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“Some study Physics to learn tricks of nature so they may find out how to make things bigger or smaller or faster or stringer or more sensitive.  But a few, a very few, study Physics because they wonder – not how things work, but why they work.  They wonder what is at the bottom of things – the very bottom, if there is a bottom.”

Lewis Carroll Epstein “Thinking Physics is Gedanken Physics” (1985)

“So the principles which are set forth in this treatise will, when taken up by thoughtful minds, lead to many more remarkable results; and it is to be believed that it will be so on account of the nobility of the subject, which is superior to any other in nature.”

Galileo Galilei (1638) – his view of Physics

Here lies, Sir Isaac Newton, Knight,

who, by a vigour of mind almost supernatural,

first demonstrated the motions and figures of the planets,

the paths of the comets and the tides of the oceans.

He diligently investigated

the different refrangibilities of the rays of light

and the properties of the colours to which they give rise.

An assiduous, sagacious, and faithful interpreter

of nature, antiquity, and the holy scriptures,

he asserted in his philosophy the majesty of God,

and exhibited in his conduct the simplicity of the Gospel.

Let mortals rejoice

that there has been such and so great

an ornament of the human race.

This dedication is found on Sir Isaac Newton’s tomb in Westminster Abbey, London.

The materialists of the Nineteenth Century and the Marxist heirs of the Twentieth tried to tell us that as science yields more knowledge about the Creation, it makes us able to live without faith in a creator.  Yet so far, with every new answer we have discovered new questions.  The better we understand the intricacies of the atomic structure, the nature of life and the master plan of the galaxies, the more reason we have found to marvel at the wonder of God’s creation.  But our need for God is not based on awe alone.  Man needs faith just as he needs food, water and air.  With all the science in the world, we need faith in God.

Dr Wernher Von Braun, the great German-American scientist, who designed the V1 and V2 rockets that fell on London during the Second World War and who then went to the USA to head their space program, culminating in placing a man on the moon.

YEAR  10:  CLASSICAL  PHYSICS 

Physics is the study of how the universe works.  It is the branch of science which deals with matter and energy in their various forms.  Physicists may study the very small: such as the particles inside an atom, to the very large: such as the motion of galaxies in space.  These scientists are concerned with such topics as: motion, energy, light, sound, nuclear radiation, electricity, astronomy – the list is almost endless.

In this unit you will learn a little of the physics involved in the operation of a machine which has had a great impact on society ‑ the motor vehicle

You will be studying the physics of movement:  accelerating and stopping, the energy and power involved to make a car "go".  By looking at the motor car you will learn some of the most important laws of motion, discovered by Sir Isaac Newton, many years before the car was introduced.  You also investigate wave motion.

This Physics unit will give a clear indication of the type of work you will encounter if you decide to study Physics in Year 11 and 12.  At least level 6  or higher  in the “Energy and Change” outcomes is the recommended background for success in upper school Physics.

YEAR 10  CLASSICAL  PHYSICS  ASSESSMENT

MAJOR TESTS



Classical Physics Final Test

35%

PROGRESS TESTS – about four

20%

MAJOR PHYSICS INVESTIGATION

20%

(A lot of this will be done at home or at other non-class time)

GROUP PRESENTATION
15%

OTHER ASSESSMENTS:

10%

The remaining 10% of the marks are at the discretion of the teacher.  Suggested items that might be included are listed below:

LEVELLING ACTIVITY  IN THE “ENERGY and CHANGE” STRAND


LIBRARY or INTERNET RESEARCH ASSIGNMENT 

EXPERIMENTAL REPORTS/ QUESTIONS & PROBLEMS

ASSIGNMENTS/MINI-TESTS

POSTER











TOTAL:       100

ALL OF THE ABOVE plus the LEVELLING ACTIVITY go towards the Levels you attain in the “Energy & Change” and “Investigating Scientifically” strands.

YEAR 10  CLASSICAL PHYSICS:  

FORMULA  AND  CONSTANTS  SHEET
 MOTION
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PHYSICAL CONSTANTS:  velocity of light:                     c  =  3.00 x 108  m s-1       

                                     acceleration due to gravity:    g  =  9.80 m s-2
Prefixes of the Metric System

	Factor
	Prefix
	Symbol
	Factor
	Prefix
	Symbol

	1012
	tera
	T
	10-3
	milli
	m

	109
	giga
	G
	10-6
	micro
	(

	106
	mega
	M
	10-9
	nano
	n

	103
	kilo
	k
	 10-12
	pico
	p


CALCULATIONS  IN  PHYSICS

This is a reading exercise only. The information here will help you as you do Physics calculations. 

Read the information carefully ‑ it will be of value later.

It is difficult to learn how to solve problems in Science. Not only do you need to remember the knowledge needed to solve the problem, you also need to know how to apply the knowledge to particular situations.

Physics in particular seems to bother a lot of year 11 and 12 students ‑ have a chat to a few other students and see how they feel about it.

It is much easier to learn facts than it is to apply those facts to problem situations. The skill of applying knowledge seems to come with practice ‑ the more problems you try, the easier they become to solve.

One of the main difficulties students have with Physics problems is getting started. If you cannot get started you certainly cannot get finished, so, in the work which follows, keep this approach in mind:
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Read the question very carefully.
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Underline or highlight key words.
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List the given information in the question.
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List the unknown information the question wants you to find.
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A quick, rough sketch will help if you find it difficult to see what the question is all about.
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Look at the information and try to classify the problem as a "motion" or a

"kinetic energy" or "momentum" problem ‑ or whatever it is.
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Write down the Physics formulas you know which belong to "motion" or a "kinetic energy" or "momentum" problems ‑ or whatever. One of these will probably do the trick.
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In solving a problem, write down short phrases which explain what you are doing. For example you might write: "because kinetic energy at the bottom equals potential energy at the top... m g h = 1/2 m v2
[image: image24.png]



Always write your final answer in a complete sentence, making sure you use the correct units for whatever you have calculated.

CALCULATIONS  IN  PHYSICS

If you get stuck then:

1.
Check steps above to make sure you have all the information you need from the question, and the correct formulae.

2.
Check that you did not miss some information. For example, the initial or starting velocity of an object is often given as "object at rest" ‑ did you recognise this as an initial velocity of zero?

3. 
Check your formulae. Have you missed one? Are they correct?

4.
If you have two unknown quantities then you might have to find one first before you can find the other. Have you tried each one separately?

5.
If you have two unknowns and cannot find an equation for either, them maybe you will need to solve two equations simultaneously. See if this will work.

6. 
Try to solve the problem actively. Do not just sit there and stare at it.

7.
If you still cannot solve the problem ‑ think about it for a while ‑ go on with the next one as it might give a clue. Failing this, ask a classmate or your teacher for a clue.

And if you have had problems with calculations, then:

1. 
Revise the work which gave you difficulties.

2.
Write down why you had difficulties. This will give you a sort of check list which might help you next time you have a similar problem.

3. 
Try not to make the same mistakes again.

Okay! Now on with the work! Remember, if you run into difficulties with problems, come back to these pages to get some ideas on solving them.

ACTIVITY 1

TICKER  TIMERS
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AIM: To learn how to use a TICKER TIMER and analyse a dragstrip.
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METHOD:

1. Connect the ticker timer to the power pack and select the correct operating voltage.

2. Test the timer.  The timer arm should vibrate regularly when the switch is turned on.

3. Place the carbon disc (shiny face down) onto the ticker timer.  It should be loose enough to rotate when pushed.

4. Place a few centimetres of a 60 cm length of paper tape through the slide holder and UNDER the carbon disc.

5. Check that the timer produces a carbon mark on the tape when the circuit is closed.

6. Get one person to hold the timer firmly and a second person ready to pull the full length of the tape through the ticker timer at a steady (constant) speed.

7. Set the timer going and pull the paper tape through at a steady rate.

8. Check your tape and examine the distribution of the dots on the tape.
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ANALYSING YOUR DRAGSTRIP:

1. Select a dot as a reference dot.

2. Mark off regular time intervals along the tape by selecting an equal number of dot SPACES as shown below.
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3. Record the distances d1, d2, d3, d4 etc in a table.

4. Record the times to the points 1, 2, 3, 4 etc in the table using the method in the box above. 

	Time interval on tape
	Distance (cm)
	Time (seconds)

	0 to 1

0 to 2

0 to 3

0 to 4

0 to 5

0 to 6
	DO NOT WRITE IN               THIS SPACE
	


5. Prepare a distance-time graph from the information in the table.  Make sure it is a line graph and you draw the line or curve of best fit.

6. Describe the shape of your graph.

[image: image26.wmf]
ACTIVITY 2

UNIFORM  VELOCITY

AIM: To examine an object moving with uniform or constant velocity.

BACKGROUND: Velocity of an object is a measure of its displacement per unit time.  You should know that displacement is distance in a certain direction. e.g. 2 metres forward.
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For example if you travel the above path from A to C your distance would be 3 + 4 = 7 m, 

but your displacement from A to C would be 5 m in an approximately north-east direction.
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NOTE:  Do not confuse the symbol for displacement (s) with the abbreviation for the unit of time which is also s.
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METHOD:

1. Do some preliminary trials to make sure you can get the trolley to move at uniform velocity.

2. Feed some tape through the timer and then attach the tape to the trolley.

3. Set the timer going and give the trolley a push to move it at constant or uniform velocity.

4. Repeat with a new tape and make a tape with a greater uniform velocity.

PROCESSING OF RESULTS and QUESTIONS:

1. Select a section of about 20 cm of the tape which shows uniform velocity.

2. What do you observe about the spacing of the dots when uniform velocity is achieved?

3. Why are the dots closer together at the beginning of the tape? (and maybe closer together at the end of the tape as well?)

4. Count the number of dot spaces in a length of about 4 cm (e.g. 6 spaces)

5. Cut the uniform velocity section of the tape into pieces each with 6 dot spaces as shown below. 
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6. How do you know that the separate strips of tape represent equal time intervals?

7. Consider your strips.  How uniform or constant are the distances covered in the equal time intervals?

8. Knowing that the timer is vibrating at 50 hertz (50 times a second) work out the time interval represented by each strip.

9. Using the values for the displacement (distance in a forward direction) and the time interval for each strip calculate the uniform velocity of the trolley in metres per second.

10. Analyse the tape produced when a higher velocity was used.  What do you notice about the spaces between the dots?  Calculate the uniform velocity for this tape.

CONCLUSION: Writing an answer to the following question will serve as a conclusion for this activity.
If a body is moving with uniform or constant velocity, how is the value of the uniform velocity calculated?

CHALLENGE QUESTION FOR EXPERTS: A car travels at a speed of 31.4 m s-1 around a circular race track with a radius of 100 m.  After 10 seconds calculate its:

(a) 
average speed  using formula: average speed = distance/time

(b)
average velocity using the formula: v = displacement/time

ACTIVITY  3

VECTORS  and  SCALARS

AIM: To examine the addition of vector quantities.

BACKGROUND: 

Vectors are quantities which have magnitude (size) AND direction.

e.g. velocity:  

(20 metres per second South;  100 kph forward; 10 m s-1 down)

       force:     

(200 newtons down;  40 N  opposing motion)

       displacement:
(5 metres North;  100 km backwards;  10 m forward)  


Scalars are quantities which have magnitude (size) but NO DIRECTION.

e.g. speed:  
(20 metres per second;  100 kph; 10 m s-1)

      mass:   
(200 kg;  5 tonne;  350 g)

      temperature:    
(20.0oC;  100oC)

      distance:          
(5 metres;  100 km;  10 m) 


METHOD:
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Try this with two spring balances, linked together.
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(
1.
What can you say about the forces acting at point O, in terms of their magnitude (size) and their direction? 

(
2.
What is the magnitude  of the NET or RESULTANT force acting at point O?

Repeat with two spring balances, pulling parallel, against a third spring balance
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(
3.
When the point O is in equilibrium, what do you notice about the total force to the left compared to the total force to the right?

It appears that two forces acting in the same direction can be added arithmetically to find their total effect.

e.g   Ten slotted weights hanging from a spring balance will show twice the reading of five slotted weights, because the weight forces are in the same direction.

Similarly, two forces acting in opposite directions can be subtracted arithmetically to find their net effect.  The direction of the net force will be the same direction as the greatest of the two forces.

e.g.  In a Tug-of-War contest between team 1 that is exerting a force of 4000 N and team 2 with a force of 5000 N, team 2 wins because the net force is 1000 N in the direction that team 2 is pulling.

The NET force is called the RESULTANT, which is usually defined as that single force which has the same effect as two or more other forces.

Vectors are usually represented by arrows where the length of the arrow indicates the magnitude and the arrow indicates the direction of the vector.
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Therefore the resultant is:

QUESTIONS:

1. What is the total thrust (force) given to a space shuttle if each of the five engines exerts 6 675 000 N at lift-off?

2. What is the resultant force on the space shuttle, at lift-off, if its total weight is approximately 29 400 000 N??

CHALLENGE QUESTION FOR EXPERTS: 

Background information: 

Addition of two or more vectors not acting in a straight line can be found using the “Head to Tail Method” 
Rules for Head to Tail Method:

1. Put all vectors head to tail by drawing a scale diagram.

2. To find the RESULTANT vector draw a line from the tail of the first vector to the head of the last vector.  This remaining side of the triangle (if only two component vectors are given) is the resultant.

Petria Thomas dives into a stream and starts swimming at right angles to the bank with a velocity of 1.50 m s-1.  If the stream has a velocity of 4.00 m s-1 find her resultant velocity by:  (a) using a scale diagram and 

(b) using Pythagoras to find the magnitude and a trigonometric ratio to find the direction.

ACTIVITY 4

MOTION  GRAPHS

AIM: To become familiar with some types of motion graphs.

MOTION GRAPHS

Drawing graphs and being able to interpret them is a very important skill in Physics.

There are two main types of motion graphs:


1.
Displacement (Distance) versus Time graphs


2.
Velocity (Speed) versus Time graphs.

DISPLACEMENT ‑ TIME GRAPHS (
SOME QUESTIONS FOR YOU TO DO

1. The following data was collected from a car travelling along a straight road.

	Time (s)
	0
	1
	2
	3
	4

	Displacement (m)
	0
	2
	4
	5
	8


• Construct a displacement ‑ time graph for the above data.

  This means that displacement is on the vertical axis and time is on the horizontal axis.

• Calculate the slope of the graph.

• What are the units for the slope?

• What does the slope of a displacement‑time graph represent?

2. Look at the graph below and answer the following questions:
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QUESTIONS FROM THE GRAPH:  (
1. What is the displacement of the object after 14 seconds?
2. What is happening between C and D?
3. Find the velocity of the object between points:
(a)
     A and B

(b)
B and C
(c)
C and D
(d)
     D and E

(e)
E and F
(f)
F and G

4. Describe in your own words the motion or otherwise of the object from point A to G.

VELOCITY ‑ TIME GRAPHS (
[image: image124.jpg]
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The graph above represents the motion of two different moving vehicles on the same graph.

QUESTIONS CONCERNING GRAPH CD:  (
1. What is the velocity after 2 seconds?

2. What is the velocity after 5 seconds?

3. How would you describe the motion of the vehicle?

QUESTIONS CONCERNING GRAPH AB:  (
1. What is the velocity after 2 seconds; 3 seconds; 4 seconds and 5 seconds?

