
9.2 The Characteristics of Stars 
From Earth, most stars appear as twinkling dots of light. Most stars appear 
similar, but you may have noticed that some appear to be brighter than 
others. What causes this diff erence in brightness? Stars also diff er in their 
colour. Some stars, like our Sun, appear yellowish-white, whereas other 
stars may appear reddish or bluish. In this section, you will learn about 
the characteristics of stars, including brightness, colour, temperature, 
composition, and mass.

Star Brightness 
In Chapter 8, you learned that stars are giant balls of hot gases that produce 
and emit energy—much of it in the form of visible light. Th e total amount 
of energy produced by a star each second is referred to as its luminosity. 
Th e luminosity of a star is measured by comparing it with the luminosity of 
the Sun, which is assigned a luminosity of 1. Sirius, the brightest star in the 
night sky, has a luminosity of 22. Th is means that Sirius gives off  22 times 
more energy each second than the Sun. So why does the Sun appear so 
much brighter than Sirius in the night sky? 

Th e Sun appears brighter because it is much closer to Earth than Sirius. 
Sirius is approximately 9 ly from Earth, whereas the Sun is only 0.000 016 ly 
away. You may have noticed that luminous objects, such as fl ashlights and 
headlights, appear much brighter when they are closer to you than when they 
are farther away. Th is is because when the light source is farther away, the 
light spreads out over a larger area and becomes more diff use. When the light 
source is closer, the light is concentrated in a smaller area and appears brighter.

Imagine that you are looking at two light sources—a small fl ashlight 
located close to you and a car headlight located one or two kilometres away. 
Th e car headlight has a higher luminosity than the fl ashlight, but both lights 
appear to have the same brightness. Th e same is true for stars. To properly 
compare the brightness of the two lights, you would need to place them at 
equal distances from the observer (Figure 1).

luminosity the total amount of energy 
produced by a star per second

As illustrated in Figure 1, a star with a lower luminosity can appear 
brighter than a star with a higher luminosity if the more luminous star is 
much farther away. Th erefore, the brightness of a star depends on both its 
luminosity and its distance from the observer.
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Figure 1 (a) When located at different distances from the observer, two lights with different 
luminosities can appear to have the same brightness. (b) When placed at equal distances from 
the observer, the light with a higher luminosity will appear brighter.
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DID YOU KNOW?

Sirius
Sirius is the brightest star in the 
constellation Canis Major and is often 
referred to as the “Dog Star.” Located 
only 8.6 light years away, it is the 
brightest star visible in the northern 
night sky. 

Ancient Egyptians worshipped Sirius 
as the Nile Star. Its appearance in 
the dawn skies of summer coincided 
with the annual fl ooding of the Nile 
River. Later, the Romans thought that 
because Sirius was seen as a bright 
star in summer, its light added to the 
heat of summer. This led to the saying 
“dog days of summer.”

Sirius
(a) (b)
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Apparent Magnitude
The brightness of a star, as seen by an observer on Earth, is called the star’s 
apparent magnitude. About 2100 years ago, Greek astronomer Hipparchus 
created an apparent magnitude scale that could be used to measure the 
apparent magnitude of celestial objects (Figure 2). Hipparchus classified the 
brightest stars in the night sky as “magnitude 1” stars, or first magnitude 
stars, and the faintest stars as “magnitude 6” stars, or sixth magnitude stars. 

According to this scale, brighter stars have a lower apparent magnitude 
value and dimmer stars have a higher value. The apparent magnitude scale is 
still used today but has been extended to include fainter celestial objects that 
are visible to us only through telescopes, as well as brighter celestial objects 
such as the Sun. The Sun has an apparent magnitude of about −27. The 
unaided eye can see stars as dim as magnitude 6.

Absolute Magnitude
Stars are scattered across the Universe at different distances from Earth.  
The varying distances make it difficult to visually compare stars to determine 
which are emitting more light and which are emitting less. Although 
apparent magnitude values help us classify stars according to their observed 
brightness, they do not help us distinguish between stars that actually 
give off more energy and those that give off less energy. To overcome this 
problem, astronomers have developed an absolute magnitude scale. The 
absolute magnitude of a celestial object equals the apparent magnitude the 
object would have if it were 33 ly from the observer. 

If the Sun were 33 ly from Earth, it would have an apparent magnitude of 
4.8. Therefore, the Sun’s absolute magnitude is 4.8. Polaris is approximately 
430 ly from Earth and has an apparent magnitude of 2. Astronomers have 
calculated that if Polaris were 33 ly from Earth, then its apparent magnitude 
would be about −3.63. This means that Polaris’s absolute magnitude is −3.63. 

If the Sun and Polaris were side by side, Polaris would appear to be much 
brighter than the Sun, since its absolute magnitude is −3.63 and the Sun’s 
absolute magnitude is +4.8. (Remember: the smaller the magnitude number, 
the brighter the celestial object appears to the observer.) As you can see, 
absolute magnitude gives you a much better idea of the actual luminosity 
of a celestial object than does the apparent magnitude and allows you to 
compare stars as if they were the same distance away. 

