
Solar System Module

Acknowledgements
AstronomyWA is part of the Earth 

and Beyond initiative to consolidate 

astronomy and space science teaching 

in WA and has been made possible 

by funding from the ASISTM project. 

AstronomyWA has been coordinated 

by Scitech and the Western Australian 

Government and is supported by the 

following organisations:

Horizon - the Planetarium, Perth 

Observatory, The Gravity Discovery 

Centre, The Australian International 

Gravitational Research Organisation, 

The Curriculum Council, Merredin 

Senior High School, Shenton College, 

Rockingham Senior High School, Trinity 

College, Willetton Senior High School.

Astronomy WA Resources for Secondary Schools

For further information about the AstronomyWA project, please contact:

Pete Wheeler at pete@scitech.org.au

This material has been developed as a part of the Australian School Innovation in Science, Technology 

and Mathematics (ASISTM) Project funded by the Australian Government Department of Education, 

Science and Training as a part of the Boosting Innovation in Science, Technology and Mathematics 

Teaching (BISTMT) Program.



1. SCALE  
       i) Distance to the Moon .................................................................... 2

 iii) Diameter of the Moon .....................................................................7

 iii) Scale of Solar System ..................................................................  12

2. GRAVITY & MOTION 
 i) Surface Gravity of Planets ............................................................18

 ii) Gravity and Orbital Periods ...........................................................26

 iii) Solar System Formation ................................................................ 31

 iv) Orbits of Solar System Objects .................................................... 40

3. PLANETARY FEATURES 
 i) Impact Craters............................................................................. 50

 ii) Cratering ......................................................................................55

 iii) Volcanism ....................................................................................65

 iv) Atmospheres ................................................................................72

 v) Planetary Greenhouse Effect ........................................................ 81

4. MISCELLANEOUS
 i) Current Solar System Happenings ................................................92

 ii) History of Astronomy – The Solar System .....................................94   

 iii) Solar System Astronomy FAQs .....................................................96

 iv)  Debunking Astrology ....................................................................99

The Solar System Module



Title:  DISTANCE TO THE MOON

Outcomes: EARTH & BEYOND L5

  Understands models and concepts that explain earth and

  space systems, and that resource use is related to the geological and  

  environmental history of the earth and universe.

Duration: 80 mins

Background material: 

Aristarchus of Samos (310- 230 BC) was a Greek mathematician who tackled the issue of scale 

– the relative size of objects in the then known universe and their distances apart.  Through the 

writings of Archimedes (one of his contemporaries), Aristarchus is believed to have proposed the 

heliocentric (Sun-centred) model of the universe, well before Nicholas Copernicus.  He is best 

remembered for determining methods to fi nd the relative diameters and distances to the Sun 

and Moon.

Aristarchus determined the distance to the Moon circa 270 BC based on measurements made 

of a total lunar eclipse. He measured the duration of totality and assumed this was equal to the 

diameter of the Earth’s shadow.  This assumption is inaccurate for the Earth’s shadow is cone-

shaped, not cylindrical (true if parallel rays of sunlight), hence he overstated the diameter of 

the Moon.

The eclipse timings of a recorded total lunar eclipse serve to determine the fraction of the 

Moon’s assumed circular orbit covered by the Earth’s umbra shadow, and by extrapolation, the 

circumference, and fi nally, the distance of the Moon from the Earth.

GLOSSARY:  Circumference - perimeter of a circle

 Tangent - ratio of the lengths of the adjacent to

     opposite sides of an angle in a right

     angled triangle.

Totality - stage of a lunar eclipse when the Moon is 

     totally immersed in the earth’s shadow.

 Umbra - darkest portion of a shadow.

Resources required:

Teacher: Basketball, tennis ball, bright light source, darkened  room.

   Internet access

   Total lunar eclipse movie clip at 

   http://staff .imsa.edu/science/astro/images/luneclipse.mov (with time stamps)

   Movie credit:    Byron W. Soulsby, Calwell Lunar Observatory, Australia

   Or (w/o time stamps)

   http://www3.mira.be/lunar-eclipse-031108/lunar_eclipse_2003-11-09b.avi

Resource sheets I, II and III.
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Lesson guide: i) Encourage student estimates of Moon’s distance to Earth   
  in terms of Earth diameters (compare after activity).

 ii) State earliest attempt made by Aristachus about 270 BC.

 iii) Using a light source, darkened room, basketball and tennis ball,   

  demonstrate a total lunar eclipse (see sheet I for set-up).

 iv) Show Moon as travelling around Earth in a circular path at a constant  

  speed (not quite true, but a good approximation for this exercise).

 v) Use constant speed of Moon to relate circumference of Moon’s path  

  around Earth with distance travelled through Earth’s shadow (for   

  algebra see sheet II).

 vi) Show diagram of Moon’s path through Earth’s shadow during total   

  eclipse of 16 Sep 1997 & note that Moon does not pass directly

  through centre of shadow so technique will not produce an 

  exact result.

 vii) Via computer, download movie clip of 16 Sep 1997 eclipse.  Note it 

  is best to advance movie manually in single frame increments.  Time

  stamps are provided so students can gauge beginning (“U1”) and end

   (“U3”) of period of interest.

  viii) Use duration of totality with mathematical relationship in (v) above to

   determine distance to Moon in terms of Earth diameters – refl ect on

    previous estimates.

Related links:  Aristarchus & his methods:       

http://astrosun2.astro.cornell.edu/academics/courses//astro201/aristarchus.htm

Extension ideas:  Use the timings of eclipses in relation to Jupiter and one of its   

   brightest moons to determine the approximate diameter of Jupiter.

   Investigate the width of the Earth’s shadow at the mean distance of  

   the Moon from the earth.
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RESOURCE SHEETS

I ILLUSTRATING SET-UP & GEOMETRY OF A TOTAL LUNAR ECLIPSE
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II BACKGROUND INFORMATION ON 16 SEP 1997 ECLIPSE

NOTE: Umbra means the darkest portion of the Earth’s shadow (darker circular region   

 above).

Duration of totality   = End of totality phase – beginning of totality phase

  = [Time of leaving umbra at U3] - [Time of entering umbra at U1]



III MATHEMATICAL EXPLANATION OF PROCEDURE

Let the radius of the Earth (and the radius of its shadow in space out to the Moon’s orbit) be “R”.

This assumption is inaccurate but simplifi es the mathematics.

Perhaps this point can be reinforced by a 3-D model of a total lunar eclipse.

Let the time taken for the Moon to pass through the Earth’s shadow be “t”.

Assume the speed of the Moon is constant around its journey about the Earth.

If this is so then:

Speed of Moon around Earth = Speed of Moon through Earth’s shadow

                            But, speed  =  distance travelled

           time taken

circumference of Moon’s orbit  = width of Earth’s shadow
_________________________    ____________________  
 one lunar month                  time through shadow

   2 d  = 2 x R  ____  _____

       T      t

 So,  d  = R x T
 _____

 x t

For this eclipse:

R ~ 6400 km (accepted value for Earth’s radius  = 6378 km).

T ~ 30 days (= 720 h = 43200 min)

t = 16:42  to 19:21  =  2 h 39 min  =  159 min (from video clip)

   d  ~ 6400 x 43200
 ____________

            x 159

   d  ~ 553 000 km.

NB: Accepted value = 384 000 km

% difference  = difference between experimental & accepted values   x 100  __________________________________________________
       accepted value

   = (553 000 – 384 000) x 100 ______________________
                384 000

   = 44%
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Title:   DIAMETER OF THE MOON

Outcomes:  EARTH & BEYOND L3

   Understands changes and patterns in different environments and

   space, and relates them to resource use.

Duration:  80 mins

Background material:

Aristarchus of Samos (310- 230 BC) was a Greek mathematician who tackled the issue of scale 

– the relative size of objects in the then known universe and their distances apart.  His diameter 

of the Moon method is based on a total lunar eclipse (all of Moon enters into umbra shadow 

of Earth). 

Aristarchus reasoned that by timing the duration of totality (see glossary) and comparing this 

with the time taken from the moment when the Moon enters into the Earth’s umbra shadow up 

to the moment of complete immersion, he could arrive at a ratio between the width of the Earth’s 

shadow and the diameter of the Moon.  Assuming the Earth’s shadow at the Moon’s distance is 

the same as the diameter of the Earth, the relative size of the Moon to the Earth could 

be deduced.  

Unfortunately the width of the Earth’s shadow is smaller than the diameter of the Earth at 

the distance of the Moon, so this method is fl awed but gives a useful order of magnitude. 

Aristarchus determined the distance to the Moon to be about one third the diameter of the 

Earth whereas it is about one quarter the diameter of the Earth.

This approach was somewhat inaccurate and a total lunar eclipse is not an event students in 

WA are likely to encounter for many years after 28 Aug 2007 (next is beyond 2010).  Although 

not based on Aristachus’ historical approach to determining the Moon’s diameter, the following 

exercise is based on simple ratios and is far more convenient.

GLOSSARY:  Full moon - phase of moon when entire disc of moon 

      (as seen from Earth) is illuminated by Sun.

Totality  - stage of a lunar eclipse when the Moon is

      totally immersed in the darkest portion of 

      the Earth’s shadow

Resources required:

   Teacher: Resource sheets

   Student groups (2) i) metre rule

      ii) plastic or suitable stiff, opaque   

       material (A4 paper OK).

      iii) scissors 
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Lesson guide:   

NOTE:  1. To establish the diameter of the Moon, its distance from Earth 

   must be known beforehand.  Either fi rstly complete the activity  

   “Distance to the Moon” or simply use the average value of 

   384 000 km.

  2. For best results, perform this activity near full moon (2 days either 

   side of this date will suffi ce – see sheet II), else observe moon 

   during class time.

  a) Students to estimate diameter of Moon in terms of    

   Earth’s diameter (refl ect on this after activity).

  b) Describe method to students – see sheet III for theory.

  c) Students working in groups of two are to construct a simple instrument

   to measure the diameter of the Moon as per sheet I.  Students practise  

   making observations with an object within the classroom.

  c) One member of group to take instrument home and observe full moon

   before next step.  Observation best done around full moon – see sheet  

   II for dates.  Else perform activity at school during daytime (not full   

   moon time as full moon rises about sunset!).

  d) Gather data from students, and using class average, mathematically  

   determine diameter of Moon (see sheet III for example of calculations).   

   Compare with Earth (diameter = 12700 km).  Discuss errors in   

   experiment.
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RESOURCE SHEETS

I. DIAMETER OF MOON

 Note: Dimensions of slider is:  0.5 cm x 6.0 cm

Procedure

1. Point the metre rule to the Moon and have your eye placed at the other end. You will need to 

keep quite steady!

2. Using the ‘slider’, move it along the top of the metre rule until it just covers the width of the 

Moon.  You may need someone to take the reading Ls.

3. Note this distance (from your eye) by reading off the value on the metre rule.

4. Make several trials and fi nd the average value – you will need this value when reporting back 

to your class.

Average of trials = ____________ 

Observations
Trial 1 Trial 2 Trial 3 

Distance to slider 
(cm)
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II DATES OF FULL MOON

To determine the diameter of the Moon it is best to perform the activity when the Moon presents 

its entire illuminated disc to the observer – around full moon.

Below are dates for you to plan the activity.

Two days either side of the full moon date should also suffi ce.

2006 2007 2008 2009 2010 

Jan 14 Jan 3 Jan 22 Jan 11 Jan 30 

Feb 13 Feb 2 Feb 21 Feb 9 Feb 28 

Mar 14 Mar 3 Mar 21 Mar 11 Mar 30 

Apr 13 Apr 2 Apr 20 Apr 9 Apr 28 

May 13 May 2 May 20 May 9 May 27 

Jun 11 Jun 1 Jun 18 Jun 7 Jun 26 

Jul 11 Jun 30 Jul 18 Jul 7 Jul 26 

Aug 9 Jul 30 Aug 16 Aug 6 Aug 24 

Sep 7 Aug 28 Sep 15 Sep 4 Sep 23 

Oct 7 Sep 26 Oct 14 Oct 4 Oct 23 

Nov 5 Oct 26 Nov 13 Nov 2 Nov 21 

Dec 5 Nov 24 Dec 12 Dec 2 Dec 21 

  Dec 24   Dec 31 Jan 30 
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III SAMPLE CALCULATION OF MOON’S DIAMETER

 Student data, geometry and ratios gives the diameter of the Moon - see below.

The angle made by the plastic slider and the Moon is the same for the observer.

We can use the ratio of widths and distances to express this mathematically as:

 Dm  =  Ds  ___   __  
 Lm    Ls

i.e. Dm  =  Ds  x  Lm  ________  
          Ls

NB: Some students may prefer to substitute numerical values before attempting this

 transposition of variables.

Example:

Average of student data for Ls = 55 cm  = 0.55 m

Width of slider   = 0.5 cm  = 0.005 m

Distance to moon  = 384 000 km = 384 000 000 m

   Dm       = 0.005  x  384 000 000
   ___________________     
      0.55

    =  3490 000 m

    ~  3500 km (Accepted value = 3476 km)

 Student data, geometry and ratios gives the diameter of the Moon - see below. 

Average distance from student data 

(Ls)

distance to moon
Lm

DmWidth of slider Ds

observer
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Title:    SCALE OF THE SOLAR SYSTEM
Outcomes:   EARTH & BEYOND L3

    Understands changes and patterns in different environments

    and space, and relates them to resource use.

Duration:   80 mins 

Background material: 

Aristarchus of Samos fi rst attempted to quantify the scale of the solar system.  Based on 

observations of a total lunar eclipse, he calculated the Moon was half the diameter of the Earth.  

Through the use of geometry, he concluded the Sun-Earth distance is at least 19 times the 

Earth-Moon distance and that the Sun was much bigger than the Earth (unfortunately his upper 

limit of 46/9 was too small).  It was not until about 1800 years later that attempts were made to 

improve these measures.  Johannes Kepler published two laws of planetary motion in 1609.  

The third law (1619) enables the relative proportions of the planetary orbits to be determined 

but absolute distances could not be stated until any one of the distances to any of the objects 

was known.  Based on Kepler’s work, Jeremiah Horrocks observed a transit of Venus (Venus 

passing in front of the Sun’s disk as seen from Earth) in 1639 and subsequently calculated the 

Earth-Sun distance (1 AU) to be 14700 times the radius of the Earth.  Sir Edmond Halley (1656 

- 1742) recommended utilising transits of Venus to gauge the scale of the solar system, and so 

determining the Earth-Sun distance became the focus of efforts. However, unforeseen optical 

complications affected later transit observations (including Captain Cook’s famous voyage 

to Tahiti in 1769) and accurate measurements of the AU were stymied but nevertheless great 

achievements.  At this point in time, the true scale of the solar system can be said to have been 

truly understood.  The sizes of the planets were generally determined by use of telescopic 

observations coupled with micrometers across the fi eld of view.  Knowing the apparent angular 

size and the distance to a planet enabled the absolute diameter to be calculated.