2. How much does the velocity increase each second?

3. Calculate the slope of the graph.

4. Describe the motion of the vehicle from A to B.

5. What ONE WORD starting with “a” could describe the motion.

6. What does the slope of a velocity-time graph represent?  (One word answer.)

7. What does the area under a velocity-time graph represent?  ( Hint: If you multiply velocity units (m s-1) by time units (s), what units do you get?

8. What distance does the vehicle travel in the first four seconds?

 ACTIVITY 5

UNIFORM   ACELERATION

AIM: To examine the motion of an object with changing velocity. i.e. the object is accelerating.

BACKGROUND: 

If the velocity of an object is increasing it is undergoing acceleration. 

If the velocity of an object is decreasing it is undergoing deceleration or negative acceleration or braking.

If the velocity of an object is constant in magnitude BUT its direction is changing it is undergoing acceleration.
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METHOD:

1. Set up the equipment as shown in the sketch below.
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2. Use enough weights so that the trolley accelerates steadily from rest (about 200 g should be enough).

3. Set the timer going and record a tape for the acceleration of the trolley

PROCESSING OF RESULTS and QUESTIONS:

1. Choose a suitable time interval to cut off 5 or 6 strips, with a maximum length of approximately 6 cm for the longest strip.  See the example below:
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2. As the length of each strip is a measure of the distance travelled in equal time intervals, the heights measure the velocity for each time interval.

3. What general change occurs in the velocity during each successive time interval?

4. Draw a smooth line (or curve) as close as possible to the top dots of each strip. (see example above)  You now have a velocity-time graph.

5. What does the slope of the velocity-time graph represent?

6. If the experiment was repeated with about double the weight pulling the trolley.

(a) Would the acceleration be the same, larger or smaller than the first experiment?

(b) How would the slope of the velocity-time graph compare with the previous graph?

7. Write down a definition of acceleration.

[image: image130.wmf]m

1

a

µ

[image: image131.wmf]m

F

a

=


[image: image132.wmf]ma

F

=

[image: image133.wmf]t

mu

mv

F

-

=


[image: image134.wmf]t

mu

mv

F

-

=


ACTIVITY  7

VELOCITY  vs  TIME  GRAPHS

AIM: To describe the motion of different vehicles.

BACKGROUND: 

We found during a previous activity that the slope of a velocity-time graph gives us information about the size of the acceleration.

METHOD:

1. The graphs below describe the motion of different vehicles.  For each of these graphs, describe the motion that is taking place.

[image: image135.wmf]ma

F

=

[image: image136.wmf]t

)

u

v

(

m

t

mu

mv

F

-

=

-

=


[image: image137.wmf]t

u

v

a

-

=

[image: image138.wmf]ma

F

=

[image: image139.wmf]ma

F

=

[image: image140.wmf]t

mu

mv

F

-

=



CHALLENGE QUESTIONS FOR EXPERTS: 

1. The slope of a velocity-time graph represents what quantity?

2. The slope of a displacement-time graph represents what quantity?

3.
Draw the velocity-time graph for:

(a) 
A car rolling down a hill (starting from rest) then up an equally steep hill (ignore friction)

(b)
A ball bouncing on a hard surface a number of times, and eventually coming to rest.

4.
Draw the displacement-time graph for:

(a) 
A yo-yo.  Take time zero when the yo-yo is dropped from the hand.  Assume the yo-yo falls under gravitational force only and frictional forces are very low.

(b)
A car approaches a red traffic light, stopping at the light and moving away again when the light changes to green.
ACTIVITY 8

FORCES

AIM: To revise what you know about forces.

BACKGROUND: 

            [image: image30.jpg]Keeping going
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What gets a car or bike moving?  Why does it then keep moving? How do we stop it?

You already know, of course, that if you want something like a wheelbarrow to move you need to push or pull it. We call this push or pull a FORCE.

Forces are also required to get a motor car moving or, in fact, to get any object moving. Once this object is moving, the application of additional force is required to make the object go faster or slower or to change the object's direction.

You also know from experience that it if you want to stop something that is moving, say a heavily laden supermarket trolley. a push or a pull also has to be exerted or it will keep rolling.

Thus, a force is also involved in stopping something that is moving.

When a force acts on an object it can (or at least tries to) ‑
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(i) 
change its velocity; (i.e. causes an acceleration)

(ii) change its direction;

(iii) 
change the shape of the object.
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METHOD:
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ACTIVITY 9

INERTIA
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( CHALLENGE QUESTIONS FOR EXPERTS: 

Imagine, for example, that you are sitting in a stationary vehicle when a fast‑moving vehicle runs into the back of you.  

Imagine further that your seat has no head restraint.

[image: image148.jpg]
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Let's see how this can be applied to the road situation:

1. What happens to the passengers in a stationary vehicle when it is hit from behind by another car?

2. What design feature of modern cars reduces the risks of serious injury from this type of collision?

3. Explain why the passengers standing in the aisle of a bus are forced towards the back when it lurches forward on starting off.

4. Why should cargo carrying vans always have a strong barrier between the load and the driver’s cabin?

CONCLUSION:  (  Copy and complete the statement below concerning INERTIA.

Inertia refers to the reluctance of an object to alter its state of _________ .  

That is, an object which is stationary tends to remain ______________ , but a moving object tends to keep ___________ .

Inertia is directly related to the ______ of the object.
ACTIVITY 10
NEWTON’S  FIRST  LAW  OF  MOTION   

AIM: To use Newton’s First Law of Motion to explain various motions.

BACKGROUND: The relationship between forces and the way objects move was described clearly for the first time by Sir Isaac Newton in his three Laws of Motion.

NEWTON’S  FIRST  LAW  OF  MOTION  states:

[image: image149.png]



METHOD:  Consider the following situations and answer the questions below.
SITUATION  1:
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SITUATION  2:
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MORE QUESTIONS ON NEWTON’S FIRST LAW OF MOTION:

3. If Newton’s First Law is correct, why do cars slow up and stop if their motors are switched off?

4. What unbalanced force causes falling objects to accelerate?

5. Comment on this statement:  “the driver of the car was thrown forcibly forward when his car hit a tree.”
6. Once they had reached “escape velocity” astronauts required very little extra fuel to reach the moon even though they travelled about 400 000 km.  What is the reason for this fact?

7. Why is it considered necessary to wear seat belts.

8. A balloon filled with helium is floating inside a car attached to a string.  When the car accelerates, what will happen to the balloon?  Explain your answer.

9. When you throw a softball or kick a football the ball goes on a curved or parabolic path.  Give a reason for this fact.

10. Which string breaks when: 
(a) a sharp tug is given to string 2?

[image: image159.jpg]


                  



(b) string 2 is pulled slowly?

ACTIVITY 11

MOMENTUM
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ACTIVITY 12  NEWTON’S  SECOND  LAW  OF  MOTION   

AIM: To use Newton’s Second Law of Motion to explain various motions.

BACKGROUND: The relationship between forces and the way objects move was described clearly for the first time by Sir Isaac Newton in his three Laws of Motion.

NEWTON’S  SECOND  LAW  OF  MOTION  states:
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METHOD:  Consider the following situations and answer the questions below.
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1. ( How do they achieve it?
2. ( In terms of Newton’s Second Law, would the best pole vaulters be large and heavy, or thin and wiry?
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1. ( Why is minimum mass needed?
2. ( How is this achieved?
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1. (  Why does the space shuttle have rockets attached to the shuttle which can be ejected from the shuttle as the fuel in each rocket is used?
2. (  If a rocket uses 12 000 kg of fuel each second to provide a constant thrust, why does acceleration increase?
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( MORE QUESTIONS ON NEWTON’S SECOND LAW OF MOTION:

1. What force is required to accelerate a 1.2 kg trolley at 3.0 m s-2?

2. What force accelerates 15 kg at 1.5 m s-2?

3. What force is required to accelerate a mass of 8 kg from rest to 25 m s-1 in 5 seconds?

4. What force is needed to decelerate a car of mass 1 tonne (1000 kg), from 15 m s-1 to rest in 2 seconds?

5. What acceleration is given to a mass of 14 kg by a force of 98 N?

ACTIVITY 12.1  COMPUTER BASED LABORATORY WORK DEMONSTRATION

ACCELERATION DUE TO GRAVITY (USING PHOTOGATE)

AIM:  To determine the acceleration due to gravity by measuring the motion of a freely falling ‘picket fence’ dropped through a photogate.

[image: image170.wmf]BACKGROUND:


Over twenty-two centuries ago, the Greek philosopher Aristotle proposed that there is a natural force that causes objects to fall towards the centre of the Earth.  He called this force “gravity”.  In the 1600’s, the English scientist Sir Isaac Newton was able to show that gravity is a universal force that extends beyond the Earth.  It is the force that causes the moon to orbit the Earth and the Earth to orbit the Sun.


When an object is in free fall, it means that the only force acting on it is the force of gravity.  As an object falls freely, it accelerates.  For a falling object near the surface of the Earth, the rate of change of the velocity is a constant value.  This value is the acceleration due to gravity, and it is given the symbol g.  

This value is approximately g = 9.8 m s2.

If you ignore air resistance, a falling object accelerates as if it is in free fall.  You can measure the motion of the falling ‘picket fence’ to find the value of the acceleration due to gravity.

For You To Do

Drop a “picket fence” (a clear plastic strip with uniform spaced opaque bands) through a photogate.  Each opaque band on the “picket fence” blocks the photogate beam and the time from one blockage to the next becomes increasingly shorter.  Knowing the distance between the leading edge of each opaque band, the Data Studio program calculates the average speed of the “picket fence” from one band to the next.  The slope of the graph of average speed versus time gives the acceleration of the falling object.

EQUIPMENT:
	· Laptop computer
	· picket fence (plastic)

	· Data logging interface
	· stand and clamps

	· photogate
	


METHOD:
PART 1: Computer and Data Logger Setup 
[image: image171.wmf]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface and then turn on the computer.

2.
Connect the Photogate’s stereo phone plug to Digital Channel 1 on the interface.

3.
Open the activity titled P05 Free Fall in Physics Labs which should be on the desktop of the computer.


•
The DataStudio document has a Workbook display. Read the instructions in the Workbook.

PART 2: Sensor Calibration and Equipment Setup
[image: image172.wmf]•
You do not need to calibrate the Photogate. 
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1.
The program assumes a 5 cm (0.05 m) spacing, leading-edge-to-leading-edge, for the opaque bands on the Picket Fence. To change the default setting to another value, double-click on the Photogate & Picket Fence icon in the Experiment Setup window to open the Sensor Setup window. Enter the correct value for the spacing of the opaque bands on your Picket Fence. Click OK to return to the Experiment Setup window.

2.
Set up the equipment as shown. Mount the Photogate on the Pulley Mounting Rod. Turn the Photogate head sideways so that you can drop a Picket Fence vertically from above the Photogate and have the Picket Fence move through the Photogate’s opening without hitting the Photogate. 

Trial Run of Data

1.
Before recording data for later analysis, experiment with the Photogate and Picket Fence.

•
It is recommended that an old article of clothing, carpet sample, or piece of cardboard be placed on the floor directly below the Photogate, so the Picket Fence has a soft place to land. 

2.
When everything is ready, start recording data. Drop the Picket Fence vertically through the Photogate. Data recording begins when the Photogate beam is first blocked. Stop the recording once the Picket Fence has passed completely through the Photogate. 

3.
Rescale the data to fill the Graph window. 

4.
Erase your trial run of data. 

PART 3: Data Recording
1.
Prepare to drop the Picket Fence through the Photogate beam again. Hold the Picket Fence at one end between your thumb and forefinger so the bottom edge of the Picket Fence is just above the Photogate beam.

2.
Start recording data and then drop the Picket Fence through the Photogate beam. Remember, data collection begins when the Photogate beam is first blocked.

3.
After the Picket Fence passes completely through the beam, stop recording.

Analyzing the Data
1.
Set up your Table display so it shows the values of position, velocity, and acceleration.

2.
If necessary, rescale the Graph to fit the data.

3.
Examine the plot of Velocity versus Time in the Graph display. Determine the slope of the ‘best fit’ line for velocity versus time.

•
Hint: In DataStudio, select ‘Linear’ from the ‘Fit’ menu ([image: image37.png]


).

4.
Apply Statistics to each column in the Table display to determine the ‘Mean’ value of acceleration. 

•
Hint: In DataStudio, select ‘Mean’ from the ‘Statistics’ menu ([image: image38.png]


).

5.
Record the value for the Mean of the acceleration, and the slope of the velocity vs. time. 

Record your results in the table below.

	Item
	Value (m s-2)

	slope of velocity versus time
	

	acceleration (mean or average)
	


QUESTIONS:

1.
How does the slope of your velocity versus time graph compare to the accepted value of the acceleration of a free falling object (g = 9.8 ms-2)? 

•
Reminder: percent difference = 
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2.
How does the mean of the acceleration from the table compare to the accepted value of the acceleration of a free falling object (g = 9.8 m s-2)?

3.
What factors do you think may cause the experimental value to be different from the accepted value?

ACTIVITY 12.2 COMPUTER BASED LABORATORY WORK DEMONSTRATION

ACCELERATION DUE TO GRAVITY (USING MOTION SENSOR)

AIM:  To determine the acceleration due to gravity by measuring the time of fall of a ‘picket fence’ dropped through a photogate.

[image: image174.wmf]
BACKGROUND:

[image: image175.wmf]
Over twenty-two centuries ago, the Greek philosopher Aristotle proposed that there is a natural force that causes objects to fall towards the centre of the Earth.  He called this force “gravity”.  In the 1600’s, the English scientist Sir Isaac Newton was able to show that gravity is a universal force that extends beyond the Earth.  It is the force that causes the moon to orbit the Earth and the Earth to orbit the Sun.


When an object is in free fall, it means that the only force acting on it is the force of gravity.  As an object falls freely, it accelerates.  For a falling object near the surface of the Earth, the rate of change of the velocity is a constant value.  This value is the acceleration due to gravity, and it is given the symbol g.  

This value is approximately g = 9.8 m s2.

If you ignore air resistance, a falling object accelerates as if it is in free fall.  You can measure the motion of the falling ball to find the value of the acceleration due to gravity.

	Equipment Needed
	Qty
	Other
	Qty

	Laptop computer
	1
	Base and Support Rod 
	1

	Data logging interface
	1
	Ball, rubber
	1

	Motion Sensor 
	2
	Metre rule
	1


	SAFETY REMINDER.

•
Follow directions for using the equipment.
	[image: image40.wmf]


For You To Do

Use the Motion Sensor to measure the motion of a ball as it falls and bounces. Use DataStudio to record and display the position and velocity of the ball. Examine the slope of the line on a velocity versus time graph to find the acceleration of the ball. 

About the Motion Sensor

[image: image176.wmf]The Motion Sensor sends out pulses of ultrasound and picks up the echoes of ultrasound that bounce back from objects in front of it. 

The software program keeps track of the time when the pulses go out and the time when the echoes come back. One-half of the round trip time is the time that it took for the ultrasound to reach the object. Since ultrasound travels at the speed of sound, or about 344 metres per second, the program figures out how far away the object is as follows:




The speed of sound through air depends on several factors, including the temperature of the air. Because the temperature of air can change, the speed of sound can change. You can calibrate the Motion Sensor so it uses an accurate measurement of the speed of sound.

