Electric Current.   Symbol  I
Electric current is the flow of electric charge. 

An electric current is a flow of electrons from one point to another.  For an electric current to flow there are two requirements

(i)  A source of electrons e.g. electric cell which is a source of electrons and also electrical energy which causes the electrons to flow  

(ii)  Current will only flow in an electric circuit only if there is a complete circuit.

S.I. unit of current     :    Ampere   Amp    A

If energy is used in when a current flows through a material then that material has what we call resistance.  Resistance is defined as that which opposes the flow of electric current.

S.I. unit  of electric resistance    :   Ohms   

Electrons flow from the negative side of an electric cell to the positive side. 

However in electric circuits we show the current flowing from the +ve to –ve
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A single cell or other power source is represented by a long and a short parallel line. A collection of cells or battery is represented by a collection of long and short parallel lines. In both cases, the long line is representative of the positive terminal of the energy source and the short line represents the negative terminal.





Resistance shown as either a rectangular box or zigzag line
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Ampere  :  Is defined as that constant current which is maintained in two infinitely long conductors of negligible cross-section one metre apart in a vacuum would produce between the conductors a force of 2 x 10-7 Newton’s per metre.

Coulomb  :  Is defined as the quantity of charge which passes when a steady current of one ampere flows for one second.
It can be shown that
CHARGE  (Q)  =  CURRENT (I)  X  TIME (t)
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Examples.

1.  Calculate the amount of energy supplied by a 5 kW heater in a time of 15 minutes.

2.  How long will it take a 2 kW kettle to boil 200 g of water initially of 20o C.

3.  If the p.d. across an electrical heater is 20 V and its electrical power is 1 k W calculate the current flowing.

4. If the power rating of a heater is 500 W and the current flowing through it is  15 A calculate the p.d. across it.





OHM’S LAW.

The current flowing through a conductor is directly proportional to the potential difference across its ends provided that the temperature remains constant       I  (   V   at constant temperature

The constant of proportionality is the resistance of the conductor R
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Consider the case of a current I flowing through a resistor R from A to B.    The value of the current flowing in and out of the resistance is I.

However since work is done is moving the current through the resistor the potential at A and B are different from one another.
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           B
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Current always flows from a higher to a lower potential.       In this case
 
[image: image9.wmf] value

positive

 

a

 

is

 

 

since

 

and

  

V

R

resistor 

 

 the

across

.

.

.

  

R

AB

B

A

B

A

AB

R

V

V

V

V

V

V

d

p

R

I

V

>

-

=

=

=

=


KIRCHOFF’S FIRST (CURRENT) LAW.

States that the sum total of the current flowing into a junction in an electric circuit is equal to the sum total of the current flowing out of the junction.
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In the above circuit       I1  =  I2  +  I3
Electric Cells in Series.




     V1
  V2         V3

 The total voltage ( p.d.) is equal to the sum of the individual voltage values     VT  =  V1  +  V2  +  V3
This is also true of all potential differences in series i.e. for electric cells as above and also for potential differences across electrical components (resistors).

Voltage and Current for components in Series
Voltages add up for components connected in series.
Currents are the same through all components connected in series.
Cells in Parallel     (Voltages in parallel)
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The total p.d. here is the value of only one of them  
VT  =  V1  =  V2  =  V3
Again true for both electric cells and also for potential difference values across electrical components  

POTENTIAL DIFFERENCES IN PARALLEL ARE EQUAL
Voltage and Current for components in Parallel
Voltages are the same across all components connected in parallel.
Currents add up for components connected in parallel
RESISTORS IN SERIES

3 Resistors in series across a voltage source VT
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Note that since there is only one path for the current to travel, the current through each of the resistors is the same.     
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Also, the voltage drops across the resistors must add up to the total voltage supplied by the battery:     
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 Since 
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 for each resistor      then 
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Ohm's Law must also be satisfied for the complete circuit
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Therefore the expression for equivalent resistance for 3 resistors connected in series is 
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In general, the equivalent resistance of resistors connected in series is the sum of their resistances. That is for n resistors in series the equivalent resistance is
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RESISTORS IN PARALLEL
Resistors can be connected such that they branch out from a single point (known as a node), and join up again somewhere else in the circuit. If we label the point at the + side of the battery A and the point at the – side of the battery B and connect three resistors in parallel across the battery the circuit is
       

