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4A 1 Electric current  

 

ELECTRIC CURRENT 

If electric charge moves, this is referred to as an electric current, and the definition 

of current is the rate of movement of charge. As it is usually a physical movement of 

billions of tiny charged particles, such charge movements are often said to flow. 

Thinking of the flow of charge like the current in a river can be useful, and we will 

see later how current splits and recombines at circuit junctions in a manner that is 

like water flow. Also, as the total amount of water in a river at a given time does not change, even if the river splits, this 

again shows the conservation of charge. 

 

 

 



www.focuscollege.lk  +94 74 213 6666 
   

   

3 
 

IONIC CHARGE CARRIERS 

In electrolytic processing of bauxite ore, charge carriers, such as free aluminium ions, move through the liquid as an 

electric current. These ions are positively charged and move towards the negative cathode due to the electric force. 

The charge on an electron is a fixed negative amount, making it easy to calculate the charge on any ion. 

 

4A 2 Electrical energy transfer  
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ELECTRICAL MODELS 

A model is a way to understand an idea or phenomenon, such as 

imagining an atom's structure like planets orbiting the sun. While 

some aspects may not accurately represent an atom, others help 

clarify its structure. Electricity, for example, often uses models to 

explain invisible aspects. Evaluating models' strengths and 

weaknesses is crucial. 

MODELLING VOLTAGE 

One model that could be used to try and understand the transfers 

of energy in an electric circuit could be to think of an electric 

circuit as a a ski area. When people go skiing, they take a lift which 

carries them up to the top of the hill. From there, they then slide 

back down to the bottom. Some skiers may slide down different 

routes, but they all finish back at the same lower level they started 

at. 
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4A 3 Current and voltage relationships  

 

CURRENT-VOLTAGE CHARACTERISTICS 

For an electric circuit design, we need to know how components will react when 

the pd across them changes, in order to ensure that the circuit performs its 

intended function under all circumstances. Part of the specification of any 

component is a graph of its I-V characteristics. We have already seen the graph 

for a simple resistor, and a metal at constant temperature would produce the 

same straight-line result.  

I-V GRAPH FOR A FILAMENT BULB 

For the filament lamp I-V graph in fig C, we can see that for a small voltage, the 

current is proportional to it, as shown by the straight-line portion of the graph 

through the origin. At higher voltages, a larger current is driven through the 

lamp filament wire, and this heats it up. At hotter temperatures, metals have 

higher resistance. The gradient of the graph in fig B was given as the reciprocal 

of the resistance, and so the gradient here becomes less towards higher 

voltages: higher resistance means a lower gradient.  
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4A 4 Resistivity  

 

RESISTIVITY INVESTIGATION EXAMPLE 

An investigation like the one explained above produced the results 

shown in fig D. This was for an aluminium wire with a measured 

diameter averaging 0.22 mm (giving A = 3.8 x 10-8 m2). A single 1.5 V 

cell was used to drive a current, which was measured at each 

different length. These data were then used to calculate the 

resistances plotted on the graph for each length. From the graph, we 

can use its gradient to find the resistivity of aluminium. 
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4A 5 Conduction and resistance  

CONDUCTION IN METALS 

The structure of metals has a regular lattice of metal atoms. These are bonded together through the sharing of 

electrons, which act as if they were associated with more than one atom. However, if a source of emf is connected 

across the metal, the electric field it sets up in the metal will push the negative electrons towards the positive end of 

the field. The slow overall movement of the electrons is called their drift velocity. 

 

The transport equation  
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RESISTANCE 

Electrons in a metal's lattice have high speed but slow progress due to electrical resistance. Temperature affects the 

frequency of collisions, with higher temperatures causing more collisions and slower electron drift. Higher currents 

cause more collisions, increasing temperature and resistance. This causes the I-V graph for a filament lamp to flatten 

out when higher voltages drive higher currents. 

RESISTIVITY 

Table A in Section 4A.4 demonstrates the resistivity of materials like good conductors, semiconductors, and insulators. 

It reveals that resistivity varies with temperature, with semiconductors falling as temperature rises due to higher 

conduction electron density in the transport equation. This is because materials like silicon conduct better at higher 

temperatures. 

 

 

4A 6 Semiconductors  

CONDUCTION IN SEMICONDUCTORS 

Semiconductors are solid materials with 

small numbers of delocalised electrons 

free to conduct, like silicon. Free atoms 

have discrete energy levels, while solid 

materials have many atoms close 

together, allowing wider energy levels 

and forming energy bands. The valence 

band is an energy level where electrons 

remain tied to atoms and do not form an 

electric current. Those that gain energy to 

move up to the conduction band become 

delocalised and can move through the 

semiconductor as part of a current. 
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Conduction ‘HOLES’ 

Conduction holes are empty spaces left by electrons entering the conduction band, leaving atoms with positive 

charges. When an electron fills a hole, it moves in the opposite direction, adding to current flow in semiconductors and 

electrolysis. This is similar to the current flow in electrolysis. 

 

LIGHT DEPENDENT RESISTORS (LDRS) AND THERMISTORS 

Light dependent resistors (LDRs) and thermomers work similarly, with LDRs having lower resistance in brighter 

conditions due to increased conduction electrons. Thermistors, on the other hand, rely on thermal energy from the 

surroundings, with negative temperature coefficient thermistors being the most common type. Both work to improve 

conductivity. 

