
DISTANCES IN THE UNIVERSE



+ some additional 
Deconvolution & Denoising SimBAD search to get the coordinates

NED search to get information about the object

PGC2432563

LOCALIZING THE OBJECT OF INTEREST



PGC2432563 / WISEA J113253.44+530749.0

What the hell does 
all these numbers 

mean?

OBJECT DATA from NED

What are derived quantities???



Cross-identifications =

EXPLANATION OF THE NED TABLE DATA

Coordinates for Fiducial Position

24ℎ = 360°,→ 1ℎ = 15°

𝑅𝐴 𝐷𝑒𝑔 = 11 ∙ 15° +
32

60
∙ 15° +

53.4486

3600
≈ 173.2227°

Example



Fiducial Redshift & Derived Quantities [H0 = 67.8 km/sec/Mpc, Ωmatter = 0.308, Ωvacuum = 0.692] 

EXPLANATION OF THE NED TABLE DATA

𝑐𝑧 = 299792.458
𝑘𝑚

𝑠
∙ 0.178061 ≈ 53381

𝑘𝑚

𝑠

H0 Ωmatter Ωvacuum Hubble‘s law 𝐷𝑐 ≈
𝑐𝑧
𝐻0

Example



EXPLANATION OF THE NED TABLE DATA

Classification = G

Quick-look Angular & Physical Diameters

𝐷𝑝ℎ𝑦𝑠 = 𝜃 ∙ 𝐷𝑎

𝐷𝑎 𝐷𝑎𝑟𝑐𝑠𝑒𝑐 = 16.43"

𝜃 =
𝜋

180
∙
𝐷𝑎𝑟𝑐𝑠𝑒𝑐

3600
= 7,96549 ∙ 10−5

𝐷𝑝ℎ𝑦𝑠 = 7,96549 ∙ 10−5 ∙ 790𝑀𝑝𝑐 = 0,06292𝑀𝑝𝑐 = 62.9𝑘𝑝𝑐

Example



HOW DISTANCES ARE CALCULATED

Hubble‘s law 𝐷𝑐 ≈
𝑐𝑧
𝐻0



THE LAMBDA-CDM MODEL (𝛬𝐶𝐷𝑀) 

Key Assumptions of the 𝛬𝐶𝐷𝑀

1

2

𝐺𝜇𝜈 + Λ𝑔𝜇𝜈 =
8𝜋𝐺

𝑐4
𝑇𝜇𝜈



Key Assumptions of the 𝛬𝐶𝐷𝑀 – Part 2

3

𝜴

𝜴 = 𝜴𝒎 +𝜴𝒓 + 𝜴𝜦 = 𝟏

Ω𝑚 = Ω𝑟 = ΩΛ =

→

→

→

Measurements have shown that 

we live in a really flat universe!

𝜴 ≈ 1.000 ± 0.005
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THE LAMBDA-CDM MODEL (𝛬𝐶𝐷𝑀) 



Key Assumptions of the 𝛬𝐶𝐷𝑀 – Part 3

4

Λ

Ω𝑚𝑎𝑡𝑡𝑒𝑟 = 0.308 = Ω𝐵𝑎𝑟𝑦𝑜𝑛𝑖𝑐 +Ω𝐶𝐷𝑀

Ω𝑣𝑎𝑐𝑢𝑢𝑚 = 0.692 = ΩΛ

Ω𝑟 = 0.00005→ negligible and not shown

THE LAMBDA-CDM MODEL (𝛬𝐶𝐷𝑀) 



Key Assumptions of the 𝛬𝐶𝐷𝑀 – Part 4

5

Image by WikiImages from Pixabay

THE LAMBDA-CDM MODEL (𝛬𝐶𝐷𝑀) 

https://pixabay.com/users/wikiimages-1897/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=11636
https://pixabay.com//?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=11636


𝐻0 = 67.8
𝑘𝑚/𝑠

𝑀𝑝𝑐
Ω𝑚 = ΩΛ =

(Hubble constant) (Matter density) (Dark energy density)

𝑧 = 0.178061 ± 1.67𝑒−5

(Red Shift measurement)

