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Cosmic distance measurements
Abstract: This seminar talk conceptually outlines the systematic approach of cosmologists to increase the
constraints on the currently prevailing cosmological model through the experimental determination of
cosmic distances. It first presents the model and its relation to cosmic distances, and then the conceptual
ideas behind the methods of their measurement.

Their importance for cosmology
Fundamental assumptions of cosmology
Cosmology, i.e. the systematic pursuit of perceiving
and understanding the universe’s evolution, relies
heavily on the use of telescopic observations. The
efforts of improving the accuracy and precision of
these observations over the last 400 years led to
the view of a dynamic universe that can spatially
expand or contract in response to the distribution
of the energy densities Ωi of different components i
like matter and radiation [1, 2]. Thereby, the expan-
sion occurs in such a way that the other two, like-
wise observationally motivated, assumptions about
the universe are not violated. These two assump-
tions are called cosmological principle (CP) and
state that at large scales the universe looks the same
at any point in space and in any direction [3, 4].

Parameterization of cosmology
The CP automatically restricts the expansion, and
thus the entire kinematic of the universe, to one
that is comparable with the stretching of a balloon
surface during inflation and can be fully described
by a single parameter a(t), called the scale factor
[3, 4]. Its application to the Einstein field equation
yields a complete description of a(t) in terms of the
energy densities Ωi, called cosmological parame-
ters, which is shown in the following [3, 5].

ȧ(t)

a(t)
= ȧ(t0) ·

√
Ωm,0 · a(t)−3 +ΩΛ,0 +Ωk,0 · a(t)−2

The parameters correspond respectively to their
component’s energy share of the universe, and the
goal of today’s cosmology is to constrain their val-
ues by measuring a(t) and fitting them [3, 6, 7].

Parameterization linked to distance
The CP also gives rise to another fundamental re-
lation, namely the Hubble law, which relates the
recession speed and the distance of a cosmological
object directly to a(t), if the distance is sufficiently
large. This makes the determination of these two
quantities the new objective of cosmology [3, 8].

Fig. 1: Exemplary steps of the distance ladder with
their ranges. Inspired by: [9]

Their conceptual obtainment
Fundamental ideas
Contrary to the recession speed, the measurement
of the distance has been a major challenge for the
entire history of the cosmological endeavor [10].
To cope with it, fundamentally, so-called standard
candles are used, which are identifiable groups of
objects with identical, known intrinsic brightness
L. Comparing their L with the measured apparent
brightness of an individual of that group, then lets
one determine the individual’s distance. Now a con-
cept, called cosmic distance ladder, uses multi-
ple standard candles, visible at different ranges,
to respectively calibrate the subsequent group, en-
abling distance measurements ever farther away
[10].

Exemplary realizations
Figure 1 shows a schematic illustration of one of
the most commonly used, sets of steps of the ladder
and their respective reaches. The first two steps, ra-
dar and parallax, form the fundamental basis of
any realization of the distance ladder and are not
linked to the concept of standard candles [10, 11].

Today’s efforts
Determining a(t) through Cepheids or Supernovae
Ia is one of the pillars of modern cosmology and is
subject of large scientific studies, aiming to better
understand the evolution of our universe [7, 12].



Leopold Reiche Seminar: "Your passion for physics ", WS 21/22

References
[1] Library of congress. Finding our place in the cosmos: From Galileo to Sagan and beyond.

https://www.loc.gov/collections/finding-our-place-in-the-cosmos-with-carl-sagan/

articles-and-essays/modeling-the-cosmos/galileo-and-the-telescope, n.d. Accessed:
2022-31-01.

[2] B. A. Robson. Introductory chapter: Standard model of cosmology. In Redefining Standard Model
Cosmology, chapter 1. 2019.

[3] B. Ryden. Introduction to cosmology. Addison-Wesley, 2006.

[4] S. Reusch. Testing zwicky transient facility photometric calibration by repeated comparision to
panstarrs1 calibrator stars. Master’s thesis, Humboldt-Universität zu Berlin, 2019.

[5] A. Liddle. An introduction to modern cosmology, 2003.

[6] R. P. Kirshner. Hubble’s diagram and cosmic expansion. PNAS, 101(1):8–13, 1993.

[7] K. Boone et al. The twin embedding of type ia supernovae. The Astrophysical Journal, 912(1):70,
2021.

[8] L. Amendola. Lecture notes: Cosmology, 2022. Retrieved from: Heidelberg university https:

//www.thphys.uni-heidelberg.de/~amendola/cosm-ws2021.html.

[9] D. Darling. Cosmic distance ladder. https://www.daviddarling.info/encyclopedia/C/cosmic_

distance_ladder.html, 2016. Accessed: 2022-31-01.

[10] S. Howard. Cosmic distance ladder. Journal of the Washington Academy of Sciences, 97(2):47–64,
2011.

[11] L. M. Krauss et al. The distance scale of the univers. In Teaching About Cosmology, chapter 1, pages
1–8. 2020.

[12] D. A. Perley et al. The zwicky transient facility bright transient survey. II. A public statistical sample
for exploring supernova demographics. The Astrophysical Journal, 904(1):35, 2020.

https://www.loc.gov/collections/finding-our-place-in-the-cosmos-with-carl-sagan/articles-and-essays/modeling-the-cosmos/galileo-and-the-telescope
https://www.loc.gov/collections/finding-our-place-in-the-cosmos-with-carl-sagan/articles-and-essays/modeling-the-cosmos/galileo-and-the-telescope
https://www.thphys.uni-heidelberg.de/~amendola/cosm-ws2021.html
https://www.thphys.uni-heidelberg.de/~amendola/cosm-ws2021.html
https://www.daviddarling.info/encyclopedia/C/cosmic_distance_ladder.html
https://www.daviddarling.info/encyclopedia/C/cosmic_distance_ladder.html

