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Figure P1.28: Circuit for Problem 1.28.
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Figure 2-10: Circuit for Example 2-3.
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1.42  For the circuit in Fig. P1.42, generate circuit diagrams
that include only those clements that have gurrent flowing
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Figure P1.42: Circuit for Problem 1.42,
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Figure P1.40: Circuit for Problem 1.40.

» The algebraic sum of the voltages around a closed loop
must always be zero. <

This statement defines Kirchhoff’s voltage law (KVL). In
equation form, KVL is given by

> u=0 (KVL), (2.11)

where N is the total number of branches in the loop and v, is
the nth voltage across the nth branch. Application of Eq. (2.11)
requires the specification of a sign convention to use with it. Of
those used in circuit analysis, the sign convention we chose to
use in this book consists of two steps.

sefor the loop in Fig. 2-12, starting at the negative terminal
of the 4V voltage source, application of Eq. (2.11) yields

XVL: —44+Vi-Vo-6+V3—Vi=0. (2.12)
Vo + b
-h
Ry A= A
RISV
+ +
R :: 16
4V -
+ V4 -
VAR
Ry

Figure 2-12: One-loop circuit.




Table 2-4: Equally valid, multiple statements of
Kirchhoff’s Current Law (KCL) and Kirchhoff’s Voltage
Law (KVL).

KCL/KVL Solution Recipe

e Use KCL, KVL. and Ohm’s law to develop as
many independent equations as the number of
(a) Write as many KVL loop equations as you can,
picking up at least one additional cireuit element
for each loop. Let M be the number of such loop
equations. Exclude loops that go through current
sources.

(b) Write (N — M) KCL equations, making sure each
node picks up an additional current.

o Write the equations in standard form (see Eq. (B.2)
in Appendix B).

o Cast the standard-form equations in matrix form, as
in Egs. (B.19) and (B.20) of Appendix B.

« Apply matrix inversion to compute the values of the
circuit unknowns (Appendix B).

e Sum of all currents entering a node = 0
i =*“4"if entering: i = “—" if leaving]
KCI e Sum of all currents leaving a node = 0
o [i ==+ if leaving: i = “—"" if entering]
e Total of currents entering = Total of currents
leaving
e Sum of voltages around closed loop = 0
KVI [v = “+ if + side encountered first
. in clockwise direction]
e Total voltage rise = Total voltage drop
Ry Ry Ry
& VWA
) Ry Rs Iy

(a) Original circuit

Loop 1 Loop 2

(®) :

(b) KVL equations

The circuit contains two independent loops that do not contain
the current source fy. The associated KVL equations are:

Vot hR R+ Rl =0 (Loop 1), 4 yykoy ool

—hR3+ 3Ry + I4Rs =0 (Loop 2). “‘e‘t“ﬁﬁ'ﬂf
Alternatively, we can replace either of the two loop equations
with the KVL equation for the perimeter loop that includes both
of them, namely the loop that starts at the ground node, then
goes clockwise through Vo, Ry, R2. R4.and Rs, and back to the
ground node. Either approach leads to the same final result.

() KCL equations

‘We have two extraordinary nodes (in addition to the ground
node). We designate their voltages as shown in Fig. 2-14(bh).
With current defined as positive when entering a node, their

KCL equations are i_ - 4

h—h-5=0 (Node a), ~
> efusting
h—L+1hh=0 (Node b).

(d) Arrange equations in matrix form

(Ri+R) Ry 0 O][h Vo

W‘“‘ 0 Ry Ry Rs||h| | 0
= 1 -1 -1 0 ||hB| | O
0

0 I =1 Iy )
Mo R B
A 1 B
This is in the form 4-nKnowns
Al =B.
g =244
(e) Matrix inversion ik "A ﬁ e ql AI B

After replacing the sources and resistors with their specified
numerical values, matrix reduction, per MATLAB, MathScript,
or the procedure outlined in Appendix B-2, leads to

I = 1L1A, I =09A,
3 =02A, Iy =1A,.
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(b) After assigning currents at nodes 1 and 2

In terms of the labeled voltages. application of KVL around
the two loops gives

124 V4 +Vi+Va4+24=0, (KVL for Loop 1)
(2.14a)

Vi—Va—V;=0. (KVL for Loop 2)
(2.14b)

Using Ohm’s law for the four resistors, the two KVL equations
become

—=1243h+2hL+4h+24 =0, (KVL for Loop 1)
(2.15a)

613 —41, — 21, = 0. (KVL for Loop 2)
(2.15b)

In terms of the labeled voltages. application of KVL around
the two loops gives

~124 V4 Vi 4+ V24+24=0,  (KVLfor Loop 1)
3 (2.142)
Vi—Va—Vi=0. (KVLfor Loop 2)

(2.14b)

Using Ohm’s law for the four resistors, the two KVL equations
become

—1243h+2h +4h+24=0,  (KVL for Loop 1) 3 wnKnownd

(2.15a)

613 -4l =25 =0. (KVLfor Loop2) L2 aﬁud-ims
(2.15b)

The two simultancous equations contain three unknowns,
namely Iy to 5. A third equation is supplied by KCL at node |

ornode 2 | At .a_z 3

h=h+h (KCL@ nodelor2) @.16)

Equations (2.15a), (2.15b), and (2.16) constitute 3 eq
3 unknowns. We for I 10 Jy cither by the s
‘method or by matrix inversion (Appendix B). To apply the I
we need 1o cast the three equations in standard form:

W6k =12, 7 wnknewns

—6ly + 613 =0, 3 ~
= h— B=0. ﬁ md

3, +6I =-12,
—65 + 613 =0,
h— hLh— L=0.

A\ _[260 ][
In matrix form: i [;;‘) = [?-—4; S] ];::}

36 07[h —12
066 ||L|=] 0
1—-1-1]||h 0

Matrix inversion, as outlined in Appendix B, leads to

I =-2A, L =-1A, L=—-1A.
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