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About this Module
Environmental Science (Chemistry and Physics) has been produced by Chalimbana University. All modules produced by Chalimbana University are structured in the same way, as outlined below.

How this Module is structured

The course overview

The module overview gives you a general introduction to the course. Information contained in the course overview will help you determine:

· if the module is suitable for you.

· what you will already need to know.

· what you can expect from the course.

· how much time you will need to invest to complete the course.

The overview also provides guidance on:

· study skills.

· where to get help.

· course assignments and assessments.

· activity icons.

·  unit summary.

We strongly recommend that you read the overview carefully before starting your study.

The course content
The course is broken down into units. Each unit comprises:

· An introduction to the unit content.
· unit Objectives
· unit outcomes.

· new terminology.
· core content of the unit with a variety of learning activities.
· a unit summary.

· assignments and/or assessments, as applicable.

· answers to Assignment and/or assessment, as applicable
Resources
For those interested in learning more on this subject, we provide you with a list of additional resources at the end of this; these may be books, articles or web sites.

Your comments
After completing we would appreciate it if you would take a few moments to give us your feedback on any aspect of this course. Your feedback might include comments on:

· Course content and structure.

· Course reading materials and resources.

· Course assignments.

· Course assessments.

· Course duration.

· Course support (assigned tutors, technical help, etc.)

Your constructive feedback will help us to improve and enhance this course.

Course overview
Welcome to Environmental Science (Chemistry and Physics)
Environmental Science (Chemistry and Physics)
Is this course for you?

The aim of this course is to create rich and complex learning environments that engage the children in integrated approaches to learning in science.

Course outcomes
Upon completion of Environmental Science (Chemistry and Physics) you will be able to:
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Outcomes
	·   Develop an understanding of the main scientific concepts in Environmental Science related to chemistry and physics.

· Acquire ECE appropriate knowledge, general understanding and skills in Environmental Science.

· Acquire a mastery in the content of the subject matter to enable them teach efficiently, effectively and competently at Early Childhood Education level.

· Develop appropriate pedagogical skills to enable you teach Environmental Science efficiently, effectively and competently at Early Childhood Education level.

· Demonstrate appropriate innovative skills in developing teaching and learning aids from the local environment in the teaching of Environmental Science at Early Childhood Education level.

.
	.


Timeframe
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How long?
	A year course comprising of two residential.
Three(3) weeks of contact sessions

You need three (3) hours for formal study per week and you are expected not to spend less than ten (10) hours per week for self – study.
	 


Study skills
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	As an adult learner your approach to learning will be different to that from your school days: you will choose what you want to study, you will have professional and/or personal motivation for doing so and you will most likely be fitting your study activities around other professional or domestic responsibilities.
Essentially you will be taking control of your learning environment. As a consequence, you will need to consider performance issues related to time management, goal setting, stress management, etc. Perhaps you will also need to reacquaint yourself in areas such as essay planning, coping with exams and using the web as a learning resource.

Your most significant considerations will be time and space i.e. the time you dedicate to your learning and the environment in which you engage in that learning.

We recommend that you take time now—before starting your self-study—to familiarize yourself with these issues. There are a number of excellent resources on the web. A few suggested links are:

· http://www.how-to-study.com/
The “How to study” web site is dedicated to study skills resources. You will find links to study preparation (a list of nine essentials for a good study place), taking notes, strategies for reading text books, using reference sources, test anxiety.

· http://www.ucc.vt.edu/stdysk/stdyhlp.html
This is the web site of the Virginia Tech, Division of Student Affairs. You will find links to time scheduling (including a “where does time go?” link), a study skill checklist, basic concentration techniques, control of the study environment, note taking, how to read essays for analysis, memory skills (“remembering”).

· http://www.howtostudy.org/resources.php
Another “How to study” web site with useful links to time management, efficient reading, questioning/listening/observing skills, getting the most out of doing (“hands-on” learning), memory building, tips for staying motivated, developing a learning plan.

The above links are our suggestions to start you on your way. At the time of writing these web links were active. If you want to look for more go to www.google.com and type “self-study basics”, “self-study tips”, “self-study skills” or similar.


Need help?
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Help
	For assistance contact the following people within working hours.
Muzumara. P. M  (Professor) -0977676448

Ndhlovu. W. D-0977694937

Kambi. M-0978572573
Miyambo. A-0969735795


Assignments
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Assignments
	 There are two assignments for this course.

Assignments should be submitted to the course lecturer. 

Due dates will be advised by the course lecturer.




Assessments
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Assessments
	ASSESSMENT: Will be based in 4 ways.

Continuous assessment                                                    50%                                                                                           

Two Assignments:                                                             20%
Practicals                                                                            20%                                                                                                                                                       

Test:                                                                                    10%                                                                                          

Examination                                                                       50%                                                

Total                                                                                   100%

	


Getting around this Module
Margin icons

While working through this module you will notice the frequent use of margin icons. These icons serve to “signpost” a particular piece of text, a new task or change in activity; they have been included to help you to find your way around this Module.

A complete icon set is shown below. We suggest that you familiarize yourself with the icons and their meaning before starting your study.
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	Activity
	Assessment
	Assignment
	Case study

	[image: image13.png]



	[image: image14.png]



	[image: image15.jpg]e )




	[image: image16.png]




	Discussion
	Group activity
	Help
	Note it!
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	Outcomes
	Reading
	Reflection
	Study skills
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	Summary
	Terminology
	Time
	Tip
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	Computer-Based Learning
	Audio
	Video
	Feedback
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	Objectives
	Basic Competence
	Answers to Assessments
	


Unit 1

 Matter

Introduction

This is the first unit in your study of environmental Science module two. You will be introduced to the concept of matter, its composition and change of state. You will deal with physical and chemical changes and you will learn about different separation techniques in chemistry. You will further develop teaching skills for your learners on this topic
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 By the end of this you unit, you are expected to: 
	Outcomes
	· explain what matter is

· describe the particle arrangement and behaviour in solids, liquids and gases 

· discuss the composition of matter

· distinguish among elements, compounds and mixtures

· explain the differences between chemical and physical changes

· describe the different separation techniques.
· develop teaching skills on matter.




What is matter?
Can you take a moment and look around you? What do you see? You may have noticed many things that include clothes, chairs, books, the water you drink, the soil, buildings, plants including air that you do not see. What scientific term do you use to describe these things?  - All this is matter. How can you define matter?

. 
Matter is anything that has mass and occupies space (volume).

You may be aware that Matter can exist in one of the four states: solid, liquid, gas and plasma. The diagrams below show you the relative arrangement of particles in solids, liquids, gases and plasmas. 
Figure 1.1 Solid, liquid, gaseous and plasma states of matter.
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Figure 1 Solid, liquid gaseous and plasma states of matter
Source: https://chemistry-igcse. weebly
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Figure 2 states of matter at varying temperatures
The table below gives you a comparison of particles in each of the four states of matter.
	Comparison
	Solids
	Liquids
	Gases 
	Plasmas

	Arrangement of particles
	Closely packed together in an orderly arrangement
	Close together in a disorderly arrangement
	Far apart in a random arrangement
	Far apart in a random arrangement that are positive and negative

	Forces between particles
	Very strong forces
	Strong forces
	No forces
	 Interact with magnetic and electric fields

	Movement of particles
	Vibrates about their fixed positions
	Slide past each other randomly
	Move about quickly and randomly
	Move about very quickly and randomly

	Energy of particles
	Low
	Moderate
	High
	Very high

	Density
	High (because particles are close together)
	slightly high (because particles are close together)
	Low (because particles are far apart)
	Very low (because particles are far apart)

	Shape/volume
	Fixed shape & fixed volume
	Fixed volume No fixed shape
	No fixed shape, no fixed volume
	No fixed shape, no fixed volume

	Compressibility

(Rigidity)
	Incompressible
	Slightly compressible 
	Highly compressible
	Very highly compressible


Table 1 Comparison of four states of matter

On earth we normally have the three states of matter

Changes of states
You can observe changes of states by doing the following; remove ice from a fridge and put it in a pot. Leave it for 30 minutes and heat it until it boils. Can you now describe the process you have observed? When you reverse the process by condensing the steam and freezing the liquid you will notice that the steam (gas) changes to water (liquid) which then changes to ice (solid). This tells you that when a state of matter gains or loses heat, it changes into another state. The diagram below shows you different changes of states and the processes involved in these changes.





Figure 1.2 Three states of matter    Source: https://chemistry-igcse. weebly
Having looked at the states of matter; what is your reflection on the differences between the three and four states of matter? 
You may realise that when states of matter change from one state to another there is gain or loss of heat also. What terms do you use to describe these heat changes? You may have mentioned the terms exothermic and endothermic. A loss in heat is called an exothermic change. A gain in heat is called an endothermic change. 

Elements, compounds and mixtures

When you think of how matter is made up of, what comes into your mind?. You may recall from school science that everything we see is made up of atoms which consist of sub-atomic particles, usually a nucleus of protons, neutrons and a cloud of orbiting electrons. 
Elements
We can define an element as matter that is made up of the same kind of atoms. Any substance that contains only one kind of atoms is known as an element. When you look at the periodic table you see that there are slightly more than 111 elements classified as metals and non-metals. Look at the differences between metals and non-metals given below; 
Differences between metals and non-metals
	
	Metals
	Non-metals

	Properties
	· Good electrical conductors and heat conductors. 

· Malleable - can be hammered into thin sheets. 

· Ductile - can be stretched into wire. 

· Possess metallic lustre. 

· Opaque as thin sheet. 

· Solid at room temperature (except mercury). 


	· Poor conductors of heat and electricity. 

· Brittle - if a solid. 

· Non-ductile. 

· Do not possess metallic lustre. 

· Transparent as a thin sheet. 

· Solids, liquids or gases at room temperature.




Table 2 Differences between metals and non-metals

Compounds
Have you ever thought of what is formed when elements combine?
Let us now look at what happens when elements combine. When Elements combine form chemical compounds. The elements are combined in definite proportions to form compounds. Compounds are homogeneous forms of matter. Their constituent elements (atoms and/or ions) are always present in fixed proportions.
The law of constant composition states that the ratio by mass of the elements in a chemical compound is always the same, regardless of the source of the compound. The law of constant composition can be used to distinguish between compounds and mixtures of elements: Compounds have a constant composition. Water is always 88.8% O and 11.2% H by mass regardless of its source, giving us the formula, H2O.
Can you look at table 4 below to appreciate examples of elements combining in fixed proportions.  Most pure substances are compounds. Table salt, sodium chloride (NaCl), is an example; water (H2O) is another
	Compound
	Formula

	Water 
	H2O

	Table salt (sodium chloride)
	NaCl

	Sucrose (table sugar)
	C12H22O11

	Carbon dioxide
	CO2


Table 3 Examples of compounds

Mixtures

Would you recall what you learnt during your school science was the major difference between mixtures and compounds? There are specific properties that differentiate the two. 
Consider Brass is an example of a mixture of two elements: copper and zinc. It can contain as little as 10%, or as much as 45%, zinc. Most laboratory work requires the use of techniques to separate the components of mixtures. This is done by exploiting some property that distinguishes the components, such as their relative, size, density and solubility. Another difference between compounds and mixtures of elements is the ease with which the elements can be separated.  Mixtures, such as the air, contain two or more substances that are physically combined and you may find them relatively easy to separate. The individual components of a mixture can be physically separated from each other. 

The table 5 below shows a summary of the properties of mixtures and compounds.

	
	Mixtures
	Compounds

	1
	Substances just mix together and no new substance is formed. 
	Elements react to form a new substances 



	2
	has a variable composition 
	The composition of each new substance is fixed

	3
	A mixture shows the properties of constituent substances 
	The new substance has totally different properties 

	4
	The constituents can be separated easily by physical means.
	The constituents can be separated by chemical or electrochemical reactions

	5
	They are generally heterogeneous i.e. 
	They are always homogeneous, 

	6
	During the formation of mixture , no energy changes takes place 
	During the formation of compound the energy is either released or absorbed


Table 4  Difference between Mixers and Compounds
Physical and Chemical Properties
Let us now explore properties of changes that elements and compounds undergo. A property is a quality or characteristic of a substance. We can identify, describe, classify and separate substances by making use of their properties. 

Matter has two types of properties. Physical properties describe the substance as it is. Chemical properties describe how a substance reacts, with what it reacts, the amount of heat it produces as it reacts or any other measurable characteristic that is shown as it combines with other substances. 

Physical properties include: colour, electrical conductivity, density, ductility, brittleness, malleability, magnetism, hardness, melting and boiling temperatures, heat conductivity or tendency to dissolve in various liquids. 

Chemical properties include: whether a material will react with another material, and the production of new substances. 

We can separate or purify materials based on their properties. We can separate a mixture of sand and iron filings by magnetism. The iron filings will stick to a magnet dragged through the mixture. We can separate ethanol from water by making use of their boiling points. This process is called distillation. A mixture of water and insoluble material with alcohol mixed in it will release the alcohol as vapour at the boiling point of alcohol (78°C). We can separate the insoluble material by solubility. A mixture of table salt and sand can be separated by adding water. The salt dissolves and the sand does not and can be filtered off. 

Teaching skills
· Having gone through matter and its properties, we will explore how you will teach matter to early childhood learners. The learners must appreciate what matter is without necessarily learn the terms involved as may be too advance for their level of comprehension.  What ideas do you have on what and how you can teach the early childhood learners?  Are you aware of what is contained in their syllabus on science or matter to be specific? Consider the following:

· Use a simple demonstration by using a pot and put in an Ice block (solid) and apply some heat and having them watch it to melt to liquid as it began to boil and create steam (gas). Or alternatively put water in a pot and boil to create steam and direct it to a surface of lower temperature so that water can form again.(change of state from solid(ice block) to liquid (water) and gas (water vapour).
· Put a few marbles or small balls in a box and shake the box, the balls are moving a lot and are far apart - this is a gas. Put some more in the box and shake it, the balls are closer together and can't move as freely - this is a liquid. Fill the box all the way and shake it, the balls can hardly move - this is a solid. (Arrangement of particles in solids, liquids and gas) 

· Make a cup of tea in class while pupils are watching. Use a tea strainer to separate tea leaves from the rest of the liquid (separation of liquids from solids) .
· Light a candle and get an empty plastic container with a cap ad make a small hole, sqeeze the bottle while pointing at the candle flame to illustrate that are exist and it will blow the candle flame. Ask them why it’s being blown? What is blowing it? Can they see what is blowing it and why? (gas)
· Idea on floating a balloon on water, solid material on water….(density of states of matter)

· Creation of bubbles through blowing in a pipe in a liquid……

Unit summary
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Summary
	In this unit you learned about

·  matter and the states of matter
· particle arrangement and behaviour in solids, liquids and gases 

· Composition of matter

· differences between elements, compounds and mixtures

· differences between chemical and physical changes

· different separation techniques.
· Teaching skills on matter




Assignment
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Assignment
	1
What are the major differences between? 

(i) a solid and a liquid  (ii)
a gas and a liquid

2
Prepare a detailed activity that you can do with early learners of a specified category to appreciate properties of matter (may just be one state) and link it to the school syllabus.




Assessment
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Assessment
	1. Explain the difference between elements and compounds by giving appropriate examples.

2. Explain the difference between mixtures and compounds by giving appropriate examples
Key Reference

Atkinson, A.(1996) Certificate Chemistry. 4th Edition. London: Holder Headline Group


 Unit 2

        Air and Water
               Introduction

Having gone through matter in this unit you will learn about the general properties of air and water, their importance, general use and how they are contaminated. You will also develop teaching skills on the topic for your learners.
By the end of this you unit, you are expected to:
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Outcomes
	· explain the importance of air to life

· state and explain the composition of air

· explain the general properties of air
· describe fractional distillation to separate the components of air
· state some of the major air pollutants
· describe some major chemical and physical properties of water
· explain some of the major industrial uses of water
· develop teaching skills about Air and water.



Air
You can use the term atmosphere to describe the air that surrounds the entire planet. To an astronaut and a diver, air is something to think about. They always have to carry their own supply of air compressed into a small tank.

Why do we need air? Sometimes people like saying, “We need air to breathe.” This is just the opposite of what is truth. In fact, we breathe because we need air even though we only need part of it. Air is a mixture of gases. The part we use is called oxygen, and it makes up about one-fifth of normal atmospheric air.

Why is oxygen so important? Our bodies use oxygen to combine with food substances in a process called respiration. Respiration releases energy that we can then use for our body processes (another gas, carbon dioxide, also found in air, is made in this process). If you were deprived of oxygen for more than a few minutes, these life processes would stop. You would suffocate to death!

Many of the other gases found in air do not do much either. Some of these gases, including argon, neon, and helium, are so renowned for doing nothing that they are called inert gases.

Other gases are more important to living things. Without the 0.03 percent of carbon dioxide in the air, there would be no green plants. Plants use carbon dioxide to make food. They use the energy from sunlight to combine water with carbon dioxide to make carbohydrates. They turn parts of the air into living matter! Most plants absorb water through their roots, but water is also found in the air (it’s called water vapor). The amount of water in the form of water vapor varies. On hot, sticky days, you can easily feel that there’s a lot of water in the air. 
Composition of air
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Source: https://chemistry-igcse. weebly
The atmosphere is a layer of air containing mixture of several gases. This mixture composition varies according to time and place. 
Do you know that 78% of air is nitrogen, 21% is oxygen and the remaining are traces of water vapour, carbon dioxide, argon, and various other components? Air is usually modelled as a uniform (no variation or fluctuation) gas with properties averaged from the individual components.

Have you ever thought about source of water you see early in morning on grass and car wind screen? The source is as a result of cooling of water vapour at night. The water vapour content in air varies. The maximum moisture carrying capacity of air depends primarily on temperature; the higher the temperature the larger the moisture content.

