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Anatomy of the Cell

Example 01.

The e.m.f. of a cell is 1.67 V.  When it is connected to a 10-Ω 

resistor, its terminal p.d. was measured to be 1.50V. 

Calculate

(a) the current through the 10-Ω external resistor,

(b) the internal resistance of the cell, and

(c) the rate of energy loss in the cell (i.e., power loss,       ). Ploss
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Anatomy of the Cell

Response 01.

First, whenever relevant, draw 

a simplified line diagram that 

shows problem understanding.

Note very well that when the 

cell supplies current I to the 

load R, then the e.m.f., E, will 

be greater than the terminal 

p.d., V.  In this case,  E−V = Ir

+
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r

E

A

VV

+

+
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Anatomy of the Cell

Response 01(a).

The terminal p.d. is also the 

voltage across the load resistor, R, 

Applying Ohm’s Law,

+
R

r

E

A

VV

+

+

I

I = V
R

=
1.50 V
10 Ω

= 0.15 A

Terminal p.d.:
     V = IR



G. David Boswell  |  BÖ§ZïK Inc.™ MSE

DGB MSE R2STM

Anatomy of the Cell

Response 01(b).

Recall that, for a source,

Therefore,

E −V = Ir

 r = E −V
I

=
1.67−1.50( )  V

0.15 A
=1.13 Ω
≈ 1.1 Ω

Response 01(c).

Due to the internal resistance,

Reader ~ Another approach is:

Ploss = I
2r

= 0.15 A( )2
×1.13 Ω

≈ 26 mW

Ploss = Pin −Pout
= EI −VI
= E −V( ) I

Cell Model:
 V = E − Ir
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Anatomy of the Cell

Example 02.

The terminal p.d. of an interconnections of cells (i.e. a battery) on 

open-circuit is 100 V.  When it delivers a current of 20.0A to a 

circuit, its terminal p.d. falls to 95.4V.

Calculate

(a) the efficiency of the battery,    .

(b) the power output of the battery,        .

η

Pout
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Anatomy of the Cell

Response 02(a).

If Pin is the input power conversion to electrical inside the 

battery, and Pout is the output power conversion at the 

terminals of the battery,  then the efficiency of the battery is

η =
Pout
Pin

×100%

=
V
E
×100%     since Pout =VI   and Pin = EI

=
95.4
100

×100%

= 95.4 %

Efficiency:

η =
V
E
=

R
R+ r
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Anatomy of the Cell

Response 02(b).

Pout is the output power conversion from electrical to other 

forms realized at the terminals of the battery.  

For this problem,

Pout =VI
= 95.4 V ×20.0 A
=1,890 W
=1.89 kW

Output Power
Pout =VI =ηEI
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Network Reduction

Example 03.

(a) Find       , the equivalent resistance of the network shown.

(b) Repeat (a) when.                 (i.e., an ideal short circuit)

(c) Repeat (a) when                 (i.e., a practical open circuit)  

Req

Series-Parallel Circuits 193

  SECTION 6–4 RESISTANCE BANKS AND STRINGS IN 
SERIES-PARALLEL   
6–20   In Fig. 6–30, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  I  1 ,  I  2 ,  I  3 , and  I  4 .      

Figure 6–28

!

"

VT # 12 V R3 # 180 $

R1 # 1.2 k$

R2 # 6.8 k$

1%

2%

Figure 6–29

!

"

VT # 54 V R3 # 1 k$R2 # 1.5 k$

R1 # 1.2 k$

2% 3%

Figure 6–30

!

"

VT # 12 V R4 # 180 $R2 # 330 $

R3 # 150 $R1 # 75 $

Figure 6–31

!

"

VT # 35 V R4 # 150 $R2 # 1 k$

R3 # 100 $R1 # 120 $

R5 # 180 $

Figure 6–32

!

"

VT # 36 V R4 # 330 $R2 # 1.8 k$

R3 # 470 $

R5 # 100 $

R1 # 180 $

R6 # 220 $

6–21   In Fig. 6–31, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  I  1 ,  I  2 ,  I  3 ,  I  4 , and  I  5 .      

6–22   In Fig. 6–32, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  1 ,  I  2 ,  I  3 ,  I  4 ,  I  5 , 
and  I  6 .      

6–23   In Fig. 6–33, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  I  1 ,  I  2 ,  I  3 ,  I  4 , 
and  I  5 .      

6–24   In Fig. 6–34, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  1 ,  I  2 ,  I  3 ,  I  4 ,  I  5 , 
and  I  6 .      

Figure 6–33

!

"

VT # 120 V R4 # 1.5 k$

R2 # 1 k$

R3 # 2 k$

R1 # 1 k$

R5 # 2 k$

Figure 6–34

!

"

VT # 75 V R4 # 120 $

R3 # 68 $R1 # 120 $

R6 # 68 $

R5 # 180 $R2 # 560 $

sch10858_ch06_168-201.indd   193sch10858_ch06_168-201.indd   193 3/15/10   10:24:27 AM3/15/10   10:24:27 AM

Req ⇒

R4 = 0Ω

R4 →∞
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Network Reduction

Response 03(a).

Using the formulations for resistors in series and parallel,

Req = R1 +
R2 R3 + R4( )
R2 + R3 + R4( )

      "product over sum"

= R1 +
R2

2
               since, in this case,  R2 = R3 + R4      

= 75Ω+165Ω
= 240Ω

NB:   (a)   For n equal resistors in series:

        (b)   For n equal resistors in parallel:

RS = nR

RP =
R
n

Series:

RS = Ri
i=1

n

∑



G. David Boswell  |  BÖ§ZïK Inc.™ MSE

DGB MSE R2STM

Network Reduction

Response 03(b).

When R4 is “shorted,” then

Req = R1 +
R 2R3

R 2 + R3

= 75Ω+ 330×150
330+150
⎛

⎝
⎜

⎞

⎠
⎟Ω     

=178.1Ω

RP = Ri
i=1

n

∑
⎛

⎝
⎜

⎞

⎠
⎟

−1
Parallel:

Series-Parallel Circuits 193

  SECTION 6–4 RESISTANCE BANKS AND STRINGS IN 
SERIES-PARALLEL   
6–20   In Fig. 6–30, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  I  1 ,  I  2 ,  I  3 , and  I  4 .      

Figure 6–28

!

"

VT # 12 V R3 # 180 $

R1 # 1.2 k$

R2 # 6.8 k$

1%

2%

Figure 6–29

!

"

VT # 54 V R3 # 1 k$R2 # 1.5 k$

R1 # 1.2 k$

2% 3%

Figure 6–30

!

"

VT # 12 V R4 # 180 $R2 # 330 $

R3 # 150 $R1 # 75 $

Figure 6–31

!

"

VT # 35 V R4 # 150 $R2 # 1 k$

R3 # 100 $R1 # 120 $

R5 # 180 $

Figure 6–32

!

"

VT # 36 V R4 # 330 $R2 # 1.8 k$

R3 # 470 $

R5 # 100 $

R1 # 180 $

R6 # 220 $

6–21   In Fig. 6–31, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  I  1 ,  I  2 ,  I  3 ,  I  4 , and  I  5 .      

6–22   In Fig. 6–32, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  1 ,  I  2 ,  I  3 ,  I  4 ,  I  5 , 
and  I  6 .      

6–23   In Fig. 6–33, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  I  1 ,  I  2 ,  I  3 ,  I  4 , 
and  I  5 .      

6–24   In Fig. 6–34, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  1 ,  I  2 ,  I  3 ,  I  4 ,  I  5 , 
and  I  6 .      

Figure 6–33

!

"

VT # 120 V R4 # 1.5 k$

R2 # 1 k$

R3 # 2 k$

R1 # 1 k$

R5 # 2 k$

Figure 6–34

!

"

VT # 75 V R4 # 120 $

R3 # 68 $R1 # 120 $

R6 # 68 $

R5 # 180 $R2 # 560 $

sch10858_ch06_168-201.indd   193sch10858_ch06_168-201.indd   193 3/15/10   10:24:27 AM3/15/10   10:24:27 AM

Req ⇒

NB:   For 2 resistors in parallel, we utilize 

        “product over sum”: Ra //Rb =
RaRb
Ra + Rb
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Network Reduction

Response 03(c).

