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Electricity  
1. Electric charges 

 Protons are positive, 

  Electrons are negative 

 

2. Static electricity  

 Transfer of electrons from one body to another 

 Same charge repel each other 

 Opposite charges attract each other 

 

   Example: Draw a diagram to illustrate what happens when a plastic ruler is rubbed  

  with a cotton cloth. Assume that the ruler becomes negatively-charged. 

Before rubbing During rubbing After rubbing 

 

 

 

 

  

Both objects are neutral Electrons are transferred 

from the cotton cloth to 

the ruler 

Ruler is negatively-charged 

and cloth is positively-

charged 

 

 Ohm’s Law    V=RI 

As voltage increases, current intensity increases 

 Example: What is the resistance of a circuit element carrying a 3.5 A current at a potential 

 difference of 55 V? 
 R =V 

          I  

    = 55 V 

                3.5 A 

             = 15.7 Ω 

 

 

 

 

 

 

 

 

 

 

 



 

3. Difference between a series and parallel circuits 

 A series circuit only has one path for electric current to flow. 

 A parallel circuit branches at least once so electric current can follow different 

paths. 

           Circuit diagrams 

   Series circuit                              Parallel circuit

       
      

 

 

4. Electrical functions (conduction, insulation, control, protection, power supply, 

transformation of energy) 

 Conduction:  a component that transmits electric current from one part of circuit to 

another (Ex. Copper wires) 

 Insulation : a component that prevents electric current from flowing (ex. Rubber on 

the wire) 

 Control: a component that can open and close a circuit (ex. Switch) 

 Protection: a component that can automatically cut current flow in the event of an 

outage ( ex. fuse box or circuit breaker) 

 Power supply: a component that generate an electric current (ex. Battery, generator, 

outlet etc. ) 

 Transformation of energy: a component that converts electrical energy into another 

form of energy (ex. Toaster, door bell, light bulb, etc.) 

 

5. Distinguish between a conductor and insulator in a technical object 

 A conductor allows the flow of electric current through it (ex. Metals) 

 An insulator does not allow the flow of electric current through it (ex. Rubber, 

ceramic) 

6. Types of switches (push button, toggle, magnetic, contact, rocker) 

7. Types of power supplies (chemical battery, solar cell, alternator, etc. ) 

8. Alternating versus direct current 

 In AC, the electrons move back and forth in a regular pattern 

 In DC, the electrons are continuously moving in the same direction. 

9. The power (P) of an appliance depend on the voltage (V) and the current that it draws (I) 

 P=VI 

Example: What is the power of a motor whose rating plate indicates 110 V and 2.0 A? 

  
 P=VI 

   = 110V x 2.0A 

      220W 



10. The electrical energy (E) consumption of a circuit or an appliance depends on its power (P) 

and the time that it is on (t) 

 E =PΔ t  (in joules, W●h,  kW●h) 

 

Example:  If a 100 W amplifier runs for four hours at full capacity, how much energy 

does it consume in 2 hours.  

 

a) in joules ? 
 P = 100W 

 t =  2 hours x 60 min/hour x 60 sec/min = 7200 seconds 

  

 E =PΔ t   

    = 100W x 7200 seconds 

   =720000 J or 720 kJ 

 

b) in W●h?  

 
 P = 100W  

 t =  2 hours 

  

 E =PΔ t   

    = 100W x 2 hours 

   =200 W∙h 

 

 c) in kW●h ? 

 
 P = 100W  1000 = 0.1kW 

 t =  2 hours  

  

 E =PΔ t   

    = 0.1kW x 2 hours 

   =0.2kW∙h 

 

11. Different types of energy resources (hydroelectric plants, combustion of fossil fuels, 

geothermal plants, solar plants, tidal plants, wind turbines) 

 Some energy resources are renewable, some are not. 

 Hydroelectric plants (hydrosphere) use the kinetic energy of moving water to 

produce electricity (renewable). 

 Tidal plants (hydrosphere) use the movement of the tides to produce electricity 

(renewable) 

 Combustion of fossil fuels (lithosphere) uses the combustion of oil, gas and coal to 

produce electricity (non-renewable). 

 Geothermal plants(lithosphere) use the internal heat of the Earth to produce 

electricity (renewable) 

 Solar plants (atmosphere) use the Sun’s rays to produce electricity. 

 Wind turbines (atmosphere) use the kinetic energy of the wind to produce 

electricity (renewable) 



 

12. Energy efficiency (proportion of energy consumed that is transformed into effective force) 

 Formula:    

 

  Energy Efficiency = Quantity of usable energy       X 100 

        Quantity of energy consumed 

 

 

 

 

 

 

 

  Example:  What is the energy efficiency of a 100 W light bulb that consumes 720 000 J of 

 electrical energy and transforms 43 200 J into light? 

