
Ellipses and hyperbolas of decompositions

of even numbers into pairs of prime numbers.

Gennady Butov

May 19, 2023

Abstract

This is just an attempt to associate sums or di�erences of prime numbers with points lying on
an ellipse or hyperbola.

Certain pairs of prime numbers can be represented as radius-distances from the focuses to points
lying either on the ellipse or on the hyperbola.

The ellipse equation can be written in the following form: |pk|+ |pt| = 2n
The hyperbola equation can be written in the following form: ||pk| − |pt|| = 2n
Here pk and pt are prime numbers (p1 = 2, p2 = 3, p3 = 5, p4 = 7,...),
k and t are indices of prime numbers,
2n is a given even number,
k, t, n ∈ N .
If we construct ellipses and hyperbolas based on the above, we get the following:
1) there are only 5 non-intersecting curves (for 2n=4; 2n=6; 2n=8; 2n=10; 2n=16). The remaining

ellipses have intersection points;
2) there is only 1 non-intersecting hyperbola (for 2n=2) and 1 non-intersecting vertical line. The

remaining hyperbolas have intersection points.
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1. The ellipses of decomposition of even numbers into prime numbers.

Let's represent the equation of decomposition of an even number into two prime numbers as an
ellipse equation:

|pk|+ |pt| = 2n

where pk and pt are prime numbers (p1 = 2, p2 = 3, p3 = 5, p4 = 7,...),
k and t are indices of prime numbers,
2n is a given even number,
k, t, n ∈ N .

Consider the following equation:

|pmin|+ |pmax| = 2n = 2a

where pmin is the smallest prime number that satis�es the above equation,
pmax = (2n− pmin) is the largest prime number that satis�es the above equation,
2n = 2a ⇒ a = n (semi-major axis).

Then there are ellipse parameters:
perifocal distance rp = pmin

apofocal distance ra = pmax

focal distance (linear eccentricity) c = F1F2/2 = (ra − rp)/2 = (pmax − pmin)/2 = n− pmin

semi-major axis a = (ra + rp)/2 = (pmax + pmin)/2 = 2n/2 = n

semi-minor axis b =
√
a2 − c2 =

√
((pmax + pmin)/2)2 − ((pmax − pmin)/2)2 =

√
pmax ∗ pmin

focal parameter fp = (b2)/a = (
√
pmax ∗ pmin)

2/n = (pmax ∗ pmin)/n = (2n− pmin) ∗ pmin/n
eccentricity e = c/a = (n− pmin)/n = 1− pmin/n
directrix d = a2/c = n2/(n− pmin)
�attening f = (a− b)/a = 1− b/a = 1− (

√
pmax ∗ pmin)/n

Each even number corresponds to 1 unique decomposition ellipse.

If 2n → ∞ then pmax → ∞.
Then focal parameter fp = (pmax ∗pmin)/n = (2n−pmin)∗pmin/n = (2−pmin/n)∗pmin → 2∗pmin

eccentricity e = c/a = (n− pmin)/n = 1− pmin/n → 1 (ellipse turns into a parabola)
�attening f = 1−b/a = 1−(

√
pmax ∗ pmin)/n = 1−(

√
(2n− pmin) ∗ pmin)/n → 1−(

√
2n ∗ pmin)/n =

1−
√

2 ∗ pmin/n → 1
Conclusion: when 2n → ∞ and pmax → ∞, the length of the minor axis of the ellipse lags behind

the length of the major axis and the ellipse is stretched along the major axis.

Hypothesis of intersecting decomposition ellipses: there are only 5 non-intersecting curves (fo
2n = 4, 2n = 6, 2n = 8, 2n = 10, 2n = 16). The remaining ellipses have intersection points.

The decompositions of the numbers 4 and 6 can be represented as circles with radii 2 and 3,
respectively.

Decompositions of even numbers ≥ 8 are ellipses.

Canonical equation of an ellipse:
x2

a2
+

y2

b2
= 1

or

x2

n2
+

y2

pmaj ∗ pmin

= 1
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Let's de�ne the intersection points of the ellipses.{
x2

