

(lﬂ -Yo } and ('?n ’ .‘:'n )
he other int lution of (1 iven by,
folygonal number of rank n with size m the other integer solution o (1) are gi ooy
Pramidal number of rank n with size m X =L, s g, (4)
Pronic number of rank pn V20
Yer number of rank n 40 :
(entered Pyramidal number ofrank n with Vi zgﬂ’+m~‘3” (5)
) Generalized Fibonacci sequence of rank » Therefore (3) becomes
!+ Generalizeq Lucas sequence of rank n
: m'\.ﬂ‘!] = 2@_;,, +9L‘:'l [b]
"0 OF ANALys)s
Replace n by n+1 in (6), we get
e binary Quadratic Diophantine equation is
) V20x,,, =2420/,,,, +9g,.,
Y=20x% 41 4
(1)

=2J2009f, + 2420g,)+9(9g, + 2¥20/.)
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ABSTRACT
T binary quadratic equation represented by the positive pellian y* = 35x" + 46
solutions. A few interesting relation amon
pola, we have obtained solutions of other ¢

is analyzed for its distinct

g the solutions are given. Employing the solutions of the above
hoices of hyperbolas and parabolas

KEYWORDS: Binary quadratic, Hyperbola, Parabola, Pell equation, Integer solution.

1. INTRODUCTION

The binary quadratic Diophantine equations are rich is variety. The binary quadratic equation of the form
¢ =Dx’ +1.where D is non square positive integer has been satisfied by various mathematician for its non-
el integral solution. When D takes different integral values[1-4].In [5-11] the binary quadratic non-
homogeneous equation representing hyperbolas respectively are studied for their non-zero integral solutions.
This communication concerns with yet another binary quadratic equation given by y' =35x +46. The

recurrence relation satisfied by the solutions x and y are given. Also a few interesting properties among the
solutions are exhibited.

2. METHOD OF ANALYSIS -
The positive Pell equation representing hyperbola under consideration is
¥ =35x°+46 (1)
The smallest positive integer solutions of (1] are
X,=1._\;,:‘-’ .
To obtain the order solution of (1), consider the pellian equation
y' =35x" +1 @
Whose initial solution is given by
x,=1.y,=6
The general solution (¥, 3, ) of (2) 1 given b
1
|

T \ =

I[“;JE-;)-,.- . 2
L
hre J3s) 416 V35)
f=(6+33%)

(6 J3sy 16 S35y im0
K, - L I 4

. . International Journal of Engin g e o |
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mogeneous hinary quadratic equation represents hyperbola givenby8x* ~3)?
att” ﬂf tions. Afew interesting relation between the solution of the given hyp
1] v ;
; it '"Iﬂy,,;:gnd parabola are obtained,
Lha h
e

o
i
J

Diophantine equations of the form ax? —by* = N,(a,b, N #0) arerichin variety and have been analysed
;niratif-'l ns for their respective integer solutions for particular values of a, b and N. In this context, one may refer
ematicia

=20 isanalyzed for its non-
erbola, integer solutions forother

mogeneous quadratic, binary quadratic, integer solutions.
on-ho

uﬂf“"a[h
.

concerns with the problem of obtaining non-zero distinct integer solutions to the binary quadratic
immnunlcaﬂﬂ';x! -3y* =20 representing hyperbola. A few interesting relations among its solutions are presented.
ion W::t b:ral solution of the given hyperbola, integer solutions for other choices of hyperbolas and parabolas are
winf an Inke

oted.
thod of Analysis

Jophantine equations representing the binary quadratic equation to be solved for its non-zero distinct integer solution is
b =3y' =20 (1)
sider the linear transformations
x=X43T,y= X +6T (2)
(1) and(2), we have
X' 23072 +19 (3)
biesmallest positive integer solution is

ain the other solutions of (3), consider the Pell equation

Fewrt g (4)

smallest posivive integer solution is («?..-?h =(15)

Ty e =
15, Iy | ImpactFactor value: 7.211 | 150 9001:2008 Certified Journal |  page 2375
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dratic equation of the form y? = Dx? +1 where D is non-square positive integer, has been selected by
qua

Lol cans for its non-trivial integer solutions when D takes different integral values [1-4]. For an extensive
g u?ablems- one may refer [5-17]. In this communication, yet another an interesting equation given by

y 0fﬂnm]s P

3 + 29 ls co

, nsidered and infinitely many integer solutions are obtained. A few interesting properties among the
'4.‘\5-1' ted‘

presenting hyperbola under consideration is

T
pslive pell equation ré
y* =35x+29 ”
dlest positive integer solutions of (1) are
n=1.y,=8