When R4 is “opened,” then 

because its loop is broken, R1 

and R2 are now in series such 

that

Req = R1 + R2

= 75Ω+ 330Ω     
= 405Ω

Series-Parallel Circuits 193

  SECTION 6–4 RESISTANCE BANKS AND STRINGS IN 
SERIES-PARALLEL   
6–20   In Fig. 6–30, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  I  1 ,  I  2 ,  I  3 , and  I  4 .      

Figure 6–28

!

"

VT # 12 V R3 # 180 $

R1 # 1.2 k$

R2 # 6.8 k$

1%

2%

Figure 6–29

!

"

VT # 54 V R3 # 1 k$R2 # 1.5 k$

R1 # 1.2 k$

2% 3%

Figure 6–30

!

"

VT # 12 V R4 # 180 $R2 # 330 $

R3 # 150 $R1 # 75 $

Figure 6–31

!

"

VT # 35 V R4 # 150 $R2 # 1 k$

R3 # 100 $R1 # 120 $

R5 # 180 $

Figure 6–32

!

"

VT # 36 V R4 # 330 $R2 # 1.8 k$

R3 # 470 $

R5 # 100 $

R1 # 180 $

R6 # 220 $

6–21   In Fig. 6–31, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  I  1 ,  I  2 ,  I  3 ,  I  4 , and  I  5 .      

6–22   In Fig. 6–32, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  1 ,  I  2 ,  I  3 ,  I  4 ,  I  5 , 
and  I  6 .      

6–23   In Fig. 6–33, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  I  1 ,  I  2 ,  I  3 ,  I  4 , 
and  I  5 .      

6–24   In Fig. 6–34, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  1 ,  I  2 ,  I  3 ,  I  4 ,  I  5 , 
and  I  6 .      

Figure 6–33

!

"

VT # 120 V R4 # 1.5 k$

R2 # 1 k$

R3 # 2 k$

R1 # 1 k$

R5 # 2 k$

Figure 6–34

!

"

VT # 75 V R4 # 120 $

R3 # 68 $R1 # 120 $

R6 # 68 $

R5 # 180 $R2 # 560 $

sch10858_ch06_168-201.indd   193sch10858_ch06_168-201.indd   193 3/15/10   10:24:27 AM3/15/10   10:24:27 AM

Req ⇒
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Potential Divider

Example 04.

(a) Find      , the total resistance of the network shown.

(b) Compute the p.d. across each resistor.

RT

Series Circuits 133

!

"

R1 # 18 k$

VT # 18 V R2 # 10 k$

R3 # 2 k$

A

B

C

G

Figure 4–43 

VT # 60 V

A

G

B

C

"

!

R1 # 8.2 k$

R2 # 6.8 k$

R3 # 15 k$

Figure 4–44 

R1 # 1 k$

R2 # 2 k$

R3 # 3 k$

!

"
VT # 24 V

Figure 4–47 

R1 # 2 k$

R2 # 1 k$

R3 # 1 k$

!

"
VT # 30 V

A

C

B

G

Figure 4–46 

# 36 V TV

# 470 $2R

# 330 $1R

# 820 $3R

# 180 $4R

CD

G

B

A

"

!

Figure 4–45 

 4-40     A 120-! resistor is in series with an unknown resistor. 
The voltage drop across the unknown resistor is 12 V and 
the power dissipated by the 120-! resistor is 4.8 W. 
Calculate the value of the unknown resistor.  

4-41   A 1.5-k! resistor is in series with an unknown resistance. 
The applied voltage,  V  T   , equals 36 V and the series current 
is 14.4 mA. Calculate the value of the unknown resistor.  

4-42   How much resistance must be added in series with a 
6.3-V, 150-mA lightbulb if the bulb is to be operated from 
a 12-V source?  

4-43   A 1-k! and 1.5-k! resistor are in series. If the total 
power dissipated by the resistors is 250 mW, how much is 
the applied voltage,  V  T   ?  

4-44   A 22-! resistor is in series with a 12-V motor that is 
drawing 150 mA of current. How much is the applied 
voltage,  V  T   ?    

  SECTION 4–9 GROUND CONNECTIONS IN 
ELECTRICAL AND ELECTRONIC SYSTEMS 
4-45    In Fig. 4–43, solve for  V  AG ,  V  BG , and  V  CG . 

 4-46   In Fig. 4–44, solve for  V  AG ,  V  BG , and  V  CG . 

 4-47   In Fig. 4–45, solve for  V  AG ,  V  BG ,  V  CG , and  V  DG . 

 4-48   In Fig. 4–46, solve for  V  AG ,  V  BG , and  V  CG . 

     SECTION 4–10 TROUBLESHOOTING: OPENS AND 
SHORTS IN SERIES CIRCUITS 
4-49    In Fig. 4–47, solve for  R  T   ,  I ,  V  1 ,  V  2 , and  V  3 . 

sch10858_ch04_106-137.indd   133sch10858_ch04_106-137.indd   133 3/15/10   10:20:30 AM3/15/10   10:20:30 AM
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Potential Divider

Response 04(a).

Using the formulation for 

combining 3 resistors in series,

RT = Ri
i=1

3

∑

= R1 + R2 + R3    
=18Ω+10Ω+2Ω
= 30 Ω

Series Circuits 133

!

"

R1 # 18 k$

VT # 18 V R2 # 10 k$

R3 # 2 k$

A

B

C

G

Figure 4–43 

VT # 60 V

A

G

B

C

"

!

R1 # 8.2 k$

R2 # 6.8 k$

R3 # 15 k$

Figure 4–44 

R1 # 1 k$

R2 # 2 k$

R3 # 3 k$

!

"
VT # 24 V

Figure 4–47 

R1 # 2 k$

R2 # 1 k$

R3 # 1 k$

!

"
VT # 30 V

A

C

B

G

Figure 4–46 

# 36 V TV

# 470 $2R

# 330 $1R

# 820 $3R

# 180 $4R

CD

G

B

A

"

!

Figure 4–45 

 4-40     A 120-! resistor is in series with an unknown resistor. 
The voltage drop across the unknown resistor is 12 V and 
the power dissipated by the 120-! resistor is 4.8 W. 
Calculate the value of the unknown resistor.  

4-41   A 1.5-k! resistor is in series with an unknown resistance. 
The applied voltage,  V  T   , equals 36 V and the series current 
is 14.4 mA. Calculate the value of the unknown resistor.  

4-42   How much resistance must be added in series with a 
6.3-V, 150-mA lightbulb if the bulb is to be operated from 
a 12-V source?  

4-43   A 1-k! and 1.5-k! resistor are in series. If the total 
power dissipated by the resistors is 250 mW, how much is 
the applied voltage,  V  T   ?  

4-44   A 22-! resistor is in series with a 12-V motor that is 
drawing 150 mA of current. How much is the applied 
voltage,  V  T   ?    

  SECTION 4–9 GROUND CONNECTIONS IN 
ELECTRICAL AND ELECTRONIC SYSTEMS 
4-45    In Fig. 4–43, solve for  V  AG ,  V  BG , and  V  CG . 

 4-46   In Fig. 4–44, solve for  V  AG ,  V  BG , and  V  CG . 

 4-47   In Fig. 4–45, solve for  V  AG ,  V  BG ,  V  CG , and  V  DG . 

 4-48   In Fig. 4–46, solve for  V  AG ,  V  BG , and  V  CG . 

     SECTION 4–10 TROUBLESHOOTING: OPENS AND 
SHORTS IN SERIES CIRCUITS 
4-49    In Fig. 4–47, solve for  R  T   ,  I ,  V  1 ,  V  2 , and  V  3 . 

sch10858_ch04_106-137.indd   133sch10858_ch04_106-137.indd   133 3/15/10   10:20:30 AM3/15/10   10:20:30 AM
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Potential Divider

Response 04(b).

The p.d. across each resistor in the series network is

Note that, in accordance with KVL:   

V1 =
R1

RT
VT

=
18Ω
30Ω

×18V    

=10.8 V

Vi =
Ri
RS
V

V2 =
R2

RT
VT

=
10Ω
30Ω

×18V    

= 6.0 V

V3 =
R3

RT
VT

=
2Ω
30Ω

×18V    

=1.2 V

VT = Vi
i=1

n

∑
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Potential Divider

Example 05.

(a) Find       , the total 
resistance of the 
network shown.

(b) Compute the p.d. 
across each resistor.

(c) Hence, calculate the VC 
and VB, the potentials 
at nodes C and B, 
respectively.

RT

Series Circuits 133

!