GLOSSARY:   AU  - ‘astronomical unit’

       1 AU = average distance between

       Earth and Sun (~150 million km)

Planet  - Defi nition is still controversial and   

       undecided but “a major spherical 

       object composed of rock and/or ices

       that orbits a star”.

Resources required:  Per group of 3: i) Plasticine or clay 

       (from Art department?)

      ii) A4 sheet of paper

      iii) Weights (preferably 4)

      iv) Marker pen

      v) Sheet I

    Teacher: i) Soccer ball

      ii) About 1000 m of clear space 

      iii) Sheets II & III

      iv) Internet access for animation.
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Lesson guide:  a) Scale of the planets  (20 mins)

    i) Distribute solar system data sheet (see sheet I).

    ii) Students shown a soccer ball, told it represents the

     Sun and asked for the relative sizes of some of 

     the planets. 

    iii) Need for quantitative approach – outline process

     using ratios - (sheet II)

    iv) Assign student groups (ideally 3 per group) to a   

     planet or the Moon.

    v) Students to calculate diameter based on scale given  

     by teacher and then manufacture the assigned solar  

     system object from plasticine/clay.

    vi) Supply A4 sheet & marker pen for students to print  

     objects name on sheet.

   b) Distances between planets (60 mins)

    i) Inform students that distance between planets will be  

     calculated using same scale as per part (a).

    ii) Group assigned Mercury calculates Sun-Mercury   

     distance; group assigned Venus calculates Mercury- 

     Venus distance; etc. (sheet II).

    iii) Groups report back to class and teacher collates   

     values on board for all to copy.

    iv) Show animation of relative distances between   

     planets:

     http://www.classzone.com/books/earth_science/terc/

     content/visualizations/es2701/es2701page01.  

     cfm?chapter_no=27

    v) Take students outside classroom, lay down soccer

     ball and begin pacing distances with class – 

     requires ~ 1000 m.

    vi) At designated points, groups place a representation

     of the planet made of plasticine on the ground and on

     top of the A4 sheet identifying the planet.  Place

     weights on A4 sheet.

c) If time permits, an appreciation of the distances involved can

    be gauged via time of travel given the speed.  

    This is accessible via an applet at:

    http://janus.astro.umd.edu/astro/distance/

Related links:  An applet for determining different solar system scales:    

   http://www.exploratorium.edu/ronh/solar_system/index.html

Extension ideas: Students can calculate the scaled distance to the nearest star from

   the Sun.
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SHEET 1 - SOLAR SYSTEM DATA

SIZE OF THE PLANETS 
object (km) Scaled size (cm) 
Diameter of Sun 1 400 000  

Diameter of Mercury 5 000  

Diameter of Venus 12 000  

Diameter of Earth 12 000  

Diameter of Moon 3 500  

Diameter of Mars 7 000  

Diameter of Jupiter 143 000  

Diameter of Saturn 120 000  

Diameter of Uranus 51 000  

Diameter of Neptune 49 000  

Diameter of Pluto 2 300  

DISTANCES BETWEEN PLANETS 
Distance between orbits of: (km) Scaled distance (m) 

Sun & Mercury 58 000 000 

Mercury & Venus 50 000 000  

Venus & Earth 41 000 000  

Earth & Mars 78 000 000  

Mars & Jupiter 550 000 000  

Jupiter & Saturn 649 000 000  

Saturn & Uranus 1 443 000 000  

Uranus & Neptune 1 627 000 000  

Neptune & Pluto 1 404 000 000  
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SHEET II  - SAMPLE CALCULATION

You have been assigned the planet NEPTUNE.

A) Diameter of Neptune:

Scaled diameter of Neptune    = Real diameter  x scaling factor

    (in cm)

        = 49 000 km  x       1___

                     60 000 km

       = 0.82 cm

    ~ 0.8 cm

B) Distance between Neptune & Uranus:

Scaled distance between planets    = real distance  x scaling factor

       = 1 627 000 000 km x       1___

         60 000 km

       = 27112 cm

        ~ 271 m



SHEET III - SOLAR SYSTEM DATA + SCALED VALUES

                                     SCALE = 1 cm: 60 000 km

SIZE OF THE PLANETS 
Object (km) Scaled size (cm) 
Diameter of Sun 1 400 000 23

Diameter of Mercury 5 000 0.08

Diameter of Venus 12 000 0.2

Diameter of Earth 12 000 0.2

Diameter of Moon 3 500 0.06

Diameter of Mars 7 000 0.1

Diameter of Jupiter 143 000 2.4

Diameter of Saturn 120 000 2

Diameter of Uranus 51 000 0.9

Diameter of Neptune 49 000 0.8

Diameter of Pluto 2 300 0.04

DISTANCES BETWEEN PLANETS 
Distance between orbits of: (km) Scaled distance (m) 

Sun & Mercury 58 000 000 10

Mercury & Venus 50 000 000 8

Venus & Earth 41 000 000 7

Earth & Mars 78 000 000 13

Mars & Jupiter 550 000 000 92

Jupiter & Saturn 649 000 000 108

Saturn & Uranus 1 443 000 000 240

Uranus & Neptune 1 627 000 000 271

Neptune & Pluto 1 404 000 000 234
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SHEET III - VIEW OF SUN FROM PLANETS
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Title:   SURFACE GRAVITY

Outcomes:  EARTH & BEYOND L5

   Understands models and concepts that explain earth and  space

   systems, and that resource use is related to the geological and

   environmental history of the earth and universe.

Duration:  60 mins

Background material:

The motion of objects in the solar system is governed by gravity.  Launching into Newton’s 

Law of Universal Gravitation is challenging and understanding is better achieved via a scaffold 

approach such as beginning with the strength of planetary surface gravity and later considering 

the infl uence of gravity beyond the surface to encompass interactions with other solar 

system objects.

The important features to consider are:

(i) gravity is an attractive force and acts towards the centre of the planet;

(ii) the strength of gravity depends on the mass of a planet; and

(iii) the strength of gravity depends on the distance to the centre of the planet.

The last point requires some qualifi cation - it is the inverse of the square of the distance.

In this lesson, students will be challenged to predict the strength of the surface gravity of a 

pseudo planet based on relative mass and radius. They will then apply the conclusions to actual 

solar system planets data and predict the relative rankings of the planets based on surface 

gravity strength.  The limitations of the approach serve to initiate a discussion on the Law of 

Universal Gravitation developed by Sir Isaac Newton.

Students are not expected to apply any algebraic calculations although you may wish to do so 

based on the ability of the group.

GLOSSARY:  

Law  - conclusions based on confi rmation of hypotheses

        through repeated scientifi c experiments over time.

Force  - push or pull on an object resulting from an object’s

        interaction with another object.

Gravity  - attractive force exerted by objects due to their mass.

Mass  - the amount of matter in an object (measured in kg). 

Weight  - a measure of the gravitational force acting on 

        an object.

Resources required:

   Teacher: Two magnets

     Iron fi lings

     Sheets III & V

Students:  Resource sheets I, II & IV.
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Lesson guide:   

  a) Drop an object, such as a pen, and ask students which direction it

   moved.  Suppose the same event occurred in Washington DC – on the

   other side of the Earth from Perth.  In which direction does the pen 

   fall there?

   Discuss with students the fact that all objects fall towards the centre of  

   the Earth and not simply “down”.

  b) What causes the object to fall?  Call it gravity.

   Illustrate effect of gravity via attractive pull of two magnets on each   

   other – keeping one fi xed in position (Earth) and allowing the other to  

   move towards it (pen).

   Illustrate the direction of gravity around the surface of the Earth via the  

   analogy of a magnet and iron fi lings.

   Draw a labelled diagram on the board to emphasize the gravity model.

  c) Ask students what aspect of the Earth causes gravity (mass).

   Ask students what affects the strength of gravity on an object, 

   or weight.

  d) Distribute worksheet (sheet I) to small groups of students for

   discussion.  Encourage students to provide evidence and explain their

   answers to their peers in the group.

  e) After all groups have completed the sheet, discuss the answers and

   highlight the fact that surface gravity is determined by a planet’s mass  

   and radius.

  f) Distribute sheet II – briefl y discuss process and allow students 

   to complete.

  g) Students offer answers for class discussion – then show sheet III

    as an overhead transparency.  Discuss “Olympic questions” to reinforce 

   relationship between surface gravity, mass and radius.  Note Q3

   addresses the fact that surface gravity is not inversely proportional to

   radius.  Use this point as an entry into the Law of Universal Gravitation,

  h) Distribute sheet IV and discuss with students.

  i) If time direct students to URLs providing applets that show weights on

   different planets – see related links.

Related links:  http://www.exploratorium.edu/ronh/weight/index.html 

   (weight on other objects)

   http://janus.astro.umd.edu/astro/calculators/pcalc.html 

   (Planetary calculator)

Extension ideas: Research space-time curvature and relate it to gravity.



RESOURCE SHEETS
I. WHAT AFFECTS THE STRENGTH OF GRAVITY ACTING ON YOU?

 (i.e. What affects your weight?)

A) Choose the case below where you will have the greatest weight.

(Note: ‘M’ = greatest mass, smallest ‘m’, the lowest mass)

ANSWER: __________

Why did you make this choice? _____________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

B) Choose the case below where you will have the greatest weight.

 (Note: The mass is fi xed at ‘m’, however, volume is changing).

ANSWER: __________

Why did you make this choice? _____________________________________________________

__________________________________________________________________________________

m m M

ANSWER: ______ 

Why did you make this choice?__________________________________________

1

2

m
m

3

m
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C) Choose the case below where you will have the greatest weight.

(Note: Both the mass and volume are changing. ‘M’ = greatest mass, smallest ‘m’, 

 the lowest mass).

ANSWER: _________

Why did you make this choice? _____________________________________________________

__________________________________________________________________________________

D)   Choose the case below where you will have the greatest weight.

(Note: Both the mass and volume are changing. ‘M’ = greatest mass, smallest ‘m’, 

 the lowest mass).

ANSWER: _________

Why did you make this choice? _____________________________________________________ 

__________________________________________________________________________________

1 32

m

M m

1 32

m
m M
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PLANET RADIUS RANKING 2 
Mercury 0.38  
Venus 0.95  
Earth 1.00  
Mars 0.53  
Jupiter 11.2  
Saturn 9.45  
Uranus 4.01  
Neptune 3.88  
Pluto 0.18  

II.   DOES YOUR WEIGHT VARY ON OTHER SOLAR SYSTEM PLANETS?

Use the information in the tables below to rank the planets based on the strength of 

surface gravity.

That is, if you believe a planet should have the greatest surface gravity assign a ranking of “1”.

Now restate your rankings and provide a new combined ranking based on the all the 

information.

PLANET MASS RANKING 1 
Mercury 0.055  
Venus 0.723  
Earth 1.000  
Mars 1.524  
Jupiter 317.89  
Saturn 95.184  
Uranus 14.536  
Neptune 17.148  
Pluto 0.002  

PLANET RANKING 1 RANKING 2 COMBINED 
RANKING

Mercury    
Venus    
Earth    
Mars    
Jupiter    
Saturn    
Uranus    
Neptune    
Pluto    

Astronomy WA Resources for Secondary Schools
Page 22

The Solar System Module



III SURFACE GRAVITY OF SOLAR SYSTEM PLANETS

QUESTIONS FOR DISCUSSION

Q1. Although the radius of Pluto is about half the radius of Mercury, Pluto’s surface gravity is

  far smaller.  Why do you think this is the case?

Q2. On which planet do you believe it would be best for athletes to hold the Olympic games

 for the following events:

 a) Javelin throwing? 

 b) Weight lifting?

 c) 100 metre sprint?

 d) Swimming events?

Q3. Venus and Uranus have about the same surface gravity.  Venus has about one twentieth

 the mass of Uranus. Would you expect it to have about one twentieth the radius 

 of Uranus?

PLANET MASS RADIUS SURFACE 
GRAVITY

RANKING

Mercury 0.055 0.38 0.38 6
Venus 0.723 0.95 0.91 5
Earth 1.000 1.00 1.00 4
Mars 1.524 0.53 0.38 6
Jupiter 317.89 11.2 2.53 1
Saturn 95.184 9.45 1.07 3
Uranus 14.536 4.01 0.91 5
Neptune 17.148 3.88 1.14 2
Pluto 0.002 0.18 0.06 7
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IV THE LAW OF UNIVERSAL GRAVITATION

He reasoned that:

Strength of gravity  ~  mass of a planet ________________

     square of the radius of the planet

His equation became:

 g  =  G M

  R2

Where  g = strength of gravity

  M = mass of planet

  R = radius of planet

  G = a fi xed number dependent on the units chosen for mass 

    and radius.

The great leap forward Newton provided us with is obvious in the calculation below.

Mass of Earth  = 5.98 x 1024 kilograms

Radius of Earth  = 6.38 x 106 metres

G   = 6.67 x 10-11

 g  =  (6.67 x 10-11) x (5.98 x 1024)
 ______________________

               (6.38 x 106)2

   = 9.80 metres per second, per second.

This means an apple will fall on the Earth at a rate whereby its speed changes 9.80 metres per 

second, every second it falls.

Objects have been falling to the ground for as far back as anyone 

can remember, but before 1687 no one understood why.  In that 

year, an English mathematician, Sir Isaac Newton, published his 

book “Philosophiae Naturalis Principia Mathematica” in which he 

put forward the idea of gravity.

Legend has it that he was inspired to think about the problem of 

falling objects when he witnessed an apple fall from an apple tree.  

This story is probably not true.  Nevertheless, Newton was able to 

muster his considerable intellect and offer a mathematical equation 

for the strength of gravity.
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V. WHAT AFFECTS THE STRENGTH OF GRAVITY ACTING ON YOU?
 (i.e. What affects your weight?) - ANSWERS

A) ANSWER: 3

Why did you make this choice?  This object has the greatest mass for the same radius.

B) ANSWER: 1

Why did you make this choice? The object has the smallest radius for the same mass.

C) ANSWER: 2

Why did you make this choice?  The object has the greatest mass and the smallest radius.

D) ANSWER: Probably 3

Why did you make this choice?  Assign relative values for mass (1 for high mass, 3 for low),

and for radius (1 for smallest, 2 for .medium’, 3 for largest).

Consider case 1 - relative mass = 2, relative radius = 3, combined value = 5.

Consider case 2 - relative mass = 3, relative radius = 1, combined value = 4.

Consider case 3 - relative mass = 1, relative radius = 2, combined value = 3.

Lowest value indicates most likely strongest surface gravity which is case 3.

To be certain, we need to know the values of the masses and the radii and apply the Law of 

Universal Gravitation equation.
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Title:   GRAVITY & ORBITS

Outcomes:  EARTH & BEYOND L5

   Understands models and concepts that explain earth and space

   systems, and that resource use is related to the geological and

   environmental history of the earth and universe.

