
9.7 Option - Astrophysics: 1. Earth-based observations 

Syllabus reference (October 2002 version) 

1. Our 
understanding 
of celestial 
objects 
depends upon 
observations 
made from 
Earth or from 
space near 
the Earth  

Students learn to:  

• discuss Galileo’s use of the 
telescope to identify features of 
the Moon 

• discuss why some wavebands 
can be more easily detected 
from space 

• define the terms ‘resolution’ 
and ‘sensitivity’ of telescopes 

• discuss the problems associated 
with ground-based astronomy 
in terms of resolution and 

absorption of radiation and 
atmospheric distortion 

• outline methods by which the 
resolution and/or sensitivity of 
ground-based systems can be 
improved, including:  

o adaptive optics 
o interferometry 
o active optics 

Students:  

• identify data sources, 
plan, choose equipment 
or resources for, and 
perform an 
investigation to 
demonstrate why it is 
desirable for telescopes 
to have a large 
diameter objective lens 
or mirror in terms of 
both sensitivity and 

resolution 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  

Prior learning: Preliminary module 8.2 

 

discuss Galileo’s use of the telescope to identify features of the Moon 

• Galileo did not invent the telescope, but he did refine its design. He built 
refracting telescopes which produced an upright image, and masked out the edge 
of the front lens of his telescope to overcome spherical aberration. Galileo was 
the first to use a telescope to make systematic astronomical observations of the 
features of the Moon as well as observations of the phases of Venus, the moons 

of Jupiter, the rings of Saturn and sunspots.  

• In particular Galileo made both qualitative and quantitative observations of the 
Moon. He observed that the Moon was rough, like the Earth, and drew sketches of 
vast plains (Mare) and mountains. He also made quantitative measurements of 
the lengths of the long shadows cast by the mountains of the Moon when they 
were near the edge of the shadow (called the “limb”) and directly facing Earth 
(first or last quarter). From this he was able to estimate that these mountains 
were at least several kilometres high.  

• Galileo’s telescope was described as an “instrument of the devil” as it allowed him 
to observe properties of the moon and Jupiter which challenged the prevailing 
Aristotelian view, endorsed by the Church of Rome, that the heavenly bodies 
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were perfect and unchanging and that the Earth was at the centre of the 
Universe. 

Telescopes The Rice University, USA. 

Moon The Rice University, USA. 

 

discuss why some wavebands can be more easily detected from space 

Background 

Almost all our information on the cosmos comes to us in the form of electromagnetic 
radiation. Because the range of wavelengths is so vast, the electromagnetic spectrum is 
loosely divided into bands, based on wavelength and on how the radiation can be 

produced and detected. These bands include very short wavelength gamma rays, x-rays, 
ultra violet, visible, infrared through to very long wavelength radio waves. 

The wavelength where one band ends and another starts is to some extent blurred; for 
example very short wavelength ultra violet light may sometimes be considered as a 
“soft” or long wavelength x-ray. Also you may read where some bands are further 
divided; for example very short wavelength radio waves are commonly referred to as 

microwaves, whilst other subdivisions of the radio band include HF, VHF and UHF. 

• A waveband is a part of the electromagnetic spectrum covering a specific range of 
wavelengths.  

• The Earth’s atmosphere absorbs, scatters or reflects some wavelength bands 

more than others. Some bands are strongly absorbed and do not reach the 
ground, and are best observed from outside the atmosphere. Other wavebands 
are absorbed little and penetrate easily to the ground where they can be 
observed.  

• The highly energetic gamma rays and x-rays ionise molecules making up the 
atmosphere and are therefore strongly absorbed in the upper atmosphere, with 

very little reaching the ground. These wavebands are more easily detected by 
telescopes placed in orbit outside Earth’s atmosphere, such as COBE and Chandra 
X-ray telescope, than by ground-based telescopes.  

• Some bands of ultraviolet radiation are strongly absorbed by the ozone layer of 
the atmosphere, while others penetrate to the ground.  

• The atmosphere does not scatter or absorb the visible waveband very much. 
Consequently these wavelengths pass through the atmosphere relatively 
unhindered and reach the ground. This is why we have sunlight and starlight, and 
optical telescopes can be used effectively at ground level.  

• Infrared wavelengths are only partially absorbed. As an alternative to the 

expensive procedure of placing them into space, infrared sensitive telescopes 
may be placed on mountain tops above the densest regions of the atmosphere.  

• Some parts of the radio band are also absorbed to various degrees while others 
pass easily through the atmosphere. Radio telescopes such as the one at Parkes, 
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NSW, were built to take advantage of this. Very long wavelength radio waves are 
reflected by the ionosphere. 

 

identify data sources, plan, choose equipment or resources for, and perform an 
investigation to demonstrate why it is desirable for telescopes to have a large 
diameter objective lens or mirror in terms of both sensitivity and resolution 

• Identify data sources by looking in physics practical books or astronomy books 

for investigations that allow you to investigate sensitivity and/or resolution of 
telescopes.  

• Plan your investigations by considering the validity of the results you obtain. 
They must genuinely link the diameter of the objective to the sensitivity or the 
resolution, without any other factors, such as magnification, being involved. 

Consider using the same lens or mirror with different diameter diaphragms to 
change the effective area used.  

• Choose equipment by selecting and carefully setting up the most appropriate 
equipment available for this investigation. You could consider using a datalogger 
with a light probe to record appropriate data.  

• Perform the investigation you have planned. Alternatively, you could use a 
procedure such as that shown below.  

• As a result of your investigation, you should be able to show examples of how 
using a larger diameter objective lens or mirror will give you both a brighter 
image (telescope is therefore more sensitive) and a sharper image (telescope 
therefore has a higher resolution). 

Sample procedure 

Choose two instruments of the same magnification but different objective diameters, 
such as: two different astronomical telescopes if available; a single telescope with the 
correct eyepiece to match the magnification of its finder; or two different pairs of 
binoculars. (Binoculars consist of two telescopes mounted side-by-side, with prisms in 
the light path to shorten the length of the instrument. The magnification and objective 
diameter (in mm) are shown as, for example, 10 x 50.) 

Choose an astronomical object with features that are easy to see in a small telescope, 
such as the Moon or Saturn. If you are working during the day, choose the most distant 
object you can see, such as a tree-covered hill. 

Make notes on the relative brightness and the relative clarity of the same object through 
the two instruments. If equipment is available, try to photograph the same object 
through the two instruments and compare the developed images. Relate any differences 
in brightness and clarity to the diameter of the objective lens or mirror. 

Alternative procedure using the Internet 

Alternatively you might like to search the Internet for photographs of the same object 
taken by two different sized telescopes but under the same conditions. Try a search 
using some or all of these terms: “aperture diameter”, “objective diameter”, “resolution”, 
“photograph”, “telescope”. In this case, your data sources would be relevant Internet 
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sites and you would choose your resources from amongst images found at these sites, 
together with information about the size of the telescope with which they were made. 
Compare the photographs for brightness and clarity, and relate any differences to the 
size of the telescope objective lens or mirror. 

 

define the terms ‘resolution’ and ‘sensitivity’ of telescopes 

• The resolution (or resolving power) of a telescope is a measure of the ability of 

the telescope to reveal fine detail. Resolution is usually described in terms of the 
smallest angle of separation between two points of light, such as two stars close 
together in the sky, that can be seen as two distinct images. Resolution depends 
on the diameter of the objective lens or mirror and on the wavelength of the 
light.  
 

A telescope with low resolution will see closely positioned stars as fuzzy and 
blurred together, while a telescope with high resolution will produce sharp, 
distinct images. Resolution may be limited by atmospheric conditions and the 
quality of the optics. For most large astronomical telescopes, resolution is stated 
in arc second (1 arc second (1”) = 1/3600 degree).  

• The sensitivity of a telescope is a measure of the minimum intensity of light that 

needs to fall on the telescope to form a suitable image. Sensitivity is proportional 
to the area of the light collecting surface, so doubling the diameter of a 
telescope’s objective should result in a four fold increase in sensitivity. Thus the 
sensitivity of a telescope is often referred to as its light gathering ability.  
 
In practice, the sensitivity of any particular instrument can also depend on other 
things such as the quality and age of the optics. The relative sensitivity of two 

telescopes may easily be compared qualitatively by comparing the brightness of 
the image produced by the same object in each telescope. A telescope with 
greater sensitivity produces brighter images and can detect fainter stars than a 
lower sensitivity telescope. 

 

discuss the problems associated with ground-based astronomy in terms of 
resolution and absorption of radiation and atmospheric distortion 

• Ground-based detectors of electromagnetic radiation from space, including 
telescopes, sit beneath a constantly changing sea of air, water vapour, other 
gases and dust. Variations in temperature and pressure, and corresponding 
changes in refractive index, cause stars to ‘twinkle’, exhibiting rapid variations in 
colour and intensity. From an astronomical point of view, this atmospheric 
distortion causes images to shimmer and go in and out of focus, thus lowering 
the overall theoretical resolution of the telescope.  

• Gamma rays, x-rays, ultraviolet, infrared and parts of the radio region of the 
electromagnetic spectrum are absorbed and scattered to different extents by the 
atmosphere. Ground-based astronomy in these wavebands is very difficult 
because of the low intensity of radiation reaching the ground. So much light from 
the violet end of the visible waveband is scattered, making the daytime sky bright 
blue, that optical astronomy is virtually impossible other than at night.  
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• The true colour of images is altered because at ground level the variations in 
absorption with wavelength mean that we are not seeing an accurate 
reproduction of the intensity of the spectrum. All these affects are accentuated if 
the object being observed is lower in the sky because the path length the light 

has to travel through the atmosphere is greater.  

• The atmosphere also scatters extraneous light into the telescope from unwanted 
sources such as nearby houses, cars and towns. This light pollution is increasingly 
becoming a major problem for astronomers. 