"

R1 # 18 k$

VT # 18 V R2 # 10 k$

R3 # 2 k$

A

B

C

G

Figure 4–43 

VT # 60 V

A

G

B

C

"

!

R1 # 8.2 k$

R2 # 6.8 k$

R3 # 15 k$

Figure 4–44 

R1 # 1 k$

R2 # 2 k$

R3 # 3 k$

!

"
VT # 24 V

Figure 4–47 

R1 # 2 k$

R2 # 1 k$

R3 # 1 k$

!

"
VT # 30 V

A

C

B

G

Figure 4–46 

# 36 V TV

# 470 $2R

# 330 $1R

# 820 $3R

# 180 $4R

CD

G

B

A

"

!

Figure 4–45 

 4-40     A 120-! resistor is in series with an unknown resistor. 
The voltage drop across the unknown resistor is 12 V and 
the power dissipated by the 120-! resistor is 4.8 W. 
Calculate the value of the unknown resistor.  

4-41   A 1.5-k! resistor is in series with an unknown resistance. 
The applied voltage,  V  T   , equals 36 V and the series current 
is 14.4 mA. Calculate the value of the unknown resistor.  

4-42   How much resistance must be added in series with a 
6.3-V, 150-mA lightbulb if the bulb is to be operated from 
a 12-V source?  

4-43   A 1-k! and 1.5-k! resistor are in series. If the total 
power dissipated by the resistors is 250 mW, how much is 
the applied voltage,  V  T   ?  

4-44   A 22-! resistor is in series with a 12-V motor that is 
drawing 150 mA of current. How much is the applied 
voltage,  V  T   ?    

  SECTION 4–9 GROUND CONNECTIONS IN 
ELECTRICAL AND ELECTRONIC SYSTEMS 
4-45    In Fig. 4–43, solve for  V  AG ,  V  BG , and  V  CG . 

 4-46   In Fig. 4–44, solve for  V  AG ,  V  BG , and  V  CG . 

 4-47   In Fig. 4–45, solve for  V  AG ,  V  BG ,  V  CG , and  V  DG . 

 4-48   In Fig. 4–46, solve for  V  AG ,  V  BG , and  V  CG . 

     SECTION 4–10 TROUBLESHOOTING: OPENS AND 
SHORTS IN SERIES CIRCUITS 
4-49    In Fig. 4–47, solve for  R  T   ,  I ,  V  1 ,  V  2 , and  V  3 . 

sch10858_ch04_106-137.indd   133sch10858_ch04_106-137.indd   133 3/15/10   10:20:30 AM3/15/10   10:20:30 AM
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Potential Divider

Response 05(a).

Using the formulation for combining 4 resistors in series, we get

RT = Ri
i=1

4

∑

= R1 + R2 + ...+ R4    
= 330+ 470+820+180     Ω
=1,800 Ω
=1.80 kΩ
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Potential Divider

Response 05(b).

The respective p.d. across the first 2 resistors in the network is

V1 =
R1

RT
VT

=
330Ω

1,800Ω
× 36V    

= 6.6 V

V2 =
R2

RT
VT

=
470Ω

1,800Ω
× 36V    

= 9.4 V
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Potential Divider

Response 05(b).    (cont.d)

Similarly, for the other 2 resistors in the series circuit,

Note that, in accordance with KVL:   VT − Vi
i=1

n

∑ = 0 volts

V3 =
R3

RT
VT

=
820Ω

1,800Ω
× 36V    

=16.4 V

V4 =
R4

RT
VT

=
180Ω

1,800Ω
× 36V    

= 3.6 V
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Potential Divider

Response 05(c).

The reference p.d. is             .  

And, based on battery polarity,

The lowest voltage potential is at 

node D and the highest voltage 

potential is at node A.

VG = 0V

Series Circuits 133

!

"

R1 # 18 k$

VT # 18 V R2 # 10 k$

R3 # 2 k$

A

B

C

G

Figure 4–43 

VT # 60 V

A

G

B

C

"

!

R1 # 8.2 k$

R2 # 6.8 k$

R3 # 15 k$

Figure 4–44 

R1 # 1 k$

R2 # 2 k$

R3 # 3 k$

!

"
VT # 24 V

Figure 4–47 

R1 # 2 k$

R2 # 1 k$

R3 # 1 k$

!

"
VT # 30 V

A

C

B

G

Figure 4–46 

# 36 V TV

# 470 $2R

# 330 $1R

# 820 $3R

# 180 $4R

CD

G

B

A

"

!

Figure 4–45 

 4-40     A 120-! resistor is in series with an unknown resistor. 
The voltage drop across the unknown resistor is 12 V and 
the power dissipated by the 120-! resistor is 4.8 W. 
Calculate the value of the unknown resistor.  

4-41   A 1.5-k! resistor is in series with an unknown resistance. 
The applied voltage,  V  T   , equals 36 V and the series current 
is 14.4 mA. Calculate the value of the unknown resistor.  

4-42   How much resistance must be added in series with a 
6.3-V, 150-mA lightbulb if the bulb is to be operated from 
a 12-V source?  

4-43   A 1-k! and 1.5-k! resistor are in series. If the total 
power dissipated by the resistors is 250 mW, how much is 
the applied voltage,  V  T   ?  

4-44   A 22-! resistor is in series with a 12-V motor that is 
drawing 150 mA of current. How much is the applied 
voltage,  V  T   ?    

  SECTION 4–9 GROUND CONNECTIONS IN 
ELECTRICAL AND ELECTRONIC SYSTEMS 
4-45    In Fig. 4–43, solve for  V  AG ,  V  BG , and  V  CG . 

 4-46   In Fig. 4–44, solve for  V  AG ,  V  BG , and  V  CG . 

 4-47   In Fig. 4–45, solve for  V  AG ,  V  BG ,  V  CG , and  V  DG . 

 4-48   In Fig. 4–46, solve for  V  AG ,  V  BG , and  V  CG . 

     SECTION 4–10 TROUBLESHOOTING: OPENS AND 
SHORTS IN SERIES CIRCUITS 
4-49    In Fig. 4–47, solve for  R  T   ,  I ,  V  1 ,  V  2 , and  V  3 . 
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Current Divider

Example 06.

(a) Find      , the total resistance of the network shown.

(b) Calculate the total current in the circuit.

(c) Compute the current through each resistor and verify 
that Kirchhoff’s Current Law (KCL) holds true.

RT

142 Chapter 5

  ! 5–2 Self-Review 
  Answers at end of chapter.  

    Refer to Fig. 5–3.  
 a.     How much is the voltage across R1?   
 b.    How much is   I  1  through  R  1 ?  
 c.    How much is the voltage across   R  2 ?  
 d.    How much is   I  2  through  R  2 ?      

  5–3 Kirchhoff ’s Current Law (KCL) 
  Components to be connected in parallel are usually wired directly across each other, 
with the entire parallel combination connected to the voltage source, as illustrated 
in Fig. 5–5. This circuit is equivalent to wiring each parallel branch directly to the 
voltage source, as shown in Fig. 5–1, when the connecting wires have essentially 
zero resistance.  

 The advantage of having only one pair of connecting leads to the source for all 
the parallel branches is that usually less wire is necessary. The pair of leads con-
necting all the branches to the terminals of the voltage source is the  main line.  In 
Fig. 5–5, the wires from G to A on the negative side and from B to F in the return 
path form the main line. 

 In Fig. 5–5 b , with 20 ! of resistance for  R  1  connected across the 20-V battery, 
the current through  R  1  must be 20 V!20 ! " 1 A. This current is electron ! ow from 
the negative terminal of the source, through  R  1 , and back to the positive battery 
terminal. Similarly, the  R  2  branch of 10 ! across the battery has its own branch 
current of 20 V!10 ! " 2 A. This current ! ows from the negative terminal of the 
source, through  R  2 , and back to the positive terminal, since it is a separate path for 
electron ! ow. 

 All current in the circuit, however, must come from one side of the voltage source 
and return to the opposite side for a complete path. In the main line, therefore, the 
amount of current is equal to the total of the branch currents. 

Example 5-1
 In Fig. 5–4, solve for the branch currents  I  1  and  I  2 . 

  ANSWER  The applied voltage,  V  A , of 15 V is across both resistors  R  1  and  R  2 . 

Therefore, the branch currents are calculated as   
 V  A 

 ___  R     , where  V  A  is the applied 
voltage and  R  is the individual branch resistance.

I1 "   
VA 

 ___  R1

  

"   15 V _____ 
1 k!