Duration:  80 min

Background material:

Although the ancients realised planets (‘wanderers’) moved through the heavens, it was not until 

Johannes Kepler studied observational data from Tycho Brahe that a mathematical framework 

(Kepler’s three laws of planetary motion) described the motion with some certainty.  However it 

remained unclear as to why the planets traced out their orbital paths. The ground-breaking work 

by Sir Isaac Newton (Principia Mathematica in 1687) fi nally provided a comprehensive framework 

and the law of universal gravitation with the notion of gravity weakening at the rate of distance 

squared, helped to extend an understanding of the motion of objects on the Earth, to 

outer space.

In this activity, it should be clear to students that the speeds of the planets decrease with 

increasing distance from the Sun. This is explained in terms of: (i) planets orbit the Sun because 

of the Sun directed force of gravity on the planets, and (ii) the strength of gravity diminishes with 

distance.  

A discussion of Newton’s Law of Universal Gravitation is not pursued, but could be, depending 

on the ability of the class.

GLOSSARY:  

Force  - push or pull on an object resulting from an

        object’s interaction with another object.

Gravity   - attractive force exerted by objects due to their mass.

Mass  - the amount of matter in an object (measured in kg)

Orbital period - time taken by object to travel once about the Sun.

Resources required:

   Teacher: Internet access.

     Sheet I - transparency

   Student group: a circular motion device being:

     16 cm long glass capillary tube

     1 m piece of nylon fi shing line

     1 medium-sized, single-hole rubber stopper

     one pair of scissors

     about 10 cm of insulation tape

     safety glasses for each student

     experiment worksheet (Sheet II)

     internet access



Lesson guide:   

  a) Engage students with the following question and follow with a brief   

   discussion to identify any misconceptions.

   “What is the path of a stone attached to a string being whirled in a   

   horizontal circle if the string is suddenly cut?”

   http://www.physicsclassroom.com/mmedia/circmot/cf.html shows

   a diagrammatic motion of a tennis ball on a moving whiteboard that

   may prove useful in convincing the students that straight line motion is  

   executed by the stone.  circular motion

  b) Engage students with following question: “Why do the planets orbit the  

   Sun in a circular fashion?”  (Refer to applet and link this with concept  

   of gravity.)

  c) Display orbital periods and distances of planets from the Sun (Sheet I).

   Students to complete last column using formula: speed =

   2 distance/period

  d) Make these values comprehensible by referring to the km/s equivalent  

   and associating this with something tangible to student experience,  

   e.g. Earth’s orbital speed is equivalent to travelling from Perth to 

   Mandurah in 2 seconds!

   Engage students with following question: “Why do the planets take   

   different amounts of time to orbit the Sun?”

   (Distance is the obvious answer but this is not the sole reason – they

   travel at different speeds! Why?)

  e) Students to investigate the issue indirectly via the horizontal motion of 

   a rubber stopper outside classroom – distribute Sheet II.

  f) Class discussion after activity should conclude that the pull

   (tension) on the stopper affects the speed of the stopper (less pull, the

   slower the speed), so the pull of gravity affects the speed of the   

   planets, i.e. the weaker the gravity, the slower the speed of the planets.

  g) Consolidate importance of gravity by directing students to following

   animation applets:

   http://wps.aw.com/aw_knight_physics_1/0,8722,1123675-content,00.

   html (Satellite speeds)

   http://www.phy.ntnu.edu.tw/oldjava/circularMotion/circular3D_e.html   

   (dist & speed)

  h) Students should also consider motion of planets about the Sun via an

   orrery via:

   http://www.st-andrews.ac.uk/~bds2/ltsn/ljm/Orrery/orrap.htm

Related links:   History of Gravitation theory:

   http://en.wikipedia.org/wiki/Gravitation#History_of_gravitational_theory

   Newton’s theory of universal gravitation:

   http://www-spof.gsfc.nasa.gov/stargaze/Sgravity.htm

Extension ideas: Plot the actual orbital speeds of the planets and try to ascertain how  

   the strength of the Sun’s gravity varies with distance.

   Read about Newton’s Universal Law of Gravitation.
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RESOURCE SHEET I
ORBITAL DATA FOR PLANETS IN OUR SOLAR SYSYTEM

PLANET DISTANCE  
(millions of km) 

ORBITAL
PERIOD (Yr) 

ORBITAL SPEED 
(millions of km per 

year)

MERCURY 58 0.24

VENUS 108 0.62

EARTH 150 1.00

MARS 228 1.88

JUPITER 778 11.8

SATURN 1427 29.5

URANUS 2870 84

NEPTUNE 4500 165

PLUTO 5900 249
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RESOURCE SHEET II
WHAT HAPPENS TO THE SPEED AS THE TENSION VARIES?

AIM: To investigate how the speed of a circular moving stopper varies with the tension  

 in a string/fi shing line.

MATERIALS

 • 16 cm long glass capillary tube

 • 1 m piece of nylon fi shing line

 • 1 medium-sized, single-hole rubber stopper

 • one pair of scissors

 • about 10 cm of insulation tape

 • safety glasses for each student

SET-UP

PROCEDURE

PERFORM THIS INVESTIGATION IN AN OPEN AREA SAFELY FROM OTHERS.

1. Decide on the radius of the rubber stopper’s circular path, cut some insulation tape and 

attach it to the appropriate point on the nylon line.  The Insulation tape helps to indicate the  

fi xed radius when whirling the stopper.

2. Place three identical brass masses onto the brass support.

3. Place on safety glasses.

4. Whirl the rubber stopper in a near horizontal path above your head.

5. Ensure the insulation tape moves with the nylon so that it almost touches the lower end of 

the glass capillary tube.  Keep this constant at all times.

6. When a steady motion is in place, note by sight, the speed of the rubber stopper.

7. Have a member of your group/partner take off one brass mass while whirling the stopper.

8. Keep the radius fi xed by ensuring the insulation tape is almost at the bottom of the 

capillary tube.

9. Note by sight the speed of the rubber stopper.

10. Repeat this for the other two brass masses remaining.

11. Repeat investigation if necessary.

rubber stopper

glass capillary tube 

nylon line 

brass

nylon tied to brass rod

Insulation tape 
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TEACHER’S COPY

ORBITAL DATA FOR PLANETS IN OUR SOLAR SYSYTEM

* Note: Bracketted values denote orbital speed in km/s.

PLANET                   DISTANCE  
(millions of km) 

ORBITAL
PERIOD (Yr) 

ORBITAL SPEED 
(millions of km per 

year)

MERCURY 58 0.24 1520 (48)*

VENUS 108 0.62 1093 (35)

EARTH 150 1.00 842 (30)

MARS 228 1.88 760 (24)

JUPITER 778 11.8 415 (13)

SATURN 1427 29.5 302 (10)

URANUS 2870 84 214 (7)

NEPTUNE 4500 165 170 (5.5)

PLUTO 5900 249 151 (4.7)
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Title:   FORMATION OF THE SOLAR SYSTEM

Outcomes:  EARTH & BEYOND L4

   Understands processes that can help explain and predict    

   interactions and changes in physical systems and environments.

Duration:  80 min

Background material

The current theory for the formation of the solar system originates from a proposal by Immanuel 

Kant in 1775 known as the nebular hypothesis.  The current theory states a large gas cloud 

begins to collapse under the infl uence of gravity perhaps triggered by an external event (such 

as a shockwave from a nearby exploding star), heat up (as gravitational potential energy is 

transformed into kinetic energy), spin and then fl atten out to form a planetary disc as collisions 

average out the movement of particles.  

As the density increases, the temperature in the central region of the nebula increases, 

eventually reaching several million degrees at which point nuclear fusion begins and a star 

is created.  The outward pressure of the solar radiation fl ushes out gases leaving behind 

planetesimals and planets.

GLOSSARY:

Accretion - grains of dust and ice particles colliding and sticking   

        together to form larger conglomerations.   

Density  - ratio of an object’s mass to volume.

Frost Line - region of space from the proto-sun where temperature is   

           about 423 oC.  Inside this line the temperature is too high

           for ices to form so only rocky materials/objects exist.

Gravity  - attractive force exerted by objects due to their mass.

Planetesimals - objects formed from the accretion process.

ProtoStar - a gravitationally bound region of gas in a state of balance   

           but yet to have started nuclear fusion reactions at its centre.

Solar Nebula - Original gas (predominately) and dust from which all   

           objects in the solar system formed.

Resources required:

  Teacher:   Spin demonstration apparatus (construct before lesson)

  Students:   Internet access

      Resource sheet I
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Lesson guide:   
 PART A – Solar System Formation Process

 a) Set task for students – “To determine the stages thought to have occurred in

  the formation of the solar system.”

 b) Distribute worksheet I.  Explain procedure.

 c) Students access internet to fi nd information on solar system formation.

  Quicktime movie available at:       

  http://sci2.esa.int/interactive/media/movies/3_6_1.htm 

  Also, examine solar system timeline mural by Lunar & Planetary Institute:

  http://www.lpi.usra.edu/education/timeline/

 d) After completion of worksheet, students to discuss in class the major sequence

  of events.

 e) Demonstrate effect of rotation on matter & discuss relevance.

 f) Highlight need for gravity acting between objects in space.

 PART B – Composition of Jupiter’s Largest Moons

 a) Distribute Sheet II and follow instructions.

 b) Link effect of Jupiter’s heating on its Moons to that of the Sun to its planets.

Related links:  Formation of the Sun

   http://en.wikipedia.org/wiki/Solar_nebula

Extension ideas: Research type and distribution of planets found in extrasolar 

   planetary systems.

   http://www.planetary.org/programs/projects/transit_search/
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RESOURCE SHEETS
I. FORMATION OF THE SOLAR SYSTEM

The following paragraphs describing signifi cant events in the formation of the solar system 

have been scrambled.  Use the Internet to learn about this process and determine the correct 

sequence by numbering the fi rst column in the correct sequence.

The Sun produced strong winds called T-Tauri winds that swept out the rest of the 

nebula that was not already incorporated into the planets. This whole process took just 

a few hundred million years

As the solar nebula collapsed, the gas and dust heated up through collisions among 

the particles. The solar nebula heated up to around 3000 degrees Kelvin so everything 

was in a gaseous form. The solar nebula’s composition was similar to the present-

day Sun’s composition: about 93% hydrogen, 6% helium, and about 1% silicates and 

iron, and the density of the gas and dust increased toward the core. The inner, denser 

regions collapsed more quickly than the outer regions.

The planets got big enough to retain heat and have liquid interiors. The heavier 

materials like iron and nickel sank to the planet cores while the lighter materials like 

silicates and gases rose toward the surface, in a process called differentiation. The 

sinking of the heavy material created more heat energy. The planets also had suffi cient 

radioactive decays occurring in them to melt rocky material and keep it liquid in the 

interior. The small planetesimals that were not incorporated into the large planets did 

not undergo differentiation. This explains item (f) of the observables.

Because of its great compression, the core of the proto-Sun core reached about 10 

million degrees Kelvin started producing a lot of energy. The Sun ``turned on.’’ 

A piece of a large cloud complex collapsed about fi ve billion years ago. As the piece, 

called the solar nebula collapsed, its slight rotation increased. 

Small eddies formed in the disk material, but since the gas and dust particles 

moved in almost parallel, near-circular orbits, they collided at low velocities. Instead 

of bouncing off each other or smashing each other, they were able to stick together 

through electrostatic forces to form planetesimals. The larger planetesimals were able 

to attract other planetesimals through gravity and increase in size. This process is 

called accretion. 

The coalescing particles tended to form bodies rotating in the same direction as the 

disk revolved. The forming planet eddies had similar rotation rates. The gravity of the 

planetesimals tended to divide the solar nebula into ring-shaped zones. 

Spinning effects caused the outer parts of the nebula to fl atten into a disk, while the 

core of the solar nebula formed the Sun. The planets formed from material in the disk 

and the Sun was at the centre of the disk

When the solar nebula stopped collapsing it began cooling, though the core forming 

the Sun remained hot. This meant that the outer parts of the solar nebula cooled off 

more than the inner parts closer to the hot proto-Sun. Only metal and rock materials 

could condense (solidify) at the high temperatures close to the proto-Sun. Therefore, 

the metal and rock materials could condense in all the places where the planets were 

forming. Volatile materials (like water, methane and ammonia) could only condense in 

the outer parts of the solar nebula

A

B

C

D

E

F

G

H
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The Sun produced strong winds called T-Tauri winds that swept out the rest of the 

nebula that was not already incorporated into the planets. This whole process took just 

a few hundred million years

As the solar nebula collapsed, the gas and dust heated up through collisions among 

the particles. The solar nebula heated up to around 3000 degrees Kelvin so everything 

was in a gaseous form. The solar nebula’s composition was similar to the present-

day Sun’s composition: about 93% hydrogen, 6% helium, and about 1% silicates and 

iron, and the density of the gas and dust increased toward the core. The inner, denser 

regions collapsed more quickly than the outer regions.

The planets got big enough to retain heat and have liquid interiors. The heavier 

materials like iron and nickel sank to the planet cores while the lighter materials like 

silicates and gases rose toward the surface, in a process called differentiation. The 

sinking of the heavy material created more heat energy. The planets also had suffi cient 

radioactive decays occurring in them to melt rocky material and keep it liquid in the 

interior. The small planetesimals that were not incorporated into the large planets did 

not undergo differentiation.

The proto-Sun continued to gather material and eventually, because of its great 

compression, the core of the proto-Sun reached about 10 million degrees and started 

producing a lot of energy. The Sun ``turned on” via the nuclear fusion process.

A large gas complex in interstellar space collapsed due to the mutual gravitational 

attraction between all the particles which make up the nebula (i.e., it collapsed ``under 

its own weight’’) about fi ve thousand million years ago. As this solar nebula collapsed, 

its slight rotation increased.

Small whirlpools formed in the disk material, but since the gas and dust particles 

moved in almost parallel, near-circular orbits, they collided at low velocities. Instead 

of bouncing off each other or smashing each other, they were able to stick together 

through electrostatic forces to form planetesimals. The larger planetesimals were able 

to attract other planetesimals through gravity and increase in size. This process is 

called accretion.

The particles tended to form bodies rotating in the same direction as the disk revolved.

Spinning effects caused the outer parts of the nebula to fl atten into a disk, while the 

core of the solar nebula formed the proto-Sun. The planets formed from material in the 

disk and the proto-Sun was at the centre of the disk

When the solar nebula stopped collapsing it began cooling, though the core forming 

the proto-Sun remained hot. This meant that the outer parts of the solar nebula cooled 

off more than the inner parts closer to the hot proto-Sun. Only metal and rock materials 

could condense (solidify) at the high temperatures close to the proto-Sun. Therefore, 

the metal and rock materials could condense in all the places where the planets were 

forming. Low freezing point materials (like water, methane and ammonia) could only 

condense in the outer parts of the solar nebula

A

B

C

D

E

F

G

H

Teacher’s Copy

7

2

8

6

1
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II. COMPOSITION OF JUPITER’S LARGEST MOONS

The heat from the early Sun caused the temperature to be higher near the Sun and colder 

farther away.  Substances with low freezing points could not exist too close to the Sun (the Frost 

Line) and were ‘removed’ from the inner solar system.  Only rocky planets and planetesimals 

(Mercury, Venus, Earth, Mars and asteroids) can be found before the Frost Line.  Beyond the 

orbit of Mars, temperatures were suffi ciently low for icy and gaseous objects to exist (Jupiter, 

Saturn, etc, comets).  

