
9.5 Option –Geophysics: 1. The physical Earth 

Syllabus reference (October 2002 version)  

1. Geophysics 
involves the 
measurement 
of physical 
properties of 
the Earth  

Students learn to:  

• describe the properties of 
earth materials that are 
studied in geophysics — 
particularly elasticity, 
density, thermal, magnetic 
and electrical properties  
  

• identify the principal 
methods used in 
geophysics as seismic, 
gravitational, magnetic, 

palaeomagnetic, electrical, 
electromagnetic, 
radiometric and 
geothermal, and describe 
the type of information that 
two of these methods can 
provide 

Students:  

• identify data sources, 
gather and process 
information to discuss 
Newton’s proposal for the 
shape of the Earth using 
data gathered from 
investigations involving 
pendulum measurements  
  

• plan, choose equipment or 
resources for, and perform 

first-hand investigations to 
gather data and use the 
available evidence to 
analyse the variation in 
density of different rock 
types 

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

identify data sources, gather and process information to discuss Newton’s 

proposal for the shape of the Earth using data gathered from investigations 
involving pendulum measurements 

• identify data sources by first choosing a strategy for finding the kind of 
information you need. You will need to find information on Newton’s proposal, as 
well as information on pendulum experiments conducted by Newton’s 
contemporaries and on why the issue was controversial. Your data sources may 
be physics books or journals and the Internet. Two web sites that have some 
interesting reading are:  
 
Variability of Pendulum Vibrations Sacred Texts, and  
 
The meridian arc measurement in Peru 1735-1745 , Jim R Smith, UK.  

  
• Gather only the information that would be useful in answering a question directly 

on this topic. Write notes about this information in your book.  
  

• Process the information from various sites to decide which is the most reliable. 

Sample discussion 

In his Principia, published in 1687, Newton considered the diurnal circular motion of the 
Earth and concluded that the Earth must be flattened at the poles, i.e. an oblate 
spheroid, not a perfect sphere. 
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Newton did no direct experiments with the pendulum to support his hypothesis; instead, 
he used data collected by Picard, and also by French scientists including Jean Richer, in 
1671 at Cayenne in French Guiana. Richer measured the period of a pendulum and found 
that it beat faster in Paris than it did in Cayenne. 

Picard’s and Richer's data suggested that the period of a pendulum changes with 
latitude, being lesser towards the poles and increasing towards the equator. 

Using his law of universal gravitation Newton concluded that the period of a pendulum 
would be less if it were closer to the centre of the Earth, where g is greater, and that the 
pendulum would beat more slowly if it were farther from the centre from the Earth, since 
all other variables that could affect the pendulum period remained constant in Picard’s 
and Richer’s experiments. 

Newton used this reasoning to argue that the surface of the Earth is closer to the centre 
at higher latitudes nearer to the poles than it is towards the equator and that the shape 
of the Earth is therefore an oblate spheroid. 

Useful Links: 

Jean Richer , University of St Andrews, Scotland. 

 

describe the properties of earth materials that are studied in geophysics — 
particularly elasticity, density, thermal, magnetic and electrical properties 

• Elasticity of materials, their ability to return to their original shape, size or 
condition after a deforming stress is removed, is compared in terms of their 
elastic modulus.  
 
The elastic modulus of a material, given as stress/strain, changes with pressure 
and temperature. Pressure tends to increase the modulus; temperature tends to 
decrease the modulus. There are two different elastic moduli: the shear 
modulus, if the stress is a shear, and the bulk modulus if the stress is 
compressional.  

 
Most rocks are surprisingly elastic when compared to an elastic band. When a 
stress is suddenly released, such as in an earthquake, the change in strain of the 
rock travels outwards as an elastic seismic wave.  
  

• Density is the mass of material per unit volume.  
 
Density is one determining factor for the velocity with which a seismic wave 
travels through a medium. The velocity in the medium is inversely dependent on 
the density of the medium. Seismic wave reflection and refraction at rock type 
boundaries is dependent on the relative densities of the layers.  
  

• Thermal conductivity is defined as the rate at which heat flows through a unit 
area of a body and is precisely defined as the quantity of heat that passes in unit 
time through unit area of a plate, when its opposite faces are subject to unit 
temperature gradient. Rocks of higher thermal conductivity are more efficient at 
transferring heat energy.  
 
The thermal gradient is the rate at which the Earth’s temperature changes with 
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depth. Its average is about 30ºC per kilometre of depth near the surface, but 
decreases with depth as the temperature increases.  
 
Heat flow rate measures the amount of heat passing through a given area of 
rock plate in unit time. It is proportional to both thermal conductivity and 
temperature gradient.  
 
Global Heat Flow , Judson L. Ahern, Ohio State University, USA. This site has 
some good diagrams.  
  

• Magnetic susceptibility is the material property which determines the magnetic 

response of different materials. It is defined as the intensity (strength) of 
magnetisation of that material when placed in a magnetic field of unit intensity. 
The magnetic susceptibility depends on the amount of ferromagnetic minerals 
(e.g. magnetite) present in the rock.  
 
Rock magnetism occurs in sedimentary rocks that contain magnetic minerals 
that align with the Earth’s magnetic field as the sediments settle and retain their 
orientation as the rock hardens. Magnetic minerals in molten materials also align 
with the Earth’s magnetic field when they cool through the Curie temperature 
(usually around 550° C), preserving the direction of the Earth’s magnetic field in 
the solid rock when they cooled through that temperature. This alignment is 
maintained as long as the temperature of the rock remains below the Curie point.  
  

• Electrical properties  
 
Electrical conductivity of a rock is a measure of how easily that material allows 
an electrical current to pass through it. Electrical conductivity is the ratio of the 
current density to applied electric field.  
 
Electrical resistivity is a measure of how strongly a material opposes the flow 
of electric current and is the quantity usually cited in geophysics. It is the inverse 
of electrical conductivity. Different rock types have a characteristic range of 
resistivities.  

 

identify the principal methods used in geophysics as seismic, gravitational, 
magnetic, palaeomagnetic, electrical, electromagnetic, radiometric and 
geothermal, and describe the type of information that two of these methods 
can provide 

• The principal methods used in geophysics are seismic, gravitational, magnetic, 

palaeomagnetic, electrical, electromagnetic, radiometric and geothermal.  
  

• Note: Make sure that you describe the type of information provided by these 
methods, not just the method itself. You only need to be able to describe the type 
of information that TWO of these methods can provide but four have been 
provided to give you further examples.  
  

• Seismic methods involve the study of the way acoustic shock waves are 
modified by the earth materials and structures they pass through. They travel 
faster in more rigid and in denser bodies and are reflected from and refracted at 
the boundaries between various rock types. Utilising the concept of travel times, 
geophysicists are able to infer the density, shape and structure of materials in the 
part of the Earth through which the waves have travelled. This allows them to 
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interpret the geologic structure of the underlying rock strata and also to form an 
image of the internal structure of the Earth.  
  

• The Gravity Method uses variations in gravity over localised areas on the Earth. 
The strength of the gravitational field at a point on the Earth’s surface depends 
upon the density distribution below. Using highly sensitive balances or very 
sophisticated absolute gravity meters, geophysicists can determine lateral 
variation in gravity. Gravity surveys typically distinguish the major rock types 
found in a survey area, or are used to assist in the delineation and identification 
of very dense ore deposits on a smaller scale. Gravity is also used to delineate 
structures associated with oil such as diapiric salt domes. Early gravitational 

methods were used to investigate the Earth’s size and shape by studying 
pendulum motion variations.  
  

• Radiometric Methods exploit the natural radioactivity of many minerals. 
Scintillation counters and gamma-ray spectrometers are used, either on the 
ground or by air, to record the spectral signatures of the radiation emitted. These 
can be compared to the characteristic spectral signatures of certain rock types to 
identify the source of the radiation.  
 
Radiometric methods can also be used to measure the proportions of different 
radioisotopes in a rock sample. The known half-lives of the isotopes are then used 
to calculate the age of the rock.  
  

• Geothermal Methods: Thermal rock properties can provide information on 
lithology, structure and the nature of fluids in porous rocks, and can aid in 
understanding the thermal history of, for example, a prospective hydrocarbon-
rich geological basin. This is of economic importance, as expensive drilling can be 
limited to areas where the potential for the presence of hydrocarbons is high.  
 
Measurement of heat flow through the Earth’s surface provides information about 
tectonic structure with the majority of heat being released by volcanism 
associated with mid-ocean ridges, active mountain belts, rifts, hot spots, and so 
on. 

 

plan, choose equipment or resources for, and perform first-hand investigations 
to gather data and use the available evidence to analyse the variation in 
density of different rock types 

• As you plan this investigation, think about how you would explain why your 
chosen procedure is appropriate for this task. Perform a risk assessment of each 

planned step.  
  

• Choose equipment that will allow you to test the rock samples non-
destructively. Select a range of different rock types (eg volcanic, sedimentary, 
igneous, metamorphic, ores).  
  

• Perform your investigation using safe work practices.  
  

• Prepare a suitable form in which to record your gathered data before you begin. 
Plan a number of replicates of each trial to increase the reliability of your data.  
  

• Analyse the information comparing your data to sample data on density variation 
obtained from other sources (e.g. the internet). Also consider whether a 
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destructive method of testing would have given different results. Use your 
evidence to organise your rock samples into some cohesive order.  
  

Sample procedure  

Obtain a number of rock samples which will slide into a large measuring cylinder 
(preferably plastic for safety reasons). 

Measure the mass of each sample using a balance (mechanical or electrical). 

Repeat each process at least 3 times to obtain accurate and reliable data. 

Tie light twine to each of these samples in turn and measure their volume by observing 
the amount of water displaced when each rock is completely immersed in the water 
(difference between final and initial readings on the measuring cylinder). 

Repeat each process at least 3 times to obtain accurate and reliable data. 

Record the data in a suitable table, calculate the averages and use these to calculate 
density for each sample. 

Organise the samples into rock types Sedimentary, Metamorphic, Igneous (plutonic) and 

Igneous (volcanic). 

Obtain secondary data on the variation of rock type ( internet). 

Analyse your data by comparing it to the secondary data collected. 

Helpful Links 

Density variations of earth materials , Thomas M. Boyd, University of Melbourne. 

Densities of common rock types , Andrew Alden, Geology,about.com. 

9.5 Option - Geophysics: 2. Remote sensing 

Syllabus reference (October 2002 version) 

2. Some 
physical 
phenomena 

such as 
gravitation and 
radiation 
provide 
information 
about the 
Earth at a 
distance from 
it  

Students learn to:  

• describe how absorption 

and reflection of radiation 
can provide information 
about the reflecting surface 

• explain how remote 
sensing techniques can be 
used to monitor climate, 
vegetation and pollution 

• identify two uses of remote 
sensing of radiation in 
mineral exploration 

• outline reasons why the 
gravitational field of the 

Students:  

• perform a first-hand 

investigation to gather data 
to demonstrate the 
relationship between the 
nature of a surface and the 
radiation reflected from it 

• process information to 
describe the significance of 

Jean Richer's experiments 
with the pendulum in 
disproving the spherical 
Earth hypothesis 

• solve problems and analyse 
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Earth varies at different 
points on its surface 

• describe how the paths of 
satellites are used to study 

the Earth's gravity 
• outline the structure and 

function of a gravimeter 
• describe the purpose of 

data reduction in gravity 
surveys 

• recount the steps involved 
in gravity data reduction 
including latitude 
correction, free air 
correction and Bouguer 
correction 

• identify and describe the 

uses of gravity methods in 
resource exploration  

information to calculate the 
mass of the Earth given g 
and the diameter of the 
Earth 

• solve problems and analyse 
information to calculate the 
mass of the Earth given the 
period and the altitude of a 
satellite:  

 

• process information from 
secondary sources to 
reduce collected gravity 

data 

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

Prior learning: Preliminary modules 8.2, 8.3, 8.4. 

Background: Most if not all, large mineral deposits now found in the world are found by 
the utilising processes of remote sensing. The ability of remote sensing techniques to 
provide baseline data for widespread environmental management programs is immense. 
Without remote sensing it is unlikely that many of the mineral deposits recently found 

would have been found. The techniques are relatively non invasive and hence cause little 
or no damage to the areas under study. 

perform a first-hand investigation to gather data to demonstrate the 
relationship between the nature of a surface and the radiation reflected from it 

• To do this activity you need to determine the nature of reflected light from a 
surface and view that light through some sort of filter device to make 
comparisons of the differences between the surface and the nature of the light 
reflected. This type of investigation could be as simple as viewing coloured 
photographs through different coloured filters to observe how the appearance of 
the images in the photographs appear to vary. 

• Draw up a table to record the data you collect. 

 

describe how absorption and reflection of radiation can provide information 
about the reflecting surface 

• Some surfaces will reflect or absorb particular wavelengths preferentially. 
Observing that effect can indicate the nature of the surface. Geophysicists using 
remote sensing can use this property to make observations and draw conclusions 
about the nature of a surface without the need to actually go and have a look 
other than to do spot checks to determine they are correct in their conclusions.  
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explain how remote sensing techniques can be used to monitor climate, 
vegetation and pollution 

• In explaining how remote sensing can be used in monitoring you would need to 
refer to at least the following:  

o Aerial and satellite surveys can provide baseline data for the monitoring of 
the climate, vegetation and pollution. 

o Weather satellites are perhaps the most spectacular success story known 
in satellite monitoring. Weather photographs of the Earth or particular 
regions are an invaluable and everyday feature of almost all television 
news reports. At least one pay television channel broadcasts the satellite 
photos of weather over Australia regularly. 

o Satellites monitoring vegetation rely on the different absorption and 
reflectance patterns of particular bands of the electromagnetic spectrum to 
enable vegetation monitoring. Changes in vegetation cover can be noted 

through variations in the strength of reflectance patterns over time. Once 
a baseline pattern is established it can be compared to future reflectance 
patterns to ascertain change. 

o Pollution, be it air or water will affect the reflectance and absorption of 
certain bands of the electromagnetic spectrum observed by satellites. 
These changes in reflectance or absorption serve as a proxy for the level 
of pollution. In the case of water pollution it may be possible to take 
photographs of the pollution. In a similar manner it may be possible to 
photograph visual air pollution such as smoke. 

 

• In addition to these points it may be necessary for you to demonstrate an 

understanding of how a difference in reflectance of certain wavelengths might 
indicate certain ground cover conditions. 

 

identify two uses of the remote sensing of radiation in mineral exploration 

• To complete the requirements for this dot point from the syllabus you would need 
to refer to things similar to the following: Different minerals may absorb and 
reflect different bands of the electromagnetic spectrum differently. In this way 
and using systems such as the AVARIS satellite borne spectrometer it may be 
possible to detect concentrations of different minerals.  

• In addition to that it is possible to use airborne surveys with extremely sensitive 
radiation detectors to do regional geological surveys to produce geological maps 
based on the difference in the gamma radiation emitted by varying 
concentrations of radioactive elements in different minerals. Such surveys are 
also capable of detecting near surface deposits of uranium in situ. 

 

process information to describe the significance of Jean Richer's experiments 
with the pendulum in disproving the spherical Earth hypothesis 
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• In 1671 Jean Richer determined that as he approached the Equator the period of 
his survey pendulum clocks was wrong. Since the length of the pendulum was a 
constant the only explanation was that the gravity became stronger approaching 
the Equator because of the greater distance of the Earth's surface from the centre 

of the Earth. 

 

solve problems and analyse information to calculate the mass of the Earth 
given g and the diameter of the Earth 

• The surface gravity (g) of a body depends on the mass (M) and the radius (r) of 

the given body. These variables are related by the formula: where 
g is called the Gravitational constant (G = 6.67 X 10-11 Nm2kg2) and r is the 
radius of the Earth at that point.  

• Example problem  
o Find the mass of the Earth if the radius r of the Earth is 6378 km or 63878 

000 m. The surface gravity on Earth at the Equator location is measured 
at 9.79000 ms-2. 

 

• Answer  

Note that the gravity difference around the world at different locations would result in 
differences in the calculation of the mass of the Earth. 

 

outline reasons why the gravitational field of the Earth varies at different points 
on its surface 

• Earth's gravity varies from place to place because of variation in the distance to 
the centre of the Earth from a point on the surface or because of the difference in 
the density of the material beneath the point of the surface where measurements 
are taken. If the point of measurement is beside a mountain range such as the 
Himalayas then a gravitational attraction will occur between the mountain range 
and a body on the surface of the Earth. The resulting gravity at a point on the 
Earth's surface is the vector sum of the gravitational attractions experienced by 
the body at that point. 

 

describe how the paths of satellites are used to study the Earth's gravity 
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• Satellites are equipped with sensitive altimeters and have two components of 
motion. One is acceleration toward the centre of the Earth produced by gravity 
and the other a sideways motion that prevents the falling satellite from hitting the 
Earth. As they fly vertically over different parts of the Earth where the gravity 
varies they will accelerate at slightly different rates resulting in their altitude 
relative to the Earth's surface either increasing or decreasing. The relative change 
in altitude is therefore a proxy for gravity strength.  

• Sophisticated satellite systems such as GRACE use two satellites that are 
accurately positioned relative to one another by sensors. As one satellite passes a 
point where it accelerates faster or slower the relative difference in the position of 

one satellite compared to the other can be used to determine the gravity at that 
point.  

• To see a website that describes how the GRACE satellite system works to 
determine gravity over the surface of the Earth see GRACE University of Texas, 
USA  

 

solve problems and analyse information to calculate the mass of the Earth 

given the period and the altitude of a satellite:  

• In order to do this type of calculation you must be aware that G represents the 
Universal gravitation constant 6.67 X 10-11 Nm2kg2 and that the period and radius 
of the satellites orbit from the centre of the Earth must be known.  
 
Consider this example:  

 
For a geostationary satellite the period of orbit is 23 hours and 56 minutes or 
86160 seconds. The height of the orbit is 35 787 km which is 42 164 km from the 
centre of the Earth. The mass of the Earth is therefore  

 

 

outline the structure and function of a gravimeter 
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• This is best done with the aid of a schematic diagram rather than with words 
alone.  

 

• A gravity meter or gravimeter is designed to measure gravity to a high order of 
accuracy in a specific location. Mostly a gravimeter is used to make direct 
comparisons of the gravity in one location compared to another nearby location.  

• The simplest type of gravimeter is a mass-spring system. Its operation based on 
simple harmonic motion in a spring. If you hang a mass on a spring the weight 

force (m g) acting on the mass causes the spring to stretch a certain distance (x) 
from its unstretched length. The length the spring stretches is dependent on a 
characteristic of the spring called the spring constant (k) and the size of the 
attached mass.  

• The relationship that describes this stretching is . In other words the 
stretching is proportional to the weight force acting on the spring. If the mass 
and spring are kept the same but moved to a number of different locations where 
the g varies then the length of stretching due to the constant mass hanging off 
the end of the spring will vary as the weight force varies. The change in the 
relative stretching of the spring (change in x) is a direct result of any changes in 
g.  

• To see a site that shows and describes an absolute gravimeter go to Gravimetry: 
Absolute Gravity National Geodetic Survey, National Oceanic and Atmospheric 
Administration, Department of Commerce, USA 

 

describe the purpose of data reduction in gravity surveys 

• When a gravity survey is done the geophysicists doing the survey are looking for 
very small variations in the gravity in an area due to a change in the relative 
density of underlying rock layers so they might find an orebody or an oil well. 
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Absolute gravity measurements are too difficult to obtain so the geophysicist is 
looking for comparison of gravity at locations in the survey area.  

• The purpose of gravity reduction then is to remove from data the gravity effects 

that are not due to subsurface geology. There are basically three types of 
correction: latitude, topographic, and the Eötvös correction (for a moving 
measuring platform such as a ship or helicopter). For the syllabus dot point we 
need only worry about the first two types of correction.  

Remember that gravity anomalies are measured in milliGals (mGal or mgal) or 

gravity units (g.u.) 

1mGal = 10 g.u. = 1 x 10-5ms-2 (approximately 1 x 10-6 g)  

 

process information from secondary sources to reduce collected gravity data 

• Due to the lack of availability of suitable raw data, simulated data have been 
provided.  

• The data are representative of actual field data, however, it is simulated and not 
produced by forward modelling and as such does not claim to be correct in all 

aspects.  

• The following spreadsheet contains simulated data as would be collected using a 
LaCoste and Romberg Model G gravity meter along a north – south trending 
survey line. The target is a massive sulphide orebody with a depth of burial of 
approximately 100m, a cross-section of 100m x 100m and a density of around 
3.5 - 4 g/cc. The orebody has an excess mass of around 20 million tonnes.  

• The data can be processed as suggested in the instructions below to satisfy this 
outcome dot point. 

CLIENT: XYZ MINERALS 

GRAVITY METER : Gxyz 

Station 
Field 
Readi

ng 

Time / 
Elapsed 

time 
(minute

s) 

Drift 
correct

ed 
readin

g 

Meter 
scale 

consta
nt 

Relati
ve 

gravit
y 

Elevati
on 

(m) 

Latitud
e 

correcti
on 

Bougu
er 

Gravit
y 

Easti
ng 

Northi
ng 

1000 0000 
2360.6
2 

0942 (0) 2360.62 
1.0079
9 

0.00 0.00     

1000 0100 
2364.0
0 

0947 (5) 2364.00 
1.0079
9 

3.41 1.00     

    
2364.0
0 

0949(7) 2364.00 
1.0079
9 

3.41 1.00     

1000 0200 
2366.1
0 

0953(11
) 

2366.09 
1.0079
9 

5.51 2.00     

    
2366.1
2 

0955 
(13) 

2366.11 
1.0079
9 

5.53 2.00     
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1000 0300 
2368.0
0 

0959 
(17) 

2367.99 
1.0079
9 

7.43 3.00     

    
2368.0
0 

1001 
(19) 

2367.98 
1.0079
9 

7.42 3.00     

1000 0400 
2369.0
0 

1005 
(23) 

2368.98 
1.0079
9 

8.43 4.00     

    
2369.0
2 

1007 
(25) 

2369.00 
1.0079
9 

8.45 4.00     

1000 0500 
2370.8
2 

1011 
(29) 

2370.80 
1.0079
9 

10.26 5.00     

    
2370.8
4 

1013 
(31) 

2370.81 
1.0079
9 

10.27 5.00     

1000 0600 
2371.6
2 

1017 
(35) 

2371.59 
1.0079
9 

11.05 5.50     

    
2371.6
2 

1020 
(38) 

2371.59 
1.0079
9 

11.05 5.50     

1000 0700 
2370.8
2 

1024 
(42) 

2370.79 
1.0079
9 

10.25 5.00     

    
2370.8
4 

1026 
(44) 

2370.80 
1.0079
9 

10.26 5.00     

1000 0800 
2369.0
0 

1030 
(48) 

2368.96 
1.0079
9 

8.41 4.00     

    
2369.0
2 

1032 
(50) 

2368.98 
1.0079
9 

8.43 4.00     

    
2368.9
8 

1035 
(53) 

2368.94 
1.0079
9 

8.39 4.00     

1000 0900 
2368.0
0 

1039 
(57) 

2367.95 
1.0079
9 

7.39 3.00     

    
2368.0
0 

1041 
(59) 

2367.95 
1.0079
9 

7.39 3.00     

1000 1000 
2366.1
0 

1045 
(63) 

2366.05 
1.0079
9 

5.47 2.50     

    
2366.1
2 

1047 
(65) 

2366.07 
1.0079
9 

5.49 2.50     

1000 1100 
2364.0

0 

1050 

(68) 
2363.94 

1.0079

9 
3.35 2.00     

    
2364.0
0 

1053 
(71) 

2363.94 
1.0079
9 

3.35 2.00     

1000 1200 
2362.5
8 

1115 
(93) 

2362.50 
1.0079
9 

1.90 1.50     

    
2362.5
8 

1117 
(95) 

2362.50 
1.0079
9 

1.90 1.50     

1000 0000 
2360.7
2 

1142 
(120) 

2360.62 
1.0079
9 

  0.00     



• The first step in the reduction of the data is to remove temporal variations due to 
instrument drift and earth tidal variations. Normally tidal variations are removed 
by applying corrections calculated by a computer program such as ertide. In the 
case of these data where we do not have such values available, the tidal effect 
can be considered to be linear for periods of less than two hours. The period of 
the sinusoidal tidal curve is approximately 12 hours and as such can be removed 
together with the linear instrument drift in one calculation.  

The combined drift correction =  

When 

f b= final base reading, f i = initial base reading, T total = elapsed time for loop in 
minutes and 

T elapsed = elapsed time in minutes for reading being processed. 

From the above data: loop time = 120 minutes (09:42 to 11:42)  
Final base reading – initial base reading = 2360.72 – 2360.62 = 0.10  
Therefore drift correction = -0.10/120 = -.000833 meter units / minute 

The drift corrected value for station 1000E/0900N is then: 

2368.00 – 08 x 57 = 2363.44 for reading taken at 1039 

• The rest of the readings are processed in the same manner. Where more than 

one reading is taken at a station, each reading is processed and the average 
reduced value is used.  

• Next the meter calibration constant for the range of readings is selected from a 
table of meter constants provided in the meter manual and the relative gravity is 
determined at each station assuming the value at the base station ( 
0000N/1000E) is 0.00. The readings at each station are determined by 

subtracting the drift corrected base reading from the drift corrected station 
reading and multiplying the result by the meter calibration constant.  

• A correction for latitude has to be applied next.  
g = 978.0327(1 + 0.0053024sin2 θ - 0.0000058 sin22 θ in Gals  
Differentiating we obtain  
ΔgL = 0.813 sin2θ - 1.78 x 10-3 sin 4 θ mGal/km  

 
For latitude 30 degrees south this gives a value of .704 mGal/km (note that this 
correction is negative with increasing latitude) and hence for the line surveyed 
0.007 mGal has to be added for each 100m North of the base station.  

• The Free-air and Bouguer corrections are normally combined and applied as a 
single elevation correction given by:-  

Elevation Correction = + (0.3086 – 0.0419ρ)h  
where ρ is the mean density of the near surface rocks in g.cm-3 and h is the 
elevation of the gravity station in metres relative to a datum level for the survey. 