  

" 15 mA

I2 "   
VA 

 ___  R2

  

"   15 V ______ 
600 !

  

 " 25 mA 

MultiSim  Figure 5–4 Circuit for 
Example 5–1. 

VA ! 
15 V

R1 ! 
1 k"

R2 ! 
600 "

#

$
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Current Divider

Response 06(a).

Using the formulation for combining 2 resistors in parallel, we get

RT =
1
R1

+
1
R12

⎛

⎝
⎜

⎞

⎠
⎟

−1

≡
R1R2

R1 + R2

=
1000×600
1000+600

  Ω          (all values in the same units!)

= 375 Ω
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Current Divider

Response 06(b).

Using Ohm’s Law, the total current in the circuit is

IT =
VA
RT

=
15V
375Ω

= 0.040A
= 40 mA
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Current Divider

Response 06(c).

Using the Current Divider formulation, then the current in the 

respective parallel branches are

I1 =
R2

R1 + R2

⎛

⎝
⎜

⎞

⎠
⎟ IT

=
600Ω

1600Ω
× 40mA

=15 mA

I2 =
R1

R1 + R2

⎛

⎝
⎜

⎞

⎠
⎟ IT

=
1000Ω
1600Ω

× 40mA

= 25 mA
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Current Divider

Response 06(c).    (cont.d)

Now, the algebraic sum of the 

currents at node X in the circuit is

Therefore, KCL is verified.

I
At Node X
∑ = I1 + I2 − IT

= 15+25− 40( )mA
= 0

142 Chapter 5

  ! 5–2 Self-Review 
  Answers at end of chapter.  

    Refer to Fig. 5–3.  
 a.     How much is the voltage across R1?   
 b.    How much is   I  1  through  R  1 ?  
 c.    How much is the voltage across   R  2 ?  
 d.    How much is   I  2  through  R  2 ?      

  5–3 Kirchhoff ’s Current Law (KCL) 
  Components to be connected in parallel are usually wired directly across each other, 
with the entire parallel combination connected to the voltage source, as illustrated 
in Fig. 5–5. This circuit is equivalent to wiring each parallel branch directly to the 
voltage source, as shown in Fig. 5–1, when the connecting wires have essentially 
zero resistance.  

 The advantage of having only one pair of connecting leads to the source for all 
the parallel branches is that usually less wire is necessary. The pair of leads con-
necting all the branches to the terminals of the voltage source is the  main line.  In 
Fig. 5–5, the wires from G to A on the negative side and from B to F in the return 
path form the main line. 

 In Fig. 5–5 b , with 20 ! of resistance for  R  1  connected across the 20-V battery, 
the current through  R  1  must be 20 V!20 ! " 1 A. This current is electron ! ow from 
the negative terminal of the source, through  R  1 , and back to the positive battery 
terminal. Similarly, the  R  2  branch of 10 ! across the battery has its own branch 
current of 20 V!10 ! " 2 A. This current ! ows from the negative terminal of the 
source, through  R  2 , and back to the positive terminal, since it is a separate path for 
electron ! ow. 

 All current in the circuit, however, must come from one side of the voltage source 
and return to the opposite side for a complete path. In the main line, therefore, the 
amount of current is equal to the total of the branch currents. 

Example 5-1
 In Fig. 5–4, solve for the branch currents  I  1  and  I  2 . 

  ANSWER  The applied voltage,  V  A , of 15 V is across both resistors  R  1  and  R  2 . 

Therefore, the branch currents are calculated as   
 V  A 

 ___  R     , where  V  A  is the applied 
voltage and  R  is the individual branch resistance.

I1 "   
VA 

 ___  R1

  

"   15 V _____ 
1 k!

  

" 15 mA

I2 "   
VA 

 ___  R2

  

"   15 V ______ 
600 !

  

 " 25 mA 

MultiSim  Figure 5–4 Circuit for 
Example 5–1. 

VA ! 
15 V

R1 ! 
1 k"

R2 ! 
600 "

#

$
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Current Divider

Example 07.

(a) Find       , the total resistance of the network shown.

(b) Compute the total current from the 18V source.

(c) Compute the current through each each resistor.

RT

162 Chapter 5

  Problems 

  SECTION 5–1 THE APPLIED VOLTAGE  V  A  IS THE 
SAME ACROSS PARALLEL BRANCHES  
5–1 MultiSim   In Fig. 5–19, how much voltage is across points 

a.   A and B?  
b.   C and D?  
c.   E and F?  
d.   G and H?     

R2 ! 
60 "

R1 ! 
120 "

#

$
VA ! 12 V

A C E G

B D F H

Figure 5–19 

5–2   In Fig. 5–19, how much voltage is across 
a.   the terminals of the voltage source?  
b.    R  1 ?  
c.    R  2 ?     

5–3   In Fig. 5–19, how much voltage will be measured across 
points C and D if  R  1  is removed from the circuit?        

  SECTION 5–2 EACH BRANCH I EQUALS   
 V  A  ___  R     

5–4   In Fig. 5–19, solve for the branch currents,  I  1  and  I  2 .  

5–5   In Fig. 5–19, explain why  I  2  is double the value of  I  1 .  

5–6   In Fig. 5–19, assume a 10-! resistor,  R  3 , is added across 
points G and H. 
a.   Calculate the branch current,  I  3 .  
b.   Explain how the branch currents,  I  1  and  I  2  are affected 

by the addition of  R  3 .     

5–7   In Fig. 5–20, solve for the branch currents  I  1 ,  I  2 , and  I  3 .      

R3 !
60 "

R2 !
20 "

R1 !
30 "

#

$
VA ! 18 V

Figure 5–20 

5–8   In Fig. 5–20, do the branch currents  I  1  and  I  3  remain the 
same if  R  2  is removed from the circuit? Explain your 
answer.  

5–9   In Fig. 5–21, solve for the branch currents  I  1 ,  I  2 ,  I  3 , and  I  4 .      

R3 ! 
1.2 k"

R4 ! 
5.1 k"

R2 ! 
6.8 k"

R1 ! 
510 "

#

$

VA ! 
102 V

Figure 5–21 

5–10   Recalculate the values for  I  1 ,  I  2 ,  I  3 , and  I  4  in Fig. 5–21 if the 
applied voltage,  V  A , is reduced to 51V.    

  SECTION 5–3 KIRCHHOFF’S CURRENT LAW (KCL)  
5–11 MultiSim   In Fig. 5–19, solve for the total current,  I   T  .  

5–12 MultiSim   In Fig. 5–19 re-solve for the total current,  I   T  , if a 
10-! resistor,  R  3 , is added across points G and H.  

5–13   In Fig. 5–20, solve for the total current,  I   T  .  

5–14   In Fig. 5–20, re-solve for the total current,  I   T  , if  R  2  is 
removed from the circuit.  

5–15   In Fig. 5–21, solve for the total current,  I   T  .  

5–16   In Fig. 5–21, re-solve for the total current,  I   T  , if  V  A  is 
reduced to 51 V.  

5–17   In Fig. 5–22, solve for  I  1 ,  I  2 ,  I  3 , and  I   T .      

R2 ! 
1.2 k"

R3 ! 
1.5 k"

R1 ! 
1 k"

#

$
VA ! 24 V

H G F E

A B C D

Figure 5–22 

5–18   In Fig. 5–22, how much is the current in the wire between 
points 
a.   A and B?  
b.   B and C?  
c.   C and D?  
d.   E and F?  
e.   F and G?  
f.   G and H?     
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Current Divider

Response 07(a).

The total resistance of the parallel network is

RT =
1
Rii=1

3

∑
⎛

⎝
⎜

⎞

⎠
⎟

−1

=
1
R1

+
1
R2

+
1
R3

⎛

⎝
⎜

⎞

⎠
⎟

−1

=
1
30

+
1
20

+
1
60

⎛

⎝
⎜

⎞

⎠
⎟
−1

Ω

=10 Ω

RP =
1
Rii=1

n

∑
⎛

⎝
⎜

⎞

⎠
⎟

−1
Parallel:

162 Chapter 5

  Problems 

  SECTION 5–1 THE APPLIED VOLTAGE  V  A  IS THE 
SAME ACROSS PARALLEL BRANCHES  
5–1 MultiSim   In Fig. 5–19, how much voltage is across points 

a.   A and B?  
b.   C and D?  
c.   E and F?  
d.   G and H?     