n2
1
+ y2

p1max∗p1min
= 1

x2

n2
2
+ y2

p2max∗p2min
= 1{

y2 = (1− x2/n2
1) ∗ p1max ∗ p1min

y2 = (1− x2/n2
2) ∗ p2max ∗ p2min

(1− x2/n2
1) ∗ p1max ∗ p1min = (1− x2/n2

2) ∗ p2max ∗ p2min

p1max ∗ p1min −
x2 ∗ p1max ∗ p1min

n2
1

= p2max ∗ p2min −
x2 ∗ p2max ∗ p2min

n2
2

x2 ∗ p2max ∗ p2min

n2
2

− x2 ∗ p1max ∗ p1min

n2
1

= p2max ∗ p2min − p1max ∗ p1min

x2 ∗ (p2max ∗ p2min

n2
2

− p1max ∗ p1min

n2
1

) = p2max ∗ p2min − p1max ∗ p1min

x2 =
p2max ∗ p2min − p1max ∗ p1min

(p2max ∗ p2min)/n2
2 − (p1max ∗ p1min)/n2

1

x = ±
√

p2max ∗ p2min − p1max ∗ p1min

(p2max ∗ p2min)/n2
2 − (p1max ∗ p1min)/n2

1

y = ±
√
(1− x2/n2

1) ∗ p1max ∗ p1min

y = ±
√
(1− x2/n2

2) ∗ p2max ∗ p2min

A necessary condition for the existence of ellipse intersection points:
p2max∗p2min−p1max∗p1min

(p2max∗p2min)/n2
2−(p1max∗p1min)/n2

1
> 0

(1− x2/n2
1) ∗ p1max ∗ p1min > 0

(1− x2/n2
2) ∗ p2max ∗ p2min > 0

Case 1: 
p2max ∗ p2min − p1max ∗ p1min > 0

(p2max ∗ p2min)/n
2
2 − (p1max ∗ p1min)/n

2
1 > 0

(1− x2/n2
1) ∗ p1max ∗ p1min > 0

(1− x2/n2
2) ∗ p2max ∗ p2min > 0

p2max ∗ p2min > p1max ∗ p1min

(p2max ∗ p2min)/n
2
2 > (p1max ∗ p1min)/n

2
1

1− x2/n2
1 > 0

1− x2/n2
2 > 0

p2max ∗ p2min > p1max ∗ p1min

(p2max ∗ p2min)/n
2
2 > (p1max ∗ p1min)/n

2
1

x2 < n2
1

x2 < n2
2
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
p2max ∗ p2min > p1max ∗ p1min

(p2max ∗ p2min)/n
2
2 > (p1max ∗ p1min)/n

2
1

−n1 < x < n1

−n2 < x < n2

Case 2: 
p2max ∗ p2min − p1max ∗ p1min < 0

(p2max ∗ p2min)/n
2
2 − (p1max ∗ p1min)/n

2
1 < 0

(1− x2/n2
1) ∗ p1max ∗ p1min > 0

(1− x2/n2
2) ∗ p2max ∗ p2min > 0

p2max ∗ p2min < p1max ∗ p1min

(p2max ∗ p2min)/n
2
2 < (p1max ∗ p1min)/n

2
1

1− x2/n2
1 > 0

1− x2/n2
2 > 0

p2max ∗ p2min < p1max ∗ p1min

(p2max ∗ p2min)/n
2
2 < (p1max ∗ p1min)/n

2
1

x2 < n2
1

x2 < n2
2

p2max ∗ p2min < p1max ∗ p1min

(p2max ∗ p2min)/n
2
2 < (p1max ∗ p1min)/n

2
1

−n1 < x < n1

−n2 < x < n2

The note.
Two concentric ellipses intersect each other if a2 > a1 and b2 < b1 or b22 < b21.
That is, the conditions for the intersection of ellipses can be represented as:{

n2 > n1√
p2max ∗ p2min <

√
p1max ∗ p1min{

n2 > n1

p2max ∗ p2min < p1max ∗ p1min

where a2 = n2, a1 = n1, b2 =
√
p2max ∗ p2min, b1 =

√
p1max ∗ p1min, b22 = p2max ∗ p2min,

b21 = p1max ∗ p1min.

Examples of intersecting and non-intersecting decomposition ellipses.

Let 2n = 4, n = 2, then pmin = pmax = 2, since pmin + pmax = 2 + 2 = 4.
In this case, the decomposition curve is a circle with radius r = 2.

Now let 2n = 6, n = 3, then pmin = pmax = 3, since pmin + pmax = 3 + 3 = 6.
In this case, the decomposition curve is a circle with radius r = 3.

For 2n = 4 and 2n = 6, we have two concentric circles as decomposition curves, which cannot
intersect each other in any way.
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Let 2n = 8, n = 4, then pmin = 3, pmax = 5, since pmin + pmax = 3 + 5 = 8.
In this case, the decomposition curve is an ellipse.
Semi-major axis a = n = 4.
Semi-minor axis b =

√
pmin ∗ pmax =

√
3 ∗ 5 =

√
15.

b2(2n = 8) = pmin ∗ pmax = 3 ∗ 5 = 15

Let 2n = 10, n = 5, then pmin = 3, pmax = 7, since pmin + pmax = 3 + 7 = 10.
In this case, the decomposition curve is an ellipse.
Semi-major axis a = n = 5.
Semi-minor axis b =

√
pmin ∗ pmax =

√
3 ∗ 7 =

√
21.

b2(2n = 10) = pmin ∗ pmax = 3 ∗ 7 = 21

21 > 15 ⇒ decomposition ellipses for 2n = 8 and 2n = 10 do not intersect.