In these data the elevation is relative to the base station and the local near 
surface rock density is close to 2.2g.cm-3. (Note. Local density can be estimated 
by a method called Nettledon Profiling where the density that results in the 
reduced data bearing least resemblance to the topographic profile, yields the 

most correct density) 

• The gravity values resulting from these corrections are Bouguer values and are all 
relative to each other. They can be converted to absolute by tying them to the 
gravity station network or by determining the absolute value of one or more of 
the station covered by the survey. 

 

recount the steps involved in gravity data reduction - latitude correction, free 
air correction and Bouguer correction 

• Remove all corrections using the formula 

.  
This will enable you to determine the terrain corrected Bouguer anomaly. Once 
the free-air correction, latitude correction, Bouguer slab correction, and terrain 
corrections have accurately accounted for the variations in gravitational 
acceleration they produce, the remaining variations in g are associated with the 

terrain corrected Bouguer gravity. This is interpreted to be caused by a real 
variation in the geological structure beneath the survey site.  
 

is the g value expected at the latitude at which the survey is conducted. The 
free air correction is Fayles correction. A high station above the base station has 
gravity that is too low because it is farther from centre of Earth, so g is lower. A 
station lower than the base station is closer to the centre of the Earth so has a g 

that is too high.  
 
Latitude correction – Due to its shape (an oblate spheroid), and the rotational 
motion of the Earth, gravity increases as one moves from the equator to the 
poles. As a result, a correction must be made along a survey if the latitude 
changes – added as we move north in Australia and subtracted if we move south.  

The symbol for the latitude correction is gø and the correction is given by 

gθ= 0.811 sin 2θ mGal km-1  

where θ is the latitude. Note that the correction is a maximum at latitude 450 
where it is a change of about 0.01mGal every 13m. Near Sydney the correction is 

about 0.07mGal/100m. 

Topographic corrections  

There are three types: Free-air correction, Bouguer correction and Terrain 
correction. Only the free-air and Bouguer corrections are dealt with here but in 
areas of high relief, topographic corrections are needed to take into account the 
relative lateral attraction of hills and valleys. 

Free-Air Correction. - Gravitational attraction decreases as elevation increases. 
To account for this, a correction needs to be made relative to a specific altitude. 
This altitude (the datum level) may be sea level or the height of a station chosen 
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by the geophysicist. If g0 is the observed gravitational attraction at the datum 
level then at a height h above it the observed gravitational attraction g is given 
by 

 

where R is the radius of the Earth. 

For small changes the free-air correction (CF) is given by 

C F = 0.3086h mGal  

where h is the elevation change from the datum level in metres. Note that this is 
a relatively large correction. It means that a geophysicist needs to know the 
elevation to within about 30cm if the gravity measurement is to be accurate to 

within 0.1mGal. 

Bouguer Correction. - If a measurement is made above a datum level the effect 
of the rock material between the measuring station and the datum level must be 
taken into account. It makes a positive contribution to the gravity reading. 

The Bouguer correction (CB) is given by 

C B= 0.04192hρ X 10-3 mGal  

where h is the height above the datum level in metres and ρ is the density of the 
rock material in kg m-3. The correction is named after Pierre Bouguer who first 
dealt with the effect in his measurements in the Andes in 1735. To see how the 

three corrections work together, consider the following diagram showing a cross 
section along a gravity survey line.  
 

 



Location 1 is our datum level and the traverse is from south (S) to north (N). 

The latitude correction is added to take account of the increasing Earth radius as 
we move north. 

The free-air correction is added at station 2 because it is above the datum level to 
take the increased elevation into account. The free-air correction is subtracted at 
station 3 because it is at a lower elevation. 

The Bouguer correction(CB) is subtracted at station 2 to remove the effect of the 

rock between the station and the datum level. This correction is added at station 
3 to compensate for the ‘missing’ mass of the valley. 

The calculations in the diagram are called simple Bouguer anomalies (Bouguer 
anomalies contain a terrain correction). A free-air anomaly is one which involves 
only the free-air and latitude corrections. This type of correction is used at sea or 
on flat land. 

As a final note it should be recognised that in gravity surveys a drift correction is 
also made to account for changes in the gravity meter and tidal effects. 

 

identify and describe the uses of gravity methods in resource exploration 

• Gravity methods are commonly used in regional surveys particularly to identify 
ore bodies with high density that produce a gravity high and in surveys looking 
for oil traps such as low density salt domes that produce gravity lows.  

• During gravity surveys all gravity readings are made relative to a selected 
location called a base station which is near to the area being surveyed. The aim 
of the survey is to determine differences in gravity over relatively short distances. 
Areas of equal gravity are linked with contour lines on a map to show areas of 
equal gravity. The map thus produced indicated the relative subsurface of the 
area.  

• This information can be used as a proxy for rock type or geological features. It 
cannot tell you what rock is beneath the surface but can assist with the 
delineation of subsurface structures.  
 
A good site showing photographs and fact sheets for a variety of geophysical 
equipment that is actually used in the field in geophysical studies and how it is 
used can be found at Gisco Geophysical Instruments Minneapolis, 

Minnesota, USA (This web site last checked on15 Aug 2008) 

9.5 Option - Geophysics: 3. Seismicity 

Syllabus reference (October 2002 version) 

3. Seismic 
methods 
provide 
information 
about the large 
scale structure 

Students learn to:  

• describe the properties of P 
waves and S waves 

• outline how a seismic 
wave‘s path is affected by 

Students:  

• perform an investigation to 
model the principles of the 
reflection and refraction of 
seismic waves 
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of the Earth 
and the 
detailed 
structure of its 

crust  

the properties of the 
material it travels through 

• explain how seismic waves 
are reflected and refracted 

at an interface 
• outline the structure and 

function of geophones and 
seismometers 

• summarise the evidence for 
a liquid outer core and a 

solid inner core of the Earth 
• outline the methods of 

seismic reflection and 
refraction 

• discuss the uses of seismic 
methods in the search for 
oil and gas 

• analyse information from a 
graph of travel time versus 
shot-to-geophone distance 
for a single layer 

• gather, process and 
present diagrammatic 
information to show the 
paths of P and S waves 
through the Earth 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  
[Edit 18 Aug 08] 

Prior learning: Preliminary modules 8.2, 8.3, 8.4. 

Background: Until the science of studying seismic waves the only clue to what was 
beneath the surface was the drill hole. The structure of the Earth was a complete 
mystery. Seismic waves study now provides clear images and clues as the structures 
within the crust and the structure of the Earth. 

describe the properties of P waves and S waves 

• P and S waves are both called body waves because they have the capacity to 
travel through the body of the Earth.  

• P waves are longitudinal compression waves similar to sound and hence can 
travel through all states of matter. S waves are shear waves and hence 
transverse. They cannot pass through fluids that have no shear strength.  

• The difference in P and S wave types means that the shake direction of the P 
wave is in the direction of wave propagation whereas an S wave is at 90° to the 
direction of wave propagation. For more information and diagrams Earthquakes, 
The slinky and the rope Scott Robinson, leader, The Hypertech online 

museum.  

• P waves travel faster than S waves. Because of their lower speed, S waves are 
refracted slightly more at interface boundaries and density changes in materials 
within the Earth. This means S waves have slightly longer range than P waves for 
detection on the Earth's surface. 

 

gather, process and present diagrammatic information to show the paths of P 
and S waves through the Earth 
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• Gather information from texts such as Black, I.F. and Cook, B.J., (editors). 
Perspectives of the Earth, Australian Academy of Science. Chapter 14 b provides 
a good and easily read introduction to this topic.  
 
Information can also be found at websites. U.S. Geological Survey, 
Earthquake Hazards Program could be a starting point.  
 
Another web site is Seismic Waves and Earth's Interior Department of 
Geosciences, Penn State University, Pennsylvania, USA. Some of the information 
is beyond the level needed for this subject but much of it is relevent and 
explained well.  

• Process the information you have gathered by organising it into a series of 
diagrams that show the path of P waves through the Earth as surmised from the 
detection of the waves from different sites around the world. You could then show 
the path of S waves and could finish with a clearly labelled diagram showing the 
path of P and S waves as has been worked out by the places that each of the 

waves has been received.  

• Present the information to the rest of the students on paper, using overhead 
transparencies or as a power point presentation. 

 

outline how a seismic wave’s path is affected by the properties of the material 
it travels through 

• Seismic waves are reflected and refracted at interfaces within the materials in 
which they travel. Their velocity of travel is affected by the properties of the 
material in which they travel such as the density of the material, its bulk modulus 

and shear modulus.  

• In a situation such as the Earth where these properties change with depth within 
the Earth seismic waves tend to follow a curved path from their point of origin to 
detection. 

 

explain how seismic waves are reflected and refracted at an interface 

• Seismic waves follow the same laws of refraction and reflection as any other wave 
at interfaces. That is the angle of incidence will equal the angle of reflection. 
Seismic waves hitting an interface that is relatively transparent to them behave 

similarly to other wave types in having some of their energy transmitted and 

some reflected. Refraction follows Snell's law . Seismic waves can also 
be critically refracted at an interface. 

 

outline the structure and function of geophones and seismometers 
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• Both geophones and seismometers work on the principle of inertia of one 
component of the device measuring movement of another component of the 
device that is attached to the Earth.  

• In the case of the geophone the device measures shakes in the vertical plane 
causing the movement of a magnetic field relative to a coil which generates an 
electric current. The arrival time of the electric current so generated to a 
computer provides a time difference between the reception of the signal at the 
geophone and the time of the original vibrations production (usually a small 
explosion or thumping of the ground). Since geophones are set out in lines the 
timing of the arrival of seismic reflections from multiple geophones can be 

combined by the computer to produce a picture of the subsurface. Geophones 
(Micro Structures and Sensors Lab, Stanford University, California, USA) are used 
predominantly in exploration for petroleum and minerals.  

• Seismometers detect seismic waves usually from earthquakes though they can be 
used to detect explosions. The size of the shake from an earthquake can be 
recorded on a revolving drum. This information can be used to determine the 
intensity of the earthquake.  

• There are two types of seismometers. One measures the earthquake intensity in 
the horizontal direction and the other measures the earthquake intensity in the 
vertical direction. A seismological observatory needs two seismometers able to 
measure earthquake intensity in the horizontal direction positioned at 90° to one 

another and one able to measure earthquakes in the vertical direction. The 
relative intensity of the earthquake measurements on the two horizontal 
seismometers can be used to determine the direction of the source of the 
earthquake from the observatory. Handheld seismometer Explorations in 
earth science, Teaching and learning technologies, Purdue University, Indiana, 
USA. This site uses a handheld seismometer as a teaching resource as it is 
difficult to see the parts of modern seismometers. 

 

analyse information from a graph of travel time versus shot-to-geophone 
distance for a single layer 

• When dong such an analysis it is important to look for the following things: The 
first arrival pulse time at each geophone compared to the shot time and the 
separation distances of the geophones. If these factors are constant then an 
analysis of the data should allow calculation of the depth of the underlying 
reflective layer. 

 

summarise the evidence for a liquid outer core and a solid inner core of the 
Earth 

• The first point to note is that the only evidence that can conclusively indicate the 

presence of a liquid outer and solid inner core is based on the study of seismic 
refraction and reflection. The presence of the liquid outer core is suggested by the 
inability of S-waves to travel right through the interior of the Earth. The S waves 
are thought to be unable to pass through the outer liquid core and hence produce 
a shadow zone where no S waves are detected. For S waves this zone exists from 
103° in all directions from the surface above the earthquake focus.  
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• P waves also form a shadow zone as a result of refraction at the outer core 
mantle interface. Like S waves this also produces a shadow zone but because the 
P waves can actually pass into a liquid, the shadow zone is divided into two 
intervals from 103° to 145° from the earthquake focus.  
 
More information can be found at this website, Nick Strobel, Bakersfield 
College, Physical Science Dept., Bakersfield, California, USA. (web site current at 
18 August 2008)  

• The evidence for the solid inner core is based largely on the detection of weak 
reflections thought to occur at the outer core-inner core boundary that result in 

reflection of some seismic wave energy into the shadow zone for P waves and S 
waves as shown on the figure at the website below(scroll down to figure 1-3). 
Some additional evidence for a slid inner core also exists in the fact that there are 
some seismic P waves that travel through the Earth slower than expected if they 
were to remain as P waves for their entire path. It is thought that these slow P 
waves may be the result of some of the P wave energy incident on the outer core 

- inner core interface being converted to S wave energy that travels at a slower 
speed through the inner core. Those S waves are then converted back to P wave 
energy at the opposite inner core- outer core interface.  
 
Oceanography Department University of Washington, Seattle, Washington, 
USA. (web site current at 18 August 2008) 

 

perform an investigation to model the principles of the reflection and refraction 
of seismic methods 

• One of the best ways to model the principles of the reflection and refraction of 

seismic waves is to use a ray of light from a ray box incident on a glass slab. 
Some of the light will be reflected from the surface of the slab while some will 
enter the slab. This is similar to the reflection of seismic energy at an interface 
between rock layers. Some of the seismic energy will pass into the deeper layer 
whereas some of the energy will be reflected back to the surface. If the angle of 
intersection of the ray with the slab is at the critical angle the ray will enter the 
slab but be unable to emerge from the layer and will travel along the surface just 
inside the slab. Any irregularities on the surface of the slab will result in some of 
the light energy escaping the slab in a similar way to the energy escaping from a 
rock layer interface. 

 

outline the methods of seismic reflection and refraction 

• In both seismic reflection and refraction methods a source of seismic energy is 
artificially generated by an explosion or ground-thumping device. That seismic 
energy is refracted at or reflected by, rock layer interfaces and detected by a 
string of geophone devices spaced at equal intervals away from the source of the 

seismic energy. The travel time of the refracted or reflected energy is used to 
estimate the shape and depth of rock layers using complex algorithms in 
computers.  

• The reflection method relies on the law of reflection to produce an image. The 
travel time allows computation of depth to reflective layers.  
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• The refraction method relies on critical refraction of seismic energy along an 
interface between a low velocity and high velocity rock layer. Periodically some of 
that trapped energy hitting an irregularity in the surface is transmitted to the 
surface where it is detected by one of the geophones. The travel time of this 
detected energy give an indication of the amount of time the wave has spent in 
the lower medium layer and hence the depth and continuity of that layer. More 
information and a diagram can be found at the Geo-Services International 
(UK) website. Just click on Seismic Refraction Profiling. 

 

discuss the uses of seismic methods in the search for oil and gas 

• Seismic methods are the tool of choice of oil and gas explorers seeking to identify 
structures within the crust of the Earth where oil or gas may be trapped. The 
reason for that is that this type of method is readily used in a variety of terrains 

including the marine environment. The method is relatively cheap and gives a 
relatively accurate representation of the arrangement of rock layers in the 
subsurface. The techniques used mainly involve the use of seismic reflection. 

9.5 Option - Geophysics: 4. Magnetism and the Earth 

Syllabus reference (October 2002 version) 

4. Studies of 
past and 
present 
physical 
phenomena 
indicate that 

the Earth is 
dynamic  

Students learn to:  

• describe the Earth’s current 
magnetic field 

• account for the evidence 
that the Earth’s magnetic 

field varies over time 
• summarise the geophysical 

evidence that supports the 
theory of plate tectonics 

• discuss the initial 
reluctance of the scientific 

community to accept the 
mobility of the Earth’s 
plates in the absence of a 
mechanism for plate 
movement 

Students:  

• perform an investigation 
that models, and present 
information to demonstrate 
how the inclination of the 

Earth’s magnetic field 
varies with latitude 

• solve problems and analyse 
information to calculate the 
spreading rate of an ocean 
using a magnetic polarity 

time scale and a magnetic 
anomaly profile 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  
[Edit 18 August 08] 

Prior learning: Preliminary modules 8.2, 8.3, 8.4. 

Background: Studies of the Earth's magnetism represent perhaps the oldest utilised 
geophysical phenomena. The humble compass as a tool for navigation has been one of 
the instruments that enabled the navigational conquest of the Earth. 
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perform an investigation that models, and present information to demonstrate 
how the inclination of the Earth’s magnetic field varies with latitude 

• The Earth's magnetic field is much the same as that of a large bar magnet.  

• One type of investigation you may choose to perform is to model the Earth's 
magnetic field using a tennis ball cut to enable the insertion of a bar magnet. The 
magnetic field can then be studied using a device such as a magnaprobe® or a 
dip needle compass. The magnaprobe® is a small pivoting bar magnet free to 
pivot in three directions. By moving it up and down next to the bar magnet in the 

tennis ball the inclination variation of the Earth can be modelled.  

• This model or one like it should show an inclination lack about the Equator and a 
strong vertical component of magnetic attraction at the poles. Remember that 
because you are asked to present your data to demonstrate your point that 
you must show something other than text. The minimum information should 
therefore be inclusive of accompanying labelled diagrams. 

 

describe the Earth’s current magnetic field 

• The Earth's magnetic field is similar to a bar magnet with lines of magnetic force 

coming out of the south magnetic pole (because it is a north pole) and entering 
the north magnetic pole.  

• The field can be divided into two components- one a vertical field called 
inclination and the other horizontal called declination. At the poles the declination 
component is zero at the magnetic equator the inclination component is zero.  

• The strength and position of the magnetic field varies over time and from place to 
place. 

 

account for the evidence that the Earth’s magnetic field varies over time 

• There are two types of evidence that the Earth's magnetic field varies over time. 
These are the secular variation in the strength and direction of the Earth's 
magnetic field that can be measured by instruments over relatively short time 
frames of the order of years. Secular variations in the Earth's magnetic field are 
attributed to changes within the Earth's outer core that cause the magnetic field 

to shift, wax and wane.  

• There are also magnetic reversals that last for unpredictable periods of time and 
result in the switching of the polarity of the magnetic poles. Magnetic reversals 
are recorded in the magnetism of rocks forming at the time. The cause of 
magnetic reversals is uncertain. 

 

summarise the geophysical evidence that supports the theory of plate tectonics 

• Evidence for plate tectonics includes:  
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o the pattern magnetic polarity stripes mirror imaged on either side of the 
Mid Ocean Ridge (MOR) suggesting seafloor spreading 

o the Benioff zone of earthquakes having progressively deeper earthquake 
focuses that are associated with oceanic trenches suggesting subduction 
and destruction of crustal material 

o the presence of shallow earthquakes along transform faults suggesting 
movement and friction along these faults 

 

solve problems and analyse information to calculate the spreading rate of an 
ocean using a magnetic polarity time scale and a magnetic anomaly profile 

• In order to do this activity the following must be known:  
o the pattern of reversals on either side of a MOR so that they can be 

matched to the magnetic polarity time scale, 

o the distance from the MOR of the magnetic polarity profile.  

• Once the age or time of formation of the magnetic polarity profile has been 
determined the spreading rate can be calculated from the relationship spreading 
distance pided by the time of spreading. Note that in practice this is often a 
difficult calculation because the spreading rate is not regular so you are only 
calculating an average rate of spread.  

• Modern studies of spreading rates involve the use of Global Positioning Satellite 
(GPS) technology with fixed position GPS monitors used to determine the change 
in distance and position of different plates on the Earth's surface with respect to 
one another. One recent study put the rate of spreading between Australia and 
Antarctica at around 7 cm per year with all of that spreading occurring on the 
Australian side of the MOR. 

 

discuss the initial reluctance of the scientific community to accept the mobility 
of the Earth’s plates in the absence of a mechanism for plate movement 

• When theories about continental drift were first proposed they were rejected 
largely because it was not understood how continents could move through an 
ocean. That problem was largely overcome by the dating of the age of the ocean 
floors that were found to be rarely more than 200 million years old and to have a 
maximum of around 250 million years of age. This suggested constant renewal of 
the ocean floors. The discovery of evidence for seafloor spreading was of two 
main types:  

1. The maximum age of sediments was found to increase away from the 
MORs 

• The magnetic polarity reversal stripes detected on the seafloor by large scale 
magnetic surveys were discovered to mirror image about the MORs. The linking of 
these reversals to the magnetic timescale determined on land led to the 
acceptance of the concept of the mobility of the Earth's plates. 

9.5 Option - Geophysics: 5. The information benefits humans 

Syllabus reference (October 2002 version)  

5. Geophysics Students learn to:  Students:  

http://hsc.csu.edu.au/physics/options/geophysics/3078/geophysics_4.htm#top
javascript:newSkill('14.2d')
javascript:newSkill('12.4d')
http://hsc.csu.edu.au/physics/options/geophysics/3078/geophysics_4.htm#top
javascript:newWindow('discuss')


provides 
information that is 
of economic and 
social benefit  

• explain the benefits of 
geophysical methods in 

mineral exploration and 
environmental monitoring  

• describe the role that 
geophysicists have played in 
one of the following:  

o monitoring nuclear 

test ban treaties 
o natural hazard 

reduction 

• identify data sources, 
plan, choose 

equipment or 
resources for, and 
perform an 
investigation to 
demonstrate the use 
of a geophysical 
method in the field 

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

Prior learning: Preliminary modules 8.2, 8.3, 8.4. 

Background: The science of geophysics has enabled the discovery of some of the 
world's largest ore bodies that were hidden under deep cover of sediments and would 
otherwise have remained forever undetected. In addition to that use, the network of 
seismological stations developed during the Cold War has enabled the monitoring of the 
testing of nuclear weapons because of their unique seismic signature. Environmental 
monitoring is now routinely performed using remote sensing tools. The scale of that 
monitoring can vary from the local to regional and even national scale with instruments 
as simple as hand held spectrometers to as high tech as inferometers on satellites. 

identify data sources, plan choose equipment or resources for, and perform an 
investigation to demonstrate the use of a geophysical method in the field 

• You are required to attempt an experiment using a geophysical technique to 
discover something about the subsurface environment.  

• You need to identify data sources so that you are aware of the range of 
investigations that could be done.  

• You may use electrical resistivity methods, a seismic refraction method, or 
something as simple as the use of a commercial metal detector.  

• When you have decided which investigation you are going to do, you will need to 

plan the investigation. The one chosen will largely be determined by the 
equipment available to you. Since metal detectors can be purchased for under 
$30 this is a cheap way to satisfy the requirements of this aspect of the syllabus.  

• When you have chosen the equipment and planned the investigation, perform 
the investigation, carefully recording the results, for example in a table. 

 

explain the benefits of geophysical methods in mineral exploration and 
environmental monitoring 
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• Geophysical methods are of benefit because:  
o they cost less than conventional exploration or monitoring methods 
o they can often be used remotely from the air. This means they have 

greater area coverage than conventional methods do 
o they can be used from satellites hence providing long term and continuous 

data collection 
o the techniques are often non-invasive hence causing no damage to the 

environment 
o the techniques are such that the data collected is readily stored in a digital 

format so it can be reprocessed by computers to extract additional 
information with appropriate algorithms 

o they can see through cover of either vegetation or sediment to provide 
data on the subsurface. 

 

describe the role that geophysicists have played in one of the following: 

o monitoring nuclear test ban treaties 
o natural hazard reduction 

Monitoring nuclear test ban treaties 

• Seismologists are able to determine when a blast comes from an explosion and 
are also able to gauge the size of an explosion by studying the size and shake 
directions of the seismic disturbance caused by the explosion.  

• The same data can also serve to pinpoint the location of any explosion because 
the shake produced by an explosion is different from that produced by natural 
earthquakes.  

• Explosions generate seismic waves in all directions equally whereas earthquakes 
generate seismic waves that are predominantly in one plane.  A world wide 
seismological network of stations has been established by geophysicists and  they 
are strategically located to give as much monitoring cover as is possible. Should a 
nation choose to break the nuclear test ban treaty it would be detected almost 

immediately. This is so even if the nation attempted to hide the test 
underground. The Geoscience Australia (GA) website reports explosions and you 
can check any country's record since 1945. 

You can go to the site describing the contribution of seismology to the Comprehensive 
nuclear test ban treaty, Lawrence Livermore Laboratories, Science and Technology 
Review, 1998. 

Natural hazard reduction 

• Because geophysical techniques can often be operated continuously and remotely 
the techniques are used in monitoring situations where there is a danger of 
landslide or volcanic eruption. The idea is to use geophysical monitoring 

equipment such as sensitive geophones remotely connected to centralised 
computer systems to give early warning of earth movements and potential 
danger. Remote sensing satellites can give early warning of potential weather 
related hazards.  
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• See a volcano hazard site that has links to real time geophysical monitoring of a 
volcanic natural hazard site at Long Valley Observatory US Geological Survey, 
California, USA 

9.6 Option – Medical Physics: 1. Ultrasound 

Syllabus reference (October 2002 version) 

1. The 
properties of 
ultrasound 
waves can be 
used as 
diagnostic 
tools  

Students learn to:  

• identify the differences 
between ultrasound and 
sound in normal hearing 
range 

• describe the piezoelectric 
effect and the effect of 
using an alternating 

potential difference with a 
piezoelectric crystal 

• define acoustic impedance: 

and identify that 
different materials have 
different acoustic 
impedances 

• describe how the principles 
of acoustic impedance and 
reflection and refraction are 
applied to ultrasound 

• define the ratio of reflected 
to initial intensity as: 

 
• identify that the greater 

the difference in acoustic 
impedance between two 
materials, the greater is 
the reflected proportion of 

the incident pulse 
• describe the situations in 

which A scans, B scans, 
and sector scans would be 
used and the reasons for 
the use of each 

• describe the Doppler effect 
in sound waves and how it 
is used in ultrasonics to 
obtain flow characteristics 
of blood moving through 
the heart 

• outline some cardiac 
problems that can be 
detected through the use of 
the Doppler effect 

Students:  

• solve problems and analyse 
information to calculate the 
acoustic impedance of a 
range of materials, 
including bone, muscle, 
soft tissue, fat, blood and 
air and explain the types of 

tissues that ultrasound can 
be used to examine 

• gather secondary 
information to observe at 
least two ultrasound 
images of body organs 

• identify data sources and 

gather information to 
observe the flow of blood 
through the heart from a 
Doppler ultrasound video 
image 

• identify data sources, 

gather, process and 
analyse information to 
describe how ultrasound is 
used to measure bone 
density 

• solve problems and analyse 
information using:  

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

Prior Learning: Preliminary module 8.2 

You should have a clear understanding of the nature of sound, including transmission 
and reflection of sound in solids, liquids and gases. You should have a clear 
understanding of the terms amplitude, frequency, wavelength, velocity and phase as 
they apply to sound waves. 

