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Effects of an Electric Current & Domestic
Circuits
Three effects of an Electric Current
1. Heating Effect Demonstrate with an electric coil in beaker of water plus thermometer.
2. Magnetic Effect* Demonstrate with an electromagnet (connected up to source of electricity).
3. Chemical Effect Demonstrate with a voltameter (see below).

Relationship between Work, Current, Resistance and Time
W = I 2Rt
Now Power is defined as the rate at which work is done, i.e. Power = Work/time, so Power = I2R.
This is known as Joule's Law
P = I 2R

Joules Law states that the rate at which heat is produced in a conductor is proportional to
the square of the current, provided its resistant is constant.

"What the f%&k"?
Okay little one – just for you: If the current goes up by a factor of 2 ("doubles"), the heat produced goes up
by a factor of 4 (22). If the current goes up by a factor of 3 ("triples") the heat produced will go up by a factor
of 9 (32).
You dig?

The Chemical Effect of an Electric Current: the voltameter
You must know the meaning of each of the following as they relate to the diagram (below).
Voltameter (the system) {as opposed to 'voltmeter' which measures potential difference or voltage)
Electrolyte (the solution)
Electrodes (the metal contacts)
Anode (electrode connected to the positive terminal)
Cathode (electrode connected to the negative terminal)
Inactive Electrodes do not take part in the reaction (e.g. Platinum in water)
Active Electrodes take part in the chemical reaction (one terminal gets lighter while the other gets
heavier e.g. copper electrodes in a solution of copper sulphate)

Applications of the Chemical Effect of a Current
1. Electroplating
2. Extracting metals from their ores
3. Purifying metals
Why is electrical energy transmitted using high voltage power lines?*
We have seen that the heat produced by an electric current is given by the formula P = I2R.
This means that a large current will produce a lot of heat energy. This is a waste of energy and therefore
should be minimised if possible.
Now we also know that P = VI, which means we can halve the current if we double the voltage and still keep
the power constant.
In practice we make the current very small by making the voltage very large (e.g. 300 kVolts) when electrical
energy is being carried across the countryside.

Transformers are used to change the voltage up or down

Domestic Electric Circuits

The kiloWatt hour (kWhr)
The kiloWatt hour is the unit of energy used by the ESB.
One kiloWatt hour is the amount of energy used by a 1000 Watt appliance in one hour.

Rule: Number of kiloWatt hours = Number of kilowatts × Number of Hours.

Relationship between Current and Voltage for different
conductors
You must be able to draw a graph for each of the following, list the charge carriers in each case, and explain
the shape of each graph.
Note that in this case we are not looking to obtain a value for the slope of the graph, and therefore we put
the independent variable (Voltage) on the X-axis.

Mandatory Experiments

To Investigation the variation of current (I) with p.d. (V) for Copper electrodes with Copper Sulphate
solution
Joule's Law Experiment*
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TO VERIFY JOULE'S LAW
APPARATUS:
Calorimeter with a lid, heating coil, power supply, rheostat, ammeter, thermometer, stopwatch, electronic
balance.
DIAGRAM:

PROCEDURE:
1. Set up the circuit as shown.
2. Note the temperature.
3. Switch on the power and simultaneously start the stopwatch.
4. Make sure the current stays constant throughout; adjust the rheostat if necessary.
5. Note the current using the ammeter and note the time for which the current flowed using the
stopwatch.
6. Stir and note the highest temperature. Calculate the change in temperature (θΔ)
7. Repeat the above procedure for increasing values of current I, taking at least six readings.
8. Plot a graph of I2 (y-axis) against θΔ(x-axis).
RESULTS:

CONCLUSION:
A graph of our results produced a straight-line through the origin thus verifying that Δθ ∝ I2 and therefore
verifies Joule's law.
PRECAUTIONS:
1. Put sufficient water in the calorimeter to cover the heating coil.
2. Take care not to exceed the current-rating marked on the rheostat and/or the calorimeter.
NOTES
1. See the note in the text-book to see how this experiment (where Δθ ∝ I2) verifies Joule's Law (P ∝ I2).

