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Chapter  28 Solution 
 

P28.1 (a) 
( )!

=P
2V

R
 

 becomes 
( )

=
211.6 V

20.0 W
R

 
 

 so = !6.73 R  
 

(b) ! =V IR 
 

 so ( )= !11.6 V 6.73 I  
 

 and = 1.72 AI  
 

  ! = +IR Ir  
 

 so ( )= +15.0 V 11.6 V 1.72 A r  
 

  = !1.97 r  

 
 

FIG. P28.1 

 

 

P28.3 (a) Here ( )! = +I R r , so 
( )

!
= = =

+ " + "
12.6 V

2.48 A
5.00 0.080 0 

I
R r

. 

 Then, ( )( )! = = " =2.48 A 5.00 12.4 VV IR . 
 

(b) Let 
1

I  and 2I  be the currents flowing through the battery and the 
headlights, respectively. 

 Then, = +1 2 35.0 AI I , and ! " " =1 2 0I r I r  

 so ( )( ) ( )! = + " + " =2 235.0 A 0.080 0 5.00 12.6 VI I  

 giving =2 1.93 AI  

 Thus, ( )( )! = " =2 1.93 A 5.00 9.65 VV  

 
 

FIG. P28.3 

 

P28.5 (a) 
( ) ( )

= = !
! + !

1
4.12 

1 7.00 1 10.0 pR  

 = + + = + + = !1 2 3 4.00 4.12 9.00 17.1 sR R R R  
 

(b) ! =V IR 
 ( )= !34.0 V 17.1 I  

 = 1.99 AI  for !4.00 , !9.00  resistors 

 Applying ! =V IR, ( )( )! =1.99 A 4.12 8.18 V  

  ( )= !8.18 V 7.00 I  

 so = 1.17 AI  for !7.00  resistor 

  ( )= !8.18 V 10.0 I  

 so = 0.818 AI  for !10.0  resistor 

 
 

FIG. P28.5 
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P28.7 If we turn the given diagram on its side, we find that it is the same as 
figure (a). The !20.0  and !5.00  resistors are in series, so the first 
reduction is shown in (b). In addition, since the !10.0 , !5.00 , and 

!25.0  resistors are then in parallel, we can solve for their equivalent 
resistance as: 

 
( )! ! !

= = !
+ +

eq 1 1 1
10.0 5.00 25.0 

1
2.94 R  

 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 !
=

V
I

R
 

and ! =V IR alternately to every resistor, real and equivalent. The 
!12.94  resistor is connected across 25.0 V, so the current through 

the battery in every diagram is 

 !
= = =

"
25.0 V

1.93 A
12.94 

V
I

R
 

 In figure (c), this 1.93 A goes through the !2.94  equivalent resistor 
to give a potential difference of: 

 ( )( )! = = " =1.93 A 2.94 5.68 VV IR  
 From figure (b), we see that this potential difference is the same 

across ! abV , the !10  resistor, and the !5.00  resistor. 
 

Thus we have fi rst found the answer to part (b), which is ! = 5.68 VabV . 

 

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

 
!

= = = =
"

5.68 V
0.227 A 227 mA

25.0 
ab

ab

V
I

R
 

 
 

FIG. P28.7 

 
P28.9 (a) Since all  the current in the circui t must pass through the series !100  resistor, 

=P 2I R  
  2

max maxRI=P  
 

 so max

25.0 W
0.500 A

100 
I

R
= = =

!
P

  

 

!
" #= $ + + $ = $% &
' (

) = =

1

max max

1 1
100  150 

100 100

75.0 V

eq

eq

R

V R I

 

 

(b) ( )( )0.500 A 75.0 V 37.5 WI V= ! = =P  total  power 

 
( )( )

1

22
2 3

25.0 W

100 0.250 A 6.25 WRI

=

= = ! =

P

P P
 

P28.11 When S is open, 1R , 2R , 3R  are in series with the battery. Thus: 

 
!

+ + = = "1 2 3 3

6 V
6 k

10  A
R R R  (1) 
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 When S is closed in position 1, the parallel combination of the two 2R Õs is in series 
with 1R , 3R , and the battery. Thus: 

 
!

+ + = = "
#1 2 3 3

1 6 V
5 k

2 1.2 10  A
R R R  (2) 

 When S is closed in position 2, 1R and 2R  are in series with the battery. 3R is 
shorted. Thus: 

 
!

+ = = "
#1 2 3

6 V
3 k

2 10  A
R R  (3) 

 From (1) and (3): = !3 3 kR . 
 Subtract (2) from (1): = !2 2 kR . 
 From (3): = !1 1 kR . 
Answers: = ! = ! = !1 2 31.00 k , 2.00 k , 3.00 kR R R . 

