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Electric Current

OBJECTIVES:

1. Describe a simple model of electrical conduction in a metal.

2. Define electric current.

3. State and explain the definition of the ampere.
4. Describe the use of ammeters and voltmeters.

5. Define and apply the concept of resistance.

6. State Ohm’s law.

7. Compare ohmic and non-ohmic behaviour.

Conduction in Metal

A solid piece of metal, at room temperature, consists of metal ions arranged in a regular pattern called a crystal lattice with free electrons moving in the spaces between the ions. The motion of the free electrons is random. We say they have random thermal motion with an average speed which increases with temperature. Figure 1 represents a piece of metal which does not have current flowing through it.
	

	figure 1


The arrows represent the random thermal motion of the electrons (their average speed at room temperature is hundreds of kms-1). 

If the piece of metal is part of a circuit through which a current is flowing, then another motion is added to the random thermal motion (see figure 2). This motion is more regular and results in a general "drift" of electrons through the metal. A typical drift velocity for electrons in metals is <1mms-1. The magnitude of the drift velocity depends on the current, the type of metal and the dimensions of the piece of metal.
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	figure 2


The resistance of a piece of metal is due to collisions between the free electrons and the metal ions. The ions "get in the way" of the electrons and impede their progress through the metal.
During a collision, some of the kinetic energy possessed by the electron can be transferred to the ion thus increasing the amplitude of the lattice vibrations. Therefore, resistance to the flow of current causes the temperature to increase or in other words, resistance causes electrical energy to be converted into thermal energy (internal energy).

In figures 1 and 2, the thermal motion of the ions has been ignored. Figure 3 represents the situation a little more realistically. It is clear that as the amplitude of the lattice vibrations increases the ions will "get in the way" of the free electrons more. This suggests that the resistance of a piece of metal should increase with temperature.
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	figure 3


This is confirmed by experiment. Not all conductors behave in this way: the resistance of semi-conductors (e.g. silicon and germanium) decreases with temperature 

Electric Current (I)
An electric current is a flow of charged particles.

A current in a metal is due to the movement of electrons. In a conducting solution, the current is due to the movement of ions.

Current is measured using an ammeter.

An ammeter measures the rate of flow of charge. For simplicity, an ammeter can be thought of as a "counter of electrons": it gives a reading which is proportional to the number of electrons which pass through it per second.

The unit of current is the Ampere, A.  1A is a flow of about 6 x 1018 electrons per second.
	An ammeter is always connected in series with other components.
The resistance of an ammeter must be low compared with other components in the circuit being investigated.


Current in Series Circuits

When drawing diagrams to represent electric circuits, the following symbols are used.
	Wires crossing but not connected
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	OR
	[image: image4.jpg]




	Wires crossing and connected
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Unless otherwise stated, we assume that connecting wires are made of a perfect conductor.
	Switch
	Battery
(or other D.C. supply)
	A.C. supply
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	Resistor
	Variable resistor
	Variable resistor
(used as a potential divider)
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	Filament lamp
	Voltmeter
	Ammeter
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	Transformer
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Which way do the electrons move?

At first scientists thought that a current was made up of positive charges moving from positive to negative.  We now know that electrons really flow the opposite way, but unfortunately, the conventions has stuck.  Diagrams usually show the direction of conventional current, going from positive to negative, but you must remember that the electrons are really flowing the opposite way.
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A current of 2A corresponds to a certain (very large!) number of electrons passing per second.
So if I1= 2A, I2 and I3 must also be 2A because in a series circuit, the electrons have only one path to follow.

The current is the same at all points in a series circuit.

Currents in Parallel Circuits
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If the three currents I1, I2 and I are measured it is found that
	I1 + I2 = I


This is inevitable if current readings correspond to numbers of electrons passing per second.
	This result is called Kirchhoff’s current law, stated as follows.

The total current flowing towards a junction in a circuit is equal to the total current flowing away from that junction.


As an analogy, consider vehicles at a road junction.
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The number of vehicles passing point 1, per minute, must be equal to the number of vehicles passing point 2 per minute plus the number of vehicles passing point 3 per minute.

