Electricity definitions

1. The potential difference between two points in the work done in carrying unit charge from one point to the other.

2. Electrolysis is the production of a chemical change by electricity.

3. Electric field intensity is the force per unit change.

4. Conductor Allows electricity to pass through.

5. Insulator Does not allow electricity to pass through

6. Coulombs law The force between 2 point charges is proportional to the product of the charges and inversely proportional to the square of the distance between them.

7. Volt The potential difference between 2 points is 1 volt if 1 coulomb of charge gains 1 Joule of energy as it goes form one point to another.

8. Capacitance The ratio of charge to potential.

9. Electric current The flow of charge.

10. Emf The total potential in a circuit.

11. Ohms law The voltage across a conductor is proportional to the current through a conductor as long as the temperature remains constant.

12. Resistivity  
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13. Semiconductor This material has a conductivity between that of a conductor and an insulator.

14. Intrinsic conduction Conduction in a pure semi conductor

15. Extrinsic conduction Conduction in a doped semiconductor.

16. p-type semiconductor  Semiconductors where positive holes are the majority carriers

17. n-type semiconductor Semiconductors where electrons are the majority carriers

18. Doping The addition of an impurity to improve the conductivity of a semiconductor.

19. Resistance this is voltage divided by current.

Current and Charge

Electric Current

An Electric Current is a flow of charge.

The symbol for current is I

The unit of electric current is the ampere or amp (A). 
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The size of an electric current in a conductor is defined as the amount of charge passing a point on that conductor per second.

From this we can see that the ampere is equivalent to 1 coulomb per second (1A = 1Cs-1).

Rearranging this gives: 

Q = It              ( Think ‘QuIt’)

Conventional Current

Conventional Current is current which is represented as going from positive to negative, whereas in reality (for a metal) it is actually the negative electrons which are going from the negative terminal to the positive.

Measuring Current

· Current is measured with an ammeter.

· An ammeter must be connected in series with that part of the circuit through which the current to be measured is flowing.

Electromotive Force and Potential difference

Measuring Potential Difference

· A Voltmeter is used to measure Potential Difference.

· A Voltmeter is always connected in parallel with whatever it is measuring.

Electromotive Force (emf)

A Voltage when applied to a full circuit is called an emf. The unit of emf is also the Volt

You know that potential difference (voltage) is the work done in bringing charge from one point to another, e.g. across a resistor or some other apparatus. If  we wish to bring a charge around an entire circuit, i.e. from one terminal to the other, possibly passing through a number of resistors and other devices, then we express the total work done as ‘the emf’ of the circuit.

Some Sources of Electromotive Force (emf)

· Mains

· Simple Cell

· Lead-acid accumulator

· Dry batteries

· Thermocouple

Resistance

The resistance of a conductor is the ratio of the potential difference across it to the current flowing through it.
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The unit of resistance is the Ohm

Symbol is Ω
Ohm’s Law* states that the current flowing through a conductor is directly proportional to the potential difference across it, assuming constant temperature. 
Resistors in series and in parallel

Resistors in Series`
Resistors in Parallel
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VTotal = V1 + V2
But
V = IR      (Ohm’s Law)

I RTotal = I R1 + I R2  (cancel the I’s )









RTotal = R1 + R2


Resistivity


Resistivity is defined as the resistance of a material of unit length and unit cross sectional area.
The symbol for resistivity is ( (pronounced “rho”). 

The unit of resistivity is the Ωm [image: image16.png]



Formula for resistivity: *




Measuring resistance using a Wheatstone Bridge*
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A Wheatstone Bridge can be used to find the resistance of an unknown resistor.
The values of the four resistors are arranged – by trial and error – so that no current flows in the galvanometer. 

[image: image18.emf](The bridge is now said to be balanced).

It can be shown that the relationship between the resistors is

Therefore knowing the values of any three resistors allows us to calculate the fourth.

When using this formula make sure that the resistors are arranged as shown.

Uses of a Wheatstone Bridge

Remember that the bridge above was balanced to begin with, so no current flows through the galvanometer. 

Now if the temperature of one of resistors is changed for any reason, current will flow through the galvanometer. 

