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Electric Circuits

OBJECTIVES:

7. Define electromotive force.

8. Describe the concept of internal resistance.

9. Derive and apply the equations for equivalent resistances of resistors in series and in parallel.

10. Draw circuit diagrams.

11. Solve problems involving series and parallel circuits.

The Internal Resistance of a Battery
The metal contacts which are used to connect a battery into a circuit are called its terminals. 
	


For this reason, when the voltage of a battery is measured, we often describe the result as the terminal potential difference of the battery.

A battery converts chemical energy into electrical energy.

The electrical energy given to each Coulomb of charge is called the emf, [image: image1.jpg]


, of the battery.
Some of the energy produced is wasted inside, and so a battery with an emf of 3V may only have a potential difference between it's terminals of 2.5V. 

The greater the emf of a source, the more energy is transferred per coulomb.  In fact, the emf of a source is the electrical potential energy transferred from other forms, per coulomb of charge, that passes through the source.

In the following circuits, the voltmeter is assumed to have infinite resistance (a modern digital voltmeter has a resistance of around 107).
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The term "emf" originally came from the phrase "electro-motive force". This is now considered an inappropriate term as emf is a quantity of energy not a force. However, the abbreviation is still used.
If we measure the terminal p.d. of a battery which is not supplying any current, the result is equal to the emf of the battery.

The substances of which the battery is made have some resistance to the flow of electric current. This is called the internal resistance of the battery.
A more complete symbol to represent a battery is shown below.
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The resistor, r, represents the internal resistance of the battery.
We now consider measuring the terminal p.d. of a battery which is supplying current.
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The energy supplied to each Coulomb of charge by the chemical reactions in the battery is [image: image5.jpg]


.
The energy taken from each Coulomb of charge by the internal resistance of the battery is Ir. This is often called the "lost voltage".
Therefore, the terminal p.d. of the battery, V, (the reading of the voltmeter) will be given by
	[image: image6.jpg]&-1Ir







The terminal potential difference is only equal to the emf of the battery if the current flowing through the battery is zero.
Also, V = IR, where R is the external resistance, and Ir is internal resistance.

Therefore, we have
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Potential Dividers 

In the circuit shown below, let v1 be the voltage across R1 and v2 the voltage across R2.
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	If R1 = 10 and R2 = 20 

then I = 6/30 = 0.2A

So, V1 = I × R1 = 2V
and V2 = I × R2 = 4V


It is clear that in a circuit such as this one, the voltage of the supply is divided up in the same ratio as the ratio of the resistances.
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For this reason, circuits of this type are often called potential dividers.

In a series circuit, the current is constant throughout the circuit, but the voltage is shared between the resistors. In parallel, the current is split between each branch (relative to it's resistance) and the voltage in each branch is equal to the voltage across the whole parallel branch. 
Once each parallel section has been calculated, and then the whole circuit has been done in series, the information can be put back to calculate the current or voltage in each section of the parallel branch. 

Electrical Power and Energy 

Any component which possesses resistance will convert electrical energy into thermal energy.

Consider the simple circuit shown below.
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The current, I, is a measure of the number of Coulombs of charge which pass through the resistor per second.
The voltage, V, is a measure of the number of Joules of energy lost by each Coulomb of charge passing through the resistor.
Therefore, the number of Joules of energy converted to heat by the resistor per second is given by
	energy per second = voltage×current


and energy per second is power.

So,

	P = VI


To calculate the quantity of energy converted to heat, w, in t seconds we have
	w = VIt


and combining this result with the definition of resistance we have
	w = I2Rt


	

	w = (V2/R)t



Electricity is generally sold in kilowatt-hours, which have a particular price. Different devices draw different amounts of power, generally given as X kilowatts. If the device runs for 1 hour, then it uses X kilowatt-hours. If it runs for 2 hours then it uses 2X and so on. 
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