 

   Energy Efficiency = Quantity of usable  energy       X 100 

          Quantity of energy consumed 

 

                 = 43 200 J     x 100 

         720 000 J 

 

                = 6% 

Magnetism 

1. Magnetic field around a permanent magnet. 

    

 

     
 

2. Forces of attraction and repulsion between two magnets 

 Opposite poles attract 

 Like poles repel 

   

   



3. Compasses  

 A compass is a small magnet. 

     

 

    
 

 

4. Magnetic field around a live wire 

 Right-hand rule: The thumb points in the conventional current direction (points to 

negative) and the fingers grasping the wire show the direction of the magnetic field 

lines.  

 

Note: The North Pole of the compass always points in the same direction as the arrow.  
    Example 1      

     
   

5. Three ways of modifying the magnetic field produced by a live wire (type of wire, current 

intensity, and length of wire) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mechanical engineering 
1. Describe the characteristics of links (direct or indirect, rigid or flexible, removable or 

permanent, partial or complete) 

 
2. Type of guiding (rotational, translational, helical) 

 Rotational guiding ensures the rotational motion of a moving part 

 Translational guiding ensures the straight motion of a moving part 

 Helical guiding ensures the translational motion of a moving part while it rotates 

about the same axis. 

 

 

3. Types of guiding controls (what guides the moving parts) 

For rotational guiding, the guiding control is usually a cylindrical part. 

For translational guiding, the guiding control is usually a groove or a slide. 

For helical guiding, the guiding control is usually a threaded component. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. Motion transmission systems (type of motion is not changed) 

  
5. Motion transformation (type of motion is changed) 

    
 

 

 

 

 

 

 

 



6. Speed changes 

 A speed change occurs in a motion transmission system when the driver does not turn 

at the same speed as the driven component. 

 A speed ratio is equivalent to the ratio between the gear diameters or between the 

numbers of teeth on each gear.  

     

 Driver:Driven  or Driver 

        Driven 

 
Constraints 

1. Types of constraints (effect of external force on a material) 

     

  
2. Mechanical properties 

 Hardness : ability to resist indentation or abrasion 

 Elasticity: ability to return to their original shapes after undergoing a constraint 

 Malleability: ability to be flattened without breaking 

 Resilience: ability to resist shock without breaking 

 Resistance to corrosion: ability to resist rusting 

 Ductility: ability to be stretched without breaking 

 Stiffness: ability to retain their shape when subjected to various constraints 

 Thermal conductivity: ability to transmit heat 

 Electrical conductivity: ability to carry an electric current 



Materials and their properties 

 
 The properties of different materials determine whether they will be an appropriate choice 

for different applications and uses. 
Material Properties 

 

 

 

Metals and Alloys 

 shiny 

 conduct heat and electricity 

 malleable (can be bent) 

 ductile (can be made into wires) 

 some metals resist corrosion (rustinghard 

 strong 

 durable 

 need to be protected by paint, grease or metal 

plating. 

 

 

Wood and Modified Wood 

 hard 

 good elasticity 

 moist wood is very resilient 

 somewhat malleable when heated strong 

 good insulator of heat and electricity 

 lightweight 

 fungi, microorganisms and insects cause wood to rot 

 produces CO2 when burned 

 can be varnished, painted or treated with protective 

coatings to prevent rot.  

 

 

Plastics 

 light weight 

 strong 

 good resistance to corrosion 

 good chemical resistance 

 waterproof 

 easily moulded  

 good electrical insulator 

 changes color when exposed to sunlight 

 resistant to corrosion 

 made with fossil fuels 

 cannot be decomposed by decomposers. 

Ceramics  very hard 

 heat and wear resistant 

 very durable 

 can be degraded by some acids and bases  

 thermal shock causes deterioration of properties 

Composite  enhanced properties 

 

 

 

Forces, Work and Energy 
Distinguish between heat and temperature 

Heat is the transfer of thermal energy from the warmer to the cooler environment. 

Temperature measures the degree of agitation of the particles of a substance. The more 

the particles are warmed up, the greater their agitation and the higher the temperature! 

 

 

 



 

Ecology 

1. Populations 

 Density (the number of individuals per unit of area or volume) 

 

   Formula:   

      Population Density= Number of individuals 

                  Volume or area 

 

Example: In a 30 000-km2 African wildlife park, there are 15 000 giraffes. What is 

the population density of giraffes per km2? 

 
     Population Density= 15 000 giraffes 

                  30 000 km
2

 

          

         = 0.5 giraffes/km
2 

                                                       

 Distribution (the way in which populations are dispersed within their habitat. 

 

1) Clumped distribution   Ex. Many fish move around in schools. This reduces the 

effort involved in swimming, provides some protection from predators and helps 

the fish feed more efficiently. 

 

2) Uniform distribution   Ex. Northern gannets space their nests at regular 

intervals to allow each bird a certain minimal territory. 

 

3) Random distribution  Ex. Bushes are dispersed at random because the individuals 

in the population cannot clump or spread out. 