. dain the other solutions of (1), co nsider the Pell equation

Y =35c +1 @

“#eral Solution (X, ¥, ) of (2) is given by

Y=g, 5=~/
R2J3—sa'n 2u

fu={6+\f§]m!+(6—\/§)ml

£,=(6+V35)" —(6-35)™" . n=-1,0,1....
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; ABSTRACT o

concems with the problem of attaining Pythagorean triangle where, in each Pyth

s POt

. ' dgorean triangle
204rea_ g g Leg is represented by a Narcisstic numbers .

08 ey
S “porimeter

Pythagorean triangle, primitive and non primitive triangle, Narcisstic numpers

jevords:

. INTRODUCTION

Pythagorean triangles have been a very big interest to varj s B

i umber theorys A _ 0 various mathematicians since it is a very
:«;:rmsm house to hunt for. For various types of problem and ideas on Pythagorean triangle and Spi‘izf; ::m v ;;\
e may refer [1-12]. In this communication, we search for pairs of Pythagorean triangle so that in each pair

H] . . .
241 Hpotenuse—a Leg is a Narcisstic number.
Perimeter

Ikfinition; Narcisstic Number
inn digit number which is the sum of nth power of its digits is called an n- Narcisstic number. It is also known as
Amstrong number.

Il. METHOD OF ANALYSIS

#T(xyz) be a Pythagorean triangle where
x=m’-n’,y=2mn,z=m’ +n’ (N
[ F
Jne the area, perimeter and hypotenuse of T(x,y,z) by A, Pand H respectively.
2A
53 +H-y=a,a Narcisstic number of orders 3,4 and 5.
Th : : . 3 .
“roblem under consideration is equivalent to solving the Diophantine equation

G m(m = n) =0
e e ;

"% Uis possible to attain the values of m and n satisfying (2) knowing m, n and using the (

(2)
1) obtains different

] . 2
Mhagorean ¢ A oo PR
mangle, each satisfying the relation 2  +H-y=0,a Narcisstic number. A few illustrations ar¢
it
led in the Tables: |, 2% fiakow:
“ hres
I 1 clence !‘Ki’.\&'ﬂ'ﬁ' e"
JE : Journal Uj'f-'ngim-vr;r{:; Sefence A
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Sphenic Numbers

S. Mallika
{csistan professor. Department of Mathe matics Shrimati Indira Gandhi College.
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P FV"M’ with the problem of obtaining many Pythagorean triangles where,
. s Area _ , .
g lw___.-r W -a Leg is represented by q Sphenic number and Sphenic palindrome number respectively. Also,
A oo namber of primitive and non-primitive Triangles.
o
M_ M triangles, Sphenic numbers, Sphenic Palindrome numbers, Primitive and non-primitive triangles.

in each Pythagorean riangles,

. _ I. INTRODUCTION
o ey is the Queen of Mathematics. It is one of the largest and oldest branches of mathematics. We may note that there is
""_m fl,c';,cn@q:nandﬂ'ﬂi'e between the polygonal numbers and the sides of polygon. Apart from the above patterns of numbers,
I qumbers Nasty numbers and Dhuruva numbers have been considered in connections with Pythagorean triangles in [ 1-12].
. communication, we search for pattens of Pythagorean triangles such that. in each of which, the expression
V@ H-a Leg is represented by a Sphenic number and Sphenic palindrome number and they are exhibited in sections A
pedll

2
N

1L. DEFINITION
rgindrome Number: Palindrome number is one that is the same when the digits are reversed.
soaenic Number: A Sphenic number is a positive integer which is the product of exactly three distinct prime num bers.
sonenic Palindrome Number: A Sphenic number which is palindrome is called a Sphenic palindrome number.

IILMETHOD OF ANALYSIS
: Tiny.z) be a Pythagorean triangle where

x=m’-n’,y=2mn.z=m’ +n’ ()

o the area, perimeter and hypotenuse of T(x.y.z) by A.P and H respectively.