Jupiter is so large (some people believe it was destined to be a star, but failed to do so) that it 

may have also warmed its immediate neighbourhood, much like the Sun.

You will investigate the densities of Jupiter’s four largest and nearest moons (called Galilean 

satellites) Io, Europa, Ganymede and Callisto to determine composition and thus discover what 

effect Jupiter had (if any) on these moons.

Consider the average densities & distances from Jupiter of the Galilean satellites as determined 

by spacecraft:

 Io   3570 kg/m3  421 700 km

 Europa   3020 kg/m3  671 000 km

 Ganymede  1940 kg/m3          1 100 000 km

 Callisto   1860 kg/m3          1 883 000 km

Ice (ie frozen H2O) has a density of 900 kg/m3 and typical rocks in the Earth’s crust have 

densities around 3000 kg/m3.   

A Moon composed entirely of rock will therefore be expected to have an average density of, say, 

3500 kg/m3; and one composed entirely of water ice will have a density of 

900 kg/m3.  Given these two extremes, we can calculate the likely proportion of the rock to ice 

ratio for the Galilean satellites mentioned above using the formula below:

  % rock = density of satellite – 900 ______________________

        25

Within frost line, rocks and metals
condense,  hydrogen compounds
stay gaseous.

Beyond frost line, hydrogen compounds
rocks, and metals condense.

Within the solar nebula,
98% of the material is hydrogen
and helium gas that doesn’t condense anywhere.

Frost Line
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Example

Calculate the rock to ice ratio of a hypothetical satellite with a density of 2000 kg/m3.

  % rock  = 2000 – 900 __________
           25

  % rock  = 40%

 so % ice  = 60%

Now calculate the % rock and ice ratios of the Galilean satellites Europa, Ganymede and Callisto 

(Io is not thought to contain water ice).

Europa

Ganymede

Callisto
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A better way of determining the percentage composition of a Moon is to graph the data.  

Knowing that a Moon entirely composed of ice has a density of 900 kg/m3, and a completely 

rocky one has a density of 3500 kg/m3, draw a line graph to display this information.

Now plot the values you calculated for each of the Galilean Moons – label each point.

Considering the distances these Moons are from Jupiter, what can you conclude about Jupiter’s 

effect on its immediate neighbourhood?  Is this similar to the Sun’s infl uence on the solar system 

planets?

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________
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III. APPARATUS TO DEMONSTRATE EFFECT OF SPIN ON MATTER   
 – Teacher 

All of the planets in our solar system lie in nearly the same plane. 

All the planets revolve around the Sun in the same direction. 

Planets like Jupiter, Saturn, and others are not perfect spheres, but are fl attened at their tops and 

bottoms. 

Why? It is the result of the rapid spinning (or rotation) of the gas that they are made of.

Materials Needed:

• Ruler 

• Pencil Compass 

• Tag board 

• 5/16 inch diameter dowel rod about 18 inches long 

• Scissors 

• Glue 

Cut 3 circles out of the tag board. Two of them should be about 4 cm 

in diameter. The third should be about 3 cm in diameter. Punch a hole 

in the centre of each of the circles such that for one of the 4cm circles 

and for the 3 cm circle, it fi ts snugly over the dowel rod. For the other 

4cm circle, the hole should be large enough that it fi ts easily over the 

dowel rod.

Cut 8 strips out of the tag board. Each should be about 1.25 cm wide 

by 30 cm long.

Glue one end of each of the 8 strips to one of the 4 cm circles. Try to 

make them evenly spaced around the circle. Then glue this circle to the 

dowel rod about 3 cm from one end.
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Slide the 3cm circle over the other end of the dowel rod and glue it 

about 15 cm from the circle of already glued on the rod.

Now slide the remaining 4 cm circle over the free end of the rod and glue the tag board strips 

to it. Again, try to make sure they are evenly spaced. Make sure that this end can still slide freely 

over the dowel rod.

Note: You can make this fancy by painting the dowel rod and paper. You can also do it by 

using construction paper, but the result is not as rugged or forgiving. You can also scale the 

dimensions and use a new pencil in place of the dowel rod.

You are now ready to explore what happens to a non-solid object when it is given a good spin. 

Roll the long end of the dowel rod between your hands. What do you think this tells you about 

the formation of our solar system? About the shape of planets such as Jupiter? About the shape 

of stars such as our Sun?

The image above 

shows the dowel rod

being rotated between 

the palms. 

The image above shows

the model when it is still.

Note the bottom circle is

in a down position.

The image above shows 

what happens to the model 

when it is being rotated. 

The bottom disk rises up

as the model bulges out

near its centre.
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Title:   ORBITS OF SOLAR SYSTEM OBJECTS

Outcomes:  EARTH & BEYOND L4

   Understands processes that can help explain and predict    

   interactions and changes in physical systems and environments.

Duration:  80 min

Background material:

The movement of solar system bodies were not specifi ed mathematically until the work of 

Johannes Kepler (1609).  Prior work focused on determining the general model of the solar 

system being a contentious issue for hundreds of years between the geocentric (Earth-centred) 

and heliocentric (Sun-centred) models.  Kepler introduced non-circular orbits and changing 

orbital speeds, and highlighted the relationship between orbital period and orbital distance 

from the Sun.  In this activity, elliptical orbits of comets and asteroids and expressed via their 

eccentricities to emphasize that most orbits are not perfectly circular.  Most planetary orbits 

are near circular (Venus and Neptune in particular) but a several are noticeably elliptical (Pluto, 

Mercury and Mars).  These differences could serve as a starting point.

GLOSSARY: 

Apparition - sighting of an astronomical object.

Asteroid - a small (< 1000 km) and predominately    

        rocky object orbiting the Sun generally between   

        Mars & Jupiter.

 Comet  - a small icy body in the solar system that orbits the  

         Sun and which may develop a coma and/or a tail

Eccentricity - a value that describes how far an orbit deviates from  

         being circular.

 Ellipse  - a closed curve appearing like a stretched circle.

Gravity  - attractive force exerted by objects due to their mass.

Orbital period - time taken by object to travel once about the Sun.

Parabola - a curve that is ellipse-like yet open as well.

Resources required:

   Teacher: Transparencies – see Sheets I & II

   Students: Internet access – needs to be Java &    

     Flash friendly.

     Resource Sheet III
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Lesson guide:   
 PART A – Exploring orbit shapes and object speeds

a) Show Sheets I & II – computer generated images showing top-down view of 

planetary orbits, and a perspective view of asteroid orbits in the inner solar 

system.  

 Point out to students that not all objects in the solar system have circular orbits.

b) Set task to investigate the

i) shape of non-circular orbits, and 

ii) speed of objects executing non-circular orbits about the Sun.

c) Distribute sheet II to students who at this stage require access to the Internet.

 Computers need to be Flash & Java software friendly.

d)  Discuss conclusions – 

 i) orbits can also be ellipses and parabolas (elliptical & parabolic).

 ii) objects executing non-circular orbits speed up near the Sun and   

  travel more slowly far from the Sun because of the varying strength  

  of the Sun’s gravity.

PART B – Comet Orbits

a) Students once again require access to the Internet.  

 Computers need to be Flash & Java friendly.

b)  Distribute Sheet III and inform students to follow the instructions.

c) Discuss answers to worksheet, particularly:

 eccentricity for fi xed sized orbit does not affect the period because the object  

 will compensate by moving faster and slower throughout its new orbit.

   

 PART C – Potentially Hazardous Asteroids

 If time permits, direct students to http://neo.jpl.nasa.gov/orbits/ and have    

 them explore the orbits of potentially hazardous asteroids that pass close to the Earth.

Related links:

NASA orrery (planets live) with brief applet description of solar system

http://liftoff.msfc.nasa.gov/academy/space/solarsystem/solarsystemjava.html

OrbitViewer – standard used by JPL

http://www.astroarts.co.jp/simulation/cometary-orbit.php

NASA orbit diagrams:

http://ssd.jpl.nasa.gov/?orbits

Extension ideas: Research Near-Earth Objects and the likelihood that may strike

   the Earth.
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I. PLANETARY ORBITS
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II. ASTEROID ORBITS – Base transparency
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II. ASTEROID ORBITS – fi rst overlay – asteroid 
 Pallas’ orbit
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II. ASTEROID ORBITS – second overlay – asteroid 
 Pallas + Leto’s  orbit
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II. ASTEROID ORBITS – second overlay – asteroid
 Pallas + Leto + Electra orbits
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II. INVESTIGATING ORBIT SHAPES & OBJECT SPEEDS
INSTRUCTIONS – PART A

1. a) Go to the website titled “Gravitation 3.8 Home Page” at

   http://arachnoid.com/gravitation/big.html

 b) Stop any motion of the solid-coloured circles by clicking on the STOP button.

 c) Select SIMPLE ORBIT from the scroll down menu to the left of the GO button.

 d) You should now see two solid circles coloured yellow (Sun) and green

  (planet, asteroid or comet).

2. a) Click on the GO button.

 b) Now click on the square next to LINES.

 c) Describe what you see in the space below:

  _________________________________________________________________
3. a) Press STOP and then NEW – this will initialise the two solid circles.

 b) You can reposition the green circle by right clicking and dragging it with   

  the mouse.

 c) Some advice: Do not be extreme in your repositioning of the green    

  circle at fi rst.

  Now click LINES and then GO, and see how the object moves under the   

  infl uence of the Sun’s gravity.

  You may wish to alter the scale of the view if the green object moves   

  outside the fi eld of view.

  Do this by clicking either left or right horizontal arrows to the left of VIEW.

 d) Experiment with various positions for the green object.

 e) After many scenarios, what can you conclude about the:

  i) possible types of orbits of the green object? 

   (Use mathematical words).

  ____________________________________________________________ 

  ii) speed of the green object as it travels along its orbit around the   

   Sun (yellow solid circle)? 

4. a) Now select PLANETARY SYSTEM + COMET from the scroll down menu.

 b) Click on LINES and then GO.

 c) What is the name of the curve that best describes the orbit of the 

  comet? ______________

 d) Allow the simulation to run for about 30 seconds.

  What are some of the changes that take place to the object orbits?

  ___________________________________________________________________

5. a) Reset the simulation (click STOP and then NEW).

 b) Reposition the many coloured solid circles representing the planets using click  

  & drag.

 c) Run the simulation with LINES toggled on.
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 d) The non-circular closed orbits can be described by the degree to which they  

  are circle-like.

  This property is termed “eccentricity”, and is calculated by the difference in ratio  

  of the length to the width of the closed curves.  A circle has an eccentricity = 0.

 e) Using a ruler, measure the widths & lengths of some of the orbits on the screen.

  Use these to calculate their eccentricities.  Show your calculations below:

Example

width (b) = 5 cm length (a) = 6.5 cm

 eccentricity  = 1 – (b2/a2)

    = [1 - ( 5 )2]

       [  (6.5)2]

       

    = [1 - 0.59]

 answer    = 0.64    

 Orbit 1  

 width (b) = _________    length (a)       = __________

 eccentricity = 1 – (b2/a2)

    = [1 - (           )2]

       [  (           )2]

       

    = [1 - ________ ]

    = _____________    

 Orbit 2  

 width (b) = _________    length (a) = __________ 

 eccentricity = 1 – (b2/a2)

  = [1 - (           )2]

    [  (           )2]

     = [1 - ________ ]

      = _____________    

b

a
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III. INVESTIGATING COMET ORBITS

INSTRUCTIONS –
1. a) Go to the Interactive Comet Animation site developed by at:

  http://www.windows.ucar.edu/tour/link=/comets/comet_model_interactive.html

 b) Using the comet displayed (comet Churyumov-Gerasimenko), determine its   

  period (time to complete one orbit).

  Comet Churyumov-Gerasimenko’s period   =   _____________

 c) Now alter the comet’s eccentricity (listed as 0.632) without changing the ‘orbit  

  size’ (shown on animation menu).

  Once again determine the period of the comet with this new eccentricity.

  Try more than one other eccentricity value if you wish!

  Complete the sentence that describes your fi ndings: 

  “When the eccentricity is _________________,  its period is _______________”.

               (decreased/increased)

 c) How do you explain the answer to (c) above?

 ____________________________________________________________________

 ____________________________________________________________________

 ____________________________________________________________________

 d) Select comet Halley and fi nd out when it will be closest to the earth - not at its

   next ‘visit’ (astronomers use the term ‘apparition’) to the inner solar system 

  (in the year 2061), but for the visit  after this.

  Comet Halley’s closest approach to Earth will take place on: ________________
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Title:   IMPACT CRATERS

Outcomes:  EARTH & BEYOND L4

   Understands processes that can help explain and predict

    interactions and changes in physical systems and environments.

Duration:  80 min

Background material

Impact craters are pervasive in the solar system, the result of collisions in a crowded 

environment.  Strangely, data shows many impacts were not formed during the early history of 

the solar system nor at constant rate, but rather much later and over a relatively brief period.  

Know as the Late Heavy Bombardment Period (~ 700 million yrs after the planets formed) it may 

have been triggered by changes in the orbits of the outer planets that gravitationally caused 

objects beyond to be delivered into the inner solar system with devastating results.  It is thought 

that the earth received bout 22 000 impacts with craters greater than 20 km in diameter, about 

40 impact basins of the order of 1000 km in diameter, and several may have been as large as 

5000 km wide.  This rate amounts to an average serious environment disruption every 100 years. 

The LHB ended about 3800 million years ago.

GLOSSARY:

Asteroid - a small (<1000 km) and predominately rocky object  

            orbiting the Sun generally between Mars & Jupiter.

Comet  - a small (<10 km) icy body in the solar system that

         orbits the Sun and which may develop a coma

         and/or a tail

Gravity   - attractive force exerted by objects due to their mass.

Gravitational 
   Potential  - energy that a body possesses as a result of its

         energy position relative to other objects.

Kinetic energy - energy that a body possesses as a result of 

        its motion.

Meteorite - an extraterrestrial object that survives its impact

         with the Earth’s surface.

Near-Earth 
   Objects - asteroids, comets and meteoroids whose orbits   

        intersect Earth’s orbit.

Resources required:

   Teacher: Access to Internet

   Students: Internet access

     Resource sheet I
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Lesson guide: 
 PART A – Sources of impact craters
 a) A very common surface feature of solid solar system objects is craters.

  ”What causes craters?” (can be volcanism or impacts)

  Go to JPL website “Keeping an eye on space rocks” at

  http://www.jpl.nasa.gov/multimedia/neo/index.html

  (Computer system must be able to accommodate ‘Flash’ applets).

