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5.  Electric and magnetic phenomena are related and have many practical applications.        As a basis for understanding this concept:
b.  Students know how to solve problems involving Ohm’ law.
Before solving problems involving Ohm’s law, it is well to appreciate that Ohm’s law is an experimental result that applies to many materials but is not as universal as say, Newton’s second law. Georg Simon Ohm experimented with many different materials and discovered that most of them would show a fairly constant ratio of the potential difference applied across them (voltage) to the current that passes through them.  This ratio is not constant for a wide range of voltage nor do all materials display this property.  In the previous section we defined potential difference (voltage) as electrical potential energy per charge (V=PE/q) and current as charge per time (I=q/t).  Using these two defined quantities, the resistance of anything can be defined as the ratio of the voltage placed across it to the current that passes through it, or, R = V/I.  This definition of resistance is known as Ohm’s law and naturally can also be written as V = IR or I = V/R.  As mentioned in the previous section, not everything obeys Ohm’s law but things that do are called “ohmic”.  The unit of resistance is the ohm (Ω) and one ohm is one volt per amp.

Solving problems involving Ohm’s law can be done in many different ways and can often be reduced to recognizing that resistors in parallel have the same voltage across them and resistors in series have the same current passing through them.  In the following, a few simple problems will be solved applying these principles.
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It might be appropriate at this time for the teacher to derive the following expression for equivalent parallel resistances: 1/R equivalent parallel = 1/R1 + 1/R2 + 1/R3 + …1/Rn. With this you can solve to find the total current through the equivalent resistance and demonstrate that this also will equal the sum of the currents through the two resistors.

It should be noted that a common student misconception in using Ohm’s law is to simply plug the values given in the problem without thinking.  For example, if the first series circuit above is given and the students are only asked to find the current flowing through the 4Ω resistor, some students will simply plug into I = V/R = 12/4 = 3 amps, failing to realize that the current must pass through both the 4Ω resistor and the 8Ω resistor in series.


The source voltage of 12 V across this equivalent 12 Ω resistance will produce a total circuit current of I = V/R = 1 amp.  This 1 amp will produce a voltage drop of V = IR = 1X8 volts across the 8 Ω resistor.  Subtracting this from 12 V gives a potential difference of 4 V across the parallel combination.  Now it is easy to use I = V/R to show that there is 1/3 amp through the 12 Ω resistor and 2/3 amp through the 6 Ω resistor.  Conveniently it can also be seen that the sum of these two currents adds to the total 1 amp total current.

Ohm’s Law Laboratory Activity.
Students can learn much from an Ohm’s law experiment that is essentially a reproduction of the problems discussed above.  It will require a battery; three resistors, an ammeter and a voltmeter, and several clip leads.  The students will measure the potential difference of the battery and then calculate the expected currents and voltages that will result when the three resistors are wired in any of the configurations discussed above.  After they complete their calculations, they can gain real experience with the meters by properly wiring them at assorted points in the circuit.  Make sure students clearly understand what it means to wire the ammeter in series with the resistor being tested.  To prevent unnecessary drain on the battery suggest that it be connected only when making measurements and choose resistors that are in the neighborhood of 10Ω to 100Ω.

Should you choose to use a single multi-meter for this experiment, it is particularly important that students understand that the meter function selector is not simply turned to read amps while still connected across a resistor.    It must be disconnected, set to read amps and then wired in series with the resistor to be tested.  Finally, if the resistors you are using are small, do not use the mA connection, rather use the A connection.  The resistance of the meter when in the mA connection is often large enough to cause significant error in the readings.
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The problem is to find the current through and voltage across the 8Ω and 4Ω resistor in the circuit illustrated on the left.  (Values have been chosen so the arithmetic is easy.)  First it should be obvious that the resistors are in series since the current must pass through each resistor in turn as it moves from one side of the source of potential difference to the other.  Most students also find it “obvious” that the total resistance of the circuit is the sum of the two resistors in series.  (Deriving the expression R equiv series = R1 + R2 +R3 = … Rn might be appropriate.)  From Ohm’s law I = V/R = (8 + 4)/12 = 1 amp, it can be seen that a current of one amp passes through each resistor.  Again using Ohm’s law V = IR = 1(8) or 1(4) it can be seen that the top resistor has 8 volts across it and the bottom resistor has 4 volts across it.  It can also be seen that the sum of the potential differences across each resistor adds to give the total source voltage.
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Now the same components are rewired to form a parallel circuit. (The resistors are in parallel since the current has alternate paths to pass through before they return to the battery.)  In this case the voltage across each resistor must be 12 V and repeated application of I = V/R gives 12/8=1.5 amps and 12/4 = 3 amps through each resistor.
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A slightly more complex problem is illustrated on the right.   There are many ways to start this problem but one might begin by finding the equivalent resistance of the parallel combination.  1/R = 1/12 + 1/6 = 3/12 or, R = 12/3 = 4 Ω.  The 8 Ω resistor in series with this equivalent 4 Ω resistor produces an equivalent total resistance of (conveniently) 12 Ω 