Background: Diagnosis means identifying a disease or disorder from its symptoms. A 
diagnostic tool is a device or a procedure that assists in diagnosis. Today, medical 
imaging technologies exploit a variety of physical phenomena to investigate the body 
without resorting to surgery. One such technology is based on the properties of 
ultrasound waves, which make them very useful as a diagnostic tool. 

 

gather secondary information to observe at least two ultrasound images of 
body organs 

• Gather secondary information by looking for ultrasound images in popular 
science and medical books. An Internet search will also return a range of images. 
Check that the images are of body organs. Recognising an ultrasound image 
takes practice so a labelled image would be best. You will make better 
observations if you can find an image with a scale. Observe the shades of grey 
(greyscale) or any colour added to the image. Look for the sharpness of the 
image (its clarity and resolution).  

• Try to identify parts of the organ. Look for any relationships between the colour, 
greyscale and type of tissue. Identify any parts of the image which are very dark 
(no echo), very white (good echo), or are intensified, in shadow or repeat 
(possibly artefacts). 

 

identify the differences between ultrasound and sound in normal hearing range 

Characteristic Sound in normal  
hearing range 

Ultrasound 

Frequency 20 Hz – 20 kHz Over 20 kHz  
For medical imaging,  
1 MHz – 15 MHz 

Audibility Audible to humans Inaudible to humans 

Wavelength Longer wavelength Shorter wavelength 

Scattering More easily 
scattered 

Less easily scattered by body 
tissue 

 

http://hsc.csu.edu.au/physics/options/medical/3016/PHY961netdraft.html#top
javascript:newSkill('12.3a')
http://hsc.csu.edu.au/physics/options/medical/3016/PHY961netdraft.html#top
javascript:newWindow('identify')
http://hsc.csu.edu.au/physics/options/medical/3016/PHY961netdraft.html#top


describe the piezoelectric effect and the effect of using an alternating potential 
difference with a piezoelectric crystal 

• Certain crystalline materials, with fixed ions in the crystalline lattice, exhibit an 

effect in which mechanical stress applied to the crystal produces a potential 
difference between opposite faces. This effect is called the piezoelectric effect.  

• Conversely, a potential difference applied to opposite faces of the crystal, say by 
two electrodes on either side of a flat slab of piezoelectric crystal, causes 
mechanical deformation of the crystal. If an alternating potential difference is 

applied, the crystal vibrates, that is, becomes alternately thinner then fatter 
between the electrodes, at the same the frequency as the applied potential 
difference.  

• If the vibrating crystal is in contact with air, it will produce a sound wave of the 
same frequency as the alternating potential difference. The frequency of the 
applied alternating potential difference is chosen to give the desired frequency of 

ultrasound. Careful sizing of the crystal material, to match its natural resonant 
vibration to this frequency, makes for the most efficient transfer of electrical 
energy to ultrasound energy. 

 

define acoustic impedance: and identify that different materials have 
different acoustic impedances 

• Acoustic impedance, Z, is the opposition of a medium to the passage of sound 
waves. A substance with a high acoustic impedance hinders the movement of 
sound energy more than a substance with a low acoustic impedance.  

• Impedance is proportional to both the density of the medium and the velocity of 
the sound within it. The units for acoustic impedance can be found by multiplying 
the units for density by the units for velocity. Hence, acoustic impedance is 
measured in kgm-2s-1.  

• The body consists of a range of materials, such as air in the lungs, gas in the 

bowel, water, blood, muscle, fat and bone. Each body component has a 
characteristic impedance that depends upon the nature of the matter in it. Gases 
have very low density, therefore very low acoustic impedance. The impedance of 
a particular tissue will vary within a range around a typical value. 

Substance Characteristic acoustic impedance 

Air 429 kgm-2s-1 

Water 1.43x106 kgm-2s-1 

 

solve problems and analyse information to calculate the acoustic impedance of 
a range of materials, including bone, muscle, soft tissue, fat, blood and air and 
explain the types of tissues that ultrasound can be used to examine 

Solve problems 
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• You are required to perform numerical calculations to determine acoustic 
impedance. To do this you will need to know the velocity of the sound in the 
material and the material’s density. You will need to examine the problem for 
information that either gives you these values directly or will allow you to 
determine these values. You may need to revise density and velocity. Check the 
units of the given data. Density should be in kgm-3. Velocity should be in ms-1. 

Analyse information 

• You must be able to examine information in order to extract useful data. Density 
and velocity data may be given directly or found in tables, on diagrams or in 
graphs. To find the required data you may need to make inferences. 

Example of inferring data. You are given a problem which includes a graph of the 
velocity of sound against the temperature of air, and a table of air density and air 
temperature values. To calculate the acoustic impedance you should choose a density 
value from the table. Read its corresponding temperature and then use the graph to find 

the velocity at that temperature. 

Calculate the acoustic impedance of a range of materials including bone, muscle, soft 
tissue, fat, blood and air. 

You will need to use the formula Z="ρv" and the data as determined from the above. 

Sample calculation 

The density of blood is 1060 kgm-3and its ultrasound velocity is 1570 ms-1 

Acoustic impedance, Z="ρv" = 1060 x 1570 = 1.59 x 106 kgm-2s-1 

Test yourself 

Fat has an ultrasound velocity of 1450 ms-1 and a density of 952 kgm-3. Find its acoustic 
impedance 

Answer 

Explain the types of tissues that ultrasound can be used to examine. 

• Ultrasound will move through a medium until it encounters a boundary. When this 
happens some ultrasound will be reflected from the boundary and some will cross 
the boundary. The ratio of these two amounts depends upon the difference 
between their acoustic impedance. A big difference will mean that very little of 
the sound will cross the boundary. This means that the boundary will give a 
strong echo. Ultrasound echoes are the basis of examining tissues. Bone has the 
highest acoustic impedance in the body and so most sound is reflected from the 
surface of the bone. This means that the sound cannot penetrate the bone. 
Tissues enclosed by bone, (eg in the skull) hidden by bone or within bone cannot 
be examined.  

• For a similar reason air interfaces have almost complete reflection. This means 
that tissues with enclosed air, such as the lungs, are difficult to image.  

• On the other hand adjacent tissues with similar acoustic impedances will allow 
some ultrasound to be transmitted and some reflected. This allows both an echo 
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and further penetration of the ultrasound. Each boundary will give an echo a 
short time later than the preceding one. This allows us to examine the tissue the 
sound has just passed through. Thus soft or watery tissues such as muscle, fat 
and blood can be examined. 

 

describe how the principles of acoustic impedance and reflection and refraction 
are applied to ultrasound 

Prior learning: Module 8.2 and 8.4 should be revised to check your understanding of 
reflection and refraction. 

• This description may be supported with a diagram. A short burst (pulse) of 
ultrasound is produced by a piezoelectric transducer. This pulse will travel 
through a medium until it reaches the boundary with another medium.  

• Some of the pulse will be reflected and will return to the transducer. The distance 
from the transducer to the boundary (ie the depth of the boundary) can be found 
by recording the time between the pulse and its echo.  

• Some of the pulse will cross the boundary (ie be refracted) into the second 
medium. This refracted pulse will continue into the second medium until it 

reaches another boundary, where some of it will be reflected to return to the 
transducer and some will be refracted a second time. In this way a series of 
echoes having different time lags from the initial burst will be recorded. Each 
represents a boundary at a different distance (depth) from the transducer.  

• The amount of ultrasound reflected compared to the amount refracted at a 
boundary will depend upon the different acoustic impedances of each medium. A 
large difference in impedance means that there is more reflection and less 
refraction at a boundary. 

 

solve problems and analyse information using: and  

• To solve problems using these formulae you will need to extract the information 
from the problem and recognise the quantities you are asked to find and those 
you are given. You may need to rearrange the equations prior to substituting the 
data. Check that the units for the quantities are correct.  
 
Note that the intensity reflection coefficient is a dimensionless quantity.  

• You can analyse information by taking data given in the problem and finding 
acoustic impedance and/or the intensity reflection coefficient. Using these 
calculated or given values you can make predictions about the boundary between 
two materials. For example, You could predict a strong echo if the intensity 

reflection coefficient was large. You should have a knowledge of the range of 
values that this coefficient may take. 
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identify that the greater the difference in acoustic impedance between two 
materials, the greater is the reflected proportion of the incident pulse 

• Different substances have different acoustic impedance. When an ultrasound 

pulse crosses a boundary between two different materials, some of the incident 
pulse is reflected back into the first material, giving an echo that can be recorded, 
while the remainder is refracted into the second material.  

• The amount of the incident pulse that is reflected depends on the difference in 
acoustic impedance between the materials. A large difference in acoustic 

impedance will mean that more of the wave is reflected and less transmitted by 
the boundary. 

 

describe the situations in which A scans, B scans and sector scans would be 

used and the reasons for the use of each 

A range of communication strategies would enable you to fully address these 
descriptions, including paragraphs, bullet points, diagrams, a table or a combination of 
these. Choose a strategy that best fits your description. 

Example of a paragraph 

The A scan consists of a series of amplitude peaks on a cathode ray oscilloscope (CRO) 
trace, each peak corresponding to an echo from a boundary of a certain depth. The CRO 
trace is actually a time scale but knowing the pulse velocity allows us to determine 
distance, that is, the depth of the boundary that returned an echo. A scans are used in 
situations where only distance measurements are required. Two such situations are 
measurements in the eye and foetal skull size. The latter can be used to estimate the 
developmental stage of the foetus. A scans require less complex equipment than other 
ultrasound techniques. 

Example of bullet points 

B scans 

• B (brightness) scans show the echo as a brightness signal on the CRO. 
• A static B scan consists of a series of bright dots. 
• Each dot on a static B scan corresponds to an echo from a boundary of a certain 

depth. 
• Static B scans are not very useful on their own 

• B scans form the basis of sector scans. 

Example of a table 

Scan 
type 

Description Example of 
use 

Reason for 
use 

Sector 
scan 

Successive B scans are made 
as the transducer probe is 
rocked sideways on the 
patient. Each static B scan is 
added to form a fan-shaped 

imaging of 
the infant 
brain 
through the 
fontanel 

shows a two 
dimensional 
image  
 
only needs a 
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(sector) brightness image. 
This is a cross-sectional 
image. 

small entry 
‘window’. 

 

 

identify data sources and gather information to observe the flow of blood 
through the heart from a Doppler ultrasound video image 

• Determine the type of data that needs to be collected and explain the qualitative 
or quantitative analysis that will be required for this data to be useful.  

• Amongst a range of sources of videos, an Internet search may locate mpeg 
videos of Doppler ultrasound. Other sources may include a medical imaging 
facility or hospital.  

• Check that your video footage has had false colour applied to it, as this will reveal 
the most information from a Doppler ultrasound. A ‘colour overlay’ may reveal 
the direction, velocity or volume of blood flow. The colours may reveal problems 
with the blood flow such as damage to heart valves. Video footage may include 
the Doppler shifts as audible sounds. 

 

describe the Doppler effect in sound waves and how it is used in ultrasonics to 
obtain flow characteristics of blood moving through the heart 

• The Doppler effect is the apparent change in wavelength of a wave when it is 
produced by a source moving relative to a stationary observer. When a source of 
sound waves moves towards an observer, the waves are ‘bunched up’; their 
wavelength is shorter and the frequency heard by the observer is higher. The 
converse is true when the source is moving away from the observer. The Doppler 
effect also happens if the source is stationary and the observer is moving.  

• If a pulse of ultrasound reflects off a stationary boundary it will return with the 
same frequency and wavelength as was emitted. If the boundary is moving away 
from the transducer there will be a Doppler shift effect. The waves will undergo a 
Doppler shift on their outward and reflected journeys, producing a double Doppler 
shift.  

• Ultrasound used in blood flow measurement is typically in the range 5 to 15 MHz. 
The ‘moving boundary’ comprises the surfaces of multiple red blood cells, as an 

individual red blood cell is too small to be a boundary on its own. The Doppler 
shift is typically a change in frequency of up to 3 kHz. This value is positive when 
blood flows towards the probe, and negative when the blood flows away.  

• Sophisticated computer software can assign colours to an ultrasound scan on the 
basis of its Doppler shift. In this way flow velocity can be seen. A colour change 
can indicate increased velocity, indicating a narrowed artery. Colour intensity can 
indicate flow volume. Mixed colours can indicate flow turbulence due to a partial 
blockage. The wrong colour can indicate a leaking heart valve. Doppler shifts can 
be in the audible range and so can be heard. An experienced operator can make a 
diagnosis using this sound. 
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outline some cardiac problems that can be detected through the use of the 

Doppler effect 

• You answer should connect a use of the Doppler effect to a cardiac problem. 
Cardiac problems that can be detected by the Doppler effect are those that 
produce a difference in the flow of the blood through the heart:-  

• The size of the Doppler frequency shift is an indication of the velocity of the 

blood. Velocity will increase where the blood vessel is narrowed.  
 
The direction of the Doppler shift will tell us if the blood is flowing in a reverse 
direction. This can tell us if the valves are functioning correctly.  

• A range of Doppler shifts indicates that the flow is turbulent. This can tell us that 
the blood is encountering a blood vessel blockage or surface unevenness due to 

deposits. 

 

identify data sources, gather, process and analyse information to describe how 
ultrasound is used to measure bone density 

• You will need to have a clear idea of the sorts of data you need. Bone density and 
issues around bone density should be clearly understood. Your data sources will 
need to provide this. You need to have a good understanding of ultrasound as 
well. Data sources could include medical texts or public health publications.  

• Gather information by checking your data sources for an appropriate level of 
depth. Note that a range of techniques are used to measure bone density so be 
careful to focus on the ultrasound method. An Internet search will provide a 
variety of data sources.  

• Bone densitometry is a common and widely used procedure in the diagnosis of 
osteoporosis. Process information by checking that any data you find from 

mass media sources is accurate. Also check any websites for accuracy. Do they 
have a scientific basis? Are they someone else’s synthesis of data? Are they 
biased or are commercial in nature? Comparing with scientific literature allows 
you to assess the accuracy of your data.  

• Ultrasound and bone density measurements can be understood in terms of a 
series of causes and effects. Look for these as part of your analysis. Be sure that 

you don’t omit important cause-effect relationships simply because these appear 
to be obvious to you. A good description will include all of them.  

• To describe how ultrasound is used to measure bone density. A pulse of 
ultrasound is produced by a piezoelectric transducer in a probe. This pulse 
contains a known amount of energy. The pulse is directed through a patients’ 

heel bone. The bone absorbs some of the energy. A comparison is made of the 
energy lost by the pulse with the energy of the initial pulse. The amount absorbed 
is related to the quality of the bone. 
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define the ratio of reflected to initial intensity as:  

• You are asked to state the meaning and so should be able to say in words that 
this ratio gives an indication of how well a pulse of ultrasound will cross the 
boundary between two different materials. You should be able to clearly indicate 
that ‘intensity’ is a measure of the energy in the pulse of ultrasound and that it 
depends upon the amplitude of the waves in a pulse of a certain frequency. You 
should also be able to indicate that acoustic impedance is a function of the 
density of a material and the velocity of the waves in that material.  

• You are also asked to identify the essential qualities of this relationship. Make 
sure you understand the various subscripts and symbols. Note that the right hand 
side involves the square of an addition and the square of a subtraction. Ie the 
quantity [Z2-Z1]

2 is NOT the same as Z2
2 – Z1

2. Also note that the relationship is a 
dimensionless ratio that will be between 1 and 0. 

Medical Physics: 2. X-rays, CAT scans and endoscopes 

Syllabus reference (October 2002 version) 

2. The physical 
properties of 

electromagnetic 
radiation can 
be used as 
diagnostic tools  

Students learn to:  

• describe how X-rays are 
currently produced 

• compare the differences 
between ‘soft’ and ‘hard’ X-
rays 

• explain how a computed 
axial tomography (CAT) 
scan is produced 

• describe circumstances 
where a CAT scan would be 
a superior diagnostic tool 
compared to either X-rays 
or ultrasound 

• explain how an endoscope 

works in relation to total 
internal reflection 

• discuss differences 
between the role of 
coherent and incoherent 
bundles of fibres in an 

endoscope 
• explain how an endoscope 

is used in:  
o observing internal 

organs 
o obtaining tissue 

samples of internal 

organs for further 
testing 

Students:  

• gather information to 
observe at least one image 
of a fracture on an X-ray 
film and X-ray images of 
other body parts 

• gather secondary 
information to observe a 
CAT scan image and 
compare the information 
provided by CAT scans to 
that provided by an X-ray 
image for the same body 
part 

• perform a first-hand 

investigation to 
demonstrate the transfer 
of light by optical fibres 

• gather secondary 
information to observe 
internal organs from 

images produced by an 
endoscope 
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Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  

 

gather information to observe at least one image of a fracture on an X-ray film 
and X-ray images of other body parts 

• To gather an X-ray film image of a fracture may require a number of strategies. 
You may know someone who has sustained a fracture and has kept their X-ray 

films. Your doctor or a radiologist may have X-ray film of fractures that you can 
inspect. Other images of body parts may be obtained from print and on-line 
searches.  

• Your observations should include image clarity, contrast and brightness; the soft 
tissues and their appearance, bone appearance, the appearance of any metal and 

any apparent pattern between tissue density and image intensity. 

 

describe how X-rays are currently produced 

• X-radiation is high frequency electromagnetic radiation. Frequencies of 1017 to 
1020 Hz mean that the wavelengths are on the atomic scale. X-rays can be 
thought of as high-energy photons or quanta.  

• X-rays for medical use are produced by a diagnostic X-ray tube consisting of an 
evacuated glass envelope containing a cathode and an anode. Electrons released 
from the cathode by thermionic emission are focussed into a beam and 

accelerated towards the anode by a very high voltage electric field. X-rays 
produced when the electrons strike the anode are directed by the angle of the 
anode towards a small hole in a dense metal shield around the tube.  

• An X-ray tube produces X-rays when the electrons in the beam interact with the 
anode atoms. An incident electron will be slowed down by interacting with the 
nucleus of a target atom. The electron’s kinetic energy is converted to a photon 
of X-radiation. These X-rays have a continuous spectrum of energy as the 
incident electrons lose differing amounts of energy.  

• At the same time X rays can be produced by another process. Some incident 
electrons knock inner atomic shell electrons from their orbitals. Other target atom 
electrons change orbitals to fill the gap and in doing so release an X-ray photon. 
These latter X-rays, unlike the former, have just a few energy values (ie just a 

few frequencies).  

• The process of producing X-rays is very inefficient, typically less than 1%. Most of 
the electrons’ energy goes into heating the anode. Hence the need to have 
external cooling surrounded by a jacket of cooling oil, air or water circulated, a 
high melting point anode and to rotate the anode to distribute target area 
heating. A high atomic mass target increases the efficiency of X-ray production. 
The target is usually tungsten, chosen for its high melting point and atomic 
weight. 

X Ray Production Uppsala University  
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compare the differences between ‘soft’ and ‘hard’ X-rays 

• Your comparison should indicate that ‘soft’ and ‘hard’ are descriptive terms 
devised to indicate the relative penetrating power of a beam of X-radiation. Hard 
and soft X-rays are similar in that they are X-rays. When the X-radiation is 
produced it has a range of energies, corresponding to a range of frequencies. 
Passing the beam through a filter of aluminium means that the lower energy X-
rays are attenuated (weakened, dissipated). The emerging beam thus has a 
higher percentage of high energy X-rays. These ‘hard’ X-rays have greater 
penetration into tissue and produce a sharper image with less radiation needed. 
This is safer for the patient. X-ray hardness can also be increased by increasing 
the X-ray tube voltage. 

Hard X-rays Soft X-rays 

• Higher Frequency, Smaller 
Wavelength ~0.01nm 

• Lower Frequency, Larger 
Wavelength ~1nm 

• Higher penetration 
(photons have more 
energy) 

• Lower penetration (photons 
have less energy) 

• Produces higher “quality” 
X-rays 

• Produces very low “quality” 
X-rays 

• Higher voltages are applied 
to produce 

• Lower voltages are applied 
to produce 

Since soft X-rays are absorbed easily, not a lot of X-rays get through so a very poor 
image is formed. Also because it is absorbed more, it is also very dangerous to the body 
as it can cause genetic mutations and cancers. 

This is why X-ray machines have an aluminium filter to try to reduce exposure to these 
soft X-rays that are dangerous and don’t have much use. 

• X-ray machines also have a collimator that is designed to control the size and 
shape of X-ray beams  

• Also, beams that don’t get absorbed and don’t pass through get scattered making 
the image fuzzy. To stop this a grid of lead is used before the beam hits the 
screen so only the transmitted X-rays are used for image.  

• Screen is used to convert the X-ray to visible light which exposes the film. This is 
done since a smaller exposure time needed so patient isn’t subject to too much 
X-rays.  

• Soft X-rays:  

o Longer wavelength  
o High frequency 
o Generated though lower velocity electrons (low voltages) 
o Not very penetrative 
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• Hard X-rays:  

o Short wavelength  
o Low frequency 
o Generated though higher velocity electrons (high voltages) 
o Highly penetrative 

 

gather secondary information to observe a CAT scan image and compare the 
information provided by CAT scans to that provided by an X-ray image for the 
same body part 

• CAT scan images are readily available from a range of sources. You will find CAT 
scan images in medical physics books, on the Internet and through your doctor or 

medical imaging centre. Your observations of a CAT scan should include general 
X-ray image observations of brightness related to tissue type and image clarity. 
CAT scan images typically include many images and you should observe how 
these are related to each other and organised and presented to the viewer.  

• Your comparison should include both similarities and differences between CAT 
scan and traditional X-ray images. CAT scans are produced when information 

from multiple X-rays is manipulated by computer to form a composite image. CAT 
scan images can be enhanced to highlight structures. Structures can also be 
‘digitally removed’ by the computer eg the rib cage). CAT scans can be presented 
as a 3-dimensional image on a computer screen. This image can be digitally 
rotated and sectioned by the viewer. CAT scans can be printed like a traditional 
X-ray. 

 

explain how a computed axial tomography (CAT) scan is produced 

• CAT scans are based on a series of X-rays.  

• In one type of machine, a patient is placed in a fixed position (eg lying down). 
The X-ray tube and detectors are attached to a movable C-shaped structure. This 
structure follows a pre-determined path around the patient, recording X-ray 
images to a computer.  

• In another version the patient’s bed moves through the X-ray equipment which is 
located in a fixed cylindrical structure. (Like a large donut). The X-ray tube (and 
detector) rotate around the donut as the patient goes through the central hole. 
This produces a spiral of images.  

• In each case, the X-ray tube directs a narrow beam through the patient. The 
intensity of the emerging beam is recorded by the detector.  

• This information, along with the position and angle of the beam, is used by a 
sophisticated computing program to develop a 3 dimensional intensity map of the 
structure in question. This can be presented as a set of two-dimensional slices or 
as a movable image on a computer screen. 
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describe circumstances where a CAT scan would be a superior diagnostic tool 

compared to either X-rays or ultrasound 

• Your description should indicate the diagnostic advantages of CAT scans over X-
rays. Your answer could include the wealth of data a CAT scan provides, the 
ability to manipulate the computed image to obtain different views, the ability to 
selectively enhance or remove structures from the image and safety aspects for 
the patient.  

• Your description should indicate the diagnostic advantages of CAT scans over 
ultrasound. Your answer could include the ability to image structures that 
ultrasound is unable to penetrate, such as gas or bone. 

 

perform a first-hand investigation to demonstrate the transfer of light by 
optical fibres 

• Commercially available toys, and lamps that use optical fibres for effects could 
form the basis of this investigation.  

• Your investigation involves the use of a light source and an optical fibre. A 
number of factors will determine the success of this demonstration:  

o A darkened room. 
o The light source should be of sufficient intensity that an appreciable 

amount of light will be transmitted for the fibre used. An intense beam 
from a ray box or torch may give good results. A laser will give good 

results. Students are cautioned that lasers are a hazard and that 
using them may result in personal harm. There are guidelines for 
the safe use of lasers which must be followed.  

o The connection between optical fibre and light source. This should be such 
that light does not escape. Any escaped light will brighten the room. Laser 
beams are very narrow and the optical fibre needs to be directly in front of 
the beam. Shielding should be in place before the beam is turned 
on. Adjustments should only be made with the beam turned off. A 
smooth end to the optical fibre will aid light entry and exit to a screen. 

o The characteristics of the optical fibre. Optical fibres can be glass or 
plastic. The latter will give good results over short distances. Glass fibres 
are very fine and can present an injury hazard. 

 

explain how an endoscope works in relation to total internal reflection 

• Prior knowledge: Physics syllabus 8.2.4  

• Your explanation should include the concept of total internal reflection, the role of 

the cladding on optical fibres, what an endoscope is thus how the endoscope 
works in relation to total internal reflection.  

• Total internal reflection may happen when a wave attempts to pass from one 
medium to another. If the refractive index of the second medium is greater than 
the first there will be an angle, the critical angle, at which the wave will be 
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refracted along the boundary. At greater angles than the critical angle the wave 
will be unable to cross the boundary. Instead it will reflect. This is called total 
internal reflection.  

• Optical fibres have a thin coating of plastic or other high refractive index 
substance. This acts to provide a boundary across which the light cannot pass if it 
strike at an angle beyond the critical angle.  

• An endoscope contains a flexible, narrow bundle of optical fibres. It is used to 
image internal structures. Light is directed into the body through the endoscope 
and the image is transmitted back to the operator. In each case, total internal 
reflection allows the light to reflect (bounce) its way along the flexible optical 
fibre. In this way the light can ‘travel around corners’. 

 

discuss differences between the role of coherent and incoherent bundles of 

fibres in an endoscope 

• Your discussion should include the meaning of coherent and incoherent, the need 
for a bundle of fibres in an endoscope and the uses of each type of bundle. Issues 
include suitability for purpose and cost.  