Let 2n = 12, n = 6, then pmin = 5, pmax = 7, since pmin + pmax = 5 + 7 = 12.
In this case, the decomposition curve is an ellipse.
Semi-major axis a = n = 6.
Semi-minor axis b =

√
pmin ∗ pmax =

√
5 ∗ 7 =

√
35.

b2(2n = 12) = pmin ∗ pmax = 5 ∗ 7 = 35

35 > 21 ⇒ decomposition ellipses for 2n = 10 and 2n = 12 do not intersect.

Let 2n = 14, n = 7, then pmin = 3, pmax = 11, since pmin + pmax = 3 + 11 = 14.
In this case, the decomposition curve is an ellipse.
Semi-major axis a = n = 7.
Semi-minor axis b =

√
pmin ∗ pmax =

√
3 ∗ 11 =

√
33.

b2(2n = 14) = pmin ∗ pmax = 3 ∗ 11 = 33

33 < 35 ⇒ decomposition ellipses for 2n = 12 and 2n = 14 intersect.

Let 2n = 16, n = 8, then pmin = 3, pmax = 13, since pmin + pmax = 3 + 13 = 16.
In this case, the decomposition curve is an ellipse.
Semi-major axis a = n = 8.
Semi-minor axis b =

√
pmin ∗ pmax =

√
3 ∗ 13 =

√
39.

b2(2n = 16) = pmin ∗ pmax = 3 ∗ 13 = 39

39 > 33 ⇒ decomposition ellipses for 2n = 14 and 2n = 16 do not intersect.

Let 2n = 18, n = 9, then pmin = 5, pmax = 13, since pmin + pmax = 5 + 13 = 18.
In this case, the decomposition curve is an ellipse.
Semi-major axis a = n = 9.
Semi-minor axis b =

√
pmin ∗ pmax =

√
5 ∗ 13 =

√
65.

b2(2n = 18) = pmin ∗ pmax = 5 ∗ 13 = 65

65 > 39 ⇒ decomposition ellipses for 2n = 16 and 2n = 18 do not intersect.

Let 2n = 20, n = 10, then pmin = 3, pmax = 17, since pmin + pmax = 3 + 17 = 20.
In this case, the decomposition curve is an ellipse.
Semi-major axis a = n = 10.
Semi-minor axis b =

√
pmin ∗ pmax =

√
3 ∗ 17 =

√
51.

b2(2n = 20) = pmin ∗ pmax = 3 ∗ 17 = 51
51 < 65 ⇒ decomposition ellipses for 2n = 18 and 2n = 20 intersect.
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Examples of intersection points.

Let 2n1 = 12 and 2n2 = 14, then n1 = 6, n2 = 7
12 = 7 + 5

p1max = p1max(12) = 7

p1min = p1min(12) = 5
14 = 11 + 3

p2max = p2max(14) = 11

p2min = p2min(14) = 3

x = ±
√

p2max ∗ p2min − p1max ∗ p1min

(p2max ∗ p2min)/n2
2 − (p1max ∗ p1min)/n2

1

= ±

√
11 ∗ 3− 7 ∗ 5

(11 ∗ 3)/72 − (7 ∗ 5)/62
≈ ±2.5874

y = ±
√

(1− x2/n2
1) ∗ p1max ∗ p1min ≈ ±

√
(1− 2.58742/62) ∗ 7 ∗ 5 ≈ ±5.3377

Intersection points S of two ellipses with coordinates:
S1(2.5874; 5.3377)
S2(-2.5874; 5.3377)
S3(2.5874; -5.3377)
S4(-2.5874; -5.33773)

Let 2n1 = 18 and 2n2 = 20, then n1 = 9, n2 = 10
18 = 13 + 5

p1max = p1max(18) = 13

p1min = p1min(18) = 5
20 = 17 + 3

p2max = p2max(20) = 17

p2min = p2min(20) = 3

x = ±
√

p2max ∗ p2min − p1max ∗ p1min

(p2max ∗ p2min)/n2
2 − (p1max ∗ p1min)/n2

1

= ±

√
17 ∗ 3− 13 ∗ 5

17 ∗ 3/102 − 13 ∗ 5/92
≈ ±6.9187

y = ±
√

(1− x2/n2
1) ∗ p1max ∗ p1min ≈ ±

√
(1− 6.91872/92) ∗ 13 ∗ 5 ≈ ±5.1563

Intersection points S of two ellipses with coordinates:
S1(6.9187; 5.1563)
S2(-6.9187; 5.1563)
S3(6.9187; -5.1563)
S4(-6.9187; -5.1563)

