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FIGURE 19-10 Circuit for
Example 19-7, where r is the
internal resistance of the battery.

FIGURE 19-11 Currents can be
calculated using Kirchhoff’s rules.
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Additional Example

Analyzing a circuit. A 9.0-V battery whose internal
resistance r is .50 €2 is connected in the circuit shown in Fig. 19-10a. {(a) How
much current is drawn from the battery? (b) What is the terminal voltage of
the battery? (¢) What is the current in the 6.0-0) resistor?

APPROACH To find the current out of the battery, we first need to determine
the equivalent resistance R, of the entire circuit, including r, which we do by
identifying and isolating simple series or parallel combinations of resistors.
Once we find 7 from Ohm’s law, I = ¢€/R.,, we get the terminal voltage
using V,, = € — I, For (¢) we apply Ohm'’s law to the 6.0-£2 resistor.
SOLUTION (a) We want to determine the equivalent resistance of the circuit.
But where do we start? We note that the 4.0-) and 8.0-(} resistors are in
parallel, and so have an equivalent resistance R, given by

N S T
Ry B80Q 400 30Q°

s0 Ry = 2.7{) This 2.7 (} is in series with the 6.0-{ resistor, as shown in the
equivalent circuit of Fig. 19-10b. The net resistance of the lower arm of the

circuit is then
R.z =600 + 270 = 871},
as shown in Fig. 19-10c. The equivalent resistance Ry of the 8.7-() and 10.0-0)
resistances in parallel is given by
| 1 1
= — -
R, 1000 870
$0 Reg = (I/O.Zl ﬂ") = 4.8 2. This 4.8 () 1s in series with the 5.0-0 resistor
and the 0.50-{} internal resistance of the battery (Fig. 19-10d), so the total

equivalent resistance R, of the circuit is R., = 4.8{) + 500 + 050Q =
10.3 2. Hence the current drawn is
€ _ %0V

= = 0.87 A.
R, 1030

=021Q7",

(b) The terminal voltage of the battery is
Vip=€—Ir=90V — (087 A)(0500) = 86V,

(c) Now we can work back and get the current in the 6.0-(2 resistor. It must be
the same as the current through the 8.7 shown in Fig. 19-10c (why?).
The voltage across that 8.7 £) will be the emf of the battery minus the voltage
drops across r and the 5.0-0) resistor: V57 = 9.0V — (0.87 A)(0.50 Q1 + 5.0Q).
Applying Ohm’s law, we get the current (call it ')

~ 90V - (0.87A)(0.504 +5.00)
B 870 -

This is the current through the 6.0-0) resistor,

m Kirchhoff's Rules

In the last few Examples we have been able to find the currents in circuits by
combining resistances in series and parallel, and using Ohm’s law. This tech-
nique can be used for many circuits. However, some circuits are too complicated
for that analysis. For example, we cannot find the currents in each part of the
circuit shown in Fig. 19-11 simply by combining resistances as we did before.
To deal with such complicated circuits, we use Kirchhoff’s rules, devised by
G. R. Kirchhoff (1824-1887) in the mid-nineteenth century. There are two rules, and
they are simply convenient applications of the laws of conservation of charge and

"
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