INSULATORS 

Electrical insulators can be thought of as materials in which the energy gap between the valence band and the 

conduction band is so large that there are virtually zero electrons available for conduction. There will therefore be no 

conduction holes either. A very large input of energy is required in order to make the material conduct. Often this 

results in melting, or other damage, before the 

material becomes electrically conducting.  

SUPERCONDUCTIVITY 

Resistance increases with higher temperatures, 

because the higher level of internal energy in the 

material causes more vibration of the fixed ions. 

These ions collide more often with charge carriers to 

reduce their speed of movement through the 

material. Reducing the temperature therefore 

reduces resistance, allowing greater current flow. 
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Cooling to ever lower temperatures continues this 

trend, until something quite unexpected happens. 

Below a certain critical temperature, the resistance 

suddenly drops to zero. This is called 

superconductivity. The critical temperature varies 

with material, but for most metals it will be below -

243°C.  

 

 

 

 

 

 

 

 

 

 

 

 

4B Complete electrical circuits  

4B 1 Series and parallel circuits  
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CURRENTS IN PARALLEL CIRCUITS 

Whenever a current encounters a junction in a circuit, the charges can only go one way or the other, so the current 

must split. The proportions that travel along each possible path will be in inverse proportion to the resistance along 

that path. If the path has high resistance, the current is less likely to go that way. However, the total along the branches 

must add up to the original total current. 

 
 

VOLTAGES IN SERIES CIRCUITS 

Any group of emfs that follow in series in a circuit, with no junctions in the circuit, will have a total emf that is the sum 

of their individual values, that accounts for the direction of their positive and negative sides. For example, two 1.5 V 

cells in a TV remote control will be in series, so that they supply an emf of 3.0 V. This is also true for any string of 

potential differences in series. 
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RESISTANCE 

Resistance can be calculated from Ohm's law as V/I. This can be done for any individual component or a whole branch 

of a circuit, as long as the voltage and current are known. This also means that if we follow the rules for current and 

voltage variations around series and parallel circuits, we come up with simple rules for the total resistance in series 

and parallel combinations. 

RESISTORS IN SERIES 

Any group of resistances that follow in series in a circuit, with no junctions in the circuit, will have a total resistance 

that is the sum of their individual values. In fig F, we could use the total pd across both resistors and the current 

through them to calculate their total resistance: 
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RESISTORS BRANCH COMBINATIONS 

If a circuit has a mixture of series and parallel combinations, we must use the rules we have for each group of resistors. 

Then, we should use the rules again to combine these sub-totals. 

 

4B 2 Electrical circuits rules  
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ELECTRICAL VOLTAGES RULE 

In order to conserve electrical energy around any closed loop, Electrical 

voltages rule: the sum of emfs is equal to the sum of the pds around that 

loop. 

Note that a loop being considered might not be the whole of a circuit - the 

only requirement is that the loop is complete. Note also that the potential 

differences referred to here are defined as being the products of 

component currents and resistances, as per Ohm's law. So, if we isolate a particular closed loop, it may have potential 

differences with positive values, and with negative values when the current flows in the opposite direction. 

 

VOLTAGES RULE WITH CALCULATED PDS 

Potential differences are the product of currents passing through resistances, thus transferring electrical energy. Each 

pd could be calculated from Ohm's law as V = IR. So this becomes: 
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4B 3 Potential divers  
We have seen that all the voltage supplied by emfs in a circuit loop must be used by components as potential 

differences at other points around the circuit loop. The way that the voltage splits up is in proportion to the resistances 

of the components in the circuit loop, as shown in fig B. The voltages across the two resistors must add up to 6 V. The 

20 resistor has twice the resistance, so takes twice the voltage of the 10 resistor. This is a potential divider circuit. 

 

 

 
 

Section 4A.3 demonstrates the use of a potential divider circuit to analyze current against potential difference graphs. 

A resistance wire is used to measure current and voltage. High resistance results in a high potential difference, while 

decreasing resistance increases potential difference. Adjustment of resistance is necessary for I-V plot. 
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The potentiometer is an electrical component that uses a potential divider to supply variable voltage. It uses a 

moveable contact to adjust the resistance wire lengths on either side of the resistors, allowing for the adjustment of 

their relative resistances and voltage across a separate circuit. 
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In fig G, a lamp is powered by the same voltage as the LDR, which increases resistance with ambient light levels. In 

bright conditions, the LDR has a low resistance, consuming a small proportion of the 12 V supplied by the battery. As 

the surroundings become darker, the LDR resistance increases, increasing the proportion of the 12 V dropped across 

the bulb, making it brighter. This circuit increases the lamp's brightness as the surroundings become darker. Many 

electronic components have a switch-on voltage of 5 V, which can be used with a sensor in a potential divider circuit. 

 

4B 4 EMF and internal resistance 
Internal resistance is a small but non-zero resistance of an electromotive force (emf) source, such as batteries. While it 

may not significantly affect a circuit's performance, it can cause significant power loss when large currents are used. 

This energy transfer by the emf source can cause a smaller voltage to the rest of the circuit, potentially affecting the 

circuit's performance. Additionally, a large current through the internal resistance could damage the emf source due to 

ohmic heating. 
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4B 5 Power in electric circuits  
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The work and power of electrical devices can be calculated easily, but their efficiency is crucial. If most energy isn't 

transferred to a useful store, the cost of the energy is wasted, as explained in Section 1B.2. 
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Revision questions 
 

1.a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) 
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