  Either: project imagery from teacher computer to a screen in lab 

  or get students to sit around teacher’s computer

  or book computer lab and direct students to this site.

 b) This Flash-based applet is partly narrated with accompanying text and

  computer images covering the following topics:

  • “Size Matters”  – crater map of Earth (interactive)

     -- how big?

  • “Location” -- comet hits Jupiter

           --  craters beyond Earth

  • “Early Bird”     -- discovery

             --  technology

             --  missions

  Discuss aspects of the presentation with the class, emphasizing larger mass  

  bodies possess greater kinetic energy and hence the ability to create larger   

  impact craters.

 PART B – Energy & effects of impacts
 a) Distribute Sheet I.  Students to read and appreciate energy content of Earth- 

  colliding solar system objects.

 b) Case 1 deals with a more physics orientated perspective (may need Internet  

  access to use Earth Impact Calculator.

 c) Case 2 provides students a non-physics perspective through the Tunguska   

  event of 1908 or the K-T Boundary Event of 65 million years ago. Again Internet  

  access required.

Related links:  Spacewatch (USA): http://spacewatch.lpl.arizona.edu/

  NASA NEO Program: http://neo.jpl.nasa.gov/welcome.html

  KT Event: http://www.bookrags.com/sciences/earthscience/k-t-event-  

  woes-01.html

  Tunguska Event: http://www.s-d-g.freeserve.co.uk/tunguska.html

Extension ideas:  Investigate what the world is doing about preventing an extraterrestrial  

  mass extinction  ‘Spacewatch’ programs.
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RESOURCE SHEETS
I. HIGH ENERGY EARTH IMPACTS

Read the following information.

Large solar system objects have struck the Earth.

The Earth weathers and erodes its surface such that very old surfaces are no longer common.  

However, in Australia and particularly in Canada, scars of ancient impacts still remain.  The 

largest known visible impact crater is the Manicouagan Crater in Quebec, Canada, and is 100 

km in diameter and 10 km deep.  This enormous impact with an asteroid occurred 214 million 

years ago.  The most recent very large impact was 1.3 million yrs ago in current day Botswana, 

Africa which forms Lake Bosumtwi.  

The Barringer Crater in Arizona, USA, (right image) is a mere 1.2 km wide and 200 m deep, and 

was created only 50 000 yrs ago. The asteroid was probably 50 m wide and travelling at 40 000 

kph resulting in an explosion equivalent to 20 mega tonnes of TNT (i.e. 20 000 000 tonnes).  

This is equivalent to about 1 300 Hiroshima atomic bombs!  Because of the extremely high entry 

speeds, asteroids are 100 times more explosive than the equivalent mass of TNT.  

The Wolf Creek crater in Western Australia (left image) is 875 m wide and appeared around 

300 000 yrs ago.

Clearly the kinetic energy of meteorites is substantial.

Consider the following information.

Assume a 1m wide iron meteorite is 

entering the Earth’s atmosphere at a speed 

of 23 km/s (83 000 kph).  The meteorite 

contains a mass of 4000 kg for every cubic 

metre of volume (i.e. a cube that is 1 metre 

wide, 1 metre high and 1 metre deep).  

The table at left shows that the equivalent 

explosive energy of such a meteorite is 

1kT of TNT.  If we increase the length of the 

meteorite to 2 metres, it now packs a punch of 8 kT of TNT.  The largest man-made explosion is 

believed to be a 60 MT (mega tonne) hydrogen bomb detonated by the Soviet Union - the table 

shows this would be equivalent to a 40 m wide meteorite (asteroids are regarded to be rock 

greater than 50 m in length).

L (metres)  kT (thousands of tons of TNT) 

1  1 

2  8 

3  27 

4  64 

10  1,000 = 1 Megaton 

100  1,000,000 = 1,000 Megatons 

1,000  1,000,000,000 = 1,000,000 Megatons 

2,000  8,000,000,000 = 8,000,000 Megatons 
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If an asteroid 10 km wide (a little larger than Mt Everest) were to strike the 
Earth what can we expect?

The impact is likely to be in the ocean given most of the world is covered by it.  At 25 km per 

second (72 times the speed of sound), a 10 km asteroid will not be stopped by the atmosphere.  

It will create an intense shock wave and brilliant light as it enters - 0.25 s before impact it has an 

altitude of 5 km.  

At 0.3 s after striking the ocean, the seawater rises in temperature to 100 000oC, with the shock 

wave already passing through the 5 km of ocean depth and into the seafl oor.  Simultaneously, 

another shock wave is travelling up and through the asteroid.

By 0.45 s the asteroid has ‘slowed’ to 6 km per second, and about 1000 cubic kilometres of 

vaporised material shoots skywards into the upper atmosphere reaching several hundred 

kilometres.  

Around 1 to 4 s after the impact, a 70 km diameter crater is created in the seafl oor causing a 

earth-shaking quake measuring about 10 on the Richter Scale.

The crater collapses within a minute to a depth of 500 m and large tsunamis move outwards to 

the nearest shoreline to wreak havoc.  

After a few hours small particles of debris are covering the sky on a global basis causing 

sunlight to be blocked out for around 3 months.  

It will become so dark that no animal can see the immediate environment, and green plants can 

not rely on photosynthesis for food production.

A giant mushroom cloud, similar in shape to an atomic bomb explosion and having a 

temperature of 2000oC, travels outwards for nearly 2000 km from the site of the impact.  Trees 

are knocked over and catch fi re creating fi res that send tonnes of ash into the atmosphere 

worsening the darkness.

The darkness causes temperatures to fall dramatically to below zero over the entire globe.  Six 

metres of snow covers the land and nitric oxide gas caused by the entry of the asteroid destroys 

the ozone layer for several years, allowing deadly ultraviolet light to reach the surface of the Earth 

affecting any land creatures still alive.

Although this description is based on scientifi c models, this scenario is not fi ction.  The fossil 

record shows such events have occurred and caused mass extinctions which almost brought 

life on Earth to a permanent end.

_______________________________________________________________________________________

If you have access to the Internet go to the following Earth Impacts Effects Program website and 

investigate the effects of mass, speed, density and angle of impact on an Earth environment:

http://www.lpl.arizona.edu/impacteffects/
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CHOOSE ONE OR BOTH CASE STUDIES BELOW.
USE THE INTERNET TO FIND INFORMATION TO ASSIST YOU IN 

COMPLETING THE TASK

CASE 1
TUNGUSKA EVENT

Here is an event that is still a mystery.  Some eyewitness accounts:

“Early in the morning when everyone was asleep in the tent, it was blown up in the air along with 

its occupants.  Some lost consciousness.  When they regained consciousness, they heard a 

great deal of noise and saw the forest burning around them, much of it devastated.”  

“The ground shook and incredibly prolonged roaring was heard. Everything round about was 

shrouded in smoke and fog from burning, falling trees.  Eventually the noise died away and the 

wind dropped, but the forest went on burning.  Many reindeer rushed away and were lost.” 

You can get a sense of the magnitude of this event by comparing observations made at 

different distances.  Seismic vibrations were recorded by sensitive instruments as much as 

1000 km away.  

At 500 km, observers reported “deafening bangs” and a fi ery cloud on the horizon.  About 170 

km from the explosion, in the daytime sky, a brilliant, sun-like fi reball was seen; thunderous 

noises were heard.  At distances around 60 km, people were thrown to the ground or even 

knocked unconscious; windows were broken and crockery knocked off shelves.  Probably the 

closest observers were some reindeer herders, asleep in their tents in several camps about 

30 km from the site.  They were blown into the air and knocked unconscious; one man blown 

into a tree later died.  “Everything around was shrouded in smoke and fog from the burning 

fallen trees.”

CASE 2
THE K-T BOUNDARY EVENT

TASK:

What is the cause of the event you have chosen to investigate?  

Research the literature on the Internet.

1.    Research the information found on the Internet.

2.    Outline the scientifi c theory(ies) and the main evidence explaining the event selected.

3.    Include visual information (being careful to give credit to the authors/artists) if appropriate  

 and be certain you provide an original report. 
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Title:   CRATERING

Outcomes:  EARTH & BEYOND L5

   Understands models and concepts that explain earth and  space   

   systems, and that resource use is related to the geological and   

   environmental history of the earth and universe

Duration:  80 min

Background material

The size and shape of an impact crater depends on the following factors:

i) the diameter (or size)

ii) the density

iii) the speed

iv) the angle of impact, of the impactor.

Meteors typically enter the upper atmosphere between 20 km/s to 60 km/s.  Although impact 

speeds are less, they can still be supersonic and result in a signifi cant amount of kinetic energy 

being transformed into heat, generally vaporising rock, creating a hole (crater) and hurling rock 

far from the impact site (ejecta).  If the meteorite is quite large (>100 tonnes) then the heat 

generated at impact is so great that the impacted rocky ground behaves as a liquid allowing 

central peaks to form as the recoiling ground cools and solidifi es.  These complex craters are 

from 5 km to 50 km wide, whereas ‘low’ impacts create simple craters being < 5 km wide.

In this activity, students examine crater images found on objects throughout the solar system, 

identify the structure of the two broad categories of crater types and fi nally investigate the 

relationship between the kinetic energy of an impactor and the diameter of the impact crater.

GLOSSARY:  

 Breccia  - fractured rock fragments bound together forming  a 

      larger rock.  

Ejecta.  - debris ejected during the formation of an impact crater.

Joule  - unit of energy (symbol J).

Kinetic energy - energy that a body possesses as a result of its motion.

Gravitational
  Potential - energy that a body possesses as a result of its position

      relative to other objects.

Tonne  - one thousand kilograms.

Resources required:

  Teacher: Access to Internet

  Students: Tray (~ 60 cm x 30 cm x 15 cm)

  (per group) Fine dry sand (<0.5mm – beach sand?) – note fl our is too fi ne

    in grain size & not recommended.

    Various (perhaps 3) tempera paint powders.

    Large marble or small rock (~ 5cm diameter).

    Metre rule or tape measure.

    Newspaper

    Sheets I & II
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Lesson guide:   

 PART A – Cratering in the Solar System

  a) “Craters are widespread in the solar system and their formation is worthy of

  close scrutiny.” 

  Distribute Sheet I (a) – Craters in the solar system.

   Students work in small groups to assign craters to planetary objects.

 b) Discuss answers and highlight the differences in craters. i.e. size, ejecta, central 

  peaks, shape.  “What determines these parameters?”

  Show NASA video clip of attempt to create a crater on Comet Tempel by   

  the Deep Impact Mission at: 

  http://cc.jpl.nasa.gov/deepimpact/050630-simulation.qtl

  A simple animation of a typical impact is shown here:

  http://www.astro.washington.edu/larson/Astro150b/images/impact.gif

 c) Complete sheet 1 (b) – Crater structure.

PART B – Making Craters

 a) Students to investigate the relationship between crater diameter and impactor  

  height (defacto for impactor energy).

 b) Outline investigation to class – distribute Sheet II.

 c) Distribute materials to groups – prepare sand base (3 cm) in trays.

 d) Students to place a thin layer (1 mm) of tempera powder over the sand base.

 e) Students cover the tempera layer with another layer thin layer (2 mm) of 

  dry sand.

 f) Students place another thin tempera layer (1 mm) of a different colour.

 g) Repeatedly drop object from various heights (50 cm, 100 cm, 200 cm)

 h) Graph data.

 i) Conclude relationship between height and crater diameter.

 j) Outline the connection between impactor height and impactor energy.

 k) Students to answer questions on Sheet II.

Related links:   

 Impact of craters on the Moon:        

 http://www.enchantedlearning.com/subjects/astronomy/moon/Craters.shtml

Lunar Impact crater geology:

 http://www.lpi.usra.edu/expmoon/science/craterstructure.html

 Early solar system Bombardment:

 http://www.spacedaily.com/news/asteroid-05q.html

 Cratering in the Solar System:

 http://www.astro.washington.edu/larson/Astro150b/Lectures/Craters/lcraters.html

 New crater on Moon: 

 http://science.nasa.gov/headlines/y2006/13jun_lunarsporadic.htm

Extension ideas: Research: the:

   Origin of the Moon’s mare.

    “Period of Late Heavy Bombardment”

   Origin of central peaks in large craters
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RESOURCE SHEETS
I (a) CRATERS IN THE SOLAR SYSTEM

A. Assign the craters below to its solar system object, i.e. planet or Moon.

B. List the features of planetary craters shown above.

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

1 2 3

4 5 6

7 8 9
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I (b) CRATER STRUCTURE

C. Identify the features found in simple (low impact speed) and complex (high impact   

 speed) craters using the terms supplied for the diagrammatic cross-sections and the 

 lunar craters shown below.

TERMS

Impact ejecta

Impact melt

Fractured bedrock

Breccia

Central uplift
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I. CRATERS IN THE SOLAR SYSTEM  –  Teacher’s Copy

D. Assign the craters below to its solar system object, i.e. planet or Moon.

E. List the features of planetary craters 

 Size, central peaks, ejecta (‘rays’), collapsed (terraced) walls.

1
Moon – Zucchius crater

2
Mars – crater within 

Mellish crater

3
Venus – Grimke crater

4
Mars – Endurance crater

5
Mimas – Herschel crater 

(Moon of Saturn)

6
Earth – Barringer crater

7
Mercury – Caloris Basin 

craters

8
Callisto (Moon of Jupiter)

9
Moon – Tycho crater
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I (b) CRATER STRUCTURE   –  Teacher’s copy

 F. Identify the features found in simple (low impact speed) and complex (high

  impact speed) craters using the terms supplied for the diagrammatic cross-

  sections and the large lunar crater shown below.
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II. INVESTIGATING IMPACT CRATERS

Aim    _______________________________________________________________________________________

Equipment

Tray with 3 cm layered sand

Metre rule or tape measure 

Rock or large marble 

Two different coloured tempera powders 

Newspaper 

Electronic balance 

Diagram

Procedure

1.        Find a quiet, safe place to perform the investigation. 

2.        You will be dropping a rock from various heights above the sand tray, ranging from 

around 30cm to 2 m.  Think carefully about which heights your group should select 

before starting the investigation.

3.        Place the sand tray on the ground surrounded by newspaper.

On the base layer of sand, sprinkle a 1 mm layer of tempera powder.

Place another layer of sand (2 mm), and fi nally a different coloured layer of tempera  

powder.

4. Decide on the values of the drop heights for your rock. Do not drop the rock closer than 

30cm above the surface of the tray.  Use the metre rule to set the height.

5.        Accurately measure and record the diameter of the crater formed in the sand.

6.        Offset the next impact so that one crater lies on top of another.

7.        Increase the height from which the rock is dropped.

8.        Repeat steps 3 to 7 until the maximum impact height is reached.
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Observations

Construct a table in the space below and enter the data.

Results

1.  Using the height values, calculate the kinetic energy of the rock at the moment of impact 

 for each chosen height.

 E.g.       For a 10.0 gram rock, if the release height is 50 cm, then the kinetic energy

  at impact is equivalent to the potential energy which is given by:

            E           =          mgh

                         =          (0.010)(9.8)(0.50)

                         =          0.049 joules.