R2 ! 
60 "

R1 ! 
120 "

#

$
VA ! 12 V

A C E G

B D F H

Figure 5–19 

5–2   In Fig. 5–19, how much voltage is across 
a.   the terminals of the voltage source?  
b.    R  1 ?  
c.    R  2 ?     

5–3   In Fig. 5–19, how much voltage will be measured across 
points C and D if  R  1  is removed from the circuit?        

  SECTION 5–2 EACH BRANCH I EQUALS   
 V  A  ___  R     

5–4   In Fig. 5–19, solve for the branch currents,  I  1  and  I  2 .  

5–5   In Fig. 5–19, explain why  I  2  is double the value of  I  1 .  

5–6   In Fig. 5–19, assume a 10-! resistor,  R  3 , is added across 
points G and H. 
a.   Calculate the branch current,  I  3 .  
b.   Explain how the branch currents,  I  1  and  I  2  are affected 

by the addition of  R  3 .     

5–7   In Fig. 5–20, solve for the branch currents  I  1 ,  I  2 , and  I  3 .      

R3 !
60 "

R2 !
20 "

R1 !
30 "

#

$
VA ! 18 V

Figure 5–20 

5–8   In Fig. 5–20, do the branch currents  I  1  and  I  3  remain the 
same if  R  2  is removed from the circuit? Explain your 
answer.  

5–9   In Fig. 5–21, solve for the branch currents  I  1 ,  I  2 ,  I  3 , and  I  4 .      

R3 ! 
1.2 k"

R4 ! 
5.1 k"

R2 ! 
6.8 k"

R1 ! 
510 "

#

$

VA ! 
102 V

Figure 5–21 

5–10   Recalculate the values for  I  1 ,  I  2 ,  I  3 , and  I  4  in Fig. 5–21 if the 
applied voltage,  V  A , is reduced to 51V.    

  SECTION 5–3 KIRCHHOFF’S CURRENT LAW (KCL)  
5–11 MultiSim   In Fig. 5–19, solve for the total current,  I   T  .  

5–12 MultiSim   In Fig. 5–19 re-solve for the total current,  I   T  , if a 
10-! resistor,  R  3 , is added across points G and H.  

5–13   In Fig. 5–20, solve for the total current,  I   T  .  

5–14   In Fig. 5–20, re-solve for the total current,  I   T  , if  R  2  is 
removed from the circuit.  

5–15   In Fig. 5–21, solve for the total current,  I   T  .  

5–16   In Fig. 5–21, re-solve for the total current,  I   T  , if  V  A  is 
reduced to 51 V.  

5–17   In Fig. 5–22, solve for  I  1 ,  I  2 ,  I  3 , and  I   T .      

R2 ! 
1.2 k"

R3 ! 
1.5 k"

R1 ! 
1 k"

#

$
VA ! 24 V

H G F E

A B C D

Figure 5–22 

5–18   In Fig. 5–22, how much is the current in the wire between 
points 
a.   A and B?  
b.   B and C?  
c.   C and D?  
d.   E and F?  
e.   F and G?  
f.   G and H?     
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Current Divider

Response 07(b).

The total current delivered by the source is

IT =
VA
RT

=
18V
10Ω

=1.8 A

RP =
1
Rii=1

n

∑
⎛

⎝
⎜

⎞

⎠
⎟

−1
Parallel:

162 Chapter 5

  Problems 

  SECTION 5–1 THE APPLIED VOLTAGE  V  A  IS THE 
SAME ACROSS PARALLEL BRANCHES  
5–1 MultiSim   In Fig. 5–19, how much voltage is across points 

a.   A and B?  
b.   C and D?  
c.   E and F?  
d.   G and H?     

R2 ! 
60 "

R1 ! 
120 "

#

$
VA ! 12 V

A C E G

B D F H

Figure 5–19 

5–2   In Fig. 5–19, how much voltage is across 
a.   the terminals of the voltage source?  
b.    R  1 ?  
c.    R  2 ?     

5–3   In Fig. 5–19, how much voltage will be measured across 
points C and D if  R  1  is removed from the circuit?        

  SECTION 5–2 EACH BRANCH I EQUALS   
 V  A  ___  R     

5–4   In Fig. 5–19, solve for the branch currents,  I  1  and  I  2 .  

5–5   In Fig. 5–19, explain why  I  2  is double the value of  I  1 .  

5–6   In Fig. 5–19, assume a 10-! resistor,  R  3 , is added across 
points G and H. 
a.   Calculate the branch current,  I  3 .  
b.   Explain how the branch currents,  I  1  and  I  2  are affected 

by the addition of  R  3 .     

5–7   In Fig. 5–20, solve for the branch currents  I  1 ,  I  2 , and  I  3 .      

R3 !
60 "

R2 !
20 "

R1 !
30 "

#

$
VA ! 18 V

Figure 5–20 

5–8   In Fig. 5–20, do the branch currents  I  1  and  I  3  remain the 
same if  R  2  is removed from the circuit? Explain your 
answer.  

5–9   In Fig. 5–21, solve for the branch currents  I  1 ,  I  2 ,  I  3 , and  I  4 .      

R3 ! 
1.2 k"

R4 ! 
5.1 k"

R2 ! 
6.8 k"

R1 ! 
510 "

#

$

VA ! 
102 V

Figure 5–21 

5–10   Recalculate the values for  I  1 ,  I  2 ,  I  3 , and  I  4  in Fig. 5–21 if the 
applied voltage,  V  A , is reduced to 51V.    

  SECTION 5–3 KIRCHHOFF’S CURRENT LAW (KCL)  
5–11 MultiSim   In Fig. 5–19, solve for the total current,  I   T  .  

5–12 MultiSim   In Fig. 5–19 re-solve for the total current,  I   T  , if a 
10-! resistor,  R  3 , is added across points G and H.  

5–13   In Fig. 5–20, solve for the total current,  I   T  .  

5–14   In Fig. 5–20, re-solve for the total current,  I   T  , if  R  2  is 
removed from the circuit.  

5–15   In Fig. 5–21, solve for the total current,  I   T  .  

5–16   In Fig. 5–21, re-solve for the total current,  I   T  , if  V  A  is 
reduced to 51 V.  

5–17   In Fig. 5–22, solve for  I  1 ,  I  2 ,  I  3 , and  I   T .      

R2 ! 
1.2 k"

R3 ! 
1.5 k"

R1 ! 
1 k"

#

$
VA ! 24 V

H G F E

A B C D

Figure 5–22 

5–18   In Fig. 5–22, how much is the current in the wire between 
points 
a.   A and B?  
b.   B and C?  
c.   C and D?  
d.   E and F?  
e.   F and G?  
f.   G and H?     
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Current Divider

Response 07(c).

Since all 3 resistors are in parallel with the source, then:

Reader:  Using these results, please verify KCL:

I1 =
VA
R1

=
18
30

V
Ω

= 0.6 A

I2 =
VA
R2

=
18
20

V
Ω

= 0.9 A

I3 =
VA
R3

=
18
60

V
Ω

= 0.3 A

I
at  node
∑ = 0A
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Network Analysis

Example 08.

(a) Find       , the total resistance of the network shown.

(b) Compute         and the power loss in     .

Req

198 Chapter 6

Laboratory Application Assignment

Answers to Self-Reviews  6–1 a. 1 k!
  b. 0.5 k!
  c. 1.5 k!

 6–2 a. 12 V
  b. 6 A
  c. 18 V

 6–3 a. 40 V
  b. 8 A
  c. 4 V

 6–4 a. R1 
  b. R4 
  c. R6 

 6–5 a. R3 
  b. R1 
  c. 4 A 
  d. 60 V 

 6–6 a.  A and B are input; C and D are 
output.

  b. Zero
  c. 71.35 ! 
  d. 99.99 ! 
  e. 500 ! 

 6–7 a. 10 A
  b. 1.1 A
  c. 12 V
  d. 0 V

   In this lab application assignment you will examine the 
characteristics of a simple series-parallel circuit. You will also 
troubleshoot a series-parallel circuit containing both shorts and 
opens. 

 Equipment: Obtain the following items from your instructor. 
 Variable dc power supply • 
 Assortment of carbon-fi lm resistors • 
 DMM • 

  Series-Parallel Circuit Characteristics 
 Examine the series-parallel circuit in Fig. 6–50. Calculate and 
record the following values: 

     R  T  " ____ ,       I  T  " ____ ,  V  1  " ____ ,  V 2  "  ____ , 

 V  3  " ____ ,  V  4  " ____ , 

     V  AB  " ____        I  2  " ____ ,  I  3  " ____ 

 Construct the series-parallel circuit in Fig. 6–50. Measure and 
record the following values. (Note that the power supply 
connections must be removed to measure  R  T .) 