 

outline methods by which the resolution and/or sensitivity of ground-based 
systems can be improved, including: 

o adaptive optics 

o interferometry 
o active optics 

• One straight-forward way to reduce the atmospheric distortion and allow a 
telescope to operate near its theoretical resolution is to place the telescope as 
high in the atmosphere as possible. This means placing ground-based telescopes 
on high mountaintops, above the densest part of the atmosphere, above most of 
the moisture in the air (which blocks microwave radiation), and above most of 
the air currents arising from weather patterns and convection. High mountaintops 
also have the advantage of remoteness from human activity so light pollution is 
less serious. Astronomical instruments are sometimes carried aloft in high-
altitude balloons or aircraft.  

• Adaptive optics: This uses a system of electronically controlled thrusters or 

supports which adjust the shape or the angle of the telescope mirror to 
compensate for image distortion caused by the atmosphere. Sensors quickly 
detect atmospheric distortion which is then analysed by a computer. Thrusters 
are then used to bend the flexible mirror or adjust multiple mirrors into the shape 
to produce the best possible image. The success of adaptive optics relies on the 
detection and correction taking place very quickly compared to the length of time 

over which the distortion lasts.  

• Interferometry: The reason that a large diameter mirror gives a sharper image 
is because the reflections of the wavefront at various points across the diameter 
add via the law of superposition in such a way as to produce a sharper image. 
This suggests that it may be possible to produce a sharp image by carefully 
adding the wavefronts of two or more smaller telescopes separated by a large 

distance to give an image sharpness that is theoretically equivalent to one single 
larger telescope. This procedure, known as interferometry, is very effectively 
used with radio telescopes, where two or more telescopes in different parts of the 
world are linked into an array.  

• Active optics: To increase the sensitivity of a telescope, the area of the primary 
mirror needs to be large. Unfortunately the larger area of a mirror, the more 

susceptible it is to becoming distorted and the thicker it needs to be to retain an 
accurate shape with changes in temperature and telescope orientation. For many 
years this meant that there was a fundamental limit to the largest sized telescope 
that could be built. However by using a thin, sometimes segmented, primary 
mirror and slowly monitoring the reflection of the wavefront off it, it is possible to 
apply pressure to various parts of the primary and correct for the deforming 
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effects. The monitoring must be done slowly enough so that changes observed in 
the wavefront are indeed due to correctable changes in the optics and not to 
rapid random changes caused by uncontrollable atmospheric effects. 

9.7 Option - Astrophysics: 2. Parallax 

Syllabus reference (October 2002 version) 

2. Careful 
measurement 
of a celestial 
object’s 
position in the 
sky 
(astrometry) 
may be used to 
determine its 

distance  

Students learn to:  

• define the terms parallax, 
parsec, light-year 

• explain how trigonometric 
parallax can be used to 
determine the distance to 
stars 

• discuss the limitations of 

trigonometric parallax 
measurements 

Students:  

• solve problems and analyse 
information to calculate the 
distance to a star given its 
trigonometric parallax 
using:  

 
• gather and process 

information to determine 
the relative limits to 
trigonometric parallax 
distance determinations 
using recent ground-based 
and space-based 
telescopes 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  

[Edit: 30 June 09] 

define the terms parallax, parsec, light-year 

• Parallax is defined as the change in the apparent position of a nearby object with 
respect to distant objects as the observer’s position changes. The apparent 

change in position is usually quoted as an angle.  

• In astronomy, parallax (sometimes called “annual parallax”) means specifically 
the apparent angular displacement of a star against the background of much 
more distant stars, as seen by an observer on Earth moving in orbit around the 
Sun. The trigonometric parallax is defined as half the annual parallax. Parallax of 
a star is measured in arc seconds (1 arc second = 1” ="1/3600" degree).  

• The parsec (pc)is a unit of distance commonly used in astronomy. It is defined 
as the distance away a star would have to be in order for its annual parallax to be 
1”. (Note that no known star is close enough to Earth to have a parallax this big.) 
By definition of annual parallax, the parsec is also the distance at which the 
radius of Earth’s orbit (a distance of one astronomical unit, AU) subtends an angle 
of 1”. 1 parsec = 3.1 x 1016 m.  

• Another unit of distance used in Astronomy is the light year (ly). It is defined as 
the distance light (or other electromagnetic radiation) travels in one year. Its 
value is approximately 9.46 x 1012 km. 1 parsec="3.26" ly. 
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Watch a movie that illustrates parallax of a star: Trigonometric Parallax Movie , 
Richard W. Pogge, The Ohio State University, Ohio, USA. 

 

gather and process information to determine the relative limits to trigonometric 
parallax distance determinations using recent ground-based and space-based 
telescopes 

• Information about ground-based and space-based methods of astrometry is 

difficult to find in one location. Generally, the information is located separately 
and little comparison is made. Try to improve the efficiency of your data 
gathering techniques by scanning possible sources for information explicitly on 
this topic.  

• Process the information by comparing the limits stated in a range of different 

secondary sources to assess their reliability. Error in the calculation of distance 
from parallax increases with diminishing parallax, and different authors accept 
different limits on distances over which parallax is useful in calculating distance 
with accuracy. 

A website which provides a useful starting point for recent space-based distance 
measurement is From Hipparchus to Hipparcos Catherine Turon. 

One site on future space telescopes is: Science and Technology: GAIA European 
Space Agency. 

Astronomy magazines such as Sky & Telescope maybe useful, such as the article on 
Hipparcos in the June 1999 edition. 

Sample information 

The resolution of current ground-based telescopes limits determinations of trigonometric 
parallax to around 0.01”. Atmospheric distortion of images makes measurement of 
smaller angles too unreliable to be useful. This limits distance measurement by parallax 
to approximately 100 pc. From the ground, the distances to only about 100 stars can be 

calculated within 5% accuracy. 

The resolution of space-based telescopes, which do not have to contend with 
atmospheric distortion, is determined predominantly by the quality of the optics and size 
of the telescope objective. Specially designed space telescopes such as the Hipparcos 
have enabled accurate parallax measurement down to 1 milli-arc second (0.001”), giving 

distance measurements for nearly 120 000 stars out to about 1000 pc. The distances to 
over 7000 stars can now be calculated within 5% accuracy. 

Future space telescopes, including the planned GAIA and FAME, should be able to resolve 
parallax angles down to between 50-500 micro-arc seconds, depending on the 
brightness of stars (higher resolution for brighter stars). This would allow the distances 
to about 40 million stars to be measured, out to about 20 000 pc, giving an accurate 

three-dimensional map of much of the Milky Way Galaxy. 

 

http://www.astronomy.ohio-state.edu/~pogge/Ast162/Movies/
http://hsc.csu.edu.au/physics/options/astrophysics/3035/PHY972net.html#top
javascript:newSkill('12.3b')
javascript:newSkill('12.4e')
http://wwwhip.obspm.fr/hipparcos/SandT/hip-SandT.html
http://www.rssd.esa.int/index.php?project=
http://hsc.csu.edu.au/physics/options/astrophysics/3035/PHY972net.html#top


explain how trigonometric parallax can be used to determine the distance to 
stars 

• Trigonometric parallax is defined as half the angular shift of a star (in arc 

seconds) as observed from Earth over a period of six months.  

• Because even stars close to Earth are still at vast distances, to see any 
appreciable change in their position with respect to the distant background, a 
considerable change in the observer’s position is required. The greatest baseline 
achievable for a ground-based telescope is the diameter of Earth’s orbit. By 

observing stars at a six monthly interval, the change in the observer’s position 
becomes twice the Earth-Sun distance or 2 Astronomical Units (AU).  

• Parallax data is collected by photographing the same star field twice, from 
opposite points of Earth’s orbit, then measuring the annual shift of stars that are 
relatively close to Earth against the background of much more distant stars. From 
knowing the angular size of the photograph, the annual parallax of any close star 

can be calculated. Trigonometric parallax is calculated as half the annual parallax. 
The angular shift in the nearby star is still very small and is usually measured as 
a fraction of an arc second Even Proxima Centauri, the closest visible star to 
Earth other than the Sun, has a parallax of only ~0.8 arc second.  

• The concept of trigonometric parallax is an application of geometry. The distance 
to a star is calculated geometrically from its parallax. From the diagram below, 

the distance d is related to the parallax angle p and the Earth-Sun distance D by 
the relation tan p = D/d. Since we know D, d can be determined if we can 
measure p.  

 

For example, a star that has a parallax of say 1 arc second will be at a distance 
of: 

 

• A large number of relatively near stars, whose distances can be calculated 
accurately from parallax measurements, are used as reference stars for a range 
of techniques to estimate distances to much more distant stars, including some in 
neighbouring galaxies. 

 

discuss the limitations of trigonometric parallax measurements 
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• Trigonometric parallax is half the apparent annual angular displacement of a star 
against the background of much more distant stars, as seen by an observer on 
Earth moving in orbit around the Sun. Trigonometric parallax is used to calculate 
distance to nearby stars.  

• The usefulness of parallax in measuring distance to stars is limited because the 
parallax angle of even nearby stars is extremely small. The largest trigonometric 
parallax, for the nearest star other than the Sun, is less than one arc second 
(0.772”).  

• In addition, the atmosphere “blurs” stellar images, making measurement of small 
angles very difficult. In practice, for Earth based telescopes, the limit is about 
0.01”, with the result that parallax is good only for the relatively small number of 
stars up to about 100 pc away. For stars more than 100 pc away the parallax 
angle becomes too small to measure accurately from the ground.  

• Other less direct methods must then be used for determining the distances to 

celestial objects which are more than 100 pc away. However parallax 
measurements of nearby stars are still vital as they indirectly underpin many of 
the less direct techniques for measuring distance to remote celestial objects.  

