Chapter 5 & 6
Charges:
· Items are made out of positive and negative charges 
· Like charges repel. Opposite charges attract
· A neutral object has the same number of positive charges as negative charges
· Neutral objects do not attract or repel other neutral objects
· Positive charges are attracted to negative charges
· A charged object is attracted to a neutral object
e.g. of the large negative charge on the balloon causes a local rearrangement of charges on a neutral balloon. The neutral object is attracted to the negatively charged balloon.
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The amount of charge depends on the difference between the number of protons and the number of electrons
Charge cannot be created nor destroyed, but it can move from one object to another.

Charge:
How to calculate q:
e.g. no of electrons in 1C (coulomb)
[image: ]

Insulator:
Does not let a current go through it, does not have free electrons
· Do not have free electrons 
Semi-conductor:
It only has a few moving electrons at room temperature, this means that some current passes but not easily 
· Has a small number of free moving electrons
· A current can flow through but it’s quite hard
Conductor:
A material that allows current to flow through it easily, normally has a lot of free moving electrons 
· Have a large number of free (conduction) electrons
· The current is the net movement of these electrons


Electrical Circuit:
Is a complete loop through which charges flow. If the loop is not complete, then charge cannot flow.

Circuit Symbols:
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Separation of charges:
· Work is done on unlike charges to separate them. Potential energy increases the further apart they are. Unlike charges lose potential energy as they approach each other.
· Work is done on like charges to bring them together. Potential energy increases the closer they are. Like charges lose potential energy as they separate.





[image: ]Batteries:
· A chemical reaction separates the positive and negative charges
· The build up of electrons in the negative terminal causes the electons in the wire to move towards the positive terminal.
· the chemical reaction keeps the separating charges as current flows through the circuit.
[image: ]
The electrons near the negative terminal have a higher potential energy- they are nearer to other electrons.
The potential energy is transformed into light and heat in the globe.
Electrons near the positive terminal have a low potential energy because they are near many protons 

Potential Difference:
Electric Potential Is how much potential energy there is for each charge at different locations in a circuit.
It is measured in V which is J/C.
· We measure the potential at a point relative to come reference point
The potential difference is the difference in potential energy per unit charge between those two points.
Voltmeter:
· It measures the potential difference 
· Measures the potential between two points
· It is normally connected in parallel to two different parts of a circuit



Current:
Is the rate of flow of a charge.
The current depends on the amount of charge that passes a point and how long it takes those charges to pass that point
1A = 1C per second

Conventional Current:
It describes the direction of the current as the flow of positive charges flowing from the positive terminal to the negative terminal
 
Direct and Alternating Current:
This is how electricity is supplied.
DC:
· The net charge flows in one direction.
· Used for things like mobile phones, torches and toys
AC:
· The charge flow alternates
· Normally the alternating current has serious affects on the nerve response.
· Uses in car alternators and motors.
· Power points are normally Ac, due to it being simpler to produce, transmit and there is less power loss.
A wall socket in Australia is normally 240V and a frequency of 50 Hz.

Series Circuit:
· The charged particles only have one path to go along
· This causes at each point the flow of charge (current) to be the same. 

Parallel Circuit:
· There are at least5 two pathways for the charged particles to travel.
· At a junction they can go either way but the total number of charged particles that arrives at the junction each second must be the same as the total number that leaves junction each second.


Kirchhoff’s Current Law
The sum of the currents entering a junction equals the sum of the currents leaving the junction
Kirchhoff’s Energy Law
The sum of the potential difference from sources is equal to the sum of the potential difference used in the circuit. 

Resistivity:
Refers to how much a material opposes the flow of charge 
[image: ]
Resistance:
Opposition to flow of electrons 

Ohm’s Law
It states that current through a conductor between two points is directly proportional to the potential difference across two points 
I= V/R

Ohmic Devices:
Is a component with constant resistance for different values of V and I
· When using a graph you can use the gradient, which is the resistance.
V=IR
Non Ohmic Devices
Is a component, which its resistance is not constant
· However you can calculate the resistance at one certain point by using the formula V=IR

Power:
Is the rate of energy transfer per unit of time (seconds).
[image: Image result for all formulas for power in electricity]

Converting to Kilowatt-hours:
! kilowatt-hour = 1 kWh = 3.6 x 106J 
Therefore, J=> kWh = xJ/ (3.6 x 106J)
	     kWh=> J = x kWh x 3.6 x 106J

Thevenin’s Theory:
A circuit can be reduced to one source that is equivalent of ll the sources, and one load that is equivalent to all the loads
** like Mr Wood always says, a battery may only see a simple circuit of  a resistor, its self and a switch. 