Do you know that you can separate Air into different gases using fractional distillation? Air is the main source of oxygen, nitrogen, carbon dioxide and noble gases.
Fractional distillation of air
These are separated by first liquefying the air and then separating the components of liquid air by fractional distillation.
1. air is filtered to remove dust and other solid particles
2. Any carbon dioxide or water vapour in the air must be removed, otherwise when air is cooled, they would solidify and block up the pipes.

3. Carbon dioxide gas is removed by bubbling the air through an alkali like sodium hydroxide.
Sodium hydroxide + Carbon dioxide → sodium carbonate + water   
4. Water is removed in a drying tower with a drying agent such as silica gel.

5. The air is then compressed to about 200 atmospheric pressure; This process of compression and expansion is continued until the temperature drops to -200oC (73K). At this temperature, all the gases except neon and helium would have been liquefied. 

6. The liquid air is passed into a fractionating tower, where it is slowly warmed up. The first gas to boil off is nitrogen (-196oC).

7. When all the nitrogen has been given off, the temperature rises to -186oC and argon gas is boiled off. 

8. Oxygen is next, at -183oC. The gases are boiled off separately and are collected and stored under pressure in cylinders.
A. Combustion/Burning 
If you have ever lit a match or viewed fireworks, you have seen combustion action.
· MOST substances react with oxygen in exothermic reaction, which is called combustion. If flames are produced during combustion, it’s called burning.

· ALL carbon compounds burn in oxygen to produce Carbon dioxide while ALL hydrogen containing compounds burn in oxygen to produce water.

· When adequate supply of oxygen is available during burning, it will create a complete combustion. If otherwise, the combustion is incomplete.
Uses of Oxygen

· As rocket fuel

· In steel making, to burn off impurities

· In oxy-acetylene cutting and welding

· In oxygen tanks for deep sea divers and mountain climbers to provide oxygen

· For respiration for most animals

· Used as oxygen tents in hospital to aid patients with respiratory problems
Common Air Contamination Sources:

Industrial emissions, vehicle exhaust, heating activities, and local environmental conditions can seriously degrade the quality of intake air used during compression. Malfunctions, poor maintenance or operational practices can also introduce contaminants into air tanks.
Water
You use water every day for bathing, washing, drinking and so many other things, but have you ever realized the components of water? Water appears in nature in all three common states of matter and may take many different forms on Earth: water vapour and clouds in the sky; seawater and icebergs in the polar oceans; glaciers and rivers in the mountains; and the liquid in aquifers in the ground. Water is unique in that it is the only natural substance that is found in all three states liquid, solid (ice), and gas (steam) at the temperatures normally found on Earth. Earth's water is constantly interacting, changing, and in movement.
Chemical and Physical Properties of Water

Water is a tasteless, colourless and odourless liquid at standard temperature and pressure. Ice also appears colourless, and water vapour is essentially invisible as a gas. Because water is transparent aquatic plants can live within the water because sunlight can reach them. 

Water is a good solvent and is often referred to as the universal solvent. Substances that dissolve in water, e.g., salts, sugars, acids, alkalis, and some gases – especially oxygen, carbon dioxide are known as hydrophilic (water-loving) substances, while those that do not mix well with water (e.g., fats and oils), are known as hydrophobic (water-fearing) substances.
All the major components in cells (proteins, DNA and polysaccharides) are also dissolved in water. 

Pure water has a low electrical conductivity, but this increases significantly when small amount substances such as salts like sodium chloride and acids like hydrochloric acid are dissolved in it. The boiling point of water (and all other liquids) is dependent on air pressure, the higher the air pressure the higher will be the boiling point. For example, on the top of Mt. Everest water boils at 68oC, compared to 100oC at sea level. Conversely, water deep in the ocean near geothermal vents can reach temperatures of hundreds of degrees and remain liquid. 

The maximum density of water occurs at 4oC. It has the anomalous property of becoming less dense, not more, when it is cooled down to its solid form, ice. It expands to occupy 9% greater volume in this solid state, which accounts for the fact of ice floating on liquid water. Water reacts with reactive metals such as potassium and sodium to form alkaline solutions eg potassium hydroxide and sodium hydroxide solutions respectively.  It also reacts with reactive non-metals like chlorine forming a solution of chlorine water.
The water industry provides drinking water and wastewater services (including sewage treatment) to residential, commercial, and industrial sectors of the economy. The water industry includes manufacturers and suppliers of domestic water including bottled water.
Teaching skills
· Teacher to take learners out of the class and release balloons, make them state what's pushing them up. 

· Ask the children to take a deep breath and ask them what they did. 
· Teacher to bring a transparent balloon, ask the learners what's inside the balloon that would make the balloon so big. 
Unit summary
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Summary
	In this unit you learned about

· importance of air to life

·  composition of air

·  general properties of air
· fractional distillation to separate the components of air
· major air pollutants
· chemical and physical properties of water
· major industrial uses of water
· teaching skills about Air and water.
· composition of air

· air pollutants

· water and pollution of water


Assignment
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Assignment
	Make a visit at your nearest water treatment plant to find out how water is treated for domestic use




Assessment
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Assessment
	State physical properties of water.

Name at least six substances that pollute air

Explain how some of these pollutants can be reduced.

Key Reference

Muzumara, P. M. (2013). Chemistry for School Certificate; Lusaka, Bhuta Publishers.




Unit 3
 Chemical Reactions
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OUTCOMES 
	· explain what a chemical reaction is 

· explain types of reactions, 

· explain factors affecting the rate of reaction

· discuss acids, bases and salts

· develop teaching skills for early learner on this topic.




Introduction

In this unit you will learn about types of chemical reactions, rates of chemical reactions and acids, bases and salts. You will further study some important uses of acids, bases and salts and develop teaching skills on this topic for your learners. 
Chemical reactions

Are you aware that a chemical reaction occurs when substances (the reactants) collide with enough energy to rearrange to form new product (compounds)? During chemical collisions atoms of one element lose electrons to atoms of another element forming an ionic compound or share electrons with atoms of another element forming a covalent compound. 
A chemical equation describes what happens in a chemical reaction. The equation identifies the reactants (starting materials) and products (resulting substance).
Chemical equations show: 

1. The reactants which enter into a reaction. 

2. The products which are formed by the reaction. 

3. The amounts of each substance used and each substance produced. 

Two important principles to remember: 

1. Every chemical compound has a formula which cannot be altered. 

2. A chemical reaction must account for every atom that is used. This is an application of the Law of Conservation of Matter which states that in a chemical reaction, atoms are neither created nor destroyed. 

Writing the word equations
Here you express the reaction using names of reactants and their products.

Example 

Carbonic acid, as in soft drinks, decomposes when it is formed.

Carbonic acid in soft drinks  →  water    +  Carbon dioxide gas 

Ammonium hydroxide decomposes to form water and ammonia gas

Word equation:

Ammonium hydroxide  →  ammonia gas + water
Zinc (IV) oxide + hydrogen gas   →   Zinc   +   water

Examples of Chemical reactions

Neutralization Reaction
The reaction of an acid and a base is called a neutralization reaction. Although acids and bases have their own unique chemistries, the acid and base cancel each other’s chemistry to produce water and salt. In fact, the general reaction between an acid and a base is

acid + base → water + salt
where the term salt is generally used to define any ionic compound (soluble or insoluble) that is formed from a reaction between an acid and a base. (In chemistry, the word salt refers to more than just table salt.) 
Combustion of Hydrocarbons:
Another important type of reaction, in addition to the four types above, is that of the combustion of fuels (hydrocarbons). When fuels are burned with sufficient oxygen supply, the products are always carbon dioxide and water vapour. If the supply of oxygen is low or restricted, then carbon monoxide will be produced. This is why it is so dangerous to have an automobile engine running inside a closed garage or to use a charcoal grill indoors. 

Factors affecting the rate of chemical reactions

Have you thought about this? The reaction rate varies, depending upon what substances are reacting. For example, acid/base reactions, and ion exchange are fast reactions. When covalent bond formation takes place between the molecules and when large molecules are formed, the reactions tend to be very slow. Nature and strength of bonds in reactant molecules greatly influences the rate of its transformation into products. The reactions which involve less bond rearrangement proceed faster than the reactions which involve larger bond rearrangement.
An increase in temperature increases the rate of reaction, the higher temperature the more the energy of reactants to combine and the higher the rate of reaction. 
The physical state (solid, liquid, or gas) of a reactant is also an important factor of the rate of change. When reactants are in the same phase, as in aqueous solution, thermal motion brings them into contact. However, when they are in different phases, the reaction is limited to the interface between the reactants. Reaction can only occur at their area of contact, in the case of a liquid and a gas, at the surface of the liquid. Vigorous shaking and stirring may be needed to bring the reaction to completion. 

For a solid reactant the more finely divided it is, the greater will be its surface area and the more contact it makes with the other reactant, thus the faster the reaction. Consider a reaction of marble chip (calcium carbonate) with dilute hydrochloric acid. This reaction takes longer than when the chips are ground into powder. Try this activity with your teacher.

Acids, Bases and Salts

Acids

Do you know that acids have a sour taste? You will find that many fruits are sour because they contain acids. This property gave acids their name. Sulphuric acid which we find in car batteries is an example of acidic substances.  Tasting laboratory acids is not permitted by any school. Stomach acid is hydrochloric acid. Although tasting stomach acid is not pleasant, it has the sour taste of acid. Acetic acid is the acid ingredient we find in vinegar. Citrus fruits such as lemons, grapefruit, oranges, and limes have citric acid in the juice. Sour milk, sour cream, yogurt, and cottage cheese have lactic acid from the fermentation of the sugar lactose.

Acids turn blue litmus to red. Litmus is the oldest known acid-base indicator. It is red in acid and blue in a basic solution (alkalis).

Acid is a substance that forms a hydrogen ion, H+(aq), when dissolved in water. 

Reactions of acids

1. Do you know that you can produce salt and water when acids and bases combine? An acid reacts with a base to form a salt and water only. We call this a neutralization reaction.  A salt is any compound that is formed with the anion of an acid and the cation of a base. The hydrogen ion of the acid and the hydroxide ion of the base unite to form water.
Hydrochloric acid + Potassium hydroxide → Potassium chloride + water 
Acid
    +  base(alkali)   →  salt         +    water

Sulphuric acid + sodium hydroxide  →   sodium sulphate +water
Acid      +        Base(alkali)  →           salt        +      water

Sulphuric acid  +   magnesium oxide   →    magnesium sulphate   +  water 

Acid 

base

    salt

+                water

They react with carbonates and hydrogen carbonates to produce salt, water and carbon dioxide. This is also the test for carbonates. Check for laboratory preparation of carbon dioxide.
Sulphuric acid + calcium carbonate  →  calcium sulphate + water  + carbon dioxide


Bases

Are you aware that bases are substances that taste bitter and feel slippery to the skin? All metal oxides and hydroxides are bases? (Except ammonium hydroxide, this is not a metallic hydroxide) A base is a substance that produces hydroxide ions (OH-) in aqueous solution. A soluble base is an alkali. Sodium hydroxide in water solution becomes sodium ions and hydroxide ions. It is an alkali, a soluble base.

Properties of bases

Bases release a hydroxide ion into water solution. They cause a hydroxide ion to be released into water solution by accepting a hydrogen ion in water.

Bases neutralise acids in a neutralisation reaction. The word reaction is: Acid plus base makes water plus a salt. This explains why you lime (calcium oxide) to acidic soils, it is for neutralization purposes.
Base/alkali      +     Acid       →           Salt            + Water 
Bases denature protein. This accounts for the "slippery" feeling on hands when exposed to a base. Strong bases that dissolve in water well, such as sodium or potassium hydroxides are very dangerous because a great amount of the structural material of human beings is made of protein. You can avoid serious damage to flesh by careful use of strong bases. 

Bases turn red litmus to blue.

Bases taste bitter. There are very few food materials that are alkaline, but those that taste bitter. It is even more important that you take care in tasting bases. (Again, no school permits tasting of laboratory chemicals). Tasting of bases is more dangerous than tasting acids due to the property of denaturing proteins by stronger bases.

Examples of Bases

1. Lithium hydroxide
2. Sodium hydroxide 
3. Potassium hydroxide
4. Caesium hydroxide
5. Magnesium hydroxide 
6. Calcium hydroxide 
pH Values

The pH of a substance is a mathematical way to express how acidic or alkaline the solution is. The pH of 7 is neutral, above 7 is alkali or base and below 7 is acidic. pH 1 is of a very strong acid and pH 6.9 is very weak acid whereas pH 7.1 is very weak alkali or base and 14 is a very strong base (alkali).

Salts

Do you know that a salt is the combination of an acid anion (- ion) and a cation (a + ion)? Another way you can think of a salt is the combination of the anion of a certain acid with the cation of a certain base. The neutralisation of potassium hydroxide with hydrochloric acid produces water and the salt, potassium chloride. In a solid salt, the ions are held together by the difference in charge. Solid salts usually make crystals; sometimes they include specific amounts of water, called water of hydration or water of crytalisation as part of the crystal. If a salt dissolves in water, it usually dissociates into the anions and cations that make up the salt.

Types of salts

Salts dissolved in water may not be at neutral pH. Table salt, NaCl, has a neutral pH in water, but baking soda, NaHCO3 is very alkaline when dissolved in water. Take a teaspoonful of baking soda on your hand, wet it, and completely wash your hands with it. (Baking soda is a really fine material for cleaning hands!) There is the hint of the slipperiness of bases on your hands that had to come from the baking soda.

Salts made of the anion of a strong acid and the cation of a strong base will be neutral salts, that is, the water solution with this salt will have a pH of seven. (Example - sodium chloride).

Salts made of the anion of a strong acid and the cation of a weak base will be acid salts, that is, the water solution with this salt will have a pH of less than seven. (example - ammonium chloride.
Salts made of the anion of a weak acid and a strong base will be an alkaline salt. The pH of the solution will be over seven. (Example - sodium bicarbonate is an alkaline salt).

Uses of Acids, Bases and Salts
You need to be familiar with different uses of acids, bases and salts. Here below are the uses. 
Acids

1. Sulphuric acid is used in the manufacture of paints, plastics, drugs, detergents and in petrol refining, in lead accumulators and in cleaning of metal surfaces before they are coated with other metals.

2. Nitric acid is used to prepare dyes, drugs, explosives, fertilizers and quick drying paints. It is also used in the purification of gold and silver.

3. Hydrochloric acid is used to remove the impurities from the surface of the articles made of iron and steel before galvanization with zinc.

Bases

1. Sodium hydroxide is used in the manufacture of soap, paper, artificial silk, medicines and organic dyes in the purification of oil products. It is also used as an electrolyte in alkaline batteries.

2. Calcium hydroxide is used as a material for dressing of acid burns. It is also used as a manufacture of bleaching powder and as an antidote for acid poisoning.

3. Ammonium hydroxide is used as a reagent in the laboratory, and in removing grease from glass panes, ink spots from clothes.

Salts

1. Ammonium chloride is used in dry cell, battery and in the manufacture of medicine.

2. Potassium nitrate as meat preservative and in the manufacture of fertilizers and fireworks.

3. Sliver nitrate in medicine and photography.

4. Potassium carbonate in the manufacture of glass and soap.

5. Sodium bicarbonate in baking and in fire extinguishers.

6. Sodium hypochlorite in bleaching.
Teaching skills

Chemical Reaction

Examples of chemical reactions for pre-school learners

· Demonstration of burning of white paper to ashes

· Forming bubbles using soap and water
· Forming bubbles using vinegar and baking soda

· Souring milk using vinegar

· Baking cake
Acids, bases and Salts

· For preschool leaners to understand acid, the teacher has to explain to them that acid should not always be considered as dangerous. We usually use acids in our daily life. The teacher can explain to the leaners that acid is found in citric fruits that we eat e,g lemons, grapes and oranges.

· In addition daily products such as sour milk and yogurt contain lactic acid. So not all acids are dangerous. Acids like sulfuric acids are used in the manufacturing of fertilizer that we use on the farm in plants and is use to make paint that we use to paint houses and schools. Leaners will be able to understand because they now know that acids are around us in fruits and daily products among others.
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Unity summary

In this unit you learnt about

· Chemical reactions

·  Types of chemical reaction

· Factors affecting rates of reactions

· Definitions, properties, uses and dangers of acids, bases and salts.

· Teaching skills on this topic for your learners.
Assignment
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	1. Using relevant examples. Describe how you can teach the concept of acids and bases to pre-school learners.



Assessment

	
[image: image45]
Assessment
	1. This label from a bottle of juice listed its chemical elements.
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a. i. Which of these chemicals has sour taste? [2]

ii. Would the PH of the juice be below 7, equal to 7 or above 7? 




 Key Reference 

Atkinson, A.(1996) Certificate Chemistry. 4th Edition. London: Holder Headline Group.

Unit 4
Measurements
Introduction

Unit four (4) introduces you to the physics part of Environmental science. To better appreciate characteristics of matter or objects you may want to compare with other objects. Have you ever wondered how measurements can be used in early childhood education? In children this concept needs to be well developed for them to appreciate the world around them. For instance, how long and how far a place is and maybe its size? For you to effectively equip early learners with concept of measurements, it is of paramount importance to explore standards units of measurement and its application. 
In this unit you will learn about measurements

 By the end of this you unit, you are expected to:
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Outcomes
	· perform SI unit conversions  

· explain the most common prefixes in the SI units and be able to write them in scientific notation.

· use SI units in measurements.

· use basic measuring instruments.

· define basic units. 

· explain that all other units are a combination of base units

· develop teaching skills on measurement.




What is measurement?

You may have come up with your own definition of measurement.