• The limitations of trigonometric parallax measurements are lessened by placing a 
telescope out in space away from the scattering effects of the Earth’s 
atmosphere. The sharpness of the image is then determined predominantly by 
the quality of the optics and size of the telescope objective, rather than the 
atmosphere. Additionally, a space telescope can observe stars at shorter 
wavelengths, which has the effect of increasing the resolving power. The 
Hipparcos orbiting telescope is capable of resolving parallax angles as small as 
one milli-arc second (0.001”), allowing distances to about 1000 pc to be 
measured with reasonable accuracy.  

• The parallax technique could be extended by increasing the baseline from which 
the measurements are made, so that annual parallax for any object would larger. 
For example, observations could be made from the larger orbit of Mars, or a 
satellite could be placed in orbit around the sun at some distance outside Earth’s 
orbit, such as Gaia planned for 2012.  

• As technology is improved, smaller angles may be measured more accurately. 

The planned 2012 launch of Gaia into a non-eclipsing orbit 1.5 million km further 
out than the Earth’s orbit, should achieve measurements of parallax as small as 
50 micro-arc second, up to 20 times more accurate than Hipparcos. 

 

solve problems and analyse information to calculate the distance to a star given 
its trigonometric parallax using: 

 

• The identified strategy for calculating distance to a star is to substitute the 
measured parallax angle into the equation where:  
 
d represents the distance measured in parsecs (pc), and  
p represents the parallax angle measured in arc seconds (“)  

http://hsc.csu.edu.au/physics/options/astrophysics/3035/PHY972net.html#top
javascript:newSkill('14.2c')
javascript:newSkill('14.1f')


• You may need to analyse information by comparing two photographs taken 6 
months apart showing a nearby star that has apparently moved against the 
background pattern of stars, to measure the parallax angle of the nearby star. 

Sample problem 

Find the distance in (a) parsecs, (b) light years and (c) metres to a star whose annual 
parallax is 0.08”. 

Solution: Trigonometric parallax = half annual parallax = 0.04” 

1. Using d (pc) = 1 / p” we have d = 1 / (0.04) = 25 pc. 
2. 25 pc = 25 x 3.26 ly = 82 ly. 
3. 25 pc = 25 x 3.1 x 1016 m = 7.8 x 1017 m 

More numerical problems of this type can be found in past HSC papers, including 

questions relating to the old Astronomy elective in papers prior to 2001. 

Sample analysis 

You may be asked to examine two photographs taken 6 months apart showing a nearby 
star that has apparently moved against the background pattern of stars. Also included 
on or with the photographs could be a scale showing seconds of arc. Use the scale to 
measure the angular parallax of the star and then calculate the distance to the star in 
parsecs using the equation d = 1/p. 

Alternatively, you may be asked to refer to astronomical tables which include closer stars 
and their parallax angles. Extract the relevant information on parallax from the table, 
then apply the equation relating distance and parallax to calculate the distance to these 

stars. 

Care must be taken to ensure both p and d are expressed in the appropriate units. If 
not, they should first be converted accordingly. Remember, 1 parsec is equal to 3.2616 
light years or 3.0857 x 1013 km, and one arc second is equal to 1/3600 degree. 

In some cases you may need to relate this equation to the photometric equation that 

calculates distance from a star’s absolute and apparent magnitude (see Physics 9.7.4) 
in order to calculate the parallax angle for the star. 

9.7 Option – Astrophysics: 3. Spectroscopy 

Syllabus reference (October 2002 version) 

3. 
Spectroscopy 
is a vital tool 
for 
astronomers 
and provides a 
wealth of 
information  

Students learn to:  

• account for the production 
of emission and absorption 
spectra and compare these 
with a continuous 

blackbody spectrum 
• describe the technology 

needed to measure 
astronomical spectra 

• identify the general types 
of spectra produced by 

Students:  

• perform a first-hand 
investigation to examine a 
variety of spectra produced 
by discharge tubes, 

reflected sunlight, or 
incandescent filaments 

• analyse information to 
predict the surface 
temperature of a star from 
its intensity/wavelength 
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stars, emission nebulae, 
galaxies and quasars 

• describe the key features 
of stellar spectra and 

describe how these are 
used to classify stars 

• describe how spectra can 
provide information on 
surface temperature, 
rotational and translati onal 

velocity, density and 
chemical composition of 
stars 

graph 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 

Studies, NSW.  

Prior learning:  
Preliminary module 8.2 The World Communicates  
Preliminary module 8.5 The Cosmic Engine 

Background:  
Spectroscopy is the analysis of spectra. There are three types of spectra – continuous, 
emission (bright lines) or absorption (black lines.)  

 

perform a first-hand investigation to examine a variety of spectra produced by 

discharge tubes, reflected sunlight, or incandescent filaments 

• Your teacher may have planned a first hand investigation for you, or you could 
follow the sample procedure below. Ensure that the plan you use includes 
consideration of any safety aspects such as dangers from high voltage or X-
radiation from discharge tubes or power supplies, and the brightness of the Sun. 

You should include details of any safe work practices you adopt as you perform 
this investigation in any report you write.  

• Draw each spectrum you examine, noting any observable features. As a result of 
your investigation you should be able to group spectra into a small number of 
distinct types, based on similarity of identifiable features. You will find examples 
of what you would expect to see in astronomy texts or by searching the Internet. 

Sample Procedure 

Safety note: Do not look directly at the sun with your eyes or through any optical 
device unless it has been designated as safe to use for this purpose. Keep a safe working 
distance from any high voltage or spark discharge apparatus. 

Choose a variety of light sources for this experiment. Include light from an incandescent 
lamp (i.e., one with a filament), a fluorescent tube, a flame, light seen through various 
coloured solutions, and various discharge tubes as commonly found in school science 
laboratories. Since you should not point the spectroscope directly at the Sun, you could 
look at the sunlight reflected from a sheet of white paper or card. Comment on what 
effect this might have on the accuracy or validity of what you observe. 
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Examine the light from each source using a spectroscope. You should describe and draw 
each spectrum, indicating observable features of the spectrum. If it is possible to vary 
the voltage of the incandescent lamp, examine the light from this source at various 
power levels, commenting on both the change in brightness and range of colours 
observed. As an extension, you could use the scale in the spectrometer to observe and 
record the wavelength of features of each spectrum. 

Group the spectra you have observed according to whether they are continuous spectra, 
line spectra, absorption spectra or a combination of these. Describe the common 
features of each type of spectrum. 

 

account for the production of emission and absorption spectra and compare 
these with a continuous blackbody spectrum 

• An emission spectrum consists only of radiation at a number of discrete 
wavelengths, appearing as bright lines against a dark background. This type of 
spectrum is produced by hot diffuse gases, such as in a gas discharge tube or in 
clouds of interstellar gas heated by hot young stars nearby. Electrical energy or 
heat supplied to the gas is absorbed by atoms or ions in the gas, raising the 
energy level of electrons. As the electrons fall back to their normal energy state, 
they give up a quantum of energy as a photon corresponding to one of the 

observed wavelengths. The emission spectrum is made up of lines corresponding 
to all the possible electron transitions. The relative intensity of each line depends 
on the composition of the gas.  

• An absorption spectrum consists of a continuous range of wavelengths with 
discrete gaps at particular wavelengths, appearing as dark lines against a 
continuous background of colours. Absorption spectra are produced when a 

continuous spectrum of light passes through a cloud of cool gas. Atoms and ions 
in the gas absorb photons of wavelengths corresponding to the quanta of energy 
involved in possible transitions of electrons to higher energy levels. The electrons 
quickly fall back to their original energy level, re-emitting the absorbed 
wavelength in all directions, thus reducing the intensity of light transmitted at the 
corresponding wavelengths. These wavelengths correspond to the dark lines of 

the absorption spectrum. The relative darkness of each line depends on the 
composition of the gas. The darkness of the lines against the background 
spectrum depends on the size and density of the cloud of gas.  

• A continuous black body spectrum has no lines, either dark or bright, but instead 
shows a continuous range of frequencies. Continuous spectra are given off by hot 
solids, liquids and high pressure gases. The intensity of the spectrum varies 
smoothly with frequency, with a maximum that depends on the temperature of 
the body. 

An alternative way of comparing the three types of spectrum is by using a 
table: 

Continuous black 
body spectrum 

Emission spectrum Absorption spectrum 

consists of a 
continuous range of 
frequencies without 

consists only of 
radiation at a 
number of discrete 

consists of a continuous 
range of wavelengths 
with discrete gaps at 
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either bright or dark 
lines, appearing as a 
continuous range of 

colours 

wavelengths, 
appearing as bright 
lines against a dark 

background 

particular wavelengths, 
appearing as dark lines 
against a continuous 

background of colours 

given off by hot 
solids, liquids and 
high pressure gases 

produced by hot 
diffuse gases 

produced when a 
continuous spectrum of 
light passes through a 
cloud of cool gas 

all wavelengths are 
produced at some 
intensity 

wavelengths 
produced depend on 
possible energy 
transitions within 
atoms of the gas 

wavelengths absorbed 
depend on possible 
energy transitions 
within atoms of the gas 

intensity varies 

smoothly with 
wavelength, with the 
maximum depending 
on the temperature 
of the hot 

intensity of lines 

varies discretely with 
each wavelength, 
depending on the 
composition of the 
gas 

darkness of lines varies 

discretely with each 
wavelength, depending 
on the composition and 
density of the gas 

on blackbody emission, that allows you to specify different values of surface 
temperature, can be found at: Continuous Emission and Absorption Spectra 
Center for Astrophysics, Harvard Smithsonian, USA.  

 

describe the technology needed to measure astronomical spectra 

• An astronomical spectrum consists of the range of wavelengths of light and other 
radiation emitted, reflected or transmitted by an astronomical object such as a 
star, a nebula, a galaxy or a quasar.  