• Optical fibres are very narrow. This allows them to be flexible and to access 
narrow structures. To obtain an image a number of fibres need to be placed side 
by side, much like lengths of spaghetti in the packet. If the relative position of 
the fibres at each end is the same, the bundle will give a coherent image. Each 
image element will be in the correct place at each end and so the picture as a 
whole will be complete. If the relative position is not the same this will not 
happen and the bundle will give an incoherent image where the picture elements 

bear no relationship to each other.  

• Endoscopes need bundles of fibres to provide the lighting for viewing and to 
transmit the image back to the operator.  

• A coherent bundle is best used to transmit the image. An incoherent bundle can 
be used for introducing the light.  

• Making a coherent bundle is more expensive than making an incoherent bundle. 
Each fibre needs to be carefully positioned. The endoscope may undergo tight 
turns and twists during use and so the construction needs to maintain these 
positions during use. 

 

gather secondary information to observe internal organs from images produced 
by an endoscope 

• Endoscope images can be gathered from a wide variety of sources including texts, 

the Internet and medical practitioners. Endoscope images can be videotaped. 
Organs such as the stomach can be viewed in real time and tests can be carried 
out and the results observed. 
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explain how an endoscope is used in: 

o observing internal organs 
o obtaining tissue samples of internal organs for further testing 

• Your explanation should include the procedure of using an endoscope and the 
observations that can be made with one.  
 
A practical endoscope has an optical fibre bundle that directs light into the 
patient, another bundle for collecting the visible image and a guidance system. 
The endoscope has a smooth and flexible exterior that also provides some 
rigidity. This allows the endoscope to be inserted into the patient and guided on 
its journey. The endoscope can be used to investigate the alimentary canal, lower 
abdomen and as part of keyhole (small incision) surgery. A camera may be 
attached to obtain still and video images.  

• Your explanation should include the modifications to an endoscope that allows for 
tissue sampling.  
 
A tissue sample (biopsy) can be readily taken by a modified endoscope. At the 
appropriate position the operator can project small curved ‘cups’ from the 
endoscope. These open to nip a small tissue sample and then retract. Another 
modification uses a small wire ‘basket’ to collect tissue. 

9.6 Option – Medical Physics: 3. Radioactivity as a diagnostic tool 

Syllabus reference (October 2002 version) 

3. 
Radioactivity 

can be used as 
a diagnostic 
tool  

Students learn to:  

• outline properties of 
radioactive isotopes and 
their half lives that are 
used to obtain scans of 
organs 

• describe how radioactive 
isotopes may be 

metabolised by the body to 
bind or accumulate in the 
target organ 

• identify that during decay 
of specific radioactive 
nuclei positrons are given 
off 

• discuss the interaction of 
electrons and positrons 
resulting in the production 
of gamma rays 

• describe how the positron 
emission tomography (PET) 
technique is used for 
diagnosis 

Students:  

• perform an investigation to 
compare an image of bone 
scan with an X-ray image 

• gather and process 
secondary information to 
compare a scanned image 
of at least one healthy 

body part or organ with a 
scanned image of its 
diseased counterpart 

Extract from Physics Stage 6 Syllabus (Amended October 2002). © Board of 
Studies, NSW.  
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outline properties of radioactive isotopes and their half lives that are used to 

obtain scans of organs 

• Your outline could take the form of a list of bulleted points such as:  
o Radioisotopes emit α,β or γ radiation spontaneously. 
o This radiation is independent of the physical or chemical state of the 

radioisotope. 
o The radiation emitted depends on the isotope. 
o The radiation diminishes in intensity as time passes. The rate at which this 

happens is measured as the half-life of the isotope. This is a characteristic 
property for a specific isotope. One half-life is the time for the radioactivity 
to diminish by half. This is an exponential, non-linear process as it 
depends on probability. 

o Radioisotopes may have half-lives ranging from very short time intervals 
to many millions of years. 

o Radioisotopes vary in their ability to penetrate matter, with γ being the 
most penetrating. 

o Isotopes can be identified by their mass number, A, and their atomic 
(proton) number, Z. The notation used for a nuclide (isotope) is: AZX, 
where X represents the element’s symbol. 

o Radiation can be detected to indicate the position and quantity of 
radionuclide. They can thus be used as tracers. 

o For diagnostic use radioisotopes can be incorporated into convenient 
chemical compounds and administered to the body. 

o The radioactive tracer thus produced can be used to show the biochemical 
functioning of the body. This is different from other medical imaging. 

o A number of radioisotopes can be used for diagnosis. They should only 
emit γ radiation, have a short half life, be easily incorporated into 

convenient compounds and be made readily available at high 
concentrations. 

o Radioisotopes and their uses in medical physics are outlined in the pdf 
located at this link . 

 

describe how radioactive isotopes may be metabolised by the body to  

• Your description will be of a sequence of events or process. It will start with the 
choice of radioactive isotope. Radioisotopes need to be incorporated into a 
suitable radiopharmaceutical. This is a chemical compound which will carry the 
radioisotope to the target organ.  

• Radioisotopes have the same chemical properties as stable isotopes of the same 
element. Thus a suitable chemical compound can be chemically synthesised or 
altered to include the radioisotope. This ‘tagged’ or ‘labelled’ radiopharmaceutical 
will behave in the same way as non-tagged compounds. When introduced to the 
body, its emitted radiation can be detected by a gamma camera. As the 
compound interacts with the patients’ biological processes it may accumulate in 
an organ as it is metabolised.  

• Radiopharmaceuticals that accumulate in an organ do so because the organ has a 
particular affinity for that compound. A good example is the accumulation of 
radioiodine (123I) in the thyroid gland. A patient is given a quantity of dilute 
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tagged sodium iodide to drink. This passes from the patient’s gastrointestinal 
tract into their bloodstream and accumulates in the thyroid. The rate at which this 
uptake occurs is measured using a gamma camera. This information can be used 
to determine the activity of the thyroid as a function of gland size.  

• Another example is the use of technetium to determine bone disease. In this 
case, radioactive 99mTc is incorporated into phosphate molecules. These molecules 
preferentially bind with bone. Bone abnormalities have increased blood flow. The 
administered radiopharmaceutical thus accumulates at a greater rate in damaged 
areas, where the phosphates bind with the bone. 

 

identify that during decay of specific radioactive nuclei positrons are given off 

• You should recognise that there are a number of decay processes (á,â,ã) that 

give rise to different decay products. You should also recognise that a positron is 
an electron (â particle) with a positive charge (ie â+). Beta decay happens in 
order to gain a more stable ratio of protons to neutrons in the nucleus. If there 
are too many protons, the nucleus may adjust by converting a proton to a 
neutron and a positron. A neutrino is also produced by this variation of the beta 
decay process: 

proton --> neutron + positron + neutrino 

 

discuss the interaction of electrons and positrons resulting in the production of 
gamma rays 

• To discuss this interaction you could provide a series a points describing the 
process:  

o One way a radioactive nucleus may gain stability is by converting a proton 
to a neutron. If this occurs the nucleus will also eject a positron (positive 
electron) and a neutrino. 

o The emitted positron is also known as an anti-electron and is a form of 
anti-matter. 

o If the positron collides with an electron, both will be annihilated. Each 
particle’s mass will be converted into a large amount of energy. 

o As the particles have the same mass, the two amounts of energy will be 
the same size. 

o These become two equal but opposite gamma rays. 

o The gamma rays move off in opposite directions. 

 

describe how the positron emission tomography (PET) technique is used for 
diagnosis 

• Your description needs to include:  
1. uses of the PET technique 
2. the radioisotopes used and 
3. how an image is recorded and developed. 
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• Positron emission tomography (PET) uses positron decay to image and measure 
the functioning of organs. It is most useful in the study of the brain. PET allows 

us to image the functioning of the brain, which CAT scans or X-Rays cannot do. 
The imaging is done without harming the patient. Examples of its use include the 
investigation of Parkinson’s disease, schizophrenia, strokes and brain tumours.  

• PET scanning is possible because some radionuclides gain nuclear stability by 
converting a proton to a neutron, at the same time releasing a positron. This 

antimatter particle leaves the nucleus at high speed and may collide with an 
electron in its surroundings (most do so within a millimetre). The collision results 
in the formation of two equal but opposite gamma rays. These can be detected 
and their origin pinpointed by a gamma camera.  

• The radionuclides which may be used for this must satisfy a number of criteria. 
They must:  

1. produce positrons 
2. be readily incorporated into biological molecules 
3. have short half-lives 
4. be easily produced. 

 
Examples include: carbon-11; oxygen-15; fluorine-18 and nitrogen-13. A 

cyclotron at the hospital produces the isotopes which are then quickly 
incorporated into radiopharmacueticals. Examples include oxygen-15 in oxygen 
gas, carbon-11 in carbon monoxide gas (in small amounts), and fluorine-18 
replacing an oxygen in glucose to make fluorodeoxyglucose (FDG).  

• The radiopharmacueticals are administered to the patient and are metabolised. 

Examples include:  
1. tagged oxygen is inhaled and is used to study blood volume, 
2. FDG (tagged glucose) locates in the brain. 

 

• As the radionuclide decays, streams of gamma rays leave the patient. Each decay 
produces two gamma rays which are detected as two scintillations on a circular 
ring-shaped gamma camera surrounding the patient. Complex computing 
backtracks these rays to their source. This process is repeated for each decay. 
The data is used to build up a computed map of the radionuclide’s locations. This 
becomes the image or tomograph for the patient.  

• Diagnosis involves comparing the image obtained with that from a healthy 
person. 

Positron emission tomography Wikipedia 

 

perform an investigation to compare an image of bone scan with an X-ray 
image 
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• You will need to obtain your two images by practising efficient data collection 
techniques. Your images could come from a variety of sources including texts, 
journals or the Internet. Medical imaging facilities may also be of assistance.  

• To perform your investigation you should first make a list of the properties of the 
images for comparison. Image factors such as resolution, contrast, colour and 
clarity could be included. Issues such as the ability to show a range of tissues and 
the variability of image with bone density or bone thickness should also be 
considered. Include the ability to show a range of bone abnormalities.  

• To compare the images you could tabulate your list and record your 
observations in order to produce a summary paragraph. This should highlight the 
main features of the comparisons by making a number of statements such as:  
 
“ A bone scan shows the presence of a fine stress fracture but the resolution can 
be less than an X-ray, which may not reveal the fracture as clearly.” 

 

gather and process secondary information to compare a scanned image of at 
least one healthy body part or organ with a scanned image of its diseased 
counterpart 

• Images may be obtained from a range of sources. For example, an Internet 
search will reveal a number of sources of scanned images. Other sources may 
include texts, journals and medical imaging facilities.  

• You should consider whether the images have been enhanced in any way. This 
may be done to improve image quality or may have been done for commercial 
reasons. Although you are asked for at least one, using a number of images will 

improve the reliability and validity of your comparisons. Your assessment of the 
quality of your gathered images should also include a consideration of the sources 
of the material. Be aware that such material may have issues of copyright or may 
have a commercial purpose which should be considered.  

• You should first make a list of the properties of the images for comparison. Image 
factors such as resolution, contrast, colour and clarity could be included. Include 

the ability to show a range of disease. To compare the images you could tabulate 
your list and record your observations in order to produce a summary paragraph. 
This should highlight the main features of the comparisons by making a number 
of specific comparison statements. These could then be given a conclusion such 
as:  
 
“ A healthy brain has an evenly distributed pattern of radiation. This indicates 
that the blood flows to all parts and so the gamma camera detects evenly spread 
technetium 99-m. A brain that has suffered a stroke displays a lack of radiation 
from the site of the stroke. This indicates that the blood flow to this part is now 
diminished.” 

9.6 Option – Medical Physics: 4. Magnetic resonance imaging 

Syllabus reference (October 2002 version) 

4. The 
magnetic field 
produced by 

Students learn to:  

• identify that the nuclei of 

Students:  

• perform an investigation to 
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nuclear 
particles can 
be used as a 
diagnostic tool  

certain atoms and 
molecules behave as small 
magnets 

• identify that protons and 

neutrons in the nucleus 
have properties of spin and 
describe how net spin is 
obtained 

• explain that the behaviour 
of nuclei with a net spin, 

particularly hydrogen, is 
related to the magnetic 
field they produce 

• describe the changes that 
occur in the orientation of 
the magnetic axis of nuclei 
before and after the 

application of a strong 
magnetic field 

• define precessing and 
relate the frequency of the 
precessing to the 
composition of the nuclei 
and the strength of the 
applied external magnetic 
field 

• discuss the effect of 
subjecting precessing 
nuclei to pulses of radio 
waves 

• explain that the amplitude 
of the signal given out 
when precessing nuclei 
relax is related to the 
number of nuclei present 

• explain that large 
differences would occur in 

the relaxation time 
between tissue containing 
hydrogen bound water 
molecules and tissues 
containing other molecules 

observe images from 
magnetic resonance image 
(MRI) scans, including a 
comparison of healthy and 

damaged tissue 
• identify data sources, 

gather, process and present 
information using available 
evidence to explain why 
MRI scans can be used to:  

o detect cancerous 
tissues 

o identify areas of high 
blood flow 

o distinguish between 
grey and white 
matter in the brain 

• gather and process 
secondary information to 
identify the function of the 
electromagnet, radio 
frequency oscillator, radio 
receiver and computer in 
the MRI equipment 

• identify data sources, 
gather and process 
information to compare the 
advantages and 
disadvantages of X-rays, 
CAT scans, PET scans and 
MRI scans 

• gather, analyse information 
and use available evidence 
to assess the impact of 
medical applications of 
physics on society 

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

 

perform an investigation to observe images from magnetic resonance image 
(MRI) scans, including a comparison of healthy and damaged tissue 

• To perform your investigation you will need to obtain a number of MRI images. 
These are available in texts, journals or from an Internet search.  
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• Gather observational data to support your comparisons. You need to assess the 
images for their ability to give you valid and reliable comparisons between 
healthy and damaged tissues. Having a number of images with the same pulse 
sequence will assist in this regard.  

• Your observations can be made for a range of image properties. What information 
is included with the scan? Check that images have the same pulse sequence, 
indicated by terminology such as ‘T1 weighted, or T2 weighted or proton-density 
weighted’. The quality of the image includes its resolution and contrast (grey 
scale). Now look at what is being imaged. What do the various shades or colours 
imply? Can you make any generalisations about the appearance of various 

tissues/structures?  

• Your comparison of images of healthy and damaged tissue could be a list of 
features such as any change in greyscale, contrast and resolution. Your 
investigation could be concluded with a number of summary statements such as:  
 
‘On a T2 weighted image bone appears dark whilst different soft tissues appear as 
pale shades of grey. Numerous different tissues can be identified. Boundaries 
between tissues appear to be very sharp, indicating a resolution of less than 
1mm. Damaged tissue with a high water content, such as a cyst, is imaged as a 
uniformly bright region surrounded by a much darker boundary.’ 

 

identify that the nuclei of certain atoms and molecules behave as small 
magnets 

• You should be able to recognise that:  
o molecules contain more than one atom 
o each atom has a nucleus 
o a nucleus contains protons and neutrons 
o the proton has a net positive charge, whilst the neutron has no charge 
o each proton has an axis upon which it spins 
o the spinning proton acts as a small electric current loop 
o the current loop will develop a magnetic field, analogous to the field 

around a solenoid, in accordance with Oersted’s Law 

o this magnetic field can be visualised as a bar magnet’s field where the 
proton’s spin axis becomes the bar magnet. 

o for an atom, the magnetism of the nucleus as a whole is because of the 
protons it contains. 

o for certain atoms there can be a net nuclear magnetism as a result of the 
number of protons it contains. 

 

• You should be able to name:  
o the parts of an atom 
o the charges of each atomic particle 
o the poles of a bar magnet. 

 

identify that protons and neutrons in the nucleus have properties of spin and 
describe how net spin is obtained 
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• You should be able to recognise and name:  
o the relative mass and charge of protons and neutrons 
o that a moving object has momentum 
o that a rotating object has angular (rotational) momentum 
o that at the size of the nucleus, properties such as momentum and energy 

are quantised 

 

• The nuclear particles are arranged in a shell structure, analogous to the electron 

shells but much smaller.  

• Each of the protons and neutrons has its own angular momentum, termed spin.  

• Spins can be one way or the reverse, termed ‘spin up’ and ‘spin down’.  

• The spins add together to cancel each other out  

• Protons only add with protons and neutrons only add with neutrons  

• If there are any unpaired spins, the nucleus as a whole will have a spin. This is 
termed ‘net spin’  

• Net spin can be  

1. zero, 
2. a whole number 
3. a half number 

 

• Net spin can be determined using the following key:  
o Q1: Is the mass number even?  

YES: Go to Q2  
NO: The spin is a half integer  

o Q2: Is the atomic number even?  
YES: The spin is zero  

NO: The spin is a whole integer. 

 

explain that the behaviour of nuclei with a net spin, particularly hydrogen, is 
related to the magnetic field they produce 

• Your explanation should include:  
o Spins in opposite directions cancel each other out 
o Net nuclear spin is due to the sum of the component spins of its nucleons 
o The proton can be considered to be a small spinning solid sphere with the 

positive charge attached to its equator 
o A net spin can constitute a current loop 

o A current loop creates a magnetic field aligned along the axis of spin 
o Nuclei with a net spin due to an unpaired proton (ie with an odd atomic 

number) will have a net magnetic field 
o Nuclei with a net magnetic field will interact with applied external 

magnetic fields 
o The amount of interaction varies with the nuclear isotope 
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o Hydrogen has a single unpaired proton. This can be either spin up or spin 
down and will interact with an external magnetic field. 

 

identify data sources, gather, process and present information using available 
evidence to explain why MRI scans can be used to: 

o detect cancerous tissues 
o identify areas of high blood flow 

o distinguish between grey and white matter in the brain 

• The data needed could include written explanations, sequences of diagrams, 
animations or video material.  

• Your data sources could include a variety of texts, journals or an Internet search. 

You should choose sources that provide sufficient detail to give an explanation 
that makes sense, yet are not overly detailed. MRI operation is very complex and 
a full understanding can become a very large task.  

• As you peruse your data sources you will begin to develop an understanding of 
the explanations required. You will need to check that each new source of data 
contributes to these explanations. This is a process of evaluation.  

• Your explanations will need to be communicated in an appropriate manner. 
Complex explanations can often be presented using a combination of short and 
succinct text statements (bulleted points) and a series of diagrams.  

• Explanations of processes will often become a series of cause and effect 
statements. You are explaining a complex process that depends on the laws of 

nature (physics) and the behaviour of a biological system and our ability to 
exploit this knowledge. We can give a valid and reliable explanation because of 
our confidence that nature behaves in a repeatable way.  

• MRI scans can be used to detect cancerous tissues because:  
o cancerous tissues are areas of rapidly growing and dividing cells. 
o increased cellular activity is accompanied by an increased level of water 

around the cells and increased blood flow to the tissue 
o MRI is essentially a way of detecting proton density. 
o the MRI system can be tuned to detect the single protons in Hydrogen. 
o water contains Hydrogen. 
o ‘mobile’ or ‘free’ body water gives a stronger radio frequency signal than 

Hydrogen protons involved in less mobile molecules. 
o the signal from ‘free’ water can be enhanced by an appropriate pulsing 

sequence to produce a T2 relaxation weighted image. 
o as a result a T2 weighted image will show cancerous tissue as an area of 

unusually high brightness if the appropriate scanning parameters are 
used. 

 

• the radio frequency signal from the body is detected and processed to provide a 
two or 3 dimensional image of the cancerous tissue.  

• MRI scans can identify areas of high blood flow because  
o blood is a watery fluid 

http://hsc.csu.edu.au/physics/options/medical/3019/PHY964netdraft.html#top
javascript:newSkill('11.1b')
javascript:newSkill('12.3b')
javascript:newSkill('12.4d')
javascript:newSkill('13.1e')
javascript:newSkill('14.3d')
javascript:newSkill('14.3d')
javascript:newWindow('explain')


o high blood flow means more water can be detected 
o as above, more water can be detected as a brighter image. 
o blood can also be detected using flow analysis 
o flow analysis is a development of MRI that utilises tissue saturation 
o tissue saturation happens when a ‘slice’ of tissue under investigation is 

repeatedly pulsed with an appropriate radio frequency. This produces a 
certain level of output radio frequency signal from the tissue. 

o blood flowing into the slice under investigation will not be saturated in this 
way and so will return a different output radio frequency signal. 

 

• the difference in output radio frequency signal levels can be used to determine 
the rate and amount of blood flow.  

• MRI scans can be used to distinguish between grey and white matter in the brain 
because:  

o grey and white matter have different biochemistry 
o part of the process of acquiring an MRI image involves allowing the 

protons to produce a radio frequency signal. 
o whilst producing a signal the protons change their spin orientation. This is 

termed relaxation and happens in two ways termed T1 and T2. 
o the T1 proton relaxation rate depends upon the surrounding molecules. 
o each tissue has a characteristic T1 rate at a given magnetic field strength. 

For example, at a field strength of 1.5 Tesla grey matter has a T1 of 920 
milliseconds whilst white matter has a T1 of 790 milliseconds. 

o these different values mean that the detected radio frequency signals from 
each tissue will vary differently over time. This can be analysed to provide 
image contrast. 

o the imaging process can be made to intensify the effects of T1 relaxation. 

o on a T1 weighted image, white matter appears white and grey matter 
appears grey. (These shades are not the colour of the tissue). 

 

describe the changes that occur in the orientation of the magnetic axis of nuclei 

before and after the application of a strong magnetic field 

• Each nucleus that has a net magnetism will be affected by an external magnetic 
field. If the external field is weak, these effects are small and easily disturbed by 
thermal agitation.  

• Before the application of a strong magnetic field the nuclei will have a random 

orientation of their magnetic axes (spins). The net result is that there will be no 
bulk magnetic moment (overall magnetism). All of the spins will cancel each 
other out. (The Earth’s magnetic field is not strong enough for spin alignment to 
overcome thermal agitation at normal  

• In the presence of an applied magnetic field the spin vectors (magnetic axes) of 
the nuclei align themselves with the field lines. This alignment is not perfect, 

however, and the spin vectors actually rotate around the field lines. This is called 
precession and has a frequency dependent on the strength of the field and the 
gyromagnetic ratio of the nucleus concerned.  
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• Spin is a quantum process. The spin vector can precess either parallel (up) or 
antiparallel (down) to the external magnetic field. A small excess in the up state 
(lower energy) gives rise to a bulk magnetism for the substance.  

• If a strong magnetic field is removed from the nuclei they will gradually lose their 
alignment. This happens due to thermal agitation and interactions between the 
nuclei. This decay process eventually leads to a random set of spin orientations 

 

define precessing and relate the frequency of the precessing to the composition 
of the nuclei and the strength of the applied external magnetic field 

• ‘Precessing’ is what happens when a spinning object undergoes precession.  

• An object that undergoes rotational movement about an axis is said to be 
spinning, eg the Earth spins on its axis through the North and South poles. A 
spinning object has angular momentum. A spinning top will move so that its axis 
of spin traces out a cone shape. This movement is called precession. Precession 
occurs in order to conserve angular momentum.  

• The number of times the axis of spin precesses (traces out a cone shape) per 
second is the frequency of precession.  

• A nucleus may have a net magnetism and net spin due to its composition. This 
means that the spinning nucleus will behave like a small spinning bar magnet. If 
placed in a magnetic field, the ‘nuclear magnet’ will precess around the external 
field lines. The frequency of precession, ù (Larmor frequency) depends upon the 
strength of the applied field, B0 and the gyromagnetic ratio,ã, of that particular 
isotope.  

• Hydrogen is the most common substance imaged using MRI. Hydrogen has a 
gyromagnetic ratio of 42.57 MHzT-1 and so a magnetic field of 1.5 Tesla will 
produce a precession frequency of 63.9 MHz for it. This frequency lies in the 
radiofrequency range. 

 

gather and process secondary information to identify the function of the 
electromagnet, radio frequency oscillator, radio receiver and computer in the 
MRI equipment 

• Information about how MRI works can be found from a range of sources. Texts, 

popular science and technology magazines and material from an Internet search 
could all be useful.  

• MRI is a very complex process. Be sure that your sources provide enough depth 
to give a complete answer. As the process involves a number of cause and effect 
relationships you can evaluate the data sources by asking if they give enough 

information at one step to allow the next one to follow.  

• You are asked to identify a number of MRI components. You can recognise them 
from a description of their role, in the context of their technical terms or form a 
diagram or photograph. Common symbols and diagrams are regularly used for a 
magnet and magnetic field, a radio pulse and a computer.  
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• A number of magnets and magnetic fields are used in MRI. The large field magnet 
may be permanent, or a resistive or superconducting electromagnet. Whichever 
type is used, its function is to provide a uniformly high magnetic field in which the 
patient is placed. A series of smaller electromagnets are used to add a changing 
component (gradient) to the large field. These gradient magnets introduce a 
variation into the Larmor frequency of the protons and so allow the receiver to be 
tuned to a small section (slice) of the patient. Gradient electromagnets also allow 
spatial positioning within the slice to be determined by using Fourier transform 
calculations.  

• The radio frequency oscillator produces radio wave pulses. These can be given a 

certain frequency, amplitude, bandwidth, phase and pulse duration. Recall that 
the nuclei will be precessing around the magnetic field lines. They will be doing 
this at their Larmor frequency. However, they will not be precessing ‘in time’ (in 
phase). The radio wave pulse is directed at the nuclei and gets all of the 
precessing nuclei to ‘go into phase’. (An analogy is a crowd of people walking 
down the street being made to start marching in step.) The nuclei ‘go into phase’ 

only if the radio pulse is at their Larmor frequency, as they absorb energy from 
the pulse as they resonate with it.  