Measurement is about assigning a number to a characteristic of an object or event, which can be compared in size or quantity with other objects or events. The scope and application of measurement are dependent on the context and discipline. In the natural sciences and engineering, measurements do not apply to nominal properties of objects or events. However, in other fields such as statistics as well as the social and behavioral sciences, measurements can have multiple levels, which would include nominal, ordinal, interval and ratio scales. 
Through the development process of measurements, standards units were established and being used with similar understanding. Such units are referred to as standard Units ( SI)

2.2.1 2 SI base units.



Figure 3 SI base Units

The International System of Units (SI) defines seven units of measure as a basic set from which all other SI units can be derived. Figure 4 shows the  SI base units and their physical quantities are the metre for measurement of length, the kilogram for mass, the second for time, the ampere for electric current, the kelvin for temperature, the candela for luminous intensity, and the mole for amount of substance. 
The names and symbols of SI base units are written in lowercase, except the symbols of those named after a person, which are written with an initial capital letter. For example, the metre (US English: meter) has the symbol m, but the kelvin has symbol K, because it is named after Lord Kelvin and the ampere with symbol A named after André-Marie Ampère. 

Several other units, such as the litre are formally not part of the SI, but are accepted for use with SI
Seven SI base units 

Let’s now take time to look at the SI base units in detail.

METRE.

Currently, we can define the metre, the basic SI unit of length. In simple terms a metre equals 100cm in length.
SECOND
The second (symbol: s) is the base unit of time in the International System of Units (SI) and 60 seconds make one minute. 
KILLOGRAM.

The basic SI unit of mass is the kilogram (kg) and is equal to the 1000g of mass.
Ampere 

The Ampere (A) is the base unit of current I and is defined as the amount of charge Q, passing through a point in one second.
KELVIN

The kelvin, is the base unit of thermodynamic temperature, is the fraction 1/273.16 of the thermodynamic temperature of the triple point of water which is 0oC. 

CANDELA

The candela is the base unit of light (luminous) intensity, in a given direction.
MOLE 

The mole is the unit of measurement for amount of substance 
Measuring instruments
LENGTH
Do you know that length is one of the basic quantities defined by the International System of Units? The internationally agreed base unit for length is the metre. Commonly we find multiples and sub-multiples of length, which include the kilometre (one kilometre is equal to one thousand metres) and the millimetre (one millimetre is equal to one thousandth of a metre). You have no doubt used a ruler, a measuring tape, or a metre rule to measure the length of various items. These common measuring devices (the generic term for which is measure) are also sometimes used by physicists, where appropriate, for measuring length. Typically, this kind of measure is marked (graduated) with major intervals in centimetres and minor intervals in millimetres. With a metre rule, therefore, we can measure the length of an item up to one metre in length, to the nearest millimetre. 
You can show these instruments to class and allow pupils to make measurements of their heights, lengths of their books, length of class room, desks etc.
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Source: Home Science Tools
A selection of tools commonly used to measure length 
For many purposes, you will find that a graduated measure of the kind illustrated above is perfectly adequate. Obviously, you must take care measuring. You need to position the measure carefully to ensure that the first mark on the measure (i.e. the mark representing zero) is aligned with one end of the length being measured. You are then looking for the mark on the measure that most closely aligns with the other end of the length you want to measure. Note that the eye should be vertically above the measure and the object you are measuring in order to minimize the possibility of parallax errors. If you don't know what a parallax error is, try looking at an old-fashioned analogue clock (i.e. one with hands) from different angles. You will see that, because the hands of the clock are not completely flush with the face of the clock, they can appear to point to slightly different points on the clock face, depending on your position relative to the clock. 

Another point to note here is that the resolution of the measure is determined by the smallest distance between minor graduations. In the case of the type of measure illustrated above, the smallest distance between graduations is normally one millimetre. A more formal definition of resolution, and one that can be applied to measuring tools and instruments of all kinds, is the smallest change in input that can be detected at the output. In the case of our millimetre-graduated measure, a change in the length being measured (i.e. a change of input) of one millimetre will be easily detected, so long as we exercise due care and attention when making measurements, and have reasonably good eyesight (or a decent pair of reading glasses). The output in this case will be the position of the mark on the measure that aligns with the end of the object being measured, as observed and recorded by the person making the measurement. 

Volume
Measuring cylinders, volumetric flasks, pipettes, and burets usually called volumetric glassware are some of the measuring instrument that can be used to measure volume. These are given in the measuring tools below. 



Source: Home science tools
Are you aware that volumetric glassware can be divided into two categories? Those designed to contain a specified amount of liquid and those designed to deliver a specified amount of liquid. When liquid is poured from a piece of glassware, like measuring cylinders and volumetric flasks a small amount remains behind, clinging to the sides of the vessel. A 100 ml volumetric flask is designed to hold exactly 100 ml, but if the liquid is poured out it will actually deliver a little less than 100 ml. Glassware designed to deliver, like pipettes and burettes account for the small amount of liquid that remains behind. A 100 ml pipette contains a little more than 100 ml of liquid, but when the liquid is drained from a pipette, almost 100 ml is delivered. 

The Meniscus 

When you place water in a glass or plastic container the surface takes on a curved shape. We call this curve as a meniscus. Volumetric glassware is calibrated such that reading the bottom of the meniscus, when it is viewed at eye level, will give you accurate results. Viewing the meniscus at any other angle will give you inaccurate results. 
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Source: Home science tools
 Accuracy 

The accuracy of the markings on volumetric glassware varies greatly. The markings on beakers and flasks are usually about plus or minus 5% of the volume of the container. As such, they should be used only when a rough estimate of volume is required. The tolerance on graduated cylinders is about 1%. Volumetric flasks, burettes and pipettes are the most accurate with tolerances of less than 0.2%. To achieve these accuracies the person using the device needs to use the proper technique and the measurements need to be made at the temperature for which the glassware was calibrated (usually 20 degrees C).

Graduated Cylinder
Do you know that graduated cylinders are thin glass tubes used to measure the volumes of liquids? The process of calculating volume using a graduated cylinder is straightforward, but certain steps must be taken to ensure an accurate reading and maintain a safe working environment. Once you familiarize yourself with the procedure, you will be able to repeat the steps with confidence and quickly measure small amounts of liquids.

· Select a cylinder that is large enough to hold the volume of liquid being measured.

· Confirm that the tube is clean and dry. Unwanted particles or drops of liquid in the cylinder could throw off the measurement.

· Hold the tube steadily with one hand while pouring the liquid you are measuring into it from another container. Graduated cylinders are thin and can be tipped over easily, so take special care when working with noxious or volatile liquids.

· Hold the cylinder at eye level to take a reading. Ensure that it is hanging straight down. Avoid crouching to read the cylinder while it is resting on the table; if jostled, the container could tip over and pour liquid onto your face or torso.

· Take the liquid measurement at the very bottom of the dip in the surface of the liquid. This dip is called the meniscus; it forms because liquid molecules are more attracted to the glass than they are to each other.

· Look at the horizontal lines on the side of the cylinder. Ascertain to which line the meniscus is closest.

· Determine the increments of measurement on the tube. For example, if the area between the 40ml mark and the 50ml mark is divided into ten segments, each segment represents 1ml.

· Locate the closest whole measurement below the surface of the liquid.

Count the number of segments up to the line nearest the meniscus. Calculate the volume of the liquid by adding the whole measurement to those of the segments
A Burette
A burette is used for very accurate measurements of volumes. It consists of a long graduated glass tube provided with a tap or stopcock by which the flow of liquid from the tube can be controlled. The 50cm3 capacity burette is the most commonly used one. It is graduated from the top to bottom. The graduations on the scale can measure up to 0.01cm3. The following is the procedure to follow when using a burette:
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Source: Home science tools
· Rinse the burette two or three times with the liquid you wish to use. Do this by adding a small amount of liquid into the burette, turning the burette horizontally and rotating it so that the liquid contacts the entire inside surface of the burette. Let the liquid drain through the stopcock into a waste container.

· Clamp the burette in a burette clamp attached to a ring stand.

·  Fill the burette with the liquid you wish to deliver and read the volume. It is not necessary to adjust the level of the liquid to exactly 0.00 ml, or any other number for that matter. A piece of paper placed behind the burette may make it easier to read. Be careful as the numbers on a burette are opposite to those on a graduated cylinder. 

· Slowly allow the liquid to drain into the receiving vessel.

· When the appropriate amount of liquid has been delivered close the stopcock and touch the burette to the side of the vessel to remove any partial drops.

· Read the volume of liquid remaining in the burette.

· Drain the burette of any excess liquid and rinse it with water to clean it

Pipette

A pipette is used to transfer accurately a fixed volume of liquid.  There are two types of pipettes; the transfer pipette and the measuring pipette. The volume delivered by a transfer pipette is marked on the bulb. The measuring pipette is graduated in 0.1cm3 divisions. It will deliver any desired volume within the graduation limits of the instrument. A pipette has to be filled carefully either by sucking up the liquid (for non-poisonous liquids) or by using a pipette filler. Digital and micropipettes with disposable pipette tips can also be used. ‘
· Pour some distilled water in a small beaker or conical flask. 
· Place the tip of the pipette into the water. 
· Suck the air out from the top until the water rises slightly above the mark. 
· Place your forefinger quickly over the top and close the tube as quickly as you remove the mouth.
· Move the pipette up to allow the pipette to drain. Blow out the last drop of water and wipe the tip dry. 
· Repeat the above steps with the test liquid. 
· When you Fill the pipette with the test liquid to a point just above the mark. Place the forefinger over the mouth end with a firm pressure. 
· With the eye on the exact level of the graduation mark, release the pressure with the forefinger without removing it from the end until the meniscus just touches graduation mark. 
· Touch the tip of the pipette against the beaker to remove any hanging drop of liquid.  
· Allow the liquid to drain in the required vessel. 
· Once again touch the tip of the pipette against the beaker to remove any hanging drop of liquid.  
· This time DO NOT BLOW.
 Volumetric flask
A volumetric flask has a flat bottom and a long neck with a graduation mark below the middle of the neck to facilitate mixing of the contents, the mark indicates the capacity. The sizes of volumetric flasks range from 10cm3 to 2000cm3. They are available with plastic or ground stoppers. A volumetric flask is used to make a solution of accurately known concentration such as a standard solution. The following is the procedure to follow when using a volumetric flask:

· Accurately weigh the required amount of substance (solute) in a small beaker or weighing bottle if available. 

· Dissolve the solute in a small amount of distilled water (solution) or another liquid if not water-soluble. Stir with a stirring rod. 

· Place a funnel on the mouth of the volumetric flask and a paper wedge to avoid air lock.

·  Transfer the solution to the volumetric flask. Rinse all solutions in the flask with distilled water. 

· Add more distilled water up to the level below the mark on the flask. Stopper and shake. Cool to room temperature if warm. 

· Carefully add distilled water drop by drop until the meniscus of the solution is level with mark on the flask.

Gas syringe 

A glass syringe is a graduated glass barrel with a plunger at one end a needle or syringe at the other. It is used to measure accurately volumes of gases produced or consumed in chemical reactions. A syringe can also be used to measure the volume of a liquid. Digital and disposable models are also available.

Activity4.2

1. You have been asked to prepare a 250cm3 solution containing 8g of salt. Describe how you would prepare this solution.  

Mass and Weight
The word mass is used when measuring the amount of matter something contains, while the word Weight is used when measuring the pull of gravity on an object. Mass is measured by using a balance comparing a known amount of matter to an unknown amount of matter. Weight is measured on a scale 

 Triple Beam Balance 
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Source: Home Science Tools

A triple beam balance measures the mass and not the weight of an object. Unlike the traditional spring balance which measures weight, the triple beam balance doesn't rely on gravitational force. It is therefore capable of giving the same mass reading on the Moon as it would on Earth, even though the Moon's gravity is only 1/6th that of the Earth's.

In science, especially in the fields of physics and chemistry, accurate measurements are a very important criterion for study and experimentation. Many chemical reactions depend upon precise measurement of the mass of the ingredients, without which they simply wouldn't work. For this, several different weighing devices have been developed over the years.

The triple beam balance is one such weighing device, which allows the user to accurately gauge the mass of an object in grams. It can provide higher accuracy than a spring-based measuring scale, and has an error margin of only 0.05 gm. Therefore, it is primarily used as a laboratory apparatus.


Triple Beam Balance Definition

The triple beam balance is a measuring instrument comprising a beam supported on a fulcrum. On one side of this beam, is a pan on which the object to be measured is placed, while on the other side, the beam is split into three parallel beams, each carrying a known weight and together culminating into a pointer pointing to a fixed scale. The weights are slid on their respective beams until zero reading is obtained and a state of balance is achieved.
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Source: Home Science Tools
Triple Beam Balance 

Many different models of the triple beam balance have been designed for various specific uses. However, they all retain the following common features. The above diagram represents a typical triple beam balance.

Base and Pan

The solid metal platform which supports the rest of the parts of the triple beam balance is known as the base. It provides stability to the apparatus while the measurements are being taken. The pan is located on one side of the apparatus and rests on top of the base. It is where the object to be weighed is placed.

Adjustment Knob and Pointer

The adjustment knob is present on the left hand side of the apparatus, beneath the pan. It can be turned to attain greater accuracy while measuring the weight of an object using the triple beam balance. The pointer is present on the right hand side of the triple beam balance. By default, it points to zero on a labeled scale. Together the pointer and the scale are used to ascertain when the beams are at their resting position and when the correct mass of an object has been found.

Triple Beams and Riders

As the name of this apparatus implies, the triple beam balance comprises three beams which are individually used to determine the mass of an object. Each of these three beams has a weighted rider on it, which the user can slide along the length of the beam to determine the object's mass. When positioned such that the pan is on the left hand side and the scale and pointer to the right, the beam which is located on the front has a 10 gm scale and a 0.1 gm rider on it.

The second beam which is located in the middle, has a 500 gm scale with 100 gm rider on it. The third beam, located at the back, has 100 gm scale with a 10 gm rider. When all three riders are positioned completely to the right, their combined weight equals 500 gm + 100 gm + 10 gm = 600 gm. This is the maximum weight that the triple beam balance can measure.

 How to Use a Triple Beam Balance 

The bulleted steps below should be followed when a beam balance is used to take measurements

· Keeping the pan empty, move all three riders on the three beams to their leftmost positions. Check the pointer and scale to ensure that it reads zero. If it doesn't, then calibrate the scale by turning the adjustment knob until a zero reading is obtained.

· After calibration, place the object to be measured on the center of the pan. The pointer will move away from the zero reading.

· Slide the 100 gm rider to the left slowly from notch to notch, until the pointer drops below the zero mark. At this point move the rider back a notch. For example, if your object weighs 485 gm, then the pointer will drop below zero when the rider is put on the notch representing 500 gm. So you will have to slide it back to the 400 gm notch.

Tip

The middle bar will usually be the one that's marked with the largest increments, but if a scale is arranged differently, always begin weighing by using the bar with the largest increments first, then the next smaller and finally the smallest.

· Now move the 10 gm rider from notch to notch in a similar manner as you did with the 100 gm notch until the pointer drops below zero at which point, you must move it back a notch. Again, if your object weighs 485 gm, then your 10 gm rider will drop below zero at the 90 gm notch. You are then required to move it back to the 80 gm notch.

· Lastly move the 1 gm rider slowly on its beam until the pointer aligns at zero. Note that this beam doesn't have notches and so, while sliding the rider along it, you have to keep an eye on the pointer and stop as soon as it reaches zero. Taking the above example, the pointer will read zero when this rider reaches 5 gm.

· Take the total of all the three numbers indicated by the positions of the three riders to get the mass of the object on the pan. That is 400 +80 + 5 = 485

Tip
Repeat your measurements twice to be sure of your results. This is especially important in science labs, where operator error can skew the results of an experiment.

Warning

Failing to zero out the scale before using the triple beam balance can result in inaccurate measurements

Thus, the triple beam balance is a very ingenious and user-friendly device, that can be used to correctly and precisely measure the mass of an object. It is a popular choice in most physics and chemistry laboratories, and hence, knowledge about its use is essential for students.

 Analytical Balance
Another instrument that can be used to measure mass even more accurately than the triple beam balance is the analytical balance.
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Source: Home science tool
Are you aware that Analytical balances are highly sensitive lab instruments designed to accurately measure mass? Their readability has a range between 0.1mg - 0.01mg. Analytical balances have a draft shield or weighing chamber to prevent the very small samples from being affected by air currents. They're meant to detect very fine increments, so the slightest vibrations or breeze can impact the results. As such, analytical balances should be used in a dedicated room with as few disturbances as possible. Analytical balances need to be monitored carefully and calibrated frequently. Most analytical balances have both automatic internal motorized calibration and calibration with external weights. 

Teaching skills

1. Help young children learn measurements in length and size. Ask them to differentiate objects by choosing between small and large (or big and little), tall or long and short, thick (or fat) and thin. Gradually add items to help them learn shortest to tallest, smallest to biggest and so on.

2. Let the children use non-standards units to appreciate measurement: ask them to use a measure such as a string to establish which on the objects is longer, … 
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Figure 4 Non - standards units used to measure
Source: http://www.frogsfairiesandlessonplans.com/2015/10/measuring-with-nonstandard-units.html
3. Instill understanding of volume. Have the children undertake the experiment of filling up bottles of various sizes and volumes. Engage them and discuss various issues to establish concept of volume. Can include to tell you when their glass is half-full or when the milk carton is empty. Let them experience filling a crayon box full or deciding whether a clay container is full or empty without looking inside.

4. Introduce measurement of time. Stress the concept of time when it is "time" for circle activities, "time" to go outdoors, "time" for snack and "time" to go home.

