


There are billions of stars in the Milky Way 
galaxy - one of almost a billion galaxies in the 

observable universe!

Each star is truly unique, whether due to 
traits such as size, color, brightness, 

composition, variability, and many other 
physical properties!

In this guide, you will learn how to interpret 
the properties of your star and understand 

more about its physical attributes.



Let’s start with the most pressing questions:
 
Why do some stars have alphanumeric names, known 
as designations (HIP 1394, HD 1321, etc) while others 
have proper names (Polaris, Betelgues, Zeta 
Andromedae, etc)?

Technically, every documented star has at least an 
alphanumeric designation. The format for this 
designation depends on the star catalogue which 
contains the star.

Hipparcos catalogue looks like this: HIP 12, HIP 4418, 
etc.

Henry Draper catalogue looks like this: HD 1312, HD 
21, etc.
…and so on.
 
Different catalogues assign numbers by different 
standards, and they usually don’t carry any special 
meaning. HIP 1 is not anymore special than HIP 
121823.

What do 
star names mean?
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Let’s look at the more unique naming conventions:

The oldest convention to exist is the proper names of 
stars. These were assigned by ancient astronomers 
to only the brightest and most important stars (like 
Polaris, Rigel, and Sirius). Watch out for your star’s 
proper name! Each proper name carries some story 
behind it that is related to their positions in the sky, 
their constellations, and how astronomers interpreted 
their movements.
 
Polaris was always seen in the polar north. Rigel 
(Arabic for foot) marks the left foot of Orion, etc.

One problem with this was inconsistency across 
cultures, as some stars had more than one name and 
some names were shared by more than one star. 
(One extreme example: At some point in history, 30 
different stars were named Fomalhaut!)

In the 17th century, this was solved by Johann Bayer 
when he created the first catalogue of its kind, the 
Uranometria.



Bayer designations in Uranometria are composed of a 
letter (Greek or Latin), and the genitive name of the 

star’s constellation. Alpha Cygni, Mu Ceti, z 
Andromedae are all example of Bayer names. Here, 
Cygni is the possessive form of Cygnus, so “Alpha 

Cygni means “The Alpha of Cygnus”.

The letters were ordered according to brightness, so 
Alpha Ceti was the brightest in the constellation 

Cetus, followed by Beta Ceti, down towards z Ceti. 
Almost 200 years later, John Flamsteed created a 

similar convention using numbers instead of 
Greek/Latin letters. This time, the order of numbers 
was by Right Ascension (position in the sky) rather 

than brightness.

As technology advanced and astronomers started 
seeing millions of very faint stars, the need for a more 

practical designation arose. This is where HIP, HD, 
HR, and all those catalogues came in. With each 

catalogue containing hundreds of thousands of stars, 
this was the most practical way to identify stars.



Let’s talk rarity! First up, “named” stars:

Currently, less than 500 stars in the entire sky have 
officially recognized proper names.

Bayer and Flamsteed designations, being two of the 
best early attempts to catalogue stars, only contain a 
total of 4200 stars out of hundreds of thousands of 
the stars we currently know about.

Of course, no one is allowed to add or remove stars to 
Bayer or Flamsteed catalogues anymore, so they are 
their own limited edition, in a way. Every few years, 
some stars are assigned official proper names with 
the supervision of the International Astronomical 
Union.

Wondering about unnamed stars? Stars with only 
designations in modern catalogues are considered 
unnamed.

A typical modern catalog contains 100k+ stars, and 
there are many modern catalogs built for different 
purposes.

Rarity stats 
(named vs unnamed)

Rarity stats 
(named vs unnamed)



A star’s color is primarily determined by the 
temperature. The hotter the star, the bluer it is.

The coolest stars ever detected are brown and red in 
color. The hottest stars are blue and bluish-white.

Stars don’t remain the same color forever. Bluer stars 
are destined to grow more red as they start to run out 
of fuel, and redder stars either decay into brown 
dwarfs, or explode into a Supernovae, leaving behind 
a White Dwarf at its core.

