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1. Find the currents and voltages in the g L, 3
circuit. s ,
We apply Ohm’s law and Kirchhoff’s laws. By Ohm’s law. -
v = 8ij, v = 3iz v3 = 6i3 (2.8.1) by +
'V (= v 3Q v
Since the voltage and current of each resistor are related by Ohm’s 0% <‘> i% i % a8
law as shown, we are really looking for three things: (v, va, v3) or
(i1, i2, i3). Atnode a. KCL gives
i1—ih—i3=0 (2.8.2) ) - -
) . I as expected since the two resistors are in parallel. We express vy and v,
Applying KVL to loop 1 as in Fig. 2.27(b). in terms of iy and i3 as in Eq. (2.8.1). Equation (2.8.4) becomes
-30+4+vi+v2=0 ) ) ) iy
We express this in ferms of iy and 1> as in Fq. (2.8.1) to abrain = = B=7 (283)
—30+ 8 +3>=0 Substituting Eqs. (2.8.3) and (2.8.5) into (2.8.2) gives
i 0-3 . _b_,
(30 — 347) & i -
i1= % 283) or i; = 2 A. From the value of 75. we now uss Eqs. (2.8.1) to (2.8.5) to
: ) obtain
Applving KVL 1o loop 2.
Ih=3A iy =1A, v =24V, v, =6V, =6V
—m 4w =0 = M =1 (2.84)
2. Calculate the equivalent resistance Ry, in the 0o . 19 45 10
. . a o—\WW, VWA AW
circult 6Q
The 3-02 and 6-L2 resistors are in parallel because they are connected 0 R, i ) )
) i 3 £ . - —_— 3£2§ %4&2 5Q
the same two nodes ¢ and b. Their combined resistance is
ixo
IQI6Q="—"—=20 (2.10.1) 12Q
346 b o
b b

Similarly, the 12-Q and 4-€2 resistors are in parallel since they are con-

i Thus, we replace the circuit in Fig. 2.38(a) with that in Fig. 2.38(b). In
nected to the same two nodes 4 and ». Hence s c i Z3840) . 2.381%)

Fig. 2.38(b). we combine the 2-Q and 3-£ resistors in parallel to get

4 12 x 4 » o . Bine 3 )
RQ4Q=577=38 (2.10.2) 2@30=55 =120
With these three combinations. we canreplace the circuit inFig. 2.37 wit This 1.2-€ resistor is in series with the 10-£2 resistor. so that
tharin Fig 2.38(a). In Fig. 2.38(a), 3-Q21n parallzl with 6-£2 gives 2-Q. 2 Ryp=10+12=1120Q
calculatedin Eq. (2.10.1). This 2-£2 equivalent resistance is now in seric
with the 1-£2 resistance to give a combined resistance of 1 24+2 Q2 =3¢
3. Determine the voltages at the nodes in the m
circuit.
Atnode 1, Z*‘", 2Q 2 8L
S 5 e = U — U3 vy — U2 1 l\/\/\/\/ '\/\N\/ 3
a=n+1, — _ﬂ:T—f— 3
Mulriplying by 4 and rearranging rerms. we gef .
3 —2n—v;=12 (3.2.1) \
5
At node 2. 0
. ARHE vp—ty m—v3 -V
g ==k I > — —_—
i 1+ : 3 3 * 1 —
e ; Atnode 3,
Multiplying by & and rearranging terms. we get tiode . "
i o - - 2uvi—wn

—4uy T —13=0 (3.22 L = T s - 2

Multiplying by 8. rearranging terms. and dividing by 3. we get

2u1 =3 +vs=0 (323)
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P.. For the circuit in Fig. 3, find iy to i, using
mesh analysis.
KVL to the larger supermesh.

2i1 F4iz +8(ia —ia) + 6i2=0

or
i1 +3i+61;—4i, =0 (.7.1)
For e independent current source, we applv KCL 1o node P
=i +5 (3.72)
For the dependent current source. we apply KCL to node Q:
i» = i3 + 3i,
Buti, = —i4. hence,
ir =13 — iy (3.73)
Applymng KVI. i mesh 4.
200+ 83, —i3) +10=0
or
Sig — iz = -5 (3.7.4)

5. By inspection, write the mesh-current
equations for the circuit.

We have five meshes, so the resistance mairix is 5 by 5. The diagonal
lertus, i oluns, are:

Ri=54+242=9, Ryn=2+4414142=10

R_13:2+3——4:9. R4_121+3+4:‘3. R5521—3:—
The off-diagonal terms are:
Ry = -2, Ryj3 =-2, Riy=0=Rys
Ry = -2, Ry = —4, Rys=-1 Rys = —1
Ry = -2, Ry = —14, Ryy =0=Rs;
R4] =0, R43 = -1, R4_; =0, R4.5 = -3
Hf] =), f\’_r,: = =1, R‘-"; =), f\’§4 = —1