            Note the following points:

 ·        mass needs to be converted into kilograms (1000 g = 1 kg)

 ·        “g” represents the acceleration of the rock due to the Earth – this value is 9.8 m/s2

 ·        height must be expressed in metres (100 cm = 1 metre)

 ·        the kinetic energy, like all energy, is measured in joules (J).
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2.        Plot a graph of the kinetic energy of the rock (vertical axis) against the impact 

 crater diameter (horizontal axis).  

 Draw a line/curve that best fi ts the data (not necessarily one that passes through all 

 the data points).
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Conclusions/Questions

1.        How does the diameter of the crater depend on the height from which the rock is 

released?

 __________________________________________________________________________________

2. How does the diameter of the crater depend on the kinetic energy of the rock?

 __________________________________________________________________________________

3. Suppose you fi nd a crater of 1 metre diameter.

 a)  Based on your graph, what was the approximate kinetic energy of the

    impacting meteorite in joules? You will probably need to extend your graph in

   order to display one metre on the horizontal axis.  Show working out.

 b) If one tonne of TNT = 4200 000 000 000 joules, what is the equivalent energy  

  in terms of tonnes of TNT?
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Title:   VOLCANISM
Outcomes:  EARTH & BEYOND L5

   Understands models and concepts that explain earth and space

   systems and that resource use is related to the geological and

   environmental history of the earth and universe.

Duration:  80 min

Background material

It is thought all the terrestrial planets initially possessed internal heat energy attributable to 

radioactive decay of elements within rock, in addition to the heat acquired during the formation 

of the solar system. Tectonic activity, particularly volcanism is a consequence of heat fl ow from a 

planet’s deep interior to its surface. Volcanoes should therefore be a common feature on these 

planets.  The evidence reveals a smorgasbord of tectonic situations which can be succinctly 

understood by considering the rate of heat loss of each planet.  In short, large surface area-

to-volume planets lose heat energy more rapidly than small surface area-to-volume planets.  

A rapid cooling rate denies a planet the opportunity to develop tectonic activity on its surface 

over a relative large period of time because the convective heat transfer process in its interior 

is switched off as the interior cools (e.g. Mercury, Moon).  If the ratio is suffi ciently large, planets 

can presently still be releasing energy and displaying a tectonic disposition (e.g. Earth).  In 

between these two extreme ratios can lead to some past tectonic evidence, but a presently 

inactive geological world (e.g. Mars).  In this lesson, students will fi rstly undertake measurements 

to calculate surface area-to-volume ratio, undertake an experiment to verify that the cooling rate 

is dependent on an object’s and surface area and volume, and fi nally, explain the geological 

evidence for tectonic activity or inactivity for the terrestrial planets.

GLOSSARY

Heat   - a form of energy that moves to regions of

        lower temperature.

 Terrestrial planets: - The nearest four planets of the solar system to the  

        Sun.  Composed chiefl y of rocky material (unlike

        outer planets), hence exhibiting Earth-like   

        (terrestrial) make-up.

Tectonic  - associated with building/construction

Resources required:

  Teacher:  - n/a

  Students:  One 50mL or 250 mL or 500mL beaker

  (per group)  Thermometer

     Cotton wool

     Stopwatch

     Hot water

     Safety glasses

     Sheets I, II & III
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Lesson guide:   
 PART A – Heat loss due to planet size
 a) Pose question – “As an object gets bigger, what is the relationship

  between its surface area and volume?“

 a) Distribute Sheet I and consider the problem in the context of three spherical  

  objects (perhaps a golf ball, cricket ball and basketball).

 b) Measure radii and refresh students on how to calculate surface area and   

  volume of spheres.

 c) Students complete Sheet I and draw a conclusion, being smaller objects have  

  a larger surface area to volume ratio than larger objects.

 PART B – Heat loss and surface area to volume ratio investigation
a) Pose question – “As an object gets bigger what is the relationship

between the surface area-to-volume ratio, and rate of cooling?“

b) Distribute Sheet II.  Emphasise safety hazards.

c) Allocate one beaker size to the groups (three beakers sizes suffi cient)

d) Allow about 20-25 min for activity.

e) Discuss results by collecting group results.

f) Students draw graph and write out relationship on sheet.

 PART C – Volcanism in the Solar System
a) Distribute Sheet III and discuss information presented.

b) Conclude that:

i) Mercury, Mars and the Moon are likely to have lost all their internal heat 

as they have a much greater surface area to volume ratio than Earth or 

Venus.

ii) Volcanoes are formed by molten (internally heated rock) rise through the 

crust of the planet.

iii) Evidence for volcanism exists on Mars but volcanoes are now extinct.

iv) No active volcanoes observed on Mercury or the Moon as heat lost 

much faster than even Mars (certainly faster than Earth & Venus).

c) Students write reasons in last column of table on sheet III.

Related links: Surface area to volume applet: 

  http://www.shodor.org/interactivate/activities/surfaceareaandvolume/?version

  =1.5.0_04&browser=MSIE&vendor=Sun_Microsystems_Inc.

Extension ideas:

  Research the relationship between a planets crust-to-radius ratio and   

  tectonic activity.

  Research ‘cold volcanism’ in the solar system.
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RESOURCE SHEETS
I. SURFACE AREA TO VOLUME RATIO OF OBJECTS

Complete the table below from the information given to you by your teacher.

Recall:

Surface area of a sphere  = 4 r2

Volume of a sphere  = 4 r3

  ______

       3

Plot the data on the graph below and draw a line or curve that best fi ts the three points.

Radius
(cm)

Surface Area
(cm2)

Volume
(cm3)

Surface area
Volume (cm-1)

Golf ball

Cricket ball

Basketball

surface area 

volume
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II. RATE OF HEAT LOSS TO SURFACE AREA-TO-VOLUME RATIO

Materials Required:

1. Either a 500 mL, 250 mL or 50 mL glass beaker.

2. Thermometer (0 – 100oC)

3. Hot water (not boiling)

4. Cotton wool or other suitable insulator

5. Safety glasses

6. Watch or stop clock

7. Retort stand and clamp

Diagram of set-up

Method

1. Set up equipment using only one beaker size allocated to your group by your  teacher.

2. Fill the beaker with hot water – taking care not to overfi ll it or spill it.

3. Secure thermometer with retort stand clamp and place within hot water without 

making contact with glass bottom.

4. Observe temperature every minute for about 20 min – record in table.
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Observations

Conclusions

1. How does the rate of cooling for the beakers compare to each other?

  ___________________________________________________________________________

  ___________________________________________________________________________ 

2. How does the ratio of surface area to volume relate to the rate of cooling?

  ___________________________________________________________________________

  ___________________________________________________________________________ 

  ___________________________________________________________________________ 

Time (s) Temp (oC) Time (s) Temp (oC) Time (s) Time (s)



Astronomy WA Resources for Secondary Schools
Page 70

The Solar System Module

III. PLANET SIZES AND RATE OF HEAT LOSS

How are the two images shown below, associated with surface area-to-volume and heat loss?

Consider the relative sizes of the four rocky (terrestrial) planets and the Moon shown below.

Questions

1. Which of the above objects have the largest surface area-to-volume ratio?

  ___________________________________________________________________________

2. Do you expect these objects are more or less likely to be radiating heat from   

 their interiors than the objects with smaller surface area-to-volume ratios?  Explain.

  ___________________________________________________________________________ 

Elephant Oil radiator
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Earth

Venus

Mars

Mercury

Moon

No volcanoes

No volcanoes

Extinct volcanoes
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Title:   PLANETARY ATMOSPHERES

Outcomes:  EARTH & BEYOND L5

   Understands models and concepts that explain earth and  space   

   systems, and that resource use is related to the geological and   

   environmental history of the earth and universe

Duration:  80 min

Background material

The composition of the original atmospheres surrounding the planets in the solar system was 

the same as the composition of the gases forming the Sun – 94.2% hydrogen gas (H2), 5.7% 

helium gas (He) and ‘others’.  The terrestrial planets lost this original atmosphere because these 

two gases have relatively little mass, the surface gravities are relatively small/moderate (low 

escape velocity) and their surface temperatures are quite high (being close to the Sun).  Venus, 

Earth and Mars have ‘secondary’ (derived) atmospheres composed of heavier molecules that 

can not escape.

The CO2 present in all three planets is derived from the crust, H2O and N2 is thought to have 

been delivered by comets impacts and out gassing (volcanic emissions).  Mercury’s crust cooled 

too quickly for CO2 to be released from tectonic activity.  Venus has a thick CO2 atmosphere as 

it cannot be trapped by an ocean (boiled away!).  Earth has trapped much of its CO2 into rocks 

(carbonates) and in the ocean.  Mars’ ocean did trap CO2, but it soon froze leaving behind a thin 

CO2 atmosphere.

In this lesson, students will understand the three factors responsible for a planetary atmosphere:

i) molecular mass

ii) escape velocity

iii) surface temperature, and explain the atmospheres that exist for the terrestrial planets.

GLOSSARY

Escape speed  - minimum speed required to escape the gravitational

      pull of a planet from its surface.

Gravity   - attractive force exerted by objects due to their mass.

Temperature  - a measure hot and cold; average kinetic energy of  

      particles.

Terrestrial  - Earth-like

Resources required:

Teacher:  Internet access.

    molecular model kit.

Students:  Internet access

     Sheets I & II



Astronomy WA Resources for Secondary Schools
Page 73

The Solar System Module

Lesson guide:   
  PART A – Effect of gravity

a) Ask, “Why doesn’t Mercury have an atmosphere?” (You may wish to  

fi rstly present images of the Mercury and Earth).

b)  Since the atmosphere needs to be kept near the Earth’s surface, 

focus on gravity. Consider how high you can jump on other planets 

compared to the Earth using the applet at:

 http://www.earth.uni.edu/~morgan/ajjar/Gravity/jumpinggraphic.html

Conclude that the strength of gravity determines the maximum jump 

height for a fi xed push off the ground (or initial speed).

c) “What if the push (or initial speed) can be increased – can you jump 

off the planet?” Direct students to applet relating to escape speed via a 

rocket launch at:

  http://www.earth.uni.edu/~morgan/ajjar/Gravity/escapevelgraph.html

 Conclude that escape speed is determined by both mass and radius 

of planet.

 i.e.  the greater the mass the greater the escape speed.

  the greater the radius the smaller the escape speed.

d) Summarise that an atmosphere is unlikely to escape for a planet with a 

large mass.  A large planet is likely to have an atmosphere even though 

its radius is probably large (large radius decreases strength of gravity) 

because it will likely contain a great deal of mass.

PART B – Effect of temperature
a) Ask students if there are any other factors that may explain why 

Mercury has no atmosphere. Focus on temperature of planet (average 

temperature will do).

b) Direct students to applet at:

  http://highered.mcgraw-hill.com/sites/0072482621/student_view0/  

  interactives.html# and select “Planetary Variations Interactive (83k)”.

c) Students to follow exercise questions which can be answered on Sheet I

PART C – Effect of masses of gases in atmosphere
a) Display molecular models of H2, CO2 and N2 constructed from a

  molecular model kit) and ask students which molecule is likely to

   escape from a planet’s atmosphere.  H2 is least massive of all and likely

  to escape for it will have more speed (for the same amount of kinetic

  energy – 1/2mv2).

b) Redirect students to applet above and complete exercise questions on  

  sheet I.

c) Conclude smaller, low mass molecules will likely escape from   

  atmospheres.
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PART D – Atmospheres in the Solar System
a) Distribute Sheet II and discuss information presented.

b) Students write reasons for existence of each planet’s atmosphere in  

 last column of table.

b) Conclude that:

i) Mercury and the Moon have lost their atmospheres as they 

have small escape speeds due to their small masses and high 

surface temperatures.

ii) Venus and Earth have atmospheres because the gravity of 

these planets is strong for the surface temperatures present.  

The high temperatures also mean few low mass molecules 

(hydrogen or helium) still exist.

iii) The outer planets Jupiter, Saturn Uranus and Neptune have 

thick atmospheres so escape speed is relatively low even 

though they have large masses, because temperatures are 

very low.

Related links:  Comparing planetary atmospheres (Planetary Society):

   http://www.planetary.org/saturn/atmos_compare.html

   Planetary atmospheres (simple):

   http://www.astro.virginia.edu/class/skrutskie/astr121/notes/atm.html

   Planetary atmospheres (more detailed):

   http://www.astro.psu.edu/users/rbc/a1/lec29n.html

Extension ideas: Investigate reasons for Titan’s and Triton atmospheres.
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RESOURCE SHEETS
I (a) ATMOSPHERES AND GRAVITY

Complete the sentences below so that the statements are scientifi cally correct.

1. The greater the mass of a planet the ______________ is the strength of its gravity.

2. The larger the radius of a planet the ______________ is the strength of its gravity.

3. Escape speed _______________ if the mass of a planet decreases.

4. Escape speed _______________ if the radius of a planet increases.

5. Planets are most likely to have atmospheres if they have ______________ gravity  

 and a ______________ radius.

I (b) ATMOSPHERES AND SURFACE TEMPERATURE

1. How does the surface temperature of the planet relate to the average velocity of the   

 gases making up the atmosphere?

 ___________________________________________________________________________________

2. How does the surface temperature of the planet affect the thickness of its atmosphere?

 ___________________________________________________________________________________

3. Create a planet with conditions such that the average velocity of the gases is   

 greater than the escape speed.  What happens over time?

 ___________________________________________________________________________________

 ___________________________________________________________________________________

4. Describe how the mass of the gas molecules affects the size of the atmosphere.

 ___________________________________________________________________________________
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I (c) PUTTING IT ALL TOGETHER

You can combine the effect of escape velocity, surface temperature and the mass of 

atmospheric gases by way of the chart below.  Use the tabulated data on various solar system 

planets and Moons and plot their positions on the chart below.  Note that the scales are 

logarithmic, not linear.

If the plotted body lies above the sloping lines, then the gases listed to the left can exist in its 

atmosphere.

Mercury Venus Earth Moon Mars Jupiter Saturn Uranus Neptune

Escape
Speed
(km/s)

Surface
Temp

(k)
700 740 287 403 220 150 140 70 50

4.3 10.4 11.2 2.4 5 59.5 35.5 21.3 23.5

Planetary Features Chapter  90 

1000 400 200 100 40

Surface temperature (K) 

2

4

10

20

100

CO2

O2/N2

H2O

He

H

Escape
speed
(km/s)
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Mercury No signifi cant 
atmosphere

MAIN GASES IN

ATMOSPHERE
REASONS FOR ATMOSPHERE

Venus Carbon dioxide 
(~96%)

Sulphur dioxide 
(~3%)

Earth    Nitrogen (78%)
Oxygen (21%)

Mars Carbon dioxide 
(~95%)

Nitrogen (~3%)

Jupiter Hydrogen (~90%)
Helium (~10%)

Saturn Hydrogen (~93%)
Helium (~5%)

Uranus Hydrogen (~83%)
Helium (~15%)
Methane (~2%)

Neptune Hydrogen (~80%)
Helium (~19%)
Methane (~1%)

Pluto Nitrogen (?%)
Methane (?%)

II. ATMOSPHERES OF THE SOLAR SYSTEM PLANETS
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I (a) ATMOSPHERES AND GRAVITY  –  Teacher’s copy

Complete the sentences below so that the statements are scientifi cally correct.