 

 

 

 Biological cycle  

This refers to a cycle of alternating periods of rise and fall in the size of a 

population. These periods are of fixed duration and are repeated continually. 

 

 
 



 

2. Influence of biotic and abiotic factors on a population. 

 Natality (births) 

 Mortality (deaths) 

 Immigration (arrivals) 

 Emigration (departures) 

 

3. The effect of availability of resources on reproduction and survival.  

 Individuals of a population reproduce more easily when there is more food. 

 

4. Definition of ecosystem (relationship between individuals in a community and abiotic factors 

in the environment) Examples of ecosystems:  a forest, a lake, an aquarium, a mountain 

 

5. Definition of a community 

 This is a group of populations of different species that interact. Ex. The squirrels, 

fungi, trees, and mosquitoes in a forest. 

 

6. Disturbances in a community 

 Natural (volcanic eruptions, forest fires, droughts, frost, heat waves etc.) 

 Human (logging, oil spills, littering etc.) 

 

7. Definition of biodiversity. 

 This is a term used to describe the variety of species living in a community. The 

biodiversity of a population is high when there are many different species in it and 

the relative abundance of different species is similar. 

 

8. Factors that affect the biodiversity in a community 

 Abiotic (amount of light, soil or water pH, terrain, depth of snow, temperature, air 

humidity) 

 Biotic (birth rate, disease, amount of food, predation, competition, human activity) 

 

 

 

9. Trophic relationships (producers, consumers, decomposers) 

 

Producers: Organisms that transform inorganic matter in the environment into organic 

matter.. They use matter, such as water and soil elements, and energy such as sunlight, to 

produce the material of life. Examples of producers: plants, algae and certain bacteria 

 

Consumers: Organisms that obtain the energy they need by eating other living organisms or 

their products ( eggs, fruits,etc.)  Examples of consumers: owls, birds, cows, zooplankton 

etc. 

 First-order (primary) consumers: consumers that feed on producers. 

 Second-order consumers (secondary): eat first-order consumers 

 Third-order consumers (tertiary): eat second-order consumers etc. 

 



 

 

Decomposers: organisms that feed on detritus (dead organic matter) such as fallen leaves, 

wood from dead trees, animal remains and excrement. Decomposers are connected to all 

other trophic levels. Examples of decomposers: certain worms, all fungi, some bacteria, and 

certain insects. 

   
 

10. Explain the relationships of a food web.  

Example: the following diagram shows the food web of a corn field. 

 
 

 

 

 

 

 

 

 

 

 

 

 



Which would have a greater impact on the food chain of the corn filed: the 

extinction of ladybugs or the extinction of slugs? 

 
The extinction of ladybugs would have a greater impact on the 

impact on the food web because ladybugs eat aphids and if  ladybugs  

become extinct, aphids will have no predators . Since aphids eat corn, 

the corn will disappear more quickly and this affects all the 

organisms in the food web.  

Slugs are eaten by sparrows but these have other food sources. The 

extinction of slugs does not really endanger the life of other 

organisms in the food web. 

 

11. Define Primary productivity 

 Quantity of new organic matter (biomass) produced by producers such as plants and 

phytoplankton in a given territory. 

 

 

12. Explain the effect of certain factors on primary productivity. 

 The amount of light (light is needed for photosynthesis)) 

 Amount of water (water is necessary for photosynthesis) 

 Access to essential nutrients such as carbon, nitrogen, phosphorous and potassium. 

 Temperature (some weather conditions promote the growth of producers) 

 Disease 

 

 

13. Describe material and energy flow in an ecosystem. 

 Both materials and energy flow in an ecosystem but materials are recycled and 

energy is not. 

 

 The primary source of energy in an ecosystem is sunlight. Plants transform the 

energy from the Sun into chemical energy through photosynthesis and consumers 

obtain this energy by eating plants or other consumers. The energy is stored in their 

tissues.  

 

 

 A large part of this energy is lost at each trophic level because organisms release it 

as heat or in the form of waste. They also use a lot to move, grow, and reproduce. 

 

 

 Ecosystems must receive a continual supply of energy from the sun because energy 

is not recycles like matter is. 

 



  

 

 
 

 

 

 

 

14. Chemical recycling ( action of plants and decomposers, erosion) 

 Matter stays in circulation in the ecosystem. Producers make inorganic matter into 

organic matter which is consumed by consumers. Decomposers in a food chain break 

down the organic matter into inorganic matter which producers use to make organic 

matter once again. 

 

      
 

 Example:  

 

 When a hare grazes on clover, the substances in the clover are transferred to the hare. If a 

lynx eats the hare, he gains access to the matter now in the hare, and so on. In the end, the 

matter in the detritus left by the clover, hare, lynx etc. becomes available to decomposers 

which break it down into inorganic matter and return it to the ecosystem where it can be used 

once again by the clover. 
 


