Section 2.4 Kirchhoifs Laws

2.8 Desipn a problem, complete with a solution. to help
e other smdents better understand Kirchhoff's Cument
Law. Design the problem by speafinns values of 1,
iy, and f,, showmn o Fig. 2.72, and asking them to
solve for values of i), #;, and ;. Be careful specify
realisiic curents.
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Figure 2.72
For Prob. 2.8

2.8 TFmdi, iy, and i; mFig. 2.73.
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Figure 2.73
Faor Prob. 2.9,

1.10 Deterymne §; and §; mn the corewnt of Fiz. 274
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Figure 2.74
For Prob. 210

2.12 b the cwomt of Fig. 2.76, obtam v, &5, and v3:
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Figure 2.76
For Prob. 2,12

2.13 For the cowowt m Fig. 2.77, use KCL to find the
branch cwnrents 1) to I.
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Figure 2.77
For Prob. 2.13.

1.14 Given the ciremit m Fiz. 2. 78, use EVL to find the
branch voltages F to Fa
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Flgure 2.78

For Prob. 2.14.



2.15 Calculate v and i, in the circemt of Fig. 2.79.
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Figure 2.79
For Prob. 2.15.

1.16 Determine ¥, in the circuit of Fig. 2.80.
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Figure 2.80
For Prob. 2.16.

117 Obtamn v, through vy m the cwewst of Fig 2 81,
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Figure 2.81
For Prob. 2.17.

218 FmdIand F,m the coremt of Fig. 2.82
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Figure 2.82
For Prob. 2. 18.

Problems

1.1% From the ciremit m Fag. 283, find [, the power

dissipated by the resistor, and the power absorbed by

each souree.
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Figure 2.83
For Prob. 2.19.

2.10 Determine i, n the ciremt of Fig 2.84.
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Figure 2.84
For Prob. 2.20.

1.11 Tind F, m the coromt of Fig: 2.85.
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Figure 2.85
For Prob 2 21

2.22 Find T, in the circwt of Fig. 2.86 and the power

dissipated by the controlled sowrce.
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Fiogure 2.86
For Prob. 2 22,



2.31 Forthe corowt in Fiz 2 .95 determine i) to is.
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Figure 2.95
For Prob. 231,

2.32 Find#, through i, in the cirewt of Fig. 2.96.
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Figure 2.96
For Prob. 232,

2.33 Obtain v and i in the curcwt of Fig. 2.97.
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Flgure 2.97
For Prob: 2.33.

1.34 Uszng senes'parallel reastance combination, find the
equivalent resistance seen by the source i the cirout

of Fig. 2.58. Find the overall dizsipated power,
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Figure 2.98
For Prob. 2 34

Froblems F b
2.35 Caleulate F, and I, in the cizewt of Fig. 2.99.
50V {*)
Figure 2.99
For Prob. 2 35
1.36 Fmdiand ¥ in the coromt of Fig. 2. 104
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v LW é % 200
Flgure 2.100
For Prob. 236,
1.37 Fmd R for the circmat m Fig. 2.101.
R 100
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Flgure 2.101
For Prob. 2.37.

2.38 Find R, and i, m the cirewt of Fag. 2.102.
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Flgure 2.10%2
For Prob. 238



™= Thapter 2 Basic Laws

2.39 Evaluate R, for each of the coowits shown in 24 441 50
Fig 2.103. AT
560 30 104
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I Figure 2.106
1kil % 1kD 12k '% For Pob. 2.42.
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Figure 2.103 2.42 Caleulate the equvalent resistance £, at terminals
For Prob. 2.39. a-b for each of the cirewits in Fig. 2.107.

2,40 For the ladder network in Fig. 2.104, find Jand R
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Figure 2.104
For Prob. 2.40.
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ao A
2.41 If R, = 501} in the circuit of Fiz. 2.105, find B |
80 (1 = |
] % ﬁl}u% W0 =300
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0o R s
300 i (o)
el Figure 2.107
2o T2 1o S
e e % z For Prob. 2.43,
Figqure 2.105
For Frob. 2.41. 2.44 For the circuit in Fig. 2. 108, obtain the equivalent
resistance at termuinals a-b.
2.41 Beduce each of the corcwts m Fizg. 2.106 o 2 single
resistor at temunals -k
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() For Prob. 244



245 Find the equrvalent resistance at termunals a-b of
each cowewt m Fig 2,109,
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Figure 2.109
Fer Prob. 2.45.

2.46 Find I'm the cocmt of Fig. 2.110.
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Figure 2.110
For Prob. 2.46.



Chapter 2, Problem 8.
Use KCL to obtain currents i1, i1, and i3 in the circuit shown in Fig. 2.72.

Chapter 2, Solution 8

| 124
A
w il
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8 Al i
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Atnode a, 8=12+4 —» ij=-44

At node c. O=8+1 —» p=1A

At node d. 0=12+13 —® iz=-3A
Chapter 1, Problem 9.