PART 1: Computer Setup 
1. [image: image177.wmf]Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Plug the modular connector on one end of the interface cable into the side of the Motion Sensor. Connect the stereo phone plugs of the Motion Sensor to Digital Channels 1 and 2 on the interface. Connect the yellow plug to Digital Channel 1 and the other plug to Digital Channel 2.

3.
Open the activity titled P06 Gravity in Physics Labs which should be on the desktop of the computer. 


•
The DataStudio document has a Workbook display. Read the instructions in the Workbook. 

•
The Trigger Rate for the Motion Sensor is 60 times per second (60 Hz).

PART 2: Sensor Calibration and Equipment Setup
Sensor Calibration

[image: image178.wmf]•
Calibrate the Motion Sensor so it can use an accurate measurement of the speed of sound in air. You will need a metre rule and a flat surface that can be used as a target to reflect the pulses from the Motion Sensor. 

Set Up the Sensor

1.
Place the Motion Sensor so it is exactly one metre away from a flat surface that can reflect the pulses from the Motion Sensor.

•
For example, put the Motion Sensor on a support rod near the edge of a table. Aim the Motion Sensor so it sends pulses down to the floor. If the floor has a rug or carpet on it, put a flat, smooth piece of wood or some other flat surface on the floor directly below the Motion Sensor.

•
NOTE: Remove the metre rule after you use it to measure the distance from the Motion Sensor to the reflector.

Calibrate the Software

2.
In the Experiment Setup window, double-click the sensor’s icon. 

•
Result: In DataStudio, the Sensor Properties window opens. 

Click the ‘Motion Sensor’ tab. Result: The calibration window opens and the sensor begins to click a few times per second.
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3.
Calibrate the software.

•
First, make sure that the sensor is one metre from the target. 

•
Second, click the ‘Calibrate’ button in the Motion Sensor window. Result: The software calculates the speed of sound based on the calibration distance (one metre) and the round trip time of the pulse and echo 

4.
Click ‘OK’ to return to the Experiment Setup window.

Equipment Setup

[image: image180.wmf]•
Make sure that the floor is level. 

1.
Put a base and support rod near the edge of a table. Mount the Motion Sensor on the support rod so the Motion Sensor is aimed downward at the floor. 

2.
Adjust the position of the Motion Sensor on the support rod so that there is about 1.5 metres between the Motion Sensor and the floor. 

PART 3: Data Recording
1.
Prepare to drop the ball so it falls straight down beneath the Motion Sensor. Hold the ball between your finger and thumb under the Motion Sensor no closer than 15 cm  below the Motion Sensor. 

2.
Start recording data. (Hint: In DataStudio, click ‘Start’.)  Drop the ball and let the ball bounce several times.

•
NOTE: Be sure to move your hand out of the way as soon as you release the ball.

3.
After the ball bounces several times on the floor, stop recording data. 

PART 4: Analyzing the Data

[image: image181.wmf]•
The position plot of the Graph shows a “mirror image” of a ball bouncing on a flat surface. The velocity plot shows a “sawtooth” pattern. Notice in the velocity plot that the velocity of the ball is positive for part of the time and negative for part of the time. The Motion Sensor records motion away from it as positive and motion towards it as negative.

[image: image182.wmf]1.
In the plot of Velocity versus Time, use the cursor to click-and-draw a rectangle around a region that is relatively straight.

2.
Use the Graph display’s built-in analysis tools to determine the slope of the region you selected.

•
Hint: In DataStudio, select ‘Linear’ from the ‘Fit’ menu ([image: image41.png]


).

3.
Record the value of the slope of this region. This is the value for the acceleration due to gravity of the falling object.

•
Hint: In DataStudio, the slope appears in the ‘Fit’ window.

[image: image183.wmf] 




Record your results in the table below.

	Item
	Value (m s-2)

	‘g’ (slope of velocity versus time) 

	


QUESTIONS:

1.
How does the slope of your velocity versus time graph compare to the accepted value of the acceleration of a free falling object (g = 9.8 ms-2)? 

•
Reminder: percent difference = 
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2.
What factors do you think may cause the experimental value to be different from the accepted value? 

ACTIVITY 13
FORCE  AND  WEIGHT   

AIM:  To realise that weight is a special force.

[image: image184.wmf]All bodies near the earth’s surface accelerate downwards at the same rate.  

Freely falling bodies (on Earth and neglecting air friction) accelerate at 9.8 m s-2.

We also know that from Newton’s Second Law, to accelerate a body, a force must act on it.  Thus the force of gravity on a body can be calculated using  
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, because we know the acceleration that gravity would produce in the mass when it falls.

(
1. Using 
[image: image44.wmf]ma
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 what gravitational force acts on a mass of 1 kg?
2. What mass has a gravitational force of 1 N acting on it?
Whether an object is actually accelerating downwards in free fall, or is stationary, the force due to gravity still acts on it.

This force is the WEIGHT of the body.

Weight is often calculated using 
[image: image45.wmf]mg
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  where g is the acceleration due to gravity.

3. What is the value of g near the earth’s surface?
4. How does this value of g compare with the value at an altitude of 100 km?
Some spring balances and scales are calibrated in grams and kilograms.  You should realise that devices which use springs, measure FORCE, because the springs are stretched  by the force of gravity acting on the body being weighed.

Hence a person recording 59 kg on such a balance weighs about 590 newtons.  

Their mass is 59 kg.

5. At the earth’s surface, an object, weighed on a spring balance, registers 50 N.  What is its approximate mass?
6. How did this help athletes at the Mexico Olympic Games (Hint: Mexico City is well above sea level)
7. If you were standing on bathroom scales in a lift, would they read more, less, or the same, as your weight, when the lift is:
(a) accelerating up?



(b)   accelerating down?

(c)   decelerating up? 



(d)   decelerating down?

(e)
  moving up at constant velocity?

(f)    moving down at constant velocity?

(g)   the cable breaks and the lift falls freely down?

ACTIVITY 14
NEWTON’S  THIRD  LAW  OF  MOTION   

AIM:  To:

· identify action-reaction force pairs; 

· understand applications of Newton's Third Law of Motion.



      [image: image46.jpg]w“\\



       

 
 
  

BACKGROUND:
Newton's Third Law of Motion states that for every action done by a force, there is an equal and opposite reaction by another force. 

Forces always occur in pairs; one force is called an action force and the other is called the reaction force. In the rocket launch, the action force is caused by the gaseous products from the reactions in the rocket “motors”.  The gaseous products cause pressure to build inside the rocket, eventually pushing the gases downwards.  A result of this action is the movement of the rockets in the opposite direction.  This movement is caused by the reaction force that stems from the original action.  

There are many other examples of force pairs in everyday life.  

· When you walk, your feet push on the ground with a force.  In return, the ground pushes on you with an equal force, propelling you forward.  

· A plate resting on a table exerts a downward force on that table due to gravity. In return, the table exerts an upward normal force on the plate.

· A gun fires a bullet forwards.  In return the bullet exerts a recoil force on the gun.

In this activity, you are asked to explore two different action-reaction pairs. 

Part 1 involves the motion of a balloon along a piece of fishing line. If an inflated balloon is caused to release its air slowly, the force of the air leaving the balloon will result in a reaction force, which launches the balloon forward. 

In Part 2, you will combine Alka Seltzer tablets and water in a sealed Kodak film canister. This combination will produce carbon dioxide, which will force the lid from the canister. The forward motion of the lid will induce a backward reaction motion of the canister. However, part two involves a second canister, which will move as a result of the initial action, allowing it to be more visible.  You should try each of these experiments a few times to completely conceptualise action-reaction force pairs.   

EQUIPMENT:
	· Safety goggles 
	· Towel/sponge 

	· 2 metre rules 
	· Long, cylindrical balloon (average size) 

	· 3 empty Kodak 35 mm film canisters 
	· Sticky tape 

	· 2 Alka Seltzer tablets 
	· 1 plastic straw 

	· One washer 
	· Fishing line (5 m) 

	· 2 chairs or lab stools 
	

	· Water, 100 ml 
	


METHOD:
Part 1
1. Cut a long piece of fishing line (5 m). 

Tie one end to the leg of a stool or chair. 

2. Inflate the balloon. While one person holds the opening closed, tape a straw to the balloon parallel to its length. 

3. Feed the fishing line through the straw, and tie that end to the leg of another stool or chair approximately 5 m from the first. 

4. Hold the inflated balloon near one stool, with the opening facing the stool, and release it. 

5. Repeat this three times, each time trying to make the balloon travel further along the fishing line. 

[image: image47]
Part 2

1. Place the two metre rules side by side on the bench with a small gap between them like a slot car racing track.  Make sure that both ends of the track are pointing away from people. 

2. Place an empty film canister, with its cap, on the track. It should fit cleanly between the two rails of the track. 

3. Pour water in another canister to a depth of about 0.5 cm. 

4. Place 1/3 tablet of Alka Seltzer into the canister and shake it for a second or two. 

5. Quickly place the canister on the track so that the caps of the two canisters are touching. Step back. The "loaded" canister should explode, pushing on the empty canister. 

[image: image48.png]



6. If the canister does not fire within two minutes, carefully lift it from the track and slowly release any internal pressure. Load another film canister and repeat. 

7. Measure the distance travelled by the bullet (empty canister) and the cannon (full canister).  Put the data in the data table (see below). 

8. Fill the empty canister with water and place it on the track. 

9. Reload the canister acting as a cannon as described in steps 3 and 4.  Place it quickly on the track and step away. 

10. Measure the distance travelled by the bullet (canister + water) and the cannon. 

11. Pour the water out of the bullet canister and place the weight or washer inside.  Place the canister on the track. 

12. Repeat step 9.  Measure the distance travelled by the bullet (canister + weight) and the cannon. 

 [image: image49]
PROCESSING OF RESULTS and QUESTIONS:

		Distance travelled by bullet (cm)

	Distance travelled by cannon (cm)


	Trial I (empty bullet) 

		
	Trial II (canister + water) 

		
	Trial III (canister + weight) 

		

	Questions: 
1. Explain what caused the balloon to move across the room in Part 1 in terms of Newton's 3rd Law.  Identify the force pair in this situation.

 

 

2. What caused the "bullet" canister to move in Part 2?  Identify the force pair.

 

 

3. Explain the difference in the distance travelled by the "bullet" in each of the three trials. Compare this with the distance travelled by the "cannon".

 

 

4. Cannons that fire bullets are always very massive in comparison with the bullet.     Explain why this is necessary. 

 

 

5. Identify the action-reaction pairs in the following situations:

a. A man steps from his boat to the dock. 

b. A textbook rests on a school desk. 

c. A tennis racket contacts a tennis ball. 





  

ACTIVITY 15
WORK  AND  ENERGY   

AIM: To have a clear understanding of what scientists mean by WORK and ENERGY.

BACKGROUND: In science some words such as WORK have very specific meanings which are different to everyday use.

Work is done when a force moves something in the direction of the force.

W    =   F   x   s   where 
W represents the Work done in joules (J)


F  represents the Force in newtons (N)


s  represents the displacement in metres (m) 






Note:  F and s must be in the same direction.

Work is a measure of the amount of energy that is transferred from one place to another.  

e.g. lifting a weight vertically.

When an object like the weight bar has work done on it, then the weight bar gains energy. 

If an object (like a weightlifter) does work she “loses” some of her energy.

 

OR  

Work is a measure of the amount of energy that is transformed from one form to another.

e.g.  Work is done when chemical energy in a battery is transformed into electrical energy. 




EXAMPLE: Consider the work done when the weightlifter lifts a 200 kg mass above their head (a total distance of 2 m).  Then she holds it there for a short time and then carries it above her head a horizontal distance of 1.5 m.

WORK DONE LIFTING THE MASS

W = F  s   Because the force being applied is equal to the weight of the bar then F = mg

Therefore   W = m g s = 200 x 9.8 x 2  =  3920 J

WORK DONE IN HOLDING THE MASS ALOFT

While holding the mass aloft the force is still acting but there is NO CHANGE in the masses displacement.

Therefore  W = m g s = 200 x 9.8 x 0  =  0 J
WORK DONE IN TRANSFERRING THE MASS 1.5 m HORIZONTALLY

The displacement of the masses is 1.5 m horizontally.

The force is upwards.  

Because there is NO DISPLACEMENT IN THE DIRECTION OF THE FORCE there is NO WORK DONE. (assuming no frictional force)


For scientists, work is the product of a force acting through a distance.  In the example shown in the photo, an aircraft which is acted on by a force (F) from time (t) equals zero to some later time moves some distance (s).  The work done on the aircraft during this time is F times s.  

In our simple example, the force is a constant value aligned with the displacement of the aircraft.  It is important to note that work is only done on (or by) the component of the force along the path. 

Using a cruising aircraft as another example, the lift is defined to be the force perpendicular to the flight path.  Lift does no work on a cruising aircraft because the displacement is perpendicular to the force.  

Similarly, if an aircraft was stopped at the end of the runway with the brakes on and the engines at full throttle, the engines do no work on the aircraft because the displacement distance is zero.

ENERGY:

Energy is best defined as the ability to do work.

Energy cannot be directly observed, it can only be measured or observed when it is transferred from one place to another OR transformed from one form to another.
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KINETIC ENERGY:
Kinetic Energy (EK) is the energy possessed by any moving object.

e.g. A car has kinetic energy when it moves.

POTENTIAL ENERGY:

Potential Energy (EP) is the energy possessed by an object due to its position or condition.

It appears as stored energy.

e.g. 

1. A brick raised above the ground has the ability to do work when it is dropped.  It has gravitational potential energy.  Commonly called potential energy.

2. The petrol in a car has the ability to release heat when it is burnt.  It has chemical potential energy.  Commonly called chemical energy.

3. A stretched rubber band has potential energy.

METHOD: ( Using the following important energy and work formulae answer the questions below. See the sheets on Calculations in Physics if you want assistance with calculations. 

1. What is energy?
2. What is kinetic energy?
3. What is potential energy?
4. What is work?
5. What are some energy changes occurring on a slide and on a swing?

6. A 204 kg oil drum is rolled onto the back of a utility 1.0 m above the ground. Calculate the potential energy acquired by the drum.
7. The gain in potential energy of an aircraft after take-off is 5 x 108 J.  What is its height above the ground if its mass is 10 000 kg?
8. Calculate the kinetic energy of a mass of 20 kg moving at 4 ms-1.

9. A body accelerates at 5 ms-2 for 20 seconds from rest.  If the increase in kinetic energy is 2 500 J find the mass of the body.  

[Hint:  First find v by rearranging the formula 
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10. An object of mass 10 kg is moving at 20 ms-1.

(a)  What is its kinetic energy?


(b)  If it is now accelerated by a force so it reaches a velocity of 50 ms-1, what will be the increase in kinetic energy?

11. Find the work done when a box is pushed 10 m across a floor with a constant speed against a frictional resistance of 24 N.
12. How much work is done in changing the velocity of a vehicle of mass 2000 kg from 10 ms-1 to 40 ms-1 if the change occurs over 200 m. [Hint: kinetic energy is changing]
13. 100 J of energy are used to move a stationary box of mass 10 kg through a distance of 15 m in 5 seconds.  Find the force used. 
14. How much work does a 60 kg man do against gravity when he climbs a 700 m high hill?
CHALLENGE:

15. A body of mass 50 kg moving at 10 ms-1 is brought to rest by a constant force in a distance of 5.0 m.  Calculate the work done by the force. [Hint: First find a by rearranging the formula 
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ACTIVITY 16
  CONSERVATION  OF  ENERGY   

AIM: To have a clear understanding of the LAW OF CONSERVATION OF ENERGY.