Section A; _Z_A_+H_\r=a_ a Sphenic number of orders 3 and 4.
P )

 problem under consideration is mathematically equivalentto solving the Diophantine equation

(2)
m(m-n)=a

atisfying (2). Knowing - m, n and using (1) one obtains Pythagore:

siom & . . alues of m and n satisfying { s Pythagorean
% @, itis possible o obtain the values © |
ks, each Jati 2A | {-y=a, @ Sphenic number. [t is worth to note that there are only four Pythagorean

satisfying the relation . —= b . e
- P\d | of exactly three distinet prime numbers, A few illustrations are presented in Table i
3 ::;]Qas . o iS a rc uc a b
iy the Sphenic number p

_— =
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i sl i

quadratic equation represents by negative Pellian y> = 48x? _ o
pimary

i ng relations among the solution are given, Further,
F fox in s of other choices of hyperbolas and parabolas.

f; inel ": dratic, Hyperbola, Parabola, Integral solutions, Pell equation,
o ginaty Classification (2010):11D09

' subject

Is analyzed for its distinct integer
emplaying the solufions of the above hyperbola, we

L INTRODUCTION

. Diophanline equations (both homogeneous and non-homogeneous) are rich in variety. In [1-17] the binary
ratic

eneous equations representing hyperbolas respectively are studied for their non-zero integral solutions. This
-homog!

cerns with yet another binary quadratic equation given by y* = 48x? — 23 The recurrence relations satisfied
,.eunif‘ﬁm o are given. Also a few interesting properties among the solutions are exhibited.
 quions X 8ndY
e

IL METHOD OF ANALYSIS
jon representing hyperbola under consideration is

. | equat
x‘n@’mpd e y2 = 48x1 -23

(1)
allest positive integer solution is
o S x[):l!y0=5
i ider the Pell equation
. ugn the other solutions of (1), consider the q : 2
y =48x" +1

smallest positive integer solution is

x general solution is given by : 1

xn gn'!;n:_fﬂ'
2448 2

1= as)" + - ag)”
g, =(7+Ja8)" -1~ Vag)”

hing Brahmagupta lemma between (x - J’o) and (}‘c’n " j?"), the other integer solutions of (1) are given by
5

1
=—fy ¥—=8,
xn—H 2f 8 i3
5 6
== + '—'g,,
yn+] 2 f f3
“nenge relations satisfied by x and y are given by

xm_3 _l4x +xn+l =0

n+l

yn+3 "—]4)},,41 + y”" = 0
e examples of x and y satisfying (1) are given in the Table: I below:
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equation representing hyperbola given by 8x* —7y* =k* +14k -1,
1S

qcous binary quadratic
4 for its non-zero distinc:c integer solptions. A few interesting relations among its solutions are presented.
ol owing an integral solution of .the given hyPcrbola, integer solutions for other choices of hyperbola and

kn prescﬂwd- Also, employing the solutions of the given equation, special Pythagorean triangle is

w._.hamﬂ!“

Hyperbola, Parabola, Integral solutions, Pell equation.

gvords: Binar? quadraic,
[NTRODUCTION

2 L,
ax” —by” = N,(a,b,c #0) are rich in variety and have

ophantine equations of the form
b and N- In

The binary quadratic Di

wen analyzed by many
fis context, one may refer [1-18].

mathematicians for their respective integer solutions for particular values of &

ion concerns with the problem of obtaining non-zero distinct integer solutions to the binary

2 2 _ g2 _
8x" Ty = k* +14k =1 representing hyperbola. A few interesting relations

ted. Knowing an integral solution of the given hyperbola, integer solutions for other
ted. Also, employing the solutions of the given equation, special

This communicat

anong its solutions are presen
aices of hyperbolas and parabolas are presen

|

|

- quidnatic equation given by,
i

Pythagorean triangle is constructed.

I. METHOD OF ANALYSIS

The Diophantine equation representing the binary quadratic equation to be solved for its non- zero distinct integral

solution is
8x2_-7y2=k2+14k—'7 (1
Inroduce the linear transformation
x=X+1T,y=X+8T @)
From (1) & (2) we have
X? =56T% +k> +14k—1 3)

?H smallest positive integer solution is
: u=k+7,To =1
—
obizin the other solutions of (3), consider the pell equation,
X?=56T"+1

Wh(,se
smallest positive integer solution is

(&)
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gduction:

Number is the essence of mathematical calculations.
ers have vari ctics: of range and richness. Many numbers
it fascinating properties, they form sequences, they form
e and so on [1-9]. A careful observer of patterns may
. that there is a one to one correspondence between the

pers and the number of sides of the polygon. In particular,
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Definition: (Armstrong Number of Order ‘n’)
Let N be an n-digit number represented by
N =a,a,a;......4,
If N=a'+d}+dj...+d,, then N is said to be an Armstrong
number of order n.