Find 4. i,.and i; inFig 2.73.
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Figure 1,73 For Prob. 2.9,
Chapter 1, Solution 9

AtA, 2+12=i —— =14

AtB, 12=i+14 —s §=-24

AtC, 14=4+1 — §=10A
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Chapter 2, Problem 10.
In the circuit in Fig. 2.67 decrease in B3 leads to a decrease of:

{a) current through R;

{b) woltage through B;

{c) wvoltage across R

{d) power dissipated in R
(e} none of the above

Chapter 2, Solution 10

l"f\
e » =
A
Atnode 1. 4+3=93 —» i=7JA
1 —» 0= -5A

Atnode 3, 1+ix=

Chapter 2, Problem 11.

In the circuit of Fig. 2.75, calculate V) and V1.
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Figure 1.75 For Prob. 2.11.
Chapter 2, Soluton 11

— =6V
—s =3

17 +1+5=0

~5+2+1, =0



Chapter I, Solution 12
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Forloopl, -20-25+10+wv; =0 —F% ;=135
Forloop2, -10+15-; =10 * =5y
For loop 3, NVNi+Va+V3 =0 * w=30v




Chapter 1, Problem 13.

For the circuit in Fig. 2.77 use KCL to find the branch currents I1 to I3,
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Figure 2.77

Chapter 2, Solution 13
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At node 2,

34741 =0 —s I,=-104
Atnode 1,

Ii+1;=2 —3 I,=2-1,=124
At node 4,

2=1,+4 —s I,=2-4=-14
At node 3,

Pel,=1; —s I;=7-2=34
Hence,

I =124, I,=-104, I,=34, I,=-24




Chapter 1, Problem 14.

Given the circuit in Fig. 278 use KVL fo find the branch voltages [ to I

Figure 2.78

Chapter 1, Solution 14

EAY “ Vi Iy Vs
- 13\, - + 2V - +
- T 1.'3 s -+ +

AV —~
N Ve 0\ v

For mesh 1.

TV, +2+5=0 —3 F,=7F

For mesh 2,

HAT, 4V, =0 —s V,=—4-T=-1IF
For mesh 3.

34V, -V, =0 — T,=V,+3=—3F
For mesh 4.

¥, -¥V,-1=0 —3 V.=-F,-1=dF
Thus,

IT.'II = _\&I.'.- r'.'-l _ IJ-IT"-_ I._r-l = _1 -”.,.r E_-r-r = _,_F.-'




Chapter 2, Problem 17.

Obtain v] through v3 in the circut in Fig. 2.78.

Chapter 2, Solution 17
Applying KVL around the entire ountside loop we get,
24+v1+10+12=00rvi=2\V

Applying KVL around the loop containing vy, the 10-volt source, and the 12-volt
source we get.

w2+ 10+ 12=00rva=-312V
Applying KVL arcund the loop containing v3 and the 10-volt source we get.

—3+ 10=0o0rvy;= 10V

Chapter 2, Problem 18,

Find I'and Vg 1n the circnit of Fig. 2.79.

Chapter 2, Solution 18
APPLYING KVL,
30 -10+8 +I(3+5)=0
8[=32 —F* I=44A

Va +51+8=0 Vi =28V



Chapter I, Problem 15.

Calculate v and 1; in the curemt of Fig. 2.79.
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Figure 2.79 For Prob. 1.15,
Chapter 21, Solution 13

Forloopl, 12+v+2=0, v=10V¥

i
-

Forloop2, —2+8+31x =0, =
Chapter 1, Problem 16.

Determine 'V, in the circuit in Fig. 2.80.
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Figure 2.80 For Prob. 2.16.
Chapter 1, Solution 16

Apply KVL,

O+(6+2)I+3=0. BI=9-3=6, I=6/8
Also.

S+6l+ V=0

Vo =09-61= 45V



Chapter 1, Problem 19.

From the circuat in Fig. 2 80, find I, the power dissipated by the resistor, and the power
supphed by each source.

Chapter 1, Solution 19

APPLYING KVL AROUND THE LOOFP. WE OBTAIN
SI2+10-(B)y+3i=0 —» i=-2A

Power dissipated by the resistor:
by =R =43) = 12

Power supplied by the sources:
prv =12 ((-2)) =24W
piov = 10 (<-2)) = 20W

pav = (-8)(-2)= 16W

Chapter 1, Problem 20.

Determine f; in the circmat of Fig. 2.81.

Chapter 1, Solution 20
APPLYING KEVL AROUND THE LOOP,

36+ 4ip+5ip=0 —» ip=4A



Chapter 1, Problem 11.
Find Vx in the circuit of Fig. 2 85,

2 Vy

15V 50 Vi

|
WY

2 L2
ATAYAY

Figure 1.85 For Prob. 1.21.

Chapter 21, Solution 21

Applymg KVL,
15+ (1453 + 2V =0
But V=3I,
-15 +81 + 101 =0, I=5/6
Vy=3I=25/6 =4167TV



Chapter I, Problem 31.

For the circuit in Fig. 2 95 determine 13 to 15
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Figure 2.95 For Prob. 2.31.