1. The greater the mass of a planet the greater is the strength of its gravity.

2. The larger the radius of a planet the less is the strength of its gravity.

3. Escape speed decreases if the mass of a planet decreases.

4. Escape speed decreases if the radius of a planet increases.

5. Planets are most likely to have atmospheres if they have large gravity 

 and a small radius.

I (b) ATMOSPHERES AND SURFACE TEMPERATURE – Teacher’s copy

1. How does the surface temperature of the planet relate to the average velocity of the 

gases making up the atmosphere?

 As the planetary surface gravity increases, the average speed of the gases increases.

2. How does the surface temperature of the planet affect the thickness of its atmosphere?

 As the temperature of the planet increases, the thickness of the atmosphere increases.

3. Create a planet with conditions such that the average velocity of the gases is   

 greater than the escape speed.  What happens over time?

 The gases move away from the planet into space and the atmosphere disappears.

4. Describe how the mass of the gas molecules affects the size of the atmosphere.

 The larger the mass of gas molecules, the smaller (in height) is the atmosphere.
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I (c) PUTTING IT ALL TOGETHER  – Teacher’s copy

You can combine the effect of escape velocity, surface temperature and the mass of 

atmospheric gases by way of the chart below.  Use the tabulated data on various solar system 

planets and moons and plot their positions on the chart below.  Note that the scales are 

logarithmic, not linear.

If the plotted body lies above the sloping lines, then the gases listed to the left can exist in its 

atmosphere.

Mercury Venus Earth Moon Mars Jupiter Saturn Uranus Neptune

Escape
Speed
(km/s)

Surface
Temp

(k)
700 740 287 403 220 150 140 70 50

4.3 10.4 11.2 2.4 5 59.5 35.5 21.3 23.5
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Mercury No signifi cant 
atmosphere

MAIN GASES IN

ATMOSPHERE
REASONS FOR ATMOSPHERE

Venus Carbon dioxide 
(~96%)

Sulphur dioxide 
(~3%)

Earth    Nitrogen (78%)
Oxygen (21%)

Mars Carbon dioxide 
(~95%)

Nitrogen (~3%)

Jupiter Hydrogen (~90%)
Helium (~10%)

Saturn Hydrogen (~93%)
Helium (~5%)

Uranus Hydrogen (~83%)
Helium (~15%)
Methane (~2%)

Neptune Hydrogen (~80%)
Helium (~19%)
Methane (~1%)

Pluto Nitrogen (?%)
Methane (?%)

Surface temperature very high.

Escape speed too low.

Surface temperature very high.

Escape speed moderate.

Surface temperature moderate.

Escape speed moderate.

Surface temperature low.

Escape speed low.

Surface temperature very low.

Escape speed very high.

Surface temperature very low.

Escape speed high.

Surface temperature very low.

Escape speed moderate.

Surface temperature very low.

Escape speed moderate.
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Title:   PLANETARY GREENHOUSE EFFECT

Outcomes:  EARTH & BEYOND L5

   Understands models and concepts that explain earth and  space   

   systems, and that resource use is related to the geological and   

   environmental history of the earth and universe

Duration:  80 min

Background material

The atmospheres of the terrestrial planets contain gases of relatively high molecular mass as 

the original H2 and He have long escaped.  Some of these gases, notably H2O, CO2 and CH4 are 

able to absorb and emit infrared radiation or heat rays.  This heat energy is a much lower energy 

form of the visible sunlight striking the planet.  If atmospheres of planets did not contain any/all 

of the above-mentioned gases, the infrared radiation would simply be lost to space.  These 

gases effectively radiate some of heat back to the planet’s surface causing it to be warmer than 

otherwise would be the case.  The Earth is warmer by 5oC and this is enough to keep away 

perpetual ice ages, so some greenhouse warming is a good thing.

The term greenhouse effect is troublesome as the principle behind planetary greenhouse 

warming is different to the warming of a horticultural greenhouse (glass walls allow sunlight in 

and physically stop heat loss from convection).  This may be a useful point to make to students.

In this lesson, students will appreciate the moderating infl uence of atmospheres, observe a 

teacher demonstration of the greenhouse effect (planetary style), understand the runaway 

greenhouse effect, and fi nally, apply their understanding to explaining the atmospheric state of 

the Venus, Earth and Mars in terms of greenhouse warming.

GLOSSARY: 

Greenhouse gases - gases that enhance atmospheric warming by   

          absorbing infrared radiation and radiating it.

Infrared energy  - heat energy.

Resources required:

  Teacher:  Sheets I & II (+ equipment list)

     Greenhouse Effect video/DVD.

  Students:  Internet access
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Lesson guide:   
 PART A – Effect of an atmosphere on temperatures.

a) Display day-night temperature ranges for Mercury, Venus, Moon and Mars. 
 Ask, “Why do some planets have such large extremes in their day-night 
temperatures?
Conclusion should be that these planets have little or effectively no atmosphere 

 (i.e. Mercury, Moon & Mars).
b) Ask “Why are atmospheres effective in reducing day-night temperature ranges?”

 PART B – Greenhouse Gas demonstration
a) Have demonstration of Greenhouse Effect set-up prior to lesson.
b) Describe set-up to students and the concept of a ‘fair test’ (need for control).
c) Carry out demonstration (should take 10 – 20 mins for results to be gathered). 

You may wish to have two students take temperature readings every 30 
seconds whilst class is directed to a video on Greenhouse gases.

d) Data should show fi nal temperature within container with CO2 is greater than 
temperature within ‘control’ container.

e) Conclude CO2 is responsible for global warming – it is a ‘Greenhouse gas’.
f) Discuss the basic mechanism of the greenhouse effect in atmospheres, i.e. 

incoming transparent sunlight is absorbed by greenhouse gases (CO2, H2O and 
CH4) which emit the sunlight energy as heat rays, creating a blanket effect over 
the surface.  Use diagram on sheet I for assistance if required.

 PART C – Run-away Greenhouse Effect
 a) Direct students to internet to fi nd answers on Sheet III relating to:

  i) Venus’ ‘Runaway Greenhouse Effect’.

  ii) Mars – lack of Runaway Greenhouse effect

  iii) Earth’s – lack of runaway greenhouse effect.

 b) Discuss fi ndings with students.

  Conclusions should be:

  i) Venus’ thick atmosphere with abundant CO2 greenhouse gas is   

   responsible for a runaway greenhouse effect causing very high surface 

   temperatures,

  ii) Although Mars’ atmosphere is composed primarily of CO2, its almost  

   negligible atmosphere means the runaway greenhouse effect cannot

   get started.  Hence low surface temperatures.

  iii) Earth has CO2 in the atmosphere, but only a small amount (0.035%),  

   and insuffi cient other greenhouse gases so develop a runaway   

   greenhouse effect.

Related links:  BBC applet highlighting mechanism of Greenhouse Effect:
http://images.google.com/imgres?imgurl=http://news.bbc.co.uk/nol/shared/spl/hi/sci-nat/04/
climate_change/img/greenhouse_effect_416.gif&imgrefurl=http://news.bbc.co.uk/1/shared/spl/
hi/sci_nat/04/climate_change/html/greenhouse.stm&h=300&w=416&sz=13&tbnid=XGvJGq9b
ARA4OM:&tbnh=87&tbnw=122&hl=en&start=18&prev=/images%3Fq%3Dgreenhouse%2Beff
ect%2B%26svnum%3D10%26hl%3Den%26lr%3D%26rls%3DRNWE,RNWE:2006-16,RNWE:

en%26sa%3DN
   Greenhouse Effect:

   http://en.wikipedia.org/wiki/Greenhouse_effect

Extension ideas: Terraforming Mars – how could it be done?

   What are super greenhouse gases?
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RESOURCE SHEETS
I  SURFACE TEMPERATURES OF ROCKY PLANETS

* Although not considered a planet, it is larger than Pluto and slightly smaller than Mercury.

1. List the planets that have a very large day-night temperature range.

 ___________________________________________________________________________

2. What common feature about these planets enables them to have a very large day-night  

 temperature range?

 ___________________________________________________________________________

Day-time Max
 (oC)

Night-time Min (oC)
Range 

(oC)

Mercury

Venus

Earth
(arid desert)

Moon*

Mars

427 -173 600

480 420 60

45 0 45

130 -110 240

20 -140 160
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PLANETARY GREENHOUSE EFFECT

SUN Some solar radiation
is refl ected by the Earth and

 the atmosphere.

ATMOSPHERE

Solar
radiation
passes
through the
clear
atmosphere.

Some of the
infrared radiation
is absorbed and
re-emitted by the
greenhouse
gases. The effect
of this is to warm
the surface and
the lower
atmosphere.

Most radiation is
absorbed by the
Earth’s surface
and warms it.

EARTH Infrared radiation
is emitted from the
Earth’s surface.
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II. GREENHOUSE EFFECT DEMONSTRATION – Teacher only

Equipment

•   2 identical fi sh tanks (9L or 18 L)

•   2 heat lamps, 150 (or 250W if 18L tanks used).

•   4 retort stands and clamps

•   Dark sand or other substrate

•   2 shallow glass, Petri dishes or plastic dishes

•   2 thermometers (0.1oC precision) – else data loggers.

•   Stopwatch or wristwatch

•   Baking soda (15 grams for 9L or 30 grams for 18L tanks)

•   Vinegar (ratio of 5:1 with baking soda, i.e. 150 mL for 9L tanks)

•   Spoon

•   Long stirring rod

•   Safety glasses

Apparatus Set-up
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Procedure

1.        The two fi sh tanks (or suitable containers) should be 5 – 10 cm apart.

2.       Evenly distribute black sand over bottom of each tank. 

3.       Mount one thermometer inside each tank, with its base 2 - 3  cm above the black sand.

 Ensure the thermometers are positioned so that they can be easily read once the 

investigation begins.

4. Place one dish face up in the centre of each tank.

5. Mount the heat lamps above the tanks. The lamps should have at least 150 W bulbs, and

 four lamps are strongly recommended if the larger tanks are used.  Position the lamps so       

 that each tank receives exactly the same amount of light at the same angle.

6. Spread the appropriate amount of baking soda on the dish (15g for a 9L tank).

7. Ensure both tanks are at room temperature and record this value.

8. Switch on lamps.

9. Slowly add vinegar (150 mL for a 9L tank), stirring the reactants and making sure dish 

does not overfl ow.

10. Allow no more than one minute from moment vinegar is added for commencement of 

temperature timing.

11. Ensure no turbulence surrounds the two tanks as the experiment proceeds.

12. Do not cover the tanks with covers, as this will alter the results unfavourably.

13. Measure and record the temperatures in each tank simultaneously every 30 seconds until 

the temperature readings begin to plateau out.
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(Teacher’s copy) 

The results should appear similar to that shown below.

Credit: Susann B. Lueddecke of Marion High School, Illinois, USA.
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III  RUNAWAY GREENHOUSE EFFECT

1. VENUS

b) List any greenhouse gases in Venus’ atmosphere.

  _________________________________________________________________________________

c) How is a runaway greenhouse effect different to the greenhouse effect?

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

a) State the composition of Venus’ 

atmosphere by listing the names of the 

gases and their % abundance.
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2. MARS

b) List any greenhouse gases in Mars’ atmosphere.

  _________________________________________________________________________________

c) Why has a runaway greenhouse effect not occurred on Mars?

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

  _________________________________________________________________________________

3. EARTH

b) Why has a runaway greenhouse effect not occurred on Earth?

  _________________________________________________________________________________

  _________________________________________________________________________________

a) State the composition of Mars’ 

atmosphere by listing the names of the 

gases and their  % abundance.

a) State the composition of Earth’s 

atmosphere by listing the names of the 

gases and their % abundance
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III  RUNAWAY GREENHOUSE EFFECT – Teacher’s copy

1. VENUS

b) List any greenhouse gases in Venus’ atmosphere.

 Carbon dioxide

c) How is a runaway greenhouse effect different to the greenhouse effect?

 A runaway greenhouse effect occurs when the greenhouse effect is enhanced say by  

 way of increased atmospheric concentrations of greenhouse gases.  This extra

 heating triggers further events that add to the heating process creating an

 uncontrollable process.

d) Explain how the runaway greenhouse effect occurred on Venus.

 Venus is thought to have had oceans like Earth (although this is not certain). However,  

 because it is much closer to the Sun, its surface temperature is greater.  CO2 present in

 the atmosphere helped to increase the temperature causing increased water vapour in

 the atmosphere from the evaporating oceans.  As the temperature continued to rise, 

 the oceans boiled away which meant the CO2 could not be removed from the

 atmosphere by dissolving into the oceans and halting the process. The release of water

 vapour, another greenhouse gas, into the atmosphere further accelerated the

 heating process.

a) State the composition of Venus’ atmosphere 

by listing the names of the gases and their % 

abundance to at least one decimal place.

 Carbon dioxide - 96.5%

Nitrogen  - 3.5%

Sulphur dioxide - 0.015 %
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2. MARS

b) List any greenhouse gases in Mars’ atmosphere.

 Carbon dioxide

c) Why has a runaway greenhouse effect not occurred on Mars?

 Mars is far enough away from the Sun to have a surface temperature that would not 

 cause any ocean/body of water to evaporate into the atmosphere.  Also, its surface   

 gravity is relatively low so it was unable to retain a large amount of CO2 or H2O in 

 the atmosphere.

 The present Martian atmospheric pressure is about 0.6% that of the Earth!

3. EARTH

b) Why has a runaway greenhouse effect not occurred on Earth?

 The surface temperature is not suffi ciently high to cause a large build-up of water

 vapour in the atmosphere from evaporation of oceans.  CO2 has been absorbed by the

 oceans and trapped in rocks as carbonates.  Thus greenhouse gases have not been

 able to achieve a concentration suffi cient to trigger a runaway effect.

a) State the composition of Mars’ atmosphere 

by listing the names of the gases and their 

% abundance to at least one decimal place.

Carbon dioxide   - 95.3%

Nitrogen   - 3.7%

Argon     - 1.6%

Oxygen    - 0.13%

a) State the composition of Earth’s atmosphere 

by listing the names of the gases and their % 

abundance to at least one decimal place.

 Nitrogen  - 78.1%

Oxygen  - 20.9%

Argon  - 0.9%

Carbon dioxide - 0.035%
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Title:   CONTEMPORARY HAPPENINGS

Duration:  80 min

Background material: n/a

GLOSSARY:  n/a

Resources required:

   Teacher: n/a

   Students: Sheet I

     Internet access

Lesson guide:   

In this activity, students search the internet for a solar system related news item or short article, 

read it, answer standard questions about the article and create a glossary of scientifi c words 

found in the article.

a) State purpose of activity – essentially focus is on scientifi c communication.

b) Distribute Sheet I as an example of the task required of each student:

 i) Search for a current news story or opt for a solar system topic.