5. Talk about the measurement of weight. Instruct two children to move a box of toys and one child to move a single toy.

6. Teach the units of measurement to children. Post a chart or give each child a printout of measurements to read and learn.

7. Help children learn the concepts of volume measurements.

8. Practice the measurements of time, as in how many minutes are in an hour or hours in a day.

Use Measurement Tools

1. Provide unit measuring tools according to your children's age level or current math lesson plans. Do some hands-on activities with each type of tool.

2. Have the children use rulers, and measuring tapes.

3. Encourage kids to measure the width or height of doors, windows and the room. 

4. Provide cups, and larger containers for the kids to measure volume of water or dry ingredients. Let them experiment with a balance as well, to learn the difference between liquid and dry ingredient measurements.

5. Use real or toy clocks for kids to practice measuring time. Give them some problems to solve such as how many hours and minutes they have been at school so far that day or a set of minutes adding up to how many hours

Unit summary
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Summary
	In this unit you learned 

· Seven base units which are the meter, second, kilogram, kelvin, ampere, candela and the mole

· All other units are derived Units and are derived from the seven base units.

· Measuring instruments and how you can use them to measure physical quantities

· Teaching skills for young learners on measurements



Assignment
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Assignment
	1 Use local resources to make measuring tools for you to use with your learners.

2 Make a chart for use in your class showing unit conversions if;

i. Volume in litres, in cubic metres 

ii. Length in metres

iii. Mass in kilogrammes 
Key Reference

Duncan, T. (1996) Physics for Today & Tomorrow. London: Holder Headline Group




	
	


Unit 5
Density and pressure

Introduction

In this unit you will study density and pressure. You will also learn the uses of density and pressure and their application in everyday For you to develop a better understanding of density and pressure and their effects, you will be required to bring out your practical experiences about density and pressure, their effects and uses. As you study this topic reflect on the practical aspects of the two concepts. Have you ever wondered what experiences and excitements this topic can bring to your young learners? What this topic means in early childhood education? In children these concepts need to be well developed for them to appreciate their importance and use in their daily life. 

In addition, you will be introduced to simple calculation of density and pressure.

 By the end of this you unit, you are expected to: 
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Outcomes
	· work out density problems

· explain why substances float or sink

· measure the density of a substance

· calculate pressure 

· explain the effect of pressure on the walls of the fluid’s container

· explain the variation of pressure with depth in a fluid

· demonstrate why water tanks are placed higher than buildings

· develop teaching skills on density and pressure




Measuring Density

You can measure the density of an object by taking a cubic centimetre of a substance (cm-3). If you take a cubic centimetre of some commonly known substances, you can see that they weigh different amounts:
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So from the above examples it is easy for you to see that some of the cubes weigh more than others, even though they all have the same volume. 

This agrees with our experience. We know that a huge block of foam, like a mattress, is easier to lift than the same size block of wood or metal. Now we can see that the foam mattress is less dense than the others, making it easier to lift. We can all imagine lifting a cube of foam, but try lifting the same cube of copper or steel. We can now define what density is from the above examples.

Calculating Density

One way you can calculate the density of any material is to take its cubic centimetre and weigh it. That will give you the mass of the substance per cubic centimetre. For lead each cubic centimetre weighs 11.35grams, making its density 11.35g/cm3. If you fill 1cm3 with water and weigh it, you will get 1g making its density 1g/cm3.

For lead, 1 cubic centimetre weighs 11.35g, while 2cm3 weighs 22.70g and so on; so you see that the ratio of 11.35gper cubic centimetre holds. 

The Formula for Density
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You could measure density in milligrams per cubic millimetre, or kilograms per cubic metre, it makes no difference. As long as the units are clearly stated, conversion to standard units is easily achieved.

Why are some materials denser than others?

This is the big question. A material that is denser has more matter, packed into the same space. To understand this fully, you need to consider matter in terms of the atoms that it is made of. The more matter that is in the nuclei of the atoms of the substance, the greater the density will be.

See how this works in the very simplified picture of two atoms below. 
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Looking at the two atoms shown above you can easily see that the mass of a substance is held in the nuclei, and even though the metals take up the same amount of space the one on the left (Lithium) has far less matter in its nucleus than the lead on the right. It is because of this, that you notice that lead is denser than Lithium.

Less dense fluids float on more dense fluids if they do not mix. You can extend this concept, with some care, to less dense solids floating on more dense fluids. If the average density an object is less than that of water (1.0 g/cm3) it will float on water and if it is more than that of water it will sink.

When you heat a substance its density reduces. This is because its volume increases while the mass remains the same. Thus you can safely say that the density of a material varies with temperature and pressure. The variation is quite small for solids and liquids and much greater for gases. When you increase the pressure on an object its volume decreases and therefore its density increases. Increasing the temperature of a substance (with some exceptions) decreases its density by increasing the volume of that substance. In most materials, when you heat the fluid at the bottom, it results in convection of the heat from bottom to top due to the decrease of the density of the heated fluid. This causes it to rise relative to more dense unheated material.

Volume and Density 

We measure volume in terms of length.We also define volume as the amount of three-dimensional space an object occupies. Volume is usually expressed in cubic units of length—for example, cubic centimetre (cm3) also known as the millilitre (ml). As its name implies, there are 1,000 millilitres in a litre.In the SI system, density is typically expressed as g/cm3 or Kg/m3.

Measuring Volume

You can obtain the volume of a cube simply by multiplying length by width by height. There are other means for measuring the volume of other straight-sided objects, such as a pyramid. Still other formulae, which make use of the constant π (roughly equal to 3.14) are necessary for measuring the volume of a cylinder, a sphere, or a cone.

For an object that is irregular in shape, however, we simply immerse the object in water. This procedure involves measuring the volume of the water before and after immersion, and calculating the difference. The water displaced will have volume equal to that of the object. Of course, the object being measured should not be water-soluble; if it is, its volume must be measured in a non-water-based liquid such as alcohol. The following pieces of apparatus shown below are used to measure the volume of a liquid.
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Source: IGCSE. Physics measurements.com
Liquid and Gas Volume

Measuring liquid volumes is even easier than for solids, given the fact that liquids have no definite shape, and will simply take the shape of the container in which they are placed. Gases are similar to liquids in the sense that they expand to fill their container; however, measurement of gas volume is a more involved process than that used to measure either liquids or solids, because gases are highly responsive to changes in temperature and pressure.

If you raise the temperature of water from its freezing point to its boiling point—from 0°C to 100°C—its volume will increase by only 2%. If you double its pressure, say, from 1 atm (defined as normal air pressure at sea level) to 2 atm, the volume will decrease by only 0.01%. Yet if you heat air from 0° to 100°C, its volume would increase by 37%; if you double its pressure from 1 to 2atm, its volume would decrease by 50%.

Not only do gases respond dramatically to changes in temperature and pressure, but also, gas molecules tend to be non-attractive toward one another—that is, they tend not to stick together. Hence, the concept of "volume" in relation to a gas is essentially meaningless unless you specify or know its temperature and pressure.

Comparing Densities

One of the interesting things about density, as distinguished from mass and volume, is that it has nothing to do with the amount of material. A kilogram of iron differs from 10kg of iron both in mass and volume, but the density of both samples is the same. Indeed, as discussed below, the known densities of various materials make it possible to determine whether a sample of that material is genuine.

As you may have noted several times, the densities of numerous materials are known quantities, and you can easily compare them. Some examples of density, all expressed in grams per cubic centimetre, are listed below. These figures are measured at a temperature of 20°C, and for hydrogen and oxygen, the value was obtained at normal atmospheric pressure (1 atm):

Comparisons of Densities for Various Substances:

Oxygen: 0.00133 g/cm3
Hydrogen: 0.000084 g/cm3
Ethanol: 0.79 g/cm3
Ice: 0.920 g/cm3
Water: 1.00 g/cm3
Concrete: 2.3 g/cm3
Iron: 7.87 g/cm3
Lead: 11.34 g/cm3
Gold: 19.32 g/cm3
Specific Gravity

Note that pure water has a density of 1.0g/cm3. Water is thus a useful standard for measuring the specific gravity of other substances, or the ratio between the density of that substance and the density of water. Since the specific gravity of water is 1.00; which is also the density of water in g/cm3—the specific gravity of any substance (a number, rather than a number combined with a unit of measure) is the same as the value of its own density in g/cm3.

Sinking and Floating

I bet you know that wood floats but a rock sinks. But why? Let’s look deep inside each object at its molecules. Everything is made of molecules. Molecules are very, very tiny. You can only see them with a special microscope. In some objects, like a rock, molecules are squished tightly together. In others, like wood, the molecules are more spread out. How closely molecules are crowded together in a space is called density. Density is a big part of why some things float and others don’t.

Objects like coins, rocks, and marbles are denser than water. They will sink. Objects like apples, wood, and sponges are less dense than water. They will float. Many hollow things like empty bottles, balls, and balloons will also float. That’s because air is less dense than water. This is one reason huge ships can float, even though they’re very heavy. Inside a ship, there’s a lot of hollow space filled only with air. But that’s not all: shape matters, too.

The outside of an object is called its surface. When more of the surface is touching the water, the object is more buoyant, which means it floats better. When an object floats, it pushes water out of the way. That’s called displacement. But guess what? Water pushes back! So the more surface area an object has, the more water pushes back against it, helping it float. That's another reason why even big ships don't sink if they have the right shape. 

You can test this out yourself. Try making a boat with a flat bottom using tinfoil. Does it float? What happens if you start putting coins or stone inside your boat? What happens if you crumple your tinfoil boat into a ball? Using what you’ve learned about density and buoyancy, why do you think the empty boat floats best?

Law of Flotation

When you place a floating body like wood in water, it sinks until the weight of water it displaces is just equal to its own weight and then it floats. This leads us to the principle of flotation.

Principle of Floatation

A floating body displaces an amount of fluid equal to its own weight.

Plimsol Line

A ship sinks in water until its weight is equal to the upthrust on it. This upthrust is the weight of the water displaced by the submerged part of the ship. 

The density of seawater varies in different parts of the world. This is due to the mineral salts dissolved in sea water as well as the variation in the temperature due to the climatic conditions. Hence, a ship sinks to different levels if its journey takes it to different regions. When a ship sinks too low in water it is unsafe in heavy seas, and the danger increases if the cargo carried is very heavy. In the 19th century Plimsol agitated for the safety of ships, as a result certain standard levels up to which a ship can be allowed to submerge in different waters were evolved. These are marked on the side of ships and are known as the Plimsol lines.

It is now illegal for a ship to be loaded such that the 'Plimsol line' is below the water level.

USE OF DENSITY

Density is used in our everyday lives all the time for example we use density for balloons since helium gas (the gas from balloons) has a lower density than the air, thus making it float. We also use density to live for example we use density for cooking since if the steam was dense it would not be able to take the heat away from the food. We use density for transports like boats since boats depend on their density to stay afloat).  We need density to do everyday activities like swimming since our density keeps us a float on the water. The determination of the change in the density of the matter is taken as an evidence of the purity of the matter as the determination of the quality of the milk.     

Pressure

A sharp knife cut objects better due to its very thin edge, the force of our hand falls over a very small area of the object producing a large pressure and this large pressure cuts the object easily. While a blunt knife has a thicker edge. And due to this the force of our hand falls over a large area of the object and produces lesser pressure. This lesser pressure cuts the object with difficulty.

Pressure in Liquids

The pressure in a liquid comes about as a result of its weight. This pressure increases with depth. See the diagram below showing water coming out from openings A, B and C. Outlet C has the highest pressure while outlet A has the lowest.
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Source: physicssuite.weebly.com
Experiment to Show that Pressure Increases with Depth

Liquids exert pressure due to distribution of their own weight.  To see how liquids exert pressure, try the following experiment. Take three tins of different sizes or diameters. On tin number I, make three holes at the same height. On tin numbers II and III, make three holes at different heights. Place three long tapes to close the three holes on each of the tins. Now fill the tin with water. Remove the tapes quickly and observe the streams coming out of each of the holes.
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You will observe the following:

Water stream will start pouring out through the holes. This means that water is exerting pressure in all directions. 

In tin I, the water stream comes out evenly irrespective of the direction of the hole. This means that the pressure is equal at the same height or depth. 

In Tin II and III, the water stream coming out of the lowest hole reaches the farthest. This shows that the pressure exerted by liquid increases with depth. Also the pressure is acting perpendicular to the liquid surface. 

Since there is no difference between the streams coming out of tins II and III, the pressure exerted by liquid is independent of the size of the container, but depends only on the height or the depth of the liquid.
 Water Pressure at Different Depths
Safety rules: 

Take care with hammer and nails 

Materials you need are: 

an old tin 

a hammer 

a nail 

water
Hammer 3 holes above one another into the side of the tin. Fill it with water and observe the water jets.

The greatest water jet is from the bottom hole where the pressure due to the weight of water above is the greatest. The top hole has the weakest water jet.
We can investigate pressure in a liquid by using the apparatus shown in the figure below.
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It is a simple pressure gauge and it measures differences in pressure exerted at the two ends of the apparatus. It is called a manometer. The mouth of a thistle funnel is tightly covered with a thin plastic sheet. The thistle funnel is connected to a U-tube manometer containing water, by a rubber tubing. If you press the plastic sheet lightly with a finger, the air inside the manometer gets compressed and it exerts greater pressure at that end than the atmospheric pressure exerted at the open end of the U-tube. As a result, the liquid level alters and goes up in the other open arm of the U-tube. When the pressure exerted on the plastic sheet is greater, the difference in the levels (h) is also greater. This difference is the measure of the difference in the pressure at the two ends of the manometer.

Now, lower the mouth of the funnel into a glass vessel containing water. You will notice that the deeper it goes;the greater is the difference in the levels of the water in the manometer. This indicates that the pressure in a liquid increases with depth.

Repeat the experiment by turning the thistle funnel in different directions keeping the depth constant. You will observe that as long as the depth remains the same there is no change in the level of the water in the manometer. Thus, the pressure exerted by a liquid at a given depth is the same in all directions.

Pressure in Gases

Do you know that the atmosphere is the layer of air around the earth? It extends up to 1000 km above the surface of the earth. This air exerts a pressure on the surface of the earth which is called atmospheric pressure. At sea level it is about 105 kPa. We do not normally feel the large atmospheric pressure because the pressure inside our bodies is almost the same as the external pressure and so it is balanced.

At high altitudes the air pressure is less, therefore the breathing is difficult and nose bleeding may occur. Hence, modern aircrafts have pressurized cabins in which air pressure is increased sufficiently to safeguard the passengers and the crew.

Collapsing Can Experiment
The effect of the enormous atmospheric pressure can be demonstrated by removing air from a can using a vacuum pump or heating it to remove some air. The can collapses as the air pressure inside the can becomes less than the atmospheric pressure outside.

Crushing Can Experiment
Materials

1 Empty Soft-Drink Can 

A 2-3 Litre or Saucepan

Pair of tongs

Instructions

1
Fill the pan with cold water.

2
Put 1 tablespoon of water into the empty can and heat the can on the kitchen stove to boil the water. When the water boils a cloud of condensed vapour will escape from the opening of the can. Allow the water to boil for about 30 seconds. 

3
Using the tongs grasp the can and quickly invert it and dip it into the water in the pan. The can should collapse almost instantly. 

Explanation
What caused the collapse? When you heat the can you cause the water in it to boil. The vapour from the boiling water pushed all air out of the can. When the can was filled with water vapour and you then suddenly cooled it by inverting it into the water. Cooling the can caused the water vapour in the can to condense leaving the can empty. When the can was empty the pressure of the air outside crushed it.

Uses of Atmospheric Pressure

Atmospheric pressure is used in many of the things that we do. For example, when we drink water with a straw, while sucking, our lungs expand and air in the drinking straw goes into them. The air pressure in the straw decreases and the atmospheric pressure acting on the surface of water

Teaching skills
Density

Get some stones and feathers ask the learner to lift them up. Ask them which one is heavier. Then teacher explains the concept of density. Provide learners with plastic bottle tops, metallic bottle tops, small stones, cork etc. let the learner’s place them on water provide in a trough or dish. Let the learners perform the experiment and state what happens. Teacher explains floating and sinking related to density

Let children observe the teacher cut sticks using a knife. Let learners pin pieces of paper on board. Ask one learner to turn on tap. Inflate ball. Teacher explains how pressure is involved in these activities.

Floating Eggs Experiment

Place a raw egg in a glass of water and observe. Then add lots of salt to the water and dissolve it. Place the same egg in the glass of salty water.

State your observations

Discuss your observations with your learners

Explain the observations you have made with your class.

Floating Fruit

Safety Rules: 

Take care with a knife 

Materials you need are: 

An orange with a thick peel, a knife and a container of water
Before peeling the orange, put it in water. Now peel the orange and observe if the peeled orange and the separate peel float or sink.

State your observations and give an explanation

Discuss your observations with your class

Note that you have to perform these activities on your own before presenting to class. Ensure they work before taking them to class.

Unit summary

· work out density problems

· explain why substances float or sink

· measure the density of a substance

· calculate pressure 

· explain the effect of pressure on the walls of the fluid’s container

· explain the variation of pressure with depth in a fluid

· demonstrate why water tanks are placed higher than buildings

· develop teaching skills on density and pressure

Assignment

Experiment

· Determine the density of an irregular stone.

	[image: image67.png]



Assignment
	


Assessment

Prepare two lesson plans on density and pressure on how you can teach the preschoolers.

Key References

Duncan, T. (1996) Physics for Today & Tomorrow. London: Holder Headline Group

Okeke, P.N.(1983) Preminary Practical Physics, Toronto: John Willey & Sons.
Unit 6
Heat
Introduction
For you to develop a better understanding of heat and its effects, you will be expected to bring out your practical experiences about heat, its uses and effects. Have you ever wondered what causes heat? What this topic means in early childhood education? In children this concept needs to be well developed for them to appreciate the importance of heat in their daily life. For instance, how heat travels from one place to the other, from the Sun to earth and how generally we cannot do without it.

