
PHY 120 - Lecture Notes by Alberto Rojo

Series and Parallel

1 The difference between series and parallel

As we saw in our experiments, components of an electrical circuit (or an elec-
tronic circuit) can be connected in many different ways. The two simplest of
these are called series and parallel and occur very frequently. Components
connected in series are connected along a single path, so the same current
flows through all of the components. In other words there is a single loop
in a series circuit.

The figure below shows a series connection of battery and three resistors.
The arrows represent the current in the circuit.

In a series circuit like the one above, the current circulating through each
element of the circuit is the same. A circuit composed solely of components
connected in series is known as a series circuit

On the other hand, components connected in parallel are connected so
the same voltage is applied to each component.

In our second figure we show a parallel connection of battery and two
resistors. I drew the circles to mean light-bulbs as we did in class. The light
bulbs we used in class are resistors. The red arrows represent the currents.
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Notice now that the current is not the same through all elements of the
circuit. The current splits into two parts, like a fluid through a pipe that
arrives at a “forking point”. Then the two currents that travel through
the resistors join, or merge to make the larger current that flows through
the battery. An important point here is that the voltage difference between
the ends of each resistor is the same, since both are connected to the same
battery.

The parallel connection is, for example, the connection of light-bulbs you
have in your house. The battery plays the role of the power line. Suppose
now we add a resistor to our circuit. . Question: what happens with the
current in the other lightbulbs? Answer: The current stays the same. This
of course provided we are working with an ideal battery. As we saw in our
experiments, the moment we start drawing a lot of current from the battery,
the battery heated up and is no longer working as an ideal battery. But,
provided we draw a small current (or the battery is very big) we can consider
it ideal and the current will stay the same. So the distribution of currents
is as shown in the next figure.

Another example: consider a very simple circuit consisting of four light
bulbs and one 6 V battery. If a wire joins the battery to one bulb, to the
next bulb, to the next bulb, to the next bulb, then back to the battery, in
one continuous loop, the bulbs are said to be in series. If each bulb is wired
to the battery in a separate loop, the bulbs are said to be in parallel. If the
four light bulbs are connected in series, there is same current through all
of them, and the voltage drop is 1.5 V across each bulb, which may not be
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sufficient to make them glow. If the light bulbs are connected in parallel, the
currents through the light bulbs combine to form the current in the battery,
while the voltage drop is 6.0 V across each bulb and they all glow. Now
some questions for this example.

Question: Suppose I remove one of the light bulbs in the series circuit.
How does the brightness of the other three change? Answer: The other
thee turn off. Since the bulbs are in series, removing one of them implies
opening the (only) loop of the circuit and the current cannot circulate at
all.

Question: Suppose I remove one of the light bulbs in the parallel circuit.
How does the brightness of the other three change? Answer: The brightness
of the other three stays the same. Since the bulbs are in parallel, removing
one of them has no effect on the other. They remain connected to the 6 V
battery.

Question: Is there any chance in the parallel circuit when one remove
one light-bulb? Answer: Yes, the current through the battery will decrease.
The battery will last longer.

In other words, in a series circuit, every device must function for the
circuit to be complete. One bulb burning out in a series circuit breaks the
circuit. In parallel circuits, each light has its own circuit, so all but one light
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could be burned out, and the last one will still function.
Problem: In the next figure I show a series circuit with three different

resistances. This will correspond to a series connection of different light-
bulbs (we had those in class). The arrow represent the currents. How ho

the currents in each resistor differ? Answer: they do not differ. They are
the same. In a series circuit the current is the same through each element.

2 The Series-parallel circuit

In class we also saw a combination of connections, like in the next figure,
that shows three light bulbs.


 

In this circuit, we have two loops for the current to flow through: one
from 6 to 5 to 2 to 1 and back to 6 again, and another from 6 to 5 to 4 to
3 to 2 to 1 and back to 6 again. Notice how both current paths go through
bulb A (from point 2 to point 1). In this configuration, say that light-bulbs
B and C are in parallel with each other, while A is in series with the parallel
combination of B and and C.
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Question: Suppose the light-bulbs are identical. Through which of
the light-bulbs flows the larger current? Answer: Bulb A. The current
through this bulb is the sum of the currents through the other two. In turn,
the currents through B and C are equal.

Question: Suppose the light-bulbs are identical. What happens with
the brightness of B if A burns out? Answer: If A is burns out all the loops
of the circuit open and both B and C turn off.

Question: Suppose the light-bulbs are identical. What happens with
the brightness of B and A if C burns out? Answer: If C is burns out we
remove one of the loops and we are left with only one loop. Therefore the
current through A and B is the same. And since the light-bulbs are identical
they will be equally bright.

Question: Suppose the light-bulbs are not identical. What happens
with the current through B and A if C burns out? Answer: If C is burns
out we remove one of the loops and we are left with only one loop. Therefore
the current through A and B is the same. (Since the light-bulbs are now
not identical they will not be equally bright).
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