• Astronomical spectra can be viewed using a spectroscope, or recorded and 

measured with a spectrograph, mounted at the focus of a telescope. A 
spectrograph consists of 3 parts:  

• The first part, known as a collimator, uses a narrow slit and one or more mirrors 
or lenses to form a parallel beam of light from a single light source such as a star.  

• The second part is known as the dispersive element as it produces the spectrum 
by dispersing the beam into its component wavelengths. It consists of either a 
triangular prism or a diffraction grating. The grating consists of many closely 
spaced parallel slits (transmission grating) or ruled lines (reflection grating).  

• The third part is a device to view or record the different wavelengths. It may be a 
viewing telescope, a focussing mirror with photographic plate or film, or an 
electronic imaging device such as a charge coupled device (CCD) detector. CCD 
detectors, like those used in video cameras and digital still cameras, have the 
advantage of being able to record very faint light signals. Other modern 
enhancements include the use of computer controlled positioning equipment in 
conjunction with fibre optics, and multiple spectroscopes to obtain the spectra of 
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many objects in the viewing field at once, or selectively examine various parts of 
a single object concurrently. 

 

identify the general types of spectra produced by stars, emission nebulae, 
galaxies and quasars 

• Stars are masses of hot dense gas undergoing thermonuclear fusion at their core. 
They behave as approximate black bodies and so their spectrum is therefore that 

of a black body corresponding to the temperature of the star’s surface. Generally 
however there will also be prominent dark absorption lines produced as a result 
of the continuous black body light passing through the star’s relatively cooler 
atmosphere that is above its surface. For this reason stars are observed to 
produce absorption spectra.  

• Emission nebulae are regions of hot gas, mainly hydrogen, and dust heated by 
the radiation from nearby young stars. As excited electrons in the atoms and ions 
within the nebula drop to lower energy levels, line spectra are produced with 
emission lines in the ultraviolet, visible, infrared and radio bands, characteristic of 
the elements that make up the nebula.  

• A galaxy is an aggregation of hundreds of thousands to billions of stars. The 

spectrum of a galaxy is essentially a composite of the various spectra from its 
components. This generally consists of a continuous background superimposed 
with absorption lines of type B and K stars, along with emission lines due to 
hydrogen in gaseous nebulae. As most galaxies are receding from our point of 
view, the lines of galaxies are often strongly red-shifted.  

• Quasars, are very distant objects that produce vast quantities of continuous 

radiation at all wavelengths but with most of their energy in the longer radio 
wavelengths. Quasars have quite different spectra from those of close galaxies, 
because they have broad, high intensity emission lines superimposed on the 
continuous spectrum. These lines show an extremely large red shift, which 
indicates that they are moving at speeds up to 0.9 c. Some show absorption lines 
with red shift near or less than those shown by emission lines. It is thought that 
these absorption lines could be caused by dim galaxies and interstellar gas 

between Earth and the quasars. 

 

describe the key features of stellar spectra and describe how these are used to 
classify stars 

• A stellar spectrum is the spectrum of radiation emitted by a star.  

• A stellar spectrum consists of an approximate black body radiation spectrum for 
the temperature of the stellar surface, superimposed with absorption lines 
characteristic of the elements present in the stellar atmosphere.  

• The shape of the curve of intensity against wavelength across a star’s black-body 
spectrum, and particularly the position of the intensity maximum, identifies the 
surface temperature of the star. When stars of different surface temperature are 
compared, there is an increase in luminosity along with a gradual change from 
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red, for the coolest stars, through orange, yellow, white and eventually to blue for 
the hottest stars.  

• Thus the spectral quality of stellar radiation can be used to classify visible stars 

into several spectral class: O, B, A, F, G, K, and M, from hottest to coolest. Each 
spectral class has a characteristic colour and surface temperature range, and 
each is characterised by specific absorption line patterns, indicating the elements 
in the star’s atmosphere. Each class is further subdivided into ten sub classes, 
e.g. O1, O2, O3...O8, O9, B0, B1, B2 ... There are also stars that radiate 
predominantly in the ultra-violet (class W) and infra-red (classes R, N and S) 
regions of the spectrum. 

Table of spectral classes of visible stars 

Spectral 
Class 

Colour Surface 
temperature (K) 

Elements evident in 
absorption lines 

O blue over 30 000 ionised He, weak H 

B blue-
white 

30 000 – 15 000 neutral He, weak H 

A white 15 000 – 10 000 strong H 

F white-
yellow 

10 000 – 7 000 weak H, metals (Ca, 
Fe) 

G yellow 7000 - 5000 strong metals, esp. Ca 

K orange 5000 - 4000 strong metals; CH and 
CN 

M red 4000 - 3000 strong molecules (incl. 
TiO) 

 

describe how spectra can provide information on surface temperature, 
rotational and translational velocity, density and chemical composition of stars 

• Surface temperature: The continuous spectrum of a star is similar to that of a 
black body radiator at the same surface temperature. By plotting the intensity of 
a star’s radiation as a function of its wavelength, the wavelength at which 
intensity is a maximum can be found. Wien’s Law shows that this wavelength is 

inversely proportional to the surface temperature (K) of the star. This means that 
the redder a star appears, the lower is its surface temperature, while the bluer 
the star, the higher the surface temperature.  

Wien’s Displacement Law: (not required by the syllabus) 
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• Rotational velocity: If a star is rotating, then one side is travelling away from 
us while the other side is coming toward us. Light emitted from the receding side 
will be red-shifted, while light from the approaching side will be blue-shifted by 
the same amount. Light from other parts of the star will fall within these two 
limits. Thus the individual spectral lines will be broadened by an amount 
depending on the rotational velocity of the star. The faster a star rotates, the 
more broadening of spectral lines is observed.  

 

• Translational velocity: The component of the translational velocity of a star 
parallel to the observer’s line of sight can be determined by observing the extent 
and direction of Doppler shift exhibited by the star’s absorption lines. If a star is 
approaching the observer, every absorption line in the spectrum of the star is 
shifted toward the blue end of the spectrum by the same amount. If the star is 
moving away, all the lines are shifted towards the red end. The amount by which 
all the lines are shifted depends on the component of the velocity of the star 
along the line of sight. 

 

The component of the translational velocity of a star perpendicular to the observer’s line 
of sight cannot be determined from the star’s spectrum, but only photographically over a 

lengthy period of time. 

• Density: Density, and therefore pressure, at the surface of a star can also 
broaden spectral lines, but the intensity varies across the line in different way 
from the effect of rotation. In high density (small and massive) stars the 
increased gas pressure produces more rapid collision between atoms during the 



emission or absorption of radiation. These collisions cause changes in the electron 
orbits and hence produce a broader spectral line. Rotational velocity and the 
density of a star can both be deduced from the width and shape of the spectral 
lines.  

• Chemical composition: Each chemical element has a unique emission spectrum 
consisting of lines corresponding to the internal electronic transitions within the 
element. These lines are in the same places as the lines in an absorption 
spectrum for a cloud of the same element. Elements in the star’s outer layers 
absorb light from the continuous black-body spectrum of the star. A comparison 
of a star’s absorption spectrum with the spectra of known elements allows the 

chemical composition of the star’s outer layers to be deduced. 

 

 

analyse information to predict the surface temperature of a star from its 

intensity/wavelength graph 

• You may be provided with a graph of intensity against wavelength for the 
spectrum of a star. Analyse the information by first identifying the wavelength 
at which the black body curve is at its highest intensity. You will need to be able 
to justify your estimate of this wavelength. This can best be done by drawing a 
vertical line down from the peak of the curve so that it intercepts the horizontal 
(wavelength) axis. You may need to interpolate between divisions on the 
wavelength axis. Take care to ensure that your answer is given in the correct SI 
unit.  

• In order to predict the surface temperature of the star from the wavelength of 
maximum intensity, you will probably be given the Wien’s Law equation: 

 

where (W = 2.89 x 10-3 m.K). Rearrange the equation so that T is the subject of the 
equation, then substitute in the value of wavelength from the graph. 

Example: 

The intensity/wavelength graph of a star is given below. Use this curve to predict the 
star’s surface temperature. 
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Solution: 

From the curve the wavelength at which the intensity is a maximum is approximately 5.8 
x 10-7 m. The star’s surface temperature is then: 

9.7 Option – Astrophysics: 4. Determining distance 

Syllabus reference (October 2002 version) 

4. Photometric 
measurements 
can be used 
for 

determining 
distance and 
comparing 
objects  

Students learn to:  

• define absolute and 
apparent magnitude 

• explain how the concept of 
magnitude can be used to 
determine the distance to a 
celestial object 

• outline spectroscopic 
parallax 

• explain how two-colour 
values (ie colour index, B-
V) are obtained and why 
they are useful 

• describe the advantages of 
photoelectric technologies 
over photographic methods 

for photometry 

Students:  

• solve problems and analyse 
information using:  

and 

 
to calculate the absolute or 
apparent magnitude of 
stars using data and a 
reference star 

• perform an investigation to 
demonstrate the use of 
filters for photometric 
measurements 

• identify data sources, 

gather, process and 
present information to 
assess the impact of 
improvements in 
measurement technologies 
on our understanding of 
celestial objects 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  
[Edit: 16 Oct 04] 

http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a1
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a1
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a2
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a2
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a2
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a2
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a3
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a3
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a4
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a4
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a4
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a4
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a5
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a5
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a5
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a5
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a6
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a6
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a6
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a6
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a6
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a6
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a7
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a7
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a7
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a7
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a8
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a8
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a8
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a8
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a8
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a8
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a8
http://hsc.csu.edu.au/physics/options/astrophysics/2977/PHYS974net.html#a8


Prior learning:  
Preliminary module 8.2 The World Communicates  
Preliminary module 8.5 The Cosmic Engine 

 

define absolute and apparent magnitude 

• Apparent magnitude (m) is a relative measure of how bright a star appears to 
an observer on Earth. Magnitude is expressed as a number which increases as 

apparent brightness decreases. The brightest visible stars known to the ancients 
were arbitrarily given magnitude 1, while the faintest visible stars were given 
magnitude 6. The magnitude scale is now arranged such that an increase in 
magnitude by 1.0 represents a decrease in apparent brightness by a factor of 
2.512, and a star of magnitude m is 100 times fainter than a star of magnitude 
m-5. The brightest visible stars, other than the Sun, have apparent magnitude 

between 0 and –1, while telescopic stars have apparent magnitude greater than 
6. Apparent magnitude is sometimes called apparent brightness.  

