Unit 2





Gary Bass (Eltham High)

Area of Study 1 – Movement

Area of Study 2 – Electricity

Area of Study 3 – Detailed Studies

Astrophysics

Investigations: Aerospace

Investigations: Alternative Energy sources

Each unit is expected to be a minimum of 50 hours of scheduled classroom instruction

As per the previous Study Design a recommended 10 hours of class time is expected to be assigned to student practical work.

Only an S or N is to be reported by VCAA, schools may choose to report additional levels of achievement.

Teachers must select assessment tasks from those recommended (S/D p.23)

A variety of tasks is recommended to be employed in recognition of the different knowledge and skills and range of student learning styles.

The appropriate use of ICT is encouraged. A range of applications is accessible to enhance the learning process. (S/D pp.41-42)

Key Competencies may be identified and reported within the Physics course.

A listing of the key competencies and employability skills is found in the study design (p.42)

Issues of Implementation

Area One

Familiar territory for experienced Physics teachers. The comparison between different models is emphasised. Knowledge of the basic ideas of Aristotle, Galileo and Newton in describing a simple motion

Outcome 1

On completion of this unit the student should be able to describe and explain movement of particles and bodies in terms of Aristotelian, Galilean and Newtonian theories.

To achieve this outcome, the student will draw on knowledge and skills described in Area of Study 1.

Key knowledge and skills

To achieve this outcome the student should demonstrate the knowledge and skills to:

· Describe non-uniform and uniform motion along a straight line graphically;

· Analyse motion along a straight line graphically, numerically and algebraically;

· describe changes in movement are caused by the actions of forces;

· model forces as external actions through the centre of mass point of each body;

· explain movement in terms of the Newtonian model and some of its assumptions, including Newton’s three laws of motion, forces act on point particles, and the ideal frictionless world;

· compare the accounts of three action of forces by Aristotle, Galileo and Newton;

· apply the vector model of forces, including vector addition, vector subtraction and components, to readily observable forces, including weight, friction and reaction forces;

· model mathematically work as force multiplied by distance for a constant force and as area under a force versus distance graph;

· interpret energy transfers and transformations using an energy conservation model applied to ideas of work, energy and power, including transfers between

· gravitational potential energy and kinetic energy near the Earth’s surface;

· potential energy and kinetic energy in springs;

· apply graphical, numerical and algebraic models to primary data collected during practical investigations of movement.

Existing text resources cover much of this material.

S/D p.49 outlines several learning activities suitable for this Area.

The dot points in the S/D cover recognised content and concepts. Teachers will need to construct a sequence of appropriate learning activities and demonstrations which illustrate each concept, or several ideas can be combined.

Main ideas.

Calculation of speed. Have students mark out a straight line track, with ‘pegs’ at 5m, 10m, 15m, and 20metres distance. The students should record the time taken to travel to each ‘peg’ when walking(slowly), briskly walking, jogging and running. An extension is to get ‘the’ fastest runner in the class group to make the record attempt. Students proceed to calculate the speeds for each 5 metre section, and the overall ‘average’ speed. (=total distance/total time). A homework exercise of calculating the average speeds of various Olympic events will allow the speeds to be compared. If time permits, calculate the time to travel over a 5m or 10m track. Challenge the students to attempt to match the Olympics times. Even the 100m swimming is difficult to match ‘walking’ over 20m! a slight jog is required..

The idea of changing speed is introduced with an inclined ramp(plane). 

Equipment requirement: 2.4m 35x70 or 45x90 F3 pine is ideal. A channel routed in the edge assists a ball to stay on track.

Secure the ramp at an angle, allow a ball to roll to the end. Have the students describe what they have observed. Change the angle of inclination. Challenge the students to predict the effect of altering the angle. {the Harvard Project Physics has a 17th century experiment where the time is taken with a water clock.} Use a clock to record objective data.

Provide students with several lengths of straight wire, heavy card, and thing string or cotton. The challenge is to construct a ‘mobile’ with three levels and six strings. The only requirement is the wire must be level. They have a time limit of ten minutes.

Equipment requirement: provide each group of two students with 1x 20cm, 2x 10cm, lengths of medium gauge wire (coat hanger wire is satisfactory) the card could be shaped into triangle, star, square, circle. Clever ratios of mass could be calculated, but this is not necessary.

This activity  establishes the idea of ‘balance’ of forces equal and opposite, action through the centre of mass of the card.

Demonstration of heavy string/light string where a steady pull breaks one string while a sudden pull breaks the other. The concept of inertia used to explain why umbrellas should never be placed on the parcel shelf in a car, wire barriers are used on freeways, and why bike helmets are designed to be broken. Drop a suitably sized water melon inside a bike helmet, then without a helmet.

