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19. Current Electricity

19.1 CURRENT

 Current is a flow of charge.
 The direction of conventional current is in the same direction as the flow of positive charges, and

opposite to the direction of flow of negative charges.
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 Definition: Current may be defined as the rate of flow of charge.
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where: Q = charge, unit: coulomb, C

I = current, unit: ampere, A

t = time, unit: second, s

 The current through a device is measured using an ammeter connected in series with the device.
Symbol:

19.2 ELECTROMOTIVE FORCE (E.M.F.)
The e.m.f. of a source is numerically equal to the work done (energy dissipated) per unit charge moved
round a complete circuit.
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Or
where: W = work done (J)

Q = charge (C)

E = e.m.f. (volt, V)

19.3 POTENTIAL DIFFERENCE (P.D.)
The potential difference between two points in a circuit is numerically equal to the work done per unit
charge moved between the two points.
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Or where: W = work done (J)
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Q = charge (C)

V = potential difference. (volt, V)

Potential difference is measured using a voltmeter connected in parallel with a component.
Symbol:

19.4 RESISTANCE
Ohm’s law
Ohm’s law states that the current flowing through a conductor is directly proportional to the potential
difference applied across it provided temperature remains constant.
i.e. VI
or IV 

where: V = potential difference. (unit: volt, V)
I = current (unit: ampere, A)

R = resistance (unit: ohm,  )

where R is a constant for a given specimen of a material and is called its resistance.
Resistance may be defined as the ratio of the p.d. applied across a conductor to the current flowing
through it (that is R=V/I).
The resistance of a material depends on:
1) the type of material, i.e. its chemical properties e.g. Cu, Al, Fe, etc (each one has different

properties).
2) shape and size, e.g. length or diameter of a wire
3) Temperature
For a conductor in the shape of a cylinder, e.g. a wire, the resistance varies as:

where: R = resistance (Ω)
L= length (m)

A = area of cross section (m2)

Experiment to find the relation between potential difference and current through a conductor
(resistor)
(to verify Ohm's law)
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Fig (a) Fig (b)

Procedure:
1) The circuit is set up as shown in fig(a).
2) A variable resistor (rheostat) is used to vary the current I in the circuit.

The current is measured with a d.c. ammeter.
3) The p.d. across the resistor R is measured with a d.c. voltmeter.
4) By changing the resistance of the rheostat, different values of current I are obtained and the

corresponding values of p.d. V are also taken.
5) A graph of p.d. against current is plotted.

(the graph is a straight line passing through the origin as shown in fig(b) above).

Effect of temperature on resistance
Example V-I graph I-V graph

(1) Metal wire at constant
temperature
When temperature is constant, a
metal wire obeys Ohm’s law.
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(2) Filament of a lamp (i.e. metal wire
at increasing temperature)
The resistance of a metal wire
increases as temperature rises..
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(3) Semiconductor diode
The resistance of semiconductors
decreases as temperature rises and a
larger current then flows.
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a) Resistors
 A resistor is a component that produces a potential drop (decrease in voltage) in an electric circuit.
 Hence, it is often used to control p.d. (and current) in a circuit.
Symbol:

 A rheostat is a special type of resistor whose resistance can be varied continuously between zero ohm
and a maximum value.

Symbols for a variable resistor:
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b) Combinations of Resistors

(1) Series combination
When resistors are connected in series, the current through each resistor is the same whereas the p.d.
across each one is different.

R1 R2 R3 

The total resistance R of such a combination is given by the formula: 321 RRRR 

(2) Parallel combination
When resistors are connected in parallel, the p.d across each resistor is the same whereas the current
through each one is different.
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The total resistance R of such a combination is
given by the formula:
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NOTE: In a parallel combination of resistors if each resistor has the same resistance R then the total

resistance RT may be calculated as
N
RRT  where N is the number of resistors in the combination.
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