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Example 28.1 Terminal Voltage of a Battery

A hattery has an emf of 12.0 V and an internal resistance of

0.05 (L. Its terminals are connected to a load resistance of
2.00 ().

(A) Find the current in the circuit and the terminal voltage
of the battery.

Solution Equation 28.5 gives us the current:

& 120V
R+r 3050

= 393A

and from Equation 28.1, we find the terminal voltage:

AV=E - Ir=120V - (393A)(0.050) = 118V

To check this result, we can calculate the voltage across the
load resistance R:

AV=IR=(393A)(3.000) =118V

(B) Calculate the power delivered to the load resistor, the
power delivered to the internal resistance of the battery, and
the power delivered by the battery.

Solution The power delivered to the load resistor is
Pp=IR= (39347 (3.000) = 463W
The power delivered to the internal resistance is

P,=Fr=(393A)2(0.050) = 0.772W

Hence, the power delivered by the battery is the sum
of these quantities, or 47.1 W. You should check this result,
using the expression % = IE.



Example 28.5 Finding Ry by Symmetry Arguments

Consider five resistors connected as shown in Figure 28.10a.
Find the equivalent resistance between points aand b.

Solution If we inspect this system of resistors, we realize that
we cannot reduce it by using our rules for series and parallel

This means that AV,; = 0 and there is no current between
points ¢ and d. As a result, points ¢ and d may be connected
together without affecting the circuit, as in Figure 28.10b.
Thus, the 54 resistor may be removed from the circuit and

d

(a) (b}

connections. We can, however, assume a current entering

junction a and then apply symmetry arguments. Because of

the symmetry in the circuit (all 1-{) resistors in the outside
loop), the currents in branches a and ad must be equal;
hence, the electric potentials at points cand d must be equal.

the remaining circuit then reduced as in Figures 28.10c and
d. From this reduction we see that the equivalent resistance
of the combination is 1 {). Note that the result is | {) regard-
less of the value of the resistor connected between cand d.

(c) (d)

Figure 28.10 (Example 28.5) Because of the symmetry in this circuit, the 54} resistor
does not contribute to the resistance between points a and band therefore can be
disregarded when we calculate the equivalent resistance.



6. (a) Find the equivalent resistance between points a and b
in Figure P28.6. (b) A potential difference of 34.0'V is
applied between points @ and b. Calculate the current in
each resistor.

7.00 Q
4.00 Q 9.00 Q

10.0Q

Figure P28.6



P28.6

(@)

1

P (1/7.00 Q)+ (1/100 Q)

R, =R, +R, +Ry =400+412+900=[17.10Q

AV=IR

340V=1(1710Q)

[=/199A

tor 4.00 Q, 9.00 Q resistors.

Applying AV=IR, (199 A)(412 Q)=818 V
8.18 V=1(7.00 Q)

so =

L17A

tor 7.00 Q resistor

818 V=1(1000)

so  [=

0818 A

tor 10.0 Q resistor.

7.00Q

FIG. P28.6



Z’,é " Consider the circuit shown in Figure P28.9. Find
(a) the current in the 20.0-( resistor and (b) the potential
difference between points a and b.

10.0Q 950y
WM

10.0Q

§5.00 Q WV §20.0 Q

5.00 Q

Figure P28.9



P28.9

It we turn the given diagram on its side, we find that it is the same as figure
(@). The 20.0 Q and 5.00 Q resistors are in series, so the first reduction is
shown in (b). In addition, since the 10.0 Q, 5.00 Q, and 25.0 Q resistors are
then in parallel, we can solve for their equivalent resistance as:
1
R, = =294Q.
17 (1 1 L
(wta+swa+ 500l

This is shown in figure (c), which in turn reduces to the circuit shown in
figure (d).

Next, we work backwards through the diagrams applying [ = % and

AV =IR alternately to every resistor, real and equivalent. The 12.94 Q
resistor is connected across 25.0 V, so the current through the battery in
every diagram is
R T
R 12940
In figure (c), this 1.93 A goes through the 2.94 Q equivalent resistor to give a
potential ditference of:

AV =IR=(193 A)(294 Q) =568 V.

From figure (b), we see that this potential difference is the same across AV,
the 10 Q resistor, and the 5.00 Q resistor.

(b) Therefore, AV, =| 568 V |.

(a) Since the current through the 20.0 Q resistor is also the current
through the 25.0 Q line ab,

I:A—V”Z’—M:O.ZHA: 227 mA |.
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Find the equivalent resistance between A and B points
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19. (IT) What is the net resistance of the circuit connected to the

battery in Fig. 19-50?
B kR ¢ R

FIGURE 19-50 YW\
Problems 19 and 20. R A
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19.  The resistors have been numbered in the accompanying diagram to help in the

analysis. Ry and R, are in series with an equivalent resistance of Ré P

Ry» =R+R=2R. This combination is in parallel with R;, with an equivalent 4

. L R T A )
resistance of Ry,; =| —+— | ==R. This combination is i series with R,.
BR ) 3 !

with an equivalent resistance of Ry = %R +R= %R. This combination 13 in

1
. . . . I 3
parallel with Rs. with an equivalent resistance of Ryyy45 = [ 7 + ﬁ) = %R.

