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é) (11) Determine the magnitudes and directions of the currents
in each resistor shown in Fig. 19-48. The batteries have emis 3
of %, = 90V and % = 120V and the resistors have
vaiues of Rl = 25 €, R, = 180, and R; = 358 ‘
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FIGURE 19-48
~ Problems 29 and 30.
(1) Repeat Problem 29, assuming each battery has
internal resistance r = 1.00.
31. (II) Calculate the currents in each resistor of Fig. 19-49.
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_ fance
v (1) (a) Determine the currents [;, f, and I3 in punat
Fig 19-350. Assume the internal resistance of each battery
is 7= 1.00. (b) What is the terminal voltage of the
’ ‘ 6.0-V battery? o S —
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6.0V 3 Problems 32 and 33. jum
. :that
. (Il) What would the current 7; be in Fig. 19-50 if the
12-0) resistor is shorted out? Let r = 1.0€L
*
o T ' “and
4. {11 Suppose two batteries, with unequal emfs of 200V 4 the
and 3.00 V, are connected as shown in Fig. 19-51. If each ’
internal resistance is 7 = 0.100 ¢}, and R = 4000, what -
is the voltage across the resistor R? .
R=4008Q B
% VWV
H
i
3 =200V !
i F“““égf‘“"‘&ﬁvi‘f"“‘% I *
H P
} .
?““’V‘r—-‘ FIGURE 13-51

&=3.00v " Problem 34.

2 () Determine the terminal voltage of each batmry
Fig. 19-44.
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FIGURE 19-44 Problem 24.

5 J(IT) (a) What is the potential difference between poings,
and d in Fig. 1945 (same circuitas Fig. 1913 Example 19-g),
and (b) what is the terminal voltage of each battery

EO
QD 25 v = L.

() ??ﬁ‘f’y{
\ YT 3"

%W"M

FIGURE 15-45 Problem 25.

‘6. 3(11) For the circuit shown in Fig 1946, find the potentil
difference between points a and b. Each resistor has
R = 758 and each batiery 5 15V

FIGURE 15-48 Problermn 26.

II) Determine the magnitudes and directions of the
currents through Ry and Ry in Fig. 1947,

Obys €
0. 408 &

FIGURE ‘§S~47 Problems 27 and 28.

2 (1) Repeat Problem 27, now assuming that each battery
has an wnternal resistance » = 120




Chapter 19 DC Cireuits

24. Apply Kirchhoff’s loop rule to the circuit starting at the upper left corner of the circuit diagram, in
order to calculate the current. Assume that the current is flowing clockwise.

~I{10Q)+18V~7(6.6 Q)-12V-1(20Q)=0 — z:%:&@zm

The terminal voltage for each battery is found by summing the potential differences across the
internal resistance and EMF from left to right. Note that for the 12 V battery, there is a voltage gain
going across the internal resistance from left to right.

18V battery: ¥, =~1(1.0Q)+18V =—(0.625A)(1.0Q)+18V =[174V

terminal

12V battery: V.,

terminal

=1(2.0Q)+12V=(0625A)(2.0Q)+12V =|133V

25. From Example 19-8, we have [ =-0.87A I, =26A I, =1.7A . If another significant figure had

beeg kept, the values would be / =-0.858A, 7, =7.58A L, =173 A . We use those results.
{(a) To find the potential difference between points a and d, start at point a and add each individual
potential difference until reaching point d. The simplest way to do this is along the top branch.
V,=V, =V =-I(30Q)=-(0.858 A)(30Q)=|-257V

Slight differences will be obtained in the final answer depending on the branch used, due to
rounding. For example, using the bottom branch, we get the following.
Ve=V, -V, =&~-1,(21Q) =80V —(2.58A}(21Q)=-258V
{(b) For the 80-V battery, the terminal voltage is the potential difference from point g to point e. For
the 45-V battery, the terminal voltage is the potential difference from point d to point b.

80V battery: V. =&—1r=80V—(258A)(1.0Q)=|77.4V

=E,-Lr=45V-{1.73A)(1.0Q) =433V

45V battery: 7,

terminal

26. To find the potential difference between points a and b, the current must be found from Kirchhoff's
loop law. Start at point a and go counterclockwise around the entire circuit, taking the current to be

counterclockwise.

&
~IR+&—-IR—-IR+&E-IR=0 — J:E

£
Vo =V, ~V, =R+ &E~IR=E-2UR=E=2—R=|0V

27. Because there are no resistors in the bottom branch, it is possible to write Kirchhoff loop equations
that only have one current term, making them easier to solve. To find the current through R , go

around the outer loop counterclockwise, starting at the lower left corner.
V. +V, _ 6.0V+9.0V _[068A . oh

1 20

To find the current through R, go around the lower loop counterclockwise, starting at the lower left

K”11R1+g/1:0 - [1:

COTney.
v, 60V
VLR =0 — I,=—=———=|040A,left
C PR, 150
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28. There are three currents involved, and so there must be three independent equations to determine
those three currents. One comes from Kirchhoff’s junction rule applied to the junction of the three
branches on the left of the circuit. -

I=1 +1, 9.0V), <]

_ o e A AN
Another equation comes from Kirchhoff’s loop rule applied to 120 220
the outer loop, starting at the lower left corner, and
progressing counterclockwise. 8
f\/\}f\

~[{12Q)+6.0V~1, (20)-1 (129)+9.0V=0 — 150"

15=0321 +1.21, | Sy 60V
The final equation comes from Kirchhoff’s loop rule applied ;"fz"gﬁ

to the bottom loop, starting at the lower left corner, and
progressing counterclockwise.