In otherwords, A number that is the sum of its own
digits each raised to the power of the number of digits.

Method of Analysis:
Let R (x, y)and R, (X ,Y)be two distinct rectangles whose
corresponding areas are 4, , 4, .
Consider
A, + A, = o (Armstrong Number)
That is,
xw+XY=a (H
Let q, r, s be three non-zero distinct positive integers and
r>s.
Introduction of the linear transformations

«may refer (10-15]. x=s5,y=2q+s,X=r-s,¥Y=r+s (2)
: g5 . in (1) leads to
In this communication, we search for pairs of 2
. _ ‘ rr=a-2gs (3)
zagies where, in each pair, the sum of the areas is Solving (3) forg.r.sand using (2). the
weented by an Armstrong number with 3 and 4 digits corresponding values of rectangles R, and R,are obtained
miively. The total number of primitive and non-primitive and presented in Table:1 below:
Sagles is also given.
Table: 1 Rectangles
- Amstrong R R, Observations Remarks
_ Mumber Primitive | Non-Primitive
153 (1,33) (10, 12) R R, Total number of Primitive
' - rectangles =14
; ' non-Primitive
8.1 19 Total number of non
e G. 19 R, R, rectangles =16

| (2,18) (9,13) R, R, -

| I . O (P

. [TamTewo | R | R |
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I.  INTRODUCTION

3 o — AT
The binary quadratic Diophantine equations of the form @~ —bY" = N,(a,b,c # 0) are rich in variety and have

ing non-zero distinct integer solutions to the binary
quadratic equation given by, Tx —oy =38 representing hyperbola, A few interesting relations among its
solutions are presented. Knowing an integral solution of the given hyperbola, inte
nyperbolas and parabolas are

ger solutians for other choices of
presented. Also, employing the solutions of the given equation, special Pythagorean
riangle is constructed,

II.  METHOD OF ANALYSIS

The Diophantine equation representing the binary quadratic equation to be solved for its non-zero distinct integral
solution is

Ix* —=5y% =8

Introduce the linear transformation
x=X+5T,y=X+17T

From (1) & (2) we have,

X =35T"+.4

Whose smallest positive integer solution is

X, =12, T, =2

()

(2)

(3

To obtain the other solutions of (3), consider the Pell equation

X =357 41 @
“hose smallest positive integer solution is

X0=6’?ﬂ:u_—_1

-

271
G.JESR

(C)Global Journal Of Engineering Science And Researches



T
{ i

< i 1 |55N 1

i‘ ¥ THOMEON REUTERS . »21 3
Impact |.-m.“"__" ;lhﬁ.

Mallika * of al, 8 April, 2019) CODEN,. I“‘l\L

B A plue: MO0

+” ESRT OF ENGINEERING SCIENCES & RESEAR(Cq
INTERNATIONAL .I(JURNAL '|'|f,C_ilN0|.:0GY q 2
=135x°+29

QUATION Yy
o & V.Suryn’
cs, Shrimati

India ) _ ]
Indira Gandhi College, Trichy-2, Tamilnag,

ON BINARY QU;\DR;\TIC E
S.Mallika " ¢
partment of Mathemat!
Tamilnadu, _
Shrimall
India

Indira Gandhi College, Trichy-2
* Assistant Professor, De

M.phil scholar, Department of Mathematics

DOL: 10.528 1 /enodo 2650964 —————
.-\BSTRACT
y the positive pellian Y

the solutions arc 8
ces of hyperbolas and pa

2 = 35x? +29is analyzed for its distinc

iven. Employing the solutions of the above

The binary quadratic equation reprcscnlcd b
rabolas

ting relation among

integer solutions. A few interes )
¢ choi

hyperbola, we have obtained solutions of othe
ns, Pell equation.

KEYWORDS: Binary quadratic, Hyperbola, Parabola, Integral solutio

The binary quadratic equation of the form

1. INTRODUCTION
The binary quadratic Diophantine equ
v* = Dx? + | where D is non square positive integ
kes different integral values [

hyperbolas respectively are stu 2 1
quadratic equation given by y© =35x" +29 The

ations are rich in variety.

er has been satisfied by various mathematician for its non-

T s g . 1-4]. In [5-15] the binary quadratic non-
n. When D ta ; . ‘

trivial integral solutio died for their non-zero integral solutions,

homogencous equation representing

This communication concerns with yet another binary
by the solutions x and y are given. Also a few interesting properties among the

S N

recurrence relation satisfied
solutions are exhibited.