Finally, this combination 1s in series with Ry, and we calculate the final equivalent resistance.

R =2R+R=|BR

&

co |wn




Example 28.8 A Single-Loop Circuit

A single-loop circuit contains two resistors and two batteries,
as shown in Figure 28.16. (Neglect the internal resistances
of the batteries.)

(A) Find the current in the circuit.

Solution We do not need Kirchhoff’s rules to analyze this
simple circuit, but let us use them anyway just to see how
they are applied. There are no junctions in this single-loop
circuit; thus, the current is the same in all elements. Let us
assume that the current is clockwise, as shown in Figure
28.16. Traversing the circuit in the clockwise direction,
starting at a, we see that a— b represents a potential differ-
ence of +&), b— ¢ represents a potential difference of
— IR}, ¢ — d represents a potential difference of — £y, and

£,-60V

—_—

Ry=10Q R,=800Q

Figure 28.16 (Example 28.8) A series circuit containing two
batteries and two resistors, where the polarities of the batteries
are in opposition.

d— a represents a potential difference of — IRs. Applying
Kirchhoff’s loop rule gives

YAV=0

E-IR-&E—-1IRy=0

Solving for I and using the values given in Figure 28.16, we
obtain

[ [ £-& 60V-12V

M I= Ri+R  800+100

-033A

The negative sign for I indicates that the direction of the
current is opposite the assumed direction. Notice that the
emfs in the numerator subtract because the batteries have
opposite polarities in Figure 28.16. In the denominator, the
resistances add because the two resistors are in series,

(B) What power is delivered to each resistor? What power is
delivered by the 12-V battery?

Solution Using Equation 27.23,

P, =R = (0.33A)%(8.00) = 087W

Po =Ry = (0.334)%(100Q) = LIW

Hence, the total power delivered to the resistors is
P, +Py=20W.

The 12-V battery delivers power /€5 = 4.0 W. Half of this
power is delivered to the two resistors, as we just calculated.
The other half is delivered to the 6-V battery, which is being
charged by the 12-V battery. If we had included the internal
resistances of the batteries in our analysis, some of the power
would appear as internal energy in the batteries; as a result,

we would have found that less power was being delivered to
the AV hatter



Example 28.9 Applying Kirchhoff's Rules

Find the currents [}, fy, and J; in the circuit shown in Figure

28.17.

Solution Conceptualize by noting that we cannot simplify
the circuit by the rules of adding resistances in series and
in parallel. (If the 10.0-V battery were taken away, we could
reduce the remaining circuit with series and parallel com-
binations.) Thus, we categorize this problem as one in
which we must use Kirchhoff's rules. To analyze the circuit,
we arbitrarily choose the directions of the currents as la-
beled in Figure 28.17. Applying Kirchhoff's junction rule
to junction ¢ gives

(1 Ith=1

We now have one equation with three unknowns—Ij, b, and
I, There are three loops in the circuit—abeda, befeh, and
agfda. We therefore need only two loop equations to deter-
mine the unknown currents. (The third loop equation
would give no new information.) Applying Kirchhoff's loop
rule to loops abeda and befch and traversing these loops
clockwise, we obtain the expressions

(2) abeda 100V = (6.0 )1 — (20()13=0

(3) b =140V + (6.0 - 100V - (400) =10

a AMA d
20Q

Figure 28.17 (Example 28.9) A circuit containing different
branches.

Note that in loop befeh we obtain a positive value when
traversing the 6.0} resistor because our direction of travel
is opposite the assumed direction of ;. Expressions (1), (2),
and (3) represent three independent equations with three
unknowns. Substituting Equation (1) into Equation (2)
gives

100V = (6.00)1 = (208) (I, + Iy =0

(4) 100V =R00)] + (200)1»
Dividing each term in Equation (3) by 2 and rearranging
gives
(5) -120V=—-(300L + 200
Subtracting Equation (5) from Equation (4) eliminates J,
giving
220V =(1L00)1,

L= 20A

Using this value of ]} in Equation (5) gives a value for I

2001 = 3001, - 120V
= (3.00)(20A) ~120V =60V

L= -30A
Finally,

L=L+h= -10A

To finalize the problem, note that Jy and I are both nega-
tive. This indicates only that the currents are opposite the
direction we chose for them. However, the numerical values
are correct. What would have happened had we left the
current directions as labeled in Figure 28.17 but traversed
the loops in the oppaosite direction?



