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The Hertzsprung–Russell (H-R) diagram represents the relationship between temperature and luminosity of stars. It summarizes
stellar evolution and the cycle of life of stars. It also helps us find the properties, such as radius, mass, age, and stage of evolution
of individual stars and groups of stars on the H-R diagram. This paper investigates the properties of Praesepe by using the H-R
diagram. Isochrone fitting was employed to estimate the cluster’s age, resulting in an approximate age of 0.7 Gyr. The virial
theorem was applied to determine the cluster’s mass, yielding a final mass estimate of approximately 572.4 M⊙. Additionally,
the average distance to the cluster was estimated to be 180.2552 parsecs using Gaia parallax measurements. The study also
examined the cluster’s stellar populations, identifying white dwarfs, giants, and supergiants, and providing insights into their
relative abundances and distributions. The analysis showed the presence of five white dwarfs. This investigation of Praesepe not
only validates existing data but also enhances our understanding of the cluster’s stellar dynamics and evolutionary stage.

Introduction

Through this study, the physical properties of the Beehive cluster
have been examined using the Hertzsprung–Russell diagram,
also known as the H-R diagram. This diagram is a scatterplot
that plots stars’ temperature against their luminosity. The H-R
diagram allows astronomers to understand more about a star’s
stage of stellar evolution based on the star’s location on the graph.
In this study, we used this diagram to find out the cluster’s age,
mass, and distance away from the Earth.

In the 1900s, astronomers started to understand further about
stellar evolution. They understood that fusion created energy to
power the stars and that the stars would eventually burn out when
there was not enough fuel to use for fusion. Ejnar Hertzsprung, a
Danish astronomer, created a graph of stars’ color to luminosity
in 1911. Luminosity is the measure of electromagnetic radiation
emitted by a star per amount of time. The color of a star is an
indicator of the star’s surface temperature. In 1913, Henry Nor-
ris Russell, an American astronomer from Princeton University,
created a graph of stars’ spectral types to their luminosities1.
Spectral types of stars are a way to classify the color of stars.

Spectral classification is the categorization of stars based on
their properties. Annie J. Cannon categorized stars based on tem-
perature. Spectral type is categorized into letters, OBAFGKM
(hottest to coolest). Stars are also classified by their luminosities.
Roman numerals denote luminosity classes. Class I stars are
supergiants; class II stars are extreme giants; class III stars are gi-
ants; class IV stars are sub-giants; class V stars are dwarfs; class
VI stars are sub-dwarfs; and class VII stars are white dwarfs2.

The H-R diagram needs two variables of temperature and
luminosity. Astronomers measure luminosity using apparent
magnitude, which is the brightness of a star observed from Earth

because the star of a certain brightness looks different from
different distances. Even if two stars have the same luminosity,
the closer star has a higher apparent magnitude.

To find the temperature of a star, astronomers look into the
color of stars. A star’s color is the difference between mag-
nitudes when seen through different filters. Filters only allow
specific wavelengths to be seen. Many H-R diagrams use B-V
when the magnitude from the yellow filter is subtracted from
the magnitude from the blue filter.

An H-R diagram plots the luminosity of stars on the y-axis.
The brighter stars are further from the x-axis and the dimmer
stars are closer to the x-axis. However, if the magnitude is set
as the y-axis, brighter stars will be closer to the x-axis because
brighter stars have lower magnitudes. The H-R diagram plots
temperature or color on the x-axis. Usually, hotter stars are
plotted near the y-axis, and cooler stars are plotted further away.
As temperature decreases, B-V values increase.

As seen in Figure 1, stars on the H-R diagram can be classified
into four groups. The first group is the line of points across the
center in an inversely proportional direction. This group is called
the “main sequence,” accounting for 90

The stars above and slightly to the right of the main sequence,
there are two groups: giants and supergiant stars. Supergiants
are above the giants as they are brighter and emit more light.
These stars are older stars that ran out of hydrogen, so they use
heavier elements as fuel. These stars have low surface tempera-
tures, but high luminosities. Due to the Stefan-Boltzmann law,
they have large radii. Giant stars have a radius of 10 to 100 solar
radii and are usually 10 to 1000 times more luminous than the
Sun. Supergiants’ radii are 30 to 500 solar radii. They have
short lifespans due to their mass of 10 to 70 solar masses. Giants
and supergiants account for most of the bright stars on the H-R
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Fig. 1 This H-R diagram shows the different groups of stars within the
H-R diagram 3.

diagram.
The stars below and slightly left of the main sequence be-

long to white dwarfs. These stars are giant stars that collapsed
because they burned all their fuel. The light from these stars
are remains of energy from the collapse. These stars are very
hot but have low luminosity as they are small. White dwarfs
have a similar mass to the Sun, but their volume is similar to the
Earth. White dwarfs only account for 6% of all stars in the solar
neighborhood, so they are less frequent on H-R diagrams.

The H-R diagram shows many things. It shows how the
luminosity of a star is proportional to the mass of the star. It
also shows the relationship between the color and temperature
of stars. The reddish the stars are, the cooler they are. However,
the bluer they are, the hotter they are. The H-R diagram shows
the life cycle of a star. A star spends most of its life in the dense
main sequence stage. As it runs out of hydrogen for fuel, it
becomes a giant star for most of its life. Eventually, towards the
end of its life, the giant star will explode into a supernova or
become a white dwarf.

H-R diagrams drawn for different galaxy parts have different
groups of stars. For example, the globular cluster H-R diagram
differs starkly from stars around our galaxy as seen in Figure
2. Globular clusters are stars bound by gravity that are smaller
than galaxies. In the H-R diagram for globular clusters, clusters
show no stars in type O, B, or A of the main sequence. The

Fig. 2 This is the H-R diagram for globular star cluster M554.

lower right side of the main sequence is very dense. Also, there
are a lot of stars in the giant regions.

Astronomers use the H-R diagram to measure a star cluster’s
distance from Earth. Astronomers could approximate how far
the star cluster was by comparing the apparent magnitudes and
absolute magnitudes with the distances of certain stars. This
method is called “main sequence fitting” because the diagram
was shifted up and down to fit the line with the main sequence
on the HR diagram as seen in Figure 3.

Astronomers continue to study and create H-R diagrams to
predict and anticipate more accurately about stars further into
space. Using data from newer probes and satellites, astronomers
can predict properties of stars that are far beyond our galaxy.
Understanding more stars allows astronomers to understand
more about the creation of stars and galaxies, ultimately the
universe.

Theory of Beehive Cluster

The Beehive Cluster is intriguing because it has a lot of bright
stars densely centralized, as seen in Figure 4, due to mass seg-
regation. This phenomenon occurs in gravitationally bound
systems, where big bright stars move towards the center. It is
an open cluster that is only 577 light years away from Earth,
making it one of the closest open clusters to Earth. The cluster
has an apparent magnitude of 3.7 and is visible by the naked
eye under good conditions7. Because the Beehive Cluster is so
bright, it has been known to mankind since ancient times. In

2 | NHSJS Reports © The National High School Journal of Science 2024




