Question 3: Light Circuit
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In the figure above is shown a circuit with three identical light bulbs, one (B1) in series with two bulbs (B2 and B3) in parallel.

What will happen to amount of light coming from B1 and B2 when the switch is closed?
A) B1 and B2 brightness don’t change.
B) B1 gets brighter and B2 gets dimmer.

C) B1 gets brighter and B2 stays the same.

D) B1 gets dimmer and B2 gets brighter.

E) B1 and B2 get dimmer

Answer and discussion:

B is correct. Connecting B3 draws more current through the circuit (lowers the total resistance) causing more current through B​1. This also means that there is a larger potential drop across B1, and thus a smaller potential drop, and current, across B2.
Other Answers:

A ignores the fact that B1 is in series with the other two and just looks at a parallel circuit.

C ignores the potential drop across B1.

D & E are both often connected to the assumption that adding B3 will increase the total resistance of the circuit. It should be noted that when the switch is open, it has an “infinite” resistance.
Notes on Demonstration:

It is very common for only 20% - 30% of the class to get the correct answer to this question. This can make it very dramatic. There is a problem with the fact that by using light bulbs, we are not strictly dealing with ohmic resistances. However, the qualitative answers do not change. This experiment can be done with resistors, but the impact on students is not nearly as immediate and profound.

Students must understand “brightness” being related to current through or voltage drop across the lights. Measuring the currents and/or voltages can help them grasp this.
Virtual Simulation:

The light bulbs show brightness by the strength of the yellow lines outside the bulb very similar to what would be seen from a real light. However, doing this experiment with real lights have a much greater impact.
Simple quantitative measurements can be made using the “Non-contact Ammeter” to measure the current through each light as the circuit is changed.

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

Real Experiment:

This experiment can be done with a 6 V battery and flashlight bulbs, although creating an AC circuit connected to 120 V can be more impressive.
A switch is not needed. The same effect can be had by simple screwing in and unscrewing B3.