Let 2n1 = 24 and 2n2 = 26, then n1 = 12, n2 = 13
24 = 19 + 5

p1max = p1max(24) = 19

p1min = p1min(24) = 5
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
26 = 23 + 3

p2max = p2max(26) = 23

p2min = p2min(26) = 3

x = ±
√

p2max ∗ p2min − p1max ∗ p1min

(p2max ∗ p2min)/n2
2 − (p1max ∗ p1min)/n2

1

= ±

√
23 ∗ 3− 19 ∗ 5

23 ∗ 3/132 − 19 ∗ 5/122
≈ ±10.1688

y = ±
√

(1− x2/n2
1) ∗ p1max ∗ p1min ≈ ±

√
(1− 10.16882/122) ∗ 19 ∗ 5 ≈ ±5.1751

Intersection points S of two ellipses with coordinates:
S1(10.1688; 5.1751)
S2(-10.1688; 5.1751)
S3(10.1688; -5.1751)
S4(-10.1688; -5.1751)

Let 2n1 = 42 and 2n2 = 44, then n1 = 21, n2 = 22
42 = 37 + 5

p1max = p1max(42) = 37

p1min = p1min(42) = 5
44 = 41 + 3

p2max = p2max(44) = 41

p2min = p2min(44) = 3

x = ±
√

p2max ∗ p2min − p1max ∗ p1min

(p2max ∗ p2min)/n2
2 − (p1max ∗ p1min)/n2

1

= ±

√
41 ∗ 3− 37 ∗ 5

41 ∗ 3/222 − 37 ∗ 5/212
≈ ±19.3628

y = ±
√

(1− x2/n2
1) ∗ p1max ∗ p1min ≈ ±

√
(1− 19.36282/212) ∗ 37 ∗ 5 ≈ ±5.2651

Intersection points S of two ellipses with coordinates:
S1(19.3628; 5.2651)
S2(-19.3628; 5.2651)
S3(19.3628; -5.2651)
S4(-19.3628; -5.2651)

Let 2n1 = 48 and 2n2 = 50, then n1 = 24, n2 = 25
48 = 43 + 5

p1max = p1max(48) = 43

p1min = p1min(48) = 5
50 = 47 + 3

p2max = p2max(50) = 47

p2min = p2min(50) = 3
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x = ±
√

p2max ∗ p2min − p1max ∗ p1min

(p2max ∗ p2min)/n2
2 − (p1max ∗ p1min)/n2

1

= ±

√
47 ∗ 3− 43 ∗ 5

47 ∗ 3/252 − 43 ∗ 5/242
≈ ±22.3861

y = ±
√

(1− x2/n2
1) ∗ p1max ∗ p1min ≈ ±

√
(1− 22.38612/242) ∗ 43 ∗ 5 ≈ ±5.2861

Intersection points S of two ellipses with coordinates:
S1(22.3861; 5.2861)
S2(-22.3861; 5.2861)
S3(22.3861; -5.2861)
S4(-22.3861; -5.2861)

It is interesting to know whether there are still non-intersecting decomposition ellipses?
Is the proposed hypothesis correct? How to check it? The questions remains open.
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2. The hyperbolas of decomposition of even numbers into prime numbers.

Let's represent the equation of decomposition of an even number into two prime numbers as an
hyperbola equation:

||pk| − |pt|| = 2n

where pk and pt are prime numbers (p1 = 2, p2 = 3, p3 = 5, p4 = 7,...),
k and t are indices of prime numbers,
2n is a given even number,
k, t, n ∈ N .

Consider the following equation:

||pmajor| − |pminor|| = 2n = 2a

where pminor is the smallest prime number that satis�es the above equation,
pmajor = (pminor + 2n) is the largest prime number that satis�es the above equation,
2n = 2a ⇒ a = n (semi-major axis of a hyperbola).

