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Example with Two Batteries

Find the current in the circuit.

 28.3 Kirchhoff’s Rules 845

Example 28.6   A Single-Loop Circuit

A single-loop circuit contains two resistors and two batteries as shown in Figure 28.14. 
(Neglect the internal resistances of the batteries.) Find the current in the circuit.

Conceptualize  Figure 28.14 shows the polarities of the batteries and a guess at the 
direction of the current. The 12-V battery is the stronger of the two, so the current 
should be counterclockwise. Therefore, we expect our guess for the direction of the 
current to be wrong, but we will continue and see how this incorrect guess is repre-
sented by our final answer.

Categorize  We do not need Kirchhoff’s rules to analyze this simple circuit, but let’s 
use them anyway simply to see how they are applied. There are no junctions in this 
single-loop circuit; therefore, the current is the same in all elements.

Analyze  Let’s assume the current is clockwise as shown in Figure 28.14. Traversing the circuit in the clockwise direc-
tion, starting at a, we see that a S b represents a potential difference of 1e1, b S c represents a potential difference of 
2IR1, c S d represents a potential difference of 2e2, and d S a represents a potential difference of 2IR 2.
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Figure 28.14 (Example 28.6) 
A series circuit containing two 
batteries and two resistors, 
where the polarities of the bat-
teries are in opposition.

Solve for I and use the values given in Figure 28.14: (1)   I 5
e1 2 e2

R 1 1 R 2
5

6.0 V 2 12 V
8.0 V 1 10 V

5 20.33 A

Apply Kirchhoff’s loop rule to the single loop in the 
circuit:

o DV 5 0   S   e1 2 IR1 2 e2 2 IR 2 5 0

Finalize  The negative sign for I indicates that the direction of the current is opposite the assumed direction. The 
emfs in the numerator subtract because the batteries in Figure 28.14 have opposite polarities. The resistances in the 
denominator add because the two resistors are in series.

What if the polarity of the 12.0-V battery were reversed? How would that affect the circuit?

Answer  Although we could repeat the Kirchhoff’s rules calculation, let’s instead examine Equation (1) and modify it 
accordingly. Because the polarities of the two batteries are now in the same direction, the signs of e1 and e2 are the 
same and Equation (1) becomes

I 5
e1 1 e2

R 1 1 R 2
5

6.0 V 1 12 V
8.0 V 1 10 V

5 1.0 A

WHAT IF ?

Example 28.7   A Multiloop Circuit

Find the currents I 1, I 2, and I 3 in the circuit shown in Figure 28.15 on page 846.

the circuit as are needed to obtain, in combination with the equations from the junc-
tion rule, as many equations as there are unknowns. To apply this rule, you must 
choose a direction in which to travel around the loop (either clockwise or counter-
clockwise) and correctly identify the change in potential as you cross each element. 
Be careful with signs!
 Solve the equations simultaneously for the unknown quantities.

4. Finalize. Check your numerical answers for consistency. Do not be alarmed if any 
of the resulting currents have a negative value. That only means you have guessed the 
direction of that current incorrectly, but its magnitude will be correct.

 

continued

▸ Problem-Solving Strategy c o n t i n u e d

Suppose the current flows in the direction shown.
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continued

▸ Problem-Solving Strategy c o n t i n u e d

∑
∆V = E1 − IR1 − E2 − IR2 = 0

⇒ I =
E1 − E2

R1 + R2
= −0.33 A

Minus sign means that the current flows opposite to the direction
shown in the diagram.
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Using Kirchhoff’s Laws examples
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HALLIDAY REVISED

•4 Figure 27-27 shows a circuit of four resistors that are con-
nected to a larger circuit.The graph below the circuit shows the elec-
tric potential V(x) as a function of position x along the lower branch
of the circuit, through resistor 4; the potential VA is 12.0 V. The graph

Fig. 27-24 Question 11.

(1) (2) (3)

sec. 27-6 Potential Difference Between Two Points
•1 In Fig. 27-25, the ideal
batteries have emfs !1 ! 12 V and !2 !
6.0 V. What are (a) the current, the dissi-
pation rate in (b) resistor 1 (4.0 ") and (c)
resistor 2 (8.0 "), and the energy transfer
rate in (d) battery 1 and (e) battery 2? Is
energy being supplied or absorbed by (f)
battery 1 and (g) battery 2?

•2 In Fig. 27-26, the ideal batteries 
have emfs !1 ! 150 V and !2 ! 50 V
and the resistances are R1 ! 3.0 "
and R2 ! 2.0 ". If the potential at P is
100 V, what is it at Q?

•3 A car battery with a 12 V
emf and an internal resistance of 0.040
" is being charged with a current of 50
A. What are (a) the potential differ-
ence V across the terminals, (b) the
rate Pr of energy dissipation inside the battery, and (c) the rate Pemf

of energy conversion to chemical form? When the battery is used to
supply 50 A to the starter motor, what are (d) V and (e) Pr?
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Fig. 27-26 Problem 2.