This current can be used to activate a second circuit such as a heater or an alarm.
Examples

· Temperature Control

· A Fail-Safe Device

The metre bridge

This is similar in principle to the Wheatstone bridge, except two of the resistors are  replaced by a single strip of uniform-resistance wire, and because resistance is proportional to length the balance point can be reached by simply sliding the contact wire along this lower uniform-resistance wire.
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One of the resistors is known and the two lengths can be measured (either side of the contact point). The unknown resistance can then be found using the formula 
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Voltages across resistors in parallel are the same

Consider two resistors in parallel: R1 is 100 Ohms and is in parallel with R2 - a 20 Ohm resistor.

The current in the 20 Ohm resistor will be five times greater than the current in the 100-Ohm resistor.

To calculate the voltage across each resistor, we simply multiply the resistance by the current (from V = R I), and find that the voltage across both is the same.

If the resistance goes up by a factor of five, the current will go down by the same factor, therefore mathematically the product of resistance and current (i.e. the voltage) will be constant.

The confusion arises because you would think that the bigger resistor would require more work to push charge through. This would indeed be the case if the same amount of current was passing through both resistors, but as we have just seen, this will not be the case if they are in parallel.

The Potential Divider Circuit

[image: image21.emf]In the diagram across if R2 is four times greater than R1; it means that the potential difference (V=IR)  across R2 will be four times greater than the potential difference across R1 (4 times more work needed to bring the same amount of charge through both resistors).
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The Potentiometer
A potentiometer is a variable potential divider.

Solving Electric Circuit Problems

Step One: Find the Total Current flowing in the circuit

(i) First establish the Total Voltage supplied, which causes the electrons to move. You are usually told this directly.

(ii) Next we need to calculate the Total Resistance of the circuit. 
To find total resistance you must remember the rules for adding resistors in series and adding resistors in parallel. To test yourself try page 261, no. 11.

(iii) Total Current can then be found using I = VTotal/RTotal
Step Two: Look for the isolated resistor.

(i) There will be one resistor on its own, so it’s easiest to start with this.

(ii) Remember the total current will flow through this resistor, so use V = IR to find V.

Step Three: Look at remaining resistors.

(i) Subtract the voltage associated with the isolated resistor from the total voltage to find the voltage across the remaining resistors.

(ii) Now use your knowledge of voltages in series and in parallel, and current in series and parallel to solve the question in hand.

Now look over Qs 13 and 14 page 261. 

Example 

The diagram shows a number of resistors connected to a 12 V battery and a bulb whose resistance is 4 Ω.
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Calculate the current flowing through each resistor.

Solution
Step One: Find the Total Current flowing in the circuit

Total voltage = 12 V

Total resistance:


First calculate the combined resistance of the 15 Ω and 
30 Ω resistors in parallel. 

1/R15,30 = 1/15 + 1/30


R15,30 =  10 Ω

Total resistance of the circuit = 10 + 10 + 4 = 24 Ω

Calculate the current flowing in the circuit


I = V/R = 


ITotal = VTotal/RTotal = 12/24 = 0.5 A
Step Two: Look for the isolated resistor(s).


10 Ω  resistor: 


I = 0.5 A, R = 10 Ω. V = IR = (0.5)(10) = 5 Volts


Lightbulb (4 Ω):


I = 0.5 A, R = 4 Ω, V = IR = (0.5)(4) = 2 Volts

Step Three: Look at remaining resistors.


V = 12 – 5 – 2 = 5 Volts, so the potential difference across both the15 Ω and the 30 Ω resistors is 5 V.


To find I use I = V/R


Current through 15 Ω resistor = 5/15= 0.33 Amps

Current through 30 Ω resistor = 5/30 = 0.17 Amps
Note that the current through the 15 Ω resistor plus the 30 Ω resistor adds up to 0.5 A, which was the current going in.