2. Allow the coil to heat the water for about five minutes. This must be the same for each run.

TO INVESTIGATE THE VARIATION OF CURRENT (I) WITH P.D. (V)
FOR COPPER ELECTRODES IN A COPPER-SULPHATE SOLUTION
APPARATUS :
Low voltage variable power supply, voltmeter, ammeter, copper electrodes in a copper-sulphate solution.
DIAGRAM:

PROCEDURE:
1. Set up the circuit as shown.
2. Record the potential difference (V) and the current (I) using the voltmeter and ammeter respectively.
3. Adjust the rheostat to obtain different values for V and I.

4. Obtain at least six values for V and I.
5. Plot a graph of I against V.
RESULTS:
V (V)
I (A)

…
…

…
…

…
…

CONCLUSION :
1. We obtained a straight line through the origin therefore the current through the copper-sulphate
solution is proportional to the potential difference across it.
2. We believe our results to be reliable because they resulted in a straight line through the origin, as the
theory predicted.
SOURCES OF ERROR:
1. The copper-sulphate solution may not be concentrated enough.
2. The copper electrodes may have become oxidised and will no longer conduct.
PRECAUTIONS:
Sand the electrodes beforehand.

NOTES
This is one of the few experiments which actually works very well, so take your time and get it right.
1. Get a 250 ml beaker.
2. Clean it !!
3. Grab a pair of electrodes form the box.
4. Sand them well, until both are shiny.
5. Separate the copper electrodes by putting a rubber bung between them, and secure the set-up with an
elastic band (all supplied).
6. Place in the 250 ml beaker.
7. Shake the container of Copper Sulphate solution well.
8. Slowly pour the solution into the beaker (using the funnel) until it is at roughly the 150 ml level. Any
higher and it might come in to contact with the crocodile clips and short-circuit (can you see how?).
9. Set up the circuit as shown in the diagram. Using the rheostat is optional as you could just use the dial
on the power-supply to vary the voltage (p.d.), and therefore the current. The advantage of using the
rheostat is that you can control it to give you nice even numbers for the voltage, the disadvantage is
that it can be a pain in the ass to set-up. So no prizes for guessing what most of you are going to
choose.
10. Now follow the conventional instructions: Take the readings, plot the graph, blah blah blah (remember
none of this goes in your report!)
11. Remember to take apart the apparatus and put them back in the containers supplied.

Exam Questions

Exam Solutions

Extra Credit
*Magnetic Effect of an Electric Current
One interesting application of the magnetic affect is the Levitating Trains which are used in Japan. In order to
generate a large magnetic field, large currents are needed, but because of resistance in the line, this can get
very expensive. To get around this, engineers make use of something called SUPERCONDUCTIVITY; this is
where the resistance of the metal drops to zero, resulting in very large currents and therefore very large
magnetic fields.
The problem with this is that the superconducting metals must be very, very cold, and keeping the metals
this cold can get very, very expensive.
*Why is Electrical Energy transmitted using high voltage power lines?
In practice we make the current very small by making the voltage very large (e.g. 300 kVolts) when electrical
energy is being carried across the countryside.
These voltages are then lowered before they enter a town, using transformer stations, and are lowered even
more (to 220 volts) using a transformer outside your house. Every three or four houses have their own
transformer. Now each time the voltage is lowered, the current is raised, but now at least it's only for a short
distance.
Many of your electrical appliances have transformers inside then which reduce the voltage further still, often
to as low as nine of twelve volts. These appliances can also probably use batteries.
A few further points of interest:
While the current running through the power-lines is small, it may still be enough to heat the wire slightly. I
am reliably informed that this is why birds prefer to sit on power-lines rather than on branches!

If you are passing under a high voltage line you may notice a slight hiss. This is because the high voltages
are ionising the air around them.
Mnemonics :
V = IR: Very Intelligent Rachel
P = VC: (PVC) (Power = Voltage x Current)