Fig. 27-27 Problem 4.
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Tutoring problem available (at instructor’s discretion) in WileyPLUS and WebAssign

SSM Worked-out solution available in Student Solutions Manual      

• – ••• Number of dots indicates level of problem difficulty

Additional information available in The Flying Circus of Physics and at flyingcircusofphysics.com

WWW Worked-out solution is at

ILW Interactive solution is at 
http://www.wiley.com/college/halliday

R2 more than, less than, or equal to R1? (d) Is the total current
through R1 and R2 together more than, less than, or equal to the
current through R1 previously?

10 After the switch in Fig. 27-15 is
closed on point a, there is current i
through resistance R. Figure 27-23
gives that current for four sets of
values of R and capacitance C: (1) R0

and C0, (2) 2R0 and C0, (3) R0 and
2C0, (4) 2R0 and 2C0. Which set goes
with which curve?

11 Figure 27-24 shows three sec-
tions of circuit that are to be con-
nected in turn to the same battery
via a switch as in Fig. 27-15.The resistors are all identical, as are the
capacitors. Rank the sections according to (a) the final (equilib-
rium) charge on the capacitor and (b) the time required for the
capacitor to reach 50% of its final charge, greatest first.

rent i1 through R1 now more than, less than, or the same as previ-
ously? (c) Is the equivalent resistance R12 of R1 and R2 more than,
less than, or equal to R1?

8 Cap-monster maze. In Fig. 27-22, all the capacitors have a
capacitance of 6.0 mF, and all the batteries have an emf of 10 V.
What is the charge on capacitor C? (If you can find the proper loop
through this maze, you can answer the question with a few seconds
of mental calculation.)

9 Initially, a single resistor R1 is wired to a battery. Then resistor
R2 is added in parallel. Are (a) the potential difference across R1

and (b) the current i1 through R1 now more than, less than, or the
same as previously? (c) Is the equivalent resistance R12 of R1 and

C

Fig. 27-22 Question 8.

i

dc
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b

t

Fig. 27-23 Question 10.

Fig. 27-25
Problem 1.
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Loop rule: −E2 − IR2 + E1 − IR1 = 0, I = 20 A.

Potential at Q = −10 V.
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Loop rule: −E2 − IR2 + E1 − IR1 = 0, I = 20 A.

Potential at Q = −10 V.



Example with a Multiloop Circuit
Find the currents I1, I2, and I3 in the circuit.

846 Chapter 28 Direct-Current Circuits

Conceptualize  Imagine physically rearranging the circuit 
while keeping it electrically the same. Can you rearrange it 
so that it consists of simple series or parallel combinations 
of resistors? You should find that you cannot. (If the 10.0-V 
battery were removed and replaced by a wire from b to the 
6.0-V resistor, the circuit would consist of only series and 
parallel combinations.)

Categorize  We cannot simplify the circuit by the rules 
associated with combining resistances in series and in par-
allel. Therefore, this problem is one in which we must use 
Kirchhoff’s rules.

Analyze  We arbitrarily choose the directions of the currents as labeled in Figure 28.15.
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Figure 28.15 (Example 
28.7) A circuit containing 
different branches.
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Use Equation (1) to find I3: I3 5 I1 1 I2 5 2.0 A 2 3.0 A 5 21.0 A

Apply Kirchhoff’s junction rule to junction c : (1)   I1 1 I2 2 I3 5 0

We now have one equation with three unknowns: I1, I 2, 
and I3. There are three loops in the circuit: abcda, befcb, 
and aefda. We need only two loop equations to deter-
mine the unknown currents. (The third equation would 
give no new information.) Let’s choose to traverse these 
loops in the clockwise direction. Apply Kirchhoff’s loop 
rule to loops abcda and befcb:

abcda: (2)   10.0 V 2 (6.0 V)I1 2 (2.0 V)I3 5 0

befcb: 2(4.0 V)I2 2 14.0 V 1 (6.0 V)I1 2 10.0 V 5 0

(3)   224.0 V 1 (6.0 V)I1 2 (4.0 V)I2 5 0

Solve Equation (1) for I3 and substitute into Equation (2): 10.0 V 2 (6.0 V)I1 2 (2.0 V)(I1 1 I2) 5 0

(4)   10.0 V 2 (8.0 V)I1 2 (2.0 V)I2 5 0

Multiply each term in Equation (3) by 4 and each term 
in Equation (4) by 3:

(5)   296.0 V 1 (24.0 V)I1 2 (16.0 V)I2 5 0

(6)   30.0 V 2 (24.0 V)I1 2 (6.0 V)I2 5 0

Add Equation (6) to Equation (5) to eliminate I1 and 
find I2:

266.0 V 2 (22.0 V)I2 5 0

I2 5 23.0 A

Use this value of I2 in Equation (3) to find I1: 224.0 V 1 (6.0 V)I1 2 (4.0 V)(23.0 A) 5 0

224.0 V 1 (6.0 V)I1 1 12.0 V 5 0

I1 5 2.0 A

Finalize  Because our values for I2 and I3 are negative, the directions of these currents are opposite those indicated in 
Figure 28.15. The numerical values for the currents are correct. Despite the incorrect direction, we must continue to 
use these negative values in subsequent calculations because our equations were established with our original choice 
of direction. What would have happened had we left the current directions as labeled in Figure 28.15 but traversed the 
loops in the opposite direction?

