Tishreen University Journal for Research and Scientific Studies - Basic Sciences Series Vol. (46) No. (6) 2024

Mathematical and physical differences between curved
and flat surfaces in astrophysical observations

Dr. Jabbour Noufal Jabbour”
Dr. Jehad Kamel Mulhem:’:
Saadeh Georgos Dayoub

(Received 16 /9 /2024. Accepted 19/ 11 /2024)

O ABSTRACT O

The study of cosmology is based on Einstein's "General Theory of Relativity," which leads
to the consideration (or imagination) that we live in a curved spacetime. This idea (the idea
of spacetime curvature) is by no means simple; in other words, it is not easy to
conceptualize. What is being undertaken here represents an initial stage to address and
approach certain aspects related to this concept.

There are several challenges in addressing this idea, beginning with imagining a four-
dimensional spacetime and then visualizing that spacetime is curved. However, we will
focus here on some simpler scenarios: flat space (a flat surface) and curved space (a curved
surface) in two and three dimensions. These are very simple cases, involving only space
and not spacetime (i.e., space without time), confined to two dimensions and not the three-
dimensional space in which we currently live. This simplification makes the situation
much easier. In other words, we will employ what is called "cosmology through the ant™ or
"ant technique,” imagining an ant living in a two- or three-dimensional space. In this
context, we focus only on space and not time. We will explore the insights that can be
gained from studying this, specifically what the ant would observe in its study or, in other
terms, what we would see if we were in the ant's position.

This is the first method to understand that we live in a curved space. However,
implementing this is not straightforward in practical life, especially in cosmology studies,
where the scales involved are immense, on the order of light-years.

Subsequently, a comparison will be made between flat and curved surfaces; we will
examine the effect of curvature on the circumference of a circle, which in turn leads to a
physical phenomenon or another physical effect, namely the concept of light flux.

The apparent flux of distant sources in a curved space is higher than in a flat space, which
has implications for distance estimations and the Hubble constant.

Key words: Flat surface, curved surface, coordinate system (Cartesian, polar, cylindrical,
spherical), luminous flux, angular dimension, concept of metric.
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PROGRAM CurvedSpaceFlux
IMPLICIT NONE
INTEGER, PARAMETER :: n =100
REAL(8) :: ¢, HO, R, P
REAL(8), DIMENSION(n) :: z, d_flat, d_curved, F_flat, F_curved

INTEGER :: i

REAL(8) :: pi

! Constants

¢ =3.0D8 ! Speed of light (m/s)

HO =70.0D0 I Hubble constant (km/s/Mpc)
R =1.0D27 I Curvature radius (m)

P =1.0D26 ! Absolute power of source (W)

pi = 3.141592653589793D0

! Generate redshift values

DOi=1,n
z(i) =0.01DO0 + (1.5D0 - 0.01D0) * REAL(i - 1) / REAL(n - 1)

END DO

! Calculate distances and fluxes

DOi=1,n
d_flat(i) = ¢ * z(i) / (HO * 1.0D3 / 3.086D22) ! Flat distance (meters)
d_curved(i) = R * ASIN(d_flat(i) / R) ! Curved distance (meters)

F_flat(i) = P/ (4.0D0 * pi * d_flat(i)**2) ! Flat space flux
F_curved(i) =P/ (4.0D0 * pi * R**2 * SIN(d_curved(i) / R)**2) ! Curved space flux
END DO

! Output results
PRINT *, " Redshift d_flat (m) d_curved (m) F_flat (W/m"2) F_curved (W/m~2)"
DOi=1,n
PRINT "(F10.3, 3E20.8)", z(i), d_flat(i), d_curved(i), F_flat(i), F_curved(i)
END DO

END PROGRAM CurvedSpaceFlux
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(W/mz) cur\red-F (W/mz) ﬂaLF (m) curvedd (m) ﬂaLd (z) Redshift
Z-10 x 4.47 B-10 x 4.47 2310 x 4.23 210 x 4.23 0.01
25-10 x 4.41 25-10 x 4.47 2410 x 4.19 2410 x 4.23 0.10
26-10 x 1.05 010112 2510 x 2.06 510 x 2.12 0.50
27-10 x 2.47 27-10 x 2.79 2510 x 4.07 2510 x 4.23 1.00
2710 x 1.03 21-10 x 1.24 2510 x 5.99 %10 x 6.35 1.50
le-24 Comparison of Flux in Flat and Curved Space
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