Why are stars 
different colors?
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Temperature of 
objects at which 

this radiation is 
the most intense 

wavelength 
emitted.

1 K
-272 oC

100 K
-173 oC

10,000 K
9,727 oC

10,000,000 K
~10,000,000 oC



What do 
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A star can have one of many spectral classes 
(hypergiant, supergiant, dwarf, etc.) depending 
on three main factors:

The three factors are not independent, by the 
way. The hotter or bigger a star is, the greater 
its luminosity. Moreover, larger stars are 
generally hotter because the gravitational 
pressure that causes burning at the star’s core 
is greater. This also means that blue dwarfs, 
unfortunately, have not been detected.

Size Temperature Luminosity
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The majority of stars fall on the long Main Sequence 
branch, which includes Dwarfs, Sub-dwarfs, Red 
dwarfs and Brown dwarfs (lower rightmost corner).

White dwarfs, being a completely different type of 
star internally governed by the laws of Quantum 
Mechanics, have their own branch on the diagram.

This is a scatter plot of thousands of stars plotted against color and 
magnitude, known amongst Astronomers as an HR diagram.



Stellar evolutionStellar evolution

Every star will eventually die, either by 
withering quietly like brown dwarfs, or 
exploding in a magnificent supernova!

Bluer and larger stars are quicker to die in 
supernovae because they are quicker to 
burn through their fuel, whereas cooler 
stars spend a lot of time in their star stage.

This makes Red dwarfs the most common 
types of stars in the universe.



Stellar life cycleStellar life cycle
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Abundance by typeAbundance by type

Hypergiant stars: <0.00001%

Supergiant stars: 0.8%

Bright Giant stars: 5.5%

Giant: 0.4-1%

Subgiant: 4-10%

Dwarf stars: 4-10%

Red dwarfs: 70-85%

White dwarfs: 5%



Multi-star systemsMulti-star systems

A stellar system may be composed of any number 
of stars. The solar system has a single star, Sirius 
has two stars, Algol has three, and so on.
 
The highest number of stars detected and 
confirmed in a single system was six. Seven have 
been detected but not confirmed.

For a while, it was believed that 80% of stars are in 
binary or higher systems, which left only 20% single 
star systems. Recently, it was found that this was 
not true.
 
It is true for luminous classes of stars (which were 
easier to detect back then), because greater stars 
are more likely to gravitationally bind a sibling star.
 
However, ever since we developed the tools to 
detect Red Dwarfs, it has been shown that only 
35% of red dwarfs have a companion star. Given 
that Red Dwarfs make up 80% of the star 
population, this means that only about one third of 
all stars are in multi-stellar systems. 



Example of a two-star system (simulation)

Example of a six-star system (visual)

Example of a three star system (simulation)



Abundance by 
multi-star status

Abundance by 
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Single
star

Binary or 
higher



exoplanetary systemsexoplanetary systems

In 1992, astronomers discovered the first 
confirmed exoplanet orbiting a Pulsar.

As of the writing of this document, almost 5000 
exoplanets have been discovered and 
confirmed-distributed in almost 3700 planetary 
systems.
 
Scientists estimate that there are as many 
planets as there are stars in the Milky Way, but 
they aren’t evenly distributed.

Some stars have up to 6 planets in orbit, and 
some have none at all!



Planet formationPlanet formation

Planetary formation is a complex process 
that occurs shortly after star formation. Not 
all stars can pull of what our Sun did!

Check out this 4-minute simulation of 
planetary formation:

https://www.youtube.com/watch?v=yXq1i3HlumA



Number of detected 
exoplanets

Number of detected 
exoplanets

Exoplanets might be more common than we 
think, but the difficulty of their detection is 
what makes them rare to see. As of March 13, 
2022, only 4985 exoplanets have been 
detected.

This number is expected to grow much faster 
in the following years, especially now that the 
James Webb Space Telescope (JWST) has 
launched!