28.4 RC Circuits
So far, we have analyzed direct-current circuits in which the current is constant. In 
DC circuits containing capacitors, the current is always in the same direction but 
may vary in magnitude at different times. A circuit containing a series combination 
of a resistor and a capacitor is called an RC circuit.

 

▸ 28.7 c o n t i n u e d

Suppose the currents flow in the direction shown.



Example with a Multiloop Circuit

Junction rule:
I1 + I2 = I3 (1)

Loops:
10V − (6Ω)I1 − (2Ω)I3 = 0 (2)

−14V + (6Ω)I1 − 10V − (4Ω)I2 = 0 (3)

−14V − (2Ω)I3 − (4Ω)I2 = 0 (4)



Example with a Multiloop Circuit

846 Chapter 28 Direct-Current Circuits

Conceptualize  Imagine physically rearranging the circuit 
while keeping it electrically the same. Can you rearrange it 
so that it consists of simple series or parallel combinations 
of resistors? You should find that you cannot. (If the 10.0-V 
battery were removed and replaced by a wire from b to the 
6.0-V resistor, the circuit would consist of only series and 
parallel combinations.)

Categorize  We cannot simplify the circuit by the rules 
associated with combining resistances in series and in par-
allel. Therefore, this problem is one in which we must use 
Kirchhoff’s rules.

Analyze  We arbitrarily choose the directions of the currents as labeled in Figure 28.15.
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Use Equation (1) to find I3: I3 5 I1 1 I2 5 2.0 A 2 3.0 A 5 21.0 A

Apply Kirchhoff’s junction rule to junction c : (1)   I1 1 I2 2 I3 5 0

We now have one equation with three unknowns: I1, I 2, 
and I3. There are three loops in the circuit: abcda, befcb, 
and aefda. We need only two loop equations to deter-
mine the unknown currents. (The third equation would 
give no new information.) Let’s choose to traverse these 
loops in the clockwise direction. Apply Kirchhoff’s loop 
rule to loops abcda and befcb:

abcda: (2)   10.0 V 2 (6.0 V)I1 2 (2.0 V)I3 5 0

befcb: 2(4.0 V)I2 2 14.0 V 1 (6.0 V)I1 2 10.0 V 5 0

(3)   224.0 V 1 (6.0 V)I1 2 (4.0 V)I2 5 0

Solve Equation (1) for I3 and substitute into Equation (2): 10.0 V 2 (6.0 V)I1 2 (2.0 V)(I1 1 I2) 5 0

(4)   10.0 V 2 (8.0 V)I1 2 (2.0 V)I2 5 0

Multiply each term in Equation (3) by 4 and each term 
in Equation (4) by 3:

(5)   296.0 V 1 (24.0 V)I1 2 (16.0 V)I2 5 0

(6)   30.0 V 2 (24.0 V)I1 2 (6.0 V)I2 5 0

Add Equation (6) to Equation (5) to eliminate I1 and 
find I2:

266.0 V 2 (22.0 V)I2 5 0

I2 5 23.0 A

Use this value of I2 in Equation (3) to find I1: 224.0 V 1 (6.0 V)I1 2 (4.0 V)(23.0 A) 5 0

224.0 V 1 (6.0 V)I1 1 12.0 V 5 0

I1 5 2.0 A

Finalize  Because our values for I2 and I3 are negative, the directions of these currents are opposite those indicated in 
Figure 28.15. The numerical values for the currents are correct. Despite the incorrect direction, we must continue to 
use these negative values in subsequent calculations because our equations were established with our original choice 
of direction. What would have happened had we left the current directions as labeled in Figure 28.15 but traversed the 
loops in the opposite direction?

28.4 RC Circuits
So far, we have analyzed direct-current circuits in which the current is constant. In 
DC circuits containing capacitors, the current is always in the same direction but 
may vary in magnitude at different times. A circuit containing a series combination 
of a resistor and a capacitor is called an RC circuit.

 

▸ 28.7 c o n t i n u e d

I1 = +2.0 A I2 = −3.0 A I3 = −1.0 A



Summary

• using Kirchhoff’s Laws

Next Test on Feb 15.

Homework

• Collected homework 2, posted online, due on Monday, Feb 12.

Serway & Jewett:

• PREVIOUS: Ch 28, onward from page 857. Problems: 5, 9,
15, 27, 31


