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Comparing the Nearest and Brightest Stars
Using the Hertzsprung–Russell Diagram

Posted on September 18, 2019

Introduction
The Hertzsprung–Russell diagram, commonly called the H–R diagram, is one of the most important
tools used to classify and understand stars. It plots stellar luminosity or absolute brightness on the
vertical axis and surface temperature, spectral type, or color on the horizontal axis. In most versions
of the diagram, luminosity increases upward, while temperature decreases from left to right. Hot blue
stars therefore appear toward the left side, whereas cooler red stars appear toward the right.

Stars do not appear randomly across the diagram. Most stars fall along a broad diagonal region called
the main sequence, extending from hot, luminous blue stars in the upper-left region to cool, dim red
stars in the lower-right region. Giants and supergiants appear above the main sequence because their
large radii allow them to produce enormous luminosities. White dwarfs occupy the lower-left region
because they are hot but extremely small and therefore have relatively low luminosities. Observations
from the Gaia mission have revealed these stellar groups and many smaller structures in
extraordinary detail.

This laboratory activity compares two observational samples: stars nearest to the Sun and stars that
appear brightest in Earth’s night sky. These samples are not expected to contain the same stars
because they are selected according to different criteria. The nearest-star list is primarily based on
distance, while the brightest-star list is based on apparent brightness as seen from Earth.

The comparison reveals an important fact about astronomy: the stars that appear most prominent in
the night sky are not necessarily representative of the majority of stars in the galaxy. A few highly
luminous stars can be observed across great distances, whereas the numerous low-luminosity red
dwarfs become visible only when they are relatively close to Earth. The H–R diagram therefore
illustrates both stellar physics and the observational selection effects that shape what people see in
the sky.

Do Any Stars Appear in Both Groups?
Only a small number of stars are normally expected to appear in both the nearest-star group and the
brightest-star group. The precise amount of overlap must be determined by comparing the names in
the completed laboratory tables because different assignments may use different sample sizes or
catalogs.
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A star appears in the nearest group because its physical distance from the Sun is small. A star
appears in the brightest group because it has a high apparent brightness when observed from Earth.
Apparent brightness depends on two primary factors: the star’s intrinsic luminosity and its distance
from the observer. A highly luminous star can appear bright even when it is hundreds of light-years
away, while a low-luminosity star may be visible only because it is located very close to the solar
system.

The limited overlap between the samples is therefore scientifically expected. Stars that appear in
both groups must combine relative proximity with sufficient luminosity to rank among the brightest
objects in the sky. Sirius A is an example of a star that can satisfy both conditions in many
educational datasets. It is intrinsically more luminous than the Sun and is also located only about 8.6
light-years away. NASA identifies Sirius A as the brightest star in Earth’s nighttime sky and part of a
nearby binary system containing Sirius B.

The few stars shared by the two lists should not be described as evolutionary exceptions. Membership
in the nearest and brightest groups does not indicate how a star will evolve. The groups are
observational categories created according to distance and apparent brightness rather than stellar
age, mass, or evolutionary stage.

The original statement that stars in the samples are “either converted into red giants or end up as
white dwarfs and black holes” requires correction. Stars do not all follow one evolutionary path. A
star’s final state depends primarily on its original mass. Low- and intermediate-mass stars eventually
expand into giants and leave white-dwarf remnants. More massive stars may explode as supernovae
and produce neutron stars or black holes. NASA explains that stars born with less than approximately
eight solar masses generally become white dwarfs, whereas substantially more massive stars may
end as neutron stars or black holes.

The overlap between the groups can be calculated with the following formula:

Percentage overlap = Number of stars appearing in both groups ÷ Total number of distinct stars in
the two samples × 100

For example, if three stars appear in both groups and there are 37 distinct stars in the combined lists,
the overlap would be approximately 8.1 percent. The actual calculation should use the completed
laboratory table rather than an estimated number.
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Why the Overlap Is Limited
The limited overlap results from the difference between a distance-limited sample and a brightness-
limited sample. A nearest-star sample is approximately volume-limited because it contains stars
located within a particular region surrounding the Sun. Such a sample provides a more realistic view
of the types of stars that are common in the local stellar population.

A brightest-star sample is brightness-limited. It favors intrinsically luminous objects because these
objects can be detected across much greater distances. Massive main-sequence stars, giants, and
supergiants can therefore enter the brightest-star list even when they are far from Earth.