• Absolute magnitude (M) is a relative measure of the amount of light a star 
radiates into space, that is, a measure of the star’s true luminosity. Absolute 
magnitude uses the same scale as apparent magnitude, and is arbitrarily defined 
to be the same as the apparent magnitude the star would have to an observer at 

a distance of 10 parsecs from the star. The largest negative numbers correspond 
to the most luminous stars. Absolute magnitude is sometimes called absolute 
brightness. 

VIRTUAL EXPERIMENT 7 Calculating Absolute Magnitude for Sirius A Brian von 
Konsky, Curtin University of Technology, WA. A virtual experiment on calculating the 
absolute magnitude of Sirius A. 

 

solve problems and analyse information using and 
to calculate the absolute or apparent magnitude of stars using data and a 
reference star 

• To solve problems using these equations you will need to rearranging equations 
involving exponentials and logarithms. If you have problems doing this follow the 
worked samples below to see which strategy has been selected. If you still have 
difficulty, see your teacher.  

• You may be required to analyse information presented in tables of astronomical 
data including the known apparent and absolute magnitudes for various stars. 
Make certain you understand which data is required by a problem, and accurately 
extract that information from the table.  

• When applying the equations to calculate magnitudes and magnitude ratios for 

stars, remember that distance (d) is always measured in parsecs, and remember 
to use log to the base 10 (log10). 

Sample problem 1 
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As seen from earth, the intensity of one star is three times that of another. Find the 
difference in their magnitudes to 2 significant figures. 

Solution:  

Since the ratio of their intensities is 3:1, then  

So you need to solve  

Taking logarithms to base 10 of both sides, we get  

That is, the magnitude difference = to 2 significant figures.  

Sample problem 2 

A star has an apparent magnitude of 5 but an absolute magnitude of -2. How far away is 
it? 

Solution:  

Using with and , we get or . 

This gives the distance to the star as . 

 

 

explain how the concept of magnitude can be used to determine the distance to 
a celestial object 

• The concept of magnitude is used to indicate the brightness of a star. Apparent 
magnitude (m) describes how bright the star appears to an observer on Earth. 
This number varies with the distance of the star from the observer: the further 
the observer is from a star, the fainter the star appears and the greater its 
magnitude number. This is because the brightness of a star varies inversely with 
the square of the distance from the star (the inverse square law). Apparent 

magnitude is directly measured from Earth.  

• Absolute magnitude (M) describes the brightness the star would have to an 
observer at a fixed distance of 10 parsecs from the star. This number is fixed 
because it is taken at a fixed distance from the star. Absolute magnitude is 
estimated for distant stars by comparison with reference stars of the same 
spectral class and of known distance. If a star is further away than 10 pc, its 

apparent magnitude m is larger than its absolute magnitude M, because the star 
appears fainter at the greater distance. If closer than 10 pc, it would appear 
brighter and m would be smaller than M.  
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• The amount by which m and M differ depends on the distance to the star. If both 
m and M are known, their difference (the distance modulus m – M) can be used 
to calculate the distance to the star using the distance modulus equation: 

 

 

outline spectroscopic parallax 

• Spectroscopic parallax is a technique for calculating the distance to a star by 
comparing the spectroscopically determined absolute magnitude with the 
apparent magnitude. The term “parallax” is used only as an analogy for distance.  

• The broad shape of a star’s spectrum gives us its temperature or colour class, 
which can be located on the horizontal axis of a Hertzsprung-Russell diagram. 

The fine details of the lines present in the spectrum tell us its luminosity class. By 
drawing a vertical line up from the position on the horizontal spectral class axis 
until it intercepts with the luminosity class, we can read off the star’s luminosity 
on the vertical axis. If we know the luminosity of a star we can calculate its 
absolute magnitude.  

• The absolute magnitude can then be compared with the directly-measured 

apparent magnitude to find the distance to the star using . This 
technique is accurate to a distance of about 10 megaparsecs (10 Mpc). 

 

perform an investigation to demonstrate the use of filters for photometric 
measurements 

• Your teacher may have planned an investigation for you, or you could follow a 
procedure such as that outlined below. When performing this investigation, 
choose a light source that will allow you to demonstrate the effect of a range of 
different coloured filters. Take care to make measurements accurately and record 

your findings systematically. Analyse the effect of changing the colour of the filter 
in relation to the spectra of stars and to the types of filters used by astronomers.  

• To demonstrate the use of filters, show that there is a quantitative difference in 
the light from the same source transmitted through different filters. 

Sample procedure 

Produce simulated starlight from the incandescent lamp in a ray box kit, commonly 
available in school science laboratories. This has the advantage that coloured filters 
mounted in 35 mm slide frames can easily be inserted in the light path. If this is not 
available, filters can be held by hand in front of any incandescent lamp. 

Use a light intensity probe attached to a datalogger to measure the intensity of light at a 
set distance from the lamp. Set the datalogger to operate in manual or “snapshot” 
mode. A photographer’s hand-held light meter is a suitable alternative to measure light 
intensity. 
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Place different coloured filters, one at a time, between the lamp and the light probe. For 
each filter, measure the intensity of light with the datalogger. You should note that the 
filters used in photometry, unlike those in a ray box kit, transmit a carefully calibrated 
range of frequencies. 

For each filter, also observe the light through a hand-held spectroscope to see 
qualitatively what effect the filter has on the spectrum of white light produced by the 
lamp. Use the in-built scale to measure the range of wavelengths transmitted. 

Record all your observations systematically in a suitable table. Compare your qualitative 

and quantitative observations for different filters. 

Use your observations to predict the effect of different filters on the measurement of 
apparent magnitude of stars of different spectral type. 

Photometry (Astronomy) . Wikipedia.  

 

explain how two-colour values (ie colour index, B-V) are obtained and why they 
are useful 

• The photographic emulsions used in astronomy are most sensitive to blue-violet 

light, whilst the human eye is most sensitive to yellow-green light and less 
sensitive to blue light. This means that, for example, a hot blue star would appear 
brighter (lower magnitude) on a photographic plate than to the unaided human 
eye because its maximum intensity is in the blue region of the spectrum.  

• Blue or photographic magnitude (B) of a star is the magnitude measured 
through a blue filter which allows only those wavelengths centred in a range 
around 440 nm to pass. The visual magnitude (V) of a star is the magnitude 
measured through a yellow-green filter which allows only wavelengths around 
550 nm to pass. Alternatively, two types of colour sensitive photographic film 
emulsion are used – a blue-sensitive film that provides the photographic 
magnitude (B) and a yellow-sensitive film that provides the photovisual 
magnitude (V), which replaces the old visual magnitude.  

• Measuring apparent magnitude in two colours is useful as a quick way to find the 
spectral class of a star without using a spectroscope. Colour index (C.I.) of a 
star is defined as the difference between its photographic magnitude and its 
visual magnitude: C.I. = B – V. Colour index ranges from –0.6 for hot blue 
spectral class O stars to +2.0 for cool red spectral class M stars, and is defined to 
be zero for white spectral class A stars.  

• Today the range of filters used in astronomical photometry has been extended to 
include ultraviolet, blue, yellow-green, red and infrared filters. 

 

identify data sources, gather, process and present information to assess the 
impact of improvements in measurement technologies on our understanding of 
celestial objects 

• To identify data sources that might be useful, think about what information you 
are trying to obtain and present. This may give you search terms to enter into an 
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Internet search engine or words to use when scanning written material. Limit 
your search specifically to technologies that allow measurement of some quantity, 
such as distance, frequency or wavelength of features of stellar spectra, surface 
temperature, brightness, etc. Do not focus only on new technologies at the 

expense of improvements in traditional means of astronomical measurement.  

• Try to gather information from a range of resources, including popular scientific 
journals, digital technologies like CD-ROMS and the Internet. Collate information 
on at least TWO different technologies from several different sources and produce 
a summary for each. Be careful not to plagiarise any source, but to synthesise the 
information and express it in your own words.  

• Remember that information on the Internet is not subject to peer review so that 
people’s interpretation of new observations can be speculative. (This happens 
even when work is peer reviewed!). Process the information you find for each 
technology to ensure its reliability by comparing it with authoritative sources such 
as university-based or government web sites.  

• Re-read the dot point carefully to understand exactly what it asks you to do: 
“assess the impact of ...”. Structure your answer carefully. For each chosen 
technology you should identify and describe the technology or technological 
improvement, describe how the technology contributes to our understanding of 
celestial objects, and make a judgement of the extent to which this technological 
improvement has increased our understanding.  

• Select a suitable medium, format and text type(s) in which to present your 
work. Consider the appropriate use of pictures, diagrams or graphs. As your work 
will have been collected from a wide range of sources, pay particular attention to 
the way you acknowledge those sources. 

Sample topics 

One obvious new technology involving measurement is the use of electronic data 
collection and digital storage. Charge-coupled devices (CCDs) and computerised 
technology have enabled incredible leaps in the quantity and quality of data collected. 

Some other things to search for on the Internet that would admirably demonstrate the 

impact of new technology on our understanding of celestial objects are: 

• the Cosmic Background Explorer 
• the Wilkinson Microwave Anisotropy Probe 
• the Hubble Space Telescope 
• the Chandra X-ray Telescope 
• and any of the NASA planetary probes 

History of Astronomy: Topics: Instruments Dr Wolfgang R. Dick, Potsdam, 
Germany. 

