4. Loop rule: We apply Kirchhoff’s loop rule to two different closed loops.
First we apply it to the upper loop ahdcba. We start (and end) at point a.
From a to h we have a potential decrease Vi, = —(7,)(30Q). From h to d
there is no change, but from d to ¢ the potential increases by 45 V: that is,
Vg = +45V. From ¢ to a the potential decreases through the two resis-
tances by an amount V, = —(L)(40Q + 1Q) = —(41 2)1;. Thus we
have Vi, + Vg + Ve =0, or

—301, + 45 — 411, = 0, (b)

where we have omitted the units. For our second loop, we take the outer
loop ahdefga. (We could have chosen the lower loop abedefga instead.)
Again we start at point a and have Vj, = —(7,)(30 (1), and Vj, = 0. But
when we take our positive test charge from d to e, it actually is going uphill,
against the current—or at least against the assumed direction of the
current, which is what counts in this calculation. Thus V.4 = L(20 ) has a
positive sign. Similarly, V. = L(1(1). From f to g there is a decrease in poten-
tial of 80V since we go from the high potential terminal of the battery to
the low. Thus V; = —80V. Finally, V,, = 0, and the sum of the potential
changes around this loop is then

~301, + (20 + 1)I, — 80 = 0. (c)

5. Solve the equations. We have three equations—Ilabeled (a), (b), and (c)—
and three unknowns. From Eq. (¢) we have

80 + 301,
, = ——— = 3.8 + 141, (d)
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From Eq. (b) we have
45 — 301,
e T 1.1 — 0.734,. (e)

We substitute Egs. (d) and (e) into Eq. (a):
L=5L-L=11-0731 - 38— 141,
We solve for [, collecting terms:
31 = -27
I, = —0.87 A.

The negative sign indicates that the direction of /, is actually opposite to
that initially assumed and shown in Fig. 19-13. Note that the answer auto-
matically comes out in amperes because all values were in volts and ohms.
From Eq. (d) we have

L, =38+ 141, =38 + 1.4(—0.87) = 2.6 A,
and from Eq. (e)
L =11-0731 = 1.1 —0.73(-0.87) = L.7A.

This completes the solution.

NOTE The unknowns in different situations are not necessarily currents. It
might be that the currents are given and we have to solve for unknown resis-
tance or voltage.

EXERCISE C Write the equation for the lower loop abedefga of Example 19-8 and
show. assuming the currents calculated in this Example. that the potentials add to zero
for this lower loop.
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