• Once in phase, the nuclei will stay in phase until the external radio pulse is turned 
off. The nuclei now start to lose energy. They go out of phase and release a radio 
frequency signal at their Larmor frequency. The radio receiver detects these. The 
signal is typically very weak and must be amplified considerably before being 

further analysed  

• The computer plays a central role in the operation of MRI. Part of the computer is 
involved in image acquisition and control. It provides:  

o sequencing and duration of radio frequency pulses 
o control of the gradient magnetic fields 
o control of the sampling by the receiving coils 

o conversion of analog signals to digital data 

 
Another part of the computer is involved in making the image. It provides:  

o Fourier transform analysis to give spatial signal data 

o image construction and manipulation 

 
Another part of the computer involves the operator. It provides:  

o overall control of the imaging process and patient parameters 
o storage of image data 

o image viewing and display 

 

discuss the effect of subjecting precessing nuclei to pulses of radio waves 

• Nuclei will be precessing if they are in the presence of an external magnetic field 
and the nuclei have a magnetic moment of their own. The precession rate will be 
at the Larmor frequency which depends on the gyromagnetic ratio of that 
particular isotope and the external field strength.  
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• Although the nuclei are precessing they will not be doing so in phase (in time). As 
a result there will be no net transverse (across the external field) magnetism.  

• A pulse of radio waves at the Larmor frequency will force the precessing nuclei to 

do so in phase, ie they all precess together. This means that they will have a net 
transverse magnetism component which rotates.  

• The precessing transverse magnetic field is in effect a changing field. It will 
induce a small AC emf in a receiving coil. This emf will have the same frequency 
as the precessing nuclei ie the Larmor frequency.  

• Radio frequency pulses can also be used to change the spin direction of the 
nucleus from parallel to antiparallel with the field (180° pulse) or to precess at 
the maximum angle from the field (90° pulse). This is done by varying the pulse 
size and strength. 

 

explain that the amplitude of the signal given out when precessing nuclei relax 
is related to the number of nuclei present 

• Precessing nuclei will not give a signal unless they are doing so in phase. This 
situation happens when the nuclei have been subjected to a pulse of radio 
frequency electromagnetic radiation at their Larmor Frequency (frequency of 
precession). They resonate with this pulse and so develop a net transverse 
magnetic field.  

• The rotating transverse magnetic field will be the sum of all of the ‘in time’ 
transverse field components from each nucleus.  

• Therefore, more nuclei will mean a stronger transverse field  

• When the stimulating (resonance inducing) RF pulse is turned off the nuclei will 
continue to precess.  

• This precessing (rotating) transverse magnetic moment induces an AC emf in 
nearby receiver coils.  

• The strength of the induced emf depends on the strength of the transverse 
magnetic field and hence on the number of nuclei present.  

• After the stimulating RF pulse stops the nuclei will start to go out of phase or 
relax. As they do so they cause the net transverse magnetic field to weaken. This 
means that the amplitude of the signal given out gradually decreases. This 
process is sometimes termed ‘free induction decay’ 

 

explain that large differences would occur in the relaxation time between tissue 
containing hydrogen bound water molecules and tissues containing other 

molecules 

• ‘Relaxation’ is the name of the processes whereby the nuclei return to random, 
out of phase, precession. There are two relaxation processes, termed T1 and T2.  
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• Spin-lattice relaxation, T1, happens as the nuclei transfer energy quanta to the 
nearby molecular lattice.  

• Spin-spin relaxation, T2, happens as nuclei transfer energy quanta between each 

other.  

• In biological tissues only spins in the ‘free water pool’ contribute to the 
measurable MR signal whereas spins in ‘bound water’ do not. 

 

identify data sources, gather and process information to compare the 
advantages and disadvantages of X-rays, CAT scans, PET scans and MRI scans 

• Your can choose from a wide variety of data sources. Texts, popular and scientific 
journals and medical reference books can be used. An Internet search will reveal 

many other data sources  

• The information you need may be widespread and so efficient summarising and 
collating will be required.  

• Information about medical technology is of great interest to the general public. 
You will need to check that your data sources are valid. Critically consider the 

data source for its unbiased and complete presentation of facts and issues.  

• The most efficient way to present this comparison is probably to prepare a table. 
Comparisons show how things are similar or different so a table of advantages 
and disadvantages may be accompanied by a number of statements that 
highlight these.  

• An example is shown below. This is not an exhaustive comparison and is quite 
succinct in its listings. You may wish to expand upon its contents. 

Imaging Advantages Disadvantages 

X-Ray • Cheap 

• Simple to use 
• Readily available 
• Rapid imaging 
• Good bone 

resolution 

• Uses ionising radiation 

• Radiation dose is 
cumulative 

• Does not show soft 
tissue well 

• Does not show 
functioning 

CAT 
scan 

• Resolution better 
than X-ray 

• Can show three 
dimensions 

• Can ‘remove’ 
unwanted layers 

• Uses ionising radiation 
• Radiation dose is 

cumulative 
• Does not show 

functioning 
• More expensive than 

X-ray 

PET 
scan 

• Shows organ 
functionality 

• Uses ionising radiation 
• Expensive and 
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• Gives nervous 
system detail 

uncommon 
• Poor resolution 
• Requires care with 

radionuclides 

MRI 
scan 

• Can show three 
dimensions 

• Can ‘remove’ 
unwanted layers 

• Gives high 
resolution 

• Excellent soft 
tissue contrast 

• Can show 
functionality 

• Gives nervous 
system detail 

• Safe to use for 
most patients 

• Very expensive 
• Scanning takes a long 

time 
• Hazards with implants 

• Claustrophobia when 
imaging 

• High skill in using it is 
needed 

• Some examples of comparison statements are:  

o X-ray, CAT and PET scans all use ionising radiation whereas MRI does not 
o CAT, PET and MRI scan technologies are all quite expensive and fixed in 

position, whereas X-Ray technology is cheap and relatively mobile. 

 

gather, analyse information and use available evidence to assess the impact of 
medical applications of physics on society 

• The information you gather could come from a wide variety of sources. Apart 
from scientific texts and journals you could search a wider variety of current 
‘social issues’ media such as newspaper articles and popular magazines. There is 

a range of medical industry journals as well.  

• Your data will be quite wide-ranging and it would be appropriate to classify the 
impacts into a number of categories about which you could make generalisations. 
You could choose to categorise on the basis of a particular medical imaging 
technology or on the basis of a list of ‘impacts’. Any generalisations you make 
should contribute towards your assessment.  

• Your information will come from a variety of sources. You will need to apply 
critical thinking to ensure that the assessment you make accurately reflects the 
information you obtained  

• Your assessment should make a judgement and then providing supporting 
evidence. The supporting evidence could be presented in many ways:  

o A number of succinct paragraphs, each addressing a different impact 
o A set of bulleted statements under separate impact headings 
o A table of medical imaging technologies, each with a list of impacts 
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• The typical answer below is not intended to be exhaustive. A complete answer 
could be very large and could draw upon a huge number of concepts and 
examples. Your answer should show that you have a good understanding of the 
physics as well as its impact on society. A good answer would be supported by a 

number of statements. 

Here is a sample answer: 

The impact of medical applications of physics on society has been enormous. 

This assessment is supported by considering the following aspects of society: 

A. Health 

Medical applications of physics provide better and earlier diagnosis and better monitoring 
of a range of diseases and conditions. This contributes to a healthier society. For 
example, tuberculosis was a widespread disease in Australia. Chest X-ray screening was 

instrumental in virtually eradicating this disease. This has led to a healthier society. 

B. Economics 

Medical applications of physics are expensive to install and to operate. This is an 
economic burden. Society as a whole has to weigh up the benefits of the technology 
against these costs. Society has to decide upon how these costs can be met. Issues of 
equity and provision of service to remote areas are economic issues. For example, MRI 
machines are over $1 million each to buy and require highly skilled operators. Provision 
of increased medical physics technology for an aging population is in part an economic 
issue. 

C. Ethics 

Using medical applications of physics introduces ethical issues. The moral and ethical 
values we have as a society underpin our legal system. Medical applications of physics 
give us knowledge and can present us with issues that our value systems have to adjust 
to. 

For example, ultrasound is commonly used to image foetal development. Knowledge of 
foetal problems presents a dilemma to the prospective parents. 

Society as a whole has to confront the ethical issues that are raised. This process can be 
emotive and challenging and lead to societal unrest. 

D. Knowledge 

Medical applications of physics have contributed an enormous amount to our knowledge 
of the structure, function and development of the human body. Society uses this 
knowledge to provide for better and more efficient health provision. For example, 
keyhole surgery is a much cheaper and less invasive procedure that has been made 
possible by endoscopy.’ 

9.7 Option - Astrophysics: 1. Earth-based observations 

Syllabus reference (October 2002 version) 

1. Our Students learn to:  Students:  



understanding 
of celestial 
objects 
depends upon 

observations 
made from 
Earth or from 
space near 
the Earth  

• 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 

• 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 
were perfect and unchanging and that the Earth was at the centre of the 
Universe. 

Telescopes The Rice University, USA. 
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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, 
NSW, were built to take advantage of this. Very long wavelength radio waves are 

reflected by the ionosphere. 
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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 

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. 
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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.  

• 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.  

http://hsc.csu.edu.au/physics/options/astrophysics/3036/PHY971net.html#top
javascript:newWindow('define')
http://hsc.csu.edu.au/physics/options/astrophysics/3036/PHY971net.html#top
javascript:newWindow('discuss')


• 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 
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 
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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. 

Watch a movie that illustrates parallax of a star: Trigonometric Parallax Movie , 

Richard W. Pogge, The Ohio State University, Ohio, USA. 
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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. 

 

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.  
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• 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 

• 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.  
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• 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 (“)  

• 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. 
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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 
stars, emission nebulae, 
galaxies and quasars 

• describe the key features 
of stellar spectra and 

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 
graph 
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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 

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. 

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 
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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 
either bright or dark 
lines, appearing as a 

consists only of 
radiation at a 
number of discrete 
wavelengths, 
appearing as bright 

consists of a continuous 
range of wavelengths 
with discrete gaps at 
particular wavelengths, 
appearing as dark lines 
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continuous range of 
colours 

lines against a dark 
background 

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 
many objects in the viewing field at once, or selectively examine various parts of 
a single object concurrently. 
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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 
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 
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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) 

 

 

• 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 
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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] 
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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. 

http://www.dibonsmith.com/starfile.htm
http://hsc.csu.edu.au/physics/options/astrophysics/2978/PHYS975net.html#top
javascript:newSkill('14.2a')
javascript:newSkill('14.1f')


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. 

9.8 Option- From Quanta to Quarks: 1. Rutherford and Bohr 

Syllabus reference (October 2002 version) 

1. Problems 
with the 

Rutherford 
model of the 
atom led to the 
search for a 
model that 
would better 

explain the 
observed 
phenomena  

Students learn to:  

• discuss the structure of the 
Rutherford model of the 
atom, the existence of the 
nucleus and electron orbits 

• analyse the significance of 
the hydrogen spectrum in 
the development of Bohr’s 
model of the atom 

• define Bohr’s postulates 
• discuss Planck’s 

contribution to the concept 
of quantised energy 

• describe how Bohr’s 

postulates led to the 
development of a 
mathematical model to 
account for the existence of 
the hydrogen spectrum:  

 
• discuss the limitations of 

the Bohr model of the 
hydrogen atom 

Students:  

• perform a first-hand 
investigation to observe the 
visible components of the 
hydrogen spectrum 

• process and present 
diagrammatic information 
to illustrate Bohr’s 
explanation with the 
Balmer series 

• solve problems and analyse 
information using:  

 
• analyse secondary 

information to identify the 
difficulties with the 
Rutherford-Bohr model, 
including its inability to 
completely explain:  

o the spectra of larger 
atoms 

o the relative intensity 
of spectral lines 

o the existence of 
hyperfine spectral 
lines 

o the Zeeman effect 

Extract from Physics Stage 6 Syllabus (Amended October 2002) © Board of 
Studies, NSW.  
[Edit: 14 Aug 08] 

Prior learning: Preliminary modules 8.2, 8.3, 8.4, HSC Module 9.4. 

Background: In the early 1900s physics was an active area of research. Scientists were 
only just beginning to utilise the concept of the major research centre where individuals 
with great intellect and promise were concentrated to expand the frontiers of science 
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and perform the basic research required to push technology forward. Almost for the first 
time, being a scientist was a profession. In this environment, exciting discoveries were 
being made and published on a regular basis. 

 

discuss the structure of the Rutherford model of the atom, the existence of the 
nucleus and electron orbits 

• Rutherford concluded in 1911 that an atom of any element consisted of a tiny 

positive nucleus with as many positive charges as the atomic number of that 
element. He also concluded the electrons, that were equal in number to the 
positive charges in the nucleus, orbited at considerable distance from the nucleus. 

 

perform a first-hand investigation to observe the hydrogen spectrum 

• This is best done by passing an electric current through a low pressure hydrogen 
gas discharge tube and observing with a spectroscope the characteristic Balmer 
series spectrum in the light energy given out by the excited hydrogen gas atoms. 
Discuss the method to be used with your teacher. 

 

analyse the significance of the hydrogen spectrum in the development of Bohr’s 
model of the atom 

• The Danish physicist, Niels Bohr, extended Rutherford's atom model by arranging 
the electrons in concentric spherical shells. He proposed that electrons could orbit 
the nucleus in a stable manner only at a few specific distances from the nucleus 
whereas all other orbital radii were unstable. Bohr did this after linking the nature 
of the spectrum of hydrogen to the nature of electron orbits around the nucleus. 
In fact, Bohr could not have developed his theory of the atom without the 
knowledge of the spectrum of hydrogen.  

 
Atoms of a particular element, such as hydrogen, will emit their own unique 
frequencies of radiation. This is their characteristic spectrum.  
 
Bohr linked these characteristic wavelengths of light emitted from excited 
hydrogen atoms to being the energy emitted as an electron moved from a higher 
energy shell to a lower energy shell. He reasoned that since the energy emitted 

was of characteristic amounts and never in amounts in between, that the stable 
shells were of specific distances from the nucleus and that electrons could only 
exist stably at those fixed distances from the nucleus. This analysis becomes very 
complicated for the elements with more than one electron so it was critical that 
Bohr used hydrogen as his simplest case then extrapolated his model to the 
heavier elements with more than a single electron. 

 

process and present diagrammatic information to illustrate Bohr’s findings with 
the Balmer series 

http://hsc.csu.edu.au/physics/options/quanta_quarks/3004/phy981.html#top
javascript:newWindow('discuss')
http://hsc.csu.edu.au/physics/options/quanta_quarks/3004/phy981.html#top
javascript:newSkill('12.1a')
http://hsc.csu.edu.au/physics/options/quanta_quarks/3004/phy981.html#top
javascript:newWindow('analyse')
http://hsc.csu.edu.au/physics/options/quanta_quarks/3004/phy981.html#top
javascript:newSkill('12.4e')
javascript:newSkill('13.1e')


• Refer to and process a number of diagrammatical representations that illustrate 
Bohr’s findings with the Balmer series. Bohr's findings are generally presented as 
a series of electron jumps from the 6th, 5th, 4th and 3rd electron orbital to the 
2nd electron orbital out from the nucleus of the hydrogen atom to produce the 
four visible emission lines in the spectrum of hydrogen. These emission lines are 
called the Hα, Hβ, Hχ and Hδ spectral lines.  

• Your diagrams should be presented to show the electron jumping from the 6th 
to the 2nd shell, 5th to the 2nd shell, 4th to the 2nd shell and 3rd to the 2nd shell 
to produce the four visible light emissions in the Balmer series. 

 

solve problems and analyse information using:  

• This equation is the Balmer or Rhydberg equation depending on the reference 
used to identify the equation. It is used to describe the spectrum of discrete 
wavelengths of the spectral lines emitted from hydrogen. In the equation, R is the 
Rhydberg constant. The value of R is found on the HSC examination data sheet. 
For the visible spectral lines for hydrogen in the Balmer series, nf is the second 
stable orbital out from the nucleus, ni is the orbital the electron starts from before 
emitting electromagnetic impulses reaching the nucleus and is either 6, 5, 4 or 3.  

• One of the most common mistakes made by students applying the equation is 
that they are asked to calculate the wavelength, λ ,but the equation as written 
provides the inverse of the wavelength. Students substitute the values into the 
equation but forget to use the inverse button on their calculator, so present the 
reciprocal of the answer required. Note the Balmer equation applies to orbital 
movements that result in wavelengths in the infrared and UV portions of the 
electromagnetic spectrum although the work of Balmer involved only the four 
visible spectral lines of the hydrogen spectrum.  

• A sample problem might ask for you to determine the wavelength of the shortest 
spectral line in the visible spectrum of hydrogen. That is produced when an 
electron jumps down from the 6th to the 2nd orbital. A solution is shown below. 

 

Note that this line is in the violet of the visible spectrum. If an electron were to move 
from a higher orbital, say 7 or 8 to the 2nd orbital then the emission radiation forming 
that spectral line would lie in the UV portion of the spectrum. Similarly electrons can 
move to or from orbitals. When moving to higher energy orbitals they absorb a photon of 
that wavelength. When moving to lower energy orbitals they emit photons. It is 
important to recognise that the Balmer equation also applies to electrons moving to 
orbitals other than the 2nd orbital. The Paschen series involves the movement of 
electrons from the 6th, 5th and 4th orbital to the 3rd orbital for example. These 
emissions are in the infrared part of the visible spectrum. 
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discuss Planck’s contribution to the concept of quantised energy 

• Planck is the father of the concept of quantised energy. Planck used the idea of 
energy in discrete packets or quanta given by the equation E = hf to explain away 
the nature of radiation emitted from a blackbody. Planck had a traditional view of 
physics and came up with the idea of quanta to enable his explanation for 
blackbody radiation to work. He was initially uncertain of the concept's validity. 

 

define Bohr’s postulates 

• Bohr's postulates were:  
o Electrons can revolve around the nucleus in certain metastable orbits 

without radiating energy or falling toward the nucleus despite having 
opposite charges to the nucleus.  

o When an electron moves to a lower energy metastable state or orbital it 
emits energy in the form of electromagnetic radiation given by the 
relationship E = hf . If an electron moves to a higher metastable energy 
state it must gain a quantity of electromagnetic energy also given be the 

equation E = hf . That is the electrons movement from a specified higher 
energy state to a lower energy state always results in the emission of 
electromagnetic radiation of specific frequency being emitted. An electron 
moving to a higher specific energy level can only do so if the electron is 
able to absorb electromagnetic energy of a specific threshold frequency or 
a higher frequency.  

o An electron in a metastable orbit has an angular momentum that is an 

integer multiple of  

 

describe how Bohr’s postulates led to the development of a mathematical 

model to account for the existence of the hydrogen spectrum:  

• The equation was first developed in another form by Balmer as an 
empirical equation to describe the observation of the visible spectrum of 
hydrogen produced and observable when hydrogen gas was excited by the 
addition of energy. The equation in the original form was modified by Rhydberg 
until it worked and could be applied to explain the spectrum of hydrogen by using 
integer values of n, only as suggested by Bohr in his postulates. 

 

analyse secondary information to identify the difficulties with the Rutherford-
Bohr model, including its inability to completely explain: 
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o the spectra of larger atoms 
o the relative intensity of spectral lines 
o the existence of hyperfine spectral lines 
o the Zeeman effect 

• Analyse at least two secondary sources to identify the difficulties with the 
Rutherford-Bohr model. The following syllabus point provides a sample answer of 
a discussion of the difficulties. 

 

discuss the limitations of the Bohr model of the hydrogen atom 

• The Bohr model was the first and best available at the time of its conception. It 
largely explained the unexplainable observations at the time for the behaviour of 
the simplest atom known, hydrogen and stood as the base for further work by 
Bohr and others that extended our understanding of the nature of matter. The 
Bohr model did have some serious limitations in what it could satisfactorily 
explain.  

• The Bohr model of the atom was able to be exclusively applied to hydrogen. It 
simply couldn't explain the behaviour of atoms with more than one electron.  

• The Bohr model was unable to explain the observed fact that some spectral lines 
were more intense than others in the spectrum of hydrogen.  

• When the individual spectral lines were examined closely it was found that they 
were not solid lines of emitted light or a narrow range of frequencies emitted 
from the atom but that they were in fact made up of a number of hyperfine 
spectral lines. This could not be explained by the Bohr model of the atom.  

• The Bohr model was at a loss to explain the observation that when a discharge 
tube was placed in a magnetic field the spectral lines were split into several finely 
separated but individual lines (the Zeeman effect). This implied the energy levels 
were split which was unacceptable to the concept of stable orbitals or energy 
levels in the Bohr model. 

9.8 Option - From quanta to quarks: 2. de Broglie: The electron is a wave! 

Syllabus reference (October 2002 version) 

2. The 
limitations of 
classical 
physics gave 
birth to 
quantum 
physics  

Students learn to:  

• describe the impact of De 
Broglie’s proposal that any 
kind of particle has both 
wave and particle 
properties 

• define diffraction and 
identify that interference 

occurs between waves that 
have been diffracted 

• describe the confirmation 
of De Broglie’s proposal by 
Davisson and Germer 

Students:  

• solve problems and analyse 

information using:  
• gather, process, analyse 

and present information 
and use available evidence 

to assess the contributions 
made by Heisenberg and 
Pauli to the development of 
atomic theory 
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• explain the stability of the 
electron orbits in the Bohr 
atom using De Broglie‘s 
hypothesis 

Extract from Physics Stage 6 Syllabus (Amended October 2002) © Board of 
Studies, NSW.  
[Edit 14 Aug 08] 

Prior learning: Preliminary modules 8.2, 8.3, 8.4. 

Background: The Bohr model of the atom was a great step forward but couldn't explain 
the problem of why the electron didn't spiral into the nucleus with catastrophic results. 
De Broglie could explain that phenomenon. A new era in science had begun. 

 

describe the impact of De Broglie’s proposal that any kind of particle has both 
wave and particle properties 

• The De Broglie proposal on a wave like character for matter had little direct effect 
until the discovery of the wave like character of electrons. It was seen as a 
theoretical model of matter that was acceptable enough on mathematical grounds 
and following the recognition of Einstein to enable De Broglie to obtain his PhD.  

• The ideas presented in the De Broglie PhD thesis resulted in the birth of a new 
science of quantum mechanics. All of that revolutionary change occurred before 
the scientific community was able to confirm De Broglie's ideas that matter 

(particles) had a wave character. 

 

solve problems and analyse information using:  

• An example problem to solve is shown below where the velocity of an electron 
is given as 2.3 × 10-5 ms-1 and you are required to calculate the wavelength of 
the electron. When analysing, remember h is Planck's constant and is found on 
the data sheet, the mass of the electron is also found on the supplied data sheet 
for the HSC examination. 

 

http://hsc.csu.edu.au/physics/options/quanta_quarks/3005/phy982.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3005/phy982.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3005/phy982.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3005/phy982.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3005/phy982.html#top
javascript:newWindow('describe')
http://hsc.csu.edu.au/physics/options/quanta_quarks/3005/phy982.html#top
javascript:newSkill('14.2d')
javascript:newSkill('14.1f')


Note the size of this wavelength is very short. It is this short wavelength that makes the 
use of electrons in the electron microscope so effective in producing high resolution 
images of objects with fine detail. 

 

define diffraction and identify that interference occurs between waves that 
have been diffracted 

• Diffraction is the process by which waves travelling through a small hole, slit or 

around a boundary will spread out.  

• Go to this web site for a Notes and diagrams on diffraction Diffraction and 
interference, University of Tennessee, Knoxville, Tennessee, USA  

• Interference is caused by waves overlapping with each other, causing a 
cancellation of the wave where troughs coincide and amplification of the wave 
where crests coincide. Interference information Diffraction and interference, 
University of Tennessee, Knoxville, Tennessee, USA. Scroll down intil you come to 
the information on interference.  

 

describe the confirmation of de Broglie’s proposal by Davisson and Germer 

• Davisson and Germer annealed a nickel crystal so that it had a surface that was 
smooth in regions larger than the width of the electron beam they aimed at the 
crystal in a near vacuum. The electrons in the beam were diffracted. This 
demonstrated that the beam of electrons had properties like a wave. This 

confirmed the De Broglie hypothesis of a wave nature for matter (the electrons 
were recognised as matter) for the first time. 

 

explain the stability of the electron orbits in the Bohr atom using De Broglie‘s 

hypothesis 

• The linking of wave properties to stable orbitals is critical in any explanation of 
this dot point. The stability of the Bohr atom electron orbits could be explained in 
terms of De Broglie's wavelike character of matter. The idea was that the orbits of 
the electrons about the hydrogen atom nucleus was an integer number of 
wavelength in a similar condition to the formation of a standing wave in a length 

of string. In this case the circumference of the electron orbits was equivalent to 

. The De Broglie wavelength is . Since to form a standing wave there 

has to be an integer n wavelengths in the circumference the relationship 
between the circumference of the electron orbits and the De Broglie wavelength 

becomes  
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Combing the two equations leads to  
 

This is Bohr's condition for the quantisation of angular momentum existing only in 

integer multiple of . 

 

gather, process, analyse and present information and use available evidence to 
assess the contributions made by Heisenberg and Pauli to the development of 
atomic theory 

• Gather information from various sources including scientific journals and the 
Internet.  

• Process the information by evaluating the validity of the different sources. If 
several sources have conflicting information, primary sources should be 
consulted.  

• Analyse the information to show the progression of their ideas of atomic theory.  

• Present your information in a format that will be interesting and clear to the 
audience.  

• In your conclusions use evidence from your research to assess the 
contributions of Pauli and Heisenberg. 

Sample information 

The contribution made by Heisenberg and Pauli to the development of atomic theory was 
significant in that they took the ideas of others and developed a theoretical basis for 
describing why these things happened through mathematics. Werner Heisenberg 
developed the mathematical theory of quantum mechanics because he was unhappy 
with the mixed classical and quantum model of Bohr's that was used to explain the 
hydrogen atom. Pauli took the quantum mechanical model that was in its entirety 
theoretical and applied it to the hydrogen atom and was theoretically able to derive the 
Rhydberg constant and to develop Balmer's equation. This was the first time in the 
history of atomic physics where the theoretical preceded the supporting observation. 

