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PIKACHU RACE VISUALISATION 

This is a story about a pikachu participating in a race. 
 
He has to run one full lap around the circuit. 
 
He starts off at the Pokemon center with full health. 
 
However, along the way, he come across Team Rocket. 
 
Although Team Rocket offered some resistance, 
Pikachu was still able to defeat them as usual. He uses 
all his energy and thunderbolt the shit out of them. 
 
Now he is out of energy but with nothing left in his way, 
he makes his way safely back to the Pokemon center 
and replenishes his energy back to full health. 
 
Pikachu is ready to go again! 
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COMPLETE CIRCUIT VISUALISATION 

This is how electricity works! 
 
Pikachu is the charge, a particle capable of carrying 
electrical energy, that moves around the circuit. 
 
Pokemon center is the source (battery), where the 
charge replenishes its electrical energy after going one 
round around the complete circuit.  
 
In the battery, chemical potential energy is converted 
to electrical energy which is supplied to the charge. 
 
Team Rocket is the component (light bulb). In order to 
overcome it, the charge has to use its electrical energy. 
After the charge hands over the required electrical 
energy, it is then allowed to pass through. 
 
In the light bulb, electricity energy received from the 
charge is converted to light and heat energy. 
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CURRENT VISUALISATION 

SO WHAT IS CURRENT? 
 
Current is defined as the rate of flow of electrical charges. 
 
 
In order words, the amount of charges flowing in the circuit 
per second. 
 
 
VISUALISATION 
 
The whole process of pikachu going around the circuit is  
really quick, in milliseconds. 
 
Furthermore, multiple pikachus can be released to go around 
the circuit at the same time. 
 
Current measures the number of pikachus going around the 
circuit every second! 
 
 
Another analogy is ERP. The amount of cars passing through the 
ERP per second, is the rate of flow of cars. 
 
Current is the rate of flow of charges! 
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DEFINITION 
 
Current is defined as the rate of flow of electrical charges. 
 
Unit: Ampere (A) 
 
Formula: 
 
 
 
 
 
 
 

Current is measured with an ammeter (which has very low 
internal resistance). The low resistance is to ensure that the 
ammeter does not affect the current flow. 
 
It must be connected in series so that electric current flow 
through the ammeter, via the positive terminal and leave via 
the negative terminal. 
 
(It’s like a ERP, cars must go through it!) 

 
 
 

CURRENT 

Conventional current flows from 
positive to negative terminal. 

Electron flow is from negative 
to positive terminal. 
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A COMPLETE CIRCUIT VISUALISATION 

Electromotive Force 
 
The amount of electrical energy the battery provides to each 
charge depends on the amount of components in the 
circuit. 
 
So if there are 3 light bulbs, the battery must provide 
sufficient energy to the charge to go past all the 
components and be able to complete a full circuit. 
 
This is also known as electromotive force, referring to how 
much energy the source provides to each charge. 
 
Potential Difference 
 
Before the charge enters the component, it will possess a 
certain amount of electrical energy. After it passes through 
it, it will have a lesser amount of energy. 
 
The difference between before and after is known as 
potential difference, referring to how much electrical 
energy is consumed per charge by the component. 
 
Both emf & P.D have the same formula, 
 

emf = Work Done / Charge 
P.D = Work Done / Charge 

 
But I prefer to remember it as, 

 
Voltage = Energy per Charge 
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ELECTROMOTIVE FORCE 
 

POTENTIAL DIFFERENCE 
Electromotive force is defined as the work done by the source in driving a unit 

charge round a complete circuit. 

 

Units: V (Voltage) 

 

Formula: 
 

 
 
 
 
 

 
 1V is when 1C has 1 J of electrical energy. 
 
For eg: A battery with emf 3V, means it supplies 3J of electrical energy to each 
charge.  
 
 

 

Potential difference is defined as the work done in driving a unit charge through 

a component. 

 

Units: V (Voltage) 

 

Formula: 
 
 
 
 
 
 
 
 1V is when 1C uses 1 J of electrical energy. 
 
For eg: A light bulb with p.d 3V, means 3J of electrical energy is converted to light 
and heat energy when each charge passes through it.  
 