BACKGROUND: 
According to the LAW OF CONSERVATION OF ENERGY:


[image: image54.png]



THE MOTION OF A SIMPLE PENDULUM ILLUSTRATES THE LAW OF CONSERVATION OF ENERGY.

PROOF:

Consider a simple pendulum as shown in the diagram above.

Energy Conservation at Point A:

At point A the velocity of the bob of the pendulum is zero.

Therefore, kinetic energy (EK) at point A = 0.

Since the bob is at a height (h), the potential energy (EP) will be a maximum. i.e. EP = m g h

Energy Total = EK  +  EP
Energy Total   = 0    +  m g h 

Energy Total   = m g h

This shows that at point A the total energy = potential energy

Energy Conservation at Point M:

If we release the bob of the pendulum from point A, the velocity of the bob gradually increases, but the vertical height of the bob will decrease from point A to point M.  At point M the velocity will be at a maximum and the height will be zero.

Therefore, kinetic energy (EK) at point M = maximum = ½ mv2 but EP = 0.

Energy Total = EK       +   EP
Energy Total   = ½ mv2  +    0 

Energy Total   = ½ mv2  

This shows that the EP at point A is completely converted into EK at point M.

That is, EP at point A = EK at point M

Energy Conservation at Point B:

At point M the bob of the pendulum will not stop, but due to inertia, the bob will move towards point B.  As the bob moves from point M to B, its velocity gradually decreases but the vertical height increases.  At point B the velocity of the bob is zero and the vertical height is h.

Therefore, kinetic energy (EK) at point B = 0 but EP = maximum.

Energy Total = EK    +     EP
Energy Total   = 0      +    m g h 

Energy Total   = m g h

This shows that at point B the total energy is again potential energy.

This  LOSS IN POTENTIAL ENERGY  =  GAIN IN KINETIC ENERGY  idea can be used to solve many motion problems.

TYPE EXAMPLE:

A stone is thrown vertically upwards at 10 ms-1.  How high will it go?

v = 10 ms-1       From the Law of Conservation of Energy
g = 9.8 ms-2
EK at bottom  =  EP at top

h = ?
½ mv2        =   m g h


Rearranging equation gives: 
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METHOD: ( Using the conservation of energy concept to answer the questions below. See the sheets on Calculations in Physics if you want assistance with calculations. 

1. Find the kinetic energy gain of a 10 kg object falling through 8 metres.
2. A stone is dropped down a vertical shaft and has 200 J of energy just before impact with the bottom.  If the mass of the stone is 0.5 kg find the depth of the shaft.
3. What is the maximum height that a 0.5 kg ball will reach when thrown vertically upwards with a kinetic energy of 200 J.
4. A rogue satellite strikes the sea with a velocity of 500 ms-1.  If it has a mass of 1500 kg calculate from what height it fell.  (Neglect friction and assume g is constant)
5. What must the initial velocity of a 7 kg rock projected vertically upwards if it is to reach a height of 15 m?

6. A 9 kg object is dropped 7 m from rest.  Find (a) its gain in EK    (b) its loss in EP           (c) its velocity just before it hits the ground.
CHALLENGE QUESTIONS:

7. A metal spring is compressed and tied with some acid resistant ribbon.  The spring is then added to a beaker containing some acid solution.  The acid will dissolve the metal.  What has happened to the potential energy that was stored in the spring?
8. When we speak in a sound proof room we do not hear a noise indefinitely.  What has happened to the energy that the sound wave had?
9. A rubber ball is dropped from a height of 1.0 m and bounces to a height of 0.8 m.  Where has the “lost” potential energy of the ball gone?
10. Sketch 3 graphs on the same axes of energy versus time that show the variation of kinetic, potential and total energy with time that occurs when an object is dropped.
11. Re-sketch the graphs of question 10 above to show what they would look like if there was a significant amount of wind resistance as the object fell.
12. A pendulum bob is pulled back so the string makes an angle of 60o with the vertical.  What is the maximum speed achieved by the pendulum if the string is 2 m long?  [Hint: some trigonometry is required].


ACTIVITY 17
  ENERGY  TRANSFORMATIONS   

All change involves energy transformations. We live in an energy Universe!

Activities that demonstrate Energy Transformations.

INSTRUCTIONS:  Each group does ONE activity and explains what they did and shares their data and answers so all can get a copy.

1. Tin can Racer

2. Boiler Fan

3. In & Out Motors

4. Coolgardie Safe

5. Catapult

1.
TIN CAN RACER

AIM: To observe and describe energy transformations

EQUIPMENT:
Drink Can
Pencil/Stick
  Elastic band   Paper clip

METHOD:
1. To make racer.

· Assemble the drink-can racer using the instructions below:
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2.  Instructions for use

· Rotate pencil  10,15 & 20 times consecutively, each time 

· Place racer on floor and release.

· Measure distance travelled and time taken

RESULTS:

	No of rotations
	Distance travelled
	Time taken

	
	
	

	
	
	

	
	
	


QUESTIONS:

1. Draw a graph showing the relationship between rotations and distance

2. Draw graphs of distance and time for given rotations

3. Suggest the energy form acting in each phase of the process

a) Winding the elastic band

b) Holding the elastic band in its ‘wound-up’ state.

c) Releasing the can on the floor

2.
BOILER FAN

AIM: To observe and describe energy transformations
EQUIPMENT:
2 Test tubes

Foil fan blades
Pencil





Bunsen

Stand


Pasteur pipette



One hole stopper
2 sets Boss head & clamps

METHOD:
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3.
In & Out Motors

AIM:  To observe and describe energy transformations
EQUIPMENT:



Two model electric motors

power pack



Leads




large elastic band



Light globe or galvanometer

METHOD:

1. Set up as in diagram


2. Set power pack to 2 V and trial the operation. Increase voltage if necessary.

3. Disconnect the globe from the motor and re-connect to power pack directly. Record observations.

RESULTS:

	
	Globe Position
	Brightness

	Comments


	
	


QUESTIONS:

1. List the energy forms observed in this activity.

2. Compare the brightness of the globe connected at the power pack with the position following the motor. Suggest reasons for any variation.

3. How could the efficiency of the system be improved?

4. Draw an energy flow diagram for this system

4.
COOLGARDIE SAFE

AIM:  To observe and describe energy transformations
EQUIPMENT:


Ice cream container or tray      Tripod
square of cotton cloth



Thermometer


       

METHOD:

1. Set up as in diagram below.



2. Wet the cloth then place over thermometer and stand, ensure thermometer bulb is sitting on the tray.

3. Measure the initial temperature of the thermometer

4. Use a book or firm sheet to fan the wet cloth.

5. Fan for approx one minute.

6. Re-measure thermometer temperature 

7. Repeat process fanning for longer.

RESULTS:

	Trial
	Initial Temp
	Final temp
	temp change

	
	
	
	

	
	
	
	


QUESTIONS:

1. Why do you think the temperature changes?

2. What energy type is present during the fanning?

3. What was the source of that energy?

5.
CATAPULT

AIM:  To observe and describe energy transformations
EQUIPMENT:



Model catapult components

Small stopper

METHOD:

1. Construct catapult as shown in the diagram
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2. Load catapult with stopper

3. For both positions of the rubber band stop -  measure the horizontal distance to the first bounce and the maximum height reached by the stopper 

4. Repeat several times.

RESULTS:

	Trial
	Stop position
	Horizontal Distance
	 Maximum Height

	
	
	
	

	
	
	
	


QUESTIONS:

1. Calculate the ratio of height and distance, on average, for the two positions of the stop.

2. Suggest reasons for the differences between the results for question 1

3. How would changing the mass change the results?

4. What is the initial form of energy when the catapult is loaded?

5. What is the energy form just after firing?

6. Name the energy transformations from leaving the catapult to landing on the ground. 

ACTIVITY 18
  POWER   

AIM: To determine the power of a person by getting them to run up some stairs or a steep slope.

BACKGROUND: 
POWER is the rate at which work is done or the rate at which energy is transferred.

It is measured in units called watts (symbol W)  or joules per second (J s-1)



EQUIPMENT:

	· Stopwatch
	· Bathroom scales

	· Tape measure
	· Any other equipment such as spirit level, string etc


METHOD: 

Introduction:  In this activity we will be determining the amount of work done by students as they either run up an overhead bridge or set of stairs. i.e when they do work against gravity.

1. Select a test subject and record their mass in kg.
2. Measure the vertical height up which the subject will run. [use your own equipment]
3. Record the time for the student to run up the slope or bridge.

RESULTS:

	Mass of student
	

	Vertical height
	

	Time to run up the slope or bridge
	

	Acceleration due to gravity
	9.8 m s-2


PROCESSING OF RESULTS and QUESTIONS:

1. Calculate the power developed by the student.

ACTIVITY 19
   POWER    COMPARISON 

AIM: To compare the power developed by a person accelerating to the power developed by the same person accelerating on a bike.
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METHOD: 

Introduction:  In this activity you will design your own experiment to compare the power developed by a person accelerating, to the power developed by the same person accelerating on a bike.  You are only allowed to collect the following data:

· distance over which a person can accelerate

· distance over which the bike can accelerate

· time taken to accelerate person

· time taken to accelerate the bike

· mass of person

· mass of bike 

When a person accelerates a force is required.  By knowing the mass of the person and by measuring the person’s acceleration, it is possible to determine the amount of force provided by the person and thus you can calculate the power.

The following formulae may be of assistance:
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PROCESSING OF RESULTS and QUESTIONS:

1. Calculate the power developed by the person accelerating and the bike accelerating.

2. How many 60 W light bulbs could operate using the power calculated for the person accelerating.

3. If an economy car has a power output of 74.6 kW, how many people riding bikes would it take to equal one engine?

CHALLENGE QUESTIONS:
4. A bike with a wheel diameter of 1 m is travelling along the road at 10 m s-1.  How fast is the rim of the wheel turning?

5. If a spot of paint was placed on the rim of the wheel, sketch a graph which shows the motion of the dot with time.
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OPEN INVESTIGATIONS are experiments, activities or investigations where you have to solve a problem by designing your own experiment.

Some of the assessment for Classical Physics is on your ability to conduct investigations.  You have to undertake a Major Physics Investigation in a group of two or three where you can choose from a list of investigations or select your own topic to research.

Rather than throw you in at the deep end we will do a sample open investigation as a class so that when you get the actual problem to investigate you will have a framework to assist you.

In OPEN INVESTIGATIONS you are given a problem to investigate and you have to design and conduct your own experiments. 

For example: Investigating how a ball bounces.     

· You could alter the heights from which you dropped a ball onto a surface. 

· Or you could use three different types of balls and drop them from the same height. 

· Or you could drop the same ball from the same height but falling on different surfaces. 

You will have to do a major physics investigation in a small group and as well as earning marks towards this unit it will be also used to determine the Level you are working at in the Investigating Scientifically strand in Science.  

What???  I hear you ask ... is the INVESTIGATING SCIENTIFICALLY STRAND in Science? 

LET’S HAVE A COMMERCIAL BREAK FROM OUR SPONSORS WHO THIS WEEK ARE THE CURRICULUM COUNCIL AND THE DEPARTMENT OF EDUCATION WA.  

The box below and the next pages might help to explain. . . .or confuse you further!


· Education in WA is going through a change into a new system which will be in full swing by about 2004.  It is called the CURRICULUM FRAMEWORK.  

· One of the eight Learning Areas is SCIENCE.  

· Throughout your school life from pre-school to year 12 you are encouraged to progress towards achievement of Science Learning Area Outcomes.  

· You achieve the outcomes at increasing levels of complexity as you go through school.



	WORKING  SCIENTIFICALLY

	INVESTIGATING

Students investigate to answer questions about the natural and technological world using reflection and analysis in:

Planning the investigation;

Conducting the investigation;

Processing the data;

Evaluating the investigation.

	COMMUNICATING SCIENTIFICALLY

Students communicate scientific understanding to different audiences for a range of purposes.
	SCIENCE IN DAILY LIFE

Students select and apply scientific knowledge, skills and understandings across a range of situations in daily life.

	
	ACTING RESPONSIBLY

Students make decisions that include consideration of the impact of the processes and products of science on people and the environment.


	SCIENCE IN SOCIETY

Students understand the impact of science and the contribution of science to human activity.

	UNDERSTANDING  CONCEPTS

	EARTH AND BEYOND

(EARTH SCIENCES and ASTRONOMY)

Students understand how the physical environment on Earth and its position in the universe impact on the way we live.


	ENERGY AND CHANGE

(PHYSICS, CHEMISTRY, BIOLOGY)

Students understand the scientific concept of energy and explain that energy is vital to our existence and to our quality of life.


	LIFE AND LIVING

(BIOLOGY, GENETICS, ECOLOGY)

Students understand their own biology and that of other living things, and recognise the interdependence of life.

	S
	C
	I
	
	NATURAL AND PROCESSED MATERIALS

(CHEMISTRY)

Students understand that the structure of materials determines their properties and that the processing of raw materials results in new materials with different properties and uses.



	E
	N
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This Curriculum Framework is for ALL STUDENTS in WA whether they attend government, private, or do home schooling.

See the next page for the exciting way in which the Department of Education WA is applying the Curriculum Framework to all government schools.

The Department of Education has taken the above CURRICULUM FRAMEWORK for Science and has renamed the Working Scientifically section and called it the INVESTIGATING SCIENTIFICALLY STRAND. It has then divided this strand into four 

sub-strands called PLANNING; CONDUCTING; PROCESSING DATA and EVALUATING.
There are FOUR other STRANDS called:

EARTH AND BEYOND which is mainly geology and astronomy.

ENERGY AND CHANGE which covers topics in physics (heat, light, sound, electricity, motion, energy, forces etc), chemical changes and biology.

LIFE AND LIVING which covers the biological areas of genetics and ecology.

NATURAL AND PROCESSED MATERIALS which is mainly chemistry. 

All of these strands and sub-strands have been divided into eight LEVELS.

Every level has a STUDENT OUTCOME STATEMENT written for it.

LEVEL 1 Student Outcome Statements should be achieved in the early years of primary school.

LEVEL 8 Student Outcome Statements might be achieved in year 12 by some students.

An example to illustrate:

A student at the end of year 10 could have this statement on a report.


Student Name:   Jacky Buoyorgerl      

School:  Rossmania Senior High School

Learning Area: SCIENCE



Year 10:

Semester 2

	STRAND
	YEAR 10 Level
	YEAR 9 Level

	Earth and Beyond
	6
	5

	Energy and Change
	5
	5

	Life and Living
	5
	5

	Natural and Processed Materials
	4
	5

	Working Scientifically (Note: Students’ overall level will be the lowest level obtained out of the Sub-strands Planning, Conducting, Processing Data and Evaluating) 
	5
	4


ENOUGH OF THE EDUCATIONAL THEORY - BACK TO OPEN INVESTIGATIONS

OPEN INVESTIGATIONS – the continuing story! 

At the end of this topic you will have to do a physics investigation which is worth marks towards this topic BUT you will also be given an INVESTIGATING SCIENTIFICALLY  level so you can discover your strong and weak areas in this strand.

