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1 Using information contained in the article, plot the positions of the Sun, Sirius and Polaris
on this HR diagram. [3]

2 The star Bellatrix has apparent magnitude 1.64. The star Arcturus appears to be 4.70 times
as bright as Bellatrix.

Use the formula on line 75 to find the apparent magnitude of Arcturus. [2]

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................
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3 In this question, take the Earth’s orbit to be circular with radius and the speed
of light to be 

(i) Calculate 

(A) the number of kilometres in 1 parsec, [3]

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

(B) the number of light years in 1 parsec. [2]

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

[1 light year is the distance light travels in one year.]

(ii) In line 47, the article says “To 3 significant figures, 1 parsec is 3.26 light years”.

Explain why the calculation in part (i)(B) does not give 3.26. [1]

...........................................................................................................................................

...........................................................................................................................................

4 Show how the result

on line 100 can be used to derive the result on line 102

[3]

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

MAbs � MApp � 5 � 5log10 d.

M M
d

Abs App= -
Ê

ËÁ
ˆ

¯̃
2 5

10010

2

. log

3 � 105 km s�1.
1.5 � 108 km

For
Examiner’s

Use

2603(B) January 2005 [Turn over



4

5 The brightest star in our night sky, Sirius, is a main sequence star of type A1. Explain how
this is possible, given that other stars are higher on the main sequence and thus brighter, for
example those of types O and B. [1]

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................
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Classifying stars

Introduction

On a really dark, clear night you can see over 2000 stars. Although each star is apparently a
pinprick of light, even to the naked eye they do not all look the same.

• Some are brighter than others.

• They vary in colour, with some noticeably redder than others.

These two characteristics, brightness and colour, provide a great deal of information and a
basis for classifying stars.

Brightness

There are two reasons for a star to appear bright.

• It is emitting a lot of light.

• It is not far away.

In order to deduce anything from the apparent brightness of a star, it is essential to distinguish
between these two causes. This can be done if the distance of the star from us is known. How
can such a distance be measured?

Finding distance: the parallax method

Hold up a finger at arm’s length and look at it first through one eye and then through the other.
Your finger appears to move across the background. Your two eyes see it at somewhat different
angles, as illustrated in Fig. 1.

Fig. 1

The points L and R represent your two eyes, and F your finger. The distance between your eyes
is b and the distance to your finger is d. The angle between the lines of vision of your eyes 
is 

The angle is given by
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It represents the apparent angular shift of the object (in this case your finger) from the central
position. For a typical adult, the values of b and d are about 6 and 60, in centimetres, giving a
value of of about 3°.

This equation can also be written as

In this form it allows you to calculate d given and b. This method of finding a distance is
called the parallax method and is called the angle of parallax.

The parallax method can be used to determine the distance of a star. Fig. 2 shows a star, S, that
is reasonably close to us. It is observed from points X and Y. The points X and Y are much
further apart than a pair of human eyes! They are the positions of an observer on planet Earth
at 6-month intervals. During this time the Earth has completed half an orbit round the sun and
so X and Y are at opposite ends of a diameter of this orbit. In this article, for the sake of
simplicity, the orbit of the Earth is taken to be circular with radius 150 million kilometres and
so the distance b is 

Fig. 2

The two observations of the star show a small movement relative to the background formed by
distant stars and galaxies that are so far away that they form a fixed, recognisable pattern. This
is illustrated in Fig. 3.

Fig. 3

From this apparent movement of the star, it is possible to determine the angle and so the
distance of the star. In such measurements the angle will always be small, usually less than
one second of arc. (One degree is 60 minutes; one minute is 60 seconds. The symbols for
minutes and seconds are and and so )1° � 60', 1' � 60"."'
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In the case when the angle a is one second, the distance, d, of the star is called 1 parsec. The
parsec is a widely used unit in astronomy. To 3 significant figures, 1 parsec is 3.26 light years.

The method of parallax works well for nearby stars, but its use is limited by the difficulty in
measuring very small angles of parallax from Earth. Even with the best available telescopes,
distances beyond about 100 parsecs cannot be measured. That is small compared with the
estimated radius of our galaxy, which is 15 000 parsecs. In 1989 the satellite HIPPARCOS was
launched specifically to provide more accurate parallax measurements, making it possible to
measure distances of up to about 500 parsecs by this method.

Other methods, based on properties of particular types of stars, have been developed for
measuring greater distances.

The magnitude of a star

Once you know the distance of a star, it is possible to calculate its brightness, that is the rate
at which it is emitting energy. This is known as its absolute magnitude. First, however, it is
helpful to think of the star’s apparent magnitude, that is its brightness as seen from the Earth;
this is measured by the energy received from it.

Apparent magnitude

The scale used for apparent magnitude is somewhat curious; its origins are historical. The stars
visible to the naked eye nearly all fall within the range 0 to 6, but the smaller the number the
brighter the star. The brightest stars have apparent magnitude near 0. (There are in fact a few
stars brighter than apparent magnitude 0.) A person with normal eyesight cannot see stars with
apparent magnitude greater than about 6. The Pole Star, Polaris, has apparent magnitude very
close to 2.

