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FIGURE 19-5 Water pipes in
parallel—analogy to electric
currents in parallel.

FIGURE 19-6 Example 19-2.

524 CHAPTER 19 DC Circuits

The equivalent resistance of the two 4-0) “resistors™ in parallel is

N SR D B T
R, 40 40 440 20
and so R, = 2( Thus the net (or equivalent) resistance is less than each

single resistance. This may at first seem surprising. But remember that when you
connect resistors in parallel, vou are giving the current additional paths to
follow. Hence the net resistance will be less.

An analogy may help here. Consider two identical pipes taking in water near
the top of a dam and releasing it below as shown in Fig. 19-5. The gravitational
potential difference, proportional to the height A, is the same for both pipes, just

*as the voltage is the same for parallel resistors. If both pipes are open, rather

than only one, twice as much water will flow through. That is, with two equal
pipes open, the net resistance to the flow of water will be reduced, by half, just as
for electrical resistors in parallel. Note that if both pipes are closed, the dam
offers infinite resistance to the flow of water. This corresponds in the electrical
case to an open circuit—when the path is not continuous and no current flows—
so the electrical resistance is infinite.

CONCEPTUAL EXAMPLE 19-2 | Series or parallel? (a) The lightbulbs in
Fig. 19-6 are identical and have identical resistance R. Which configuration
produces more light? (b) Which way do you think the headlights of a car
are wired?

RESPONSE (a) The equivalent resistance of the parallel circuit is found from
Eq.19-4, 1/Ryq = I/R + 1/R = 2/R. Thus R, = R/2. The parallel combi-
nation then has lower resistance (= R/2) than the series combination
(Rg =R+ R= 2R). There will be more total current in the parallel config-
uration (2), since I = V/R., and V is the same for both circuits. The total
power transformed, which is related to the light produced, is P = IV, so
the greater current in (2) means more light produced.

(b) Headlights are wired in parallel (2), because if one bulb goes out, the other
bulb can stay lit. If they were in series (1), when one bulb burned out (the
filament broke), the circuit would be open and no current would flow, so even
the good bulb would not light.
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(1) Series (2) Parallel

Series and parallel resistors. Two 100-{) resistors are
connected (a) in parallel, and (b) in series, to a 24.0-V battery. See Fig. 19-7.
What is the current through each resistor and what is the equivalent resistance
of each circuit?

APPROACH We use Ohm’s law and the ideas just discussed for series and
parallel connections to get the current in each case. We can also use Egs. 19-3
and 19-4,



