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Student Resource Guide

Course Information

Practical Notes

Information Guide

Software Links
This Guide represents the course for this topic. It includes topic outcomes, assessment tasks and criteria, topic notes or references to them, practical notes, and links to any software or websites. From time to time, the teacher will give you any other handouts that you may need which have been decided to be included. You must not lose these notes. Please keep them in a safe place in your book, folder or storage area. The notes are contained in the relevant section of the MasterFile network.

Course Expectations

The course involves the following modes of expected work behaviour from students:

· taking notes from teacher centred lessons

· working efficiently taking their own notes from guide questions and being involved in discussions 

· using their computer so that they can access the Internet and the College’s network along with using MS Office software

· undertaking practical work

· submitting work by set deadline

Course Outline

Students should be able to investigate the potential for the development and implementation of a renewable energy resource to provide a portion of our energy needs. This area of study requires the student to:

· compare different renewable energy sources and investigate one experimentally
· analyse the potential of a system to make a significant contribution to the communtiy’s energy requirements, including 

benefits, limitations and environmental consequences
· design an experimental investigation that models energy transfer and transformation processes of the system
· complete a quantitative assessment of energy transfer and transformation processes of the system
· determine the efficiency of the energy transfer system and transformation processes of the system
· use the principles of energy transfer and transformation processes to describe the operation of the system
· relate the model system to a real-life problem involving energy supply
· use information sources to assess risk in the development and use of an energy supply system
· use safe and environmentally responsible practices in the development and use of an energy supply system
Assessment and Reporting

On completion of this unit the student should be able to use concepts of energy transfer and transformations to design and report on an experimental investigation into an aspect of alternative energy transfer.
	Outcome
	Description of Task
	Weighting for Outcome

	3
	Practical Report
PMB A

Presentation

Test
	                30%

10%

20%

40%


(A+ 
100-90)
(D+  
49-43)


(A 
89-80)
(D 
42-35) 


(B+ 
79-73 )
(E+ 
34-28)


(B 
72-65 )
(E 
27-20)


(C+ 
64 - 58) 
(UG less than 20)

(C 
50-57)

Notes Regarding Presentations and Practicals

Where specific criteria are used, I will attach the criteria sheet with the distribution of ’s on your work.

Where practical reports are not assessed, the student should not spend enormous amounts of time producing an elaborate piece. The report should be brief and should consist of the following headings:

· Aim, 

· Diagram of Experimental Set-Up, 

· Analysis and Questions (includes discussion of uncertainties)

Where a report is to be assessed, the report should be detailed but to the point and should consist of the following headings:

· Aim, 

· Method and Apparatus  - refer to the handout, 

· Variables and Conditions under Control, 

· Results

· Theory

· Analysis and Questions (includes discussion of uncertainties), 

· Conclusion and Evaluation.

Practical Report Assessment     








Criteria










The extent to which the report demonstrates

Practical Report Assessment     








Criteria










The extent to which the report demonstrates

1
understanding of the purpose

 






3 marks

2    identification of the variables and controls and explains their relevance and control


3 marks

3  
sufficient observations/measurements were taken and presented in a manner appropriate for analysis
3 marks

4 
depth in the analysis of the data








3 marks

5  
an analysis/explanation of uncertainties                    





2 marks
6
questions correctly addressed








4 marks
7 
correct and full explanations of the physics involved





4 marks

8
relevant and valid conclusions and evaluates the success of the investigation for future improvement
2+1 marks

Writing a Year 11 Physics Report

Your practical report needs to convey to the reader what you have done, analysed and concluded in your experimental undertaking. The report is best presented with the following headings. Explanations of the content of each heading and the relevant assessment criteria are listed below:

Aim

· should state what you are trying to achieve

· indicate very briefly the method and the amount of data you are going to obtain
· is encompassed by Criterion 1
Method and Equipment

· make reference to the relevant pages of the notes

Variables and Conditions Controlled

· clearly outlines the quantities being directly measured, with their symbol, definition, and unit and why these quantities are relevant to the investigation.  This can be done efficiently by completing the following table.

	QUANTITY
	SYMBOL
	DEFINITION
	UNIT
	WHY RELEVANT

	
	
	
	
	

	
	
	
	
	


· clearly outlines the quantities calculated from the data, with their symbol, definition, and unit.  This can be done efficiently by completing a table like the one above.