Then there are hyperbola parameters:
semi-major axis of a hyperbola a = n
perifocal distance (pericentric distance) rp = pminor = pmin

apofocal distance ra = pmajor = pmaj

focal distance (linear eccentricity) c = n+ pmin

semi-minor axis of a hyperbola (impact parameter) b =
√
c2 − a2 =

√
(n+ pmin)2 − n2 =

=
√

(2n+ pmin) ∗ pmin =
√
pmaj ∗ pmin

focal parameter fp = (b2)/a = pmaj ∗ pmin/n
eccentricity e = c/a = (n+ pmin)/n = 1 + pmin/n
directrix d = a2/c = n2/(n+ pmin)

hyperbola asymptote equation y = ±(b/a) ∗ x = ±(
√
pmaj∗pmin

n
) ∗ x

To simplify the hyperbola equation can be written in the following form:

||pmaj| − |pmin|| = 2n

Each even number corresponds to 1 unique decomposition hyperbola.
Canonical equation of a hyperbola:

x2

a2
− y2

b2
= 1

or

x2

n2
− y2

pmaj ∗ pmin

= 1

If 2n → ∞ then pmaj → ∞
then focal parameter fp = (2n+ pmin) ∗ pmin/n = (2 + pmin/n) ∗ pmin → 2 ∗ pmin

eccentricity e = c/a = 1 + pmin/n → 1 (hyperbola turns into a parabola)
�attening f = 1−b/a = 1−(

√
pmaj ∗ pmin)/n = 1−(

√
(2n+ pmin) ∗ pmin)/n → 1−(

√
2n ∗ pmin)/n =

1−
√
2 ∗ pmin/n → 1

Conclusion: 2n → ∞ and pmaj → ∞, hyperbola stretches along the horizontal axis.
The decompositions of the numbers 0 can be represented as vertical line.

Decompositions of even numbers ≥ 2 can be represented as are hyperbolas.

Hypothesis of intersecting decomposition hyperbolas: there is only 1 non-intersecting hyperbola
(for 2n = 2) and 1 non-intersecting vertical line. The remaining hyperbolas have intersection points.
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Let's de�ne the intersection points of the hyperbolas.{
x2

a21
− y2

b21
= 1

x2

a22
− y2

b22
= 1{

y2 = (x2/a21 − 1) ∗ b21
y2 = (x2/a22 − 1) ∗ b22

(x2/a22 − 1) ∗ b22 = (x2/a21 − 1) ∗ b21

x2 ∗ b22/a22 − b22 = x2 ∗ b21/a21 − b21

x2 ∗ b22/a22 − x2 ∗ b21/a21 = b22 − b21

x2 ∗ (b22/a22 − b21/a
2
1) = b22 − b21

x2 =
b22 − b21

b22/a
2
2 − b21/a

2
1

x = ±

√
b22 − b21

b22/a
2
2 − b21/a

2
1

b22 = p2maj ∗ p2min

b21 = p1maj ∗ p1min

a22 = n2
2

a21 = n2
1

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1{
y2 = (x2/n2

1 − 1) ∗ p1maj ∗ p1min

y2 = (x2/n2
2 − 1) ∗ p2maj ∗ p2min{

y = ±
√
(x2/n2

1 − 1) ∗ p1maj ∗ p1min

y = ±
√
(x2/n2

2 − 1) ∗ p2maj ∗ p2min

Necessary conditions for the existence of intersection points hyperbolas:
x2 =

b22−b21
b22/a

2
2−b21/a

2
1

> 0

y2 = (x2/a21 − 1) ∗ b21
y2 = (x2/a22 − 1) ∗ b22

Case 1: 
b22 − b21 > 0

b22/a
2
2 − b21/a

2
1 > 0

x2/n2
1 − 1 > 0

x2/n2
2 − 1 > 0

11
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
b22 > b21
b22/a

2
2 > b21/a

2
1

x2/n2
1 > 1

x2/n2
2 > 1

p2maj ∗ p2min > p1maj ∗ p1min

p2maj ∗ p2min/n
2
2 > p1maj ∗ p1min/n

2
1

x2 > n2
1

x2 > n2
2

p2maj ∗ p2min > p1maj ∗ p1min

p2maj ∗ p2min/n
2
2 > p1maj ∗ p1min/n

2
1

−n1 > x ∪ x > n1

−n2 > x ∪ x > n2

Consider the inequality:

p2maj ∗ p2min/n
2
2 > p1maj ∗ p1min/n

2
1{

p2maj = 2n2 + p2min

p1maj = 2n1 + p1min

(2n2 + p2min) ∗ p2min/n
2
2 > (2n1 + p1min) ∗ p1min/n

2
1

2n2 ∗ p2min/n
2
2 + p22min/n

2
2 > 2n1 ∗ p1min/n

2
1 + p21min/n

2
1

2 ∗ p2min/n2 + p22min/n
2
2 > 2 ∗ p1min/n1 + p21min/n

2
1

2 ∗ p2min/n2 − 2 ∗ p1min/n1 + p22min/n
2
2 − p21min/n

2
1 > 0

2 ∗ (p2min/n2 − p1min/n1) + (p2min/n2 − p1min/n1) ∗ (p2min/n2 + p1min/n1) > 0

(p2min/n2 − p1min/n1) ∗ (2 + p2min/n2 + p1min/n1) > 0

2 + p2min/n2 + p1min/n1 > 0, because p2min/n2 > 0 and p1min/n1 > 0

p2min/n2 − p1min/n1 > 0

p2min/n2 > p1min/n1

Let us replace the inequality p2maj∗p2min/n
2
2 > p1maj∗p1min/n

2
1 by the inequality p2min/n2 > p1min/n1.