By the end of this you unit, you are expected to:
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Outcomes

Terminologies
	Upon c 

· define heat

· identify sources of heat

· differentiate heat and temperature

· identify good and bad conductors of heat and their uses

· demonstrate an understanding of the effect of heat on solids, liquids and gases

· differentiate between heat and temperature
· develop teaching skills on heat for young learners




	
	Temperature:
	A measure of the degree of hotness of an object or substance

	
	Heat :
	Quantity of energy in a substance or body


What is heat? 

Clasp your hands together and rub them harder and faster for a minute or so. What do feel?  The form of thermal energy that makes a body feel warm or hot is called heat. Temperature is a measure of the degree of hotness of a body. This is measured in SI units called Kelvin or in derived units called degree Celcius (°C)

Heat production:  You can produce heat by friction force, exothermic (chemical) reactions such as burning or combustion of fuels (charcoal, coal, fire wood, and gasoline) and respiration.

Sources of Heat

There are so many sources of heat in our everyday life. Basically, we have natural and artificial sources of heat.

· Natural sources; sun, hot spring, volcano, luminous objects, radioactive materials e.g. uranium.

· Artificial sources; fuels, electrical appliances which have heating elements, e.g. stove, pressing iron, heater, bulb, motor etc.

Uses of heat include: cooking, drying things, incubation (eggs and premature born babies), warming things like food, bodies; smelting mineral ores, welding, and endothermic reactions e.g., photosynthesis, making fire, brazing, and lighting.

Good and Bad Conductors of Heat

A good conductor of heat is one that conducts heat easily while a poor conductor does not conduct heat easily. Conduction is the movement of heat through a material without carrying any of the material with it. For example, heat from a stove travels into a metal frying pan sitting on the stove by conduction. Conduction can occur in solids, liquids or gases but occurs fastest in solids. 
You might have observed that different materials vary in their ability to conduct heat. Most metals are good conductors of heat, while non-metals are bad conductors. Wood, glass, cork, plastics and fabrics are generally poor conductors of heat. Liquids and gases are usually poor conductors of heat. Water is a poor conductor. You will observe that poor conductors are used to insulate roofs, water pipes, storage tanks and for the handles of cooking pots and teapots. Good conductors are used as kettles, bases of saucepans, car radiators, boilers and cooling fins in air-cooled engines. Materials which trap air, such as wool, fur, fibre glass are also poor conductors of heat. Such materials are used to insulate water pipes walls and ceilings of houses, and to keep people warm.

Black materials
good absorbers of heat



good emitters of heat



poor reflectors of heat

White materials
poor absorbers of heat




poor emitters of heat




good reflectors of heat

Why is it that a white car feels cooler inside than a black car when they are all parked in the sun? 

If you observe closely you will notice that car radiators and fins of fridges are black to absorb heat and radiate it outside. 

Conduction 

We can consider conduction as the flow of heat through matter from places of higher to places of lower temperature without movement of the matter as a whole e.g. the handle of a metal spoon held in fire soon gets warm. This is so because heat passes along the spoon by conduction.

Convection 

Convection is the transfer of heat by the flow of particles in the heated materials. Convection is the usual method by which heat travels through fluids, i.e. liquids and gases. For example, heat from a heater warms the air throughout the room by convection. At the heater, the heated air expands, becomes less dense and rises. Cooler air moves towards the heater to take place of the warmer air that rose. Convection currents are set up in the room.

Figure 6.1 Convection current in a beaker of water and in air
Observe the water being heated in the beaker as shown. 
[image: image138.emf][image: image139.emf]The water inside a beaker is heated throughout by convection. Water near the bottom of the beaker warms up first, expands, becomes less dense and rises. Cold water near the top of the pot sinks to the bottom of the beaker where it too is heated. Convection currents are set up and continue until all the water is warmed up.

The essential difference between conduction and convection is that in convection the less dense, hotter material rises, taking the heat with it; while in conduction the material does not flow with the heat.

Radiation

In conduction and convection, heat is transferred by vibrating or moving particles. Heat can also travel through regions where there are no particles, such as a vacuum. Heat travels in such regions by a method called radiation. Heat from the sun reaches the earth by radiation.

A vacuum flask 

Have ever wonder how a vacuum flask keeps your tea warm for some time of a day? The vacuum flask is designed to keep liquid hot by minimizing heat loss in four possible ways, namely:

· Conduction,

· Convection,

· Radiation and

· Evaporation.

However, heat loss by radiation is harder to stop as it can occur in vacuum. See the diagram below showing a vacuum flask and its parts.
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Effect of Heat on Solids and Liquids and Gases

Melting and Freezing:

When you heat a solid substance, its particles gain kinetic energy. As a result, the particles vibrate faster and faster. They eventually break free from their average fixed positions and start moving randomly like the particles in a liquid. Hence the distance between the particles increases and the solids melt to form liquids.
The temperature at which this occurs is the melting point of the solid. When you cool a liquid, it loses heat to the surroundings. This means, in effect, that the kinetic energy of its particles decreases. This leads to a decrease in the distance between the particles. Eventually the attractive forces between the particles become strong enough to hold them in a regular pattern. Thus the substance solidifies.

Evaporation and Boiling:

When you heat a liquid, its particles gain kinetic energy and so they move faster and faster. Some particles near the surface gain enough energy to break away from the attractive forces of the other particles to the extent that so many particles try to escape from the liquid so rapidly that bubbles of gas form inside the liquid. This is called boiling. 
The temperature at which this occurs is the boiling point of the liquid.

Here below is a table show you a comparison between evaporation and boiling.
Evaporation and Boiling Compared

	Evaporation


	Boiling

	· Is a surface phenomenon
	· Occurs throughout the liquid

	· Occurs at any temperature
	· Occurs at specific temperature (boiling point)

	· No bubbles are formed during evaporation
	· Bubbles form when boiling occurs.


Solids: When you apply thermal/heat energy to a solid, the molecules of the solid gain kinetic energy and begin to vibrate more vigorously. As a result, the solid expands slightly in all directions.

The bimetallic strip and ball and ring experiments
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Why is the metal ball able to pass through the metal ring after heating the ring?
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Figure 6.4 Ball and ring
When the ring is heated, it expands in size and the ball which is still the same size as before is able to pass through the expanded metal ring.

Liquids: When a liquid is heated, the volume of the liquid increases as a result of the molecules having more kinetic energy. The liquid expands to take more of the volume of its container.



http//www.google.co.uk/url

Figure 6.5 Expansion in liquids
Gas: The thermal expansion of a gas is slightly trickier depending on the situation:

If you keep the gas in a container of a constant volume, like a canister, and is then heated up, the gas does not expand. This is because gases take up the entire volume of its container. Instead, the pressure inside the container increases since the molecules have more kinetic energy and therefore collide with the walls of the container more often.

On the other hand, if you keep the gas at a constant pressure inside its container, as the gas expands when you apply heat; the volume of the container will increase proportionally to the change in temperature.
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Figure 5.6 Expansion in gases

What to do: You will need 

· A balloon

· An empty glass bottle

· Two large plastic bowls

Take the cap off the bottle and place the balloon over the top. Fill one of the bowls with cold water and the other with hot water. Place the bottle in the hot water. Does anything happen to the balloon? Now place the bottle in cold water. What happens? Try to explain your observations.

Expansion of a substance: gas > liquid > solid
When you heat up a fixed mass of a substance, it will expand the most as a gas followed by as a liquid and lastly as a solid. This is because the molecules in a gas have very weak intermolecular forces that keep them together as compared to the other two states of matter. If we look at a solid, the intermolecular forces that keep it together are much stronger. The molecules in a solid are arranged in an organized manner.

Solids: 

· Thermal expansion could be used to fit metal axles onto wheels. The metal axle is first cooled so that it contracts. It is then placed through the hole of wheel so that when it warms up and expands, it forms a tight grip on the wheel.

· Rail lines are built with gaps between each section of the rail lines so that when it expands under hot weather, the rails will not warp as a result of the pressure of being squished together.

Teaching skills
Demonstrate to your children how heat travels from one place to the next through solids, liquids and gases using stove, pots, pans, iron rods etc. show the effect of heat using candles and water to demonstrate melting and boiling respectively.
By using balloons let pupils show how heated air expands in the balloon.
Using a clinical thermometer, demonstrate how to take the temperature of the human body. Ask some learners to repeat what you demonstrated on fellow learners. Now using a laboratory thermometer, together with learners, take the temperature of the classroom and compare it with that of the outside the classroom. Let your learners discuss the observations.

Unit summary
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Summary
	In this unit you learned about
· Effects of heat on solids, liquids and gases
· Heat transfer

· sources of heat

· heat and temperature

· good and bad conductors of heat and their uses

· teaching skills on heat for young learners




Assignment
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Assignment
	Thermal expansion of solids, liquids and gases

1. Describe qualitatively the thermal expansion of solids, liquids and gases.

2. Explain in terms of motion and arrangement of molecules the relative order of     

   magnitude of the expansion of solids, liquids and gases.

3. Identify and explain some of the everyday applications and consequences of thermal 

     expansion.

4. Describe qualitatively the effect of a change of temperature on the volume of a gas at 

      constant pressure.




Assessment
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Assessment
	Using a laboratory thermometer, together with learners, take the temperature of the classroom and compare it with that of the outside the classroom. Let your learners discuss the observations.

Key References
Duncan, T. (1996) Physics for Today & Tomorrow. London: Holder Headline Group

Okeke, P.N.(1983) Preminary Practical Physics, Toronto: John Willey & Sons.



Unit 7
Mechanics

Introduction

To better appreciate basic mechanics, you will be expected to examine scalar and vector quantities and their characteristics. Have you ever wondered what causes motion and in what direction? What this means in early childhood education? In children this concept needs to be well developed for them to appreciate the world around them. For instance, how long does it take someone to move from one place to the other? What means of transport must be used to reach where you are going? What energy changes are involved and what must be done to bring these changes? For you to effectively equip early learners with concept of basic mechanics, it is importance to explore aspects of force, motion and energy transformations at an elementary level and make the topic meaningful to young learners. 

 By the end of this you unit, you are expected to:
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Outcomes
	· Define scalar and Vector quantities.

· Identify scalar and vector quantities

· Calculate speed, velocity and acceleration

· Define forces and state Newton’s laws of motion

· Calculate work, energy and power

· Develop teaching skills about Mechanics for young learners




Scalar and Vector quantities

Here we need to differentiate between scalar and vector quantities. 

Scalar quantities are physical quantities that have magnitude only. For example, mass, distance and speed are two scalar quantities we can easily refer to.

Vector quantities however are physical quantities that possess both magnitude as well as direction. Examples of vector quantities are force, velocity and acceleration. These have direction as well as magnitude.

Note that force is a vector quantity

Force is a vector quantity due to the following reasons -

· It has magnitude i.e. has the value of its size and 

· has direction i.e. when you apply force, on an object it moves in the direction of the force i.e. motion in a fixed direction.

E.g.: Gravitational force has one direction which is downwards. Up thrust has the direction of upwards.
Scalar and vector quantities 

A quantity that has magnitude but no particular direction is described as scalar. A quantity that has magnitude and acts in a particular direction is described as vector.

Scalar quantities

Scalar quantities only have magnitude (size).

For example, we have 11 m (length) and 15 m/s (speed), they are both scalar quantities.

Scalar quantities include:

· distance 

· speed 

· time 

· power 

· energy 

You will notice that scalar quantities change when their magnitude changes.
Vector quantities

Vector quantities have both magnitude and direction. For example, 11 m east and 15 m/s at 30° to the horizontal are both vector quantities.

Vector qualities include:

· displacement 

· velocity 

· acceleration 

· force 

· weight 

· momentum 

Vector quantities change when:

· their magnitude changes 

· their direction changes 

· their magnitude and direction both change 

The difference between scalar and vector quantities is an important one. You need to develop a clear understanding about the two quantities.

Speed is a scalar quantity – it is the rate of change in the distance travelled by an object. (S.I unit  m/s).
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Velocity is a vector quantity – it is a rate of change of displacement with time. (S.I unit  m/s)
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Speed, velocity and acceleration

Have a close look at the differences between the two quantities

Difference between speed and velocity:
	Speed
	Velocity

	i. The rate of distance travelled is speed
	i. The rate of displacement travelled is velocity.

	ii. Speed can be in any direction.
	ii. Velocity is speed in a particular direction.

	iii. Speed is a scalar quantity.
	iii. Velocity is a vector quantity.


Read through the points given below;

Average speed is distance divided by time. Velocity is speed in a given direction. Acceleration is change in velocity divided by time. Movement can be shown in distance-time and velocity-time graphs.

Average speed 

When an object moves in a straight line at a steady speed, you can calculate its average speed if you know how far it travels and how long it takes. The following equation shows you the relationship between average speed, distance moved and time taken:
Where:

average speed is measured in metres per second, m/s

distance moved is measured in metres, m

time taken is measured in seconds, s

For example, a car travels 300 m in 20 s. Its average speed is:

300 ÷ 20 = 15 m/s
Question 

A man runs after a bus. The bus is travelling at an average speed of 5 m/s. The man runs 25 m in 6 s. Does he catch the bus?

The man’s average speed is 25 ÷ 6 = 4.2 m/s. So he will not catch a bus moving at 5 m/s.

To calculate the motion of everyday objects such as toy cars or tennis balls:

1. measure the distance that the object travels in metres 

2. measure the time it takes for the object to travel that distance 

3. use the equation given above to calculate the average speed of the object 

1. acceleration -the rate of change in speed in a given direction (or velocity) is measured in metres per square second (s2). 
[image: image80.png]



2. Deceleration -Slowing down or negative acceleration, eg the car slowed down with a deceleration of 2 m/s2. 

3. Displacement -Quantity describing the distance from the start of the journey to the end in a straight line with a described direction, eg 50 km due north of the original position. 

4. Force A push or a pull. The unit of force is the newton (N). 

5. Magnitude -The magnitude tells us the size of the vector. 

6. Momentum -A quantity relating to a moving object that is calculated by multiplying its mass by its velocity. 

7. Stationary -Not moving. 

8. Velocity -The speed of an object in a particular direction. 

Distance-time graphs

A distance-time graph shows you how far something travels over a period of time. The vertical axis of a distance-time graph is the distance travelled from the start. The horizontal axis is the time from the start.

Features of the graphs

When you see a line on the graph is horizontal it means the object is stationary. When an object is moving at a steady speed in a straight line, the line on the graph is straight but sloped.
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Note that the steeper the line, the faster the object is travelling. The purple line is steeper than the green line because the purple line represents an object which is moving more quickly.

Acceleration

You can calculate the acceleration of an object from its change in velocity and the time taken.

Velocity is not exactly the same as speed. Velocity has a direction as well as a speed. For example, 15 m/s is a speed, but 15 m/s North is a velocity (North is the direction).

Commonly velocities are + (which means forwards) or - (which means backwards).

For example, -15 m/s means moving backwards at 15 metres every second.

The units for acceleration are commonly written as m/s/s or m/s2. You can also represent the equation for acceleration as:

Acceleration (a) = [image: image83.png]final velocity(v)—initial velocity(u)
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where:
a is acceleration in m/s/s or m/s2
v is final velocity in m/s

u is initial velocity in m/s

t is time in s

For example, a car accelerates in 5 s from 25 m/s to 3 5m/s. Its velocity changes by 35 - 25 = 10 m/s. Therefore, its acceleration is 10 ÷ 5 = 2 m/s2
You can observe deceleration, or negative acceleration, when an object slows down. The units are the same as for acceleration but the number has a negative symbol before it. For example, the car slowed down at -1 m/s2.

Here is another worked example for you. This time a car decelerates in 5 s from 35 m/s to 25 m/s. Its velocity changes by 25 - 35 = -10 m/s. Therefore, its acceleration is -10 ÷ 5 = -2 m/s2
Velocity-time graphs

The velocity of an object is its speed in a particular direction. Two cars travelling at the same speed but in opposite directions have different velocities; one is negative to the other.

A velocity-time graph shows you the speed and direction an object travels over a specific period of time. We also call velocity-time graphs speed-time graphs.

Take note that the vertical axis of a velocity-time graph is the velocity of the object. The horizontal axis is the time from the start.

Features of the graphs

Look closely at the features of the graph given below. When an object is moving with a constant velocity, the line on the graph is horizontal. When the horizontal line is at zero velocity, the object is at rest. When an object is undergoing constant acceleration, the line on the graph is straight but sloped.

Curved lines on velocity-time graphs also show changes in velocity, but not with a constant acceleration or deceleration. The diagram shows some typical lines on a velocity-time graph.
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 Notice that a line sloping downwards - with a negative gradient - represents an object with a constant deceleration (it is slowing down).

You can calculate acceleration by dividing the change in velocity (measured in metres per second) by the time taken for the change (in seconds). The units of acceleration are m/s/s or m/s2. 

Forces
A force is a push or pull upon an object resulting from the object's interaction with another object. Whenever there is an interaction between two objects, there is a force upon each of the objects. When the interaction ceases, the two objects no longer experience the force. Forces only exist as a result of an interaction.

The Newton
Force is a quantity that is measured using the standard metric unit known as the Newton. A Newton is abbreviated by an "N." To say "10.0 N" means 10.0 Newton of force. One Newton is the amount of force required to give a 1-kg mass an acceleration of 1 m/s2. Thus, the following unit equivalency can be stated:

1 Newton = 1 kg • m/s2
As you are aware now force is a vector quantity. To fully describe the force acting upon an object, you must describe both the magnitude (size or numerical value) and the direction. Thus, 10 Newton is not a full description of the force acting upon an object. In contrast, 10 Newton, downward is a complete description of the force acting upon an object; both the magnitude (10 Newton) and the direction (downward) are given.

