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Abstract 

Diophantine Equations has been of special interest to many mathematicians for several centuries. 

Equations whose solutions are expected to be in integers are usually termed as Diophantine equations. 

Thousands of equations of Diophantine type has been solved by several mathematicians. Some 

equations have created a great legacy like Fermat’s Last Theorem. Among several special types of real 

numbers that exist, metallic ratios occupy special interest since they possess innumerable mathematical 

properties. In this paper, we will introduce a pair of quadratic Diophantine Equations and obtain its 

solutions using the continued fraction expansion of metallic ratios of order k. This concept will not 

only be mathematically pleasing but provides various scopes for solving similar equations.  
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1. Introduction  

Diophantine Equations named after second century BCE Greek mathematician Diophantus are very 

special equations because such equations require solutions to be in integers. Equations whose solutions 

are integers found abundant applications to practical life problems right from ancient times to modern 

times. In this sense, galaxy of mathematicians throughout the globe solved various types of 

Diophantine equations, some of which had created great impact upon development of mathematics. 

Carl Friedrich Gauss, considered to be one of the great mathematicians of all times, had provided clues 

to solve quadratic Diophantine equations in his classic book Disquisitiones Arithmeticae. This book 

created a huge sensation among later mathematicians and paved way for enormous development in 

number theory. In this paper, we will introduce pair of quadratic Diophantine equations and try to 

solve them using special class of numbers called metallic ratios in a novel way using continued fraction 

expansion.  

 

2. Definition 

The sequence of metallic ratios of order k, denoted by kM  is defined as
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If k = 2, 2 1 2M = +  is called the Silver Ratio  

If k = 3, 
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=  is called the Bronze Ratio  

To know more about Metallic Ratios and their properties see [1 – 4].  
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3. Describing the Equations  

The main purpose of this paper is to solve pair of equations 2 2 1 (2)x kxy y− − =   in positive integers, 

where k is any positive integer. In order to solve pair of quadratic Diophantine equations (2), we first 

derive the continued fraction expansion of the metallic ratio of order k as defined in (1).  

We begin our exploration by noticing that 
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Thus, 
2 24 4 1

; (3)
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Equation (3) provides the continued fraction expansion of the metallic ratio of order k.  

Let us now consider the consecutive convergents of the continued fraction expansion of metallic ratio 

of order k using (3). Doing this we obtain,  
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Now considering the numerators and denominators of rational numbers in the successive convergents 

of (4) as x and y respectively, we notice that 0 2 4, , ,...c c c  form solutions to 2 2 1x kxy y− − = −  and 

1 3 5, , ,...c c c  provide solutions to 2 2 1x kxy y− − =  for any positive integer k.  

In particular, ( ) ( ) ( )3 2 5 3 4 2( , ) ,1 ; 2 , 1 ; 4 3 , 3 1 ; ... (5)x y k k k k k k k k k= + + + + + +  provides solutions to 

2 2 1x kxy y− − = − and  

( ) ( ) ( )2 4 2 3 6 4 2 5 3( , ) 1, ; 3 1, 2 ; 5 6 1, 4 3 ; ... (6)x y k k k k k k k k k k k k= + + + + + + + + +  provides solutions 

to 2 2 1x kxy y− − = .  

Since, there are infinite convergents that can be generated from (3), we have infinitely many solutions 

to pair of equations described by (2).  Moreover, for 1n   we notice that the subsequent solutions for 

both (5) and (6) beginning with ( , ) (0,1)x y = for (5) and ( , ) (1,0)x y = for (6) satisfy the recurrence 

relations 2 2

2 1 2 1( 2) , ( 2) (7)n n n n n nx k x x y k y y+ + + += + − = + − .  
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4. Conclusion  

After defining metallic ratios of order k, for any natural number k as in (1) and describing the pair of 

Diophantine equations as in (2), we have obtained the continued fraction expansion of the metallic 

ratio of order k as given in (3). Using the successive convergents of this continued fraction expansion, 

we have extracted the solutions in positive integers to the given pair of Diophantine equations. We 

notice that, since k is a positive integer all solutions obtained in (5) and (6) are also positive integers. 

Finally, a common recurrence relation for determining subsequent x and y values has been provided in 

(7). Thus, in this paper, we have completely solved the given pair of Diophantine equations in positive 

integers, using the successive convergents of continued fraction expansion of metallic ratio of order k. 

Using similar ideas, once can always try to generalize these concepts and solve other special types of 

Diophantine equations.  