Then the conditions for intersection of hyperbolas can be written as follows:
p2maj ∗ p2min > p1maj ∗ p1min

p2min/n2 > p1min/n1

−n1 > x ∪ x > n1

−n2 > x ∪ x > n2

12
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Case 2: 
b22 − b21 < 0

b22/a
2
2 − b21/a

2
1 < 0

x2/n2
1 − 1 > 0

x2/n2
2 − 1 > 0

b22 < b21
b22/a

2
2 < b21/a

2
1

x2/n2
1 > 1

x2/n2
2 > 1

p2maj ∗ p2min < p1maj ∗ p1min

p2maj ∗ p2min/n
2
2 < p1maj ∗ p1min/n

2
1

x2 > n2
1

x2 > n2
2

p2maj ∗ p2min < p1maj ∗ p1min

p2maj ∗ p2min/n
2
2 < p1maj ∗ p1min/n

2
1

−n1 > x ∪ x > n1

−n2 > x ∪ x > n2
p2maj ∗ p2min < p1maj ∗ p1min

p2min/n2 < p1min/n1

−n1 > x ∪ x > n1

−n2 > x ∪ x > n2

The note.
tanα = b/a, tanα2 = b2/a2, tanα1 = b1/a1
b =

√
pmaj ∗ pmin, b2 =

√
p2maj ∗ p2min, b1 =

√
p1maj ∗ p1min

a = n, a2 = n2, a1 = n1, a2 > a1, n2 > n1, 2n2 > 2n1, n2 > n1.
Condition for the existence of intersection points hyperbolas:

an angle between the asymptote of hyperbola and the horizontal axis must increase α2 > α1 for
n2 > n1.

tanα2 > tanα1

b2
a2

>
b1
a1

√
p2maj ∗ p2min

n2

>

√
p1maj ∗ p1min

n1

b22
a22

>
b21
a21

p2maj ∗ p2min

n2
2

>
p1maj ∗ p1min

n2
1
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or which is the same

p2min/n2 > p1min/n1

Examples of intersecting and non-intersecting decomposition hyperbolas.

For simpli�cation, we take as the main criterion of intersection: p2min/n2 > p1min/n1

Let 2n = 2, n = 1, then pmin = 3, pmaj = 5, since ||pmaj| − |pmin|| = ||5| − |3|| = 2,
pmin/n = 3/1 = 3.

Let 2n = 4, n = 2, then pmin = 3, pmaj = 7, since ||pmaj| − |pmin|| = ||7| − |3|| = 4,
pmin/n = 3/2 = 1.5

1.5 < 3 ⇒ decomposition hyperbolas for 2n = 4 and 2n = 2 do not intersect.

Let 2n = 6, n = 3, then pmin = 5, pmaj = 11, since ||pmaj| − |pmin|| = ||11| − |5|| = 6,
pmin/n = 5/3 ≈ 1.6667

1.6667 > 1.5 ⇒ decomposition hyperbolas for 2n = 6 and 2n = 4 intersect.

Let 2n = 8, n = 4, then pmin = 3, pmaj = 11, since ||pmaj| − |pmin|| = ||11| − |3|| = 8,
pmin/n = 3/4 = 0.75

0.75 < 1.6667 ⇒ decomposition hyperbolas for 2n = 8 and 2n = 6 do not intersect.

Let 2n = 10, n = 5, then pmin = 3, pmaj = 13, since ||pmaj| − |pmin|| = ||13| − |3|| = 10,
pmin/n = 3/5 = 0.6

0.6 < 0.75 ⇒ decomposition hyperbolas for 2n = 10 and 2n = 8 do not intersect.

Let 2n = 12, n = 6, then pmin = 5, pmaj = 17, since ||pmaj| − |pmin|| = ||17| − |5|| = 12,
pmin/n = 5/6 ≈ 0.8333

0.8333 > 0.6 ⇒ decomposition hyperbolas for 2n = 12 and 2n = 10 intersect.