· clearly outlines any quantities kept constant through apparatus set-up or control of environment or quantities  

· is encompassed by Criterion 2

Results

· shows that enough reliable recordings were taken that allow patterns to be established and 
conclusions to be drawn

· presents the data to an appropriate and realistic number of significant figures

· includes any non-numeric data where applicable

· organises the data in clearly labelled tables and relevant graphs by use of spreadsheets and charts where possible

· is encompassed by Criterion 3

Theory

· identifies (mentions) the appropriate and relevant concepts, relationships and principles in the explanation of theory 

· includes any assumptions which the theory relies on or assumes in order to be applicable

· includes any relevant mathematical relationships and sample calculations that elaborate the theory 

· includes any relevant graphs, diagrams or tables with subheadings and titles to elaborate theory

· leaves no doubt that the author clearly and correctly demonstrates an appropriate understanding of the theory
· is encompassed by Criteria 7
Analysis and Questions

· demonstrates the calculation of appropriate quantities whether from graphs or tables

· shows mathematical workings or samples followed by spreadsheet summaries

· justifies why calculations are performed the way they are

· explains the link between any observations, calculations and expected outcomes

· answers all questions fully and accurately

· is encompassed by Criteria 4 and 6

Uncertainties

· accounts for sources of error or sources that lead to unreliable data, including determination of numerical uncertainties

· explains how the sources of error have lead to unexpected results or outcomes

· is encompassed by Criterion 5

Conclusion and Evaluation

· explains the degree of success in achieving the aims (i.e. answers the aim)
· states any null or inconclusive findings
· explains the difficulties not able to be overcome that lead to any null conclusions
· asserts any mathematical patterns and their applicability

· lists calculated quantities and any expected values

· states conclusions not requiring mathematical analysis

· indicates how the investigation could be modified to improve the acquisition of reliable data


· is encompassed by Criterion 8

Note:

The analysis criteria also encompass:

· use of appropriate mathematical symbols, physics jargon, drawing and graphing conventions and units

· clear, simple, and unambiguous explanations employing correct grammar

· correct use of significant figures and scientific notation

· concise but full explanations

· ease of reference to different parts of the report by way of logical structure of sections

· clearly and fully labelled diagrams and graphs 

· a report layout that shows care for use of headings, subtitles and numbering of pages

Remember :

To gain a maximum mark on any criterion the report must meet the criterion on the majority of occasions or in key sections of the report.
Suggested Outline for Motion

	Lesson
	Outline
	Assigned Homework

	1+2
	Why Use Alternative Energies ?
	Questions

	3
	Understanding the pn junction
	Practical task

	4+5
	Solar Panel Materials
	Research

	6-11
	Investigating a Solar Panel
	Practical Task

	12+13
	Theory lessons
	PMB A

	14
	Catchup Lesson
	


Lesson 1 + 2
Why use Alternative Energies ?

Read Ch 18

Q1
What is the Greenhouse Effect and why is it important on Earth ?

Q2
What is the enhanced Greenhouse effect ?

Q3
What is a renewable energy source ? List 4 different renewable energy sources

Q4
What are the two reasons why we should seek to use renewable energy sources to replace fossil fuels use?

Q5
What are the advantages and disadvantages of using the renewable energy sources you have listed ?

Lesson 3
The pn Junction

To understand the operation of a pn junction

· Set up the circuit as shown with positive current into the diode as shown.

· The battery should be on 6V. Use a voltmeter to measure its actual value.
· Record the current in mA.

· Now repeat the activity with the diode in reverse connection.
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56 ohm resistor


diode
Question 1
How does the current value compare for both circuits ?

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

Question 2
Determine the resistance of the diode for both connection types. Assume Vbatt = 6 V.

Question 3
What can you conclude about the resistance of a diode in forward and reverse bias modes ?
Lesson 4 + 5
What materials make up solar cells and how do these work ?

Use the internet to find out information and produce either a:

· Powerpoint presentation

· Webpage

· Double-sided A4 brochure

This information constitutes your notes for these lessons. You need to make reference to the words in italics
· What chemical elements are combined and how are these elements configured to produce the solar cell wafers?– 

doping, semiconductors, holes, p-type, n-type, 
· What happens when p-type and n-type materials are joined together? why is this useful ?

      Diffusion, electric field, 
· how do the panels produce electricity by capturing light? conversion from light to electricity – photons, valence band, 

conduction band, band gap, electric current

· how are solar panels manufactured ?

· what are typical power outputs and efficiencies of panels ?


Assessment 

The extent to which the presentation:

1.
includes all the necessary sections outlined





3 marks

2.
provides concise and appropriate details of the relevant physics



5 marks

3.
communicates effectively to the reader by way of clear language, attractive layout

4 marks


and diagrammatic visuals










Total Marks 
=
12 marks

Lesson 6 - 11 Operation of a Solar Panel

Investigating a photovoltaic cell system – determining the IV curve and maximum power point for 3 light intensities, and the efficiency of the solar panel.

You will need the following equipment:

· the Sun
· a photovoltaic cell/solar panel
· a voltmeter, ammeter and a light meter.

· a variable resistor (with a 10 ohm protective resistor) – use a 0-100 ohm var resistor for a bright sunny day – use a 0-1000 ohm var resistor for a dull, overcast day.
In the experiment, error bars need to be recorded.
Method

PART A
· The experiment should be done outside under constant temperature and sunlight conditions – ie no clouds

· The experiment should also be performed quickly to avoid overheating of the panel that may then change the characteristics during the data-collection

· Make sure that you don’t cast any shadows or reflections over the panel during the experiment.

· Set-up the circuit below (using the middle and either outer pin of the variable resistor) in area of maximum sun


voltmeter


                                    variable resistor



                         panel

ammeter


· Once you have fixed the panel it is NOT TO BE MOVED DURING THE EXPERIMENT.
· Record the sunlight intensity using the light meter (in lux) by holding its face parallel with the face of the panel.

