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(b) KVL equations

The circuit contains two independent loops that do not contain

the current source [y. The associated KVL equations are:

Vot IR H DR R =0 (Loop 1) 4 kgl

—DR3+ Ry + IyRs =0 (Loop 2). ""f“ﬂh\"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, Ra. 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 . 4
h—hLh-hKkh=0 (Node a), -~
>edushons
Ih—1ly+1lp=0 (Node b).

=

(d) Arrange equations in matrix form

< [tRi+Ry Ry 0 07Th Vo
‘3"‘5‘“’“ 1015 0 —Ry Ry Rs||h| |0
1 -1 -1 0 L |0
0 0o 1 —i||n —Iy
v —_— —
A I B
This is in the form A4-Unknowns
Al =B.
ilg =244 g
(e) Matrix inversion I= —A ﬁ

14]
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

Lh=11A, L=09A,
=024, Ii=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 +Vi4+Vp4+24=0, (KVL for Loop 1)
(2.14a)

Vi—Vo—-V,=0. (KVL for Loop 2)
(2.14b)

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

—12430L1 + 21 +41 +24 =0, (KVL for Loop 1)
(2.15a)

613 —4l — 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

—6l2 + 615 =0, 3 ~
fi= h= h=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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(a) Given circuit
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Figure 2-24: This is an unrealizable circuit unless all
voltage sources have identical voltages and polarities: that is,
Vi=Va=W.
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Figure 2-25: Adding current sources connected in parallel.
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Figure 2-26: Circuit of Example 2-10.
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Figure 2-27: Circuits of Example 2-11.
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Exercise 2-7: Apply resistance combining to simplify the
circuit of Fig. E2.7 in order to find /. All resistor values
are in ohms.

Figure E2.7

Answer: [ =5A. (See CAD)

Source Transformation

External
circuit

External
circuit

Current source
G=tsfRy
Ry =Ry
(b)

Figure 2-29; Realistic voltage and current sources connected
10 an external cireuit. Equivalence requires that s = ve/Ry and
Ra=Ry.
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Exercise 2-8: Apply source transformation to the circuit
in Fig. E2.8 to find /.
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Figure 2-32: No two resistors of this circuit share the same
current (connected in series) or voltage (connected in parallel).
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Figure 2-31: Circuit evolution for Example 2-14,
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Figure 2-33: Y-A equivalent circuits.

2-4.1 A =Y Transformation

Solution of the preceding set of equations provides the
following expressions for Ry, R, and R3:

RC RyR.

\ Ri=——— (2.42a)
W 'S Ret Ryt R

1}

b Ra ppo o Reke
Ry, + Ry + R,
R, R
R 22k (2.42¢)

= Ra+ Ry +R.

2-4.2 Y— A Transformation

When applied in the reverse direction, from Y to A, the
associated transformation relations are given by the following
expressions.

Kc, 7, = k= Raks Bk (2.432)
q:’w Ry
Ry = Dot Raks + Bi Ry (2.43b)
Ry, R Re
R.— RIRZERRo RS RiIRs (2.43¢)

R3
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Figure 2-35: Example 2-15 circuit evolution.