Force = Mass x Acceleration. Or  F = ma

Newton Laws of motion

 As you study the laws of motion you will easily notice that; Newton's First Law of Motion is the Law of Inertia, and the Second Law of Motion expresses the relationship between force, mass and acceleration. The Third Law of Motion states that "for every action, there is an equal and opposite reaction force."

Newton's First Law of Motion, or the Law of Inertia, states that "every object in a state of uniform motion tends to remain in that state of motion unless an external force is applied to it." This means that there is a natural tendency for a moving object to keep moving, unless an external force interferes.
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According to the Second Law of Motion, acceleration is produced when a force acts on a mass. The greater the mass, the greater the amount of force required. Force equals mass times acceleration. See the illustration give in the figure below;

[image: image86.jpg]Newton's Second Law
+ If the same force is applied to an object with greater
mass, the object accelerates at a slower rate because
‘mass adds inertia.

Mass__ Acceleration

LY
e

Speed breases.





Physicssuite.weebly.com
The Third Law of Motion states that for every force, there is a reaction force that is equal in size, but opposite in direction.  Therefore, whenever one object pushes another object, it gets pushed in the opposite direction equally as hard.
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Work, Energy and Power

Work

You can define Work as the product of the force and the distance moved in the direction of the force.

The unit of work is the Joule [J].
W = Fd

W: Work [J]

F: Force [N]

d: distance moved in the direction of the force [m]
Whenever you apply a force to an object, causing the object to move, work is done by the force. If you apply a force but the object doesn't move, no work is done; if you apply a force and the object moves a distance d in a direction other than the direction of the force, less work is done than if the object moves a distance d in the direction of the force you have applied. 
Work can be either positive or negative: if the force has a component in the same direction as the displacement of the object, the force is doing positive work. If the force has a component in the direction opposite to the displacement, the force does negative work. 

If you pick a book off the floor and put it on a table, for example, you're doing positive work on the book, because you supplied an upward force and the book went up. If you pick the book up and place it gently back on the floor again, you're doing negative work, because the book is going down but you're exerting an upward force, acting against gravity. If you move the book at constant speed horizontally, you don't do any work on it, despite the fact that you have to exert an upward force to counter-act gravity. 

A force of 5N acts on a 3kg brick, moving it 8m horizontally from rest. Find the work done by the force.

DATA

F = 5N

d = 8m

W =?

Solution

W = Fd = 5×8 = 40J

Concept of force

A force is a pull or push acting upon an object. There are many types of forces. Forces are categorised into two depending on whether the force resulted from the contact or non-contact of the two interacting objects. Look at the examples in Table 5.1 below.

	Contact Forces
	Non-contact (Action-at-a-Distance Forces)

	Frictional Force
	Gravitational Force

	Tension Force
	Electrical Force

	Normal Force
	Magnetic Force

	Air Resistance Force
	Electromagnetic force


Table 5.1: Types of forces
Let us now discuss contact and non-contact forces in detail. Table 5.2 gives us some detailed descriptions of selected forces
	Type of Force

(and Symbol)
	Description of Force

	Applied Force


	An applied force is one that is applied to an object by a person or another object. If a pupil is pushing a desk across the room, then there is an applied force on the object. The applied force is the force exerted on the desk by the pupil.



	Friction Force


	The friction force is the force exerted by a surface as an object moves across it or makes an effort to move across it. 

	Air Resistance Force


	The air resistance is a special type of frictional force that acts upon objects as they travel through the air. The force of air resistance is often observed to oppose the motion of an object say a plane.

	Tension Force


	Tension is the force that is transmitted through a string, rope, cable or wire when it is pulled tight by forces acting from opposite ends. The tension force is directed along the length of the wire and pulls equally on the objects on the opposite ends of the wire.



	Spring Force


	The spring force is the force exerted by a compressed or stretched spring upon any object that is attached to it. An object that compresses or stretches a spring is always acted upon by a force that restores the object to its rest or equilibrium position.

	Gravitational Force

(also known as Weight)


	The force of gravity is the force with which the earth, moon, or another massively large object attracts another object towards itself. It is the weight of the object. All objects on earth experience a force of gravity that is directed "downward" towards the centre of the earth. The force of gravity on earth is always equal to the weight of the object as found by the equation:

Fg = mg

where g = 9.8 N/kg (on Earth) 

and m = mass (in kg)


Figure 5.2: Descriptions of selected forces

Uses of Friction

Although you normally hear about trying to reduce friction, it actually has some important uses. Since friction is a resistance force that slows down or prevents motion, it is necessary in many applications to prevent slipping or sliding. In those cases, there is an advantage of having friction. However, too much friction can be a nuisance, because it can hinder motion and cause the need for expending extra energy. A good compromise is necessary to get just enough friction.

In some situations, friction is very important and beneficial. There are many things that you could not do without the force of friction.

Walking

You could not walk without the friction between your shoes and the ground. As you try to step forward, you push your foot backward. Friction holds your shoe to the ground, allowing you to walk. Consider how difficult it is to walk on slippery ground, where there is little friction. You would also want to increase the friction of your shoes on the floor, so that you are able to walk effectively without slipping. Soles made of rubber material that include treads can reduce slipping when walking, running or pushing a heavy object.
Writing

Writing with a pencil requires friction. You could not hold a pencil in your hand without friction. It would slip out when you tried to hold it to write. The graphite pencil lead would not make a mark on the paper without friction. A pencil eraser uses friction to rub off mistakes written in pencil lead.
Making fire

People do make fires by vigorously rubbing two sticks together.
Driving car

Your car would not start moving if it was not for the friction of the tyres against the road. With no friction, the tyres would just spin. Likewise, you could not stop without the friction of the brakes and the tyres. Vehicles tend to easily overturn in a slippery road.

Problems from friction

Makes movement difficult

Any time you want to move an object, friction can make the job very difficult. Excess friction can make it difficult to slide a box across the floor, or ride a bicycle. A vehicle would not move forward very well unless its friction was reduced. 
Reducing friction

You may use wax or floor polish. There are also sliders or rollers that can be used to reduce friction.
For moving parts say of a vehicle engine you need to use oil to lubricate the engine and allow its parts to move easily. Oil and ball bearings are used in the wheels, so that they turn with little friction
Energy
You can define Energy as the ability to do work.

The unit of energy is Joule [J].

Potential energy

We define Potential energy as the energy by the position or state of an object. The potential energy due to height is called gravitational potential energy.

PE = mgh

PE: Potential energy [J]

m: mass [kg]

g: acceleration due to gravity [m/s2]

h: height [m]

[Example]

When you raise a 20kg object to a height of 5m. What is its potential energy of the object?

DATA

m =20kg h = 5m

g = 10m/s2 PE=?

Solution

PE = mgh = 20×10×5

= 1000J = 1kJ

Kinetic energy

We define Kinetic energy as the energy due to the motion of an object.

KE = ½ mv2
KE: Kinetic energy [J]

m: mass [kg]

v: velocity [m/s]

[Example]

When you throw a 2kg stone with a velocity of 5m/s. What is its kinetic energy?

DATA

m =2kg

v = 5m/s

KE=?

Solution

KE = ½ mv2 

= ½ ×2×52

= 25J

Forms of energy

The different forms of energy include light, sound, heat, chemical, electrical, nuclear and mechanical energy (combination of potential and kinetic energy). 

Electrical Energy
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Electrical energy is the effect of moving electrical charges from one point to another in a conductor. Electrical charges moving through a conductor is called electricity. Electrical energy may be easily changed into other forms of energy to suit our particular needs. 
Chemical Energy

This is the energy stored within chemical compounds. A chemical compound is formed by the rearrangement of atoms that is accompanied by energy loss or gain. This energy is the chemical energy gained or lost in the formation of the compound. Food, biomass, fuel and explosives have a store of chemical energy.  
Nuclear Energy

Nuclear Energy, also known as atomic energy, is energy stored in the nucleus of an atom. It is this energy that holds the nucleus together and could be released when the nuclei are combined (fusion) or split (fission) apart.  
Mechanical Energy

Mechanical energy is the energy that does mechanical work directly. Naturally occurring sources of mechanical energy include winds, running water including waterfalls.

Conservation of energy

Are you aware that energy can neither be created nor destroyed? According to the Law of conservation of Energy; it states that energy can be changed from one form to another, but cannot be created or destroyed.

[Example 1]

If a ball falls freely from a certain point, how does the energy change?

(1) Before a ball is released, its potential energy is 1000J and the kinetic energy is 0J because it doesn’t move.

(2) At the midpoint of its journey, the potential energy drops to 500J but the kinetic energy increases to 500J. Total energy is still 1000J.

(3) Just before hitting the ground, the potential energy becomes 0 J but the kinetic energy increases to 1000J. There is no change in the total energy throughout its falling.
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Teaching skills 

Teaching young learners on newton laws of motion

Teacher to use Stop and Start technique to teach newton first law of motion

Newton's first law of motion states that an object won't move by itself and that, once in motion, it won't stop unless some force acts upon it. Help your young learners to develop an understanding of the concept with a simple stop and start exploration. Set a bouncy ball, marble or baseball on a flat surface such as a table. Position the ball so that it is completely motionless. Ask the children what they think the ball will do. Let them sit and watch the ball for a minute or two, noting that it stays motionless. Ask them gently to push the ball, setting it in motion. Next, have them put their hands up and stop the ball. This shows the children that the force of their hands will stop the ball's motion.

Teacher to use fast and far technique to teach newton second law of motion

Newton's second law states that when you push an object with more force it will move faster and farther away. Go outside and set up a t-ball set or pick up a bat and baseball. The young student can step up to the plate and take a swing at the ball. Make a comparison, having the children lightly hit the ball first and then strike it with more force later on. Measure how far the ball travels in each instance and mark it with a chalk or tape line. Compare the distances, pointing out the harder swing pushed the ball much farther than the lighter one.

Teacher to use equal and opposite technique to teach newton third law of motion

The third law of motion states that for every action, or motion there is an equal and opposite reaction. Illustrate the action-reaction principle to your young children by setting up a row of motionless balls on a flat outdoor surface such as concrete. Place at least two soccer-sized balls in a vertical line. Give the children another ball and have them roll it putting it in motion toward the other balls. When it strikes the other ball its momentum will transfer from the first to the second, causing them to move in the opposite direction.
Unit summary
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Summary
	In this unit you learned about

· Scalar and vector quantities

· Speed, velocity and acceleration

· Dynamic forces and Newton’s laws of motion

· Work, energy and power

· Teaching skills on mechanics


Assignment
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Assignment
	Examine and analyse the advantages and disadvantages of frictions. Relate them to our everyday life and prepare at least three lessons for your pre-school class. 


Assessment
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Assessment
	i. Explain the differences between

ii. Speed and velocity

iii. Distance and displacement

iv. Acceleration and velocity
Key Reference

Duncan, T. (1996) Physics for Today & Tomorrow. London: Holder Headline Group




Unit 8
Simple Machines
Introduction

 In this unit you will learn about simple machines and they are used in everyday life. For you to develop a better understanding of these simple machines and how they help us to do work, you will be expected to bring out your practical experiences about the use of various simple and complex machines you have used or seen work before. Have you ever wondered why we use these machines? What this topic means in early childhood education? You need to develop in children the concept of simple machine for them to appreciate the importance of these machines in their daily life.

By the end of this you unit, you are expected to:
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Outcomes
	· identify different kinds of simple machines

· explain the use of simple machines in everyday life

· develop teaching skills on simple machines
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Simple Machines

Have you ever wondered why you try to use some form of a machine to make your work easier? In our everyday activities we try to make work easy by using tools (simple machines). These are devices we use to help us perform work. 

Objects such as door knobs, pairs of scissors, bottle openers, pencil sharpeners, wheelbarrows, and staplers are all simple machines. We also use simple machines in heavy equipment (e.g. cranes, bulldozers, and backhoes), sporting machines (e.g. bicycles), and vehicles (e.g. steering wheels, door handles, engines, and jacks). In short, it is very difficult for us to go through the day without using a simple machine. In fact, machines have become so common that we often have difficulty recognising one when we see it. This unit is designed to help you appreciate the various types of simple machines, how they work, how to identify them, and hopefully, to appreciate just how valuable they are to our everyday life.

A simple machine uses a single applied force to do work against a single load. Ignoring friction, the work done on the load is equal to the work done by the applied force. The ratio of the output force to the input force is called the mechanical advantage.
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A simple machine either multiplies or redirects a force. A complex machine is nothing more than two or more simple machines working together. There are six types of simple machines: 

Inclined plane 

Wedge 

Screw 

Lever 

Pulley 

Wheel and axle 

These are the elementary "building blocks" of which all more complicated machines (sometimes called "compound machines") are composed of. For example, wheels, levers, and pulleys are all used in the mechanism of a bicycle.

The Six Simple Machines

Inclined plane

An inclined plane is an even sloping surface. Please take note that the inclined plane may slope at any angle between the horizontal ( _________ ) and the vertical ( | ). The inclined plane makes it easier for us to move a weight from a lower to higher elevation. See the inclined plane illustrated below:
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Wedge

What are wedges and what are their uses? If you examine a wedge you will notice that it is like a modification of the inclined plane. Wedges are used as either separating or holding devices. There are two major differences between inclined planes and wedges. First, in use, an inclined plane remains stationary while the wedge moves as we use them. Second, we apply the effort parallel to the slope of an inclined plane, while for the wedge we apply the effort perpendicular to the direction of travel when using a wedge.

A wedge can either be composed of one or two inclined planes. You may think of a double wedge as two inclined planes joined together with their sloping surfaces outward. See the single and double wedges illustrated below:
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Double Wedge



 Single Wedge 

A common example of single wedge is a simple door stop or a wheel block. People often use single and double wedges in the timber industry where they aid in the felling of trees and splitting of wood.
Screw
When you look closely at a screw you will notice that it is also a modified version of the inclined plane. While this can be somewhat difficult to visualize, it may help you to think of the threads of the screw as a type of circular ramp (or inclined plane).The vertical distance between two adjacent screw threads is called the pitch of a screw. One complete revolution of the screw will move it into an object a distance equal to the pitch of the screw. Look at the screws given below.
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You are quite familiar with these screws and what they can do to make work easy.
Lever

A lever is a rigid bar that rotates around a fixed point called a fulcrum. The bar may be either straight or curved.
The mechanical advantage of a lever is the length of the effort arm divided by the length of the resistance arm. The arm is measured from the fulcrum to the point of effort or resistance, as the case may be. 
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There are three different classes of levers. You determine the class of a lever by the location of the applied and resistance forces relative to the fulcrum. We shall discuss each of the three classes of levers in the next section. 
First-Class Lever

Some of the common examples of first-class levers you may be aware of include crowbars, scissors, pliers, tin snips and playground seesaws. In a first-class lever the fulcrum is located at some point between the effort and resistance forces. You will notice that a first-class lever always changes the direction of force (i.e. a downward effort on the lever results in an upward movement of the resistance) and may or may not change the force itself. We have illustrated first-class lever is d below: 
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This is more or less a seesaw. Try to make a seesaw with your class and let pupils balance on it. Show them the effort and resistance forces. Explain to them the use of a pivot or fulcrum in a simple way. 
Second-Class Lever

Some common examples of second-class levers you may be familiar with include, wheel barrows, and certain types of bottle openers. With a second-class lever, the resistance is located between the fulcrum and the effort force. 
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In a second-class lever the effort and the resistance move in the same direction. When the fulcrum is located closer to the resistance than to the effort, there is an increase in force. A second-class lever is illustrated below:
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Explain to your class how the wheelbarrow works. Given them other examples of second-class levers and explain how they work.

Third-Class Lever

With a third-class lever, you apply the effort between the fulcrum and the resistance. Some familiar examples of third-class levers you might have used include tweezers, ice tongs, baseball bats, and hockey sticks. In a third-class lever the effort and resistance both move in the same direction. Third-class levers always decrease the output force, but gain in terms of the distance and speed with which the resistance moves. A third-class lever is illustrated below.
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The human bicep muscle is a classic example of a third class lever. Similar analogies can be drawn from almost all joints in the human body.
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Pulley
A pulley consists of a grooved wheel that turns freely in a frame called a block. You can use a pulley to simply change the direction of a force or to gain a mechanical advantage, depending on how you arrange the pulley.
A pulley is said to be fixed if it does not rise or fall with the load being moved. A fixed pulley changes the direction of a force; however, it does not create a mechanical advantage. It does however; allow you to take advantage of gravity instead of working against it when lifting an object. See a fixed pulley illustrated below.
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Teaching skills

Inclined Plane

Pre-schoolers enjoy building the inclined plane by placing a board or long flat block with one end on the floor and the other end resting higher, with one or more blocks stacked underneath. Pre-schoolers use the inclined plane to race toy cars, marbles and anything that rolls. Use tubes from paper towels or gift wrap to further stimulate the pre-schoolers’ experiment.

Develop the pre-schooler’s understanding of simple machines by using scientific vocabulary in your discussion. Comment on children simple machine by affirming their work, "I see you make an inclined plane. This is a great slope for running cars." Encourage the pre-schooler to observe what happens when the inclined plane is higher with more blocks stacked beneath. Ask questions like, "What do you think will happen if you make your inclined plane slant lower?"

Wheel and Axle

Pre-schoolers like the challenge of making things when they have the opportunity to use a hammer and other real tools. Collect an assortment of nails, jar lids and scraps of wood for your pre-schooler to make vehicles that roll. Children can invent their own vehicles with a little assistance, pounding the nails (axles) through the jar lid (wheel) and on to the wood block (body) of their vehicle. It is great fun to paint the vehicles bright colours. Talk with the children about ways wheels and axles make work simpler. Find examples of wheels and axles in the home and community.