9.8 Option - From Quanta to Quarks: 3. Fermi and Chadwick: The nuclear age 

begins 

Syllabus reference (October 2002 version) 

3. The work of 
Chadwick and 

Students learn to:  Students:  
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Fermi in 
producing 
artificial 
transmutations 

led to practical 
applications of 
nuclear 
physics  

• define the components of 
the nucleus (protons and 

neutrons) as nucleons and 
contrast their properties 

• discuss the importance of 
conservation laws to 
Chadwick’s discovery of the 
neutron 

• define the term 
'transmutation’ 

• describe nuclear 
transmutations due to 
natural radioactivity 

• describe Fermi’s initial 
experimental observation 
of nuclear fission 

• discuss Pauli’s suggestion 
of the existence of neutrino 
and relate it to the need to 
account for the energy 
distribution of electrons 
emitted in ß-decay 

• evaluate the relative 
contributions of 
electrostatic and 
gravitational forces 
between nucleons 

• account for the need for 
the strong nuclear force 

and describe its properties 
• explain the concept of a 

mass defect using 
Einstein’s equivalence 
between mass and energy 

• describe Fermi’s 
demonstration of a 
controlled nuclear chain 
reaction in 1942 

• compare requirements for 
a controlled and 
uncontrolled nuclear chain 
reaction 

 

• perform a first-hand 
investigation or gather 

secondary information to 
observe radiation emitted 
from a nucleus using 
Wilson Cloud Chamber or 
similar detection device 

• solve problems and analyse 
information to calculate the 
mass defect and energy 
released in natural 
transmutation and fission 
reactions 

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

Prior learning: Preliminary modules 8.5, 9.4. 

Background: Today, nuclear power is taken for granted. In some countries it supplies 
up to 40% of electricity yet our understanding of how energy can be released from the 
atom was poorly understood until the period just before the Second World War. The 
scientific impetus to invent new weapons and massive government financial support led 
to much more detailed understanding of the structure of the atom. 
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define the components of the nucleus (protons and neutrons) as nucleons and 

contrast their properties 

• Protons and neutrons are nucleons. Protons carry a charge of 1.602 × 10-19C. 
Neutrons carry no charge. Protons have a mass of 1.673 × 10-27 kg. Neutrons are 
slightly more massive with a mass of 1.675 × 10-27 kg. 

 

perform a first-hand investigation or gather secondary information to observe 
radiation emitted from a nucleus using Wilson Cloud Chamber or similar 
detection device 

• You will only do this dot point as a first-hand investigation if your school has a 

Wilson Cloud Chamber and has access to suitable radioactive material. If this is 
the case all safety precautions for using radioactive material will have to 
be followed.  

• Secondary information can be gathered from the Internet, from Physics texts or 
from appropriate scientific journals. A starting point could be The Cloud 
Chamber C R Nave, HyperPhysics, Department of Physics and Astronomy, 

Georgia State University, USA and the experiment done by Wilson is explained 
here Department of Physics, Brown University, Providence, Rhode Island, USA 

 

discuss the importance of conservation laws to Chadwick’s discovery of the 

neutron 

Background information 

As early as 1907 and definitely in 1920, Rutherford proposed the presence of a neutral 
particle in the nucleus. That proposal was based largely on the fact that the mass of the 

nucleus of small elements had been measured and was found to be greater than the 
mass of the number of protons they contained. The presence of the neutron was also 
suggested by the discovery of isotopes. 

Soddy, in 1907, suggested that atoms of the same element might contain different 
numbers of neutrons without affecting their chemical nature. This was able to account 
for the non-integral atomic weights of certain elements. 

In 1912, Aston used a primitive mass spectrograph to show that neon of atomic weight 
20.2 atomic mass units (amu) had two isotopes of atomic weight 20 amu and 22 amu 
respectively. This could only be explained by virtue of the law of conservation of mass if 
the nucleus contained neutral particles of some form. 

In 1930, Bothe and Becker of Germany found that beryllium under alpha bombardment 
emitted radiations of great penetrating power. It was thought they were gamma rays 
because they apparently did not have a charge. 

Frederic Joliot and his wife Irene Joliot-Curie, who was the daughter of Pierre and Marie 
Curie, found that this radiation could expel protons from paraffin wax, a dense 
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hydrocarbon, and calculated that the energy of any such γ-rays would need to be about 
50 MeV. This was unreasonably high. 

The idea of using the uncharged radiation to eject protons was so that the uncharged 

radiation that was difficult to detect would be detectable because protons were easily 
detectable in experiments using an ionisation chamber. 

• In 1932, James Chadwick suggested that the highly penetrating radiation was 
Rutherford's neutral particle from within the nucleus. Chadwick thought that a 
neutral particle of mass about 1 amu could expel protons from hydrogen 
compounds much more efficiently. His measurements of the momenta and 
energies involved in these and other nuclear reactions confirmed that these 
neutrons actually existed.  

• His experimental work on the nature of the uncharged radiation used 
conservation of momentum and energy laws to show that the neutron had a mass 
of just slightly more than that of a proton. 

 

define the term ‘transmutation’ 

• Transmutation is the process responsible for transforming one element into 

another. This occurs by the emission of an α or β-particle from the nucleus in 
natural transmutations. 

 

solve problems and analyse information to calculate the mass defect and 

energy released in natural transmutation and fission reactions 

Background information 

This idea is based on the use of Einstein's equation for the mass defect , E= mc2. 

Using this equation, it is possible to determine the mass defect for every 1 atomic mass 
unit (u) converted to energy, approximately 931 MeV of every 1u of mass. The energy 
release comes about because during fission the total mass of the products is less than 
the total mass of the reactants with the difference being converted to energy. 

• To solve this type of problem you will need to know the total mass in atomic 
mass units (u) of the element undergoing fission including the mass contribution 

from its binding energy and the total mass of the elements and subatomic 
particles that are the products of the fission.  

• Analysing the information, the difference in the atomic mass units before and 
after the fission in u can be multiplied by 931 MeV to give the energy released in 
a fission reaction. 

 

describe nuclear transmutations due to natural radioactivity 
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• Natural transmutations involve the emission of α-particles or β-particles from the 
nucleus of a radioactive atom.  

• An example of α-decay  
Note how the atomic mass falls by 4 and the atomic number by 2 with the 
emission of the α-particle to form a new element.  

• An example of β-decay  
Note how the atomic mass remains the same but the atomic number increases by 

1 when a β-particle is emitted. 

 

describe Fermi’s initial experimental observation of nuclear fission 

• In 1934, the Italian-American physicist, Enrico Fermi used the observed half lives 
of radiation emitted by atoms bombarded by neutrons to identify the element as 
having an atomic number higher than 92 which is uranium. This was an 
observation of nuclear fission.  

• In 1942, Fermi built the first atomic pile in a converted squash court at the 
University of Chicago. He used 6 tonnes of uranium metal (the entire nation's 
supply) and 40 tonnes of uranium oxide separated by 385 tonnes of graphite 
bricks. Control rods of cadmium, known to be a good neutron absorber, were 
inserted amongst the uranium and graphite bricks to prevent the chain reaction 
from becoming supercritical. The experiment was successful and the primitive 
unshielded nuclear reactor generated 0.5 W of thermal power. 

 

discuss Pauli’s suggestion of the existence of neutrino and relate it to the need 
to account for the energy distribution of electrons emitted in ß-decay 

• The electrons emitted in the process of beta decay have different energy levels. 
They are all generated in a similar process whereby an electron is emitted from a 
neutron to leave behind a proton in the transmutation process of increasing the 
atomic nucleus of an atom by 1 atomic mass unit but causing only a small 
difference to the atomic mass.  

• The problem facing Pauli was simply that although the process was the same 
from the same element, why and how could the range of energies of the electrons 
be explained. The same transmutation reaction should release beta particles of 
the same energy level.  

• To overcome this problem, Pauli assumed the release of another particle, the 
neutron (later called the neutrino by Fermi), which was released at the same time 
as the beta particle. This particle although not detected was thought to be neutral 
and to carry an amount of energy that was equivalent to the amount of energy 
that was less than the maximum kinetic energy possible for an ejected beta 
particle produced in a particular transmutation. 
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evaluate the relative contributions of electrostatic and gravitational forces 
between nucleons 

• The gravitational and electrostatic forces are both inverse square forces, although 

their effects in the nucleus are opposite. At the small distances of separation 
between the proton and neutrons in the nucleus the gravitational attraction due 
to the mass of these particles should be high.  

• The electrostatic forces between the protons where like charges repel should also 
be high at the minimum distances of separation in the nucleus. Calculation of the 

relative calculation of these two oppositely directed forces leads to a finding that 
the electrostatic force is by far the stronger of the two forces. This should cause 
the nucleus to fly apart and become unstable for all elements except hydrogen. 
Clearly this doesn't happen so another force is required to explain why the 
nucleus stays together.  

• To stabilise the nucleons in the nucleus another force termed the strong nuclear 

force is required. 

 

account for the need for the strong nuclear force and describe its properties 

• The strong nuclear force is needed to account for the stability of the nucleons in 
the nucleus and to overcome the repulsive electrostatic force due to proton- 
proton repulsion. The properties required of such a force include:  

o The force is strong enough to be able to overcome the electrostatic force. 
o The force is independent of charge. It acts between proton-protons and 

proton-neutrons. 
o The force is able to account for an even spread of matter and hence 

density of nucleons in the nucleus. To do this the force must be a short-
range force acting only between immediate neighbour nucleons. 

o The force is carried by the messenger particle called the pi meson. This 
particle is 273 times heavier than an electron. 

 

explain the concept of a mass defect using Einstein’s equivalence between 
mass and energy 

• When the C-12 standard was established, it was not anticipated that the nuclear 
masses of other nuclides would be perfectly integral numbers of amu's. The truth 

turned out to be that measurement confirmed that the nuclear mass of any 
isotope is invariably less than the total mass of its constituent protons and 
neutrons.  

• This missing mass is referred to as the mass defect of the nucleus. This mass 
defect as measured is invariably negative.  

• By the time this feature was recognised, Albert Einstein had produced his General 
Theory of Relativity in which he argued that mass and energy were 
interconvertible under the now famous relation E = m c2 , where c is the speed of 
light in a vacuum, which Einstein regarded as the universal constant. Einstein did 
not suggest that whole bodies of matter could be converted to energy, but rather 
that a body possessing kinetic energy would effectively have a relativistic mass 
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which was greater than its rest mass by the mass-equivalent of that kinetic 
energy: m = mo + E/c2  

• Similarly, a composite body like an atomic nucleus composed of protons and 

neutrons held together by cohesive forces possesses potential energy and would 
have an effective mass less than the total mass of its constituent parts if 

measured separately:  

• The mass defect of a nucleus is the mass-equivalent of the energy of 
formation/dissolution of the nucleus which in turn is equal to the binding energy 

of the nucleus. 

 

describe Fermi’s demonstration of a controlled nuclear chain reaction in 1942 

• In 1942 Fermi, built the first atomic pile in a converted squash court at the 
University of Chicago. He used 6 tonnes of uranium metal (the entire nation's 
supply) and 40 tonnes of uranium oxide separated by 385 tonnes of graphite 
bricks. Control rods of cadmium known to be a good neutron absorber were 
inserted amongst the uranium and graphite bricks to prevent the chain reaction 
from becoming supercritical. The experiment was successful and the primitive 
unshielded nuclear reactor generated 0.5 W of thermal power. 

 

compare requirements for a controlled and uncontrolled nuclear chain reaction 

• The essence of a controlled fission reaction is that each fission that occurs should 

produce one and one only further fission of another nucleus. Such a perfectly 
controlled reaction is called a critical reaction and the amount of fissionable 
material of given purity that can provide that one-for-one capture probability is 
called the critical mass.  

• An uncontrolled fission process involves a process whereby more than one 

nucleus is caused to undergo fission as a result of the fission of a single nucleus. 
This type of reaction is produced in an atomic bomb. For such a reaction to occur 
the amount of fissionable material of a given purity brought together in one lump 
must exceed the critical mass. 

9.8 Option - From Quanta to Quarks: 4. Applications of a knowledge of the 
structure of the atom 

Syllabus reference (October 2002 version) 

4. An 
understanding 
of the nucleus 
has led to 
large science 
projects and 
many 
applications  

Students learn to:  

• explain the basic principles 
of a fission reactor 

• describe some medical and 
industrial applications of 
radio-isotopes 

• describe how neutron 
scattering is used as a 

Students:  

• gather, process and 
analyse information to 
assess the significance of 
the Manhattan Project to 
society 

• identify data sources, and 
gather, process, and 
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probe by referring to the 
properties of neutrons 

• identify the ways by which 
physicists continue to 

develop their 
understanding of matter 
using accelerators as a 
probe to investigate the 
structure of matter 

• discuss the key features 

and components of the 
standard model of matter, 
including quarks and 
leptons 

analyse information to 
describe the use of:  

o a named isotope in 
medicine 

o a named isotope in 
agriculture 

o a named isotope in 
engineering 

Extract from Physics Stage 6 Syllabus (Amended October 2002) © Board of 
Studies, NSW.  
[Edit: 14 Aug 08] 

Prior learning: Preliminary modules 8.5.  
HSC Modules 9.2, 9.4. 

Background: Nuclear fission and an understanding of how elements could be 
transmutated to form useful radioactive isotopes changed the face of the world in terms 
of defence, medicine with medical isotopes, research science and elemental tracing, 
cancer treatment and the production of electrical power. 

 

explain the basic principles of a fission reactor 

• The fission of heavy nuclei results in the release of significant amounts of energy 
that can be as much as 0.1% of the total mass of the reactants. This is much 
greater than the relative energy extraction in any chemical reaction. Mechanisms 

designed to do this are called nuclear fission reactors.  

• Nuclear fission reactors are large shielded structures that utilise controlled fission 
of uranium or the manufactured element plutonium for the production of heat 
that is used to generate electricity in a conventional sense. The following features 
are common to most or all fission reactors:  

• The fuel is U235 and/or plutonium in the form of compounds of oxides or carbides 
packed into long fuel rods 

Additional information 

These fuel rods are hollow tubes of metals such as stainless steel or can be alloys of 
magnesium or zirconium. Each fuel rod contains a sub-critical mass of fissionable 

material. When several of these rods are arranged vertically in the reactor core at 
suitable close distances in a geometric array usually a rectangular grid or concentric 
circles the effect is that a critical mass of fissionable material is achieved. 

• A moderator, either graphite blocks or heavy water, is used to fill the space 
between the fuel rods in thermal reactors. The purpose of the moderator is to 

http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a3
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a3
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a4
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a5
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a5
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a5
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a5
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a5
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a7
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#a7
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#top
javascript:newWindow('explain')


slow the neutrons down from 1 MeV to less than 0.5 eV through multiple 
collisions. Slow neutron will be captured by atoms of the fissionable material and 
cause those atoms to undergo fission. As a safety precaution the reactor is 
designed to enable additional rods to be dropped vertically into the reactor core in 
the event of the core overheating. These rods must be able to withstand the high 
temperatures in the core to be effective. 

Additional information 

To ensure that a controlled fission reaction occurs control rods of boron or cadmium are 
inserted horizontally into the mass of the fuel rods from all sides to depth to keep the 
chain reaction at the critical phase but prevent the mass of fissionable material from 
becoming supercritical and the reaction becoming uncontrolled. The control rods absorb 
neutrons. The depth of control rod insertion is varied as needed. 

• To assist with temperature control and enable the heat produced during fission to 
be used a coolant is used to transfer the heat from the reactor core. The coolant 

is fluid that is circulated through the core. It absorbs heat from the neutrons and 
fission products. This heat is transferred to a separate water or steam system 
that drives conventional turbine electricity generators. 

 

identify data sources, and gather, process, and analyse information to describe 
the use of: 

o a named isotope in medicine 
o a named isotope in agriculture 
o a named isotope in engineering 

• Identify data sources by refering to Internet sites, modern texts and journals 
for the latest information. The list below identifies some of the radioactive 
isotopes used in each of the fields listed above but is by no means a complete 
list.  

• Gather appropriate information from the various sources. You should identify one 

isotope for each example and then do detailed research on that isotopes use.  

• Process the information by assessing the accuracy of the information.  

• Analyse the information to find any trends or patterns in the relationship of 
isotopes for the different purposes. 

Medicine: Radioactive isotopes are used in diagnosis as radioactive tracers or in 
scanning. Isotopes used as such include chlorine151 used for scanning the spleen, 
iodine131 used for scanning the lungs and thyroid, technetium99 used for scanning the 
bones and lungs, cobalt60 used for radiation treatment of cancers. 

Agriculture: Radioactive isotopes are used in the agricultural industry as tracers in 

plants. Radioisotopes are added to fertilisers in small but known quantities. The uptake 
of the fertiliser can be measured by the researcher measuring how radioactive a plant 
has become. This technique is largely a research tool without practical application on 
farms. Examples of isotopes used for this purpose include phosphorous32 and nitrogen15. 
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Engineering: Applications of radioactive isotopes in engineering are varied but mainly 
centre around smoke detection, using the shielding capacity of a structure or component 
to measure its thickness. This concept is based on the idea that shielding from 
radioactivity is increased with greater thicknesses of material in a predictable manner. 
Another way of using radioactive isotopes themselves in machinery components is to use 
the rate of radioactive decay from the machine to predict the wear of non-visible 
radioactive parts. Some uses involve measuring the radioactivity of lubricants that are in 
contact with machinery that is itself radioactive. As the machine wears the lubricant 
becomes contaminated with radioactive material. Measuring the radioactivity of the 
lubricant indicates the amount of wear. Radioisotopes used in measuring the thickness of 
materials include cobalt60 and iridium190. Americium241 is used in smoke detectors. 

 

describe some medical and industrial applications of radio-isotopes 

• Medical applications of radio-isotopes:  
o Radioactive isotopes are used in diagnosis as radioactive tracers or in 

scanning. A short-half-life isotope is administered into a biological system 
such as an animal or plant and the progress of that isotope through the 
system can be described. Its passage and accumulation can lead to 
important information such as pathways for certain elements or 
abnormalities in a biological system can be detected. 

o Radiation therapy for patients with cancer is a common treatment. The 
radio-isotope can either be administered to the site of the cancer or 
radiation from a radio-isotope can be administered externally. 

 

• Industrial applications of radio-isotopes.  

o Applications of radioactive isotopes in engineering are varied but mainly 
centre on smoke detection, using the shielding capacity of a structure or 
component to measure its thickness. This concept is based on the idea 
that shielding from radioactivity is increased with greater thicknesses of 
material in a predictable manner. 

o Another way of using radioactive isotopes themselves in machinery 

components is to use the rate of radioactive decay from the machine to 
predict the wear of non-visible radioactive parts. Some uses involve 
measuring the radioactivity of lubricants that are in contact with 
machinery that is itself radioactive. As the machine wears the lubricant 
becomes contaminated with radioactive material. Measuring the 
radioactivity of the lubricant indicates the amount of wear. 

o Radioactive isotopes such as those of phosphorous and nitrogen are used 
in the agricultural industry as tracers in plants. Radioisotopes are added to 
fertilisers in small but known quantities. The uptake of the fertiliser can be 
measured by the researcher measuring how radioactive a plant has 
become as a proxy for measuring the fertiliser uptake directly. This 
technique is largely a research tool without practical application on farms 
although it does provide farmers with useful information. 

o Radioisotopes such as Americium241 are used in the fire protection and fire 

warning industry as smoke detectors. Interruption of the regular stream of 
ionised radiation being disrupted by the fine smoke particles in the air 
causes the triggering of the smoke alarms. 

 

http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#top
javascript:newWindow('describe')
http://hsc.csu.edu.au/physics/options/quanta_quarks/3007/phy984.html#top


describe how neutron scattering is used as a probe by referring to the 
properties of neutrons 

• Neutrons are neutral and as such can enter the nucleus much more easily than 

protons. They are also of a large enough mass to enable them to eject other 
subatomic particles and smash atoms apart to reveal their inner structure. 

 

identify ways by which physicists continue to develop their understanding of 

matter using accelerators as a probe to investigate the structure of matter 

• From the 1930s onward, particle accelerators have enabled physicists to further 
their knowledge of nuclear structure and reactions. Many different designs have 
been developed but they all have some common features. The common features 
of all of these accelerators are:  

o they can use any type of charged particle as a projectile and provide those 
particles with large amounts of kinetic energy. These particles can then be 
aimed at target atoms. 

o they can provide these particles at great rates in a beam 
o they can focus these particle beams to increase the probability of collisions 

and interactions with specific targets. 

 

discuss the key features and components of the standard model of matter, 
including quarks and leptons 

• There are thought to be four fundamental forces in nature. They are:  

o The gravitational force that acts on all mass in the Universe. Of the 
fundamental forces this is thought to be the weakest. 

o The electromagnetic or coulomb force that acts on all charges and holds 
atoms and molecules together. 

o The nuclear strong force that enables protons and neutrons to form nuclei. 
This weak force acts only over very short distances such as those within 
the confines of a nucleus. 

o The nuclear weak force that can allow electrons and other types of 
subatomic particles to change into other types of particles. 

 

• The fundamental forces are thought to be associated with the exchange of 
particles that belong to a family of particles called the bosons. The 
electromagnetic force is carried by a photon, the gravitational force by a 
gravitron, the strong force by a gluon and the weak force by a W particle.  

• These forces interact with the 12 basic subatomic particles (and 12 subatomic 
anti-particles because every particle has an antiparticle equivalent in mass but 
opposite in charge) to form matter. How they interact determines whether they 

are classified as leptons or hadrons. There are six leptons and six hadrons.  

• The leptons interact by the electromagnetic and weak nuclear forces. They 
include the electron, muon, tau, electron neutrino, muon neutrino and tau 
neutrino. Leptons interact with coulomb, gravitational and weak forces.  
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• The hadrons interact by the strong nuclear force. They include particles from the 
groups known as baryons and mesons. These particles are all made from 
combination of smaller particles called the quarks. Baryons are made from a 
combination of three quarks; mesons are made from a quark-antiquark pairs. 
Quarks interact with coulomb, gravitational and weak forces. Quarks have 
charges of either +2/3 or -1/3. 

 

gather, process and analyse information to assess the significance of the 

Manhattan Project to society 

• Some of the best sources of data on the Manhattan Project can be found on the 
Internet. Typing in the search terms "Manhattan Project" and "the bomb" will 
bring up many relevant websites from which you can gather excellent historical 
and social perspectives on this turning point in human history.  

• Process and analyse the information from a number of sources to reliably 
assess the significance of the Manhatten Project to society. 

Sample assessment 

The Manhattan Project was the second chain reaction after Fermi's 1942 nuclear pile. 

The difference was this reaction was uncontrolled. In this case, subcritical-mass pieces of 
plutonium were imploded together by conventional explosives to achieve a critical mass 
and resulting explosion. This reaction was the first atomic bomb. It was detonated at 
Algomordo, New Mexico on 16 July 1945. This blast was not large by modern standards 
with an energy yield equivalent to 20 000 tonnes of TNT. The bomb, as it became 
known, was dropped on the Japanese cities of Hiroshima and Nagasaki. This cut short 
the war in the Pacific during WW II. After the war, the race to develop more powerful 
atomic bombs contributed to the Cold War and effectively split the world into two allied 
camps. This push for nuclear research led to the establishment of significant science 
programs and the laboratories at nuclear research laboratories at Los Alamos, and 
Berkeley in USA and Chalk River, Canada. Research in these locations although primarily 
aimed at weapons development also contributed positively to many peaceful advances in 
nuclear technology such as electricity generation and fission reactor power stations. 

9.9 Option- The Age of Silicon: 1. Electronics, silica, the microchip and society 

Syllabus reference (October 2002 version) 

1. Electronics 
has undergone 

rapid 
development 
due to greater 
knowledge of 
the properties 
of materials 
and 

increasingly 
complex 
manufacturing 
techniques  

Students learn to:  

• identify that early 
computers each employed 
hundreds of thousands of 
single transistors 

• explain that the invention 
of the integrated circuit 

using a silicon chip was 
related to the need to 
develop lightweight 
computers and compact 
guidance systems 

• explain the impact of the 

Students:  

• identify data sources, 
gather, process and 
analyse information to 
outline the rapid 
development of electronics 
and, using examples, relate 

this to the impact of 
electronics on society 

• gather secondary 
information to identify the 
desirable optical properties 
of silica, including:  
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development of the silicon 
chip on the development of 
electronics 

• outline the similarities and 

differences between an 
integrated circuit and a 
transistor 

o refractive index 
o ability to form fibres 
o optical non-linearity 

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

Studies, NSW. 

[Edit: 2 July 09]  

Prior knowledge: Preliminary modules: 8.2 (particularly part 5), 8.3 and HSC module 
9.4, particularly part 3. 

NOTE that past HSC papers have asked questions in this module that require you to use 
information from the HSC core module 9.4: From ideas to implementation in particular 
section 3 about transistors. Questions have assumed that you will know transistor and 
diode structure, function and principles of operation as well as how environmental 
factors, such as light and heat, impact on their electrical properties when they are used 
as transducers in circuits. 

identify data sources, gather, process and analyse information to outline the 
rapid development of electronics and, using examples, relate this to the impact 
of electronics on society 

• Locate reliable, authoritative and recent sources that fill out to your satisfaction 
the story of the development of electronics. The bare bones of that story are 
provided below, but remember that it is only the syllabus point details that will be 
examined.  

• Sources you might access include:  
o KIDS.NET.AU is the site of an interactive encyclopedia.  

o The Nobel prize site has a history of semiconductors and vacuum 
tubes (thermionic emission) in its Educational section.  

o The US Public Broadcasting Service provides some background 
information on the invention of transistors and integrated circuits.  

o Jack Kilby (Texas Instruments) and Robert Noyce (Fairchild) are 

both credited with the discovery of the integrated circuit at the end of the 
1950s.  

o Intel is a company that manufactures ICs and they have information 
modules on their website about the electronics that drive today’s modern 
communication systems. Their online exhibit, From Sand to Circuits 

tells how Intel makes integrated circuit chips. 

