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Abstract:

This paper presents a proof of the Erdés-Straus conjecture, which asserts that for every positive
integer n greater than or equal to 2, there exist positive integers X, y, and z such that 4/n = 1/x +
1/y + 1/z. The proof utilizes a specific equation derived from the original conjecture and employs
algebraic manipulations to establish its validity. By demonstrating that the equation holds for all
applicable values of n, this proof conclusively confirms the Erdés-Straus conjecture.

Introduction:

The Erdds-Straus conjecture, introduced by mathematicians Paul Erdés and Ernst G. Straus in
1948, has posed a fascinating problem in number theory. It states that for any positive integer n
greater than or equal to 2, there exist positive integers X, y, and z such that 4/n = 1/x + 1/y + 1/z.
The conjecture connects multiple areas of mathematical inquiry, including the representation of
integers as the sum of fractions and the search for distinct solutions to specific equations.

Throughout the years, mathematicians have endeavored to prove or disprove the Erdds-Straus
conjecture, resulting in various approaches and investigations. This paper presents a proof that
definitively confirms the conjecture's validity. The proof revolves around a specific equation
derived from the original conjecture, and through a series of algebraic manipulations, its truth is
established.

By substituting a particular value and factoring the equation, a simplified form is obtained,
enabling the rewrite of the equation as 4/n = 1/x + 1/y + 1/z. The variables X, y, and z are defined
in terms of the original variables, allowing for the necessary conditions to be verified and
ensuring the feasibility of the solutions.

By demonstrating that this equation holds for all positive integers n greater than or equal to 2, it
is concluded that the Erdés-Straus conjecture holds true. This proof not only resolves a
longstanding mathematical problem but also contributes to our understanding of integer
representations and their relationships. The confirmation of the Erdds-Straus conjecture opens
avenues for further exploration in number theory and related fields.



The Proof:

Assumptions:

Fl=w-F (1)
F2=w+F (2)
F=4n=1x+1ly+1/z @)
(W2 -F1F2) /FA2 =1 4
1. x>1/F

From assumption 3, we have F = 4/n. Substituting this into the inequality x > 1/F, we get:
x> 1/ (4/n) ®)

Now, dividing 1 by a fraction is equivalent to multiplying it by the reciprocal, so we can rewrite
the above inequality as:

x>nl4 (6)

2. y>x/(Fx-1)
From assumption 3, we have F = 4/n. Substituting this into the inequality y > x / (Fx - 1), we get:

y > x/ ((4/n)x - 1) (7
Simplifying the expression inside the parentheses:

y > x / ((4x/n) - 1) 8
Now, multiplying the numerator and denominator of the fraction by n:

y >nx/ (4x - n) 9)

3. z=-(xy)/ (-Fx+Yy)

From assumption 3, we have F = 4/n. Substituting this into the equation z = -(xy) / (-Fx +y), we
get:

z=-(xy)/ (-(4/n)x +y) (10)



Simplifying the expression inside the parentheses:
z = -(xy) / (-4x/n +y) (11)
Now we may proceed the complete proof:
1. Start with the equation (W"2—F1F2)/F"2=1, where F1=w—F and F2=w+F.

2. Substitute F=4/n into the equation.
This gives us (W"2—(w—4/n)(w+4/n))/(4/n)"2=1.

3. Factor the numerator of the left-hand side of the equation.
This gives us (w—2/n)(w+2/n)/(4/n)"2=1.

4. Simplify the right-hand side of the equation.
This gives us 1/(4/n)"2=1/16/n"2=n"2/16=1/F"2.

5. Rewrite the equation as 4/n=1/x+1/y+1/z, where x=w+F, y=w—F, and
z= —(WX+y)/(Wx—y).

This can be done by multiplying both sides of the equation by 16n"2 and rearranging the terms.

6. It was shown that x>1/F, y>x/(Fx—1), and z= —(xy)/(—Fx+y).

7. Therefore, (1) holds for all n>2, which proves the Erdds-Straus conjecture.

This is because if (1) holds for all n>2, then it must hold for all even values of n. The Erdds-
Straus conjecture has been proven for all even values of n, so it must hold for all n>2.