  Some websites are listed for current news stories.

  Topics require students to search the Internet.

  Student may select a topic not listed if cleared by teacher.

 ii) Copy and paste article (and URL) onto report.

 iii) Read article and summarise most the important points - using paraphrasing.

 iv) Scan and list scientifi c words found in article.

 v) Create a glossary (scientifi c words & meanings).

c) Students set to access the Internet.

d) Report to be submitted by end of period.
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RESOURCE SHEET
I. ASTRONOMY NEWS AND ARTICLES

SOURCES OF CURRENT ASTRONOMY NEWS

Astronomy.com:   http://www.astronomy.com/asy/default.aspx

Astronomy Now:   http://www.astronomynow.com/

Astronomy & Space News: http://www.nightskyobserver.com/astronomy-news.php

JPL/NASA:   http://www.jpl.nasa.gov/

Science Daily:   http://www.sciencedaily.com/news/space_time/astronomy/

Science@NASA:   http://science.nasa.gov/

Sky & Telescope:  http://skytonight.com/ 

Space.com:   http://www.space.com/scienceastronomy/

Topix.net:   http://www.topix.net/science/astronomy

Universe Today:   http://www.universetoday.com/

SOLAR SYSTEM TOPICS FOR CONSIDERATION

1. What is a planet?

2. Exoplanets

3. Mining the Moon

4. Impacting Asteroids

5. Missions to Mercury/Venus/Mars/Titan

6. Origin of the Moon

7. The Face on Mars

8. Sedna & Kuiper Belt Objects

9. Comet Halley

10. Apollo 11

11. Manned Martian Base.

12. Space colonies at Earth-Moon Larangian points

13. The heliopause

14 Your choice – get OK from your teacher.
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Title:   HISTORY OF ASTRONOMY – THE SOLAR SYSTEM

Duration:  80 min

Background material: n/a

GLOSSARY:  n/a

Resources required:

   Teacher: -

   Students: Sheet I

     Internet access

Lesson guide:   

In this activity, students search the Internet for a historically important solar system related topic, 

read it, summarise the main points and create a glossary of related scientifi c words.

a) State purpose of activity – essentially focus is on scientifi c communication within the  

 context of historically important astronomical ideas or individuals.

b) Distribute Sheet I to assist in outlining task required of each student.

 i) Select an astronomically important idea or historically signifi cant individuals.

  Some websites are listed.

  Students to search the Internet.

  Students may select a topic not listed if cleared by teacher.

 ii) Read articles and summarise most important points – use paragraphing.

 iii) List URLs with report.

 iv) Scan and list scientifi c words found in article.

 v) Create a glossary (scientifi c words & meanings).

c) Students set to access the Internet.

Report to be submitted by end of 80 mins.
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 I. HISTORICAL ASTRONOMY

SOURCES OF HISTORICAL ASTRONOMY NEWS

The Great Astronomers:  http://wspace.danask.com/

People in History of Astronomy:  http://www.geocities.com/CapeCanaveral/Launchpad/4515/

    HISTORY.html

A Brief History of Astronomy: http://www.geocities.com/CapeCanaveral/1612/history.html

Astronomy throughout History: http://www.windows.ucar.edu/tour/link=/the_universe/uts/ast_

    history.html

History of Astronomy Links: http://members.aol.com/chopstcks/gca7sky/history/

SOLAR SYSTEM TOPICS FOR CONSIDERATION

1. Aristotelian Universe

2. Ptolematic Universe

3. Copernican Universe.

4. Aristarchus of Samos

5. Eratothenes of Cyrene

6. Hipparchus

7. Claudius Ptolemy

8. Aryabhata

9. Nicolaus Copernicus

10. Tycho Brahe

11. Johannes Kepler

12. Galileo Galilei

13. Sir Isaac Newton

14. Caroline & William Herschel

15. The Celestial Police

16. Eugene Shoemaker

17. Your choice – get OK from your teacher.
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Title:   SOLAR SYSTEM FAQs

Duration:  80 min

Background material: n/a

GLOSSARY:  n/a

Resources required:

   Teacher: -

   Students: Sheet I

     Internet access

Lesson guide:   

In this activity, students search the Internet for answers to FAQs about solar system 

related astronomy.

This may serve as a refl ective lesson and placed at the end of a unit of study on the 

solar system.

a)  State purpose of activity – essentially focus is on scientifi c understanding through   

 readings of scientifi c answers to FAQs about solar system astronomy.

b) Distribute Sheet I to assist in outlining task required of each student.

 i) Students to select eight questions from list provided on Sheet I.

 ii) Search for answers on the Internet.

 iii) Answer questions with a listing of URLs used.

Report to be submitted by end of 80 mins.
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 I. CURIOUS ASTRONOMY QUESTIONS ABOUT THE SOLAR SYSTEM

FAQs ABOUT THE SOLAR SYSTEM

1. Which planets have ring systems?

2. The Moon slows the Earth’s rotation, but how fast was it spinning billions of years ago?

3. Why is Uranus tipped on its side?

4. Is Pluto a planet?

5. Who discovered each planet?

6. Why do planets rotate?

7. When was the last time all nine planets were aligned?

8. How do you measure a planet’s mass?

9. Why do planets orbit in the same plane?

10. Why do most moons orbit their planets at the equator?

11. Does the Titus-Bode Law have any scientifi c basis?

12. Does the Moon rotate?

13. Why are there still active volcanoes on Io?

14. What are planetary rings made of?

15. How crowded is the asteroid belt?

16. Which planet is most similar to Earth?

17. Why is Mars red in colour?

18. Why doesn’t the hydrogen on Jupiter explode?

19. How big is Jupiter’s red spot?

20. For how long has Jupiter’s red spot existed?

21. How are planets detected around other stars?

22. Was there ever liquid water on Mars?

23. What has been the closest ever recorded near miss between an asteroid and 

 the Earth?

24. What is the largest volcano in the solar system?

25. What is the hottest planet?

26. Were there always nine main planets in the solar system?

27. What is the largest crater on the Moon?

28. Can you see the Moon during the daytime?

29. Why isn’t there an eclipse of the Moon each month?

30. Why does the Moon cause larger tides on Earth than the Sun?

31. How can you tell the age of different land areas on a planet?

32. When was the last crater created on the Moon?

33. Would your weight change if you went underground?

34. Can you be truly weightless in outer space?

35. Why is a day on Venus longer than its year?

36. On which planet does the sunrise in the west and set in the east?

37. What dates of the year is the Earth closest (perihelion), and most distant (aphelion)

 from the Sun?
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38. When will Halley’s comet return?

39. Are Kuiper Belt Objects asteroids?

40. How many asteroids are known to exist in the asteroid belt?

41. The average unmanned rocket travels at about 40 000 km/h, so when Mars is closest  

 to Earth it should take 2.5 months to get there – but in fact it takes 6-9 months to 

 reach Mars. Why?

42. How many Earths placed side-by-side are required to span the diameter of Jupiter?

43. How many Earths placed side-by-side will reach to the Moon?

44. Which planet has the greatest number of moons?

45. Which planet has the shortest day?

46. Do all planets experience seasons?

47. Why are the compositions of asteroids and comets different?

48. Are there any asteroids on a collision course with Earth?

49. What are shooting stars?

50. What is the biggest meteorite?

51. What is the biggest crater recorded on Earth?

52. How do you determine whether a rock is a meteorite?

53. What is the typical size of a shooting star?

54. Comets don’t evaporate they sublime.  What does this mean?

55. Are meteorites hot or cold when they reach the ground?

56. Is the Moon moving away from the Earth?

57. Is the distance from the Earth to the Sun changing?

58. What are the dark features seen on the face of the Moon?

59. Where did the name “Earth” come from?

60. Would the Earth spin faster or slower if there was no Moon?

61. What would happen if we did not have a moon?

62. How critical is the Earth-Sun distance to the average temperature on Earth?

63. How dark is the regolith (‘soil’) of the Moon?

64. If the Earth stopped orbiting the Sun how long will it take to impact the Sun?

65. Why don’t people walk upside down at the bottom of the Earth?

66. Why does the Moon look so big when near the horizon?

67. Is it possible to see the lunar landing sites?

68. Are planets associated with the days of the week?

69. How far do you have to travel to reach space?

70. Are any of the newly discovered planets around other stars suitable for humans 

 to live on?

71. How fast is the Earth travelling through space?

72. What is a Blue Moon?
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Title:   ASTROLOGY

Duration:  80 min

Background material:

GLOSSARY:  Zodiac

Resources required:

   Teacher: Access to magazine horoscopes

   Students: Horoscope sheets

Lesson guide:   

PART A:  In this activity, students try to fi nd their own sign from a variety of

 unidentifi ed signs in a horoscope column. 

a)  Use an astrology column from a recent newspaper (today, yesterday, or

 last weekend). 

b)  Cut out the horoscopes and remove the dates, signs and any telltale references

 to the sign, like “you’re a real lion at times.” Be sure to make a copy of the full 

 column for yourself and put it aside. 

c)  Mix up the order of the descriptions, and give each one a number from 1 to 12.

 Transfer these numbers to your copy for future reference. 

d)  Have each student write down his or her name and birthday on a piece

of paper. 

e) Distribute the sheet with all the numbered (but otherwise unlabeled) 

horoscopes to the students and have them select the one description that best 

fi ts the day in question. (Be sure you remind them of the day the

horoscopes apply.) 

f) Ask the students to predict how they think this experiment will turn out. 

g) Put the signs and birth dates associated with each numbered paragraph on 

the board. 

h) Have the class count how many students picked their own sign among the 12 

and how many did not. 

i) Discuss how the results compare to expected student numbers based on 

chance alone.
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PART B: 
Astrologers will tell you that the Sun sign (which is the sign of the zodiac the Sun was in when 

an individual was born) is a crucial factor for the occupation a person chooses and a strong 

determinant of overall personality as it relates to one’s job. As an example of how we can test 

such a hypothesis, students can examine the birth dates of the 25 men who have successfully 

run for the job of Prime Minister of Australia.

After all, it takes a certain kind of personality to be Prime Minister (outgoing, well-spoken, 

ambitious). If personality and occupation are strongly affected by Sun sign, we should fi nd that 

the birthdays of the Prime Ministers are clustered in one (or a few) signs. If Sun signs do not 

affect personality and occupation, the Prime Ministers’ birthdays should be randomly distributed 

among the zodiac signs. 

a) Students will fi ll out a worksheet to determine the astrological signs of the 25 Prime 

Ministers and discuss their results. 

b) How many Prime Ministers do students expect to fi nd under each sign if the birthdays 

 of the 25 Prime Ministers are randomly distributed among the 12 signs of the zodiac? 

ZODIAC STAR SIGN DATES

Zodiac Dates

20 Jan -19 Feb

20 Feb – 20 Mar

21 Mar – 20 Apr

21 Apr – 21 May

22 May – 22 Jun

23 Jun – 23 Jul

Zodiac Sign

Capricorn

Pisces

Aries

Taurus

Gemini

Cancer

Zodiac Sign

Leo

Virgo

Libra

Scorpio

Sagittarius

Aquarius

Zodiac Dates

24 Jul – 23 Aug

24 Aug – 23 Sep

24 Sep – 23 Oct

24 Oct – 22 Nov

23 Nov – 22 Dec

23 Dec – 19 Jan
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RESOURCE SHEETS
I. SAMPLE HOROSCOPE – TEACHER COPY

Number Horoscope reading

1
Focus on your inner life and meditative interests. You’ll get the privacy you need to 
refl ect on recent happenings in your life. All’s well that bends well!

A business proposition is too vague to warrant your attention at this time. If making 
travel plans, you may run into diffi culties. Children are much more important to you 
at this time than you will admit

It’s a day of self-discovery when you’ll have a greater awareness of your potentials 
and strengths. A partner-acquaintance has good ideas on saving money and having 
an easier time.

Home will be the centre of activities. It’s a good time for shopping, making home 
improvements, and having company over. Your ambition drives you to want to be on 
top, but help others too.

This is another fi ne day for affectionate ties to grow stronger. Talks with children and 
creative work are also favoured. You may be invited to a special affair. Over the next 
few days, you could be much more amorous than usual--spruce up.

You may be tempted to overspend on an item you want but don’t need. Better sleep 
on it. Don’t feel pressured to make an immediate decision. Travel might be on tap 
this weekend if you play your cards right.

You’ll be very involved in your work, yet you’ll also have time to unwind at a favourite 
haunt later. Couples share magic moments. You need to tell a friend that drinking 
alcohol and driving may be fatal.

Today brings important psychological insights. A friend gives you valuable feedback 
about an idea you have. You may be inclined to be overly sensitive tonight. A highly 
emotional time, but duty and responsibility call loudly.

Your problem-solving abilities are so good, you’ll be proud of what you accomplish 
at work today. Easy does it tonight. Break ups could occur to change the status quo 
that seemed so permanent.

If contemplating a change in residence, this is a fi ne day for meeting with realtors 
and buying or selling property. Some among you make a major purchase for the 
home. This is a fabulous time to dote on number two in your life.

A friend’s style may be bothersome, but romance is rewarding. A break-through in 
your thinking leads to a creative success or perhaps better rapport with a child. 
Good news someone wanted to tell you is interrupted by work pressures; wait

Today is low-key. However, there’s a happy emphasis on getting together with friends 
and travel. You’ll be glad to help someone out with a problem. Secretive types may 
not be fully open about happenings behind closed doors.

2

3

4

5

6

7

8

9

10

11

12

1 2 3 4 5 6

Aries Leo Aquarius Sagittarius Scorpio Gemini
7 8 9 10 11 12

Pisces Capricorn Virgo Taurus Libra Cancer

KEY
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II PRIME MINISTERS OF AUSTRALIA 

Edmund Bartona 
18 Jan 1849

Alfred Deakin
3 Aug 1856

Chris Watson
9 Apr 1867

George Reid
25 Feb 1845

Andrew Fisher
29 Aug 1862

Joseph Cook
7 Dec 1860

William Hughes
25 Sep 1862

Stanley Bruce
15 Apr 1883

James Scullin
18 Sep 1876

Joseph Lyons 
15 Sep 1879

Earle Page
8 Aug 1880

Robert Menzies
20 Dec 1894

Arthur Fadden
13 Apr 1894

John Curtin
8 Jan 1885

Frank Forde
18 Jul 1890

Ben Chifl ey
22 Sep 1885

Harold Holt
5 Aug 1908

John McEwen
29 Mar 1900

John Gorton
9 Sep 1911,

William McMahon
23 Feb 1908

Edward Whitlam
11 Jul 1916

John Fraser
21 May 1930

Robert Hawke
9 Dec 1929

Paul Keating
18 Jan 1944

John Howard
26 Jul 1939
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