Background 
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To tell the story of electronics from the mid-twentieth century to the present time, you 
will need to know the physical structure and operating principles for the following 
devices: 

• thermionic valves 
• diodes 
• transistors 
• integrated circuits (ICs) 
• active and passive transducers 
• the difference between linear and non-linear devices 

• the similarities and differences between analogue and digital signals 
• systems for handling analogue and digital signals. 

Some of that information can be found in HSC module 9.4, From ideas to 
implementation, in section 3 about semiconductors and transistors. 

The key phases in the story of electronics are related to: 

1. the thermionic valve 
2. the transistor and its successor, the integrated circuit 
3. the replacement of analogue with digital coding of information. 

You should identify the key events and the time span when each was/is the dominant 

technology and provide a summary of significant refinements made and their advantages 
and disadvantages. Their disadvantages will assist you to understand why they were 
replaced with the next technology…and thus provide the beginnings of a list of 
advantages for the succeeding technology. Relevant features of each technology are 
outlined in the following snapshots about the thermionic valve, transistor and IC. 

The thermionic valve is a relatively large, evacuated glass tube containing metal 

electrodes in a carefully organised but delicate structure. To do useful things, a valve 
needs external components such as capacitors, resistors and inductors and two power 
supplies. One is a low voltage, high current supply to produce the heat for thermionic 
emission of electrons (5 -15 volts). The other is a high voltage, low current supply to 
control the movement of electrons in the valve (100+ volts). An individual valve cannot 
be reduced in size much below half of an index finger on an adult hand. Useful 
equipment (radio, tape recorders, amplifiers and computers) requires multiple valves 
and related circuits containing large resistors, capacitors and inductors. The components 
need to be well spaced to allow for heat dissipation and to ensure that the high operating 
voltages do not cause short-circuits. Thus valve-based electronic equipment takes up a 
lot of space, is relatively heavy and needs to be kept in situ for long-term, reliable 
operation. 

Transistors are relatively small, solid state devices (packaged into about 5 mm3 for low 
power applications) and physically robust. They do not require high voltages or currents 
and thus produce little heat. Initially they were made from a Germanium base, but 
Silicon became the preferred base because it could better handle higher currents and 
consequent higher temperatures than Germanium. Transistors, like valves, require 
external resistors, capacitors and inductors in their circuits to perform useful tasks. In 
low power applications, the size of resistors and capacitors can be reduced (less heat is 
produced to be dissipated) and they can be packed closer together in circuits without 
overheating or risking a short-circuit. The use of printed circuit boards and automated 
soldering processes (to fix all the components to a circuit board without human 
intervention) means that the same functionality as valve based electronics can be 
provided at a fraction of the cost (both in terms of material and labour) and in a greatly 
reduced package size. Transistor based equipment uses much less energy, is truly 



portable (lighter and smaller in size), more reliable (not so prone to physical damage) 
and can do much more (size for size) than valve based electronics. Battery technology 
was sufficiently advanced to provide practical amounts of energy to run transistorised 
equipment at a reasonable cost. 

The first integrated circuits (ICs) contained a few transistors, resistors and capacitors all 
fabricated on what started out as a single, very pure, wafer of silicon crystal. Today, a 
single silicon crystal can have up to 108+ transistors and related resistors and capacitors 
(as well as other devices and circuitry) all fitted onto an area covered by a five cent 
piece. Manufacture of ICs today is very complex and requires highly advanced 

technology to: 

• produce ultra clean environments 
• maintain high vacuum spaces where very small doses of metal vapour can be 

delivered to precisely identified regions of the substrate crystal 
• provide very precise measurements down to 10-9 m (nanometers) 
• refine very pure sources of rare metal elements 

• support laser etching tools and computer-aided design. 

These latest ICs, when compared to earlier ICs: 

• require little electrical energy to operate 
• are very robust 

• are extraordinarily fast 
• are relatively cheap to produce 
• are versatile 
• have massive calculating capacity. 

It is interesting to note the social forces that drove the development of electronics from 
the 1940s and it’s growing impact on our daily lives. 

• The main impetus for the development of electronics from the mid-twentieth 
century was military conflict, eg World War 2, the Korean War and the Cold War. 
The need for better electronics to support the development of missile guidance 
and control systems and the space race to the moon led to the development and 
production of the first ICs in the US by the early 1960s.  

• Since the collapse of the Soviet Union and the end of the Cold War (by 1990), 
commercial and military interests have continued to fund research and 
development of bigger, more powerful and faster silicon-based very large scale 
integrated (VLSI) and ultra large scale integrated (ULSI) circuits.  
 
NOTE: The above information about social forces is interesting but should not be 

included in an answer in the HSC.  

• Both military and commercial interests continue to build sophisticated global 
communication networks. These networks utilise computers, massive data 
storage banks, satellites, very high frequency radio (microwave) links on the 
ground and optical fibre networks (which are rapidly replacing copper wire-based 
networks) in the ground and under oceans to transfer digitised data around the 

Earth.  

• Faster and faster circuits are needed in the computers that manage the growing 
volume of data being moved around those networks. To achieve higher speeds, 
silicon-based ICs will need to be replaced soon (this will be explained in later 
material for this module). 



• After you have gathered and analysed the information you need to use the 
examples you have found to relate this to the impact of electronics on society. 

 

identify that early computers each employed hundreds of thousands of single 
transistors 

• The first transistor based computers appeared in the second half of the 1950s and 
replaced those with valves. Transistors replaced valves because they took up less 

space (more transistors per unit area could be included in a computer than 
valves), used much less power and were more reliable. Large numbers of 
transistors were needed to perform the operations required to make computers 
practical tools. 

 

explain that the invention of the integrated circuit using a silicon chip was 
related to the need to develop lightweight computers and compact guidance 
systems 

• Transistors were replaced by ICs in the late 1960s to make minicomputers. The 
first desktop or personal computer was the Altair 8800 produced for the mass 
market by Micro Instrumentation Telemetry Systems (MITS) in December 1974. 
Different integrated circuits to perform a variety of different functions were 
developed. By packaging a number of different integrated circuits into a single 
package, a set of useful functions could be achieved. This was the way the 8080 
8-bit microprocessor that was made by Intel and then used by MITS in the Altair. 
In this way useful computing power was achieved as was miniaturisation, thus 

paving the way for portable computers and effective and practical missile 
guidance systems. 

 

outline the similarities and differences between an integrated circuit and a 

transistor 

• Similarities  
o Both use pure silicon as the starting point for their manufacture. 
o Both are encased in a protective, heat dissipating electrical insulator. 
o Both need to have conductors attached to the internal devices that pass 

through the casing for attachment to external circuits 

o Both use low voltage direct current energy supplies. 

 

• Differences  
o An IC contains the resistors and capacitors needed to make the transistors 

work as required as part of its internal structure (hence the term 
integrated circuits). 

o An IC can have millions of transistors located on the same piece of silicon. 
o An IC can perform much faster the same task as a separate transistor 

equivalent circuit. 
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o An IC is inherently more reliable than a separate transistor equivalent 
circuit. 

o An IC is a much more efficient user of its externally supplied electrical 
energy than a separate transistor equivalent circuit. 

 

explain the impact of the development of the silicon chip on the development of 
electronics 

• The impact of the silicon chip on the development of electronics can be 
demonstrated by refering to the differences between separate transistors and 
ICs. The use of ICs has enabled computers to become portable (laptops and 
notebooks); telephones once connected to a fixed network can become mobile; 
and, once separate devices are now available in a single package (convergence). 
By taking once separate ICs performing different functions and combining them 

into one package, we now have home entertainment systems (multimedia 
players, Sony Playstation and X Box) that provide video, TV and games capability 
along with related stereo or surround sound. Mobile phones can be purchased 
that are personal digital organisers (PDAs), computers and digital cameras that 
can capture and store single and video images for later sending to another phone 
or computer as needed.. 

 

gather secondary information to identify the desirable optical properties of 
silica, including: refractive index, ability to form fibres and optical non-linearity 

• The syllabus itself defines optical fibres (see p. 85) as:  

 
Consisting of a core where light rays travel and the cladding which is 
made of a similar material with a slightly lower refractive index to cause 
total internal reflection. Two types of material are used to manufacture 
fibres – glass (silica) and plastic.  

• Try these sources below and organise the information collected in a way that is 

accessible to you (such as in a table) and helps you to understand why silica 
(pure glass) is used to make optical fibres.  

o How stuff works has a series of pages that contain information 
relevant to the topic and a collection of other sites you can go to for more 
information. 

o The following site explains how optical fibres are made Network 
Cabling Help, UK.  
 
The information you gather should support the outline provided below: 

 

• Glass has the same refractive index throughout. Light can be transmitted down a 
glass fibre using the property of total internal reflection. A ray of light moves 
through that glass in a straight line until it hits the boundary between the glass 
and another medium. If a light ray enters the glass fibre almost perpendicular to 
the end of the fibre, it will be totally internally reflected from the internal 
boundary of the glass and the other medium to eventually emerge from the other 
end of the fibre, even if the fibre turns back on itself.  
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• Scientists have discovered that you can improve the efficiency of this internal 
reflection process if the refractive index (RI) of the glass is highest at its core and 
progressively reduced as you move to the outer edge. This change in RI as you 
move from the fibre core to the outer cladding (as it is called) can be achieved by 
deliberately introducing chemicals, such as germanium and boron, into ultra-pure 
glass in a process called doping.  

• A lump of doped glass is then physically manipulated into thin fibres in a way that 
locates the high RI glass at the core of the fibre. The change in RI as you move 
from core to cladding is also referred to as ‘optical non-linearity’. Optical non-
linearity is deliberately created in optic fibres to improve the efficiency of light 

transmission. 

9.9 Option - The Age of Silicon: 2. Analogue verses digital circuits 

Syllabus reference (October 2002 version) 

2. Electronics 
use analogue 
and digital 
systems, the 
basic circuit 
elements of 
which are 

potential 
dividers and 
transistors  

Students learn to:  

• describe the difference 
between an electronic 
circuit and an electric 
circuit and the advantages 
and disadvantages of each 

• distinguish between digital 
and analogue systems in 
terms of their ability to 
respond to or process 
continuous or discrete 
information 

• identify systems that are 
digital and systems that 
are analogue in a range of 
devices 

• identify potential dividers 
and transducers as 
common elements in both 

analogue and digital 
systems 

• explain how the ratio of 
resistances in a potential 
divider allows a range of 
voltages to be obtained 

• describe the role of 
transducers as an interface 
between the environment 
and an electronic system 

Students:  

• identify and analyse data 
and perform an 
investigation to 
demonstrate the difference 
between digital and 
analogue voltage outputs 
over time 

• gather, process and 
present information to 
identify electronic systems 
that use analogue systems, 
including television and 
radio sets and those that 
use digital systems, 
including CD players 

• solve problems and analyse 
information involving 
resistances, voltages and 

currents in potential 
dividers 

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

Studies, NSW. 

[Edit: 21 Aug 08]  

distinguish between digital and analogue systems in terms of their ability to 
respond to or process continuous or discrete information 
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• Analogue systems produce or respond to continuously changing voltages and 
currents. Digital circuits work with binary states such as off or on or with two 
distinct voltages that switch individual circuit elements off or on as needed. 

 

describe the role of transducers as an interface between the environment and 
an electronic system 

• Transducers are devices that accept an input of energy in one form and output it 

in another form, with a fixed relationship between the input and the output. In 
electronics, we are interested in transducers that produce an electrical output 
signal or that change the voltage or current flow in the circuit where they are 
located. Some transducers accept an electrical signal as an input from electronic 
systems and produce effects (outputs) in the environment. See sections 3 & 4 
below for more details. 

 

describe the difference between an electronic circuit and an electric circuit and 
the advantages and disadvantages of each 

• An electric circuit contains only devices such as switches, resistors, capacitors, 
inductors and transducers (see below for a definition) such as lights, motors, 
solenoids or combinations of these. An electronic circuit can contain all or any of 
the above plus one or more semiconductor-based devices such as a diode, light 
emitting diode, transistor, IC, light dependent resistor (LDR), thermistor or 
photodiode. 

Electric circuits Electronic circuits 

Advantages: can handle higher 
voltages and current than electronic 
circuits  
 
Disadvantages: less efficient than 
electronic circuits 

Advantages: are more efficient than 
electric circuits, the use of 
semiconductor based devices in them 
enable them to perform many different 
functions, can detect and work with 
tiny voltages and currents when 
compared to electric circuits, take up 
less space than equivalent electric 
circuits.  
 
Disadvantages: there are limits to the 

voltages and currents they can handle. 

 

identify potential dividers and transducers as common elements in both 
analogue and digital systems 

• Both digital and analogue systems may use potential (voltage) dividers in their 
circuits. A transducer (see section 3 below for different kinds of transducers that 
you must know about for the HSC) may take the place of one of the resistors in a 
voltage divider circuit. The resistance of the transducer is changed as it is 
affected by the environment which in turn changes the current and voltage in the 
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circuit of which it is a part. Those changes in voltage and current can then be 
detected by electronic circuits (see some examples below). 

 

explain how the ratio of resistances in a potential divider allows a range of 
voltages to be obtained 

Potential divider circuit that 
produces a linear relationship 

between the input and the output 

Potential divider circuit that 
produces a non-linear relationship 
between the input and the output 

 
 
Vout =  
 
___Rt___ x  V in  
  R1 + R t 

 
 
Vout =  
 
___Rt___ x  V in  
  R1 + R t  
 
Where R t is replaced by a transistor 
or other type of transducer 

• If V in is 5 volts and R 1 is 1000 ohms and we vary R t from 500 to 1000 ohms in 
increments of 100 ohms, V out varies from 1.7 (to 1.9 to 2.1 to 2.2 to 2.4) to 2.5 
volts. R t could well be an LDR, thermistor or phototransistor (see sections 3 and 
4 on transducers below)  

• If we keep R 1 (say 500 ohms) and R t constant (say 1000 ohms) and vary V in, 
then Vout is a fixed proportion of V in ; in this case V out = 0.67 V in  

 
Note that V out must always be less than V in  
 
An internet resource with information about circuits that use resistive transducers 
in voltage divider circuits is the doctronics site in the UK:  
http://www.doctronics.co.uk/voltage.htm 

 

identify and analyse data and perform an investigation to demonstrate the 
difference between digital and analogue voltage outputs over time 
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• Analogue voltage outputs vary continuously between preset limits over time. 
Digital voltage outputs also vary over time between preset limits, but they will be 
pulses whose amplitude varies in multiples of a basic voltage. 

Analogue voltage Digital voltage 

 

 

 

identify systems that are digital and systems that are analogue in a range of 
devices 

• A compact disc (CD) or digital versatile (or video) disc (DVD) player uses digital 

processes to extract information from the disc and an analogue system to 
produce sound. If an image is involved, then the systems that make them may be 
digital or analogue or a combination of the two.  

• Mainstream radio stations in Australia, whether AM or FM, are analogue systems. 
Some are broadcasting digitally coded signals as part of a planned move to digital 

broadcasting in the future.  

• TV stations transmit both analogue and digitally coded signals to your TV 
antennae. Again, there is a plan to move exclusively to digitally coded 
broadcasting in the future.  

• Mobile phone systems are a combination of digital and analogue systems.  

• The central processing unit (CPU) in a computer is a digital device, that convert 
inputs to digital codes that are transferred, processed, stored and retrieved as 
needed.  

• An iPod uses digital systems to store and manage the music pieces and an 
analogue system to produce the sound in your ear piece.  

• A cassette tape recorder/player or video tape recorder/player is an analogue 
storage system.  

• A cathode ray tube (used to produce the images on many television sets and 
computer monitors) is an analogue system.  

• The video screens and monitors on portable computers, liquid crystal display 
(LCD) screens and plasma screen TVs are driven by digital devices called video 
graphic arrays (VGAs).  

• Camera film (analogue) is being replaced in digital cameras. The heart of the 
digital camera is a digital device called a charge coupled device (CCD). It contains 
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an array of light detecting elements (pixels) that digitally code information about 
intensity and colour of the light falling on it. That information is stored on a digital 
device for transfer to a computer or digital decoder on a printer. 

• Camera lenses are analogue systems.  

• Computer hard drives (HD) and Random Access Memory (RAM) use digital 
systems to store information.  

• Thermionic valves and transistors can be used in digital systems as switches and 
in analogue systems as amplifiers (see section 6 below). 

 

gather, process and present information to identify electronic systems that use 
analogue systems, including television and radio sets and those that use digital 
systems, including CD players 

• This point is related to the one above. Use the sources listed below to gather 
information about, at least, television and radio sets and CD players.  
 
How stuff works has a series of pages that contain information relevant to the 
topic and a collection of other sites you can go to for more information  
 

KIDS.NET.AU is the site of an interactive encyclopedia.  
 
Infoplease site also has explanations of how CD players and other devices 
work. 

 

solve problems and analyse information involving resistances, voltages and 
currents in potential dividers 

• You should try to work out relevant problems from previous HSC exams. The 
formula related to potential (voltage) dividers is provided above and you can use 
the Ohms Law formula R = V/I (or rearranged as needed: I = V/R & V = IR) to 

calculate the current flow in a series circuit (note that in a series circuit, the 
current is the same in each element of the circuit). 

Q 32 (b) from the 2002 HSC paper 

The resistance of the LDR is found from the graph. Light intensity of 2 lux produces an 

LDR resistance of 800 ohms 

V  =" " I X Rtotal and Rtotal 

= LDR resistance (800 ohms) + resistance of coil in the relay (R c ) 

12  =" " 4.8 x 10-3 x (800 + Rc)  

 Rc  = 12/4.8 x 10-3 800 

=" " 2500 - 800  
=" " 1700 ohms or 1.7 kΩ 
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Q 32 (d) (i) from the 2003 HSC paper 

At 150C, from the graph provided, the thermister resistance is 1.4 kΩ 

Vout  =" " ___Rt___  x  V in 

    R1 +  Rt  
=" " {15000 Ω/ (22000Ω  +  15000Ω)}  x  12 Volts  

=" " 4.9V 

9.9 Option - The Age of Silicon: 3. Transducers and other non-linear devices 

Syllabus reference (October 2002 version) 

3. Sensors and 

other devices 
allow the input 
of information 
in electronic 
systems  

Students learn to:  

• define a transducer as a 
device that can be affected 
by or affect the 
environment 

• explain the relationship in a 
light-dependent resistor 
(LDR) between resistance 
and the amount of light 
falling on it 

• describe the role of LDRs in 
cameras 

• explain why thermistors 

are transducers and 
describe the relationship 
between temperature and 
resistance in different types 
of thermistors 

• distinguish between 
positive and negative 

temperature coefficient 
thermistors 

• explain the function of 
thermistors in fire alarms 
and thermostats that 
control temperature 

Students:  

• gather, process and 
present graphically 
information on the 
relationship between 
resistance and the amount 
of light falling on a light-
dependent resistor 

• solve problems and analyse 
information involving circuit 
diagrams of LDRs and 
thermistors 

• gather and analyse 

information and use 
available evidence to 
explain why solar cells, 
switches and the light 
meter in a camera may be 
considered input 
transducers 

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

[Edit: 21 Aug 08]  

 

define a transducer as a device that can be affected by or affect the 
environment 
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• Aspects of the environment that people might want to monitor for a range of 
purposes include: temperature, light intensity, air pressure, humidity, chemicals 
present in water needed for drinking and chemical pollutants in air, to name 
some. Transducers are specially made devices that respond to a chosen energy 
source in the environment and transform it into a continuously varying electrical 
signal, usually detected as a voltage, that is an analogue of the environmental 
condition that produced it. Transducers of various types are often used in the 
probes we attach to data loggers. 

Background 

The relationship between the environmental variable (say temperature) and the amount 
of voltage it induces in the transducer is found, usually by experimental methods. When 
we graph the independent variable (the environmental aspect of interest, say, 
temperature) against the electrical output (voltage or resistance), the relationship 
between the two is not usually linear. Thus we cannot say that when the temperature 
doubles, the voltage from the transducer output doubles or the resistance doubles. In 

some cases the relationship is an inverse oneincreasing the light intensity decreases the 
resistance. Again that relationship is not usually linear. 

Some transducers accept an electrical signal as an input from electronic systems and 
produce an effect (output) in the environment. These output transducers will be dealt 
with in section 4. 

Transducers may be passive or active. Passive transducers require only an energy input 
to produce an electrical output. Active transducers require a separate source of electrical 
energy to produce an electrical output when they are exposed to the environmental 
energy source of interest. 

Examples of input transducers include: 

• microphones (convert sound to electric current). They can be made to respond to 
sounds well outside the range of human hearing which ranges from 20 20 000 Hz. 
Microphones can be made of moving coils and fixed magnets (or the reverse) or 
they use a piezoelectric crystal or piece of piezoelectric film to convert sound into 
a voltage analogue.  

• photovoltaic cells (solar cells) made from semiconductor material convert light 
energy into an electric current. They can also be made to respond to 
electromagnetic radiation wavelengths outside of the range (400-700 nm) our 
eye can respond to.  

• thermistors made of semiconductor material (heat decreases their resistance, 

thus increasing the current flow in a circuit in which they are located)  

• light dependent resistors or LDRs made from Cadmium Sulfide (the greater the 
light intensity, the lower the resistance)  

• phototransistors react to incident light (the greater the light intensity, the lower 
the resistance)  

• piezoelectric crystals or film (physical stress from sound or heat results in the 
production of a voltage between two different surfaces)  

• the LM35 is an IC that responds to temperature changes in a very predictable 
way (it produces, or drops, 10mV for every one degree C change in temperature)  



• aerials in a number of devices such as radios, TVs and specialized equipment 
used to search for metallic ores (large scale exploration) or even coins lost on the 
beach (electromagnetic radiation induces an electric current in the circuit 
containing the aerial). 

 

gather, process and present graphically information on the relationship 
between resistance and the amount of light falling on a light-dependent 
resistor 

• It is important to recognise that the relationship between light intensity and 
resistance is not linear. All the syllabus requires for this point is that you are able 
to present the relationship graphically. A typical graph can be seen at Resistive 
Input Transducers Antoine Education, UK. Scroll down until you see the 
graph.  

• If you are really keen, use Google and do an advanced search using the names of 
major manufacturers (if you know any) or use light dependent resistors (exact 
phrase) and English (Language)  

• When you have gathered enough information, process it by deciding which 
information presents the graph best and is the clearest.  

• Present the information in graphical form with notes of explanation. 

 

explain the relationship in a light-dependent resistor (LDR) between resistance 

and the amount of light falling on it 

• A light dependent resistor (LDR) is made of a high resistance semiconductor 
material (such as Cadmium Sulfide). When exposed to electromagnetic radiation 
(emr) of a particular frequency, the electrical resistance falls. The brighter the 
radiation (more photons per second), the lower the resistance. Resistance falls 
because photons eject electrons from the semiconductor into the conduction 

band. The more electrons ejected, the lower the resistance.  

• Cadmium Sulfide is sensitive to emr from 515 nm to 730 nm (which almost 
covers the range of frequencies our eye can detectbut is most sensitive at 515 
nm which corresponds to green, the colour our eyesight is most sensitive to).  

• LDRs are analogue devices because the change in electrical characteristic is as 

continuously variable as the light falling on the device.  
 
Some more information about LDRs can be found at Technology Student.com 
by V Ryan, UK and some more at Chemistry Daily, USA. 

 

describe the role of LDRs in cameras 

• LDRs are used in the light metering circuits in typical cameras to control the total 
amount of light that falls on the film. The LDR converts the light intensity it 
records into a voltage. That voltage is interpreted by the electronics in the shutter 

http://hsc.csu.edu.au/physics/options/silicon/3088/silicon993.html#top
javascript:newSkill('12.3c')
javascript:newSkill('12.4b')
javascript:newSkill('13.1d')
http://www.antonine-education.co.uk/Electronics_AS/Electronics_Module_1/Topic_5/topic_5__resistive_input_transdu.htm
http://www.antonine-education.co.uk/Electronics_AS/Electronics_Module_1/Topic_5/topic_5__resistive_input_transdu.htm
http://hsc.csu.edu.au/physics/options/silicon/3088/silicon993.html#top
javascript:newWindow('explain')
http://www.technologystudent.com/elec1/ldr1.htm
http://www.chemistrydaily.com/chemistry/Light-dependent_resistor
http://hsc.csu.edu.au/physics/options/silicon/3088/silicon993.html#top
javascript:newWindow('describe')


and/or aperture control circuits. Those circuits set an appropriate shutter speed 
and/or aperture to ensure that the amount of light falling on the film (or charge 
coupled device in a digital camera) will reproduce an image of the scene just 
photographed, usually as the eye would see it. 

 

gather and analyse information and use available evidence to explain why solar 
cells, switches and the light meter in a camera may be considered input 
transducers 

• Gather information from websites, journals, CD ROMs or digital or hard copy 
encyclopedias  

• You could analyse the information by drawing together information from different 
parts of this material. You then may arrive at the following conclusions:  

o Solar cells convert sunlight (electromagnetic radiation input) into electrical 
energy in output circuits to which they are connected. 

o Switches convert mechanical energy (the act of manipulating the switch) 
into electrical energy (when the circuit is completed, electrical energy 
flows in the output circuit. 

o The light meter in a camera is usually an LDR that varies the electric 
current flow in a circuit according to the amount of light falling on it. That 

output variable current is linked to shutter and/or aperture control circuits 
in the camera. 

 

• All three have in common the production of electrical energy as output. This 
satisfies the definition of an input transducer. 

 

explain why thermistors are transducers and describe the relationship between 
temperature and resistance in different types of thermistors 

• Thermistors (from thermal resistors) are semiconductor based devices that 
respond to heat by changing their resistance in predictable ways. Thus an 
environmental input to the device produces a corresponding electrical output 
which satisfies the criteria for an (input) transducer.  

• There are two types of thermistors. One type responds to heat by increasing its 
resistance (a positive thermal coefficient or PTC devices) the other responds by 
decreasing its resistance (a negative thermal coefficient or NTC devices). 
Thermistors are analogue devices. 