The Relation between Current, Charge and Time 

Another analogy is often found to be helpful. Consider a pipe through which water is flowing. If the rate of flow of water through the pipe is, for example, 25[image: image20.jpg]


min-1, then in 15 minutes, the total quantity of water which has moved through the pipe is
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The quantity of liquid is equal to the rate of flow multiplied by the time (in appropriate units).
Similarly, when considering a flow of electric charges, the quantity of charge which passes is given by
	quantity of charge = rate of flow of charge × time



	

	Q = I × t




As previously stated, the unit of charge is the Coulomb. The Coulomb can be now defined as follows:
	1C is the quantity of charge which passes any point in a circuit in which a current of 1A flows for 1s


It should be noted that the Coulomb is a rather large quantity of charge. 1C is the quantity of charge carried by (approximately)
6×1018 electrons
Voltage 

When a body is falling through a gravitational field, it is losing gravitational potential energy.
Similarly, when a charge is "falling" through an electric field, it is losing electric potential energy.
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In the situation shown in the diagram above, the water has more gravitational potential energy at A than at B so it falls. The potential energy lost by 1kg of water in falling from level A to level B is the gravitational potential difference between A and B.
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	The flow of water can be maintained using a pump.
	A flow of electrons can be maintained using a battery.

The battery maintains an electrical potential difference between points A and B.


To measure voltage we use a voltmeter.
The unit of voltage is the volt.
A voltmeter gives us a reading which indicates the amount of energy lost by each Coulomb of charge moving between the two points to which the voltmeter is connected. 
1V means 1JC-1.
	A voltmeter is always connected in parallel with other components. 
The resistance of a voltmeter must be high compared with other components in the circuit being investigated.


Voltages in Series Circuits
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Consider the simple series circuit above.

Energy lost by each Coulomb of charge moving from A to B is V1.

Energy lost by each Coulomb of charge moving from B to C is V2.

Energy lost by each Coulomb of charge moving from C to D is V3.

Obviously the total amount of energy lost by each Coulomb of charge moving from A to D must be V1 + V2 + V3 (= V).

Conclusion
The total voltage across components connected in series is the sum of the voltages across each component. Note that the validity of this statement does not depend on what the components are.
Voltage across Components in Parallel
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	All points inside the dotted ellipse on the right must be at the same potential as they are connected by conductors assumed to have negligible resistance.

Similarly for all points inside the dotted ellipse on the left.

So the three voltmeters are measuring the same voltage.

 


Conclusion
Components connected in parallel with each other all have the same voltage.

Again, this does not depend on what the components are.

Resistance 

The resistance of a conductor is a measure of the opposition it offers to the flow of electric current.

The resistance of a component causes electrical energy to be converted into heat.
Resistance is defined as follows
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Units of resistance VA-1 or Ohms, .

Therefore, the resistance of a conductor is the voltage needed to give a current of 1A.

George Ohm investigated the resistance of metals. He first tried to find how the resistance of a piece of metal depends on its dimensions. He found that resistance depends on
	i)
	the length of the piece of metal, [image: image29.jpg]


; resistance increases with the length of the conductor.

	ii)
	the cross-sectional area of the piece of metal, A; resistance decreases as cross sectional area increases.

	iii)
	the type of metal.


His results showed that
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	and
	R  1/A

	therefore,
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The constant is called the resistivity of the metal, .
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Ohm’s Law
Ohm also investigated the relation between the voltage across a given piece of metal and the current flowing through it. His results gave what is now called Ohm’s law, which is stated as follows:
	For a metal conductor at constant temperature, the current flowing through it is directly proportional to the voltage across it.


As voltage divided by current is resistance, this law tells us that the resistance of a piece of metal (at constant temperature) is constant.
It can easily be shown that the resistance of a piece of metal increases as its temperature increases. 

Non ohmic conductors are those which don't follow ohm's law ( V = IR ) when the temperature is not kept at a constant (and relatively low) degree. An example of a non-ohmic conductor is an ordinary light bulb. As the filament in the bulb is heated up, the resistance increases, giving a non-linear relationship between voltage (V) and current (I). 

Resistors in Series and Parallel 

If two or more resistors are connected to a battery, the current which will flow through the battery depends on the effective resistance, RE, of all the resistors. We can consider RE to be the single resistor which would take the same amount of current from the same battery.

Resistors in Series
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	A
	B


In circuit A
The current through all the resistors is the same, I.

Voltage across R1 is V1 → V1 = I R1

Similarly, V2 = I R2 and V3 = I R3

Also V1 + V2 + V3 = V

In circuit B
V = I RE

Combining these two gives:
I RE = I R1 + I R2 + I R3
	So,
	RE = R1 + R2 + R3



 

Resistors in Parallel
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	A
	B


In circuit A
Voltage across all the resistors is the same, V.

The current through R1 is I1 → I1 = V/R1

Similarly, I2 = V/R2 and I3 = V/R3

Also I1 + I 2 + I 3 = I

In circuit B
I = V/RE

Combining these two gives
V/RE = V/R1 + V/R2 + V/R3
	So,
	[image: image37.png]






ElectricCurrent