This effect is related to an observational selection effect called Malmquist bias. In a brightness-limited
survey, intrinsically bright objects are more likely to be included because they remain detectable over
greater distances. Intrinsically dim objects are underrepresented because they disappear below the
observational brightness limit unless they are very nearby.

The comparison can be summarized as follows:
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Characteristic Nearest-star sample Brightest-star sample

Main selection criterion Physical distance from the Sun Apparent brightness from Earth

Typical dominant
population

Cool, dim, low-mass main-
sequence stars

Luminous main-sequence stars,
giants, and supergiants

Representation of common
stars

Relatively strong Poor because dim stars are
underrepresented

Representation of rare
luminous stars

Limited by the small local
volume

Strong because such stars can be
observed from far away

Typical stellar colors Many red and orange stars Many blue, white, yellow, and some
red luminous stars

Main observational bias Incomplete if faint nearby
stars remain undiscovered

Strong preference for high-luminosity
stars

Brightest and Dimmest Stars in Each Group
The exact brightest and dimmest stars in each group must be identified by sorting the luminosity
column in the completed table. Without the original data table, it would be academically inappropriate
to state exact maximum and minimum entries as though they had been measured.

The luminosity column should be sorted from largest to smallest. The first entry will be the star with
the greatest intrinsic luminosity, while the final entry will be the least luminous star in that sample.
Luminosity must not be confused with apparent brightness. Luminosity represents the star’s total
energy output, whereas apparent brightness describes how bright it looks from Earth.

The original response states that red giants are always the brightest stars. This is an
overgeneralization. Giants and supergiants frequently have high luminosities because they possess
enormous radii, but hot massive main-sequence stars can also be extremely luminous. The brightest
entry depends on the stars included in the specific table.

Canopus is often included in brightest-star datasets. It is a highly luminous evolved yellow-white star,
frequently classified as a bright giant or supergiant. Interferometric studies estimate its effective
temperature at approximately 7,300–7,600 K and its radius at more than 70 times that of the Sun. It
is therefore extremely luminous because of its enormous surface area, not because it is the hottest
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star in the sample.

The claim that Canopus is the “hottest red giant” is therefore incorrect. Canopus is not normally
classified as a red giant, and a temperature near 7,500 K is far below the temperatures of hot blue O-
and B-type stars, which may reach tens of thousands of kelvins.

Barnard’s Star is a much better example of a dim nearby main-sequence star. Dawson and De
Robertis (2004) estimated its luminosity at approximately 0.00346 times the Sun’s luminosity, its
radius at approximately 0.20 solar radii, and its effective temperature at about 3,134 K. These
properties place it near the lower-right region of the main sequence.

Barnard’s Star should not automatically be identified as the dimmest star unless it has the lowest
luminosity value in the assigned table. Other nearby red dwarfs, such as Proxima Centauri, may be
less luminous depending on the dataset.

Highest and Lowest Stellar Temperatures
The highest- and lowest-temperature stars must be identified by sorting the temperature column. The
highest numerical value represents the hottest stellar surface, while the lowest value represents the
coolest.

A star with a temperature near 40,000 K would usually be an extremely hot blue main-sequence star,
blue giant, supergiant, or hot white dwarf, depending on its luminosity and radius. Its exact category
must be determined from its position on the H–R diagram rather than from temperature alone.

White dwarfs can possess very high surface temperatures. Sirius B, for example, has an effective
temperature of approximately 25,200 K. Nevertheless, it remains faint because it is only about the
size of Earth. NASA reports that Sirius B has a diameter of roughly 7,500 miles and is about 10,000
times fainter than Sirius A.

Sirius B has been described in astronomical research as the nearest and brightest known white dwarf.
This designation refers to its status within the white-dwarf population, not to it being the brightest
“white star” overall. It is much less luminous than ordinary stars such as Sirius A, Canopus, Rigel, or
the Sun.

The original claim that Barnard’s Star has a temperature of 2,500 K is also inaccurate according to
modern measurements. Its effective temperature is closer to 3,100–3,200 K. If the table includes a
2,500 K star, that entry may represent a particularly cool late M-type star or a value simplified for the
educational activity.

Temperature also determines a star’s approximate color:
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Approximate temperature Typical color Common spectral classes

Above 25,000 K Blue O and early B

10,000–25,000 K Blue-white B

7,500–10,000 K White A

6,000–7,500 K Yellow-white F

5,200–6,000 K Yellow G

3,700–5,200 K Orange K

Below approximately 3,700 K Red M

The color categories are approximate because stellar spectra are continuous and human visual
perception does not always match simplified classroom colors.