Therefore we are going through a trial open investigation and modelling the PLANNING, CONDUCTING, PROCESSING DATA and EVALUATING steps by using the INVESTIGATION GUIDE SHEETS. 

BACKGROUND INFORMATION TO GET YOU THINKING:

We all have had some experience with sports involving balls.  

What determines how high a ball bounces?

Well it could be the height from which you drop the ball.

It could be the type of surface you drop it on.

Can you think of two other factors that could determine the height of bounce?

For our TRIAL INVESTIGATION we will investigate one factor that determines how high a ball bounces.

Your teacher might suggest one factor for the whole class to investigate or they might allow different groups to investigate different factors.  

For example: 
· One group could alter the heights from which a ball is dropped onto a surface. 

· Another group could use three different types of balls and drop them from the same height. 

· Another group could drop the same ball from the same height but falling on different surfaces. 

Using the Investigation Guide and Key Terms sheets your teacher will lead you through the PLANNING, CONDUCTING, PROCESSING DATA and EVALUATING steps.

To save time they might have some sample data or they could allow you to actually conduct the investigation.

Most time is spent in the PLANNING, PROCESSING DATA and EVALUATING steps.  The CONDUCTING takes the least time.

The more detail you put in your Investigation Guide sheets the higher will be your Level in the Investigating Scientifically strand.
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KEY TERMS USED IN SCIENCE INVESTIGATIONS

HYPOTHESIS:


A possible idea to be tested in an investigation stated as the relationship between the independent and dependent variables. e.g. The more fertiliser you put on wheat the faster it grows.  You can write down the hypothesis using an IF .... THEN statement: 

e.g. IF you put more fertiliser on wheat THEN it will grow faster.

VARIABLE:


A factor that can be changed, kept the same or measured in an investigation.

INDEPENDENT VARIABLE:


The variable that is changed in an investigation to see what effect it has on the dependent variable. 

e.g. the amount of fertiliser on plants.

DEPENDENT VARIABLE:


The variable that changes in response to changes in the independent variable.  Often it is the variable that is measured in an experiment. 

e.g. the growth of the plants after different amounts of fertiliser have been added.

CONTROLLED VARIABLE:


A variable that is kept the same throughout the investigation so you can be sure that it is the change in the independent variable (amount of fertiliser) that is causing the change in the dependent variable (growth of the plants).  

An example of controlled variables would be the amount of water added to each pot, the type of soil, the amount of soil etc.

PRELIMINARY TRIALS:


These represent a trial run of the procedure used to fine tune the method and measurement techniques before doing the actual experiment and collecting the data.

REPEAT TRIALS:



These are conducted to collect more data and to eliminate any errors that might have been present if only one trial was used. 

e.g. if you were investigating the brakes on a bike you would do many trials and average the results.
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INVESTIGATION  GUIDE

STUDENT  NAME: _____________________________________________   DATE: __________________

OTHER  MEMBERS  OF  YOUR  GROUP: _________________________________________________

The abbreviations at the end of each question or statement have the following meanings:

PL  
refers to 
Planning Investigations
C
refers to 
Conducting Investigations
PD
refers to 
Processing Data
E
refers to 
Evaluating Findings

This should assist you in identifying the areas that require improvement 

in order to reach the next Level.

What are you going to investigate?  What is your hypothesis?                              
PL

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What do you think will happen?  Explain why?





PL

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

TABLE OF VARIABLES:









PL

	What will I keep the SAME?


	What will I CHANGE?
	What will I MEASURE?

	
	
	

	CONTROLLED  VARIABLES


	INDEPENDENT  VARIABLE
	DEPENDENT  VARIABLE


How  will you make your investigation a fair test?





PL

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What equipment will you need?







PL

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

List the steps in your procedure or method.






PL

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________________________________

Do the investigation. 









C

What happened?  Describe your observations and record your results.

PD

Note:  You may display your numerical data as a table.




          

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Can your results be represented as a graph?




          PD

TITLE: _____________________________________________________






















What do your results tell you?  (What is your conclusion?)


          PD

Are there any patterns or trends in your results?



          
PD

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Can you EXPLAIN the patterns or trends in your results?



E

Try to use some SCIENCE IDEAS to help explain what happened?


E

Are there any changes that would have IMPROVED the way the investigation or 

experiment was conducted?








E

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Major Physics Investigation

You have to select a physics topic to investigate by selecting from the list below or coming up with your own ideas.  You can work on your own or in groups of up to three students.  You have to plan your own experiment, conduct the experiment, process quantitative data, evaluate the findings,  write up a formal report and display your investigation.  Students will be able to use computers, data logging equipment, sensors and other equipment at school but cannot take them home.

TOPIC LIST:

1
What is the motion of an elevator?

2
What determines the period of motion of a pendulum?

3
Which angle of attack on an aircraft wing generates the most lift?

4
Factors affecting the aerodynamics of bicycles and riders.

5
Comparison of different reinforcing materials in building products.

6
Investigation of projectile motion of an arrow.

7
How fast do different objects fall?

8
Building a mousetrap vehicle to go the furthest.

9
Building a solar powered model car.
10
Building an electric vehicle that you can drive.

11
Investigating the forces involved in collisions.

12
Measuring the speed of sound at different temperatures.

13
Shape of objects and viscous effect.

14
Acceleration of lifts.

15
Make a device to carry a light globe at least two metres from one desk to another – all of the device must start on one desk and end up on the other desk.  A $50 prize for the device that goes the furthest.  There must be at least five entries to gain the prize.

16
YOUR OWN TOPIC - it has to be approved by your teacher.
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SOME  HELPFUL  INFORMATION

TIMELINE:
WEEK 1:
Start thinking about a suitable topic or choose from the above list.  

Brainstorm by getting as many ideas as you can as quick as you can. 

Ideas that are ridiculous today might be brilliant tomorrow.

WEEK 2:
Narrow possibilities and choose your topic.  



Discuss it with your teacher. 



Do some background reading and research on the topic. 



Complete the planning stage using the Investigation Guide Sheet.

WEEK 3:
Prepare list of equipment and give to your teacher.

WEEK 4:
Complete preliminary trials. Refine plans and equipment needs.

(in class) 
Begin observations and measurements.



Begin writing the early sections of your report.

WEEK 5:
Continue the investigation. Complete data collection and analysis.

(in class)
Continue writing your report.

WEEK 6:
Complete the write-up and display chart (three A-3 sheets) for your

investigation.

HOW TO WRITE UP AND DISPLAY 

A SCIENCE INVESTIGATION REPORT
A science investigation report is different to reports done in other subjects.

Science Reports are based on investigation and research.  They present information objectively, formally and clearly.  They are written in the past tense because you are reporting work that has already been done. e.g. “The solution was heated to 100o C”

Reports bring together the aims, methods, results and conclusions in the following format:


1
TITLE or COVER PAGE


2
SUMMARY


3
INTRODUCTION


4
METHODS AND MATERIALS


5
RESULTS


6
DISCUSSION


7
CONCLUSION


8
ACKNOWLEDGMENTS


9
REFERENCES


10
APPENDIX

TITLE

This is the cover page of your report. Make sure you include the title of the report, your name, school, year and date.


e.g.  
AN INVESTIGATION INTO HOMEMADE FERTILISERS,



Fred Manures, Rossmoyne Senior High School,  Year 10,  August 2003.

SUMMARY

You write the summary after you have written the rest of the report.  It is a brief explanation of what the research was about, and the conclusions reached.

INTRODUCTION

Explain briefly the aims and objectives of your investigation and any hypothesis you made.  Give some background scientific information that you have discovered about the subject from reading books or surfing the net.  Maybe you could say why you decided to choose this topic for your investigation.

METHODS AND MATERIALS

Give information about how to set up the experiment, what equipment and materials you used and what methods of observation were tried.  A diagram and list of equipment should be included.

The method or procedure should be written down (like a recipe) that can be easily repeated.

Use exact quantities and units of measurement.  Use the standard names of chemicals and organisms (plants and animals)

Describe the dependent variable (the one that is measured in the investigation. 

e.g. height of the plant)

Describe the independent variable (the one that is changed in the investigation. 

e.g. amount of fertiliser added)

Describe the controlled variables (the ones you kept the same at all times. 

e.g. amount of soil, type of soil, amount of water added etc.)

Explain any safety precautions.

RESULTS

Present a summary of the results, including measurements and observations.  

Use tables, graphs and diagrams where necessary.

DISCUSSION

Point out the meaning of the results.  Relate them back to your hypothesis.  

Point out any trends or patterns in your results.  

Comment on the strengths and weaknesses of your investigation. 

Suggest any future improvements and ideas for follow-up research.

CONCLUSION

Explain whether the hypothesis was supported or rejected.

Explain why the results happened as they did.

ACKNOWLEDGMENTS

Mention the assistance other people or organisations have made to your investigation and report briefly, thanking them.

REFERENCES

Alphabetically list your sources as follows:

Author(s)’ Surname and Initials. Title. Publisher. Date of Publication

e.g.  
Bolton, W., Physics Investigations, McGraw-Hill, 1996

or
Bolton, W., “Physics Investigations”, McGraw-Hill, 1996

APPENDIX

Include any extra information which may give more detail or help others attempting to repeat the research investigation.

A display board should be set up that summarises your investigation in an eye catching manner.  The board should consist of three A-3 pieces of thick card or plywood that are joined together in some manner (e.g. with Velcro strips) so that the board can stand on a bench top.

Your written report should be placed in a display book with plastic sleeves with an artistic cover.

Any other material, such as some of your equipment or specimens could be displayed on the bench as well.


See sketch below:



Marking Key 

Open Investigation

	Experiment Section
	Marks Allocated
	Brief Description

	Summary


	1 mark
	Overview, 1 or 2 paragraphs.

	Intro/ Aim/ Hypothesis


	2 marks
	Clear statement of Aim, and for full marks a clearly stated and achievable hypothesis.

This section may contain some theory and possibly formulas.

	Method


	5 marks
	Must outline very clearly how variables are to be controlled. Any weakness should be penalised.

Must also show clearly the dependent & independent variables.

Should state that measurements were repeated.

	Results


	4 marks
	Clearly presented tables and graphs of results.

Must include all trials/ averages/ units.

Must present graphs that are meaningful and appropriate. Eg bar graph if that is the best format.

	Discussion


	6 marks
	This section is of critical importance.

Must relate to the method and the results. A consistent theme will be presented for full marks.

All calculations will be discussed, graphs and data interpreted.

Any insights should be discussed here.

	Conclusion


	1 mark
	Clear statement linking aim/hypothesis to results and a simple comment about the validity of the hypothesis.

	Acknowledgements


	1 mark
	All manner of comments here.


                                            Total : 20 marks

ELECTRICITY

OUTCOMES

All students should be able to understand and explain the following concepts:

Concepts:

· Electric charge

· Two types of charge - Positive / Negative charge

· Source of charge – the atom

· Moving the charge

· Conductors and insulators

· Current and Voltage

· Current and its measurement

· Current values around a circuit 

· Current direction

· Charge and current

· Energy from a battery

· Voltage across a battery

· Voltage change around a circuit

· Ohm’s Law and Resistance

· Ohm’s Law

· Resistance

· Measuring Resistance

· Resistance and Heat

· Effect of temperature on Resistance

· Series and Parallel Circuits

· Basic rules in series and parallel circuits

· Resistances in series

· Resistances in parallel

Electric Charge 

Types of Charge

Some materials display new properties when rubbed. They exert forces on other materials nearby, and can cause lightning like sparks (light) and crackles (sound). Materials with these properties are said to possess an electric charge. There is evidence to suggest that there are two types of electric charge – positive and negative, and that both exist in all atoms.
Source of Charge

All materials are made up of tiny groupings of matter called atoms.

Atoms are considered to be made up of smaller particles, some of

which are electrically charged. At the centre of each atom is a nucleus made up of particles called protons and neutrons. Surrounding this nucleus are very much lighter particles called electrons.
Electrons have a negative (-) charge;

Protons have an equal positive (+) charge;

Neutrons have no nett charge.
Moving the Charge 

Normally, atoms have equal numbers of electrons and protons, so the total amounts of negative and positive charge within a material are the same. The overall or nett charge on the material is zero. However, when two materials are rubbed together, electrons may be transferred from one to another. This upsets the balance between the opposite charges within each material, so that each is left with a nett negative or positive charge.

When a polythene rod is rubbed with a dry the polythene pulls electrons away from atoms on the surface of the cloth. This leaves the polythene with more electrons than

normal and the cloth with less. The polythene therefore ends up with a negative charge while the cloth is left with a positive charge.

When a Perspex rod is rubbed with a dry cloth the opposite happens. In this case, it is the cloth that pulls electrons away from the rod. With less electrons than normal, the

Perspex rod is left with a positive charge while the cloth gains an equal amount of negative charge.

Note that rubbing materials together doesn't make charge; it simply separates negative and positive charges that already exist within the materials.

ACTIVITY  1:

Aim:  To study the effect of charged objects when brought close together.

Equipment:

· 2 glass rods

· 2 plastic rods

· piece of fur/ piece of silk

· 2 rod stirrups

· cotton thread

Method:   Using two plastic rods

· Support one rod in the stirrup held by cotton suspended from a stand and clamp.

· Hold gently at the stirrup and rub one end with the fur

· Hole the other plastic rod and rub it vigorously.

· Bring the ends of the rods close together (don’t let them touch)

· Observe effect

· Repeat with glass rods and silk

· Now try with plastic rod in the stirrup and hold the glass rod

· Finally, try the reverse order.

Results:

	Rod Types
	Effect

	
	


Conclusion:

Suggest a general rule to support your observations

Questions:  Can you list some applications of static electricity?
Conductors And Insulators

When rubbed, some objects lose charge almost as soon as they gain it. This happens because electrons flow through the object or surrounding materials until the balance of negative and positive charge is restored.

Materials that allow electrons to flow through them are called conductors. Metals are the best conductors of all materials. The outermost electrons in each atom are so loosely held that they are able to move freely between atoms. These free (mobile) electrons also make metals very good conductors of heat. Most non-metals conduct charge poorly or not at all, though carbon is an important exception.

Materials that do not conduct charge are called insulators. Their electrons are all tightly held to atoms and are not normally free to move - though they can of course be disturbed if a material is rubbed. Because of this, insulators are relatively easy to charge by rubbing because any electrons that are transferred tend to stay where they are. Rubbing can charge conductors – but only if held in insulating handles. If you rub a hand-held metal rod, electrons that flow through the rod and your body immediately replace any electrons transferred, and the rod remains uncharged.

When you switch on a light, the 'electricity' passing through the cable is actually a flow of electrons. The cable has copper conducting wires through its centre. These are enclosed. An electrical cable contains conducting material surrounded by an insulator - usually the plastic PVC.

Current And Voltage In A Simple Circuit

Current and its measurement

The potential difference between the terminals of a battery causes a current to flow along any conducting path that links them. Current and potential difference can be measured with meters, and measurements taken around a simple circuit reveal the basic rules that apply to each. 

Typical current values are:

Current through a car headlight bulb: 4 A

Current through a small torch bulb: 0.2 A (200 mA)

Current through a pocket calculator: 0.005 A (5 mA)

Currents of around an ampere or so are measured using an instrument called an ammeter. The instrument is connected into a circuit so that all the current flows through it, but its design is such that it has little effect on the current itself effectively the ammeter acts like another piece of connecting wire. Most ammeters are sensitive to current direction and can be damaged if connected the wrong way round. The terminal coloured red, or marked with the positive sign, should be connected to the side of the circuit that leads to the positive battery terminal.