Resistors in Series:
The total resistance is equal to the sum of all the components’ resistance.
[image: ]
Resistors in Parallel Circuits: 
[image: ]


Combination Circuits: 
Elements connected in series and in parallel groups.
To help calculate problems with combination circuits
Use Vt= It x Rt


Household Electricity:
· The power points in houses are 240V 50Hz
Active Wires (brown):
Is the section of cabling that goes to the load 
Neutral Wire (blue):
It is the section of wire that comes out of the load
-These wires connect to the circuit, which means that power is supplies to the appliance.
Earth Wire (Green and Yellow)
· It is connected to the metal case of the appliance, if there is a fault it causes the circuit breaker to activate due to the difference in current.

Short Circuit:
Is a connection between two points that allows current to flow with negligible resistance
· It causes the current to become much greater than its normal use, due to the bypass of the resistance. 




Safety Devices:
Fuse:
Is a short piece of wire selected so that it will melt when the current exceeds a certain value
· They are normally 15A or 30A
· They do take a will to break so in many cases they take a while to break
Circuit Breaker:
It is an electromagnetic device that automatically opens a switch is an overload occurs.
· Uses an electromagnet to activate this switch.

[bookmark: _GoBack]**The main switch/ meter box is always on the active wire. When the power is supplied; It allows the house to be isolated from the live wires.
Residual Current Device (RCD):
It is a earth leakage protection device; safety protection against overload
· It measures the difference in current which should be the same
· When there is a difference it means that the current must be going somewhere else (grounded)
· This causes the switch to open

Double Insulation:
It is functional and protective layers of insulation that enhance safety devices.
· The first layer is protecting the live wires 
· The second layer is a plastic layer that is for protection.
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Work is done on unlike charges to separate them. Potential energy increases the
further apart they are. Unlike charges lose potential energy as they approach
each other.

Work is done on like charges to bring them together. Potential energy increases
the closer together they are. Like charges lose potential energy as they separate.

Batteries

A battery is a source of potential energy per charge, or emf (electromotive force). In a

charged battery, a chemical reaction separates the positive and negative charges. There are

lots of like charges close together in separate parts of the battery. This gives the charges

a large amount of potential energy. In a circuit, the negative terminal of the battery is
connected to the positive terminal by wires. The build-up of electrons in the
negative terminal causes the electrons in the wire to move towards the positive

terminal. The chemical reaction keeps separating charges as current flows throug

the circuit.

Figure 5.13 shows a simple circuit with a battery and a light globe. Electrons
near the negative terminal (e.g. electron 2) have a high potential energy — they

are near other electrons. As the electrons move through the circuit their potential
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Altogether:
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R = p_
A
where R = resistance, p = resistivity, £ = length and 4 = cross-sectional area.

A = area
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Transition temperature

Some metals and dlloys have zero resistance once they are cooled to a temperature
called the transition temperature.
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Any series circuit can be reduced, using Thévenin’s theorem, to a single source and a single
equivalent resistor.
In a series circuit, the potential difference is shared:

Vi=Vi+ W,

In a series circuit there are no junctions, so the current in each resistor is the same:

“w_h_ P
L I L
=R =R +R,

The equivalent resistance in a series circuit is the sum of all the resistances:
RT=R1+R3+

The Thévenin equivalent circuit comprises a potential difference, V; and the equivalent
resistance, Ry.
Note that this result arises from the definition of resistance as the ratio of potential

Last read page

< 172-173 1486 >





image9.png
m NelsonNetBook

‘nelsnnnetbook

a = ® & [ Q
eBooks Groups Contents Hotspots Annotations Bookmarks Search
aasveu. ) 2] 0 ay
Vi Vi Vi
becomes: r_Yr
Re R R
1 1 1
- — = — + —_—
R R R

Note that this result arises from the definition of resistance as the ratio of the potential
difference to current. It is applicable to all resistors in parallel.