Note that you could have used ratios to split up the current: 30 is twice 15 so 2/3 of the total current goes through the 15 Ω resistor while 1/3 goes through the 30 Ω resistor.
I am reluctant to encourage this approach because students often make the mistake of putting the 2/3 through the 30 Ω and 1/3 through the 15 Ω resistor. The ratio won’t always work out to be nice simple numbers either, but if you want to go down that route it is certainly allowed.
 Electrical Power

[image: image24.emf]
Recall that
Power is defined as the rate at which work is done or the rate at which energy is converted from one form to another.
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Remember 1 watt = 1 joule per second

Now if we take W = VQ and divide both sides by time (t), we get P = VI (because W/t = P, and Q/t = I)

[image: image25.emf]
Relationship between Work, Current, Resistance and Time
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Power is defined as the rate at which work is done, i.e. Power = Work/time, so Power = I2R

This is known as Joule’s Law


Joules Law states that the rate at which heat is produced in a conductor is proportional to the square of the current, provided its resistant is constant.

Three effects of an Electric Current
1. Heating Effect : Demonstrate with an electric coil in beaker of water plus thermometer.

2. Magnetic Effect  : Demonstrate with an electromagnet .
3. Chemical Effect Demonstrate with a voltameter (see below).
The Chemical Effect of an Electric Current: the voltameter
You must know the meaning of each of the following as they relate to the diagram.

· Voltameter (the system)

· Electrolyte (the solution)

· Electrodes (the metal contacts)

· Anode (electrode connected to the positive terminal)

· Cathode (electrode connected to the negative terminal)

· Inactive Electrodes do not take part in the reaction (e.g. Platinum in water)

· Active Electrodes take part in the chemical reaction, (one terminal gets lighter while the other gets heavier, e.g. Copper electrodes in a solution of Copper Sulphate)

Applications of the Chemical Effect of a Current

1. Electroplating

2. Extracting metals from their ores

3. Purifying metals

Why is Electrical Energy transmitted using high voltage power lines?
We have seen that the heat produced by an electric current is given by the formula P =  I2R.  This means that a large current will produce a lot of heat energy. This is a waste of energy and therefore should be minimised if possible. We also know that P = VI, which means we can half the current if we double the voltage. In practice we make the current very small by making the voltage very large (e.g. 300 kVolts) when electrical energy is being carried across the countryside. This is done to reduce heat loss. Electricity is transferred as alternating current as tis form can be stepped up or down using transformers.
Domestic Electric Circuits


	Plugs
	Brown – Live wire

Blue – Neutral wire

Green/Yellow – Earth wire

Current comes in on the live


	Fuses
	Melts if too large a current flows through it.

The fuse is always on the live wire


	Earthing and Bonding
	All metal taps are connected to wires which in turn are connected to earth.

This prevents electrocution if the tap was to become accidentally ‘live’ 

	MCBs
	Miniature Circuit Breakers have the advantage that they do not need to be replaced when they trip.

They can contain an electromagnet and/or a bimetallic strip.

Either way, when the current exceeds a preset value, the circuit should break.



	RCDs
	Residual Current Devices operate by detecting a difference between the current on the live wire and the current on the neutral wire.

These should be the same, but if they are not this indicates a problem, and so the RCD trips.

Note that RCBs act quicker and are therefore safer than MCBs.



	Ring Circuits
	In a ring circuit the live wire from each of the sockets are connected to a common line, as is the case with the neutral wire from each socket (on that particular ring).



	Radial Circuits
	Appliances that take a large current have their own live wire going in, and neutral wire coming out of, the appliance (from the fuse box).

Examples would include a cooker or a washing machine.




The kiloWatt hour (kWhr)

The kiloWatt hour is the unit of energy used by the ESB.

One kiloWatt hour is the amount of energy used by a 1000 Watt appliance in one hour.
Rule: Number of kiloWatt hours = Number of kilowatts × Number of Hours.
Relationship between Current and Voltage for different conductors

	Conductor
	Graph
	Charge

Carriers
	Explanation

	A Metallic conductor


	            
	Electrons
	As the p.d. is increased, the current 

increases proportionally.

	A Filament Bulb 


	 
	Electrons
	As current increases, the wire heats up, 

(resistance increases,

(current does not rise as rapidly.