         R  T  " ____ ,       I  T  " ____ ,  V  1  " ____ ,  V 2  "  ____ , 

 V  3  " ____ ,  V  4  " ____  ,

     V  AB  " ____        I  2  " ____ ,  I  3  " ____ 

 In Fig. 6–50, identify which components are in series and which 
components are in parallel.  

 Do your measured values of voltage and current support your 
answers?  

 Does the current entering point B equal the current leaving 
point A?  

Figure 6–50

A

B

R1 ! 100 "

R4 ! 150 "

R3 ! 1 k"R2 ! 1.5 k"! 17 VTV
#

$
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Network Analysis

Response 08(a).

Using the formulations for resistors in series and parallel,

Req = R1 +
R 2R3

R 2 + R3

+ R4

=100Ω+ 1.5×1
1.5+1
⎛

⎝
⎜

⎞

⎠
⎟kΩ+150Ω   

= 250Ω+600Ω
= 850 Ω

NB:   (a)   For 2 resistors in parallel, “product over sum” is quickly used.

        (b)   Please pay attention the mixed units and the final conversions!
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Network Analysis

Response 08(b).

First, find the total current delivered by the source is

IT =
VT
Req

=
17V

850Ω
= 20 mA

198 Chapter 6

Laboratory Application Assignment

Answers to Self-Reviews  6–1 a. 1 k!
  b. 0.5 k!
  c. 1.5 k!

 6–2 a. 12 V
  b. 6 A
  c. 18 V

 6–3 a. 40 V
  b. 8 A
  c. 4 V

 6–4 a. R1 
  b. R4 
  c. R6 

 6–5 a. R3 
  b. R1 
  c. 4 A 
  d. 60 V 

 6–6 a.  A and B are input; C and D are 
output.

  b. Zero
  c. 71.35 ! 
  d. 99.99 ! 
  e. 500 ! 

 6–7 a. 10 A
  b. 1.1 A
  c. 12 V
  d. 0 V

   In this lab application assignment you will examine the 
characteristics of a simple series-parallel circuit. You will also 
troubleshoot a series-parallel circuit containing both shorts and 
opens. 

 Equipment: Obtain the following items from your instructor. 
 Variable dc power supply • 
 Assortment of carbon-fi lm resistors • 
 DMM • 

  Series-Parallel Circuit Characteristics 
 Examine the series-parallel circuit in Fig. 6–50. Calculate and 
record the following values: 

     R  T  " ____ ,       I  T  " ____ ,  V  1  " ____ ,  V 2  "  ____ , 

 V  3  " ____ ,  V  4  " ____ , 

     V  AB  " ____        I  2  " ____ ,  I  3  " ____ 

 Construct the series-parallel circuit in Fig. 6–50. Measure and 
record the following values. (Note that the power supply 
connections must be removed to measure  R  T .) 

         R  T  " ____ ,       I  T  " ____ ,  V  1  " ____ ,  V 2  "  ____ , 

 V  3  " ____ ,  V  4  " ____  ,

     V  AB  " ____        I  2  " ____ ,  I  3  " ____ 

 In Fig. 6–50, identify which components are in series and which 
components are in parallel.  

 Do your measured values of voltage and current support your 
answers?  

 Does the current entering point B equal the current leaving 
point A?  

Figure 6–50

A

B

R1 ! 100 "

R4 ! 150 "

R3 ! 1 k"R2 ! 1.5 k"! 17 VTV
#

$
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Network Analysis

Response 08(b).    (cont.d)

Now, the total voltage drop across R1 & R4, which are in series, is

So, the required p.d. across nodes A and B is

ΔV = IT R1 + R4( )
= 20mA× 100+150( )Ω
= 5V

VAB =VT −ΔV
=17V −5V
=12 V
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Network Analysis

Response 08(b).    (cont.d)

And, finally, power loss in R3 is

P3 =
VAB

2

R3

          (Joule's Law)

=
12V( )2

kΩ

=144×10−3W

=144 mW
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Anatomy of the Cell

Question 01.

The e.m.f. of a cell is 10.7 V.  When it is connected to a 12.0-Ω 

load resistor, the terminal p.d. drooped by 10.0%.  Calculate

(a) the terminal p.d. of the cell, V.

(b) the load current I.

(c) the internal resistance of the cell, r.

(d) the rate of energy loss in the cell (i.e., power loss,       )

(e) the fractional efficiency of the cell.

Ploss
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Network Reduction

Question 02.

(a) Find       , the equivalent resistance of the network shown.

(b) Repeat (a) when             and               simultaneously.

Req

R3 = 0 R4 →∞

Series-Parallel Circuits 195

6–31   In Fig. 6–41, solve for  R  T ,  I  T ,  V  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  2 ,  I  3 ,  I  4 , 
and  I  5 .      

Figure 6–41

!

"

VT

R3#150 $R1#180 $

R6#220 $ R5#120 $
P5#48 mW

R4#330 $R2#1.2 k$

Figure 6–44

RX

Unknown resistor

RS
R2 

C

A

B

R1 

M1 

VT  # 10 V
!

"
Standard resistor

Variable from
0–99,999 $ 
in 1-$ steps

A% D Ratio arm

Figure 6–43

R2

R3 # 1 k$
R4 #
1.5 k$

R5 # 1.8 k$

30 
!

"
VT #V

R1 # 180 $
V1 # 5.4 V 

R6 # 100 $

Figure 6–42

R4 # 1 k$ R6 # 100 $R2 # 100 $

R5 # 150 $R3 # 100 $R1 # 15 $

VT  # 18 V
!

"

  b.  How much voltage exists between points C and D 
when the bridge is balanced?  

6–32   In Fig. 6–42, solve for  R  T ,  I  T ,  V  1 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  1 ,  I  2 ,  I  3 ,  I  4 ,  I  5 , 
and  I  6 .      

6–33   In Fig. 6–43, solve for  I  T ,  R  T ,  R  2 ,  V  2 ,  V  3 ,  V  4 ,  V  5 ,  V  6 ,  I  2 ,  I  3 ,  I  4 ,  I  5 , 
and  I  6 .         

 6–35   In Fig. 6–44, assume that the bridge is balanced when 
 R  1  ! 1 k",  R  2  ! 5 k", and  R  S  ! 34,080 ". Determine 

  a.  the value of the unknown resistor,  R  X . 
  b.  the voltages  V  CB  and  V  DB . 

  c.  the total current, IT, fl owing to and from the voltage 
source,  V  T .  

 6–36   In reference to Prob. 6–35, which direction (C to D or D to 
C) will electrons fl ow through M1 if 

  a.  RS is reduced in value? 
  b.  RS is increased in value?  

 6–37   In Fig. 6–44, calculate the maximum unknown resistor, 
RX(max), that can be measured for the following ratio arm 
values: 

  a.   
R1 _ R2

   !   1 _ 1000       

  b.   
R1 _ R2

   !   1 _ 100           

  c.   
R1 _ R2

   !   1 _ 10           

  d.   
R1 _ R2

   !   1 _ 1           

  e.   
R1 _ R2

   !   10 _ 1           

  f.   
R1 _ R2

   !   100 _ 1            

 6–38   Assume that the same unknown resistor, RX, is measured 
using different ratio arm fractions in Fig. 6–44. In each 
case, the standard resistor, RS, is adjusted to provide the 
balanced condition. The values for each measurement are 

  a. RS !  123 " and   
R1 _ R2

   !   1 _ 1  .    

  b. RS !  1232 " and   
R1 _ R2

   !   1 _ 10  .        

  c. RS !  12,317 " and   
R1 _ R2

   !   1 _ 100  .        

   Calculate the value of the unknown resistor, RX, for each 
measurement. Which ratio arm fraction provides the 
greatest accuracy?     

  SECTION 6-6 THE WHEATSTONE BRIDGE  
 Probs. 34–38 refer to Fig. 6–44.      

 6–34   In Fig. 6–44, 
  a.  How much current fl ows through M1 when the 

Wheatstone bridge is balanced? 
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Potential Divider

Question 03.

(a) Find      , the total resistance of the network shown.