· Turn the axle of the variable resistor so that you can record current and voltage pairs increasing at approximately 

1 V intervals. Include uncertainties.
· Determine the short-circuit current by removing the variable resistor from the circuit and measuring the current under no load. Check that the voltage is ZERO for this measurement and add this data to your table.

· Determine the open-circuit voltage by measuring the panel voltage without the load - connecting only the voltmeter across the panel – ZERO current.

· Measure the dimensions of the panel face or a cell so as to determine its area in m2 (include errors of course)
PART B

· Repeat for a position where the panel faces away from the sun.

PART C
· Repeat for a position in the shade.

Analysis

1. Enter your data onto a spreadsheet with the voltage column first.

2. For each current-voltage pair determine the power developed by the solar panel by using the spreadsheet (P=VI)
3. For each current-voltage pair determine the load resistance developed by the solar panel by using the spreadsheet. 

(R=V/I)
4. Plot the current (A) (y-axis) vs voltage (V) (x-axis) and power (W) (y-axis) vs voltage (V) for all 3 trials – by 

producing an XY scatterplot- including error bars. You should have separate graphs with each graph showing the 


current and power developed vs voltage.

5. Locate the maximum power points produced by the panel  by determining the maximum power points for each of the 

sets of data using the graphs that you have generated. 


– determine the voltage, current, power and circuit resistance at the maximum power point.

6.
Determine the maximum power  supplied to the panel by the sunlight as follows:


Power Supplied by Sun (W) = Illuminance (lux) x Panel Area (m2)





       683

See appendix.

Questions

1. Compare the voltage (V) vs current (A) graphs for each panel position and note any differences.

2. Compare the different maximum powers, voltages, currents and external resistances for the different panel positions and comment on their comparison.

3. Comment on how power output is affected by the external resistance loaded to a solar panel.

4. Calculate the maximum output efficiency for each part as follows:

Maximum efficiency (%)
=
maximum power output of panel(W)  x 100




Power supplied by the Sun(W)

Comment on the significance of the size of the efficiency.
Lesson 12 + 13
Theory Lessons Involving Interpreting I-V Characteristics

See attached notes.

Lesson 14
Catch-up Lesson

Lesson 15
Revision

Lesson 16
Test

PMB 

Q1.
Consider the solar panel  I-V characteristic shown below.
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(a) Determine the short-circuit current.

(b) Determine the open circuit voltage

(c) Determine the power output of the panel when it operates at 10 V.
(d) determine the current, voltage and power of the maximum power point

(e) determine the resistance of the device that draws the maximum power from the panel.
(f) determine the current and voltage applied by the panel if (i) a 2 ohm resistor (ii) a 10 ohm resistor are used in conjunction with the panel. (Hint: draw the equation I=V/R for both resistors and find the operating point as the point of intersection.

(g) Draw a straight-line that passes  through (0,0) and through the maximum power point. From this line, find the resistance that corresponds to it and show that the resistance is the same value found in (e) above.

Q2. Below is an I-V characteristic for a solar panel.
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On the graph above, sketch and label the graph of the panel if it operates:

(a) at a higher temperature than the graph shown

(b) in sunlight of double the brightness than the graph shown
(c) on a much colder day than the graph shown

(d) on a day that is very overcast and the panel is in a very hot area than the graph shown.

Q3
Sketch a graph of the I-V characteristic where:

(i) the open-circuit voltage is 17.5 V

(ii) the short-circuit current is 4. 3 A

(iii) the maximum power point is at 17 V and 4.0 A

Do Q11, Q12 from pg 473.
The formulae for these 2 questions are:



Power Supplied by Sun (W)= Insolation Value (kW/m2) x Panel Area (m2) x 1000


% Efficiency of Panel = Power Output of Panel (W)   x   100



    
          Power Supplied by Sun (W)

Appendix
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http://whatis.techtarget.com/definition/0,,sid9_gci542011,00.html
lux
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The lux (symbolized lx) is the unit of illuminance in the International System of Units (SI). It is defined in terms of lumens per meter squared (lm/m2). Reduced to SI base units, one lux is equal to 0.00146 kilogram per second cubed (1.46 x 10-3 kg / s3). 

One lux is the equivalent of 1.46 milliwatt (1.46 x 10-3 W) of radiant electromagnetic (EM) power at a frequency of 540 terahertz (540 THz or 5.40 x 1014 Hz), impinging at a right angle on a surface whose area is one square meter. A frequency of 540 THz corresponds to a wavelength of about 555 nanometers (nm), which is in the middle of the visible-light spectrum. 

The lux is a small unit. An alternative unit is the watt per meter squared (W / m2). To obtain lux when the illuminance in watts per meter squared is known, multiply by 683. To obtain watts per meter squared when the illuminance in lux is known, divide by 683 or multiply by 0.00146.

In other words


Supplied Power (W)
=
Lux value
x
Panel Area (m2)
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