Levers

Pre-schoolers love to play on the seesaw at the park. Help them make their own lever simple machine to lift heavy weight. Collect a basket of books or objects totalling about 10 pounds. You will also need a long plank and a concrete block.

Explain to the pre-schoolers that the basket of books is the load need to lift, the plank is the lever, and the concrete block is the fulcrum. Demonstrate how to set up the lever. Have a child place the weight on one end of the lever and then step on the other end of the lever to lift the weight. When the child stands on the lever, he is the effort.

Experiment with moving the fulcrum to different places under the plank. Change the load weight. Can your pre-schooler lift an adult using the lever he made? Use simple machine vocabulary like load, fulcrum and lever as you experiment with lifting different objects different ways.

Unit summary
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Summary
	In this unit you learned about

· Machines

· Uses of simple machines in everyday life.
· Teaching skills on machines and the use of machines in everyday life.
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Assignment

	
	Think of other ways of using a lever, pulley and inclined plan other than those we have discussed above. Excite your learners by allowing them to their own simple machines based on what you taught them.
Key Reference

Duncan, T. (1996) Physics for Today & Tomorrow. London: Holder Headline Group.




Unit 9
Sound and communication

Introduction

In this unit you will learn about the general characteristics of sound and its importance. You will also develop teaching skills on the topic for your learners.

Upon completion of this unit you will be able to:
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Outcomes
	· describe different ways of producing sound.

· explain how sound travels through a medium as a wave
· state how a sound can be made louder.
· explain different methods of communication.

· explain how radio messages are sent and received

· explain the use of internet in communication

· develop teaching skills on sound and communication


Do you know that anything we hear can be called sound? Do you know that sound waves travel through gases, liquids and solids? There is little atmosphere on the moon to carry sound waves. For this reason, astronauts on the moon talk to each other by radio even when they are close.

Communication is an important aspect of our life today. We send and receive messages through various modes of communication.

Producing Sound

Sound is a form of energy. We know that there are a variety of sounds around us every day e.g. aeroplanes flying, cars moving, people talking, dogs barking, birds singing, music being played etc. 
When a tuning fork is struck on a table top, its prongs move. If the prongs are quickly dipped into water, the water splashes. Although it is hard to see, the prongs are actually vibrating. The vibration causes water to splash.
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                          A turning fork
Likewise, when a guitar string is plucked, it vibrates, producing a sound. Because vibrations can be produced in different ways, so can sounds. Speech sounds from our bodies are the result of the vocal cords in the throat. These vibrations cause movement of the air through the vocal cords.

When the sound reaches us, we can hear it because our eardrums are set into vibration. Energy is required to set the eardrums into vibration. Thus sound carries energy from its source to our eardrums. Sound is, therefore, a form of energy produced by a vibrating source.
Transmission of Sound

Sound from a vibrating source is able to travel through air and reach our ears. How does this happen? Let us consider a vibrating tuning fork. You know that air consists of particles of gases. As the prongs of the tuning fork move outwards, they give the air particles a push. This compresses the air, and thus the push gets passed on to neighboring particles. The compressed region of particles is called a compression. As the prongs move inwards, a space is left where there are few air particles. This area is called a rarefaction. 
On their next outward movement, the prongs compress more air particles. Then the prongs move inwards and produce another region of rarefaction. This compression-rarefaction process continually repeats itself while the vibration continues. As the amount of vibration decreases, so does the amount of compression and rarefaction. The series of compression and rarefaction form a sound wave. The distance between adjacent compressions (or rarefaction) is the wavelength. Sound waves are longitudinal waves. The vibration is parallel to the direction of travel. Sound does not travel in a vacuum.
You can define;
Compression: as a region in a longitudinal wave where the particles are closest together.
Rarefaction: as a region in a longitudinal wave where the particles are furthest apart.
As you can see below there are regions where the medium is compressed and other regions where the medium is spread out in a longitudinal wave.

[image: image110.png]compressions

[ 1 1 |
T oo oG oS s 5o o THmIs 5 o 6 Joowmm
et

rarefactions





Figure 6.2: Compression and rarefaction

The number of vibrations per second is called the frequency of the vibration (measured in hertz). Frequency is also the number of compression (or rarefaction) produced per second by the vibrating source.
Loudness of Sound

The intensity or loudness of a sound depends on the amount of movement producing it. The amplitude of the vibration determines how loud the sound will be; the larger the amplitude of the vibration, the louder will be the sound. If a drum is beaten more strongly, its amplitude of vibration increases as does that of the resulting sound wave and the note heard is louder because more energy has been used to produce it.

Communication 

Do you know that communication can be defined in several ways? It can be the sending and receiving of information. Information can be sent and received through speech, sign language, letters, drums, phone, radio, television etc. Mobile and telephone gadgets are among the fastest means of spreading information now. These gadgets are made of different pieces. Among them are, ear piece, mouth piece, dialing part and so on. Mobile phones can be carried while a telephone cannot. To make a call, one should dial the number of the person one wants to communicate with.

How are radio and television signals transmitted?
Radio waves travel at the speed of light, in straight lines, and by more than one path. Local signals that you hear from nearby frequency modulation (FM) radio stations are usually travelling by space wave. The signals travel from antenna to antenna directly. Very High Frequency (VHF) and Ultra High Frequency (UHF) and higher signals travel by this method.

The second form of radio wave propagation is ground wave. Frequencies between about 3MHz and 30MHz travel by ground wave. Ground waves can travel a little further than space wave as the curved surface of the earth will pull the signal down and keep it along the ground. An antenna that is below the horizon can be reached by ground wave.

The last form of propagation is sky wave, affecting frequencies between about 300 kHz and 30 MHz. These travel up into the atmosphere and are then reflected back to earth by a certain layer of the Ionosphere, depending on such factors as frequency, season, time of day and solar activity. Signals can travel many thousands of kilometres by this method, reflecting back to earth, then being reflected back towards the sky, and so on.

VHF/UHF signals can also travel long distances through scatter propagation. This is where the signal is reflected back from some object, such as rain, snow, hail, aircraft, meteors, etc. 

Television

Television is an amazing window on the world. At the flick of a button, you can travel from the North Pole to your home, watch men and women walking on the Moon, see athletes or footballers breaking records, or listen to world leaders making historic speeches. Television has transformed entertainment and education in many countries; in towns children spend more time watching TV than they do sitting in school. Many people feel this is a bad thing. Whether TV is good or bad, there's no doubting that it's an ingenious invention. 

But how exactly does it work? Let's take a closer look!

Radio—with pictures

The basic idea of television is "radio with pictures". In other words, where radio transmits a sound signal (the information being broadcast) through the air, television sends a picture signal as well. You probably know that these signals are carried by radio waves, invisible patterns of electricity and magnetism that race through the air at the speed of light (300,000 km per second). Think of the radio waves carrying information like the waves on the sea carrying surfers: the waves themselves are not the information: the information surfs on top of the waves.

Television is really a three-part invention: the TV camera that turns a picture and sound into a signal; the TV transmitter that sends the signal through the air; and the TV receiver (the TV set in your home) that captures the signal and turns it back into picture and sound. TV creates moving pictures by repeatedly capturing still pictures and presenting these frames to your eyes so quickly that they seem to be moving. Think of TV as an electronic flick-book. The images are flickering on the screen so fast that they fuse together in your brain to make a moving picture (really, though they're really lots of still pictures displayed one after another).

TV cameras

We can see things because they reflect light into our eyes. An ordinary "still" camera photographs things by capturing this light on light-sensitive film or using an electronic light-detector to make a snapshot of how something appeared at a particular moment. A TV camera works in a different way: it has to capture a new snapshot over 24 times per second to create the illusion of a moving picture.

A TV camera turns a picture into a signal for broadcasting; it copies the picture it sees. Light-detectors inside the camera scan across the picture line by line, just like your eyes scanning from top to bottom of the picture in an art gallery. This process turns the picture into 525 different "lines of coloured light" that are beamed through the air to your home as a video signal. At the same time, microphones in the TV studio capture the sound that goes with the picture. This is transmitted alongside the picture information as a separate audio signal.

TV transmitters

The louder you shout, the easier it is to hear someone at a distance. Louder noises make bigger sound waves that have the power to travel further before they get dissolved up by bushes, trees, and all the clutter around us. The same is true of radio waves. To make radio waves that are strong enough to carry radio and TV pictures many miles from a TV station to someone's home, you need a really powerful transmitter. This is effectively a giant antenna (aerial), often positioned on top of a hill so it can send signals as far as possible.

Not everyone receives TV signals transmitted through the air in this way. If you have satellite television, the picture you see has been bounced into space and back to help it travel from one side of the country to the other. In the near future we shall have cable television; our TV pictures will be "piped" into our homes down a fibre-optic cable laid beneath the ground. This is already happening in other countries.

With traditional television broadcasting, picture signals are sent in analogy form: each signal travels as an undulating (up-and-down moving) wave. Many countries are now switching over to digital television, which works in a similar way to digital radio. Signals are transmitted in a numerically coded form. Many more programs can be sent this way and, generally speaking, picture quality is better because the signals are less susceptible to interference as they travel.

TV receivers

It doesn't really matter how the TV signal gets to your home: once it's arrived, your TV set treats it exactly the same way, whether it comes in from an antenna (aerial) on the roof, from a cable running underground, or from a satellite dish in the garden. 

Remember how a TV camera turns the picture it's looking at into a series of lines that form the outgoing TV signal? A TV set must work the same process in reverse to turn the lines in the incoming signal back into a faithful image of the scene that the camera filmed. Different types of TV sets do this in different ways.

Flat screen televisions
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Modern TV Receiver

More modern LCD (liquid-crystal display) televisions have millions of tiny picture elements called pixels that can be switched on or off electronically to make a picture. Each pixel is made up of three smaller red, green, and blue sub-pixels. These can be individually turned on and off by liquid crystals—effectively microscopic light switches that turn the sub-pixels on or off by twisting or untwisting. Since there is no cumbersome cathode-ray tube and phosphor screen, LCDs screens are much more compact and energy efficient than older TV receivers.

A plasma screen is similar to an LCD, but each pixel is effectively a microscopic fluorescent lamp glowing with plasma. Plasma is a very hot form of gas in which the atoms have blown apart to make negatively charged electrons and positively charged ions (atoms minus their electrons). These move about freely, producing a fuzy glow of light whenever they collide. Plasma screens can be made much bigger than ordinary cathode-ray tube televisions, but they are also much more expensive.

Electronic mail (e-mail)

Electronic mail, which we commonly call email, e-mail or e.mail, is a method of exchanging information or messages from one person to another or more recipients. Modern email operates across the internet or other computer networks. Email servers accept, forward, deliver and store messages at our disposal. Neither us as users nor our computers are required to be online simultaneously; we just need to connect only briefly, typically to an e-mail server, for as long as it takes us to send or receive messages.

An email message consists of three components, the message envelope, the message header, and the message body. The message header contains control information, including, minimally, an originator's email address and one or more recipient addresses. Usually descriptive information is also added, such as a subject header field and a message submission date/time stamp.

The message header must include at least the following fields

From: The email address, and optionally the name of the author(s). In many email clients not changeable except through changing account settings. 

Date: The local time and date when the message was written. Like the From: field, many email clients fill this in automatically when sending. The recipient's client may then display the time in the format and time zone local to him/her. 

Communication via the internet is an important breakthrough in communication. It has enabled many people study on line in almost all fields of study without necessarily meeting their teachers. People are able to acquire degrees through the use of internet.
Teaching skills

Teach about the science of sounds with a variety of hands-on demonstrations, experiments and games will ensure that pre-schoolers have a clear understanding of the topic. If possible, give the children a chance to repeat some of the activities on different days. Learning about sound will be lots of fun with these experiments.

Vibrations

Use these ideas to teach your pre-schoolers about vibrations and sound.

Have two children hold opposite ends of a jump rope. Ask one child to shake the end of the rope one time. What happens? Shake it again with more force and then more gently. Observe how the jump rope moves and explain that this is how air moves; carrying sound when something vibrates nearby. Repeat the demonstration with other children.

Communication

Pre-school learners can learn about different modes of communication by using the from techniques;  

· Behavior Charts. Behavior charts are an easy way to encourage appropriate classroom behavior because learners can see how they are doing behavior-wise. 
· Body Language. Body language is important to the way students read you. ... 

· Eye Contact. ... 

· Clapping. ... 

· Smile. ... 

· Greeting
· Use of TVs
· Use of Radios
· Mobile phones
Unit summary
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Summary
	In this unit you learned about

·  different ways of producing sound.

· how a sound can be made louder.

·  how sound travels through a medium as a wave

· different methods of communication.

·  how radio messages are sent and received

· use of internet in communication

· teaching skills on sound and communication


Assignment
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Assignment
	Currently it is advisable for every adult to have an email address. In your teacher group open email addresses for each of at least half of your fellow teachers in your school. Try to send emails to your Vice Chancellor.



In your teacher group or individually make at least two sound instruments using local resources and plan use it in a lesson
Key Reference
Duncan, T. (1996) Physics for Today & Tomorrow. London: Holder Headline Group

Unit 10
Magnetism
Introduction

This unit introduces you to different types of magnets and their uses. You will also learn how to teach your learners about magnets and their uses.
 By the end of this you unit, you are expected to:
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Outcomes
	· discuss the properties of magnets,

· explain how to safely store magnets,

· explain the different uses of magnets
· Develop teaching skills and strategies for teaching magnetism to young learners.



You must already have seen and used a magnet before. A magnet is an object or material that attracts certain metals, such as iron, nickel and cobalt. It can also attract or repel another magnet. All magnets have North-seeking (N) and South-seeking (S) poles. When you place magnets near each other, opposite poles attract and like poles repel each other. You might have seen that various electrical devices make use of magnets.

Types of magnets

There are various types of magnets. These include permanent magnets, temporary magnets and electromagnets.

Permanent magnets

A permanent magnet is one that will hold its magnetic properties over a long period of time. Substances that make permanent magnets are magnetite, alloys of iron, nickel and cobalt.

Temporary magnets

A temporary magnet is one that will lose its magnetism. For example, soft iron can be made into a temporary magnet, but it will lose its magnetic power in a short time.

Electromagnet

By wrapping a wire around an iron or steel core and running an electrical current through the wire, you can magnetize the metal and make an electromagnet. If the core is soft iron, the magnetism will diminish as soon as the current is turned off. This feature makes electromagnets good for picking up and dropping objects. Typically, DC electricity is used, but AC current will also result in an electromagnet.

Properties of magnets

Magnets always have two poles. These are North-seeking pole (N) and South-seeking pole (S). These come in various shapes, and attract or repel other magnets. On a compass, the side marked (N) will point toward the Earth's North magnetic pole. Thus, it is called the "North-seeking pole." Also note that the Earth's North magnetic pole is not the same as the North Pole. They are actually several hundred miles apart.

Various shapes

Do you know that magnets can be made into various shapes?  Magnets can be square, spherical, shaped like a horseshoe, and even shaped like a donut.
[image: image115.jpg]



Bar magnet
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Horseshoe magnet
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Cutting a magnet

An interesting characteristic of a magnet is that when you cut it into parts, each part will have both N and S poles. If you continue cutting the polarity will still remain the same.

[image: image117.jpg]Mo s s




Bar magnet cut into three parts
Attraction and repulsion

Magnets strongly attract iron, nickel and cobalt, as well as combinations or alloys of these metals. These are called magnetic substances. Also, unlike poles of two magnets will attract, but like poles will repel. Thus, N and S attract, while S and S will repel each other. There are many substances that are not attracted by a magnet.

Name some of these substances.
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Compass needle attracted to magnet's N pole

A famous experiment showed that a wire with DC electric current running through it created a magnetic field. When the electricity was turned on, a nearby compass moved to indicate a magnetic field was present.

Earth is a huge magnet

Do you know that the compass was used to discover that the Earth is a huge magnet? The North-seeking pole of the compass needle will always point toward the Earth's North magnetic pole.

Classifications of Magnetic Materials

Materials respond differently to the force of a magnetic field. There are three main classifications of magnetic materials. A magnet will strongly attract ferromagnetic materials, weakly attract paramagnetic materials and weakly repel diamagnetic materials.

Applications

There are numerous applications of magnets.

Creating a magnet

You can magnetise a piece of iron by rubbing a magnet in one direction along the iron. This lines up the many domains or sections of aligned atoms in the iron, so that it acts like a magnet. The iron often will not remain magnetised for a very long time. As a result we say that this is a non-permanent magnet. On the other hand, a permanent magnet remains magnetised and retains its strength for a long time. Also, you can disorient the atoms in a magnetised needle by heating it or by dropping the needle on a hard object.

Compass

The first true application of a magnet was the compass, which not only helps in navigation by pointing toward the North magnetic pole, but it is also useful in detecting small magnetic fields. A compass is simply a thin magnet or magnetized iron needle balanced on a pivot. The needle will rotate to point toward the opposite pole of a magnet. It can be very sensitive to small magnetic fields.

Other uses

You can find magnets in loudspeakers, electrical motors and electrical generators. A very common application of magnets is to stick decorations to the refrigerator. Since the outer shell of most refrigerators is made of steel, a magnet will readily stick to it. The type of magnets used often consists of a thin sheet of a magnetic material.

Moving Electrical Charges Create Magnetic Field

When an electrical charge is moving or an electric current passes through a wire, a circular magnetic field is created around it. The direction of the magnetic field can be demonstrated by using compasses.