Current values around a simple circuit

The current is the same at all points round a simple circuit.

If this were not the case, electrons would be accumulating somewhere round the circuit or leaking away. As it is, electrons leave the negative terminal of a battery at exactly the same rate as they flow into the positive terminal.

Electrons move very slowly round most circuits, rarely travelling more than a few millimetres every second. The forces they exert on each other act almost instantaneously however. When electrons are pushed out from the battery terminal, electrons already in the bulbs and connecting wires immediately start to move.

ACTIVITY  2:

Aim:  To construct a simple circuit that will establish a relationship between current and voltage.

Equipment:

· Power pack

· Leads

· Two 6V globes in globe holders

· Ammeter

· Switch

Method:

1. Construct the following circuit.


2. Set the ammeter to the biggest scale and the power pack to 2V. Adjust the ammeter connections down through the settings until a suitable deflection is achieved.

Note: A brightness scale may help.


Dull



Bright




Very Bright



1

2

3

4

5

6

3. Note the reading on the ammeter and the brightness of the globe.

4. Repeat, with appropriate changes to the ammeter scale, for 4V, 6V, 8V, 10V and 12V.

Results:

	Voltage setting (V)
	Ammeter reading (A)
	Brightness of globes

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Conclusion:

Describe qualitatively the relationship between voltage and current.

Current Direction

When the first cells and batteries were made around the beginning of the nineteenth century, no one knew how charge moved round a circuit or in what direction. However, it became the convention to regard an electric current as a flow of positive charge from the positive terminal of a battery round to the negative. About a hundred years later, it was found that a current in a metal was actually a flow of negatively charged particles, called electrons, moving in the opposite direction, but it is still normal practice to use the conventional direction (conventional current) when marking currents on circuit diagrams.

Charge And Current

The total charge passing any point in a circuit depends on the current and the time for which it flows, these quantities being linked by the equation


Charge   =   current x time


in symbols, 
Q = I . t
Charge is measured in coulombs [C], if current is measured in amperes [A] and time in seconds (s). 

e.g.   A charge of 6 coulombs passes if a current of 2 amperes flows for 3 seconds.

The link between charge and current provides a useful way of thinking about current:

A current of 1 ampere means that charge is flowing at the rate of 1 coulomb every second 

A current of 2 amperes means that charge is flowing at the rate of 2 coulombs every second, and so on.

Note however, that as far as definitions are concerned, it is the coulomb that is based on the ampere rather than the other way round.

Energy From A Battery

The electrical energy in a battery is the result of chemical reactions that take place when there is a complete circuit.

Voltage Change Across Battery Terminals

The voltage change or voltage across the terminals of the battery indicates the potential energy given to each coulomb of charge pushed out: Voltage is a bit like electrical pressure, but it doesn’t make the charge move faster it gives the charge more energy.

There is a voltage change of 1 volt across a battery if each coulomb of charge is given 1 joule of potential energy.  There is a voltage change of 4 V across a battery if each coulomb is given 4 J of potential energy, and so on.

This means that the charge can do more work when the voltage is increased, and more work could for example mean a brighter light or maybe a faster moving motor or more heat in a resistor. Remember work describes the quantity of energy that has been transformed into a new energy form.

Voltage change around a simple circuit

The sum of the voltage changes across the resistors is the same as the voltage change across the battery terminals.

Ohm's Law And Resistance

For a fixed resistance the voltage change across the ends of a conductor increase current. More voltage results in more charge moving not faster moving charge. The size of the current depends on the conducting ability of the conductor as well as the voltage change across it. Some conductors offer more resistance to a current flow than others.

Ohm's Law

Georg Ohm carried out experiments with different metal wires to discover how the current through each depended on the voltage change applied across its ends. Ohm found that if the temperature is kept constant and a graph of current against voltage change is plotted, all the usual features of a simple proportion are seen:

1
The graph is a straight line passing through the origin.

2
Doubling the voltage change doubles the current.

3  Dividing the voltage change by the current always gives the same value.

The current flowing through a metal conductor is directly proportional to the voltage change across its ends provided the temperature and other physical conditions remain constant.

Activity  3:

Ohm’s Law Relationship

Aim:  
To determine the relationship between current through a resistor and the voltage across a resistor, while maintaining a constant temperature.

Note: small currents don’t heat up resistors much. So keeping the current small will maintain a reasonably constant temperature.

Equipment: power supply (0 – 12V)            
six electrical leads



voltmeter 



ammeter



2 ohm or 5 ohm resistor 

rheostat (variable resistance)

Method:

1. Set up the equipment as shown in the diagram below.


2. Set the power supply to 4 V 

3. Set the rheostat (variable resistance) to a maximum resistance.

4. Record the reading on the ammeter and the voltmeter.

5. Adjust the rheostat (variable resistance) to give a lower resistance and repeat the readings.

6. Repeat until four sets of readings have been recorded.

Results:

Resistor value: ______________

	Reading of Voltage across the resistor 

(V)
	Reading of Current through the resistor (mA)

	
	


Now plot the data.


Place current on the horizontal axis

Conclusion and questions:

What do you notice about the slope (gradient) of the graph and the value of the resistor?  Can you write a formula that indicates the relationship between current, voltage and resistance (i.e. between I, V and R)

Resistance

The resistance of a wire depends on its dimensions as well as on the conducting ability of the material from which it is made. All other factors being equal, a long wire has more resistance than a short one, and a thin wire has more resistance than a thick one.

Devices specially made to provide resistance are called resistors. Placed in a simple circuit, they each reduce the current flow. In the more complex circuits found in radios and TVs, they are used to keep currents and voltage changes at the levels needed for other circuit components to function properly.

A length of thin nichrome wire makes a simple resistor. In some, a thin layer of carbon provides the resistance, while others contain a long thin alloy wire coiled to take up less space

Resistance and Heat

Any conductor that has resistance gives off heat when a current flows through it. Electrons forced through the conductor lose energy rapidly as they collide with its atoms, and the atoms vibrate more.

Connecting wires used in circuits have as low a resistance as possible so that energy wasted as heat is kept to a minimum. On the other hand, wires of known resistance are used in making the elements of fires and kettles so that heat (thermal energy) is released at a specific rate when a given current is passed through. The same principle is used in a light bulb where the current flowing through a fine tungsten wire or filament makes the filament glow white-hot.

Activity  4:

Aim:  To observe that current flow in a conductor causes heating of the conductor.

Equipment:

· Power pack

· 12 V globe and holder

· length of resistance wire (approx. 30 cm)

· leads with alligator clips

Method:

1. Connect the circuit as indicated.







2. Use a 30 cm length of resistance wire, connecting the leads to the ends. Note the brightness of the globe.

3. Slowly reduce the length of the wire between the leads.

4. Note all changes.

Results:




Brightness

Length of wire      Temperature of wire


Conclusion:

What is the relationship between current and temperature?

Question:

If a second 10 ohm resistor was added to the circuit would the wire get as hot? 

Explain your answer.

Series and Parallel Circuits

Basic Series and Parallel Circuit Rules

There are two basic methods of joining resistors or other circuit components together. 

In series or in parallel.

The two resistors in the circuit below are joined in series. 


1. 
The current is the same at all points round the series circuit.

2. 
The sum of the voltage changes across the resistors is the same as the voltage change across the battery terminals. i.e. voltage varies around a series circuit.

In the following circuit resistors are connected in parallel.


Two rules, which apply whenever resistors or other components are joined in parallel, are:

1. 
Each resistor in a parallel arrangement has the same voltage change across it.

2. 
Where a circuit divides into several parallel branches, the currents through different branches add up to equal the current in the main circuit. i.e. current varies in the parallel parts of a circuit

Resistors In Series

If two or more resistors are connected in series, they give a higher resistance than any one of the resistors by itself. The effect is the same as joining several short lengths of resistance wire together to form a longer length. 

In general, if a number of resistors, R1, R2, R3 etc have a combined resistance RT when joined in series, then

RT = R1 + R2 + R3 and so on. 

Resistors in parallel

When resistors are joined in parallel, more current flows through the lower resistance. But the total current is the same as in the rest of the circuit

Where 
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    and so on

Activity 5:

Aim:   To calculate the total resistance of a series and a parallel circuit.

Equipment:

· Two 50 Ω resistors

· Leads

· Power pack

· Switch

· Ammeter

· Voltmeter

Method:
Series resistance

1. Set up the circuit described.


2. Set power supply to 2 V.

3. Measure and record the reading on the voltmeter and the ammeter.

4. repeat for 4 V, 6 V, 8 V, and 10V

Parallel resistance

1. Set up as described in the diagram.


2. As for steps 2-4 in the Series resistance activity above..

Results:

	Series
	Parallel

	Voltage Across resistor
	Current through resistor
	Resistance

= V/I
	Voltage Across resistor
	Current through resistor
	Resistance

= V/I

	
	
	
	
	
	


Conclusion: Summarise the findings

Questions:

1. How does the resistance change when extra resistors are placed in series in a circuit?

2. How does the resistance change when extra resistors are placed in parallel in the circuit?

3. Why does the ratio V/I give a constant value, even when the power supply setting is changed?

4. Why is there a small variation in resistance as the power supply setting is changed?

ELECTRICITY  SUMMARY

· ATOMS are made up of protons (+), electrons (-) and neutrons (neutral)

· When two materials are rubbed together, electrons may be pulled away from atoms on the surface of one material and deposited on the surface of the other material.
· Materials that have gained electrons are said to be NEGATIVELY CHARGED and materials that have lost electrons are said to be POSITIVELY CHARGED.
· Materials that allow electrons to flow through them are called conductors. Metals are the best conductors of all materials.
· Materials that do not conduct charge are called insulators. e.g. plastic, rubber
· Electric current is a flow of electrons and is measured in units called amps (A) by an AMMETER connected in line (SERIES) with the component.
· The current is the same at all points around a simple circuit.

· It is normal practice to say that current flows from the positive terminal to the negative terminal (conventional flow)  even though the electron flow is in the opposite direction.

· The amount of charge (Q) passing any point in a circuit depends on the current and the time for which it flows.  

· Q (quantity of charge in coulombs) = I (current in amps) x t (time in seconds)

· The energy required to push electrons around a circuit comes from a battery or cell.

· The voltage change or voltage or potential difference across the terminals of a battery indicates the potential energy given to each electron pushed out.  Voltage is a bit like electrical pressure.

· Voltage (potential difference) between the terminals of a battery is measured in units called volts (V) by a VOLTMETER connected in PARALLEL with the component.
· The voltage varies across each component in a simple series circuit.  The total voltage across the battery terminals is equal to the sum of the voltage drops across each component.
· OHM’S LAW states that the current flowing through a metal conductor is directly proportional to the voltage provided the temperature and other physical conditions remain constant.  V  =  I R  where V(voltage drop) is in volts, I (current) is in amps and R (resistance) is in ohms.
· The slope of a voltage/current graph gives the resistance.
· The RESISTANCE of a wire depends on its length, thickness and type of material.
· When current flows through a high resistance wire it gives off heat e.g. tungsten filament in a light globe.
· Resistors in series: 
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· Resistors in parallel: 
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· SERIES CIRCUITS: 
The current is the same at all points round the circuit.
Voltage drop across the battery = sum of voltage drops across each of the components. i.e. voltage varies around a series circuit.
· PARALLEL PARTS OF CIRCUITS: 
The voltage is the same across each parallel arm
The total current flowing into a parallel arrangement = sum of currents flowing through each arm of the parallel arrangement.

GROUP

PRESENTATIONS



REFLECTION  OUTCOMES

All students should be able to:

· Define reflection of waves.

· State the Laws of reflection.

· Draw diagrams to show the reflection of sound and light from plane, convex and concave reflectors.

· Define echoes and reverberation.

· Give examples where reflection of sound is useful.  

· Show what surfaces are good reflectors of sound and what surfaces are good absorbers of sound. 

· Give examples where reflection of light is used. Especially the uses of plane, convex and concave reflectors. 

· Show what surfaces are good reflectors of light and what surfaces are  good absorbers of light. 

· Describe the images formed in plane, concave and convex mirrors. 

REFLECTION  SUMMARY

· Light and sound can bounce off certain surfaces and this is known as REFLECTION. 

· The angle of incidence =  the angle of reflection 

· CONCAVE reflectors CONVERGE parallel rays of light to meet at a point known as the focal point. 

· CONVEX reflectors DIVERGE parallel rays of light so that they appear to come from a point behind the reflector known as the focal point. 

· Reflection of sound is used in depth sounders, stethoscopes, SONAR devices, orchestral shells, megaphones and external loudspeaker cones. 

· An ECHO is a reflected sound that is heard separately from the original sound. 

· REVERBERATION is multiple echoes like the rolling of thunder or sounds in an empty hall.  

· Soft rough surfaces are good absorbers of sound and hard flat surfaces are good reflectors of sound.

· Reflection of light is used in devices using PLANE, CONVEX or CONCAVE mirrors.  

· Plane mirrors are used in bathrooms and for ornamental uses.  

· Convex mirrors are used as shop security mirrors, rear vision mirrors and on dangerous intersections in car parks.  

· Concave mirrors are used by dentists, make‑up and shaving mirrors and reflectors on spotlights, headlights and bar heaters.  

· Smooth, shiny, light coloured surfaces are good reflectors of light.  

· The IMAGE in a plane mirror is upright, the same size as the object and laterally inverted. 

· The IMAGE in a convex mirror is always upright and diminished.  

· The IMAGE in a concave mirror is upright and magnified if the object is close to the mirror and inverted and diminished if the object is far from the mirror. 

REFRACTION  OUTCOMES

All students should be able to:

· Define REFRACTION of waves.

· Understand that sound and light can be refracted, but that we will be examining the refraction of light only.

· State the LAWS OF REFRACTION of light.

· Draw diagrams to show the refraction of light through transparent prisms,  convex and concave lenses.

· Describe several uses of convex and concave lenses. 

· Demonstrate that white light is made up of the colours of the rainbow. 

· Be proficient in the setting up and use of light box equipment.

REFRACTION  SUMMARY 

· REFRACTION is the bending of light as it passes from one medium to another of different density.

· As light enters another medium its velocity changes and if the angle of incidence is greater than 0O then light is refracted.

· If light enters a denser medium it is refracted towards the normal as it slows down.  

If light enters a less dense medium it is refracted away from the normal as it speeds up.  

· Using the ideas of refraction one can trace the rays of light through rectangular  prisms, semicircular prisms, triangular prisms and convex and concave lenses. 

· Convex lenses converge parallel rays of light to one point known as the focal point. 

· Concave lenses diverge parallel rays of light away from one point known as the focal point. 

· Concave lenses are used to correct short sightedness  

· Convex lenses are used to correct long sightedness, as in magnifying glasses and in many optical devices such as cameras, projectors and telescopes.  

· Passing white light through a 60o triangular prism to form the colours of the rainbow is known as dispersion and the result is called the visible spectrum. 

· The Light Box is a useful aid in demonstrating refraction of light.

NUCLEAR  RADIATION  OUTCOMES

All students should be able to:

· Understand some of the history behind the discovery of RADIOACTIVITY or NUCLEAR RADIATION.