Let 2n = 14, n = 7, then pmin = 3, pmaj = 17, since ||pmaj| − |pmin|| = ||17| − |3|| = 14,
pmin/n = 3/7 ≈ 0.4286

0.4286 < 0.8333 ⇒ decomposition hyperbolas for 2n = 14 and 2n = 12 do not intersect.

Let 2n = 16, n = 8, then pmin = 3 pmaj = 19, since ||pmaj| − |pmin|| = ||19| − |3|| = 16,
pmin/n = 3/8 = 0.375

0.375 < 0.4286 ⇒ decomposition hyperbolas for 2n = 16 and 2n = 14 do not intersect.

Let 2n = 18, n = 9, then pmin = 5, pmaj = 23, since ||pmaj| − |pmin|| = ||23| − |5|| = 18,
pmin/n = 5/9 ≈ 0.5556

0.5556 > 0.375 ⇒ decomposition hyperbolas for 2n = 18 and 2n = 16 intersect.
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Examples of intersection points.

Let 2n1 = 2 and 2n2 = 4, then n1 = 1, n2 = 2{
p1maj = p1maj(2) = 5

p1min = p1min(2) = 3{
p2maj = p2maj(4) = 7

p2min = p2min(4) = 3

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
7 ∗ 3− 5 ∗ 3

7 ∗ 3/22 − 5 ∗ 3/12
≈ ±

√
−0.6154

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(−0.6154/12 − 1) ∗ 5 ∗ 3 ≈ ±

√
−24.2308

−0.6154 < 0 and −24.2308 < 0 ⇒ x and y are not real numbers, that is, there are no intersections
of hyperbolas for 2n1 = 2 and 2n2 = 4 on the real plane.

Let 2n1 = 4 and 2n2 = 6, then n1 = 2, n2 = 3{
p1maj = p1maj(4) = 7

p1min = p1min(4) = 3{
p2maj = p2maj(6) = 11

p2min = p2min(6) = 5

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
11 ∗ 5− 7 ∗ 3

11 ∗ 5/32 − 7 ∗ 3/22
≈ ±6.2836

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(6.28362/22 − 1) ∗ 7 ∗ 3 ≈ ±13.6488

Intersection points S of two hyperbolas with coordinates:
S1(6.2836; 13.6488)
S2(-6.2836; 13.6488)
S3(6.2836; -13.6488)
S4(-6.2836; -13.6488)

Let 2n1 = 6 and 2n2 = 8, then n1 = 3, n2 = 4{
p1maj = p1maj(6) = 11

p1min = p1min(6) = 5{
p2maj = p2maj(8) = 11

p2min = p2min(8) = 3

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
11 ∗ 3− 11 ∗ 5

11 ∗ 3/42 − 11 ∗ 5/32
≈ ±2.3311
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y = ±
√
(x2/n2

1 − 1) ∗ p1maj ∗ p1min ≈ ±
√
(2.33112/32 − 1) ∗ 11 ∗ 5 ≈ ±

√
−21.7925

−21.7925 < 0 ⇒ y is not real numbers, that is, there are no intersections of hyperbolas for
2n1 = 6 and 2n2 = 8 on the real plane.

Let 2n1 = 8 and 2n2 = 10, then n1 = 4, n2 = 5{
p1maj = p1maj(8) = 11

p1min = p1min(8) = 3{
p2maj = p2maj(10) = 13

p2min = p2min(10) = 3

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
13 ∗ 3− 11 ∗ 3

13 ∗ 3/52 − 11 ∗ 3/42
≈ ±

√
−11.9403

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(−11.9403/42 − 1) ∗ 11 ∗ 3 ≈ ±

√
−57.6269

−11.9403 < 0 and −57.6269 < 0 ⇒ x and y are not real numbers, that is, there are no intersec-
tions of hyperbolas for 2n1 = 2 and 2n2 = 4 on the real plane.

Let 2n1 = 8 and 2n2 = 12, then n1 = 4, n2 = 6{
p1maj = p1maj(8) = 11

p1min = p1min(8) = 3{
p2maj = p2maj(12) = 17

p2min = p2min(12) = 5

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
17 ∗ 5− 11 ∗ 3

17 ∗ 5/62 − 11 ∗ 3/42
≈ ±13.1962

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(13.19622/42 − 1) ∗ 11 ∗ 3 ≈ ±18.0600

Intersection points S of two hyperbolas with coordinates:
S1(13.1962; 18.0600)
S2(-13.1962; 18.0600)
S3(13.1962; -18.0600)
S4(-13.1962; -18.0600)

Let 2n1 = 10 and 2n2 = 12, then n1 = 5, n2 = 6{
p2maj = p2maj(10) = 13

p2min = p2min(10) = 3{
p2maj = p2maj(12) = 17

p2min = p2min(12) = 5
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x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
17 ∗ 5− 13 ∗ 3