	Ionic solutions 

(active electrodes)


	
	Positive ions, 

Electrons
	Copper ions discharged at the cathode are replaced by Copper atoms entering the Solution as ions in the anode.

	Ionic solutions 

(inactive electrodes)


	   I


                        V
	Positive ions, 

Electrons
	Oxygen is produced at the Anode. This combines with the Platinum to become a ‘cell’ which opposes the driving current and has to be overcome.

	Gases

                                  
	  I 

                        V
	Positive ions, 

Electrons
	Stage one – Normal

Stage two – Saturation-all ions moving

Stage Three – Avalanche Effect-further ionisation by collision

	Vacuum


	  I


                       

                        V
	Electrons
	Stage one – Thermionic emission

Stage two - saturation

	Semiconductors


	      


	Positive holes,

Negative electrons
	Depletion layer overcome and then current flows through the diode.


The Experiments
1. TO MEASURE THE RESISTIVITY OF THE MATERIAL OF A WIRE


DIAGRAM: 
PROCEDURE: 

1. Read the resistance using an ohmmeter. Subtract the resistance of the leads to get the resistance R of the wire. 

2. Remove all kinks and stretch the wire. Measure the length (L) of the wire between the crocodile clips with the metre stick. 

3. Find the diameter (d) of the wire at different points with a the micrometer. (taking the zero error into account) 

4. Calculate the resistivity using the formula [image: image8.png]Rmd®
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5. Repeat using different lengths of wire and calculate an average value for ρ.


SOURCES OF ERROR / PRECAUTIONS:

1. Ensure that the wire is straight when measuring its length. 

2. Measure only between the inside of the ohmmeter contacts. 

3. Make sure to zero error on micrometer.
2. TO INVESTIGATE THE VARIATION OF THE RESISTANCE OF A METALLIC CONDUCTOR OR a thermistor WITH TEMPERATURE

DIAGRAM:

[image: image9.emf]
1. Use the thermometer to note the temperature of the glycerol, which we assume to be the same as the temperature of the coil. 

2. Record the resistance of the coil of wire using the ohmmeter. 

3. Plot a graph of resistance against temperature. 

PRECAUTIONS / SOURCES OF ERROR:

1. Check for the resistance of the connecting leads and contacts on the ohmmeter. Subtract from later readings 

2. Heat very slowly to try to maintain thermal equilibrium between the water and glycerol and coil. 
3. Use glycerol in the test tube as it is a better heat conductor than water.

3. TO INVESTIGATE THE VARIATION OF CURRENT (I) WITH P.D. (V) FOR A METALLIC CONDUCTOR AND HENCE CALCULATE THE RESISTANCE (OHM’S LAW)


DIAGRAM:

1. Record the potential difference (V) and the current (I) using the voltmeter and ammeter respectively.

2. Adjust the potential divider to obtain different values for V and I. 

3. Plot a graph of I against V. 

4. The resistance of the wire may be determined from the reciprocal of the slope of the graph. 

5. The same circuit is used for the bulb and copper in copper sulphate. In the experiment with the diode in reverse bias the ammeter is replaced with a microammeter and moved at the other side of the junction with the voltmeter.

PRECAUTIONS:
1. Use a low voltage so that the current flowing will be small enough that the temperature of the wire stays constant.

2. Use a sensitive milli-ammeter and voltmeter to get accurate readings.

4. TO VERIFY JOULE’S LAW

DIAGRAM:

1. Note the current using the ammeter and calculate the change in temperature (θΔ) during the fixed time for which the current.

2. Plot a graph of I2 (y-axis) against θΔ (x-axis). 

PRECAUTIONS:

1. Put sufficient water in the calorimeter to cover the heating coil.

2. Make sure the current, time and mass of water stays constant throughout; adjust the rheostat if necessary

� QUOTE � ���	





RTotal = R1 + R2
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� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





ITotal = I1 + I2


But	 I = V/R (Ohm’s Law) 


V/RTotal = V/R1 + V/R2 	(cancel the V’s 


1/RTotal = 1/R1 + 1/R2








P = I2R





W = I2Rt





I = � QUOTE � ���





P = VI





W = VQ





W = VQ





W=(IR)(IT)
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