To calculate the equivalent resistance in a parallel circuit use the equation:

Using Figure 6.4, we can show that the ratio of the current in each resistor is equal to the
inverse ratio of the resistances. The potential difference across each resistor is the same, so:

V= LR, = LR,
L_R&
I, R

WORKED EXAMPLE 6.2
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Measuring charge

If an object has the same number of electrons and protons then it will be neutral. There will be
the same amount of positive charge as negative charge.

If an object has more electrons than protons, it will have an overall negative charge. If an
object has more protons than electrons, it will have an overall positive charge.

The quantity of charge is represented by the symbol 4. Charge (g) is measured in coulomb, C.
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Measuring charge

If an object has the same number of clectrons and protons then it will be neutral. There will be
the same amount of positive charge as negative charge.

If an abject has mare clectrons than protons, it will have an overall negative charge. If an
abject has more protons than electrons, it will have an overall positive charge.

The quantity of charge is represented by the symbol g. Charge (g) is measured in coulomb, C.
One electron has a charge of 1.602 % 107% C. How many clectrons equal one coulomb of charge?
Let x equal the number of clectrons.

1C =x % 1602 x 107°
1

=
1.602 x 107
x = 6.24 % 10
To get one coulomb of charge you need 6.24 % 10" electrons.
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proviging energy 1o The DATery In oraer 1o Separdle charge. INe boTlery separares e
charge using chemical reactions. This separated charge Is stored as elecirical patential
energy until it s needed.

Sometimes people think that charge is energy. but an electron isn't energy. just like
a bouncy ball isn'T energy. A bouncy ball is not energy, but it can be given energy by
throwing it, or it can be made to store energy by liffing it up off the ground ready fo be
dropped. The charge itself is not energy, but the charged object can be given energy or it
can store energy.

Insulators, conductors
and semiconductors

A material thar allows current to flow through it casily is a conductor. Conductors are
materials that have a large number of free or conduction clectrons. These free electrons move
from one area to another when there is a potential difference (see page 148). This flow of frec
clectrons makes up the current. Metals are an example of a good conductor because they have
many free electrons.

An insulator is a material that does not allow current to flow through it.
Insulators do not have free electrons.

A semiconductor is a material with a very small number of free clectrons at
room temperature. A current can flow through a semiconductor, but not casily.

Whether a material is a conductor, an insularor or a semiconductor depends
on whart sort of atoms it is made of, and how those atoms are connected to cach
other.

In a metal, when the atoms bond together they do so in such a way that the
outermost clectrons are shared berween a large number of atoms. Consider the <

The elq
shell are cf

single copper atom shown in Figure 5.3. There are many clectrons surrounding
the nucleus. When the copper atom is isolated, all the clectrons are bound wo
the nucleus by the electrostaric force. However, when we bring a large number
of copper atoms together, the nuclei and most of the clectrons form a lattice of
metal ions; that is, a metal lattice. A small number of outer-shell (valence)
clectrons, one in copper (one, twa or three in other metals), become un-bound
ar free of their original nuclei. These are the free clectrons that are involved in q
conduction when a current flows. Hence, they are also referred to as conduction
clectrons. These free electrons also have an impaortant role in holding the metal
together; they act as a negative ‘sca’ or ‘glue’ of electrons surrounding the positive
ions, which consist of the nuclei and their bound electrons. This is shown in
Figure 5.4. This is what chemists mean when they talk about metallic bonding —
it is a bond between many atoms due to these free electrons.
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Device Symbol Device Symbol

Wires crossed, not
joined

of conductor

Fixed resistor

Variable resistor

Light-dependent
resistor

Rheostat or resistor
with moving contact

Thermistor

Filament lamp

Battery of cells

Alternative for
battery

Cell

Wires joined; junction _,
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o
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Earth or ground JT_
Switch —o o

Diode ——
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Photodiode I

Ax
LED —D

AC supply —@—
Voltmeter —@—

Galvanometer —@—
Ammeter —@—

Signal lamp or X
indicator
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4 Figure 5.10
Conventfional symbols
used in electrical circuits

See Appendix 5 for
a complete list of
circuit symbols.
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Separation of charges

Energy is required to separate opposite charges. If a positive and negative charge are close
together they are attracted strongly. If energy is provided then the charges can be pulled apart.
Now the charges have energy ready to be released which is called potential enexgy. This

is energy ready to be transferred or transformed. If let go, the positive and negative charges
move towards each other. As they move towards each other they lose potential energy, and it
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A Figure 5.11
A circuit drawn with
symbols
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