Question 2: Parallel Circuit
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In the figure above is shown a circuit with two resistors in parallel with a battery.

What will happen to the voltage across R​1 (call this V1) and the voltage across R2 (call this V2) if the resistance R1 decreases?
A) V1 and V2 stay the same.

B) V1 decreases and V2 stays the same

C) V1 increases and V2 stays the same
D) V1 increases and V2 decreases
E) V1 and V2 decrease
Answer and discussion:

This question has two “correct” answers, one for ideal circuit elements (no internal resistance in the battery, no resistance in the wires) and one for non-ideal circuit elements. On the initial demonstration, for both the real and virtual experiment, efforts should be taken to minimize the non-ideal aspects of the experiment.

A is correct for an ideal circuit. V1 and V2 should both be equal to the EMF of the battery.
E is correct for the non-ideal circuit. The total current increases as the resistance R1 decreases. This causes a larger potential drop across the internal resistance of the battery and wires.
Other Answers:

B & C mixes the ideal and non-ideal models, where changes in resistance change the potential across one resistor but not the other.

Notes on Demonstration:

For both the virtual and real experiments, the impact of non-ideal circuit elements can be minimized by using large values for R1 and R2 and not making large changes in R1 in the demonstration.
Virtual Simulation:

Adding a volt meter is done by checking the box on the right under “Tools”. The ends of the meter leads can be placed on junctions in the circuit. Only one meter can be used.

The resistance can be changed by right-clicking on the resistor, selecting “Change Resistance” and varying the resistance using the sliding bar. Changes will be shown immediately in the meter. The change will need to be made first with the meter connected to R1, then to R2.

Circuits can be constructed before the class and loaded into the simulation.

In the simulation, wires will always have a small resistance but the internal resistance of the battery can be set by right-clicking on it and selecting “Change Internal Resistance”. The impact of the wire resistance can be minimized by making them as small as possible.

Real Experiment:

Changing the resistance can be done either with a variable resistor or by changing resistors.
If two meters are used to measure the voltages simultaneously, the connection between resistor and meter should be very clear.
A high-quality power supply that can maintain an approximately constant voltage is useful for simulating the “ideal” situation, but using it won’t lead to a discussion of internal resistance and the distinction between EMF and terminal voltage.

Further discussion:

The experiment should be re-performed with the non-ideal circuit elements obvious. For the virtual experiment, this can be done by increasing the internal resistance of the battery and lowering R1 and R2. For the real experiment, lowering R1 and R2 will make the issues of internal resistance obvious.

This will need to a discussion of “where did the voltage or energy go” and the fact that the potential out of a battery can change depending on the load. This will be important for answering the final question in this series, if students can generalize the discussion.