· Describe some of the properties of ALPHA (() and BETA (() particles and GAMMA (() radiation.

· Detect radioactivity with a Geiger counter.

· Describe what is meant by the HALF‑LIFE of a radioactive substance.

· Understand the terms ISOTOPE and RADIOISOTOPE.

· List the medical, industrial and agricultural USES of RADIOISOTOPES.

· Comment on the peaceful and military USES OF NUCLEAR ENERGY.

NUCLEAR  RADIATION  SUMMARY 

· The HISTORY OF RADIOACTIVITY can be traced from Becquerel to Marie Curie  to Lord Rutherford. 

· RADIOACTIVITY is the releasing of particles and/or radiation from the nucleus of some atoms which are called radioactive atoms or RADIOISOTOPES.

· NUCLEAR RADIATION can be:



ALPHA (() particles which are helium nuclei or



BETA (()  particles which are high speed electrons from the nucleus or 



GAMMA (()  radiation which is a type of electromagnetic radiation of very high energy.

· Radioactivity can be detected with a Geiger counter.

· The HALF‑LIFE of a radioactive substance is the time taken for half of the atoms in a radioactive sample to decay or disintegrate to other atoms.

· ISOTOPES are different atoms of the same element. Isotopes have the same number of protons and electrons but differ in the number of neutrons and hence have different masses. RADIOISOTOPES are just radioactive isotopes.

· RADIOISOTOPES have many uses in medical, industrial and agricultural areas.

· Peaceful uses of nuclear energy can be seen in nuclear power stations, nuclear reactors that can produce useful radioisotopes and power nuclear ships.

· Military uses of nuclear energy can he seen in the nuclear fission weapon called the ATOMIC BOMB and the nuclear fission‑nuclear fusion weapon (or thermonuclear device) called the HYDROGEN BOMB.

PRESSURE  OUTCOMES

All students should be able to:

· Define DENSITY of a substance.

· Calculate the density of substances.

· Define PRESSURE of a substance.

· Calculate the PRESSURE of substances using 
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· Calculate the PRESSURE in a liquid using 
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· Explain the four features of pressure in a liquid. 

· Explain the concept of buoyancy or upthrust in liquids.

· Explain Archimedes’ Principle.

· Explain the relationships between volume, temperature and pressure of gases by using Gas Laws such as Boyle’s Law, Charles’ Law, Pressure-Temperature relationship and the Combined Gas Law.

· Change celsius temperature into absolute (kelvin) temperature.

PRESSURE  SUMMARY 

· The Density of a substance is the amount of mass contained in a unit of volume of the substance.

· Density can be calculated using 
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· The units for density are grams per cubic centimetre (g cm-3) or kilograms per cubic metre (kg m-3) or grams per millilitre (g mL-1) or kilograms per litre (kg L-1).  

· Pressure is the amount of force acting per unit area. 

· Pressure can be calculated using the formula:  
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· The units for pressure are newtons per square metre (N m-2) which is commonly called pascals (Pa).  Another unit is kilopascals (kPa).

· The pressure in a liquid depends on depth and density and is calculated by using the formula 
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· Buoyancy of an object in a liquid is due to the resultant upthrust force on an object caused by the different pressure exerted on the top and bottom of the object.

· Archimedes’ Principle states that the upthrust force on a body wholly or partly immersed in a liquid is equal  to the weight of liquid displaced by the object.

· Pressure of a gas is a measure of the bombardment of the walls of the container by the molecules.  

· Temperature is a measure of the average kinetic energy of the gas molecules. 

· Volume of a gas is the amount of space occupied by the gas which is the same as the internal volume of the container.

· The relationship between pressure and volume is called Boyle’s Law   
[image: image83.wmf]2

2

1

1

V

P

V

P

=


· The relationship between volume and kelvin temperature is called Charles’ Law  
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· To convert Celsius temperature to absolute (kelvin) temperature add 273 to the celsius value

· The relationship between pressure and kelvin temperature is expressed 
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· The Combined Gas Law summarises all the above gas laws  
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VEHICLE   SAFETY   OUTCOMES

All students should be able to:

· Define IMPULSE.

· Recognise that impulsive forces are those involved in collisions and they act over a very short period.

· State that forces on occupants in vehicles involved in collisions determine the severity of injuries.

· State that force depends on the rate that momentum is changed.

· Define PRESSURE and state the units in which it is measured. 

· Recall the mathematical relationship between pressure, force and area. 

· Understand the term “second collision” in motor vehicle accidents.  

· Explain how motor vehicle design can minimise forces experienced by the occupants of a vehicle during a collision. 

· Describe how seat belts, air bags, collapsible steering columns, crumple zones and interior padding work to minimise the effects of the “second collision”. 

· Describe how seat belts are designed to minimise pressure on the body during a collision.

· Be able to perform calculations relating to impulse, force and change in momentum using:    
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VEHICLE  SAFETY  SUMMARY

· IMPULSE is the product of a force and the time it acts:   
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· Impulse =  change in momentum  therefore   
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· A force which acts for a very short period of time is called an impulsive force.  These forces are involved in collisions like hitting a golf ball, chopping wood and car accidents.

· The “second collision” is when occupants of a car hit the interior fittings after the car itself hits an object.  This is an application of Newton’s First Law of Motion.

PRESSURE is force per unit area. 
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  and is measured in units called pascals (Pa) which is the same as newtons per square metre (N m-2)

· The greater the area over which a force acts the less the overall pressure. 

· VEHICLE SAFETY DESIGN:

· Impulsive forces cause major injuries in motor vehicles accidents.

Modern vehicles deal with these forces by:

· REDUCING the magnitude of the FORCES on the human body by increasing the collision time.

· REDUCING the PRESSURE caused by these forces by spreading the force over a wider area.

· DIRECTING the FORCES to the stronger parts of the body.

· PASSENGER COMPARTMENT INTEGRITY.  The compartment housing the passengers is designed to remain intact during a collision and this is done by:

· making roof crush resistant

· strengthening doors and latches

· side intrusion bars inside doors

· roll bar or strengthening door pillars

· windscreens of laminated glass  

· Front and rear CRUMPLE ZONES: The front and rear are designed to deform slowly when they hit hard objects thus increasing the time and therefore reducing the forces that will then act on the occupants

· REDUCING INJURIES inside the passenger compartment by:

· reducing contact pressure by removing sharp objects or increasing their surface area e.g. flat steering wheels, seat belts, air bags

· recessing objects in a larger surface e.g. door handles, window switches

· allowing objects to give when struck e.g. collapsible steering column

· using padded surfaces e.g. padded dashboards, steering wheels and sun visors
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Collisions

Have you ever been involved in a motor vehicle collision?  It can be a very frightening experience, even if the result is not serious injury.

Most people do not fully appreciate the magnitude of the forces involved in collisions.

Newton’s Second Law of Motion states:

FORCE  =  RATE OF CHANGE OF MOMENTUM
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1. Calculate the force needed to brake a 1050 kg car from 60 kph (16.7 m s-1) to a stop in 1.5 s. (Note: To change kph into m s-1 divide by 3.6) 
If the driver of the car has a mass of 85 kg, calculate the force on the driver.

2. Now imagine the same car hits a large tree and the car and driver are stopped in 0.10 s.  Calculate the force on the driver.  How does this value compare with your answer in question 1?

Questions 1 and 2 show an important fact:

The magnitude of the force depends on how quickly the momentum changes.  (that’s why we do not usually stop cars with trees!)


Rearranging the formula: 
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The product of the force (F) and time taken (t) is called the IMPULSE and is equal in magnitude to the change in momentum 
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Therefore:  
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 where I means impulse in newton seconds (N s)
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The  Second  Collision 

Consider a typical car colliding with an even more typical tree!

What stops the car?  Obviously – the tree!

The important question is:  What stops those inside the car? 
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3. Study the above diagram.  After the car hits the tree, why do the people in the car keep moving?  What law explains this observation?
Clearly after the first collision involving the car, the occupants of the car, if unrestrained undergo a second collision.  In the above case, the people hit the dashboard, windscreen etc.  This in fact is how most people are seriously injured or killed in vehicle collisions.

One way injury can be avoided or reduced is by the use of seat belts and air bags.  These devices stop the car occupants rather than the dashboard, windscreen etc.  Seat belts also prevent people from being thrown out of the vehicle.

ACTIVITY  1:

Aim:  To study the effect of collisions on passengers with and without seat belts.

Equipment:


	Rod Types
	Effect

	
	


Conclusion:

Suggest a general rule to support your observations

Questions

Questions: (
1. In the trials where a seat belt was not used, which parts of the passenger received the worst injuries during the impact?

2. What parts of the cabin interior appear to be responsible for the injuries produced?

3. How did the seat belts alter the injuries received?

4. How did the different seat belts you designed affect the injuries received?

5. List three important features of seat belts to ensure they work best.
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Pressure

Seat belt design is an important example of the concept of PRESSURE.

What is pressure?

ACTIVITY  2:

Aim:  To investigate the concept of pressure.

Equipment:

· Sharp pencil

· Pile of 3 bricks with thin wire strap handle

· Pile of 3 bricks with wide leather strip handle

· Pile of 1 brick with thin wire strap handle

· Steel punch

· PVC pipe

· plasticine

Method: Just discuss the questions with your group – do not write down the answers. 
Part A: Press the sharpened end of a pencil into the back of your hand and then do the same with the blunt end. 

1. In which case is pressure larger?

2. Explain why a difference in pressure can be observed?

Part B: Lift the two sets of bricks at the same time, with one in each hand as shown.

3. What difference do you observe?

4. Why does this happen?


Now lift another two sets of bricks like those shown below. 

5. What difference in pressure do you feel?

6. Why does this happen?

Part C: Drop a steel punch through the PVC pipe as shown.  Look closely at the imprint it makes in the plasticine.

Use the other end of the punch to make another imprint in the plasticine.  Drop it from the same height.

Compare the two depressions that have been made.

7. Why can you say that the punch hits the plasticine with the same force?

8. Explain why one end of the punch sank further into the plasticine.

9. What would happen if a heavier punch was used?

10. Why does the sharp end of an axe penetrate a block of wood much further than the blunt end?

Pressure Calculations:

Pressure is defined as the force acting per unit area.
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Type Example:

A submarine hatch has a surface area of 0.8 m2.  Calculate the pressure on this hatch if the total weight (force) on the hatch is 400 000 N.

A = 0.8 m2
F = 400 000 N
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 = 500 000 Pa  or 500 kPa
P = ?

Questions: Write answer to the following questions.

1. Why do interiors of modern cars contain few sharp objects and many flat, rounded surfaces?

2. Why are seat belts broad rather than narrow?

3. Why do drivers let their tyres down before taking their 4WD vehicles onto soft sand?

4. What pressure is exerted by the heel of a shoe on the floor of a room if the heel is 1.00 cm2 and the weight of the person is 600 N and he is standing on one foot?

5. What force is exerted on the base of a swimming pool which measures 50.0 m by 10.0 m if the average pressure of the water at the bottom of the pool is 400 kPa?

6. A floor covering can withstand a pressure of 1000 kPa.  What should be the minimum area in square centimetres of the base of a bookcase if the bookcase and its books together have a mass of 800 kg?  (Assume g = 9.8 m s-2)

7. A person of mass 65 kg is travelling in a car which crashes into a tree.  A force of 10 000 N is experienced by the person as the seat belt holds her in the seat.  If the total area of belt in contact with the person’s body is 70 cm x 6 cm, calculate the pressure exerted by the belt.

Impulsive Forces:

Forces such as those occurring in collisions, occur over a very short period of time.  These are called impulsive forces.

Consider two vehicles, each with the same mass, which collide with similar trees.

Car 1 is an old 1952 Holden that has been fitted with seat belts.

Car 2 is a 2004 Holden Commodore with loads of safety features.


ACTIVITY  3:

Aim:  To study the effect of collisions on passengers with and without an air bag.

Equipment:
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CALCULATING A TIME INTERVAL:


Because the ticker timer vibrates at 50 hertz (i.e. 50 times a second) the time interval between any two dots is 1/50th second or 0.02 s.  


Therefore to calculate the time interval between any two points:





TIME interval = number of dot SPACES  x  0.02.





For example, using the above tape, the time interval between 


0 and 2  = 10 x 0.02 = 0.2 s
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EQUIPMENT:


Ticker timer with carbon disc.


About 60 cm of ticker tape 


Power Pack


Connecting leads





�





5 m





4 m





3 m





A





B





C





         s


v  =  -----


         t





displacement


symbol is s 


unit is (metres or m)





time


symbol is t


unit is (seconds or s)





velocity


symbol is v


unit is (m/s or m s-1


or metres per second)
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EQUIPMENT:


Ticker timer with carbon disc.


Roll of ticker tape 


Power Pack


Connecting leads


Motion trolley








displacement





strips cut into lengths representing equal time intervals





1





2





3





4





uniform velocity section of the tape cut into strips representing equal time intervals
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Consider two people pulling against each other.  If the forces each person can exert are equal, they tend to cancel out, and there is no net motion.  The forces are said to be in equilibrium i.e. balanced.
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EQUIPMENT:


Ticker timer with carbon disc.


Roll of ticker tape 


Power Pack


Connecting leads


Motion trolley


Set of slotted weights


Approximately 1 metre of soft string


A pulley


A few clamps to clamp pulley to the bench








�





Pulley





set of slotted weights





trolley





tape





ticker timer





In this example a time interval is represented by 12 spaces between dots.





ACTIVITY 6		


ANALYSING   A  DRAGSTRIP  OF UNIFORM  ACCELERATION





�





METHOD:





1. Determine the average initial velocity (u) over a small section of the tape near the start.  i.e. use: � EMBED Equation.3  ���


NOTE:  With the timers being used, the time interval between each dot is � EMBED Equation.3  ��� of a second, therefore for four spaces the time interval is � EMBED Equation.3  ���


2. In a similar manner determine the average final velocity (v) over a small section near the end of the strip.  i.e. use: � EMBED Equation.3  ���


3. Determine the time between the centres of the two short sections. i.e. total time.


4. Calculate the acceleration of the trolley using the formula:





	� EMBED Equation.3  ���








AIM: To calculate the acceleration of a moving trolley by analysing a prepared dragstrip.





BACKGROUND: 


If the velocity of an object is increasing it is undergoing acceleration. 


If the velocity of an object is decreasing it is undergoing deceleration or negative acceleration or braking.


If the velocity of an object is constant in magnitude BUT its direction is changing it is undergoing acceleration.








EQUIPMENT:


Sample ticker tape of an accelerating trolley
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For each of the pictures below describe:


What is producing the force


b.  What effect does the force have?
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AIM: To investigate the concept of inertia.





EQUIPMENT:  	Coin supplied by students, 10 cards; 10 slotted weights and 10 rulers; 10  motion trolleys and 10  2 kg masses.





METHOD:   	Before trying the following activities  predict what you think will happen, then conduct the activity and explain your observations.





Place a trolley on the bench and gently push it forward.


Note how much effort is required to stop it.


Load a 2 kg mass onto the trolley and push it again to reach the same velocity.


Note how much effort is required to stop it.


Stack more weights and repeat.





2 kg





Pull the card quickly away to the side.


What happens?


Explain your observation.





Stack eight slotted weights.