Take a digital video of skate board or BMX or road bike, make relevant measurement of variables eg Mass of vehicle and rider, dimensions of vehicle and rider. Perform DV analysis and determine the energy changes when the vehicle comes to a stop, or goes over a jump.

Opportunities to use ICT for analysis of data.

Opportunities to use data loggers to collect data.

An extended investigation to observe, collect analyse and present data may be attempted. 

Time allocation will need to be well managed.

A requirement for additional resourcing to provide video analysis will be necessary.

Appropriate software includes Videopoint, though the new Vernier Logger Pro includes synchronisation of video and data collection. www.lsw.com/videopoint/ and www.vernier.com
Various direct computer connected interfaces are available. Reliability and ease of use are extremely important and should not be underestimated. The latest IBM R40 notebooks and the Apple iBooks only accept USB connections, while the IBM will require a firewire/IEEE1394 PC card to accept connection to a DV camera. Alternative video capture is possible but cumbersome and  ultimately complicated and expensive. 

Web based materials can enhance the exploration of ideas. 

URLs

The comparison of Aristotle and Galileo

http://csep10.phys.utk.edu/astr161/lect/history/aristotle_dynamics.html
Galileo-Battle for the heavens (video from SBS)

Excellent ball dropped from moving horse sequence…(late in program ~ 1h35m)

http://www.pbs.org/wgbh/nova/galileo/
Interactive Applets

http://www.pbs.org/wgbh/nova/galileo/experiments.html
Web references for motion

Some movies with crash testing, others simulations and interactives.

http://www.atsb.gov.au/roadsafety/stats/stathome.htm
http://www.exploratorium.edu/iron_science/qt.html
http://www.newscientist.com/ns/19991016/newsstory1.html
http://www.videoseeker.com/searchhot.cgi?swish.index;20100377
http://www.stnonline.com/sb_history.htm
http://www.renfroe.com.harness.htm
http://eruditio.asu.edu/~smckeeve/scilinkphys.html
http://www.glenbrook.k12.il.us/gbssci/phys/mmedia/newtlaws/il.html
http://www.ihpva.org/hpva/hpvarech.html
http://www.landspeed.com/historylsr.html
http://google.netscape.com/netscape?query=land+speed+records
http://members.aol.com/CErick5563/physics/crumple.html
http://www1.tpgi.com.au/users/mpaine/roadsafe.html#vehicles
http://www.nrma.com.au/motoring/safety/ncap/dec97/falcon.html
http://www1.tpgi.com.au/users/mpaine/Speed.html#speed
http://www1.tpgi.com.au/users/mpaine/4wd.html#bullbar
http://www1.tpgi.com.au/users/mpaine/Rollover.html
http://www.raru.adelaide.edu.au/hazards/index.html
http://www.netspace.com.au/~leeming/saabsafe.htm
http://www.speedometershop.com/ratiotest.html#TEST
http://www.phys.virgnia.edu/classes/581.forces.html
http://www/teacher.link.usu.edu/nasa/activities/microgravity2/activities/act06.html
http://www.sasked.gov.sk.ca/docs/physics/u1f3phy.html
http://www.pbs.org./wgbh/nova/escape/timecar.html
http://www.roaduser.com.au/links.html
http://pc65.frontier.osrhe.edu/hs/science/welcome.html
http://www1.tpgi.com.au/users/mpaine/roadsafe.html
Area Two

Electricity

As with Area One, this Area is familiar to experienced physics teachers.

The emphasis is on the behaviour of DC circuits., through the series and parallel behaviour of current with ohmic and non-ohmic devices. (S/D p.20)

Simple circuits, capacitors are not specifically mentioned, but diodes are, should be closely explored and predictive calculations attempted.

Learning activities outlined (S/D p.50) show the sequential approach of observing, measuring, predicting. Most of the circuit hardware is readily available in schools.

Students should construct simple circuits. Reliability is also necessary here. If contacts are unreliable, students do not have confidence in their observations. Multimeters are an economical alternative to the traditional separate panel meters.

A sequence of circuits which records the variation of  current with voltage for a constant resistance and then a light globe replaces the resistor and recordings are repeated. After plotting Current versus Voltage, (so the slope will be resistance) the likely values for the circuit elements placed in series and in parallel should be predicted. The circuit constructed and values verified.

The function of current limiting devices, circuit breakers trip when a predetermined current flows. Possible to demonstrate the electromagnetic effect at this time, this leads to relays and magnetic switching, and sensors.

Biological effect of electric current flow. Details of danger thresholds should be discussed at this point, factors affecting the transmission of current can be identified. Core balance relays need to be included here as the safest way to protect humans from electrical shock.