17 ∗ 5/62 − 13 ∗ 3/52
≈ ±7.5776

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(7.57762/52 − 1) ∗ 13 ∗ 3 ≈ ±7.1117

Intersection points S of two hyperbolas with coordinates:
S1(7.5776; 7.1117)
S2(-7.5776; 7.1117)
S3(7.5776; -7.1117)
S4(-7.5776; -7.1117)

Let 2n1 = 12 and 2n2 = 14, then n1 = 6, n2 = 7{
p1maj = p1maj(12) = 17

p1min = p1min(12) = 5{
p2maj = p2maj(14) = 17

p2min = p2min(14) = 3

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
17 ∗ 3− 17 ∗ 5

17 ∗ 3/72 − 17 ∗ 5/62
≈ ±5.0746

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(5.07462/62 − 1) ∗ 17 ∗ 5 ≈ ±

√
−24.1971

−24.1971 < 0 ⇒ y is not real numbers, that is, there are no intersections of hyperbolas for
2n1 = 12 and 2n2 = 14 on the real plane.

Let 2n1 = 14 and 2n2 = 16, then n1 = 7, n2 = 8{
p1maj = p1maj(14) = 17

p1min = p1min(14) = 3{
p2maj = p2maj(16) = 19

p2min = p2min(16) = 3

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
19 ∗ 3− 17 ∗ 3

19 ∗ 3/82 − 17 ∗ 3/72
≈ ±

√
−39.9490

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(−39.9490/72 − 1) ∗ 17 ∗ 3 ≈ ±

√
−92.5796

−39.9490 < 0 and −92.5796 < 0 ⇒ x and y are not real numbers, that is, there are no intersec-
tions of hyperbolas for 2n1 = 14 and 2n2 = 16 on the real plane.

Let 2n1 = 10 and 2n2 = 18, then n1 = 5, n2 = 9{
p1maj = p1maj(10) = 13

p1min = p1min(10) = 3
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{
p2maj = p2maj(18) = 23

p2min = p2min(18) = 5

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
23 ∗ 5− 13 ∗ 3

23 ∗ 5/92 − 13 ∗ 3/52
≈ ±

√
−541.9014

y = ±
√
(x2/n2

1 − 1) ∗ p1maj ∗ p1min ≈ ±
√

(−541.9014/52 − 1) ∗ 13 ∗ 3 ≈ ±
√
−884.3662

−541.9014 < 0 and −884.3662 < 0 ⇒ x and y are not real numbers, that is, there are no inter-
sections of hyperbolas for 2n1 = 10 and 2n2 = 18 on the real plane.

Let 2n1 = 14 and 2n2 = 18, then n1 = 7, n2 = 9{
p1maj = p1maj(14) = 17

p1min = p1min(14) = 3{
p2maj = p2maj(18) = 23

p2min = p2min(18) = 5

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
23 ∗ 5− 17 ∗ 3

23 ∗ 5/92 − 17 ∗ 3/72
≈ ±12.9959

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(12.99592/72 − 1) ∗ 17 ∗ 3 ≈ ±11.1708

Intersection points S of two hyperbolas with coordinates:
S1(12.9959; 11.1708)
S2(-12.9959; 11.1708)
S3(12.9959; -11.1708)
S4(-12.9959; -11.1708)

Let 2n1 = 16 and 2n2 = 18, then n1 = 8, n2 = 9{
p1maj = p1maj(16) = 19

p1min = p1min(16) = 3{
p2maj = p2maj(18) = 23

p2min = p2min(18) = 5

x = ±
√

p2maj ∗ p2min − p1maj ∗ p1min

p2maj ∗ p2min/n2
2 − p1maj ∗ p1min/n2

1

= ±

√
23 ∗ 5− 19 ∗ 3

23 ∗ 5/92 − 19 ∗ 3/82
≈ ±10.4697

y = ±
√

(x2/n2
1 − 1) ∗ p1maj ∗ p1min ≈ ±

√
(10.46972/82 − 1) ∗ 19 ∗ 3 ≈ ±6.3738

Intersection points S of two hyperbolas with coordinates:
S1(10.4697; 6.3738)
S2(-10.4697; 6.3738)
S3(10.4697; -6.3738)
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S4(-10.4697; -6.3738)

Unfortunately, I can't check all the hyperbolas of the decomposition of even numbers into prime
numbers. There are in�nitely many hyperboles of decomposition.

Are there still non-intersecting decomposition hyperboles?
Is the proposed hypothesis correct? How to check it? The questions remains open.
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