2. METHOD OF ANALYSIS
The positive Pell equation representing hyperbola under consideration is

2 2
y2=35¢% +29 (1)
whose smallest positive integer solution is
X, = T Vo= 8
To obtain the other solutions of (1), consider the Pell equation
2 &
yr=35x" +1
whose smallest positive integer solution is
.1‘" =] s )"0 = 6
whose general solution is given by
EN 1 1
¥ X = o v =
» el ] — O y e
235 50 =3

fo= ((j + J}Ts)'” " (6 B \ES‘TH

where

b “ , )
P Ww.jesrt.com hﬂt"ﬂ t”l'.() T I-.l'.] aoim .r.. a
Y =20V 1 j i
| nal JOH nal fEﬂgﬂl'ff "I-‘.'l
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o binary quadratic Diophantine equation represented by the negative pellian ),2 =30x% — 45 ;,
[

ahvaed for its mon-zero dis!;:cr ;ohm':ns, A few interesting relations among the solutions are given. Further,
(plaving the solutions of the above hyperbola, we have obtained solutions of other choices of hyperbolas,

parabolas

K}:\\\'ORDSZ Binary quadratic, Hyperbola, Parabola, Integral solutions, Pell equation.

L. INTRODUCTION
The binary quadratic equations of the form y2 =Dx’+1 whereDis non-square positive integer has been

«lected by various mathematicians for its non-trivial integer solutions when D takes different integral values{1-
4]For an extensive review of various problems, one may refer[5-10]. In this communication, yet another

interesting equation given by y:E =30x? — 45is considered and infinitely many integer solutions are obtained.
A few interesting properties among the solutions are presented.

II. METHOD OF ANALYSIS

The negative Pell equation representing hyperbola under consideration is

y? =30x* —45 ()
whose smallest positive integer solution is

X, =3, ¥, =15.
To obtain the other solutions of (1), consider the Pell equation

y? =30x" +1 )

whose initial solution is given by

The general solution (X, /, ) of (2) is given by,

= 1 o _]f
N TRAARCIETEL

1 23 hltn:ffw.iilimul.ora
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1. INTRODUCTION

The binary quadratic Diophantine equations (both homogeneous and non homogeneous) are rich in variety [1-
6]. In [:7-17] the binary quadratic non-homogeneous equations representing hyperbolas respectively are studied
for their non-zero integral solutions. These results have motivated us to search for infinitely many non-zero

integral solutions of still another interesting binary quadratic equation given by 4x2-3y?=37. The
recurrence relations satisfied by the solutions x and y are given. Also a few interestin properties among
solutions are exhibited. ’ the
2. METHOD OF ANALYSIS

Consider the non homogeneous binary quadratic equation
4x2 -3y? =37 M
Introducing the linear transformations
x=X13T,y=X 24T Q@)
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Abstract:
In this paper, di t choices of positive and negative Pell equations are considered. Employing the non-zero

gative Pell equations, the relations among the

ye

1. INTRODUCTION

Every researcher in Number Theory is familiar with the subject of Diophantine equations. In fact, Number
theory is the great and rich intellectual heritage of man-kind and essentially a man-made world to meet his
ideals of intellectual perfection. No doubt that number is the essence of mathematical calculations and one may
discover beautiful patterns in numbers. Recognizing number patterns is also an important proplem solving skill.
It is worth to quote the remark “There is strength in numbers, but organizing those numbers is one of the great
challenges” by the mathematician John C. Mather and one may call “Mathematics as the science of patterns as

remarked by Ronald Graham.

ment of equally spaced points are called

Th ted by a regular geometric arrange
e numbers that can be represented by a regular g _gonal numbers generated through the

Figurate numbers [1]. In [2], the relations among the pairs of special m ; "
solutions of the binary quadratic equation y*=2x 1 are determined. In [3], the relations among speci
figurate numbers through the equation y* =10x?+1are obtained. In [4], employing the ::ln:j?;;’;ﬂ;
Pythagorean equation, the relations between the pairs of special polygonal "umbml:,u c:r:h :; N:sty number as
each pair is a perfect square is obtained. Also, Bert Miller [5] has defined a number (-’-b=c+d e 2. Bk
follows: A positive integer n is a Nasty number if n=ab=cdand a+b=c-d or @

and d are non-zero distinct positive integers.