Research Interests and History Dr Michael Stanley Bessell, ANU Canberra and 
Siding Springs and Mt Stromlo Observatories.  

 

describe the advantages of photoelectric technologies over photographic 
methods for photometry 
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• Photographic photometry utilises visual comparisons between the images of stars 
on photographic film. The diameter of each star’s image on the film is related to 
its magnitude. It is possible to obtain photometry for thousands of stars from a 
single photograph using this technique. Lasers can be used to scan the plate to 

produce a digitised image which can then be analysed.  

• Photoelectric photometry uses a photomultiplier to convert weak light into a 
measurable electric current. Light from a single star falls through a pinhole onto a 
photocathode, causing electrons to be ejected in proportion to the intensity of the 
light. A photomultiplier produces a pulse of current for every electron ejected, 
and pulses are counted to produce an digital signal which can analysed by a 

computer. Several photomultipliers can be used simultaneously to measure the 
light from different stars.  

• There are many advantages of photoelectric technologies over the older 
photographic techniques:  

o CCDs have a more uniform response across the visible spectrum than 
photographic film does, and corrections must be made for this in 
photographic photometry. 

o CCDs are sensitive to a wider range of wavelengths than photographic 
film, particularly in the infrared. 

o CCDs and photomultipliers are more sensitive than photographic film. 
o Modern CCD arrays have a greater resolution than photographic film. 
o Information can be collected much more quickly with electronic sensors 

than from photographs. 
o Information can be collected remotely and transmitted digitally. 
o Data can be processed more easily and quickly. 
o There is more scope for a greater level of analysis because of the 

increased quantity of data. 
• Photoelectric photometry allows for a faster and more accurate measurement of 

magnitude than photographic photometry. 

Filters and CCDs , Anglo-Australian Observatory.  

9.7 Option – Astrophysics: 5. Binary and variable stars 

Syllabus reference (October 2002 version) 

5. The study of 
binary and 
variable stars 
reveals vital 
information 
about stars  

Students learn to:  

• describe binary stars in 
terms of the means of their 
detection: visual, eclipsing, 
spectroscopic and 
astrometric 

• explain the importance of 
binary stars in determining 
stellar masses 

• classify variable stars as 
either intrinsic or extrinsic 

and periodic or non-
periodic 

• explain the importance of 
the period-luminosity 
relationship for determining 

Students:  

• perform an investigation to 
model the light curves of 
eclipsing binaries using 
computer simulation 

• solve problems and analyse 
information by applying: 
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the distance of cepheids 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  
[Edit: 2 July 09] 

Prior learning:  
Preliminary modules 8.2 The World Communicates (subsections 3, 4 and 5).  
Preliminary module 8.5 The Cosmic Engine (subsections 1, 2,3 and 4).  

HSC module 9.2 (subsection 2). 

 

perform an investigation to model the light curves of eclipsing binaries using 
computer simulation 

• Some excellent simulations modelling the light curves of eclipsing binaries are 
available on the Internet - see the web sites below. You can search for others 
yourself – try “eclipsing binary stars” + simulation. Alternatively you may be able 
to use a simulation included with a CD-based astronomy software package.  

• Carefully follow any on-screen instructions and information. Try manipulating any 
of the parameters in the simulation, one at a time. Observe and record the effect 
of any change you make and write a summary of your investigation.  

• The simulation models an eclipsing binary by varying the intensity of the light or 
by drawing a graph of brightness. Try to write a concise explanation of why these 
effects occur and how the simulation models an eclipsing binary star. 

Modelling binary light curves Australia Telescope National Facility, Outreach, 
CSIRO, Australia. Scroll down till you see the heading. There are two exercises you can 
do. 

Dan’s Astronomy Software Dr Dan Bruton, Stephen F Austin University, Texas, USA. 
This site has software to download – one program simulates eclipsing binary stars and 
displays the light curves. Note that you may need administrator rights to install this 
software. 

 

describe binary stars in terms of the means of their detection: visual, eclipsing, 
spectroscopic and astrometric 

• A binary star, sometimes called a double star, consists of two stars orbiting their 
common centre of mass. Most binary stars are so far away from earth and so 
close together that the human eye cannot resolve them as separate light sources. 
Many of the stars in the universe occur in such pairs, or systems of more than 

two, gravitationally linked to each other.  

• A visual binary star can be resolved as two stars in a suitably large telescope. 
Over an extended period of time the two stars can be observed to orbit a 
common centre of mass.  
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• An eclipsing binary system cannot be resolved by an optical telescope, but can 
be detected by regular fluctuations in the light output of the system. This 
happens because the orbital plane of the system is edge on (or nearly) when 
viewed from earth and the stars in the system continually eclipse each other 

(pass in front of each other), resulting in the variable light output.  

• Close binary systems are often unresolvable in any telescope but their 
consequent rapid orbital motion means that, unless the orbital plane is 
perpendicular to our line of sight, the stars making up the system are 
alternatively approaching and receding from us. If we observe the spectrum of 
the system, we will see the wavelengths of the spectral lines of the system 

regularly shifting as a function of time due to the Doppler effect. Such stars are 
called spectroscopic binaries.  

• Astrometric binary systems are again only visible as a single star because one 
member is too faint to observe. The stars are of course still rotating around their 
common centre of mass. The visible star in the system is observed to wobble, 
indicating the presence of the unseen companion.  
 
Welcome to the visual binaries Richard Dibon-Smith, University of Toronto, 
Canada. Herschel's discovery of visual binary stars. 

 

solve problems and analyse information by applying: 

 

• In attempting to solve problems by applying this equation, first identify the 
quantity that you need to calculate, then rearrange the equation to make this 
quantity the subject, and substitute for other known variables. This formula 
enables the determination of total mass of a binary star system if the period of 
rotation T and separation of the stars r are known. If one of the masses, say m1, 
is known or if the distance of one star from the centre of mass is known, then the 
individual masses can also be calculated.  

 
Note that in using this equation it may be necessary to convert some quantities 
to SI units:  

o m1 and m2 are the masses of each of the binary stars. (M is often used to 
represent the combined mass of the two stars). Mass is given in 
kilograms. 

o G is the Universal Gravitational Constant 6.67 x 10-11 N m2 kg-2 
o r is the distance between the two stars. It can be found by adding the 

radius of rotation for each of the stars around the centre of mass. Radius 
is given in metres. 

o T is the period of orbit in seconds. 

 

• Analyse information by observing the relationship between any two variables 
when other variables are held constant. For instance, consider how the period of 
motion must vary with the combined masses of the components if the distance 
between them is held constant. Predict the effect of increasing the mass of one 
star on either the period or the average separation. 
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Sample problem 1 

An imaginary binary star system has a parallax of 0.8” and the two stars have a 
separation of 0.01” and a period of rotation of 100 years. Find the mass of the system. 

Solution: 

The distance to the star system is (1/0.8) pc = km (parallax 

formula). From trigonometry their separation is 

m. The mass of the system is then given by  

kg  

Sample problem 2 

Observations have shown that star A orbits a larger star B with a period of 20 earth 
years. If the average distance of separation between these two stars is 5 x 1010 m. 

Determine the mass of this binary system. 

Solution: 

Period must be converted to seconds 

20 years = 20 x 365.25 x 24 x 60 x 60 = 6.31 x 108 seconds 

Then the values are substituted into the given formula 

 

 

 

explain the importance of binary stars in determining stellar masses 

• Astronomers need to know the mass of a star to be able to understand the 
processes that give a star its energy at different stages of its evolution.  

• An important significance of binary star systems is that they provide astronomers 
with the only means of calculating the masses of stars. Fortunately binary star 
systems are common and provide a simple measurement of the masses of stars.  
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• To measure the mass of an object one needs to observe its gravitational 
interaction with some other body. As a binary star system is held together by 
gravity, that is, gravity provides the centripetal force, the orbits of the component 
stars can be analysed by Newtonian mechanics. The orbits must also obey 
Kepler’s third law. The radius of each orbit and the period of motion can be 
measured directly and thus the relationship between gravitational force, 
centripetal force and Kepler’s Law can be mathematically analysed to determine 
the combined mass of the two stars. 

Determining stellar masses Davison E. Soper, University of Oregon., Oregon, USA. 

Relates the theory of Kepler’s and Newton’s laws to determination of mass with 
reference to different types of binaries. 

 

classify variable stars as either intrinsic or extrinsic and periodic or non-

periodic 

• Variable stars are stars whose brightness, colour or some other property varies 
with time. It is the change in brightness which is most often considered. Variable 
stars are classified according to both the nature of the cause of the variation and 
the way the property varies with time.  

• Intrinsic variable stars change their brightness because of changes in processes 
that go on inside the star. Stars in this group vary in brightness as they expand 
and contract, heat and cool, for example, supernovae, novae, and pulsating stars.  
 
the brightness changes as one star passes in front of the other.  

• Periodic variable stars are those whose brightness varies in a regular, repeated 

way as a function of time. Intrinsic variables that are periodic include the 
pulsating stars such as Cepheid and RR Lyrae stars. Extrinsic variables would 
generally be expected to be periodic.  

• The brightness of non-periodic or irregular variable stars varies irregularly with 
time. Non-periodic variable stars include novae and supernovae, the eruptive 

variables. 

Physics Tutorial Notes, Astrophysics Caresa Education Services, NSW . Scroll down 
until you come to 975.  

Fact Monster: Intrinsic Variable Stars Columbia University Press. Gives details on 
intrinsic variable stars. 

Fact Monster: Extrinsic Variable Stars Columbia University Press. Gives details on 
extrinsic variable stars. 