Table 1 shows the apparent and absolute magnitudes of several stars. 
Which star gives off the most light?

apparent magnitude the brightness of 
stars in the night sky as they appear from 
Earth; for example, Polaris’s apparent 
magnitude is 1.97 

absolute magnitude the brightness of 
stars as if they were all located 33 ly 
from Earth; for example, Polaris’s absolute 
magnitude is −3.63

Table 1 Apparent and Absolute Magnitudes of Some Stars

Star Apparent magnitude Absolute magnitude

Sun −26.8  4.83

Sirius   −1.45  1.5

Vega    0.04  0.5

Betelgeuse    0.41 −5.6

Deneb    1.99 −7.5
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DID YOU KNOW?

Apparent Magnitudes
Looking through a small backyard 
telescope, we can see stars as faint as 
magnitude 12. Meanwhile, the largest 
observatory telescopes can record 
objects as faint as magnitude 30. 
This is about 2 billion times dimmer 
than the faintest object visible to the 
unaided eye. 

Figure 2 Hipparchus (190 BCE–120 BCE)
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Figure 3 Betelgeuse, with a surface 
temperature of 3000 °C, appears 
reddish-white (upper left). Rigel, with 
a much higher surface temperature  
of almost 11 000 °C, appears  
bluish-white (bottom right).

Betelgeuse

Rigel

Figure 4 (a) The spectrum of light from the Sun (b) the spectrum of hydrogen light

Star Colour and Temperature
The colour of a star gives scientists an indication of the star’s surface 
temperature. A relatively hot star appears bluish, whereas a relatively cool star 
appears reddish. Betelgeuse and Rigel, for example, are two stars in the Orion 
constellation that differ in their apparent colour. The star with the higher 
surface temperature appears bluish-white, whereas the star with the lower 
surface temperature appears reddish-white (Figure 3). Our Sun, with a surface 
temperature of 6000 °C, appears yellowish-white and falls midway between 
bluish stars and reddish stars.

Table 2 lists the approximate temperature ranges of different colours of 
stars and gives examples of stars we can see in the night sky.

Table 2 Colour and Temperature Ranges of Some Stars

Colour Temperature range (°C) Example(s)

bluish 25 000–50 000 Zeta Orionis

bluish-white 11 000–25 000 Rigel, Spica

whitish  7500–11 000 Vega, Sirius

yellowish-white 6000–7500 Polaris, Procyon

yellowish 5000–6000 Sun, Alpha Centauri

orangish 3500–5000 Arcturus, Aldebaran

reddish 2000–3500 Betelgeuse, Antares

The Composition of Stars
Scientists use special instruments to analyze the light emitted by the Sun and 
other stars. One such device, called a spectrograph, splits light energy into 
patterns of colours for observation. Recall from Chapter 6 that when white 
light is shone through a prism, a full rainbow of colours is seen, whereas the 
light emitted by hydrogen produces only a few lines of colour (Figure 4). 
Most colours are missing—this is because each element emits light energy 
only at certain characteristic frequencies. These frequencies are influenced by 
the unique electron energy levels within each atom. Therefore, each element 
has its own unique spectrum.

To determine the composition of a star, scientists use a spectrograph to 
analyze its spectrum. They can then compare the star’s spectrum with the 
known spectra of the elements. Much of what we know about stars today 
has resulted from using the spectrograph. The spectrum of a star can tell us 
which elements make up the star and can also be an indicator of the star’s 
temperature.
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The Mass of a Star
Th e mass of our Sun is 2 × 1030 kg, which is referred to as one solar mass. 
Scientists use solar mass as the standard to which all other stars are 
compared. Star masses vary and can range between 0.1 to 120 solar masses. 
One of the most massive stars, known simply as A1, has a solar mass of 
almost 118! Th e mass of a star does not always refl ect its size. You will learn 
more about this in Section 9.4. 

solar mass a value used to describe the 
masses of galaxies and stars other than 
our Sun; equal to the mass of the Sun 
(2 ×1030 kg)
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IN   SUMMARY
• Th e brightness of stars can be measured in 

luminosity, absolute magnitude, and apparent 
magnitude.

• Th ere is a relationship between the colour of a 
star and its temperature.

• Scientists can use a star’s spectrum to infer its 
composition.

• Solar mass is a value used to compare the masses 
of stars and galaxies.

CHECK   YOUR LEARNING CHECK

 1. Not all stars in the Universe shine with the same amount of 
energy and have the same colour. Why do they differ? K/U

 2. What do astronomers mean when they refer to a star’s 
luminosity? K/U

 3. Why was the star Sirius signifi cant to some ancient 
cultures? K/U

 4. What was the name of the astronomer who fi rst devised 
the system of magnitudes? How long ago did he live? K/U

 5. How can two stars have the same apparent magnitude yet 
emit different amounts of light? K/U

 6. Astronomers use a standard distance to determine a star’s 
absolute magnitude. What is this standard distance? Is it 
farther than the star Sirius? K/U

 7. Figure 5 shows four coloured spheres, representing the 
colours of four stars. In your notebook, list which colour 
you think corresponds with the following temperatures: 
3100 °C, 4800 °C, 8000 °C, 10 200 °C. T/I

 8. Compare the stars Betelgeuse and Rigel in terms of their 
colour and temperature. K/U

 9. Describe our Sun in terms of its colour, temperature, 
apparent magnitude, and absolute magnitude. K/U

 10. Compare the terms “apparent magnitude,” “absolute 
magnitude,” “luminosity,” and “brightness.” K/U

 11. Use the terms “absolute magnitude” and “luminosity” in the 
same meaningful sentence.  K/U  C
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Figure 5 

UNIT TASK Bookmark

How can you apply what you learned about the properties of stars to the Unit Task on 
page 446?
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