 

REFERENCES 

[1] R. Sivaraman, Exploring Metallic Ratios, Mathematics and Statistics, Horizon Research 

Publications, Volume 8, Issue 4, (2020), pp. 388 – 391. 

[2] R. Sivaraman, Expressing Numbers in terms of Golden, Silver and Bronze Ratios, Turkish Journal 

of Computer and Mathematics Education, Vol. 12, No. 2, (2021), 2876 – 2880.  

[3] R. Sivaraman, Relation between Terms of Sequences and Integral Powers of Metallic Ratios, 

Turkish Journal of Physiotherapy and Rehabilitation, Volume 32, Issue 2, 2021, pp. 1308 – 1311. 

[4] R. Sivaraman, On Some Properties of Metallic Ratios, Indian Journal of Natural Sciences, Volume 

12, Issue 66, June 2021, pp. 31546 – 31550.    

[5] R. Sivaraman, Recognizing Ramanujan’s House Number Puzzle, German International Journal of 

Modern Science, 22, November 2021, pp. 25 – 27.    

[6]  R. Sivaraman, Insight on Ramanujan’s Puzzle, Engineering and Scientific International Journal, 

Volume 9, Issue 1, January – March 2022, pp. 1 – 3.  

[7]  Andreescu, T., D. Andrica, and I. Cucurezeanu, An introduction to Diophantine equations: A 

problem-based approach, Birkhäuser Verlag, New York, 2010.  

[8] Isabella G. Bashmakova, Diophantus and Diophantine Equations, The Mathematical Association 

of America, 1998.     

[9]  R. Sivaraman, Summing Through Integrals, Science Technology and Development, Volume IX, 

Issue IV, April 2020, pp. 267 – 272.   

[10] R. Sivaraman, Bernoulli Polynomials and Ramanujan Summation, Proceedings of First 

International Conference on Mathematical Modeling and Computational Science, Advances in 

Intelligent Systems and Computing, Vol. 1292, Springer Nature, 2021, pp. 475 – 484.  

[11]  R. Sivaraman, Generalized Lucas, Fibonacci Sequences and Matrices, Purakala, Volume 31, 

Issue 18, April 2020, pp. 509 – 515. 

[12] R. Sivaraman, J. Suganthi, A. Dinesh Kumar, P.N. Vijayakumar, R. Sengothai, On Solving an 

Amusing Puzzle, Specialusis Ugdymas/Special Education, Vol 1, No. 43, 2022, 643 – 647.  

[13] R. Sivaraman, R. Sengothai, P.N. Vijayakumar, Novel Method of Solving Linear Diophantine 

Equation with Three Variables, Stochastic Modeling and Applications, Vol. 26, No. 3, Special Issue – 

Part 4, 2022, 284 – 286. 

[14] R. Sivaraman, On Solving Special Type of Linear Diophantine Equation, International Journal of 

Natural Sciences, Volume 12, Issue 70, 38217 – 38219, 2022.    

[15] R. Sengothai, R. Sivaraman, Solving Diophantine Equations using Bronze Ratio, Journal of 

Algebraic Statistics, Volume 13, No. 3, 2022, 812 – 814.    

[16] P.N.Vijayakumar, R. Sivaraman, On Solving Euler’s Quadratic Diophantine Equation, Journal of 

Algebraic Statistics, Volume 13, No. 3, 2022, 815 – 817.  

[17]  A. Dinesh Kumar, R. Sivaraman, Asymptotic Behavior of Limiting Ratios of Generalized 

Recurrence Relations, Journal of Algebraic Statistics, Volume 13, No. 2, 2022, 11 – 19. 

[18] P Senthil Kumar, R Abirami, A Dinesh Kumar,  Fuzzy model for the effect of rhIL6 Infusion on 

Growth Hormone, International Conference on Advances in Applied Probability, Graph Theory and 

Fuzzy Mathematics, Vol. 252, 2014, pp. 246 



124                                                        JNAO Vol. 15, Issue. 1, No.1 :  2024 

 

[19] P Senthil Kumar, A Dinesh Kumar, M Vasuki, Stochastic model to find the effect of gallbladder 

contraction result using uniform distribution, Arya Bhatta Journal of Mathematics and Informatics, 

Vol 6, No. 2, 2014, pp. 323 – 328  

[20]  R. Sivaraman, Pythagorean Triples and Generalized Recursive Sequences, Mathematical 

Sciences International Research Journal, Vol. 10, No. 2, July 2021, pp. 1 – 5 

[21]  R. Sivaraman, Sum of powers of natural numbers, AUT AUT Research Journal, Volume XI, 

Issue IV, April 2020, pp. 353 – 359.   

 

 

 