 

distinguish between positive and negative temperature coefficient thermistors 

• The capacity to respond to heat by increasing or decreasing resistance is a 
function of the way thermistors are made.  
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• NTC thermistors may be made from crystallised silicon and germanium 
(semiconductor material). The resistance of NTC thermistors decreases 
proportionally with increases in temperature and their resistance changes 
gradually as the temperature changes.  

• PTC thermistors are made by adding small quantities of semiconductor material 
to polycrystalline ceramic. Their resistance rises rapidly over a narrow range of 
increased temperatures which means that they can operate like an on-off switch. 
The critical temperature range over which the resistance rapidly increases is 
determined by the composition of the thermistor at the time of manufacture.  

• Some NTC and PTC thermistors are made using other than semiconductor 
materials.  
 
For additional information about thermistors see the wiseGEEK, USA site. 

 

explain the function of thermistors in fire alarms and thermostats that control 
temperature 

• A fire alarm needs to respond to a rapid rise in temperature. An NTC thermistor in 
a fire alarm circuit can be used in an electronic circuit to trigger a siren once the 

temperature in a room rises above a predetermined level.  

• Thermostats that control temperature (in say a hot water system or in a room) 
may use NTC thermistors in electronic circuits to switch on heating devices when 
the temperature falls below a certain point or switch on cooling devices when the 
temperature rises above a certain point. 

Background information 

PTC thermistors are useful in protecting devices from overheating such as windings that 
may be overheating in transformers, coils in loudspeakers or electric motors. The 
thermistor can be linked to a circuit that cuts off the power once a predetermined 
temperature is reached or exceeded. 

NTC thermistors are also used to limit current flow in situations where a current surge 
might be experienced, such as at the switch-on of an electric motor. An NTC thermistor 
in the input circuit of an electric motor has a high resistance at room temperature. This 
restricts the initial current flow to the motor at switch on, thus preventing it being 
overloaded. As the motor begins to work, the temperature rises and the resistance of the 
thermistor decreases thus allowing the current flowing to the motor to increase to an 

optimum amount. 

 

solve problems and analyse information involving circuit diagrams of LDRs and 
thermistors 

• Because phototransistors, LDRs and thermistors are resistive transducers, the 
examples worked in the above section involving potential (voltage) dividers are 
appropriate here too.  
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• As the resistance changes in response to input from the environmental aspect 
affecting the phototransistor, LDR or thermistor, the voltage across that device in 
the circuit changes in proportion to the current flowing through it. Thus circuits 
containing LDRs and thermistors are used to provide input voltages to other 
circuits designed to respond once the output voltage reaches or exceeds (or falls 
below) a predetermined level. 

9.9 Option - The Age of Silicon: 4. Output transducers 

Syllabus reference (October 2002 version) 

4.Some 
devices use 
output 
transducers to 
make 
connections 

between the 
device and the 
environment  

Students learn to:  

• explain the need for a relay 
when a large current is 
used in a device 

• describe the role of the 

electromagnet, pivot, 
switch contacts and 
insulator in a relay 

• describe the structure of 
light-emitting diodes 
(LEDs) in terms of p-type 
and n-type semiconductors 

• explain why voltmeters, 
ammeters, CROs and other 
electronic meters are 
considered output 
transducers 

Students:  

• process information to 
explain the way in which a 
relay works using a circuit 
diagram 

• solve problems and analyse 
information using circuit 
diagrams involving LEDs 
and relays 

• analyse information to 
assess situations where an 
LED would be preferable to 

an ordinary light source 

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

[Edit: 21 Aug 08]  

 

explain why voltmeters, ammeters, CROs and other electronic meters are 
considered output transducers 

• Voltmeters and ammeters convert electric currents (electrical energy) to 

mechanical energy (of a needle moving over a scale) or images of numbers 
(light) on the display of an electronic digital multimeter. The amount of 
movement of the needle or numbers in the display correspond to the aspect of 
electrical energy being measured (voltage, current, resistance, watts).  

• The inputs to Cathode Ray Oscilloscopes (CROs) transfer electrical energy from 
the circuit being monitored to control plates inside the picture tube of the CRO. 

The control plates deflect a very finely focused electron beam traveling from the 
electron gun to the front of the tube in a way that corresponds to the voltage in 
the circuit being monitored. The electron beam hits a screen coated with tiny 
particles (phosphors) that emit light when hit by electrons. The greater the 
deflection of the beam from the centre of the screen the higher the voltage being 
measured. The screen also has a visible grid printed on it. The grid is calibrated 
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to show the voltage of the circuit being monitored. Because the electron beam 
sweeps across the screen, changes in the voltage against time can be observed 
as a visible trace on the screen. 

 

A diagram and more information is available at DOCTRONICS Educational 
Publications by WD Phillips, UK. 

Additional background information listing a number of output transducers: 

• loudspeakers (convert electrical energy into sound) 
• light emitting diodes or LEDs made of semiconductor material that convert 

electrical energy into light (the opposite of photovoltaic cells), but, unlike light 
bulbs they do it efficiently and produce almost no heat 

• electric motors (convert electrical energy into motion) 
• analogue galvanometers, ammeters and voltmeters (a special type of electric 

motor) 
• solenoids (convert electrical energy into movement to physically switch on or off 

another circuit. A solenoid is a useful way to couple a low power electronic circuit 
to a high energy (high currents and voltages) electric circuit containing, for 
example, a powerful electric motor or flood lights 

• aerials linked to radio and TV stations convert coded electric currents into coded 
electromagnetic signals that are broadcast into the atmosphere and space; 
magnetrons do that in microwave ovens 

 

explain the need for a relay when a large current is used in a device 
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• Semiconductor devices in electronic circuits have strict limits on the amount of 
current they can carry without being destroyed. A relay allows a small current in 
an electronic circuit to mechanically switch on a high current-carrying circuit. 

 

describe the role of the electromagnet, pivot, switch contacts and insulator in a 
relay 

• The coil is well insulated from the soft iron core, armature and contacts linked to 

the other circuit (labeled OUT). When the current flows into the coil (IN) or 
solenoid, as it is sometimes called, it becomes an electromagnet. The soft iron 
core inside the coil concentrates the magnetic field. This magnetic field pulls the 
metal armature towards it (see dotted lines showing new position of armature) 
and brings it against the switch contacts (arrowheads) to complete another circuit 
(OUT). The pivot holds the armature in place and ensures a reliable connection 

with the switch contacts as long as the current flows in the coil. When the current 
in the coil is shut off, the spring pulls the armature back off the switch contacts, 
thus breaking the other circuit.  

• The other circuit (connected to OUT) may have a high voltage & high current 
(250 V and 10 A) to run an electric motor. Relays like this are also used to turn 
on the headlights in a car (12V, 15A circuits). 

 

Some more information and diagrams of relays can be found at the Jag Lovers, USA 

website. 
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process information to explain the way in which a relay works using a circuit 
diagram 

• Two examples follow. You can work in reverse. Use the circuit diagram to tell the 

story of the two circuits. 

 

 

describe the structure of light-emitting diodes (LEDs) in terms of p-type and n-
type semiconductors 

• Light emitting diodes (LEDs) are solid state devices that emit light when forward-
biased. A layer of P-type and a layer of N-type semiconductors are made adjacent 
to each other by doping a suitable substrate semiconductor material. The diode 
with its connection leads is packaged in a plastic capsule which is transparent to 
the light frequency it is designed to produce.  

• Forward-biasing the diode pushes charge carriers across the P-N junction. The P-

N junction emits energy in the form of light in a process called 
electroluminescence as they do so. The colour of the LED depends on the 
substrate semiconductor material and the doping chemicals used to make the P & 
N type semiconductor material.  
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• Background information: A range of LED colours (frequencies), bias voltages 
and the composition of some semiconductors producing those colours is provided 
at EF Schubert, Cambridge University Press, UK  

 

solve problems and analyse information using circuit diagrams involving LEDs 
and relays 

• These problems are similar to ones seen in the potential (voltage) divider section. 

LEDs and the coil in the electromagnet behave as simple resistances in DC 
circuits. The LED resistance is finite and may vary slightly depending on the 
amount of forward bias. 

 

analyse information to assess situations where an LED would be preferable to 
an ordinary light source 

• LEDs are very efficient (all light and no heat) and reliable producers of light at a 
single frequency and they are virtually indestructible. They are used when using 
as little energy as possible is important and where reliability is paramount. Light 
output is being increased all the time and they are now used in traffic control 
signals and in car lighting systems to replace incandescent globes (the filaments 
burn out in these). 

9.9 Option - The Age of Silicon: 5. Circuits and information processing 

Syllabus reference (October 2002 version) 

5.Information 
can be 
processed 
using 
electronic 
circuits  

Students learn to:  

• describe the behaviour of 
AND, OR and inverter logic 
gates in terms of high and 
low voltages and relate 
these to input and outputs 

• identify that gates can be 
used in combination with 
each other to make half or 
full adders 

Students:  

• identify data sources, plan, 
choose equipment or 
resources for, and perform 
first-hand investigations to 
construct truth tables for 
logic gates 

• solve problems and analyse 
information using circuit 
diagrams involving logic 
gates 

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

[Edit: 18 June 10]  

describe the behaviour of AND, OR and inverter logic gates in terms of high and 
low voltages and relate these to input and outputs 

• Logic is a form of human reasoning that tells us a certain proposition is 
true if certain preconditions are true.  
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• In 1854 George Boole developed a mathematical system for formulating logic 
statements with symbols, so the problems could be written and solved in a similar 
manner to ordinary algebra. His system is called Boolean Algebra and it is used in 
the analysis and design of digital systems.  

• The basic building blocks of digital circuits are called logic gates. A gate is a 
circuit that performs a simple logic operation. Gates can have one, two, three or 
more inputs and the basic gates have a single output dependent on the inputs. 
Each output is also called a digital ‘bit’ of information (or ‘bit’ for short).  

• The behavior of a gate can be shown in a truth table which systematically lists all 
the possible input states for a gate and the corresponding output states. Gates 
can be represented in five ways. 

Consider the AND gate: 

 

• A zero ( 0 ) corresponds to a low voltage. A one ( 1 ) corresponds to a high 
voltage. An inverter logic gates converts a low voltage ( 0 ) to a high voltage ( 1 ) 
or vice versa. Some alternative meanings for 0 and 1 are as follows: 

Logic 0 Logic 1 

False True 

Off On 



Low High 

Open switch Closed switch 

• Digital circuits can be put together using diodes, transistors and resistors and 
connected together to provide a circuit output that corresponds to the logic 
operations OR, AND, NOT performed on the inputs to those circuits. 

 

• NOR and NAND gates are used extensively in digital circuitry. These gates 
combine the basic operations AND OR and NOT which make it relatively 
easy to describe them using Boolean Algebra. EELAB Student Pages, Electrical 
and Information Engineering, The University of Sydney, NSW. 

http://www.eelab.usyd.edu.au/digital_tutorial/chapter3/3_6.html
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• Negative logic circuits can also be used where the positive logic gate is equivalent 
to the complement when acting in a negative logic circuit, for example +OR is 
equivalent to -AND and -AND is equivalent to +OR. 

• In working through the above information about logic gates, you will have noticed 
that each logic gate is represented uniquely. This is useful when drawing and 
interpreting diagrams of logic circuits.  
 
The set of symbols is as follows: 

Name Symbol Input Output 

AND 

 

Two signals One signal 

OR 

 

Two signals One signal 

NOT 

 

One signal One signal 

NAND 

 

Two signals One signal 



NOR 

 

Two signals One signal 

XOR 

 

Two signals One signal 

 

identify that gates can be used in combination with each other to make half or 
full adders 

• Practical circuits to perform arithmetic operations, such as addition, combine two 
or more gates in a circuit to provide a result.  

• Two such circuits are the half-adder and full-adder. In the examples below, a bit 
represents the binary digits 1 or 0. 

A half-adder 

 

The need for two outputs to represent the sum of two binary 1s is obvious: 

1 + 1 = 1 0 

This is not ten, but two. The two digits are distinguished by their place or position 
relative to each other. The left-most digit is the significant bit (and is assigned the C for 
carry label); the right-most digit is the least significant bit (and is assigned the S for sum 
label). 

A combination of gates in a circuit that adds two bits is called a half-adder. In the 

above case, this is achieved by combining an exclusive-OR and an AND gate. 

A combination of gates in a circuit to add three bits is called a full-adder. The circuit 
below shows a combination of gates to produce a full-adder. A and B are the two inputs 
for this operation. CI (the third input digit) is the least significant bit from the two 
outputs of a separate half-adder circuit. 
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The term significant or least significant in front of 'bit' is necessary in order to correctly 
sequence the digits that represent the sum from the operation of the gates in the circuit. 
If all three inputs are carrying a 1, then the sum is 3 (the 1 from CI is the least 
significant bit from the other circuit). This is represented in binary code as 11 (see the 

truth table for the full-adder). 

A full-adder 

 

 

identify data sources, plan, choose equipment or resources for, and perform 
first-hand investigations to construct truth tables for logic gates 

1. Use your own resources to draw circuit diagrams and truth tables to represent a 
three input OR gate (can you use a NOR gate and another gate to achieve the 
same result?).  

Solution 

2. Use your own resources to draw circuit diagrams and truth tables to represent a 
three input AND gate.  

Solution 

 

solve problems and analyse information using circuit diagrams involving logic 
gates 
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3. Do this question from the 2003 HSC paper (Q 32. Scroll down to p 41 to find 
the question.)  

Solution 

4. Do this question from the 2004 HSC paper (Q 32 (b). Scroll down to p 37.)  

Solution 

Truth table 

A B C D E What is X Output 

1 1 ? ? ? ? 1 

Is there only one answer to X? Explain your answer. 

9.9 Option - The Age of Silicon: 6. Amplifiers 

Syllabus reference (October 2002 version) 

6. Amplifiers 
are used in 
different ways 
in current 
technologies  

Students learn to:  

• describe the functions and 
the properties of an ideal 
amplifier 

• explain that the gain of an 
ideal amplifier is the ratio 
of its output voltage to its 

input voltage:  

 
• identify that an operational 

amplifier is a component of 

a typical amplifier 
• describe the characteristics 

of an operational amplifier 
• distinguish between open-

loop gain and closed-loop 
gain 

• identify the voltage range 

over which an operational 
amplifier circuit acts as a 
linear device 

• describe how an 
operational amplifier can be 
used as an inverting 

amplifier 
• explain that the gain of an 

inverting amplifier is given 
by:  

Students:  

• solve problems and analyse 
information to show the 
transfer characteristics of 
an amplifier 

• gather and present 
graphical information to 

show the transfer 
characteristics of an 
inverting amplifier 

• solve problems and analyse 
information about setting 
the gain of an inverting 
amplifier by calculating the 
values of external resistors 
using:  

 
• perform a first-hand 

investigation of a summing 
amplifier by adding 
voltages from two separate 
sources 

• gather information to 
identify the different ways 
in which amplifiers are 

used in current 
technologies 
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• explain the difference 

between the non-inverting 
input and the inverting 
input 

• discuss how feedback can 
be used in a control system 

• explain the use of two input 
resistors to produce a 
summing amplifier 

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

[Edit: 21 Aug 08]  

describe the functions and the properties of an ideal amplifier 

• An ideal amplifier has:  
o infinite input impedance, Zin → ∞ (any signal can be supplied to the op-

amp without loading problems) 
o zero output impedance, Zout → 0 (the power supplied by the op-amp is not 

limited) 
o infinite bandwidth 
o infinite (open loop) gain, Ao → ∞ 
o infinite bandwidth (another way of saying this is to refer to slew rate which 

is a measure of the rate at which the output voltage can change. Slew rate 
is measured in V/s which would be ∞ for an ideal amp) 

 

• In an ideal amplifier the output voltage signal is an exact copy of the input signal, 
only amplified  

• In an ideal amplifier impedance is measured in ohms. Input impedance refers to 
how the circuit inputing to the amplifier sees its input. The output impedance 
refers to the ohm value of the device into which the amplifier will deliver its 
maximum output. 

 

describe the characteristics of an operational amplifier 

• An operational amplifier (op amp) is typically constructed as an integrated circuit 
(IC). They come very close to the ideal performance of an amplifier (see above). 

Op amps are represented in circuits by the following symbol:  
• Ideal op amps have the following characteristics:  

o infinite input impedance 
o zero output impedance 
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o infinite voltage gain 
o infinite bandwidth 
o zero input offset voltage. 

 

• By way of comparison the characteristics of the 741 which is a real op amp are:  
o the input impedance is about 2 Megohms 
o the output impedance is about 75 ohms 
o the voltage gain rolls off 6dB per octave starting at 100kHz 
o the slew rate is 0.5V/microsecond 
o there is a finite input offset voltage which must be zeroed by a resistor 

between pins 1 and 5. the input offset is typically 2mV to <6mV. 

 

• Note that op amps have two inputs, which can be selected for particular purposes 
in real circuits. There are two consequences of these characteristics for ideal op 
amps that use external feedback. They are:  

o the output does whatever is necessary to make the voltage difference 
between the inputs zero 

o the inputs draw no current. 

 
These consequences (called golden rules in the literature) allow us to design real 
op amp circuits (see summing amplifier described below).  

 

explain that the gain of an ideal amplifier is the ratio of its output voltage to its 

input voltage:  

• An amplifiers job is to amplify voltage, current or power. In this case the gain (or 
measure of the amplification) of a voltage amplifier is defined as the ratio of 
output voltage over the input voltage. 

 

identify that an operational amplifier is a component of a typical amplifier 

• Many typical amplifiers in use today have operational amplifiers as a component 
within their circuits. 

 

distinguish between open-loop gain and closed-loop gain 

• The gain of an amplifier can be specified in two ways. Open-loop gain is the gain 
of the amplifier without a feedback loop in the circuit and is the quoted gain from 
manufacturers for the op amps they make.  
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• Many practical amplifiers use an external feedback loop to ensure a stable 
operating environment for the amplifier over the range of frequencies for which it 
is designed to operate.  

• The closed loop gain is usually much less than the open loop gain. 

 

identify the voltage range over which an operational amplifier circuit acts as a 
linear device 

  

  

  

Rf   = feedback resistor 

V+ = external supply to IC amp (in 
this case a 741) 

V-  = external supply to IC amp 

1-8 = pin numbers on IC package 

 

 

• By linear is meant that the output voltage is exactly proportional to the input 
voltage. To achieve this, the power supply voltages to the IC and output voltage 
it delivers need to be keep within this range: V-  ≤  Vout  ≤  V+ 

 

explain the difference between the non-inverting input and the inverting input 

• The non-inverting input produces an output signal that is in phase with the input 

signal. The inverting input produces an output signal that is 1800 out of phase 
with the input. The inverting input is marked with a - on the IC circuit above and 
the non-inverting output is marked with a+. 
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describe how an operational amplifier can be used as an inverting amplifier 

• An inverting amplifier produces an output voltage that is the inverse of the input 

voltage (if the input is positive, the output is negative). To be an inverting 
amplifier, the feedback loop needs to be connected to the inverting input (as 
shown in the diagram below). 

 

 

explain that the gain of an inverting amplifier is given by:  

• In the circuit above, R = Ri. This is the closed loop gain for the amplifier and the 
values of the two resistors are chosen to ensure that the output voltage keeps the 
IC within its linear operating region. 

 

discuss how feedback can be used in a control system 

• Feedback is used to ensure that op amps remain stable and do what they are 
designed to do.  

• Negative feedback can be provided (as shown above) by connecting a resistor 
between the output and inverting input. The choice of feedback resistor controls 
the gain of the amplifier so that it cant overload the next stage in the circuit and 
it will keep the amplifier within its linear operating range. Examples include:  
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o amplifiers (usually designed to operate within a set range of frequencies, 
such as the audio spectrum or one of the range of radio frequencies used 
to transmit radio, television and mobile phone signals) 

o current to voltage converters as in a light detector circuit 
o summing amplifier to make an audio mixer or a digital-to-analogue 

converter (see below) 
o integrator 
o differentiator 

 

• Positive feedback can be provided by connecting a resistor between the output 
and non-inverting output. Examples include:  

o voltage follower circuit to buffer logic circuits 
o oscillator circuits to make radio transmitters 

 

gather information to identify the different ways in which amplifiers are used in 
current technologies 

• Consult your own sources to identify specific examples of technologies that use 
amplifers in the ways listed above. Feed the search terms op amp amplifiers and 

uses into an appropriate Internet search engine and identify the ways amplifiers 
are used in a range of current technologies.  

• Record the results of your research in an appropriate way. 

 

explain the use of two input resistors to produce a summing amplifier 

 

• The input resistors are chosen to provide a combined input current that matches 
and cancels the current in the feedback resistor (at point A) thus preserving the 
first of the golden rules for ideal op amps using external feedback. ( I = V / R )  
 
V 1 / R 1 + V 2 / R 2 = - V out / R 3 
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gather and present graphical information to show the transfer characteristics of 

an inverting amplifier 

• The transfer characteristics of amplifiers are determined from data gathered by 
monitoring and recording data from operating amplifier circuits. The goal is to 
optimise the circuit performance so that the output signal is an exact copy of the 
input signal shape (ie the amplifier is operating in its linear region for the input 
and output voltages you want to use).  

• Below is a graph showing the relationship between the output voltage of an 
inverting amplifier and its corresponding input signal when it is operating in its 
linear region. 

 

• You might like to see if you can find data from manufacturers of op amps from 

which to construct graphs like that above.  

• See notes related to the next two syllabus points 

 

solve problems and analyse to show the transfer characteristics of an amplifier 

• See notes related to the next syllabus point 

 

solve problems and analyse information about setting the gain of an inverting 

amplifier by calculating the values of external resistors using:  
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1. Q 32 (c) parts (i), (ii) and (iii) from the 2002 HSC Physics exam. Scroll 
down to p 37 (the last page)  

Answer 

2. Q32 (d) part (i) and (ii) from the 2003 HSC Physics exam. Scroll down to p 
42.  

Answer 

3. Q32 (d) parts (i), (ii) and (iii) from the 2004 HSC Physics exam. Scroll down 
to p 38.  

Answer 

 

perform a first-hand investigation of a summing amplifier by adding voltages 
from two separate sources 

• You will need to do this first hand investigation but it is important that you 
discuss it with your teacher to make sure it is done properly and safely and that 

your school has the equipment needed.  

• You could record your results in a table. 

9.9 Option - The Age of Silicon: 7. Limits to current devices 

Syllabus reference (October 2002 version) 

7.There are 
physics limits 
that may 
impact on the 
future uses of 
computers  

Students learn to:  

• identify that the increased 
speed of computers has 
been accompanied by a 
decrease in size of circuit 

elements 

• explain that as circuit 
component size is 
decreasing, quantum 
effects become increasingly 

important 

Students:  

• gather, process and 
analyse information and 
use available evidence to 
discuss the possibility that 
there may be a limit on the 
growth of computer power 
and this may require a 
reconceptualisation of the 
way computers are 
designed 

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

[Edit: 9 Jul 09]  

gather, process and analyse information and use available evidence to discuss 
the possibility that there may be a limit on the growth of computer power and 
this may require a reconceptualisation of the way computers are designed 
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• There is a physical limit to how small you can make a transistor before it fails as a 
binary switch (about 4 nm). Thus, making smaller and smaller transistors on 
silicon-based substrates will eventually hit this limitation. If we want faster, more 
powerful computers, other kinds of computers will need to be made.  

• A good starting point is Moore's law from Wikipedia's free web-based 
encyclopedia.  
 
Moore's law (so called) provides a context for discussing the change in computing 
power or complexity. Gordon Moore (he worked for Intel and Intel make ICs) had 
an article published in Electronics Magazine, 19 April 1965 titled "Cramming more 

components onto integrated circuits". In that article he said:  
 
The complexity for minimum component costs has increased at a rate of roughly 
a factor of two per year ... Certainly over the short term this rate can be expected 
to continue, if not to increase. Over the longer term, the rate of increase is a bit 
more uncertain, although there is no reason to believe it will not remain nearly 

constant for at least 10 years. That means by 1975, the number of components 
per integrated circuit for minimum cost will be 65,000. I believe that such a large 
circuit can be built on a single wafer.  

• The initial observation proved remarkably accurate and in 1975 he projected that 
the complexity would double every two years into the future. The original 
observation was dubbed "Moore's Law" by Caltech professor, Carver Mead. Since 

then a popular form of the law (complexity will double every eighteen months) 
has become the goal that IC and memory (hard disk and random access) 
manufacturers have set themselves.  

• It is predicted that the limitation (4 nm) to the size of silicon-based transistors 
will be reached in less than twenty years. By then, it is predicted that new 
technology will be ready to replace silicon-based transistors and that Moore's Law 

will continue into the foreseeable future on the back of this new technology.  

• Speculation based on information from Intel and AMD (two of the biggest chip 
manufacturers) has it that using nickel gates in their silicon-based transistors will 
allow smaller transistors to be made but they still be bigger than the 4 nm limit 
mentioned above. This is just a refinement on current technology. Gallium 

Arsenide is already replacing silicon, but transitors made on that substrate are 
not able to be made smaller than the 4 nm limit.  

• The ABC's News in Science website carried a story (28 August 2000) about a 
successful test of molecular-sized switches that worked hundreds of times. 
This represents a first step toward the goal of molecular computers. This article 
reports on a chip using molecular switches Densest IC ever made Andre 

Kesteloot, Amateur Radio Research and Development Corporation Jan 27, 
2007. Another possibility is to implant computer-technology into humans (cyborg 
technology). The combined power of the two may provide advantages to humans, 
but is it really the next generation of computers or another way of using what we 
already have? 

 

identify that the increased speed of computers has been accompanied by a 
decrease in size of circuit elements 
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• The increase in speed since the first personal computers (PCs) generally appeared 
(1980s) is due to the increased sophistication of manufacturing processes making 
silicon based ICs. These processes have allowed the switching transistors to be 
reduced in size and placed closer together on the silicon substrate. 

 

explain that as circuit component size is decreasing, quantum effects become 
increasingly important 

• This dot point is covered by the video clip of Playing Pool with Electronics Dr 
Adam Micolich, University of NSW. Dr Micolich presented this talk as part of the 
Tall Poppies program in partnership with DET, NSW and the Tall Poppy Campaign. 
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