Place a ruler flat on the desk and knock the bottom weight sideways by very quickly sliding the ruler through the stack


What happens?


Explain your observation.





Suspend the two cans from a suitable support.


Which can requires the more force to move it?


Explain your observation.





a body will remain at rest or in uniform straight line motion unless acted upon by an external unbalanced force.





Question 1:  explain why the golf bag hits farhad on the head. 





farhad was driving to the golf course when a dog ran across the road.  he applied the brakes …..





basil  is holding onto a strap in a stationary train when it suddenly accelerates and then it brakes suddenly as it reaches the next station.





Question 2:  In no more than four sentences, explain what happens to basil and why.





HEAVY WEIGHT





String 1





String 2





AIM: 	To investigate the concept of momentum and change in momentum.





BACKGROUND:  	


If a stone hits the side of a car, it will make a dent.  The faster the stone was travelling, the deeper the dent will be.  The effect that a moving object can have obviously depends on its velocity.  But a stone and a piece of sheep poo, which are about the same size and shape, will not make the same size dent, even if they are travelling at the same speed.





To measure the effect that the motion of an object can have, more then just the velocity is needed; the mass is important too.





	One quantity that can be used to measure this effect is called the  MOMENTUM of the object.





	The momentum of an object is the product of its mass and its velocity.


				Momentum  =  m  v





	When you apply a force to an object its momentum will change.





		Change in momentum = final momentum (  initial momentum


		Change in momentum =   mv   (  mu





EXAMPLES:   	


What is the momentum of a 100 kg athlete running at 7.00 m s-1?


momentum  =  m v  =  100  x  7.00  =  700 kg m s-1


What is the change in momentum of a 2000 kg Toyota Landcruiser that accelerates from 15 m s-1 to 30 m s-1.


change in momentum 	= mv   (  mu = (2000 x 30)  (  (2000 x 15) 


= 30 000 kg m s-1 forwards





What is the change in momentum of a 2000 kg Toyota Landcruiser that brakes from 30 m s-1 to 10 m s-1.


change in momentum 	= mv   (  mu = (2000 x 10)  (  (2000 x 30) 


= ( 40 000 kg m s-1 forwards  which is more usually expressed as 40 000 kg m s-1 backwards. 


 


What is the change in momentum of a 2000 kg Toyota Landcruiser travelling at 15 m s-1 that crashes into a tree and comes to rest.


change in momentum 	= mv   (  mu = (2000 x 0)  (  (2000 x 15) 


= ( 30 000 kg m s-1 forwards  which is more usually expressed as 30 000 kg m s-1 backwards. 





( CHALLENGE QUESTION FOR EXPERTS:


When a swimmer turns at the end of a lap, reversing his direction without changing his speed, his momentum also has changed.  What is the change in momentum of a swimmer of mass 70 kg swimming East at 1.50 m s-1 and she then turns and swims in the opposite direction at 1.50 m s-1?




















when an unbalanced force acts on a body it produces an acceleration in the direction of the force.  


this acceleration is directly proportional to the force and inversely proportional to the mass of the object .





SITUATION  1:  a pole vaulter needs maximum acceleration off the ground to gain the height required to clear the bar.  he therefore needs maximum thrust (force).
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SITUATION  2:  to achieve maximum acceleration with a dragster, a tremendous thrust (force) is required.
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SITUATION  3:  Space shuttle.
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MATHEMATICAL STATEMENT OF NEWTON’S SECOND LAW OF MOTION: 





if � EMBED Equation.3  ���  and � EMBED Equation.3  ��� then � EMBED Equation.3  ���  or more usually expressed as � EMBED Equation.3  ���





where F is the force in newtons (N);  m = mass in kilograms (kg) 


and  a is acceleration in metres per second squared (m s-2)





a force of 1 newton is that force,  which when acting on a 1 kg mass will produce an acceleration of 1 m s-2 





example:  A spaceship deep in space has a mass of 2500 kg.  What force is required to accelerate it at a rate of 5.00 m s-2?





F = ?                                     	F  =  m a


m = 2500 kg			F  =  2500  x  5.00


a  =  5.00 m s-2		F  =  12 500 N  


   





ANOTHER WAY OF EXPRESSING NEWTON’S SECOND LAW IS BY USING THE CONCEPT OF CHANGE IN MOMENTUM


newton’s second law states that the rate of change of momentum of an object is directly proportional to the applied force.





		� EMBED Equation.3  ���


What is the connection between � EMBED Equation.3  ��� and � EMBED Equation.3  ���


Well   � EMBED Equation.3  ��� but we know that � EMBED Equation.3  ���  therefore  � EMBED Equation.3  ���





sometimes we use  � EMBED Equation.3  ���  and at other times we use � EMBED Equation.3  ��� depending on the data
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Linear Fit�
�
�
m (Slope)�
9.7239�
�
b (Y Intercept)�
-28.5941�
�
r�
0.9976�
�
Standard Deviation  m�
0.1379�
�
Standard Deviation  b�
0.4109�
�
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NEWTON’S THIRD LAW OF MOTION


[ALSO KNOWN AS THE LAW OF ACTION AND REACTION]


To every action there is an equal and opposite reaction


The force that object A exerts on object B is the same as the force that object B exerts on object A, but is in the opposite direction.











A





B





FB on A





FA on B
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ANSWERS TO NUMERICAL PROBLEMS:


1999 J


5102 m


160 J


0.5 kg


(a)  2000 J  (b)  10 500 J


240 J


900 000 J


6.67 N


411 600 J


2500 J





WORK


W = F  s        Use when work is done against friction or when a force acts over a certain distance.  Both force and displacement must be in the same direction.


W = ( m g h  Use when work is done in lifting an object vertically against gravity.


W = (EK = ½ m v2 - ½ m u2   Use when work is done in changing the velocity of an object.


W =  m a s    Use when work is done in accelerating an object





where:


W is work in joules (J) 	h is height in metres (m)


F is force in newtons (N) 	v is velocity in metres per second (ms-1)


s is displacement in metres (m) 	u is initial velocity in metres per second (ms-1)


g = 9.8 ms-2 	a is acceleration in metres per second squared (ms-2)











KINETIC ENERGY





Ek = ½ m v2





where:


EK is kinetic energy in joules (J)


m is mass in kg


v is velocity in metres per second (ms-1)











POTENTIAL ENERGY





EP = m g h





where:


EP is potential energy in joules (J)


m is mass in kg


g is acceleration due to gravity = 9.8 ms-2


h is vertical height in metres 








Energy may exist in many different forms such as heat, light, sound, electrical, chemical or motion of an object.  All of these forms of energy can be broadly categorised as either  kinetic energy OR potential energy





Nuclear energy is being transformed into heat and blast energy





The higher the climber goes the greater their potential energy





Lift





F
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“Energy can neither be created nor destroyed, however energy can be converted from one form of energy to another form of energy.”





ANSWERS TO NUMERICAL PROBLEMS:


784 J


40.8 m


40.8 m


12755 m


17.15 ms-1


(a) 617 J   (b) 617 J (c) 11.7 ms-1
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“WITH WHAT VELOCITY WILL I HIT THE GROUND WHEN THEY CUT ME DOWN?”





Set up as in diagram below. Make sure it is stable.


Add 2-3 cm of water to test tube


Use Bunsen to heat water


Remove Bunsen when most of the water has boiled away.








RESULTS:





List the energy types observed in this activity.


Make a flow diagram to show the energy changes.


Estimate the efficiency of energy transfer at each stage and thus estimate the fraction of energy that is present in the spinning fan blade.





QUESTIONS:


How could the activity be modified to improve the efficiency.





Power


pack





Elastic band





Light globe





Electric motors





cloth





tripod





thermometer





Science  Learning  Outcomes





          W                          ( energy


P = -------   or     ---------------- 


        t                      t





where:


P is power in watts (W)


W is work in joules (J)


t is time in seconds (s)


(E is energy change in joules (J)





Because there are many formulae for work and energy there are many formulae for power.  All you do is - get the formula for work and divide it by time.





                      � EMBED Equation.3  ���
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I HAVE CONTROLLED ALL VARIABLES ....OH! NO! .... THE FUEL TANK IS EMPTY AND THE RESERVE TANK LEVER IS BROKEN AND THIS AIRCRAFT GLIDES LIKE A STONE!
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A FORCE WHICH ACTS OVER A VERY SHORT PERIOD OF TIME IS CALLED AN IMPULSIVE FORCE.





solid plank (about 1.5 m long)


block about 40 cm high


motion trolley (the ‘car’)


‘simulated cabin’


pre-made passengers made from plasticine


elastic bands








cotton thread or string


thin wire


masking tape


transparent tape 


flat football boot laces








�





Method:


�
Set up the plank as a ramp as shown in the diagram.  Protect the wall so that it will not be damaged.


Check that the trolley will collide head-on with the wall and that the bump at the bottom of the ramp does not significantly affect the motion of the trolley.


Set up and position the trolley with the simulated cabin as shown in the diagram.  The cabin must be held firmly in place.


Place the plasticine model passenger in the cabin as shown in the diagram.


Place the trolley at the top of the ramp then release it.


Record your observations of the motion of:


the trolley


the passenger


Remove the passenger and record any marks or impressions on its surface.


Smooth out any damage to the passenger.


Repeat the collisions using the variations listed below.  In each case, make suitable records of your observations and remember to repair your passenger between collisions.


a single cotton thread around the passenger to simulate a lap seat belt.


a cotton lap-sash seat belt.


a wire lap-sash seat belt.


a well fitted lap-sash seat belt made from flat boot laces





wide strap





thin wire





thin wire





thin wire





Falling punch





PVC pipe





Plasticine





where: Force is in newtons (N)


           Area is in square metres (m2)


           Pressure is in Pascals (Pa)


           1 Pa = 1 N m-2





If both cars have a mass of 900 kg calculate for each car:


the change in momentum   


the force of the car on the tree


the force of the tree on the car


Which tree might be least damaged?  


Which vehicle would you prefer to be in?


You can see that if the TIME for the impulsive force to act is increased, then the FORCE is reduced because the change in momentum for each vehicle is the same as they changed velocity from 70 kph to zero.





( 	Calculate the change in momentum of the 70 kg passenger in car 2 if it has an initial velocity = 70 kph and a final velocity after hitting the tree = 0.


(  In a modern car like the Commodore, the front end is designed to progressively crumple.  This extends the impact time.  If t = 0.2 s, calculate the FORCE on the passenger.


(	Using the same ESTIMATE of the area (in m2) of the seat belt that would be in contact with the passenger during the collision, calculate the approximate PRESSURE she might experience.


				





If car 1 has an initial velocity = 70 kph and a final velocity after hitting the tree = 0


Therefore:  � EMBED Equation.3  ���m s-1 and � EMBED Equation.3  ���m s-1


(  If the passenger has a mass of 70 kg and is stopped by the seat belt, calculate her change in momentum.


Change in momentum   � EMBED Equation.3  ���





In the old 1952 Holden, this collision would take around 0.05 seconds to occur.


Given that � EMBED Equation.3  ��� calculate the FORCE of impact on the passenger.


(	ESTIMATE the area (in m2) of the seat belt that would be in contact with the passenger during the collision and then calculate the approximate PRESSURE he might experience.


				� EMBED Equation.3  ���





solid plank (about 1.5 m long)


block about 40 cm high


motion trolley (the ‘car’) fitted with a


          ‘simulated cabin’


passenger made from plasticine


thin cardboard front end (cereal packet)








small plastic bag (air bag)


foam padding (5 mm thick)


masking tape


transparent tape 











�





Method:


Set up a collision ramp as in a previous activity.


Place the passenger in the cabin of the trolley. Leave the passenger unrestrained.


Push the trolley so that it runs into a wall and record any “injuries”.


Place the thin cardboard front end on the trolley with masking tape.


Repeat the collision using the trolley with its cardboard front end and record the effects on both the passenger and the front end.


Remove the cardboard front end.


Construct an air bag with a vent as shown in the diagram.


Fit the deflated air bag between the passenger and cabin interior as shown.


Inflate the air bag, then quickly carry out a single collision with the wall by running the trolley down the ramp.


Record the effect on the air bag, taking care not to disturb its position.  Then remove the passenger for examination and record any changes it has undergone.


If time permits you can refit the passenger and air bag and carry out some more collisions.


Questions: (


How did the crushing of the front end affect the injuries of the passenger.


Use the formula: � EMBED Equation.3  ���  to explain the reason for your answer in question 1.


How would the thickness of the cardboard front end affect results?  What thickness would you recommend for (a) low speed collisions and (b) high speed collisions.


How does an air bag protect a passenger in a collision?


In what type of collisions could front air bags be ineffective?





Questions: (


What parts of the body experience the force from seat belts?








Why is it important for the belt to be correctly adjusted and positioned?





Vehicle Safety Design


Impulsive forces cause major injuries in motor vehicles accidents.


Modern vehicles deal with these forces by:


REDUCING the magnitude of the FORCES on the human body by increasing the collision time.


REDUCING the PRESSURE caused by these forces by spreading the force over a wider area.


DIRECTING the FORCES to the stronger parts of the body.








Study the above diagram.  How does the seat belt act to:





Reduce the magnitude of the force?


Reduce the pressure on the body?


Redirect the forces to stronger parts of the body?





Some ways of reducing passenger injuries





In a collision, allowing the front or rear to crumple will reduce forces on the passengers.  It is most important however, that the vehicle compartment housing the passengers remains intact.  That is, it maintains its INTEGRITY.





For example, manufacturers must consider:





Roof crush resistance


Strengthening of doors and latches


Design of pillars, windscreen strength etc.





Even if the passenger compartment maintains its integrity and the passengers are wearing seat belts they can still be injured by:





the steering wheel


the doors


the windscreen


the dashboard and instrument panel





Approaches to reducing injuries inside the passenger compartment come under four general categories:





reducing contact pressure by removing sharp objects or increasing their surface area.


Recessing objects in a larger surface


Allowing objects to ‘GIVE’ when struck


Using padded surfaces





E





D





C





B





A





For each of the diagrams below and on the top of the next page, identify how the later cars have been designed to reduce injury.  Refer to the approaches mentioned at the bottom of the previous page.





Questions: (





A 2000 kg car travelling at 80 kph crashes into a tree and stops moving.


What is the momentum of the moving car?


What is the momentum of the car after it has struck the tree?


What is the change in momentum of the car?


What is the impulse involved in the collision?


What average force acts on the tree if the momentum change occurs during a period of 0.5 second?  What force acts on the car?


How would the average force on the car change if the time taken for the vehicle to come to rest was increased to 2.0 seconds?  


If the mass of the driver was 85 kg calculate the average force exerted by the seat belt if the impulse time was 0.5 s. 





Use the relationship:  � EMBED Equation.3  ��� to explain how the crumple zone on modern cars helps to reduce the forces which act during collisions.  How does this help to minimise passenger injuries?


During a collision, a passenger’s head strikes an unpadded dashboard with an average force of 40 N.  This force was exerted for 0.002 s.  If suitable foam padding had been present, the impact would have lasted for 0.2 s.  Calculate the force that would have been exerted by the padded dashboard. What do the relative sizes of the padded and unpadded forces show regarding the possible extent of injury in these cases?


Describe the effects of seat belts in collisions that have led many people to claim ‘seat belts are the biggest single factor in preventing serious injury or death’. Use the ideas of momentum, impulse and pressure in your explanations.
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