P28.13 The resistance between a and b  decreases.  Closing the switch opens a new path 

with resistance of only 20 ! .  The original resistance is  
+

+ +

+ = + !
1 1

90 10 10 90

1
50 R R . 

 The final resistance is 
+ +

+ + = + !
1 1 1 1

90 10 10 90

1 1
18 R R . 

 We require  R + 50 !  = 2(R + 18 ! )     so   R = 14.0 !  
 

P28.15 

( )

!
" #= + = $% &
' (

= + + $ = $

)
= = =

$

1

battery

1 1
0.750 

3.00 1.00
2.00 0.750 4.00  6.75 

18.0 V
2.67 A

6.75 

p

s

s

R

R

V
I

R

 

 

=P 2I R:  ( ) ( )= !P 2

2
2.67 A 2.00  

 

  = !P2 14.2 W  in 2.00  
 

( ) ( )

( )( )
( )( )

( )

( ) ( )

( ) ( )

= = !

" = ! =

" = ! =

" = # " # " = = " = "

"
= = = !

!

"
= = = !

!

P

P

P

2
4

2

4

2 4 3 1

2 2
3

3
3

2
1

1
1

2.67 A 4.00 A 28.4 W  in 4.00 

2.67 A 2.00 5.33 V,

2.67 A 4.00 10.67 V

18.0 V 2.00 V

2.00 V
1.33 W  in 3.00 

3.00 

2.00 V
4.00 W  in 1.00 

1.00 

p

V

V

V V V V V

V

R

V

R

  
 

FIG. P28.15 

P28.17 We name currents 1I , 2I , and 3I  as shown. 
 

 From KirchhoffÕs current rule, = +
3 1 2

I I I . 
 

 Applying KirchhoffÕs voltage rule to the loop containing 2I  and 3I , 
 

 
( ) ( )

( ) ( )
! ! ! =

= +
3 2

3 2

12.0 V 4.00 6.00 4.00 V 0

8.00 4.00 6.00

I I

I I
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 Applying KirchhoffÕs voltage rule to the loop containing 1I  and 2I , 
 

 
 ( ) ( )! ! + =2 16.00 4.00 V 8.00 0I I  ( ) ( )= +1 28.00 4.00 6.00I I  

 
FIG. P28.17 

 

 Solving the above linear system, we proceed to the pair of 
simultaneous equations: 

  
= + +!

" = +#

1 2 2

1 2

8 4 4 6

8 4 6

I I I

I I
 or

 
= +!

" = #$

1 2

2 1

8 4 10

1.33 0.667

I I

I I
 

 and to the single equation = + !1 18 4 13.3 6.67I I  

  = =
!1

14.7 V
0.846 A

17.3 
I  Then

 ( )= !2 1.33 0.846 A 0.667I  
 and = +3 1 2I I I  give
 = = =1 2 3846 mA, 462 mA, 1.31 AI I I  

 All currents are in the directions indicated by the arrows in the circuit diagram. 
P28.19 We use the results of Problem 28.17. 

 

(a) By the 4.00-V battery:
 

( ) ( )( )! = ! ! = " = "4.00 V 0.462 A 120 s 222 JU V I t  
 

 By the 12.0-V battery: ( )( ) =12.0 V 1.31 A 120 s 1.88 kJ  
 

(b) By the 8.00-!  resistor:
 

( ) ( )! = " =22 0.846 A 8.00 120 s 687 JI R t  
 

 By the 5.00-!  resistor: ( ) ( )! =20.462 A 5.00 120 s 128 J  
 

 By the 1.00-!  resistor: ( ) ( )! =
20.462 A 1.00 120 s 25.6 J  

 

 By the 3.00-!  resistor: ( ) ( )! =21.31 A 3.00 120 s 616 J  
 

 By the 1.00-!  resistor: ( ) ( )! =21.31 A 1.00 120 s 205 J  
 

(c) ! + =222 J 1.88 kJ 1.66 kJ from chemical to electrically transmitted.  Like a 

child counting his lunch money twice, we can count the same energy again,  
+ + + + =687 J 128 J 25.6 J 616 J 205 J 1.66 kJ , as i t is transformed from 

electrically transmitted to internal.  The net energy transformation is from 
chemical to internal .   

 
P28.23 Name the currents as shown in the figure to the right. Then + + =w x z y . 

Loop equations are 
 

 
 

FIG. P28.23 
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! ! + =

! + + ! =

+ ! ! + =

200 40.0 80.0 0

80.0 40.0 360 20.0 0

360 20.0 70.0 80.0 0

w x

x y

y z

 

 

 Eliminate y by substitution.

 
= +!