 

explain the importance of the period-luminosity relationship for determining 
the distance of cepheids 

• Cepheid variable stars are periodic intrinsic variables with a characteristic light 
curve. The change in luminosity is related to the change in surface temperature 
as the outer layers of the star expand and contract.  
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• The significant feature of Cepheids that makes them so useful is that the period 
of their brightness variation is directly related to their average luminosity (the 

period-luminosity relationship). The period varies for individual Cepheids from 
2 to 60 days, with longer-period Cepheids being more luminous than those with 
shorter period.  

 

• This means that when we measure the period of variation of a Cepheid variable 
we can know its luminosity immediately. Comparing luminosity with the star’s 
apparent brightness, we can then calculate the distance to the star, either by 
using the inverse square law directly or by applying absolute and apparent 
magnitude in the distance modulus equation.  



• Cepheid variables are observed in our own galaxy and in other galaxies well 
beyond the limits of the usual stellar distance measuring techniques (e.g. 
parallax). If clusters and galaxies have Cepheids in them, the distance to them 
can be calculated accurately. Cepheid stars have been instrumental in 
determining one of the most fundamental observations in astronomy: the cosmic 
expansion of the universe. 

9.7 Option - Astrophysics: 6. Stellar evolution 

Syllabus reference (October 2002 version) 

6. Stars 
evolve and 
eventually 
‘die’  

Students learn to:  

• describe the processes 
involved in stellar formation 

• outline the key stages in a 
star’s life in terms of the 

physical processes involved 
• describe the types of nuclear 

reactions involved in Main-
Sequence and post-Main 
Sequence stars 

• discuss the synthesis of 
elements in stars by fusion 

• explain how the age of a 
globular cluster can be 
determined from its zero-age 
main sequence plot for a H-R 
diagram 

• explain the concept of star 

death in relation to:  
o planetary nebula 
o supernovae 
o white dwarfs 
o neutron stars/pulsars 
o black holes 

Students:  

• present information by 
plotting Hertzsprung-
Russell diagrams for: 
nearby or brightest stars, 

stars in a young open 
cluster, stars in a globular 
cluster 

• analyse information from a 
H-R diagram and use 
available evidence to 
determine the 

characteristics of a star 
and its evolutionary stage 

• present information by 
plotting on a H-R diagram 
the pathways of stars of 1, 
5 and 10 solar masses 

during their life cycle 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  
[Edit: 30 June 09] 

Prior Learning:  

Preliminary module 8.2 The World Communicates (sections 3, 4 and 5).  
Preliminary module 8.5 The Cosmic Engine (sections 1, 2, 3 and 4).  

 

present information by plotting Hertzsprung-Russell diagrams for: nearby or 

brightest stars, stars in a young open cluster, stars in a globular cluster 

• To present information in the form of a Hertzsprung-Russell diagram, be aware of 
the conventions for drawing this special type of graph:  
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o the horizontal axis can represent colour, spectral class, colour index, 
increasing from left to right, or temperature (K), increasing from right to 
left; 

o the vertical axis can represent absolute magnitude, increasing from top to 
bottom, absolute luminosity or luminosity relative to the sun, both 
increasing from bottom to top; 

o both the horizontal and vertical axes use scales that are logarithmic, not 
linear. 

 

• Practice both interpreting and drawing examples of Hertzsprung-Russell diagrams 
with various combinations of horizontal and vertical axes. Identify that, when 
stars are plotted on the H-R diagram, they fall into recognisable groupings. Learn 
to recognise the various regions of the H-R diagram where you would expect to 
find stars at different stages of their life cycle, including main sequence stars, red 
giants and white dwarfs.  

• Learn the features of the groups of stars named in the syllabus and make a table 
of comparisons between their H-R diagrams:  

o the H-R plot of nearby, or of the brightest, stars would be expected to 
show the full range of spectral types; 

o open clusters are generally young, as they tend to disperse with age, so 
they are populated with young stars on the main sequence, or even still 

forming, rather than red giants or white dwarfs; 
o a globular cluster will contain main sequence stars up to a turn off point, 

with no blue giants, but with red giants and possibly white dwarfs, 
depending on its age. 

 

• Your teacher may provide you with sample data on one or more of the above 
groups of stars. Alternatively, sample data may be obtained from astronomy 
books or internet sites or from past HSC papers or sample questions. Choose the 
most appropriate combination of axes to represent the data you have been given. 
Axes must be clearly labelled and the scales must be drawn accurately. Plot 
points accurately to best represent relationships within the data. Identify and 
label different groups of stars represented by your data points. Label the H-R 
diagram according to the group of stars represented. 

Windows to the Universe , University Corporation for Atmospheric Research, 
University of Michigan., USA. An interactive H-R diagram.  

 

describe the processes involved in stellar formation 

• Stellar formation begins with the gravitational contraction of a vast nebula of 
interstellar dust and molecular gas, mainly hydrogen. If the mass of the nebula 

exceeds the Jeans mass, the gravitational force within it is greater than any 
thermal pressure outwards, causing the cloud to begin to collapse and form a 
growing core of matter at its centre.  

• The increasing gravitational attraction of the core causes the contraction to 
accelerate. Several stars may form together by fragmentation of a very large 
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nebula to form a cluster. The mass of the dust and gas in each contracting region 
determines both the mass of the star that forms and where that star ultimately 
enters the main sequence of the Hertzsprung-Russell diagram.  

• During contraction, gravitational potential energy is converted into thermal 
energy. The increasing pressure caused by the rising temperature begins to 
oppose the gravitational force within the nebula, slowing the contraction process. 
The contraction process can take from a hundred thousand years for a massive 
star to several tens of millions of years for a small star.  

• The core continues to collapse until the pressure and temperature build up 
enough for thermonuclear reactions to start, and the star lights up. A balance 
then occurs between gravity directed inwards and the pressure of radiation 
outwards from the nuclear fusion in the core, preventing any further collapse. 
Radiation and fast particles, the stellar wind, are emitted from the star and push 
away remaining gas and dust that would have fallen into the star. The star then 
continues to emit radiation in a stable manner for most of the rest of its life. 

 

 

outline the key stages in a star’s life in terms of the physical processes involved 

• Material accumulating at the centre of a nebula, collapsing under its own gravity, 
forms an expanding core of hot dense matter. Heat radiated from the core causes 

the surrounding cloud to become luminous. The luminous cloud with its hot, 
dense core is known as a protostar. The increasing density of the core begins to 
slow further in-falling of matter.  

• Eventually the protostar reaches a temperature where molecular hydrogen breaks 
down to atomic hydrogen, allowing further compression and heating. When it 
reaches its maximum luminosity it is known as a pre-main sequence star. From 

then, it continues to shrink, becoming hotter but less luminous.  

• A star is known as a main sequence star when the temperature and pressure 
are high enough for nuclear fusion to switch on and make the star shine. There is 
a balance between gravity pulling inwards and energy released by fusion pushing 
outwards, preventing any further gravitational contraction. Dust and gas not yet 
accreted into the core are removed by the stellar wind, and the star has a distinct 

surface.  

• The star now lies on the line of the main sequence of the Hertzsprung Russell 
diagram, where it remains for about 90% of its lifetime, steadily converting 
molecular hydrogen into helium by fusion in its inner core. Exactly where the star 
joins the main sequence depends entirely on its mass. During this time, the star 
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becomes hotter and more luminous. Massive stars burn their fuel quickly, while 
smaller stars, such as the Sun, burn their fuel slowly and therefore spend a long 
time on the main sequence.  

• When the helium content at the core is around 12%, fusion of hydrogen stops, 
and the star moves off the main sequence to become a post-main sequence 
star. Without the energy of hydrogen fusion, the core of the star collapses and 
rises further in temperature. The helium in the core then begins to fuse to form 
heavier elements. In very massive stars, this process turns on slowly, while in 
medium-weight stars the onset of helium fusion is rapid, giving rise to the 
“helium flash”. The outer layers of the star are now pushed out and cool. The star 

becomes a red giant or supergiant.  

• A star’s life ends when it runs out of fuel, that is, when fusion of lighter elements 
into heavier elements in the core ceases and the star collapses under its own 
gravity. 

 

describe the types of nuclear reactions involved in Main-Sequence and post-
Main Sequence stars 

• The proton-proton (PP) chain is the predominant type of nuclear reaction in 

lower mass, cooler main-sequence stars, i.e. under about 20 million Kelvin. It 
converts hydrogen into helium in three steps:  

1. Fusion of two hydrogen nuclei (protons) to form a heavy hydrogen 
(deuterium) nucleus. One proton decays into a neutron, with the release 
of a positron, and a neutrino. 

2. Fusion of a proton and a deuterium nucleus to form a helium-3 nucleus, 

with the release of gamma radiation. 
3. Fusion of two helium-3 nuclei to form a helium-4 nucleus and two free 

protons, which may participate in further PP chain reactions. 
•  

The net result is that 4 protons have combined to form one helium nucleus. 

 

• The carbon-nitrogen-oxygen (CNO) cycle is the predominant type of nuclear 
reaction in higher mass, hotter main-sequence stars. It also converts 4 protons 
into 1 helium nucleus but does so by a different process.  
 
Four successive protons combine with a carbon nucleus to produce, first nitrogen, 

then oxygen and finally carbon again plus a helium nucleus. The first and the 
third collisions trigger the decay of a proton into a neutron and a positron, thus 
increasing the number of neutrons in the nucleus. The second and fourth 
collisions simply increase the number of protons in the nucleus.  
 
This process is cyclic, as a carbon nucleus is present both at the start and at the 
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end, and can initiate the process again. In this sense, carbon acts as a catalyst in 
the fusion of hydrogen into helium. 

 

• In post-main sequence stars, helium is very plentiful in the core, and three 
helium nuclei can fuse to form a carbon nucleus through the triple-alpha 
reaction. This process occurs when the star is at the red giant stage. When the 

core is mainly carbon, contraction causes the temperature to rise further and 
helium fuses with carbon to produce oxygen. Further exothermic shell-burning 
reactions take place in successively deeper shells within the star, converting 
carbon to neon and magnesium, oxygen to silicon and sulfur, and silicon and 
sulfur to iron. 

