
Glossary of Technical Terms

Random Walk:  A random process that describes a path that 
consists of a succession of random steps on some 
mathematical space 
Static universe: A cosmological model in which the universe is 
both spatially and temporally infinite

Project Description

• In the case that the universe is static and homogeneous, as well as 
populated by an infinite number of stars, any line of sight from the 
human eye should eventually intersect the surface of a star. Hence, the 
night sky should be completely illuminated

• The goal of this project is to analyze this riddle, known as Olbers’ 
paradox, and understand and evaluate possible solutions to the mystery.

• We then dive deeper into the Random Walk solution, and compare 
current data with the model proposed in the paper [1]

Scientific Challenges

• Olbers’ Riddle is a question whose answer is deeply entrenched in the 
fundamental construction of our universe. At its core, Olbers’ Paradox 
asks the question, “What is the structure of our Universe?” As such, it is 
important to analyze and understand all solutions posed to this problem. 
An understanding of how previous solutions failed and how modern 
solutions are insufficient is integral to the pursuit of astronomical 
understanding.

• Is the universe finite in space or age, or both? Are stars uniformly 
distributed? The combination of assumptions taken to tackle the 
question is what makes it a paradox. One of the biggest challenges is 
coming up with an approach that can satisfy all these questions or 
discard some of the assumptions. 

Previous Solutions

• Olber’s adoption of Halley’s and Cheseaux’s arguments.
-Halley: uniform distribution of stars in concentric shells
-Cheseaux: Absorption of light by interstellar medium
Olber’s result: 

for infinite universe: 

● Herschel : Stars are not uniformly distributed
● Bondi (expanding universe): wavelength of light expands as stars move 

away from observer, therefore not visible to human eye
● Big Bang: The universe is spatially infinite and temporally finite. These 

two facts mean that light from distant stars has yet to reach the earth 
and by the time it does, light from the closest stars will have been burnt 
out.
 

Olbers’ Paradox: The Dark Sky Riddle
Team Members:

Bravo, Juan | LaFerriere, Scott | Lamdan, Ariel

Methodology

1. We studied historical solutions to Olbers’ Paradox and assessed why 
they were insufficient to answer the question being asked. This included 
the work of: Halley, Cheseaux, Olbers, Herschel, Kelvin, Kepler, and 
Bondi. [3]

2. We choose to simulate a modern solution of the “Paradox” discussed by 
Diao [1]. This paper compared the placement of stars in the universe to 
that of a polymer chain. To model this we used a three-dimensional self 
avoiding Random Walk (S.A.W.)

3. Using the S.A.W. method we were able to calculate an upper bound for 
the percentage of the night sky filled with stars using the following 
equation where a is the radius of the largest star that has currently been 
observed :

Results

1. We utilized the S.A.W. simulation designed to calculate an upper bound 
for the percentage of the night sky filled with stars. To calculate this 
upper bound we used the radius of the largest star that has been 
currently observed, IRAS 05280-6910 (radius of 1,738 Solar Radii).

2. After witnessing that the Upper Bound calculated vastly exceeded the 
experimental solution we moved  forward and chose to solve the 
random walk numerically using the following expression:

The value we calculated using this series is placed in the following table 
alongside previous solutions to the problem
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Method Percentage of Night Sky 
Covered

S.A.W. (Us) 2.44*10-13  %

Olber [3] 10-13  %

Bondi [3] 10-13  %

Big Bang [3] 10-13  %

Experimental Solution [4]: 10-14  -  10-17  %

Both Olber and Bondi’s solutions to the problem do not hold in an infinite universe of finite 
age so the value they yield does not apply to the experimental solution as we understand it. 
The Experimental solution was calculated using the Mean Free Path of the Universe.

(Left) The upper bound calculated by our team using the S.A.W. Method and 
the upper bound found by Diao [3]. (Right) One of the simulated S.A.W. 
using a step size of one parsec and star radius of 1,738 Solar Radii

Diao’s Upper 
Bound

Our Upper 
Bound

1.51*10-4  % 2.84*10-3  %