A HERID
f,‘_i,, . | THOMA DN 0niTeRs —
Ml })}'}'Hl'-'
| |a"tl\n* o al, R(&): ?“m. Iﬂll)l IIEIII‘I!I:I':';ur‘:mI “. 161
: I8 "lr}

O™ Vvave: 100

G TJESRT
IN'I‘F.RN.-\'I«I()N_-\l‘_ JOURNAL OF ENGINEERING 8¢ TENCES & RESEARC |
TECHNOLOGY .
ON BINARY QUADRATIC EQUATION

S\‘ 6_“: == 5

6 a S.Mallika "' & K.Ramya’ O s, Tricl
Assistant Professor, Department of Mathematics, Shrimati Indira Gandhi College, Trichy-2,

. Tamilnadu, Indin. o . 2 Tami
M-phil scholar, Department of Mathematics, Shrimati Indira Gandhi College, Trichy-2, Tamilnadu,
Indin,

DO 10.5281/zen0do. 2668940 —
ABSTRACT , 3
Non-homogeneous binary quadratic equation representing hyperbola given by 5x° —6y" =

'S non-zero distinet integer solutions. A few interesting relations among its solutions are presented. Aluo,
knowing an integral solution of the given hyperbola, integer solutions for other choices of hyperbola and
parabola are presented. Also, employing the solutions of the given equation, is constructed.

5. ;
is nnalyzed for

KEY'WORDS: Binary quadratic, Hyperbola, Parabola, Integral solutions, Pell equation.

1. INTRODUCTION
The binary quadratic Diophantine equations of the form ax® -—by:" = N,(a,b,c # 0) are rich in variety and

have been analyzed by many mathematicians for their respective integer solutions for particular values of «,h

and N. In this context, one may refer [1-18).

This communication concerns with the problem of obtaining non-zero distinct integer solutions to the binary
' . . 2 2 ; 5 ; ; ,
quadratic equation given by, 5Xx” =6y =35 representing hyperbola, A few interesting relations among its

solutions are presented. Knowing an integral solution of the given hyperbola, integer solutions for other choices
of hyperbolas and parabolas are presented. Also, employing the solutions of the given equation, is constructed,

2. METHOD OF ANALYSIS

The Diophantine equation representing the binary quadratic equation to be solved for its non- zero distinet

integral solution is

5x*~6y* =5 i
Introduce the linear ransformation
X=X+6T,y=X+5T 2)
From (1) & (2) we have
X =307 -5 (3)

whose smallest positive integer solution 15

| Xy=5T, =1
To obtain the other sajutions of (3), consider the pell equation ,
Al 1] 3
X =307 3. |
whose smallesgpositive integer solution is )

The general solution of (4) is piven by,
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ution of the given hyperbola, integer solutions for other choices of hyperbola and parabola are presented.

: Binary ;
l;;:::;m " quadratic, Hyperbola, Parabola, Integral solutions, Pell equation. AMS Mathematics subject Cl

assification

_ o L INTRODUCTION
“he binary quad.ratlc Dlophantine equations of the form ax3 ._by2 - N, (a, b,(,‘ # 0) are rich in Vaﬁe{y and have been analyzed
p many mathematicians for their respective integer solutions for particular values of @,band N. In this context, one may refer [1-

&

this m";u"jcam’“ concems with the problem of obtaining non-zero distinct integer solutions to the binary quadratic equation
L AXT =Jy" = S .

gron bY; ' 3y _12 representing hyperbola. A few interesting relations among its solutions are presented. Knowing an

stegral solution of the given hyperbola, integer solutions for other choices of hyperbolas and parabolas are presented.

N ‘ . 1L METHOD OF ANALYSIS
' The Diophantine equation representing the binary quadratic equation to be solved for its non-zero distinct integral solution is

3x* -5y =12 (1)
jaroduce the linear transformation
x=X+5T,y=X+3T ()
from (1) & (2) we have,
X =15T" -6 3
whose smallest positive integer solution is
X,=3,T, =1
Toobtain the other solutions of (3), consider the Pell equation
X =157%1 (©)
vhose smallest positive integer solution is
X,=4,T, =1
shose general solution is given by
~ 1 = 1
T'n= gn’Xu:_-fn
2415 2

shere

fo=lon T sl
BN A

Pplying Brahmagupta lemma between (X,], y,,) and (37" Yy ) the other integer solutions of (1) are given by

J15x,,, = 4151, +15g,
Jisy,, =315/, +12g,

—
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