A battery is not a source of constant current—the current out of a battery
varies according to the resistance in the circuit. A battery is, however, a nearly
constant voltage source, but not perfectly constant as we now discuss. You may
have noticed in your own experience that when a current is drawn from a battery,
the potential difference (voltage) across its terminals drops below its rated emf. For
example, if vou start a car with the headlights on, you may notice the headlights
dim. This happens because the starter draws a large current, and the battery voltage
drops as a result. The voltage drop occurs because the chemical reactions in a
battery cannot supply charge fast enough to maintain the full emf. For one thing,
charge must move (within the electrolyte) between the electrodes of the battery,
and there is always some hindrance to completely free flow. Thus, a battery itself
has some resistance, which is called its internal resistance: it is usually designated r.

A real battery is modeled as if it were a perfect emf € in series with a resistor r,
as shown in Fig. 19-1. Since this resistance r is inside the battery, we can never sepa-
rate it from the battery. The two points a and b in the diagram represent the two
terminals of the battery. What we measure is the terminal voltage V,, = V, — V.
When no current is drawn from the battery, the terminal voltage equals the emf,
which is determined by the chemical reactions in the battery: V,, = €. However,
when a current [ flows naturally from the battery there is an internal drop in
voltage equal to Ir. Thus the terminal voltage (the actual voltage) is'

V=% —1Ir (19-1)
For example, if a 12-V battery has an internal resistance of 0.1 2, then when 10 A
flows from the battery, the terminal voltage is 12V — (10 A){(0.1 Q) = 11V.
The internal resistance of a batlery is usually small. For example, an ordinary
flashlight battery when fresh may have an internal resistance of perhaps (.05 €.
(However, as it ages and the electrolyte dries out, the internal resistance increases
to many ohms.) Car batteries have lower internal resistance.

SRR EPNE Battery with internal resistance. A 65.0-() resistor is
connected to the terminals of a battery whose emf is 12.0 V and whose internal
resistance is 0.5 (), Fig. 19-2. Calculate (a) the current in the circuit, (b) the
terminal voltage of the battery. V. and (c) the power dissipated in the resistor R
and in the battery’s internal resistance r.

APPROACH We first consider the battery as a whole, which is shown in
Fig. 19-2 as an emf € and internal resistance r between points a and b, Then
we apply V' = IR to the circuit itself.
SOLUTION (a) From Eq. 19-1, we have

Vip=%8—1Ir
We apply Ohm’s law (Eq. 18-2) to this battery and the resistance R of the
circuit: V,, = IR. Hence IR =€ — Ir or € = I(R + r), and so
- 120V 120V

R+r 6500+050 6550

(b) The terminal voltage is

Vab=€—1Ir =120V - (0.183 A)(0.500) = 119V,
(¢) The power dissipated (Eq. 18-6) in R is

Py = I’'R = (0.183 A)}(65.00) = 2.18W,

1 = 0.183 A.

and in ris

P, = I’r = (0183 A)2(0.5Q) = 0.02W.

EXERCISE A Repeat Example 19-1 assuming now that the resistance R = 10.0(},
whereas & and r remain as before,

"When a battery is being charged, a current is forced to pass through it; we then have to write
Vib =%+ 1Ir
See Example 19-9 or Problem 24 and Fig. 19-44.
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