VariabilityVariability

A variable star is a star that changes 
brightness periodically. 

The Sun is a variable star – its energy output 
varies by approximately 0.1%, or 
one-thousandth of its magnitude, over an 
11-year solar cycle.

There are intrinsic variables whose brightness 
changes due to the star’s internal physics like 
Cepheid variables, Cataclysmic variables, and 
more.

There are extrinsic variables whose brightness 
changes due to external variables like Eclipsing 
binaries and Pulsars. 



Abundance of
variable stars
Abundance of

variable stars

There are over 70k confirmed variable stars 
among millions of observed stars, in addition 
to thousdands more suspected variables.
 
Variable stars are interesting because of the 
peculiar internal physics that play a role in 
their variability.



In every ancient civlization - China, Egypt, 
Mesopotamia, Greek - early astronomers have used the 
sky as a canvas for their imagination. Motivated by 
different myths, different religions, and different 
geography, they divided the sky in different portions, 
and told different tales.

All these unique sky cultures were equally valid and 
equally arbitrary until 1922, when the International 
Astronomical Union (IAU) produced a list of the 88 
modern constellations based on the traditional Greek 
constellations. The IAU divided the sky and named the 
88 constellations, but only gave a hint to the figures 
that draw them - which allowed the existence of many 
similar-but-different versions of constellation figures (I 
am talking to you Sagittarius).

Throughout our catalog, we stuck to the Modern, 
expressive constellation figures of the writer H. A. Rey 
in his book, The Stars: A New Way to See Them. We 
chose Rey because he believed in the right of everyone 
to see the sky as the early astronomer saw it - a sky 
that tells a story.

For reference, we also show you the Classical figures 
most commonly associated with their constellations.

MODERN VS CLASSIC 
CONSTELLATION FIGURES

MODERN VS CLASSIC 
CONSTELLATION FIGURES



Modern Classic

Ursa Minor

Draco

Cassiopeia

Cepheus

Camelopardalis

URSA MAJOR



Modern Classic

LEO

CANES VENATICI

Leo Minor

Bootes

CORONA BOREALIS

Lynx 
(identical)



Modern Classic

COMA BERENICES

Lyra

CYGNUS

HERCULES

VULPECULA

ANDROMEDA



Modern Classic

TRIANGULUM

LACERTA

PERSEUS

TAURUS

ARIES

GEMINI (identical)



Modern Classic

AURIGA

CANIS MINOR 
(identical)

CANCER

ORION

CANIS MAJOR 
(identical)

LEPUS



Modern Classic

MONOCEROS

HYDRA

CRATER

VIRGO

LIBRA

Antlia



Serpens Cauda 
(tail) Serpens Caput 

(head)

Serpens Cauda 
(tail) 

Serpens Caput 
(head)

Modern Classic

ERIDANUS

CORVUS

Ophiuchus

Serpens

SCORPIUS

AQUILA



Modern Classic

SAGITTARIUS

SAGITTA

DELPHINUS

CORONA 
AUSTRALIS

SCUTUM

CAPRICORNUS



Modern Classic

AQUARIUS

EQUULEUS

PISCIS AUSTRINUS

GRUS (identical)

PHOENIX

PISCES (identical)



Modern Classic

CETUS

Volans

DORADO

COLUMBA

Hydrus

Sculptor



Carina

Vela

Pyxis

Puppis

Modern Classic

PICTOR

RETICULUM 
(identical)

FORNAX

HOROLOGIUM

The ship



Modern Classic

CENTAURUS

CRUX (identical)

PAVO (identical)

LUPUS

TRIANGULUM
AUSTRALE

MUSCA



Modern Classic

OCTANS 
(identical)

CIRCINUS
(identical)

NORMA

Apus

chamaeleon

TUCANA



Modern Classic

Ara

INDUS

TELESCOPIUM 
(identical)

Microscopium

Caelum



Modern Classic

Mensa

Sextans

Pegasus