 

 
TAKE NOTE 
 
While both emf and p.d share the same unit, V, they are not the same. 
 
Emf is always about the source, where other forms of energy is converted to electrical energy. 
 
P.D is always about the component, where electrical energy is converted to other forms on energy. 
 
The sum of all the p.d across all the components in the circuit is equal to the sum of emf of all cells, in a 
series circuit. 
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MEASURING VOLTAGE 
 
 
Potential difference is measured with a voltmeter (which has 
very high internal resistance).   
 
It must be connected in parallel, with its high internal resistance, 
minimum current is directed away from the component. 
 
This is to ensure that almost all of the current will flow through 
the component as intended. 
 
 
 
 
 

MEASURING VOLTAGE 
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WHAT IS RESISTANCE? VISUALISATION 

Gong Yoo has to fight his way through a crowded train 
to the control terminal at the front. 
 
He has to make his way from one end of the train to 
another. 
 
He have to expend a lot of energy to squeeze through 
the crowd but eventually he makes it through. 
 
The degree of difficulty to squeeze through the 
crowded train is a visualisation of what resistance feels 
like. 
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DEFINITION 
 
Resistance is defined as the ratio of potential difference to 
the current flowing through it. 
 
Can also be understood as, 

 
A measure of the degree to which an electrical component 
opposes the passage of an electric current. 
 
Unit: Ohm (Ω) 
 
Formula: 
 

R = V / I 
 

V = RI 
(victoria = RI) 

 
where, 
R = Resistance 
Q = Potential Difference 
I = Current 
 
 

Resistance can be measured using by finding the currrent 
using an ammeter & the potential difference using a voltmeter. 
 
 
 

RESISTANCE 

DARRELL ER (COPYRIGHTED) © 



VISUALISATION 

Resistance can also be calculated as, 
 
 
 
 
 
 
where, 
R = Resistance 
ρ = resistivity 
L = length of wire 
A = cross-sectional area of wire 
 
 
The longer a wire, the higher the resistance. 
 
The smaller the cross-sectional area of a wire, the higher 
the resistance. 
 

Resistivity, ρ, depends on the material of the wire. 
 
 

 
 

 
 
 
 
 
 

A simple way to visual this concept is: 
 
Scenario 1:  
Train is narrow in space and the train is 2 carriage in length!  journey is hard! 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion: A long and thin wire has high resistance. 
 
 
Scenario 2:  
Train is spacious and the train is one carriage in length!  journey is easy! 
 
 
 
 
 
 
 
 
 
 
 
Conclusion: A short and fat wire has low resistance. 
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Resistance =                      
ρL 

A 
  



DEFINITION 
 
A resistor is a component in an electric circuit which provides 
a known value of resistance. 
 
As, 
 

V = RI 
 

When resistance increases, current decreases.  
 
Hence, resistors can control or limit the size of a current 
flowing in a circuit. 
 
 
A rheostat varies its contact point and changes the length of 
the wire the current has to flow through. 
 
 
 
 
 
 
 
 
 
As we learnt previously, the longer the wire, the greater the 
resistance. 
 

 
RESISTORS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

           Fixed resistor                               Variable resistor  
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DEFINITION 
 
Ohm’s law states that a current through a metallic conductor 
is directly proportional to the potential difference across 
the ends of the conductor, provided the temperature and 
other physical conditions remain constant. 
 
A resistor that has constant resistance is called an ohmic 
conductor. 
 
We can check whether a resistor is ohmic by observing the I-V 
graph. 
 

OHM’S LAW 
OHMIC CONDUCTORS 
 
As p.d increases, current increases proportionally.  
 
Resistance is constant. (represented as gradient)  
 
NON-OHMIC CONDUCTORS 
 
As p.d increases, current increases/decreases disproportionally. 
 
Resistance varies as the p.d increases. 
 
This may be due to a variety of reasons such as increased current leading to a 
heating effect, which can cause increased temperature and hence increased 
resistance (filament lamp). 
 
For thermistors, an increase in temperature will lead to a decrease in resistance. 
 
A diode only allow current flow in one direction. 
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