 

discuss the synthesis of elements in stars by fusion 

• Only hydrogen and helium were present in the primordial universe. All other 
elements are synthesised by fusion during the life and death of stars. The mass of 
the star, and the stage of life of the star, determine which elements are 

produced.  

• Further helium is produced by fusion of hydrogen in main-sequence stars, either 
by the proton-proton chain reaction in cooler stars, or by the carbon-nitrogen-
oxygen cycle in hotter stars. The rate at which fusion proceeds depends on the 
temperature and pressure at the core and thus, ultimately, on the mass of the 
star. These fusion reactions are exothermic: the energy is ultimately released as 

radiation from the surface of the star.  

• Elements heavier than helium are produced by fusion in post-main sequence 
stars. Carbon, oxygen, neon and magnesium are produced by the triple alpha 
reaction, followed by fusion of product nuclei with further alpha particles. In the 
larger stars “shell burning” can produce all the elements up to iron. These 
reactions are exothermic and will proceed provided there is enough energy to 
initiate the reaction.  

• Beyond iron, the reactions are endothermic but inside red giant stars heavier 
nuclei can still be formed by the slow capture of neutrons. This process can 
produce elements as heavy as lead.  

• When massive stars explode, forming supernovae, the additional process of the 
fast capture of neutrons occurs, which is capable of producing all the elements 
heavier than iron, such as gold and uranium. 
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analyse information from a H-R diagram and use available evidence to 
determine the characteristics of a star and its evolutionary stage 

• Analyse information from the H-R diagram for any particular star, by observing 

the position of the star within one of the known groups on the H-R diagram, and 
by reading the scale value of the star plot on each axis.  

• Determine as many characteristics of the star as possible, and its evolutionary 
stage by using other evidence available to you, such as:  

• The vertical axis of the H-R diagram may show the star’s mass relative to the 
sun, its absolute luminosity or its luminosity relative to the sun. The horizontal 
axis may show the star’s surface temperature, its spectral class or its colour 
index.  

• Stars fall into distinct groups in the H-R diagram, with common characteristics of 
luminosity (hence, mass) and temperature (hence, colour), and at a similar 
evolutionary stage. The regions include:  

o the main sequence (diagonally from bottom right to top left), the red 
giants (middle to upper right side 

o cool, but very luminous, therefore very large), white dwarfs (bottom 
middle and left 

o hot, but low luminosity, therefore small) and the supergiants (across the 
top of the H-R diagram 

o both very hot and very luminous). 

 
Knowing this it is possible to tell what group a star belongs to from its position on 
the H-R diagram.  

• Stars pass through a common evolutionary sequence, from protostar to main 
sequence star, to red giant and then, depending on mass, to a white dwarf, a 
neutron star or black hole.  

• A higher mass star evolves more quickly than a lower mass star. 

Sample analysis 
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Star A is low and to the right of the main sequence, therefore it is a protostar, at a very 
early stage of its life, and heading for the main sequence. It is very cool, but is nearly as 
luminous as the sun, therefore it is very large. 

Star B is on the main sequence, so it has begun to produce energy by fusion of 
hydrogen into helium. Its low surface temperature shows it to be a red star, while its low 
luminosity, and position at the bottom of the main sequence, show it to be a dwarf. As a 
low-mass star, it will consume its fuel very slowly and spend a very long time on the 
main sequence. 

Star C is on the main sequence and is steadily converting hydrogen to helium by fusion. 
Its surface temperature is approximately 6000 K (remember that the scales are 
logarithmic), so it is a yellow star like the sun. It is also approximately as luminous as 
the sun, therefore it must be of similar mass to the sun. 

Star D is in the region of red giant stars. It is relatively cool, but about 1000 times as 
luminous as the sun, therefore it must be very large. It has consumed most of its fuel 

and is near the end of its life. 

Star E is very hot and very luminous, about 10 000 times as luminous as the sun, but it 
is on the main sequence. It must therefore be a very young star, as such a star 
consumes its fuel quickly and would not stay on the main sequence very long. It is very 
massive and will have a short, violent life, ending in a supernova. 

Star F is a hot white star, but from its low luminosity, and its position on the H-R 
diagram, we can see that it is very small. It is a white dwarf and is at the end of its life. 

 

explain how the age of a globular cluster can be determined from its zero-age 
main sequence plot for a H-R diagram 

• Stars in a globular cluster are believed to be all of approximately the same age, 
having formed together from a single, large nebula. Theoretically the cluster 
could contain stars covering the whole possible range of stellar masses.  

• The H-R diagram for a cluster of stars with different masses, which have all just 
reached the main sequence, having just begun to consume hydrogen, is called 
the zero age main sequence (ZAMS) plot.  

• When clusters are observed, it is found that the main sequence is missing the 
larger more massive blue stars. The more massive a star is, the more quickly it 
burns up its hydrogen fuel and moves off the main sequence. As a cluster ages, 

the H-R diagram for the cluster appears to ‘peel back’ from the main sequence.  

• Hence the age of a globular cluster can be estimated from the expected lifetimes 
of stars that sit on the main sequence at the “turn-off” point of the globular 
cluster’s H-R star plot. 

Example 

The H-R diagram of a hypothetical globular cluster is shown below. 
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The following evidence from this H-R diagram indicates that this cluster is about 10 
billion years old: 

• stars that have left the main sequence, and are now beyond the turnoff point, 
have predicted lifetimes, based on their mass, of less than about 10 billion years. 

• stars still on the main sequence have predicted lifetimes of more than about 10 

billion years. 

 

explain the concept of star death in relation to: 

o planetary nebula 
o supernovae 
o white dwarfs 
o neutron stars/pulsars 
o black holes 

• Star death occurs when the fusion of elements in the core of the star ceases and 
the outward pressure of radiation is insufficient to prevent the gravitational 
collapse of the star. The processes that occur, and the nature of the object that 
remains, depend on the mass of the star.  

• After a low mass star, less than about 2-5 solar masses, has moved into the red 
giant stage and the helium flash has occurred, carbon and oxygen build up in the 

core. The core begins to contract and the star undergoes a series of bursts in 
luminosity, ejecting successive layers of atmosphere to form expanding shells of 
material around the core. Viewed from a distance, the shells appear as rings, 
known as planetary nebulae.  
 
The temperature of the core is insufficient to cause fusion of carbon and oxygen 
into heavier elements. The extremely hot, dense core simply contracts and cools 

very slowly, remaining white hot for a long time because the mass is great and 
the surface area small. The small surface area also means that it has a low 
luminosity and is therefore very faint. It is known as a white dwarf.  

• In a more massive star, more than about 5-8 solar masses, iron forms by fusion 
of lighter elements, and is deposited in the core. Collapse of the core is halted 
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only by a quantum effect called electron degeneracy, as electrons resist being 
forced into the nucleus. However the density and pressure rise until they exceed 
this outward degeneracy pressure. The core collapses catastrophically and 
rebounds, producing shockwaves that totally disrupt the star and blast much of 
its matter into space. During this phase, the star increases dramatically in 
luminosity, up to several hundred billion times. This event is called a supernova.  
 
If the mass of the core is greater than 1.4 times the mass of the sun, the 
degenerate core consists of neutrons and is known as a neutron star. Further 
collapse is now halted only by neutron degeneracy pressure. Neutron stars often 
have strong magnetic fields associated with beams of radiation from the poles. If 

the neutron star is rotating, the radiation will sweep around the neutron star like 
a lighthouse beam. If the Earth is in the path of the beam as it rotates, we detect 
the beacon as rapid regular pulses of radio waves. Such a rotating neutron star is 
known as a pulsar.  

• If the core is of sufficient mass, exceeding three solar masses, not even the 

neutrons can sustain the enormous pressure, and the core continues to collapse. 
A singularity in space time is formed, known as a black hole. The gravitational 
field of a black hole is so strong that even light cannot escape. 

 

present information by plotting on a H-R diagram the pathways of stars of 1, 5 
and 10 solar masses during their life cycle 

The term solar mass refers to the mass of a star compared to the mass of the sun. The 
sun has 1.0 solar mass. 

• In presenting information with a H-R diagram, the emphasis is on conveying 

information and relationships clearly and accurately. Both axes of your H-R 
diagram should be correctly labelled and logarithmic scale divisions drawn 
accurately. Star data must be plotted accurately against the scale on each axis.  

• Label the regions through which stars pass, on the H-R diagram, such as the 
main sequence stars, the region of red giants and the region of white dwarfs.  

• Draw the evolutionary pathway of each star by showing:  
o where it enters the main sequence from the protostar region 
o where it leaves the main sequence to become a red giant 
o where it turns around as a red giant, or goes to supernova 
o where a low-mass star ends up as a white dwarf 

 

• The way in which a star evolves is determined solely by its mass. The more 
massive the protostar, the higher to the left on the H-R diagram it moves onto 
the main sequence. A small star will enter the main sequence at the bottom right 
of the H-R diagram and spend a great deal of time there. A very large star of, 
say, 10 solar mass, will enter the main sequence towards the top left of the H-R 

diagram and have a short, explosive life. 
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The following web sites will help you to identify the evolutionary path taken by stars over 
a range of solar mass. 

Basics of the HR diagram Davison E. Soper, University of Oregon., USA. A site that 

shows where stars of 0.1 to 10 solar masses enter the main sequence. 

Stars and Stellar Evolution Cornell University, USA. An interactive site where the 
evolution of stars of different mass, from 0.1 to 120 solar masses, can be simulated. 

This interactive site may not run on late versions of Java. 

http://zebu.uoregon.edu/~soper/Stars/hrdiagram.html
http://astrosun2.astro.cornell.edu/academics/courses/astro101/herter/java/evolve/evolve.htm