The input voltage vector v has the following terms in volts:

1v=10—-4=6
vg = 0,

v = 4,

v =—124 6 = —6, v; = —6

6. Find the Thevenin equivalent of the circuit.

Applying mesh analysis to loop 1 in the circuitin Fig. 4.32(a) results
n
—2u, +2(i1 —i2) =0 or Uy =1i1— Iz

But —4iy = v, = i1 — i2; hence,

i1 = =30 (4.9.1)

For loops 2 and 3. applying KVL produces
4ix +2(ir — i1) + 6(ia —i3) =0 (4.9.2)
6(i3—i)+2i3+1=0 (4.9.3)

Solving these equations gives
iz=——A
6
But i, = —i3 = 1/6 A. IIencee,

v
fo
To get Vy,. we find v, in the circuit of Fig_ 4.32(b). Applyving mesh

analysis. we ge

Ry, 6

—_ N —

6Q

From Eqs. (3.7.1) to (3.7.4).

Ii =—7.5.4A,

From this. we can obtain mesh currents iy, iy, i, i4. and is.

or

9 -2 -
2 10

-2 —4
0 -1

|_0—1

2w

-:J" 2
1 5::3
[
]

01 i3
—3 s
4 I_rj

o b
h=5 (49.4)
—2v,+2(i3—i2) =0 = vy =i3—i2 (4.9.5)
A(ir —i1) +2(i2— 1) +6i2=0
12iy —4i; —2i3=0 (4.9.6)

But 4(i; — i) = v,. Solving these equations leads to i» = 10/3. Hence,

VIn = v = 6i2 =20V

The Thevenin equivalent is as shown in Fig. 4.33.
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7. For the circuit, find i, when vs =12 V and v;
=24 V. 20 g8Q
Applying KVL to the two loops. we obtain ANV ANV
12iy — 43 + v =0 * i ;
2]
—4iy + 16i5 — 3v, — vy, =
L , dii M 4Q
But v, = 2i;. Equation (4.1.2) becomes
—10i; 4 16i, — v, = 0 . _ 4 Q
1 24 5 6 Q I] ’2
Adding Eqs. (4.1.1) and (4.1.3) yields ,
2iy+12i,b=0 — iy = —6iy Vs (;.) 2
IV,
Substituting this in Eq. (4.1.1). we get .
—75{'3 +uv, =0 — i:g = ol
76
When v, = 12V, When v, — 24V,
c o R =
I‘,:Q:%A ';rJ=';:=:76"{
showing that when the source valuz is doubled. i, doubles.
8. Use the superposition theorem to find v in 8 Q
the circuit. MW
Since there are two sources. let =
=1y + 0 p
[ sv @ 103y @sa
where uy and 1, are the conrributions dne to the 6-V valtage sonrce and| _ *
12iy —6 =0 — i =05A
Thus,
vy =4i; =2V Hence.
4 %
t51=4+?§|6]=-\ 1'3:4!._128\_
To get v5. we set the voltage source to zero. as in Fig. 4.7(b). Using ] {
current division. And we find
8 v=uv4+m1=248=10V
i3=——(3)=2A
448
9. For the circuit, use the superposition 24V ¢
theorem to find i. ©—ww
In this case. we have three sources. Let
4Q 4Q
i =iy +ir+i; MWV I\/\/\/\'
> i
N J :
6
To get iy, consider the circuit in Fig. 4.13(b). Applying mesh analysis. 127V t) § 3Q C’) 3A
16i, — 4ip +24 =10 = 4i, —ip =—6 (4.5.1)
Tip —di, =0 o = ;r‘;, (452)
Substituting Eq. (4.5.2) into Eq. (4.5.1) gives Substituting Eq. (4.5.4) into Eq. (4.5.3) leads to v; = 3 and
i =ip=-—1 {lel—lzlA
To get iz, consider the cienit in Fig. 1.13(c). Using nodal analysis. 3
3= % i 1 U — 4=3m In 453) (hus,
m—vy v W 10 =i +i+i3=2—-14+1=2A
=— 4 — = vy =—t [EER)]

4 4 3 3
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P10. Use source transformation to find v, in the 20 30
circuit AN

Solution: 410 3A (D 83y, 12V

zAGD sg SQ v, \351 @ -

We nse enrrent drvision in Fig. 4.18(c) to 2ef

i=——(2)=04
248

and

Allermatively. since (he 8- and 2-Q resistors in Fig. 4.18(c) are in
parallel. they have the sama voltage 1, across tham. Henca.

R 2

= (8 || Q2A) = 2 2@y =32V
o — et N * A 1[] i — . -

.............................................................................. With my best wishes&
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