(b) Compute, V1, V2  and V3, the respective voltage drops 
across each resistor.

RT

Series Circuits 131

  SECTION 4–7 SERIES–AIDING AND 
SERIES–OPPOSING VOLTAGES 
4-29    MultiSim In Fig. 4–33,  

 a.    How much is the net or total voltage,  V  T  across  R  1 ?  
 b.   How much is the current,  I , in the circuit?  
 c.   What is the direction of electron fl ow through  R  1 ?    R1 ! 1.8 k" R2 ! 2.2 k"

R3 ! 1 k"

R5 ! 10 k" R4 ! 15 k"

VT

#

$

! = 4 mA

Figure 4–31 

TVV2 ! 15 V

V3 ! 20 V

V1 ! 5 V

R1 ! 2 k"

#

#

$

$

#

$

Figure 4–35 

TV

$

$

#

#

V2 ! 18 V

V1 ! 9 V

R1 ! 2.7 k"

Figure 4–33 

R1 ! 10 "

R2 ! 39 "

R3 ! 51 "

$

#

VT ! 50 V

Figure 4–32 TV

#

$

#

$

V2 ! 10 V

V1 ! 24 V

R1 ! 1 k"

Figure 4–34 

4-19      MultiSim In Fig. 4–31, solve for the individual resistor 
voltage drops. Then, using Kirchhoff’s voltage law, fi nd  V  T    . 

 4-20   An applied voltage of 15 V is connected across resistors 
 R  1  and  R  2  in series. If  V  2  ! 3 V, how much is  V  1 ?    

  SECTION 4–5 POLARITY OF IR VOLTAGE DROPS 
 4-21   In Fig. 4–32, 

  a.     Solve for  R  T ,  I ,  V  1 ,  V  2 , and  V  3 .  
 b.    Indicate the direction of electron fl ow through  R  1 ,  R  2 , 

and  R  3 .  
 c.    Write the values of  V  1 ,  V  2 , and  V  3  next to resistors  R  1 , 

 R  2 , and  R  3 .  
 d.   Indicate the polarity of each resistor voltage drop.    

4-22   In Fig. 4–32, indicate the polarity for each resistor voltage 
drop using conventional current fl ow. Are the polarities 
opposite to those obtained with electron fl ow or are they 
the same?  

4-23   If the polarity of  V  T  is reversed in Fig. 4–32, what happens 
to the polarity of the resistor voltage drops and why?    

  SECTION 4–6 TOTAL POWER IN A SERIES CIRCUIT 
4-24    In Fig. 4–24, calculate  P  1 ,  P  2 , and  P  T   .  

4-25   In Fig. 4–25, calculate  P  1 ,  P  2 ,  P  3 , and  P  T   .  

4-26   In Fig. 4–26, calculate  P  1 ,  P  2 ,  P  3 ,  P  4 ,  P  5 , and  P  T   .  

4-27   In Fig. 4–27, calculate  P  1 ,  P  2 ,  P  3 , and  P  T   .  

4-28   In Fig. 4–28, calculate  P  1 ,  P  2 ,  P  3 ,  P  4 , and  P  T   .    

4-30 MultiSim   In Fig. 4–34, 
 a.    How much is the net or total voltage,  V  T   , across  R  1   ?  
 b.   How much is the current,  I , in the circuit?  
 c.   What is the direction of electron fl ow through  R  1   ?    

4-31   In Fig. 4–34, assume that  V  2  is increased to 30 V. What is 
 a.    The net or total voltage,  V  T   , across  R  1   ?  
 b.   The current,  I , in the circuit?  
 c.   The direction of electron fl ow through  R  1 ?    

4-32   In Fig. 4–35, 
  a.     How much is the net or total voltage,  V  T   , across  R  1 ?  
 b.   How much is the current,  I , in the circuit?  
 c.   What is the direction of electron fl ow through  R  1 ?    
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Potential Divider

Question 04.

(a) Find      , the total 
resistance of the 
network shown.

(b) Compute the p.d. 
across each resistor.

(c) Hence, calculate the VC 
and VB, the potentials 
at nodes C and B, 
respectively.

RS

Series Circuits 133

!

"

R1 # 18 k$

VT # 18 V R2 # 10 k$

R3 # 2 k$

A

B

C

G

Figure 4–43 

VT # 60 V

A

G

B

C

"

!

R1 # 8.2 k$

R2 # 6.8 k$

R3 # 15 k$

Figure 4–44 

R1 # 1 k$

R2 # 2 k$

R3 # 3 k$

!

"
VT # 24 V

Figure 4–47 

R1 # 2 k$

R2 # 1 k$

R3 # 1 k$

!

"
VT # 30 V

A

C

B

G

Figure 4–46 

# 36 V TV

# 470 $2R

# 330 $1R

# 820 $3R

# 180 $4R

CD

G

B

A

"

!

Figure 4–45 

 4-40     A 120-! resistor is in series with an unknown resistor. 
The voltage drop across the unknown resistor is 12 V and 
the power dissipated by the 120-! resistor is 4.8 W. 
Calculate the value of the unknown resistor.  

4-41   A 1.5-k! resistor is in series with an unknown resistance. 
The applied voltage,  V  T   , equals 36 V and the series current 
is 14.4 mA. Calculate the value of the unknown resistor.  

4-42   How much resistance must be added in series with a 
6.3-V, 150-mA lightbulb if the bulb is to be operated from 
a 12-V source?  

4-43   A 1-k! and 1.5-k! resistor are in series. If the total 
power dissipated by the resistors is 250 mW, how much is 
the applied voltage,  V  T   ?  

4-44   A 22-! resistor is in series with a 12-V motor that is 
drawing 150 mA of current. How much is the applied 
voltage,  V  T   ?    

  SECTION 4–9 GROUND CONNECTIONS IN 
ELECTRICAL AND ELECTRONIC SYSTEMS 
4-45    In Fig. 4–43, solve for  V  AG ,  V  BG , and  V  CG . 

 4-46   In Fig. 4–44, solve for  V  AG ,  V  BG , and  V  CG . 

 4-47   In Fig. 4–45, solve for  V  AG ,  V  BG ,  V  CG , and  V  DG . 

 4-48   In Fig. 4–46, solve for  V  AG ,  V  BG , and  V  CG . 

     SECTION 4–10 TROUBLESHOOTING: OPENS AND 
SHORTS IN SERIES CIRCUITS 
4-49    In Fig. 4–47, solve for  R  T   ,  I ,  V  1 ,  V  2 , and  V  3 . 
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Current Divider

Question 05.

(a) Find      , the total resistance of the network shown.

(b) Hence, compute the total current supplied and also the 
current through each each of the 4 resistors.

RT

174 Chapter 6

 ! 6–3  Self-Review 
  Answers at end of chapter.  

   Refer to Fig. 6–4a. 
  a.   If V2 across R2 were 40 V, what would V3 across R3 be?  
 b.   If  I  in R2 were 4 A, with 4 A in R3, what would  I  in R1 be?  
 c.   How much is V1 across R1 in Fig. 6–4 b ?      

   6–4  Resistance Banks and Strings 
in Series-Parallel   

 In the solution of such circuits, the most important fact to know is which com-
ponents are in series with each other and which parts of the circuit are parallel 
branches. The series components must be in one current path without any branch 
points. A branch point such as point A or B in Fig. 6–5 is common to two or more 
current paths. For instance, R1 and R6 are  not  in series with each other. They do not 
have the same current because the current through R1 equals the sum of the branch 
currents, I5 and I6, ! owing into and away from point A. Similarly, R5 is not in series 
with R2 because of the branch point B.      

 To " nd the currents and voltages in Fig. 6–5, " rst " nd RT to calculate the main-
line current IT as VT!RT. In calculating RT, start reducing the branch farthest from the 
source and work toward the applied voltage. The reason for following this order is 
that you cannot tell how much resistance is in series with R1 and R2 until the parallel 
branches are reduced to their equivalent resistance. If no source voltage is shown, RT 
can still be calculated from the outside in toward the open terminals where a source 
would be connected. 

MultiSim   Figure 6–5 Reducing a series-parallel circuit to an equivalent series circuit to fi nd the RT. ( a ) Actual circuit. ( b ) R3 and R4 in 
parallel combined for the equivalent R7. ( c ) R7 and R6 in series added for R13. ( d ) R13 and R5 in parallel combined for R18. ( e ) The  R  18 ,  R  1 , and  R  2  in 
series are added for the total resistance of 50 ! for RT. 