𝑫𝒄 𝒛 =
𝒄

𝑯𝟎
න

𝟎

𝒛
𝒅𝒛′

𝑬(𝒛′)

CALCULATION OF THE DISTANCE



𝑫𝒄 𝒛 =
𝒄

𝑯𝟎
න

𝟎

𝒛
𝒅𝒛′

𝑬(𝒛′)

𝐻0 = 67.8
𝑘𝑚/𝑠

𝑀𝑝𝑐
(Hubble constant)

𝑐 = 299792.458
𝑘𝑚

𝑠
(Speed of light)

𝑧 = measured redshift

𝐸(𝑧′) = normalized Hubble parameter

𝜴 = 𝟏

𝐸(𝑧) = Ω𝑚 1 + 𝑧 3 +ΩΛ

𝑫𝒄 𝒛 =
𝒄

𝑯𝟎
න

𝟎

𝒛
𝒅𝒛′

Ω𝑚 1 + 𝑧 3 + ΩΛ

CALCULATION OF THE DISTANCE



𝐻0 = 67.8
𝑘𝑚/𝑠

𝑀𝑝𝑐
(Hubble constant) 𝑐 = 299792.458

𝑘𝑚

𝑠
(Speed of light)

z = 0.178061 (the redshift measurement from the NED Database)

CALCULATION OF THE DISTANCE

𝑫𝒄 𝒛 =
𝒄

𝑯𝟎
න

𝟎

𝒛
𝒅𝒛′

Ω𝑚 1 + 𝑧 3 + ΩΛ

import numpy as np

from scipy.integrate import quad

# Constants

H0 = 67.8 # Hubble constant in km/s/Mpc

c = 299792.458 # Speed of light in km/s

Ωm = 0.308

ΩΛ = 0.692

# Define E(z) based on the Lambda-CDM model

def E(z):

return np.sqrt(Ωm * (1 + z)**3 + ΩΛ)

# Define the integrand for the comoving 

distance integral

def integrand(z):

return 1.0 / E(z)

# Upper limit of integration (redshift 

measurement)

z_max = 0.178061

# Perform the integration

integral, _ = quad(integrand, 0, z_max)

# Calculate comoving distance

D_C = (c / H0) * integral

D_C

𝐷𝑐 𝑧 = 754.03𝑀𝑝𝑐

Example



SUMMARIZED IN SIMPLE WORDS

→

→



SUMMARIZED IN SIMPLE WORDS

Albert Einstein 
*14.03.1879  † 18. April 1955



WHAT DOES THAT MEAN FOR OUR GALAXY?

𝑐𝑧,ℎ𝑒𝑙𝑖𝑜 = 𝑐 ∙ 𝑧 = 299792.458
𝑘𝑚

𝑠
∙ 0.178061 ≈ 53381

𝑘𝑚

𝑠

𝑐𝑧,𝐶𝑀𝐵 = 𝑐𝑧,ℎ𝑒𝑙𝑖𝑜 + 𝜗𝑐𝑜𝑟𝑟 = 53381
𝑘𝑚

𝑠
+ 184

𝑘𝑚

𝑠
≈ 53565

𝑘𝑚

𝑠

with
𝜗𝑐𝑜𝑟𝑟 = 𝑉⨀ ∙ 𝑐𝑜𝑠𝜃
𝑉⨀ ≈ 370𝑘𝑚/𝑠

𝜃 = Angle between the direction of the CMB 
dipole and the direction to the object

𝐷𝑐 ≈
𝑐𝑧,𝐶𝑀𝐵
𝐻0

≈
53565

𝑘𝑚
𝑠

67.8

𝑘𝑚
𝑠

𝑀𝑝𝑐

≈ 790,04Mpc

Due to a redshift greater than 0.1, the Comoving Distance Formula based on the FLRW metric and the 
ΛCDM model provides more accurate results compared to the simple Hubble approximation.

𝐷𝑐 𝑧 =



WHAT DOES THAT MEAN FOR OUR GALAXY?

𝐷𝑐 𝑧 =

→

→



LINKS

http://www.backyard-universe.de/
https://simbad.cds.unistra.fr/simbad/
https://ned.ipac.caltech.edu/