Largest and Smallest Stellar Radii
The radius column should also be sorted numerically. The greatest value identifies the largest star,
while the lowest value identifies the smallest.

Giants and supergiants usually have the largest radii. Even when their surfaces are cooler than the
Sun’s surface, their enormous size allows them to emit much more total energy. A red supergiant may
have a radius hundreds of times greater than the Sun’s radius.

White dwarfs usually have the smallest radii in a standard stellar table. NASA explains that a typical
white dwarf may contain a mass comparable to that of the Sun within an object only slightly larger
than Earth.

The relationship among stellar luminosity, radius, and surface temperature is expressed by the
Stefan–Boltzmann law:

L = 4πR²σT⁴

In this equation, L represents luminosity, R represents radius, T represents surface temperature, and
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σ is the Stefan–Boltzmann constant.

The equation explains why a white dwarf can be extremely hot but dim. Its temperature contributes
strongly to luminosity because temperature is raised to the fourth power, but its tiny radius greatly
reduces the total area from which radiation escapes.

The same equation explains why a red giant can be cool but extremely bright. Its surface temperature
may be lower than that of the Sun, but its enormous radius gives it a much greater radiating area.

Corrected Results Table
Because the original laboratory spreadsheet was not supplied, the following table should be
completed using the sorted values from the student’s own data:

Property Nearest-star group Brightest-star group

Highest luminosity Insert star and value from table Insert star and value from table

Lowest luminosity Insert star and value from table Insert star and value from table

Highest temperature Insert star and value from table Insert star and value from table

Lowest temperature Insert star and value from table Insert star and value from table

Largest radius Insert star and value from table Insert star and value from table

Smallest radius Insert star and value from table Insert star and value from table

The names should be taken directly from the table after sorting each column. Using estimated values
from a generic H–R diagram could produce answers that do not correspond to the assigned dataset.

Completed H–R Diagram
Figure 1. H–R diagram comparing the nearest-star sample with the brightest-star sample.
Temperature decreases from left to right, while luminosity increases upward. The nearest-star group
should be represented with one symbol or color and the brightest-star group with another so that the
overlap can be identified clearly.
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When interpreting the completed diagram, the reader should identify the main sequence, giant and
supergiant regions, white-dwarf region, and any stars appearing in both samples.

How Do the Nearest and Brightest Stars Compare?
The nearest stars are generally cooler, smaller, redder, and less luminous than the stars in the
brightest sample. Many nearby stars are low-mass M-type red dwarfs positioned near the lower-right
part of the main sequence. Barnard’s Star is an example of this population.

However, the words “nearest” and “coolest” are not equivalent. The nearest-star sample may also
contain hotter stars or white dwarfs. Proximity is determined by distance alone, not by temperature or
evolutionary state.

Similarly, the brightest stars are not all hot, blue, or large. Many are hot blue or white stars, but some
of the most luminous objects are cool red or yellow giants and supergiants. Their enormous radii
compensate for their lower surface temperatures.

The original response incorrectly states that the brightest stars include white dwarfs as a major
category. White dwarfs are generally absent from lists of the brightest naked-eye stars because their
small radii make them intrinsically faint. Sirius B is a nearby and relatively bright white dwarf, but it
cannot be seen easily next to the overwhelmingly brighter Sirius A.

The following patterns should normally appear:

Property Typical nearest stars Typical brightest stars

Surface temperature Frequently cool Wide range, including many hot stars

Luminosity Usually low Usually high

Radius Frequently small Often large, although some bright main-
sequence stars are moderately sized

Color Many red or orange objects Blue, white, yellow, orange, and red

H–R location Mostly lower main sequence Upper main sequence and giant or supergiant
regions

Population frequency Common stellar types Rare but highly visible stellar types
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These results generally agree with the hypothesis that the nearest-star sample would contain many
cool, dim red dwarfs, while the brightest-star sample would contain a higher proportion of luminous
main-sequence stars, giants, and supergiants.

Nevertheless, the hypothesis should not state that every bright star must be hotter or bluer than
every nearby star. Temperature and luminosity are related but are not interchangeable. Stellar radius
also has a major effect on luminosity.

