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Chapter 2: Sensors and Electricity 
 
Charge U nit: Coulom b, C  Sym bol: Q 
 
Electrons, ions protons all carry charge. We know  these particles have a charge as 
they attract and repel each other. It is hard to explain exactly w hat charge is. It is 
the interaction of photons, a property of particles. The charge of one electron is  
-1.6 * 10-19 C . 
 
Current U nit: A m pere, A m p, A Sym bol: I 
 
Current is the rate of flow  of charge (coulom bs), w ith respect to tim e. We can w rite 
this: 
 

I = Q / t 
 
Charges flow  because charges have been separated (in a battery, for exam ple), 
w hich then attract or repel each other’s charges. Separating the charges needs 
energy. This stored energy is then dissipated or transform ed w hen a current flow s 
betw een positive and negative term inals. 
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Fig 1. The neutral ball is touched on the negative plate. It becom es negatively 
charged as electrons m ove from  the plate to the surface of the ball. This m akes the 
plate repel the ball. 
 
Fig 2. The negatively charged ball is attracted tow ard the positively charged plate. 
 
Fig 3. When the ball touches the plate the electrons m ove from  the ball to the 
positively charged plate. This causes the ball to becom e positively charged. It is 
then repelled from  the positive plate, and attracted to the negative plate. 
 
This process is repeated and the ball sw ings betw een the tw o plates. The overall 
effect is the flow  of electrons from  the negative plate to the positive plate. 
 
V oltage U nit: V olts, V   Sym bol: V 
 
A voltm eter m easured the difference betw een energy in coulom bs flow ing in and 
coulom bs flow ing out. Potential difference is the energy that is converted per 
coulom b of charge that flow s. Potential difference, is m easured in Joules per 
coulom b, Volts. 
 
In a circuit the sam e current and charge flow s through each bulb. The coulom bs of 
charge are converting m ore energy (into light etc) in the bright bulb than in the 
dim  one. The energy converted by each coulom b is m easured by the potential 
difference across each bulb. 
 
Potential difference is therefore m easured by (where E =  Energy): 
 

V = E / Q  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pow er  U nit: Js-1, W atts, W  Sym bol: P 
 
Pow er is the rate of change of energy w ith respect to tim e, using equations defined 
above w e can substitute to w rite the equation for pow er as: 
 

The sum  of the voltages 
on the tw o voltm eters, V1 
and V2 equals the total 
voltage supplied to the 
circuit. 
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P = V I 
 
A Kilow att hour is a unit of energy, using the above form ula w e can calculate a KWh 
is 3.6M J, that’s 3,600,000J. This is the unit by w hich you are billed and w ill typically 
cost betw een 5p and 10p. 
 
Resistance and Conductance 
 
A resistor converts electrical energy to other form s (m ost often heat) w hen current 
flow s through it. 
 
 
 
 
 
 
 
 
 
 
 
 
The voltm eter m easures the “potential difference” across the com ponent. 

R, Resistance is m easured in O hm s, �. 
 
 R =  
 
 
G, Conductance is m easured in Siem ens, S. 
 
 G =  
 
 
Conductance, the reciprocal of Resistance is a m ore logical w ay of expressing the 
concept of resistance, a m easure of the num ber of free electrons or “charge 
carriers” available in the sam ple. 
 
O hm s law  states that for a passive conductor potential difference is proportional to 
current, provided that physical conditions (prim arily tem perature) rem ain constant. 
From  this the above equations are derived. 
 
Resistors in series 
 
See diagram  on next page. 
 
It can be derived, using that current does not vary in the circuit, that the sum  of the 
tw o voltages is equal to the total voltage and from  O hm s law , that the follow ing is 
true of resistors in a series circuit (W here RT is the total resistance): 
 
 RT = R1 + R2 
 

V 

I I 

Energy 

V 

I 

I 

V 



Gareth Jones – http://cyro.cs-territories.com  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To evaluate the change in potential difference around the circuit the follow ing 
analogy m ay be of use. Wires have negligible resistance and so are m odelled as 
being superconductors – having no resistance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This dem onstrates the concept that: 
 
 VT = V1 + V2 
 
Which is a crucial part of the proof that RT = R1 + R2. 
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Current is constant 
throughout the circuit, so 
it is true to say that, in 
series: 
 
A1 = A2 
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Resistance in parallel 
 
Voltage is the sam e across all branches of a parallel circuit. The current on the 
different branches adds up to the total current, and the inverse resistance equals 
the sum  of the inverse resistances. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sum  of total resistance, in parallel: 
 
 
 
 
So the sum  of conductance in parallel circuits can be w ritten: 
 
 GT = G1 + G2 
 
In parallel the sum  of conductances give the total conductance. In series the sum  of 
the total resistances gives the total resistance. 
 
Resistor colour codes 
 
 
 
 
0.1 = Gold    Tolerance: 
0 = Black 
1 = Brow n    (nothing) = ±20%  
2 = Red    Silver = ± 10%  
3 = O range    Gold = ±5%  
4 = Yellow     Red = ± 2%  
5 = Green 
6 = Blue    1 is the first digit, 2 is the second digit. 3 is the 
7 = Violet    num ber of zero’s follow ing these tw o digits. 
8 = Grey    Tolerance states the precision of this figure. 
9 = White 
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Sum  of current in parallel: 
 
IT = I1 + I2 
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