"
# # # =$

" # # # =%

2.50 0.500

400 100 20.0 20.0 0

440 20.0 20.0 90.0 0

x w

x w z

w x z

 

 

 Eliminate x. 
! ! ="

# ! ! =$

350 270 20.0 0

430 70.0 90.0 0

w z

w z
 

 

 Eliminate = !17.5 13.5z w  to obtain
 ! ! + =430 70.0 1 575 1 215 0w w  
 

  = = !
70.0

1.00 A upward in 200 
70.0

w  
 

 Now = !4.00 A upward in 70.0 z  
 

  = !3.00 A upward in 80.0 x  
 

  = !8.00 A downward in 20.0 y  
 

 and for the 200 ! ,
 ( )( )! = = " =1.00 A 200 200 VV IR  

P28.25 We name the currents 1I , 2I , and 3I  as shown. 
 

(a) = +1 2 3I I I  
 

 Counterclockw ise around the top loop, 
 

 ( ) ( )! " ! " =
3 1

12.0 V 2.00 4.00 0I I  
 

 Traversing the bottom loop, 
 

 ( ) ( )! " + " =2 38.00 V 6.00 2.00 0I I  
 

 = !1 3

1
3.00

2
I I , = +2 3

4 1
3 3

I I , and =3 909 mAI  

 

(b) ( )( )! " =0.909 A 2.00 a bV V  
 

 ! = ! 1.82 Vb aV V  

 
 

FIG. P28.25 

 
P28.29 (a) ( ) != ! 0

t RCI t I e  

 
( )( )

( ) ( )
( )( )

!

!

!

!

"
= = =

# "

$ %! "
= ! = !& '

# "& '( )

6

0 9

6

9

5.10 10  C
1.96 A

1300 2.00 10  F

9.00 10  s
1.96 A exp 61.6 mA

1300 2.00 10  F

Q
I

RC

I t

 

 

(b) ( ) ( )
( )( )

µ µ
!

!

!

" #! $
= = =% &

' $% &( )

6

9

8.00 10  s
5.10 C exp 0.235 C

1 300 2.00 10  F
t RCq t Qe  
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(c) The magnitude of the maximum current is =0 1.96 AI . 

P28.31 (a) Call the potential at the left junction LV  and at the right RV . A fter a 
ÒlongÓ time, the capacitor is fully charged. 

 

 = 8.00 VLV because of voltage divider: 
 

  
( )( )

= =
!

= " ! =

10.0 V
2.00 A

5.00 
10.0 V 2.00 A 1.00 8.00 V

L

L

I

V
 

 

 Likew ise, ( )!" #= =$ %! + !& '

2.00 
10.0 V 2.00 V

2.00 8.00 RV  

 

 or = =
!

10.0 V
1.00 A

10.0 RI  

 

  ( ) ( )( )= ! " =10.0 V 8.00 1.00 A 2.00 VRV  
 

 Therefore, ! = " = " =8.00 2.00 6.00 VL RV V V  

 
 

FIG. P28.31(a) 

 

(b) Redraw the circuit 
( ) ( )

= = !
! + !

1
3.60 

1 9.00 1 6.00 
R  

 

  != " 63.60 10  sRC  
 

 and ! =
1
10

t RCe  

 

 so µ= =ln10 8.29 st RC  

 
 

FIG. P28.31(b) 

P28.41 The set of four batteries boosts the electric potential of each bit of 
charge that goes through them by ! =4 1.50 V 6.00 V . The chemical energy they 
store is 
 

 
 ( )( )! = ! = =240 C 6.00 J C 1 440 JU q V  
 

 The radio draws current

 !
= = =

"
6.00 V

0.030 0 A
200 

V
I

R
 

 

 So, its power is
 

( ) ( )( )= ! = = =P 6.00 V 0.030 0 A 0.180 W 0.180 J sV I  
 

 Then for the time the energy lasts, we 

have =
!

P
E

t
: ! = = = "

P
31 440 J

8.00 10  s
0.180 J s

E
t  

 

 We could also compute this from =
!
Q

I
t
:

 ! = = = " =3240 C
8.00 10  s 2.22 h

0.030 0 A
Q

t
I
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P28.47 Let the two resistances be x and y. 
 

 Then, 
( )

= + = = = !sP
22

225 W
9.00 

5.00 A
sR x y

I
 = ! "9.00 y x  

 

 and 
( )

= = = = !
+

P
22

50.0 W
2.00 

5.00 A
p

p

xy
R

x y I
 

 

 so ( )
( )

! "
= !

+ ! "

9.00 
2.00 

9.00 

x x

x x
 ! + =2 9.00 18.0 0x x  

 

 Factoring the second equation, ( )( )! ! =6.00 3.00 0x x  
 

 so  = !6.00 x or = !3.00 x  
 

 Then, = ! "9.00 y x gives = !3.00 y or = !6.00 y  
 

 There is only one physical answer:  The two resistances are !6.00  

and !3.00 . 

 
 

FIG. P28.47 

 
 