Magnetic field around wire

When a charged particle—such as an electron, proton or ion—is in motion, magnetic lines of force rotate around the particle. Since electrical current moving through a wire consists of electrons in motion, there is a magnetic field around the wire. This field can be demonstrated by placing fine iron filings or shavings on a cardboard and sticking a wire through the middle of the card. When a DC electrical current is passed through the wire, the iron filings align to show the magnetic field.

[image: image119.png]



Iron filings show magnetic field around electric wire

Direction of magnetic field

The convention for a magnetic field is that the lines of force move from north (N) to south (S).  
Are you aware that you can determine the direction of the magnetic field? 
Right-hand rule for magnetic field

The right-hand rule for determining the direction of the magnetic field is that if you wrapped your right hand around a wire with your thumb pointing in the direction of the electrical current, then your fingers would be in the direction of the magnetic field.
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Right-hand rule for electric wire

Verification with a compass

You can verify the direction of the magnetic field by placing one or more compasses on a card and observing their direction.
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Compasses show direction of magnetic field

Note that the current must be DC (direct current), such as from a battery. Otherwise with AC, the direction of the current and magnetic field will alternate 50 or 60 times a second.

Electromagnetic Devices

Are you aware that electromagnets are used in a number of everyday devices? One useful characteristic of an electromagnet is the fact that you can vary its magnetic force by changing the amount and direction of the current going through the coils or windings around it. Loudspeakers and tape recorders are devices that apply this effect.

Some electromagnets can be very strong and their power can be readily turned off and on. Electric bells and electromagnetic locks are common examples. Electromagnets can also be used to create continual motion when opposed by other electromagnets or permanent magnets. Examples include electric motors and magnetic levitation (maglev) trains.

Devices using varying field

You can change the strength of an electromagnet's magnetic field by varying the electrical current that passes through the wires wrapped around it. If you change the direction of the electrical current the polarity of the magnetic field reverses. These effects can be used to move a loudspeaker cone back and forth, creating sound according to the electrical current through the wire. They also can be used to create magnetic fields in a magnetic tape or computer hard drive, such that it stores information.

Loudspeaker

The loudspeakers in your radio, television or stereo system consists of a permanent magnet surrounding an electromagnet that is attached to the loudspeaker membrane or cone. By varying the electric current through the wires around the electromagnet, the electromagnet and the speaker cone can be made to move back and forth. If the variation of the electric current is at the same frequencies of sound waves, the resulting vibration of the speaker cone will create sound waves, including that from voice and music.
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Cut-out of a loudspeaker
If you examine the back area of a loudspeaker, you should be able to see the permanent magnet and coil of wire for the electromagnet. Some loudspeakers use an electromagnet without the iron core, which is called a solenoid.

Tape recorder

Have ever thought about this? When a Mylar tape covered with fine iron dust passes near a small electromagnet that has a varying magnetic field, according to an electrical signal, the dust become magnetised in different directions. The electrical signal could be from a radio or microphone. The tape then is a record of the electrical signal. When it passes by another small electromagnet, it creates an electrical signal, duplicating that of the original signal. This signal can be amplified and played back through loudspeakers.

Devices using turning magnetic field on and off

The magnetic strength of an electromagnet depends on the number of turns of wire around the electromagnet's core, the current through the wire and the size of the iron core. Increasing these factors can result in an electromagnet that is much larger and stronger than a natural magnet. For example, there is no known natural magnet that is able to pick up a large steel object such as a car, but industrial electromagnets are capable of such a task.

Also, if the core of the electromagnet is made of soft iron, its magnetic force can easily be turned off by turning off the electricity to the electromagnet making it easy to use.

Cranes

Strong electromagnets are often used in cranes to move large pieces of iron or steel including junked cars and in constructions. You often see these cranes at construction centres.
Electric bells

The bell system is a circuit consisting of an electromagnet, a switch, set to off, which the ringer presses, a power source, a gong, a hammer (which forms part of a second switch), and electrical contact point. 

An electric bell makes use of electromagnetism. A direct current (from a battery) flows through a wire-wound coil on an iron core (an electromagnet). The electromagnet attracts an iron armature, and a hammer fixed to the armature strikes the bell. The armature acts as a switch, whose movement causes contact with an adjustable contact point to be broken, so breaking the circuit and switching off the electromagnet. A spring rapidly returns the armature to the contact point, once again closing the circuit, and the process is repeated. 

Once the ringer presses the switch the circuit is completed, and the electromagnet becomes active and attracts the hammer. The hammer moves toward the magnet, striking the gong, but as it does so the circuit is broken (the hammer is part of the second switch completing the circuit, remember!), and the hammer falls back. Once it has fallen back into place, the circuit is completed and it moves forward, striking the gong and breaking the circuit again. The armature oscillates back and forth, causing the hammer to strike the bell repeatedly until the ringer releases the switch. 
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Electric motor

An electric motor is another application of electromagnets. Suppose you put some electromagnets on a wheel and put some permanent magnets around the wheel. The electromagnets could be made to attract and repel the surrounding magnets, causing the wheel to turn. By varying the current, the speed of the motor can be made to vary.

Teaching skills

Preschool learners are some of the most curious beings on the planet. The problem, however, is that they don't understand complex answers if you only use words. "Magnetic fields" and "positive/negative terminals" mean little to a pre-schooler. Experiment with how the magnets interact with each other. Explain that a magnet has two sides, called positive and negative, and that opposite sides pull together.

Categorize the objects into two piles: those that react to the magnet and those that don't. Discuss what the pile that reacted to the magnets has in common.

Place one of the objects on top of the table, preferably one that responds well to the magnets. Experiment by placing different magnets under the table and seeing if the object reacts to them. Talk about how some magnets are stronger while some are weaker.
Unit summary
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Summary
	In this unit you learned about

· Magnetism
· Magnets and their uses.

· properties of magnets,

· how to safely store magnets,
·  Teaching skills and strategies for teaching magnetism to young learners.




Assignment
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Assignment
	Identify the various uses of magnets.


Assessment
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Assessment
	Give industrial application of magnets


Key Reference

Okeke, P.N.(1983) Preminary Practical Physics, Toronto: John Willey & Sons.
Unit 11
Static and current electricity
Introduction

This unit introduces you to static electricity and current. It explains how you can protect yourself and property from electric shock and the dangers of electricity. You will also develop the skills on how to teach this topic to young learners.
 By the end of this you unit, you are expected to:
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Outcomes
	· produce static charges through rubbing of materials

· distinguish between static and current electricity,

· explain the difference between conductors and insulators,

· describe different sources of electricity

· describe use of electricity in the house

· explain the dangers of electricity 

· describe the use of electricity in the house

· develop teaching skills on static and current
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Terminology
	Static electricity
	Electricity at a point due to static charge

	
	Current Electricity:
	Electricity due to movement of electric charges

	
	
	


Static electricity 

Are you aware that you have probably experienced the effects of static electricity? If you walk around on a carpeted floor then grab a metal doorknob, you might get a quick shock. That is static electricity in action. Most objects, like a table, a chair, and a person, are electrically neutral. This means that they have an equal number of positive and negative charges. 

Objects are made up of atoms, with the nucleus at the center (composed of positive protons and neutral neutrons) and a cloud of electrons surrounding the nucleus. That means that the cloud of electrons sits on the surface of every object. When objects are rubbed against each other, some objects are prone to lose some electrons, while other objects are prone to gain electrons. This build-up of excess charge is what is called static electricity. The static charge build-up is temporary. The excess charge is usually lost through a discharge (shock), particularly when the object is near a conductor (like a metal doorknob). 
Separating or rubbing materials
When two different materials are brought in contact and then separated, some outer electron may be captured by the material that is closer to filling its outer shell. Thus, one material excess electrons gets a negative (−) electrical charge and the other material missing electrons and having a positive (+) electrical charge.
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Excess of charges

Certain combinations of materials work better than others in creating static electricity. [image: image130.png]



Activity 12.1
Rub a balloon on a woolen sweater and observe what happens when you try to attract some small pieces of paper or wool. Rub a pen on your hair and try to attract small pieces of paper.

Dry human skin and rabbit fur have the greatest tendency to give up electrons when rubbed on something and become positively (+) charged. Teflon and vinyl compounds have the greatest tendency to become negatively charged (−) when rubbed. If you want to create static electricity, rubbing fur on Teflon should give the best results.

Conductors and Insulators 

Free electrons have a tendency to move from a point at which there is a negative charge to a point at which there is a positive charge. A body that offers little resistance to the movement of free electrons from one point to another is called a conductor of electricity. Such a body contains a large number of free electrons. All metals are very good conductors of electricity. Metals and metal alloys commonly used as conductors are silver, zinc, cobalt copper, aluminium, iron, and steel.

A body that has relatively few free electrons and that offers comparatively great resistance to the movement of free electrons is called an insulator. Examples of good insulators are air, oil, rubber, mica, porcelain, and plastics.

When an electric charge is produced on one part of a body that is composed of a conducting material, the entire body will quickly become charged. However, if an electric charge is produced on one part of a body that is composed of an insulating material, the other parts of the body remain uncharged because its electrons do not travel readily from one part of the body to another.
The Production of Sparks 
Do you know what results when a positive charged body is placed near a negative charged body?
If you place a body with a positive charge near a body with a negative charge, the attraction between the two charges may be sufficient to cause free electrons to jump across the air gap separating the bodies. Such a rapid transfer of electrons is accompanied by the formation of a visible spark, or flash, in the air. A flash of lightning may be produced by the rapid transfer of free electrons under anyone of the following conditions: 

One part of a cloud is positively charged and a neighboring part of the same cloud is negatively charged. 

A positively charged cloud comes near a negatively charged cloud. 

A cloud with either a positive charge or a negative charge comes near the earth. 

When the magnitudes of the opposite charges are great, a spark may jump across a relatively wide air gap between the charged bodies. 

Are you aware that it dangerous to seek protection from a rainstorm under a tree? 
When lightning travels from a negatively charged cloud to the earth, it usually follows the shortest path through the air from the cloud to an object on the earth. For example, if there is a tall tree in an open field or a high building, the lightning will normally pass to the tree, rather than to a point in the field around the tree or a point on the building. Suppose someone takes shelter under an isolated tree during a thunderstorm. If lightning passes through the tree to the earth, the flash may jump from the tree to the person, because the human body is a better conductor of electricity than the wood in the tree. That is why it is dangerous to seek protection from a rainstorm under a tree. 

Sources of electricity

Electric generation sources can be classified as one of two types: renewable and non-renewable. Both types are used to create steam, or spin the turbine blades using another method, to generate electricity.

Steam Power

Steam turbine generators, gas turbine generators, diesel engine generators, alternate energy systems (except photovoltaics), even nuclear power plants all operate on the same principle - magnets plus copper wire plus motion equals electric current. The electricity produced is the same, regardless of source.

In a steam power plant, fuels (such as petroleum, coal, or biomass) are burned to heat water which turns into steam, which goes through a turbine, which spins, turning the copper wire (armature) inside the generator and generating an electric current.
The fuels such as coal, diesel and natural gas are non-renewable sources of energy. 

Gas Power

In a gas turbine power plant, fuels are burned to create hot gases which go through a turbine, which spins, turning the copper armature inside the generator and generating an electric current

Renewable Sources of Electricity

The most potential renewable sources of electricity are biomass, geothermal, hydropower, solar and wind. Read on to understand more about the renewable electricity sources. Electrical energy can be generated by using the renewable sources such as wind, sunlight, hydropower and biomass. These energy sources are renewable, meaning that they can be replenished naturally. In comparison to fossil fuels that are commonly utilised for generating the energy, these renewable sources are eco-friendly. Another major advantage of renewable source is that they generate clean electricity without the emission of hazardous greenhouse gases. With the rising need of electricity renewable energy sources are the future hope to meet the demand of worldwide population.

Hydropower 

Among the other renewable sources of electricity, hydropower is most commonly used. Electricity generation by using hydropower was discovered in the 1880s. The principle behind the working of hydroelectric power plants is to use mechanical energy of moving water (swift falling or descending water) to turn blades of a turbine, which in turn produces electricity. Since the source of hydropower is moving water, it is obvious that the power plants are located near the water source (either natural waterfalls or man-made dams). The more the amount and speed of flowing water, the higher is the electricity production. 

Solar Power

Solar energy or sunlight is used commonly to convert into electricity and heat energy. For converting into electricity, there are two major methods, direct and indirect technique. In the former case, solar energy is converted directly into electricity by using solar cells or photovoltaic devices. In case of indirect conversion, solar heat harvested through solar thermal collectors is used to heat fluid and produce steam. The generated steam produces electricity by using generators. The disadvantage of solar energy is the variance in intensity depending upon the climatic condition and location. 
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Solar Panels

Wind Power

Wind refers to moving air. The speed and/or velocity of wind is used to rotate blades, which then generates electricity with the help of a generator. Wind turbines or wind mills are installed, especially at the higher elevated areas in a particular orientation so as to harvest maximum wind energy. A series of wind farms installed for supplying electricity in a mass scale is called a wind power plant.

In a wind turbine, the wind pushes against the turbine blades, causing the rotor to spin, turning the copper armature inside the generator and generating an electric current. In a hydroelectric turbine, flowing (or falling) water pushes against the turbine blades, causing the rotor to spin turning the copper armature inside the generator and generating an electric current.

Biomass 

Biomass refers to any organic material derived from plants and animals. Humans have been using biomass for generating energy since long time. For example, wood biomass has been used to provide heat in many regions. It is still practiced in remote areas as the major source for cooking and heating. Apart from releasing heat, biomass can also be converted into electricity, biodiesel, ethanol and methane gas. Generation of electricity from biomass is commonly implemented in manufacturing industries, in which the leftover biomass like wood waste or paper waste is burnt first to heat water to produce steam, which is then used for producing electricity.

Dangers of electricity
Contacting electricity (especially the live wire) is dangerous and causes some accidents.

It causes the electric shock to human beings. A large current can be fatal (die). It may cause fires or burns in an electrical appliance, the plug and the socket. Dangers of electricity can be caused by three cases shown below.

    Damaged insulation

The electrical wires (cables) are insulated. If those insulators are removed by the deterioration, the live wire can be contacted to somewhere and it can cause electric shock and fire.

    Overheating of cables

If a large current flows in the wires or components, it can cause overheating. Then it can melt the insulation and start a fire. A short circuit or overloading is easy to cause this accident.

    Damp condition

In damp condition such as a wet bathroom, the current flows through the human body easily. Because the body’s resistance depends on whether the skin is wet or dry.

Safe use of electricity in the house
To use the electricity safely, there are some electrical components. They are shown below.
    Earth wire

This wire is connected to the metal casing of an electrical appliance. If live wire is in contact with the metal casing due to any accident, the user gets the electric shock from the metal casing. If earth wire is connected to the metal casing, the current escapes from the earth wire. It protects the user from the electric shock.
    Double insulation

Some electrical appliances are double insulated. It makes the leakage of current difficult.

    Switch

The function of switch is to turn on or off the electrical appliance. In the case of leakage, the switch can be used as the safety device to cut off the current. The switch should be installed on the live wire so that the electrical appliance is disconnected from high voltage when the switch is open.

    Fuse

If too much current flows through an electrical component, the component can overheat or start a fire. The fuse prevents too much current from flowing through it. If too much current flows through a fuse, a wire in the fuse melts and it intercepts too much current from live wire. Therefore it is installed on the live wire.

Teaching skills

Static electricity

Preschoolers love this experiment. Have the students gather around the faucet and turn it on slowly. As the water is running comb your hair then rub it on a piece of wool. Next hold the comb next to the water and watch how the water tries to move toward the comb. The students will gasp with excitement!

Go into a dark room and run a comb through your hair several times. Next touch the comb to the light bulb and watch as you see sparks. You can replace the comb for a balloon and will get the same result.

Have the students drag their socked feet across the carpet and touch something that is metal (the doorknob usually works well). If you turn off the lights then the students may actually see the shock of static electricity

Unit summary
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Summary
	· produce static charges through rubbing of materials

· distinguish between static and current electricity,

· explain the difference between conductors and insulators,

· describe different sources of electricity

· describe use of electricity in the house

· explain the dangers of electricity 

· describe the use of electricity in the house

· develop teaching skills on static and current


Assignment
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Assignment
	Describe different devices you can use to generate electricity in your home when the main electricity source (ZESCO) is switched off.


Assessment
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Assessment
	Develop your own procedure to show how you can produce an electric current using a lemon as an electrolyte. Show how you can demonstrate this to your class.


Key Reference 
Duncan, T. (1996) Physics for Today & Tomorrow. London: Holder Headline Group

REFERENCE

Atkinson, A.(1996) Certificate Chemistry. 4th Edition. London: Holder Headline Group.

Duncan, T. (1996) Physics for Today & Tomorrow. London: Holder Headline Group

Jean. D. H, & Mary. S.R(2010). Science experiences for Early Childhood years. An integrated Affective Approach 10th Edition; Newyork: Pearson

Muzumara, P. M. (2013). Chemistry for School Certificate; Lusaka, Bhuta Publishers.

Okeke, P.N.(1983) Preminary Practical Physics, Toronto: John Willey & Sons.

Quit, D. (2000) Primary Teaching Methods, London: Macmillan Education Ltd.

Young, B.Y.(1979) Teaching Primary Science. London: Longman Group Ltd

If an address field is not required click on it and press the <Delete> key.





If an address field is not required click on it and press the <Delete> key.











P.M.slideplayer.com





� HYPERLINK "http://wikieducator.org/File:Electric_energy.jpg" \o "\"Transmission of electrical energy: Image provided by courtesy of Flickr- www.flickr.com\" " ���


Figure � SEQ Figure \* ARABIC �5�








� EMBED PBrush ���





�














� EMBED PBrush ���





� EMBED PBrush ���








0

_1697348311

_1697348312

_1697348310