An opportunity for an ‘investigation of an electrical device’ (details S/D page 51)

An opportunity for simulation using “Crocodile Clips”available for download at URL 

http://www.crocodile-clips.com This is an excellent resource, problems and puzzles are included in the full package.

Area Three

Detailed Study

While not optional, there is a choice of topic and approach.

All are intended to be based on student practical investigations.

3.1 Astrophysics

“Gather information about stars” could be from a data base, but the intention in the S/D is the student will record observations directly.

Learning activities require materials and resources which are specialist and will need to be arranged prior to the start of the Area. Several activities could be commenced weeks or months earlier to gather the data for later analysis. Eg. Sun shadow, moon phases, various photographs of the night sky. The Unit One DS:Astronomy will provide some background to this study.

Web based observatories allow day time viewing of a night sky in real time. There are several Australian observatories which allow student control of the telescope.

Simulations of red shift and long periods of time can be illustrated by use of applications applets and download software.

Astronomy software Redshift

CLEA web site http://www.gettysburg.edu/academics/physics   then choose CLEA

3.2 Investigations: Aerospace

This is a completely new topic for study in physics. Previously found under forces as an application or context for theory. This Area requires significant development and preparation prior to students beginning the topic.

On completion of this unit the student should be able to design an experimental investigation into an aspect of aerospace technology, collect and analyse data and report on the investigation and conclusions that were made.

Key knowledge and skills

In achieving this outcome the student will draw on knowledge described in area of study 3.2

To achieve this outcome the student should use scientific methods, data, theories and knowledge to:

· investigate and propose models and simulations that by experiment or mathematics are shown to explain an event including the use of Newton's First Law, Newton's Second Law and Newton's Third Law;

· apply the concepts of forces, moments and equilibrium to balancing an aircraft;

· explain lift in terms of Bernoulli's Equation and the rate of change of momentum;

· model lift and Bernoulli’s concepts using a wind tunnel;

· describe accurately drag, skin friction drag, pressure drag and principles of thrust;

· investigate experimentally, using a small electric motor and propeller, the relationship between power and thrust;

· analyse aircraft performance including takeoff, climb and descent and cruise;

· investigate experimentally identified aspects of performance using a model;

This study relies on the ability to take measurements during an investigation. Preparation of a form of wind machine or wind tunnel will need to take place prior to beginning this study. The purpose of the study is NOT to construct a wind tunnel. Plans for simple wind tunnels are available online.  Simple tests of variables are able to be made with balanced wing sections. By measuring the effect for one set of variables, then comparing with another test by changing one factor is the purpose of this investigation. Simple variables are wing cross-section, wind speed, angle of attack, wing surface quality.

Difficult theory area- many text books are wrong!!

Note: The apparent disagreement between Bernoulli and Newton stems from the ‘equal time’ explanation given to Bernoulli. This is an incorrect interpretation of Bernoulli’s Theory. The two theories are in complete agreement, Newton uses the change of momentum, Bernoulli uses the difference in pressure. The measurement regimes provide that pressure is simpler to measure and compare between top surface and bottom surface of the wing. The momentum of the air before the wing and the momentum of the air after the wing is very difficult to assess. (called downwash effect)

Suitable Learning Activities are provided in S/D p.52

Abundant web based resources are available.

NASA – (the first A stands for aeronautics) has sections devoted to wind tunnels, flight testing, calculations of forces and loads, descriptions of wing profile effect, and a downloadable flight simulator which can test variables in a computer screen wind tunnel. SimFoil is free.

Other URL

forces in flight flash animation

http://www.aviationnow.com/content/ncof/ncflearn.htm
Newton or Bernoulli?

http://hyperphysics.phy-astr.gsu.edu/hbase/fluids/airfoil.html
Both descriptions of airfoil lift are correct. Pressure differences are simpler to measure on a model wing than the ‘downwash’ forces flowing past the wing.

3.3 Investigations: Alternative Energy Sources

This is a completely new topic for study in physics. Previously found in several parts of unit one and two as an application or context for theory. This Area requires significant development and preparation prior to students beginning the topic.

Perhaps should be referred to as  “Renewable Energy” as there is an emphasis on sustainability.

Research assignment on the uses of energy and the sources of energy in Australian society. Students to keep a log of energy usage for either home or for school. Estimate energy demand and factors affecting the increase of decrease in demand. Identify the need to be ‘energy efficient’, perform both qualitative and quantitative calculations for energy efficiency. Gather and use ‘real’ values.

Students to be assigned different materials to determine the specific heat capacity experimentally. Compare the calculated values with the accepted values. Justify the differences by referring to destinations of the ‘lost’ heat energy.

