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2.1.1 Prior Learning 

 This process whereby ions exchange electrons through a molten 
liquid or dissolved solid is also a way in which a “current” flows. 
Also a PD between ground and cloud causing a spark to move. 
 

  As charge carriers are moving. Hence we can say that energy 
converted is; 

E = QV  
 
E = 5C x 3000V = 15000J   
 
or    
 
E = VIt 
 
E = 3V x 2A x 3s 
E = 18J 
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2.1.1 Current and Charge 

Assessable learning outcomes 
 

(a) explain that electric current is a net flow of charged particles; 
(b) explain that electric current in a metal is due to the movement of electrons, whereas in 
an electrolyte the current is due to the movement of ions; 
(c) explain what is meant by conventional current and electron flow; 
(d) select and use the equation Q = I t; 
(e) define the coulomb; 
(f) describe how an ammeter may be used to measure the current in a circuit; 
(g) recall and use the elementary charge e = 1.6 x 10-19 C; 
(h) describe Kirchhoff’s first law and appreciate that this is a consequence of conservation 
of charge; 
(i) state what is meant by the term mean drift velocity of charge carriers; 
(j) select and use the equation I = Anev; 
(k) describe the difference between conductors, semiconductors and insulators in terms of 
the number density n. 
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a) & c) Current flowing from moving charges.... 
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b) Potential Difference in chemical cells 

One way of separating charges is a chemical cell; 
 

1) Two chemical pastes are separated  
 
2) An anode is formed at one end (positive) & a 

cathode at the other (negative) 
 
3) When a wire is connected charges try and equalise 

pushing electrons through the wire. 
 
4) Energy is lost inside the cell in the process. 

(Internal Resistance) 
 
5) This can also be done with liquids i.e. a Daniell cell 

as shown on the right but obviously not a lot of 
good for transportation in an ipod! 

 

Extension 
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b) The Basics Extension 
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b) Detailed Example…. 

Galvanic cell (also called voltaic cell) uses chemical reaction to produce electrical energy (flow of 
electrons).  

CuSO4(aq) 

ZnSO4(aq) 

Key points 
 
1. Metal electrodes can be placed in a solution 

of same metal and neg ions. Either more 
metal ions are produced or metal in solution 
plates the electrode. 
 

2. Copper from solution ends up on anode. 
Zinc ends up in solution in this case. 
 

3. The salt bridge provides a ready supply of 
neg ions but blocks the metallic ions. 
 
 

4. If solutions are 1 molar the e.m.f produced 
in total is 1.10V 
 

5. You can measure this by using a voltmeter 
and a larger resistance in the circuit. 

 
http://www.mpoweruk.com/chemistries.htm 

 
 

Extension 

http://www.mpoweruk.com/chemistries.htm


 When electrons move through a wire we call it an 
electrical current. The electrons move as there is a 
potential difference. 
 

 The larger the p.d. the higher the current flow or 
Coulombs per second. 
 

 1A = 1Cs-1 

 
 A simple graph of this process would be where a steady 

current has flowed for 20s seconds; 
 
 
 
 
 
 
 
 
 

 The number of Coulombs of charge that have flowed is 
100C 
 

d) Current Flow Basics 



 The area under the graph can be found by simple 
calculus and integration; 

d) Current Flow Calculus – Higher Maths 
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NB: calculus not required for exam but good simple example for Mathematicians! 
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 Total charge                                                 charge on an electron  1.6 x 10 -19   C 
                                        
                                          Number of charge carriers 
 
 

Q=I∆t 
 

Q =Ne 
Or 

 
I∆t=Ne 

d) Conduction of electrons Summary... 

Electrical conduction:  
 
1. is the movement of charge carriers,  e.g. electrons 

 
2. the rate of flow of charge is called the current and is measured in 

amperes or amps 

Make a 
note of 
this… 
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Problem: 
A wire carries a current of  5mA for 15 mins. 
i)   calculate the charge passing through the wire in this time, 
Ii)  calculate the number of electrons passing through the wire each second 
 
 
  

d) Worked problem… 
Try this 
out... 
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Problem: 
A wire carries a current of  5mA for 15 mins. 
i)   calculate the charge passing through the wire in this time, 
Ii)  calculate the number of electrons passing through the wire each second 
 
 
  

d) Worked Problem Part II 

Try it out... 
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Problem: 
A wire carries a current of  5mA for 15 mins. 
i)   calculate the charge passing through the wire in this time, 
Ii)  calculate the number of electrons passing through the wire each second 
 
 
  

d) Worked Problem Part II 

Try it out... 



 When electrons move through a wire we call it an electrical current. It has a simple 
definition which leads to 1A = 2 x10-7Nm-1  or 1A = 1Cs-1 

e) Units of Electrical Current 
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f) describe how an ammeter may be used to measure the 
current in a circuit; 

An ammeter is a measuring instrument used to measure 
the electric current in a circuit. Electric currents are 
measured in amperes (A), hence the name.  
 
Instruments used to measure smaller currents, in the 
milliampere or microampere range, are designated 
as milliammeters or microammeters. A picoammeter, or 
pico ammeter, measures very low electrical current 
 
Early ammeters were laboratory instruments which relied 
on the Earth's magnetic field for operation.  
 
By the late 19th century, improved instruments were 
designed which could be mounted in any position and 
allowed accurate measurements in electric power 
systems. 
 