The scale is logarithmic with 5 units corresponding to a factor of 100 in brightness.

Thus a star which is 100 times as bright as Polaris would have an apparent magnitude of

(No star in our night sky is actually as bright as this.)

A star which is th as bright as Polaris has an apparent magnitude of

This relationship can be expressed by the formula

In this formula, and are the apparent magnitudes of two stars; and are the rates at
which we receive energy from them.
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In the example above, Polaris can be taken as the star with apparent magnitude and so

If there were a star 100 times as bright as Polaris, then and so 

The brightest star in our night sky is actually Sirius with apparent magnitude –1.46.

Absolute magnitude

The absolute magnitude of a star is defined to be the apparent magnitude it would have if it
were situated at a distance of 10 parsecs from us.

As an example, think of a star of apparent magnitude 6.0 which is at a distance of 30 parsecs.
What is its absolute magnitude?

The amount of energy we receive from a star is inversely proportional to the square of its
distance from us. “Moving” a star from 30 parsecs to 10 parsecs changes its distance by a
factor of . The corresponding factor for the change in the energy received is

We would receive 9 times the amount of energy and so would see the star as being 9 times as
bright in its “new”  position.

The next step in the calculation involves using the formula

In this case, instead of referring to two different stars, and refer to the same star at two
different distances from the Earth.

So and giving Thus the star in question has absolute 

magnitude 3.6.

The work in this example can be generalised to give a formula for the absolute magnitude,
, of a star in terms of its apparent magnitude, , and its distance, d, in parsecs.

This can be simplified to give

The absolute magnitudes of Sirius and Polaris are 1.4 and respectively; that of the Sun is 4.8.�4.6
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The colour of a star

A star’s colour indicates its temperature because different lines in a star’s spectrum are
prominent at different temperatures. Red stars, for example, are relatively cool.

Stars’ spectra are used to classify them in a sequence, going from hot to cool: O, B, A, F, G,
K, M, R, N. The temperature of an O star is typically about 50 000° Kelvin, that of an N star
about 3000° Kelvin. (To convert temperatures from Kelvin to Celsius, subtract 273°.)

This sequence was developed towards the end of the 19th century. A group of students at
Princeton University soon came up with the mnemonic “Oh Be A Fine Girl Kiss Me Right
Now”; this has been used by astronomers around the world ever since. The sequence has now
been extended by the discovery of W stars that are even hotter than O stars. At the cool end
there are also S stars.

The classes are subdivided from 0 to 9. So, for example, Polaris is an F8 star, Sirius is an A1
and the Sun a G2. The scale O through to N gives a non-uniform scale for temperatures.

The Hertzsprung-Russell diagram

The two characteristics of a star which can be seen with the naked eye, its brightness and its colour,
thus form the basis of two measures: absolute magnitude and temperature (or spectral class).

These give the axes for a particularly useful type of scatter diagram, the Hertzsprung-Russell
(HR) diagram. The vertical scale is absolute magnitude, the low numbers (corresponding to
brighter stars) are placed above the high numbers. The horizontal scale represents temperature.
In one form of HR diagram, it is based on the sequence of spectral classes; however, it is
common to omit the extremes of the range, for example W on the left and R, N and S on the
right. Bright, hot stars are found at the top left of the diagram.

Fig. 4 shows typical stars plotted on an HR diagram. It will be seen that most of them lie in a
band, which is approximately a straight line running from the top left to the bottom right.
However, a few lie elsewhere.

Fig. 4
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The band is called the main sequence and the stars in it are called main sequence stars. They
are in the phase of their lives when they are converting hydrogen to helium by nuclear fusion. 

Stars are formed when clouds of gas, mostly hydrogen, condense. In this process, gravitational
potential energy is converted into heat and so the future star gets hotter. Eventually it reaches
the point where it is sufficiently hot and dense for nuclear fusion to begin. At that point it
becomes a star at the bottom right of the main sequence.

As the star gets older, it becomes hotter and brighter, and so its position on the main sequence
moves up and to the left. This is a slow process; most stars remain on the main sequence for
thousands of millions of years.

Eventually, however, a star reaches the stage where all the hydrogen has been converted into
helium. Other fusion reactions then take place, producing heavier elements. At this stage, the
star expands and it becomes cooler. Its position on the HR diagram moves well to the right of
the main sequence. Such a star is called a Red Giant. It is estimated that this will happen to the
Sun in about 5000 million years’ time. At that point it may well engulf the Earth.

Fig. 5 illustrates the life of a typical star. Larger stars travel further up the main sequence
before leaving it. While in its Red Giant phase, a star expels most of its material in a series of
explosions. Eventually all that remains is a small, dense core. In this final state, it becomes a
White Dwarf and occupies a position at the bottom left of the HR diagram.

Fig. 5
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