(a )

R2 !
30 "

R1 !
15 "

B

VT !
100 V

R5 !
10 "

R3 !
12 "

R4 !
12 "

R6 !
4 "

A

#

$

(b )

R2 !
30 "

R1 !
15 "

B

VT !
100 V

R5 !
10 "

R7 !
6 "

A

R6 !
4 "

$

#

R13 !
10 "

(c )

R2 !
30 "

R1 !
15 "

B

VT !
100 V

R5 !
10 "

A

$

#

(d )

R2 !
30 "

R1 !
15 "

B

VT !
100 V

R18 !
5 "

A

30 V

10 V

60 V

$

#

(e )

RT !
50 "

VT !
100 V

! 2 A

$

#

T%
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Current Divider

Question 06.

(a) Find      , the total resistance of the network shown.

(b) Compute the current supplied by the source voltage.

(c) Compute the current through each resistor and verify the 
Kirchhoff’s Current Law (KCL) holds true.

RP

Parallel Circuits 167

Figure 5–38 

R3 !
1.2 k"

R2 !
1.5 k"

R1 !
1 k"

#

$
VA ! 12 V

 Construct the parallel circuit in Fig. 5–38. Measure and record the 
following values. (Note that the power supply connections must 
be removed to measure  R  EQ .) 

  I  1  ! ____ ,  I  2   ! ____  ,  I 3   !  ____  ,  I  T  ! ____ ,  R  EQ  ! ____ 

 How does the ratio  I  1  /  l  2  compare to the ratio  R  2  /  R  1 ?___________ 

 What is unique about comparing these ratios? ______________ 

 Add the measured branch currents  I  1 ,  I  2 , and  I  3 . Record your 
answer.  ___________

 How does this value compare to the measured value of  I  T ? _____  
__________________________________________________

 Does the sum of these individual branch currents satisfy KCL? ___ 

 In Fig. 5–38, which branch resistance dissipates the most power? 

 Which branch resistance dissipates the least amount of power? 
__________________________________________________

  Remove the voltage source connections in Fig. 5–38, and add 
another 1.2 k" resistor to the right of resistor  R  3 . Measure and 
record the equivalent resistance,    R  EQ  :   R  EQ  !  __________ . How 
did adding another branch resistance affect the equivalent 
resistance,  R  EQ ? ______________________________________ 

 Explain why  R  EQ  changed as it did. ________________________ 
_________________________________________________

  Design Challenge  
 Examine the parallel circuit in Fig. 5–39. Determine the values for 
 R  1 ,  R   2 ,  R   3 , and  R  4  that will provide the division of currents 
represented in the fi gure. The equivalent resistance,  R  EQ , must 
equal 450 ". The applied voltage,  V  A , can have any value. 

 Recommended Procedure 
 1.    Make sure you understand the problem before you begin.  
 2.   Draw a workable schematic on a separate sheet of paper.  
 3.    Show all known circuit values on your hand-drawn 

schematic.  
 4.   Show all your calculations in solving for  R  1 ,  R   2 ,  R   3 ,   and  R  4 .  
 5.    Select standard values for  R  1 ,  R   2 ,  R   3 ,   and  R  4  that are within 

#10% of your calculated values.  
 6.   Construct the circuit using the standard values from step 5.  
   7.  If your results are way off from what you expect, seek help 

from your instructor.  
 8.    If your results are close to the specifi ed design criteria, adjust 

the values of  R  1 ,  R   2 ,  R   3 ,   or  R  4  for best results.  
 9.   You must show all calculations!  
 10.    Have an instructor check your results, and receive your just 

reward.           

Figure 5–39 

R3 R4R2 R1 #

$
VA

REQ ! 450 "

I1 IT! 8
3 I2 IT! 5

1 I3 IT! 8
1 I4 IT! 10

3
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Network Analysis

Question 07.

(a) Find resistances R1 and R2 using Ohm’s and Joule’s Law.

(b) Use “Current Division” and Ohm’s Law to find I1 and I2.

140 Chapter 5

   5–1  The Applied Voltage  V  A  Is the Same 
across Parallel Branches 

  A parallel circuit is formed when two or more components are connected across a 
voltage source, as shown in Fig. 5–1. In this ! gure,  R  1  and  R  2  are in parallel with 
each other and a 1.5-V battery. In Fig. 5–1 b , points A, B, C, and E are equivalent 
to a direct connection at the positive terminal of the battery because the connecting 
wires have practically no resistance. Similarly, points H, G, D, and F are the same 
as a direct connection at the negative battery terminal. Since  R  1  and  R  2  are directly 
connected across the two terminals of the battery, both resistances must have the 
same potential difference as the battery. It follows that the voltage is the same across 
components connected in parallel. The parallel circuit arrangement is used, there-
fore, to connect components that require the same voltage.   

 A common application of parallel circuits is typical house wiring to the power 
line, with many lights and appliances connected across the 120-V source (Fig. 5–2). 
The wall receptacle has a potential difference of 120 V across each pair of terminals. 
Therefore, any resistance connected to an outlet has an applied voltage of 120 V. 
The lightbulb is connected to one outlet and the toaster to another outlet, but both 
have the same applied voltage of 120 V. Therefore, each operates independently 
of any other appliance, with all the individual branch circuits connected across the 
120-V line.  

 GOOD TO KNOW 
 Components can be connected in 

parallel even if they are not 

connected to a voltage source. 

   MultiSim  Figure 5–1 Example of a parallel circuit with two resistors. ( a ) Wiring diagram. 
( b ) Schematic diagram. 

(a)

R1

R2

A

BC

D

E

FG

H

!

"
VA # 1.5 V

R2 # 5 $R1 # 5 $

(b )

   Figure 5–2 Lightbulb and toaster connected in parallel with the 120-V line. ( a ) Wiring diagram. ( b ) Schematic diagram. 

(a)

100-W
120-V bulb

Grounding
terminal Wall receptacle

120-V

600-W
120-V
toaster

(b)

120-V
source

R2

toaster
R1

bulb
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Network Analysis

Question 08.

(a) Find       , the total resistance of the network shown.

(b) Compute         and the power losses in     and     .

Req

VAB R1

Series-Parallel Circuits 199

Figure 6–51

A

B

R1 ! 1 k"

! 24 VTV
#

$

R3 ! 1.8 k"

R2 ! 8.2 k"

R5 ! 1.5 k"

R4 ! 1 k"

Table 6–2 Series-Parallel Circuit Troubleshooting

V1 V2 V3 V4 V5 Circuit Fault

Normal

R1 open

R1 shorted

R2 open

R2 shorted

R3 open

R3 shorted

R4 open

R4 shorted

R5 open

R5 shorted

 Add the measured values of  V  1 ,  V  AB , and  V  4 . Record your answer. 

How does this value compare to the value of  V  T ? Does the sum of 
these voltages satisfy KVL?   

  Series-Parallel Circuit Troubleshooting 
 When troubleshooting a faulty electronic circuit, seldom will you 
calculate the exact voltage you should measure across any 
given component. You should know what the circuit voltages 
are supposed to be when it is operating normally. In this 
troubleshooting assignment you will insert faults into the series-
parallel circuit of Fig. 6–51. However, you will not be asked to 
calculate every voltage  for every possible defect. All you will be 
asked to do is insert the fault specifi ed in Table 6–2 and record 

the measured values for  V  1 ,  V  2 ,  V  3 ,  V  4 , and  V  5 . To simulate a short, 
replace the original resistor with a 1-! resistor. To simulate an 
open, replace the original resistor with a 1-M! resistor. Although 
you will already know which component is defective, this 
exercise gives you practical hands-on experience in analyzing the 
effects of opens and shorts in series-parallel circuits. Let’s get 
started. 
    Refer to Fig. 6–51. Calculate the normal values for  V  1 ,  V  2 ,  V  3 , 
 V  4 , and  V  5 . Write each voltage value next to its respective resistor 
on the schematic diagram. Next, use a DMM to measure  V  1 ,  V  2 , 
 V  3 ,  V  4 , and  V  5 . Record these values in Table 6–2 in the fi rst row 
labeled “Normal.” Next, open R1 (replace it with a 1-M! resistor) 
and measure the voltages  V  1 ,  V  2 ,  V  3 ,  V  4 , and  V  5 . Record these 
values in the second row of the table. Repeat this procedure for 
each fault listed in Table 6–2.    
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