It is always added in series in a circuit and is of a very low 
resistance to ensure it does not affect the circuit unduly. 

http://en.wikipedia.org/wiki/Measuring_instrument
http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Electrical_circuit
http://en.wikipedia.org/wiki/Ampere
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(h) describe Kirchhoff’s first law and appreciate that this is a 
consequence of conservation of charge; 

This law is also called Kirchhoff's first law, Kirchhoff's point rule, 

or Kirchhoff's junction rule (or nodal rule). 

 

The principle of conservation of electric charge implies that: 

 

At any node (junction) in an electrical circuit, the sum of currents flowing into that 

node is equal to the sum of currents flowing out of that node, or: 

 

The algebraic sum of currents in a network of conductors meeting at a point is 

zero. 

 

Recalling that current is a signed (positive or negative) quantity reflecting 

direction towards or away from a node, this principle can be stated as: 

http://en.wikipedia.org/wiki/Electric_charge
http://en.wikipedia.org/wiki/Electrical_circuit
http://en.wikipedia.org/wiki/Current_(electricity)
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 The “current law” states that at a junction all 
the currents should add up. 
 

I3 = I1 + I2   or I1 + I2 - I3 = 0  
 

• Current towards a point is designated as 
positive. 
 

• Current away from a point is negative. 
 
• In other words the sum of all currents 

entering a junction must equal the sum of 
those leaving it. 
 

• Imagine it like water in a system of canals! 

h) Kirchoffs Law I 
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Examples; 
 

If I1 = 0.1A, I2 = 0.2A, I3 = 0.3A 
 
If I1 = -0.1A, I2 = -0.2A, I3 = -0.3A 
 
If I1 = 2A, I2 = 3A, I3 = 5A 

 
 
 
 

h) Kirchoffs Law I 

There are some important multipliers for current: 
 

1 microamp (1 A) = 1 x 10-6 A   
 
1 milliamp (mA) = 1 x 10-3 A 
 

Also remember to make sure you work out current in Amps and time in seconds in 
your final answers! 
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 Work out the currents and directions missing on these two junctions? 
 

Kirchoffs Law I – Questions? 

7A 3A 
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k) Categories of Carriers.... 

When a voltage is applied across a 
conductor delocalised electrons are 

attracted to the positive terminal. (1029 m-3) 

Electrons are firmly attached to atoms and 
can not be moved through the conductor. . 

(106 m-3 to 1012 m-3 ) 

The number of Charge carriers  available for 
conduction increases  with temperature .  
Resistance decreases with temperature. 

(1020 m-3 to 1024 m-3 ) 

Superconductors – conduct massively below a certain temperature.  & Ions 
in solution can also be charge carriers. 

Materials can be classified by how the 
conduct or don’t conduct charge carriers 
such as electrons…. 

Insulator 

Conductor 

Semi-conductor 
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(i) state what is meant by the term mean drift velocity of 
charge carriers; 

The mobile charged particles within a conductor move constantly in random directions, like 
the particles of a gas.  
 
In order for there to be a net flow of charge, the particles must also move together with an 
average drift rate.  
 
Electrons are the charge carriers in metals and they follow an erratic path, bouncing from 
atom to atom, but generally drifting in the opposite direction of the electric field.  
 
• Typically, electric charges in solids flow slowly. For example, in a copper wire of cross-

section 0.5 mm2, carrying a current of 5 A the drift velocity of the electrons is on the 
order of a millimetre per second.  
 

• However, the current is actually instantaneous as they all shuffle along the wire. 
 

• In the near-vacuum inside a cathode ray tube, the electrons travel in near-straight 
lines at about a tenth of the speed of light. 

http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Drift_velocity
http://en.wikipedia.org/wiki/Cathode_ray_tube
http://en.wikipedia.org/wiki/Speed_of_light
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(j) select and use the equation I = Anev; 

The speed at which charge carriers drifts can be calculated from the equation where…. 
 
   I = is the electric current 
  n = is number of charged particles per unit volume (or charge carrier density) 
   A = is the cross-sectional area of the conductor 
   v = is the drift velocity, and 
   Q = is the charge on each particle 
 
 
 
Can you make up your own example from what you already know…. 

http://en.wikipedia.org/wiki/Drift_velocity
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A battery is connected across a wire. The current in the wire is 40 mA. 

Plenary Question…. 

iSlice Basic 

(i) Calculate the total charge that 
flows past a point in the conductor in 
3 minutes. 
  
(ii) Using data from the Data Sheet 
calculate the number of electron 
charge carriers passing the same 
point in the conductor in this time. 

 (iii) If 8.6 J of energy are transferred to 
the conductor in this time, calculate the 
potential difference across the conductor. 
  
(iv) Calculate the resistance of the 
conductor. 
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Connection 

 

• Connect your learning to the 
content of the lesson 

• Share the process by which the 
learning will actually take place 

• Explore the outcomes of the 
learning, emphasising why this will 
be beneficial for the learner 

Demonstration 
 
• Use formative feedback – Assessment for 

Learning 
• Vary the groupings within the classroom 

for the purpose of learning – individual; 
pair; group/team; friendship; teacher 
selected; single sex; mixed sex 

• Offer different ways for the students to 
demonstrate their understanding 

• Allow the students to “show off” their 
learning 

Activation 
 
• Construct problem-solving 

challenges for the students 
• Use a multi-sensory approach – VAK 
• Promote a language of learning to 

enable the students to talk about 
their progress or obstacles to it 

• Learning as an active process, so the 
students aren’t passive receptors 

Consolidation 
 
• Structure active reflection on the lesson 

content and the process of learning 
• Seek transfer between “subjects” 
• Review the learning from this lesson and 

preview the learning for the next 
• Promote ways in which the students will 

remember 
• A “news broadcast” approach to learning 




