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Abstract

Einstein’s special and general relativity revolutionized physics. The predictions of general 
relativity are Strong Lensing, Weak Lensing, Microlensing, Black Holes, Relativistic Jets, A 
Gravitational Vortex, Gravitational Waves, The Sun Delaying Radio Signals, Proof from Orbiting 
Earth, Expansion of the universe. The density of the universe determines the geometry and 
fate of the universe. According to Freedman’s equations of general relativity published in 1922 
and 1924, the geometry of the universe may be closed, open and fl at. It all depends upon the 
curvature of the universe also. Various results of Cosmic Microwave Background Radiation 
(CMBR), NASA’s Wilkinson Microwave Anisotropy Probe (WMAP), and ESA’s Planck spacecraft 
probes found that our universe is fl at within a margin of 0.4% error. In this short work, by applying 
the laws of quadratic equations, we attempt to show that OUR UNIVERSE IS FLAT.

The density parameter Ω, the curvature parameter k and 
the Hubble parameter H are related as [7].

(1 – Ω) = - kc2 / H2R2                                (1)

If omega less than 1, k is - 1, If omega is equal to 1, k is 
zero, If omega greater than 1, k is +1. If k is -1, the geometry of 
the universe is open, if it is greater than one, the shape of the 
universe is closed and the universe obeys Euclidean geometry if 
k is equal to zero.

i.e if Ω = 1 , the universe is Euclidean, if Ω = less than 1 the 
geometry of the universe is open, and if Ω = greater than 1, the 
universe is closed.

First method

Squaring (1), 1 + Ω 2 – 2 Ω - k2c4/ H4R4 = 0                 (1a)

According to the laws of quadratic equations, if Alpha and 
Beta are the roots, then,

The sum of the roots is given by, α + β = -b/a = 2              (1b)

Since equation (5) is a cosmological one, the roots must be 
distinct and positive (1).

By assuming the above principle (2) in (1b) and applying, 
+1 for Alpha and Beta.

We get that LHS = RHS (3).

By assuming the above principle (2) in (1b) and applying, 
- 1/2 for Alpha and Beta.

We get - 1 = 2                    (4)

By assuming the above principle (2) in (1b) and applying, 
1 + x for Alpha and Beta.

We get that 2 + 2x = 2                   (5)

Needless to say, both equations (4) and (5) are 
contradictions. 

This implies that our assumptions that Ω is less than 1 and 
Ω is greater than 1 are not applicable (6).

Consequently we get that our application that Ω = 1 is 
acceptable (7). 

If the discriminant is zero, then there is exactly one real 
root, -b/2a.

Here b = 2 and a = 1, So, -b/2a = 2/2 = 1

As we have previously seen that is Ω = 1, then the geometry 
of our universe is FLAT.

Second method

Discriminant B2 – 4AC
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A quadratic equation with real coefϐicients can have either 
one or two distinct real roots, or two distinct complex roots. In 
this case the discriminant determines the number and nature 
of the roots. There are three cases

If the discriminant is positive, then there are two distinct 
roots.

If the discriminant is zero, then there is exactly one real 
root, -b/2a.

If the discriminant is negative, then there are no real roots. 
Rather, there are two distinct (nonreal) complex roots.

1 – Ω = - kc2/H2R2                                (1) 

1 + Ω 2 – 2 Ω - k2c4/ H4R4 = 0                  (1a)

The above equation is quadratic in Ω.

Case 1

According to the laws of quadratic equations, if B2 – 4AC = 
0, then the roots are real and distinct.

In (1a) B = 2, A= 1 and C = - k2c4/ H4R4

Applying this in the above relation, we get that, 4 – 4 + 4 
k2c4/ H4R4 = 0 i.e we obtain that k = 0.

We have already seen that if Ω = 1, then k = 0.

From this result, we may conclude that the roots of Ω may 
be distinct and real Result (A). 

Case 2

Let us assume that in (1a), B2 – 4AC is greater than 0, and 
let it be 1.

Now, B2 – 4AC = 1

In (1a) B = 2, A = 1 and C = - k2c4/ H4R4

Applying this in the previous relation we get that, = 4 - 4 + 
4 k2c4/ H4R4 = 1

Simplifying, k2c4/ H4R4= 1/4

Assuming the above relation in (1a) we obtain that, 
3/4+Ω2–2Ω = 0.

Multiplying throughout by 4, 3 + 4 Ω 2 – 8Ω = 0 

 ½  8 plus or minus 64 –  48
Therefore ,

8
 

 ½ 4 plus or minus 1 6 
i.e                  

4


 

 4 plus or minus 4i.e                       
4


 

i.e Ω = 1 plus or minus 1 (Result B)

Choosing positive value and applying Result B in (1a) we 
get that, 1 + 4 - 4 - k2c4/ H4R4 = 0

i.e 1 = k2c4/ H4R4

Replacing - k2c4/ H4R4 by 1 [ See above relation] in (1a) we 
have, Ω = 2 (Result C).

Choosing negative value of Result B and applying in (1a) 
we get that, 1 = k2c4/ H4R4.

Assuming the above relation in (1a0 we have, Ω = 2 
(Result D).

Let us notice that results C and D are similar.

Case 3

Let us assume that B2 – 4AC = less than zero = -1 

Applying this in (1a) we have, 4 – 4 + 4 k2c4/H4R4 = -1 

i.e k2c4/ H4R4 =[-1/4].

Taking root on both sides, kc2/H2R2 = i/2.

From this relation we obtain that k is imaginary (Result E)

Since k is the curvature parameter of our universe, it 
cannot be imaginary.

So, our case (3) is not acceptable (Result F).

Discussion
In the ϐirst method we have shown that the shape of our 

universe is Euclidean. In the second method, case 3 (Result F)
is not acceptable. So, cases 1 and 2 are acceptable. The second 
method shows that the universe may be either closed or ϐlat. 
But the ϐirst method proves that the t geometry of the universe 
is Euclidean/ϐlat. The author has previously found several 
results in this topic [1–7]. 

“Finally, it could be that there’s just enough matter for the 
Universe to have zero curvature. Angles of triangles add up to 
exactly 180 degrees and the Universe is in inite. If this is the case 
then it may be that matter can slow the rate of expansion, but 
it’ll never be able to bring it down to zero. The Universe will also 
expire in a big freeze 

Observations of the cosmic microwave background (the left-
over radiation from the Big Bang) suggest that the Universe is 
indeed ϐlat, or at least very nearly so. This would imply eternal 
expansion, at least if the assumptions above are true [https://
plus.maths.org/content/shape-and-fate-universe].

A brief analysis of previous experiments, observations and 
this author’s mathematical formulations make us to arrive at 
a conclusion that the fate of our Universe is that it will expire 
in a big freeze.
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