~1(129)+60V+1,(15Q)=0 — 6=-151, +12],

Substitute /, =7, +/, into the top loop equation, so that there are two equations with two unknowns.
15=2320 +1.21, =232(1, +1,)+121, = 2321, + 2441, ; 6=-15, +1.21,

Solve the bottom loop equation for I, and substitute into the top loop equation, resulting in an

equation with only one unknown, which can be solved.
~6+1.21,

6=—151,+121, — I = >

( —6+1.27,
15=23.21, +24.41, = 23.?.(—;;- J +2441 > 225=-138+27.841, +3661, —

363 -6+1.21, —6+12(0.9217)
I=———=09217A ; I, = 1z =-03263A ~|033 A, left
' 393.84 : 15 15
L=1,+1,=05954A ~[0.60 A, left |

There are three currents involved, and so there must be three independent —
equations to determine those three currents. One comes from Kirchhoffs ;
junction rule applied to the junction of the three branches on the right of £

the circuit. R,
L=5+I, — I =1-1, AN
Another equation comes from Kirchhoffs loop rule applied to the top loop, 1
starting at the negative terminal of the battery and progressing clockwise. '
E~IR-LR =0 — 9=25] +18/, T4 ng
The final equation comes from Kirchhoff’s loop rule applied to the bottom

loop, starting at the negative terminal of the battery and progressing LI
counterclockwise,

E,~IR~-LR =0 — 12 =351, +181, _
Substitute 7, =/, — 1, into the top loop equation, so that there are two equations with two unknowns.
9=251,+181, =25(1, ~1,)+181, =431, =251, ; 12=35], +18],

Solve the bottom loop equation for I, and substitute into the top loop equation, resulting in an

equation with only one unknown, which can be solved.
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6.0V=1,(12Q)~1(8Q)-1,(6Q)=0 — 6=20I +61, — 3=101 +31,

The final equation comes from Kirchhoffs loop rule applied to the bottom loop, starting at the
negative terminal of the battery and pro gressing counterclockwise.

30V-1,(2Q)+1,(6.0Q)-L(10Q2)=0 — 3=—6I,+12/, — 1= -21, +41,
Substitute /, =1, +1, into the top loop equation, so that there are two equations with two unknowns.
3=107,+31, :iO([2 +f3)+3[2 =131, +10I; ; 1=-21, +41,
Solve the bottom loop equé;tion for 1, and substitute into the top loop equation, resulting in an
equation with only one unknown, which can be solved.
1=-21,+41, — jz ALl
41,
2

2
-1
3:;312+10i3:33( WHQQ — 6=52I, 134201, —
// B

19 41 —1
I,=—==02639A=026A; I =——=00278A~00284

3

Li=1+1,=0291TA=029A
The current in each resistor is as follows:
BQ: 026 A 6£:0028A 8Q:029A 100:026A 126: 029 A

32. Since there are three currents to determine, there must be three independent equations to determine
those three currents. One comes from Kirchhoff's Junction rule applied to the junction near the
negative terminal of the middle battery.

I =1+1,
Another equation comes from Kirchhoff’s loop rule applied to the top loop, starting at the negative
terminal of the middle battery, and progressing counterclockwise.

120V-7,(1.0Q)~1, (10Q)~1 (1ZQ)+IZ.OV~1’2 (1.0Q)-1 (80Q)=0 —
24=111,+211 =0
The final equation comes from Kirchhoff’s loop rule applied to the bottom loop, starting at the
negative terminal of the middle battery, and progressing clockwise.
120V-1,(1.0Q)-1,(10Q)+7,(18Q)+ 1, (1.0Q)-60V+7,(15Q) =0 —
6=111, 341, ,
Substitute J, =/, + 7, into the top loop equation, so that there are two equations with two unknowns.
24=111+ 211 =111, + 211, + 1,) =321, + 211, ; 6=111,~-341,
Solve the bottom loop equation for I, and substitute into the top loop equation, resulting in an

equation with only one unknown, which can be solved.
_ 6+34],

11
6+341,

6=111,-341, — I

2

24:32]2+2H3:32( }-%21]3 -> 264:192+1088f3+23§[3 — 72=1319I, —

72 6+341 :
I, :—1-515:@.0545%: 0.055A] ; I, = . 2=0714A=|071A] ; [ =1+, =[0.77A
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