 A
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Note that the node does not have to physically be a single point; as long as the current has several alternate paths to follow, then that part of the circuit is considered to be parallel. 
At A the potential must be the same for each resistor. Similarly, at B the potential must also be the same for each resistor. So, between points A and B, the potential difference is the same. 
That is, each of the three resistors in the parallel circuit must have the same voltage. 
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Also, the current splits as it travels from A to B. So, the sum of the currents through the three branches is the same as the current at A and at B (where the currents from the branch reunite). 
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By Ohm's Law and recalling that all the voltages are equal the equation is equivalent to: 
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 As the voltages are equal. So the Voltages  cancel out, and we are left with 
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The general equation for any number of resistors connected in parallel.  
One problem with this equation is that the solution give the inverse value of Requivalent and so you must remember to re-invert the value to determine Requivalent
However  If the number of resistors in parallel is 2 the equation becomes 
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This is the equation for Requivalent and so we don’t have to remember to reinvert but the equation can only be used for TWO resistors in parallel.

Procedure for solving Electric Circuits.
1.  Find the equivalent resistance for any parallel combinations in the circuit, and replace the combination with its equivalent. The circuit is now a series circuit.

2.  Redraw the SERIES circuit.

3.  Find the total resistance of the series circuit.

4.  Redraw the circuit.

5.  Use Ohm’s Law to calculate the total or circuit current       
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6. The total current flows through each resistor that is in series with the battery using Ohm’s Law   
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the potential difference across each resistor in series with the battery can be calculated.

7. Also in the solution we know that the total current flows through the equivalent resistance of any of the parallel combinations.  So we can use Ohms Law in the same way as section 6 to calculate the p.d. across the equivalent resistance.  
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Since p.d in parallel are equal this voltage value is equal to the p.d. across each component (resistance) in a parallel combination.  

8.  Then use knowing the voltage use Ohm’s Law      
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to calculate the current flowing through each resistor Rn  in the parallel combination.

9. To calculate the power dissipated through any component (resistance) use the equation.
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Problem Sheet Ohms Law

 For each of the circuits shown below calculate

(i)  total circuit current

(ii) current through each resistor 

(iii) p.d. across each resistor.
Circuit 1.
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Circuit 2.  Given R1 = 50 , R2 = 100 , 
R3 = 50 , E = 10 V

E





























R2






R1










































R3







  



Circuit 3
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Question 2.  Find the reading of the ammeter A when the switch (s) in the circuit is (a) open and (b) closed
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Question 3.  Solve the following circuit i.e. find the current through, the potential difference across and the power of each of the components (resistors) in the circuit.
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Given that VT  =  15 V   R1  =  400 R2 = 250 

R3  =  500 ohms and   R4  =  150 
Question 4.  

In  an electric circuit two parallel combinations of 

(a) a 400 resistor in parallel with a 600  resistor and  (b) Two 100 resistors in parallel  are in series with a 600 resistor across a 12 V supply.

Draw the circuit diagram and solve the circuit.

Internal Resistance of an electric cell and e.m.f.

Real batteries are constructed from materials which possess non-zero resistivities. It follows that real batteries are not just pure voltage sources. They also possess internal resistances.  A pure voltage source is usually referred to as an emf (which stands for electromotive force).
Electric cells contain an internal resistance and the cell loose some of its e.m.f. when it drives current through this internal resistance.   It is more accurate to represent an electric cell as follows
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E  = e.m.f. of the electric cell

r  =  internal resistance of the cell

If this is connected up to an external resistance R then a current I flows
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R  =  External circuit resistance
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Where V  =  the terminal voltage across the external voltage the potential difference

I r is the potential (voltage) lost inside the electric cell

E = emf of the battery

Example 1.  An electric cell supplies a current of 0.6 A when  a 200 ohm resistance is connected in series with it.  The same cell supplies 0.2 A thro’ a 700 ohm resistance.  Calculate the internal resistance and the e.m.f. of the cell.

2.  A cell can supply(a)  a current of 1.2 A thro’ two  20 ohm  resistors when they are connected in parallel and (b) a current of 0.4 A when they are in series.

Calculate the e.m.f. internal resistance of the cell and the p.d. of the battery for (a) and (b)
Question 3.  

Solve the following circuit. i.e. find the current through, the potential difference across and the power of each of the components ( resistors ) in the circuit.
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Question 4.  Solve the following circuit i.e. find the current through, the potential difference across and the power of each of the components ( resistors ) in the circuit.
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Given E =15V , internal resistance r =  5   
R1  =  4 kR2  =  5 k

R3  =  5 k   and   R4  =  1 k
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