Why Are the Nearest and Brightest Samples
Different?
The difference between the groups can be explained by three main factors: intrinsic luminosity,
distance, and the underlying stellar population.

First, stars differ enormously in intrinsic luminosity. A massive blue star may radiate thousands or
tens of thousands of times more energy than the Sun. It can therefore appear bright from a great
distance. A small red dwarf may emit less than one percent of the Sun’s luminosity and become
difficult to observe beyond the immediate solar neighborhood.

Second, apparent brightness decreases as distance increases. The inverse-square law states that the
amount of light received from a star decreases in proportion to the square of its distance. If a star is
moved twice as far away, it appears only one-quarter as bright. A star ten times farther away appears
one-hundredth as bright, assuming no intervening absorption.

Third, low-mass stars are much more common than high-mass stars. The stellar initial mass function
shows that star formation produces many more low-mass stars than massive stars. Kroupa’s analysis
of the Galactic stellar population supports an initial mass distribution strongly weighted toward low-
mass objects.

Low-mass red dwarfs also remain on the main sequence for extraordinarily long periods because they
consume their hydrogen fuel slowly. Massive luminous stars consume nuclear fuel much more rapidly
and have comparatively short lives. Consequently, the local population contains many long-lived red
dwarfs but relatively few massive blue stars.

A volume-limited study of M dwarfs within 25 parsecs described red dwarfs as the most common stars
in the galaxy and identified more than a thousand M-dwarf primary stars in the nearby sample.

What Do the Results Reveal About Very Bright and
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Very Dim Stars?
Assuming that the Sun is located in a reasonably typical region of the Milky Way’s disk, the results
indicate that very dim stars greatly outnumber very bright stars.

The original claim that hot and cool stars occur in approximately equal numbers is not supported by
the nearest-star sample or by research on the stellar mass distribution. The apparent equality may
arise when observing only conspicuous stars in the sky, but this visual impression is strongly biased
toward luminous objects.

The majority of nearby stars are cool, low-mass, low-luminosity red dwarfs. Very luminous massive
stars are much rarer. They appear prominent in the night sky because each one can be observed
across a much larger volume of space.

For example, suppose a luminous star can be seen from a distance ten times greater than a dim star.
The searchable volume for the luminous star is approximately one thousand times larger because
volume increases with the cube of distance. A rare luminous star may therefore be more likely to
appear in a brightness-limited catalog than a far more common dim star.

Research on the local stellar luminosity function also demonstrates that luminous giants can
dominate the total light output even though they represent only a small fraction of the stellar
population. Just et al. (2015) found that giants contributed approximately 80 percent of the local near-
infrared light while accounting for less than 2 percent of the stellar mass.

This distinction between numbers and luminosity is essential. The stars contributing most of the
galaxy’s visible light are not necessarily the stars occurring most frequently.

The appropriate conclusion is therefore:

Very dim, cool, low-mass stars are substantially more numerous than very bright, massive stars.
Bright stars dominate the appearance of the night sky because they can be observed over much
greater distances, not because they are the most common stellar objects.

Conclusion
The H–R diagram comparison demonstrates that only limited overlap exists between the nearest-star
and brightest-star samples. The exact number of shared stars should be calculated from the
completed table, but a small overlap is expected because distance and apparent brightness are
different selection criteria.

The nearest-star sample is dominated by cool, dim, small main-sequence stars, particularly red
dwarfs. These objects are common but difficult to observe at great distances. The brightest-star
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sample includes a disproportionate number of luminous main-sequence stars, giants, and supergiants
because these objects remain visible over large regions of the galaxy.

The analysis also corrects several misconceptions. Stars do not belong to the nearest or brightest
groups because they are evolving toward red giants, white dwarfs, or black holes. Group membership
is observational rather than evolutionary. Sirius B is a hot but faint white dwarf, Canopus is a luminous
yellow-white evolved star rather than the hottest red giant, and Barnard’s Star has a measured
temperature closer to 3,100 K than 2,500 K.

The comparison further shows that temperature alone does not determine luminosity. Radius is
equally important. White dwarfs can be hot but dim because they are extremely small, while red
giants can be cool but bright because their radii are enormous.

Finally, the results reveal that dim stars are considerably more numerous than bright stars. The night
sky creates a misleading impression because rare luminous stars can be observed from great
distances. A nearby, volume-limited sample offers a more accurate picture of the true stellar
population, which is dominated by small, cool, long-lived red dwarfs.
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