Chapter 1, Selution 31

1
=3+2//4//1=3+—— =3 5714
= 1/2+1/4+1
L B
35714
v =0.5714xi, = 6.4V. 1:=%=1_5

4 —_ 3 -

i =?=ﬁ.4ﬁ. i=L=32A f=i+i=96A



Chapter 1, Problem 31,

Find i through is 1n the circust in Fig. 2.96.

Chapter 1, Solution 31

We first combine resistors in parallel.

o= 220 1o
10x40
10]40 = 5 oo

Using current division principle,

12 q
—5 20 =8A.i; +i, =—=(20)=12A

= (@)= 32 A
i = (8) = 3.2



Chapter 2, Problem 33.

Obtain v and 7 in the circutt in Fig. 297

Chapter 2, Solution 33

Combining the conductance leads to the equivalent curcuit below
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Using current division,

1
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Chapter 1, Problem 34.

Using series/parallel resistance combination. find the equivalent resistance seen by the
source in the cirenit of Fig. 2.98. Find the overall dissipated power.
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Figure 1.98 For Prob. 1.34.

Chapter 2, Solution 34

40//(10 + 20 + 10)=20 Q.
40//(8+12 +20)=20 O

R, =20+20=400
4 122

IT=—=12/40, P=1T=—=36W
40



Chapter 1, Problem 35,

Calculate I and I; in the circuit of Fig. 2.99.

Chapter 1, Solution 35

¥ o

Combining the versions in parallel,

_ T70x30 _ ylls — 2055 _
?0||3ﬂ = 210 JJ||:1 = 40
s M

M1+4

At node a. KCL must be satisfied

f=i+li—* 06=04+1 —*L=02A

Hence vg=8V and [;=0.2A



Chapter 2, Problem 36.

Find 1 and Vg in the curcuoat of Fig. 2.100.
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Figure 1.100 For Prob. 1.26.

Chapter 1, Solution 36

20//(30+50) =16, 24 + 16=40, 60//20 = 15
R, =10+(15+25)/40=10+20=30
¥

o % b gy

R, 30
If 11 15 the current through the 24-L) resistor and 15 15 the corrent through the 50-0)
resistor, using current division gives
;
= i=025%A, 1 20
40+ 40

v, =30i, =30x0.05=15V

.= =005 A
20+80 '

I



Chapter 2, Problem 37.

Find R for the circmt in Fag. 2.101.
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Figure 2,101 For Prob. 2.37.

Chapter 2, Solution 37

Applymng KVL,
-20+10+10I-30=0, I=4

10=RI —— BR=




Chapter 1, Problem 35.

Find Raq and 1o in the circoit of Fig. 2.102.
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Figure 2.102 For Prob. 2.38
Chapter 1, Soluton 38

204780 =80x20/100=16. 6/12=6x12/18=4
The circuit 1= reduced to that shown below.

yi 80 02

L

50 10
— WA A

% 150 Elﬁﬂ

Raq

(4 +16)//60=20x60/80=15
R, =15/113+5=12.50




Chapter 2, Problem 39.

Evaluate Req for each of the circuits shown in Fig. 2.103.
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Figure 1.103 For Prob. 2.29.
Chapter 2, Solution 39
{a) We note that the top 2k-ohm resistor 1s actually in parallel with the first 1k-chm
resistor. This can be replaced (2/3)k-ohm reststor. This 1s now in series with the second
2k-ohm resistor which produces a 2.667k-ohm resistor which 15 now in parallel with the
second lk-ohm resistor. This now leads to.
Reqg =[(1x2.667)/3.667]k =727.3 L.
{(b) We note that the two 12k-ohm resistors are in parallel producing a 6k-ohm resistor.
This is 1n series with the 6k-ohm resistor which results mn a 12k-ohm resistor which 15 1n
parallel with the 4k-ohm resistor producing,
Rog = [(4x12)/16]k =3 kQ2.
Chapter 2, Problem 40.
For the ladder network 1n Fig. 2.104. find T and R

Chapter 2, Solution 40

REQ = 3:—4"(2+ﬁ|3}=3+2=ﬂ
_ A A9
Req 5

W




Chapter I, Problem 41.

If Reqg = 50 £2 1n the circuat 1n Fig. 2.105, find R.

Chapter 21, Solution 41

Let Ry = combination of three 1203 resistors in parallel

R,, =30+60[10+R, +R)=30+60(14+R)

60(14+R)
T4+ R

30 =30+ —* T4+R=42+3R

or E=1602

Chapter 1, Problem 42.

Reduce each of the circuits in Fig. 2.106 to a single resistor at termunals a-b.

Chapter I, Soluton 41

o ¥
(1) Ra=3 2

(8+20[30) = jH{s +12) =

(B) Rip= 2+4||{i+3}||3+j"1ﬂ"¢=2+4||4+5||1-ES?= 1:74+18181= 58180



Chapter I, Problem 43

Calculate the equivalent resistance Rgp at termunals a-b for each of the circpits in
Fig 2. 107.

Chapter 1, Solution 43

5x20 400
(a) Rap=3520+10040= "2+ —44+8=120
25 50
-]
1 AY 80
sol2olz0 = [—+—+—|' B F "y
®) " " 60 20 30) 5

=
80+ 20 _ 16

Ry = 80J(10+10) =