Passive solar thermal collectors are an obvious area of investigation. More suited to the summer months perhaps, or late term three/ early term four. Readily identifiable variables allow for extensive testing of many hypothesis. Angle of collector for maximum efficiency, area of collector as related to flow of coolant, size of collection tank, determination of acceptable supply temperature and supply flow. Thermo siphon effect is simple to establish and allows for development of practical understanding of energy system requirements. 

Safety: Care needs be exercised as temperatures of fluids can easily reach dangerous levels. Appropriate pressure release needs to be included into any tank setup to allow overpressure to escape harmlessly.

Solar ponds are well known as a reliable source of heat energy. RMIT Bundoora has developed several solar ponds-Pyramid Hill and Bundoora. Research their latest developments and propose a use for this tried and proven technology. Identify factors preventing the widespread adoption of Solar Pond technology.

Research several renewable energy sources. Identify factors affecting the consumer adoption of this technology. Put a case for introducing one energy source over another, justify your recommendation.

Investigate a passive solar home heating and cooling system. Explain how solar heating can be used for cooling.

Construct a model wind generator. A motor will generate electricity if a propeller is attached. By attaching a multimeter record the electricity generated when different blades are attached, when different wind speeds are available.  (activity sheet attached)

Calculate the effect of doubling the diameter of the blade. Assume the wind is slowed by 50% after flowing through the wind turbine. 

Construct a model solar tower

Discuss the advantages of the Solar Tower being constructed in Mildura, 

See Age Jan 4, 2003 News page 9 (attached)

Details on constructing a solar tower are available from LaTrobe uni (attached)

http://www.latrobe.edu.au/solar/
Enviromission is the organisation building the solar tower in mildura and their website is
http://www.enviromission.com.au/index1.htm
Abundant web based resources are available.

Development of wind farms in Victoria has become a topic for some discussion and various Organisations seek to promote their view through the web. Similarly, solar photovoltaic generation of electricity has been promoted by the recent Queen Victoria Market project.

Other sources, biomass, hydrogen, geo-thermal, solar thermal are all available as well. Experimental activities for each of these technologies need to be well planned.

Limitations on safety considerations will affect the direct investigation of hydrogen and bio mass in all but the best equipped laboratories. Perhaps Hoffman voltameter is possible but on a small scale as there is difficulty attaining any pressure on the generated hydrogen.

Model fuel cells are available, construction from first principles is beyond the scope of this course of study, however.

URLs

Wind Farms – Blue Energy company

http://www.bluewindenergy.com.au/
hydrogen economy

http://people.howstuffworks.com/hydrogen-economy.htm
photovoltaic research centre- UNSW

http://www.pv.unsw.edu.au/index1.html
Course Plan for the Unit 2

The schedule for completion of this Unit is for Movement and Electricity to each take approximately five weeks, with the Detailed study to take three weeks. For a thirteen week total of formal instruction time. Two weeks are allowed for over-run, assessment activities and semester changeover/examination week and other unforseen school level interruptions.

It remains a teacher choice whether to incorporate the detailed study within an area. Astronomy relies on an understanding of movement. Alternative energy requires some knowledge of electricity for photo voltaics, wind generation and hydro electricity. Electricity losses require some knowledge of the means of transmission. 

Either way the Detailed Study must be an series of investigation activities. The separation of topics such that the area 1, area 2 and detailed study  are distinct may assist re-grouping and increased effort encouraged from the class group. The suggested order of study would be Area 1 (movement), then either detailed study 1 (astrophysics) or detailed study 2 (aerospace) alternatively Area 1, area 2 then detailed study 1, 2 or 3

Detailed study 3 (alternative energy sources) sits better after area 2 (Electricity) has been attempted.

Resourcing remains an on-going issue.

Construction of student models may be incorporated into budget and funding arrangements for 2004, consideration of this option will be required by mid year 2003 in most schools.

The potential exists for additional requirements of software, where computer facilities exist, or the installation of display technologies for the class viewing of applets and web pages. Many of theses demonstrations are useful provided instruction is available simultaneously. Several resources are stand alone and self explanatory, however while the numbers are increasing, the majority require assistance from an instructor with detailed knowledge of the software to direct the investigation. Schools will be at a noticeable dis-advantage If there is not access to web facilities on a regular and timely basis. The distribution of many activities is freely available on the web.

Equipment demands have not changed for this new study design. Advanced technologies allow real time analysis of motion. The costs of these devices needs to be incorporated into an acquisitions procedure over several years, or application to the governing body to provide a ‘full set’ of the latest technology needs to be arranged during 2003. This will allow the teacher to prepare the activities in a reasonable time frame for y11 in 2004 and subsequently train the students in the efficient and effective use of the technology in time for y12 in 2005. The motion technologies are called upon in Unit 3 extensively.

