
Problems 2–13

Hence any combination of v1 and v2 such that v1 + v2 = −4V is a valid
solution.

P 2.6 [a] Because both current sources are in the same branch of the circuit, their
values must be the same. Therefore,

v1

50
= 0.4 → v1 = 0.4(50) = 20 V

[b] p = v1(0.4) = (20)(0.4) = 8 W (absorbed)

P 2.7 [a] The voltage drop from the top node to the bottom node in this circuit
must be the same for every path from the top to the bottom. Therefore,
the voltages of the two voltage sources are equal:

−αi∆ = 6

Also, the current i∆ is in the same branch as the 15 mA current source,
but in the opposite direction, so

i∆ = −0.015

Substituting,

−α(−0.015) = 6 → α =
6

0.015
= 400

The interconnection is valid if α = 400 V/A.

[b] The voltage across the current source must equal the voltage across the 6
V source, since both are connected between the top and bottom nodes.
Using the passive sign convention,

p = vi = (6)(0.015) = 0.09 = 90 mW

[c] Since the power is positive, the current source is absorbing power.

P 2.8 [a] Yes, each of the voltage sources can carry the current required by the
interconnection, and each of the current sources can carry the voltage
drop required by the interconnection. (Note that i1 = 50 mA.)

[b] No, because the voltage drop between the top terminal and the bottom
terminal cannot be determined. For example, define v1, v2, and v3 as
shown:
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2–18 CHAPTER 2. Circuit Elements

[d] p4Ω = i2g(4) = 6.25(4) = 25 W

p20Ω = i2a(20) = (4)(20) = 80 W

p80Ω = i2b(80) = 0.25(80) = 20 W

[e] p50V (delivered) = 50ig = 125 W
Check:
∑

Pdis = 25 + 80 + 20 = 125W
∑

Pdel = 125W

P 2.19

[a] Write a KCL equation at the top node:

−1.5 + i1 + i2 = 0 so i1 + i2 = 1.5

Write a KVL equation around the right loop:

−v1 + v2 + v3 = 0

From Ohm’s law,

v1 = 100i1, v2 = 150i2, v3 = 250i2

Substituting,

−100i1 + 150i2 + 250i2 = 0 so − 100i1 + 400i2 = 0

Solving the two equations for i1 and i2 simultaneously,

i1 = 1.2A and i2 = 0.3A

[b] Write a KVL equation clockwise around the left loop:

−vo + v1 = 0 but v1 = 100i1 = 100(1.2) = 120V

So vo = v1 = 120V

[c] Calculate power using p = vi for the source and p = Ri2 for the resistors:

psource = −vo(1.5) = −(120)(1.5) = −180W

p100Ω = 1.22(100) = 144W

p150Ω = 0.32(150) = 13.5W

p250Ω = 0.32(250) = 22.5W
∑

Pdev = 180W
∑

Pabs = 144 + 13.5 + 22.5 = 180W
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Problems 2–19

P 2.20 Label the unknown resistor voltages and currents:

[a] ia =
3.5

175
= 0.02A (Ohm’s law)

i1 = ia = 0.02A (KCL)

[b] vb = 200i1 = 200(0.02) = 4V (Ohm’s law)

−v1 + vb + 3.5 = 0 so v1 = 3.5 + vb = 3.5 + 4 = 7.5V (KVL)

[c] va = 0.05(50) = 2.5V (Ohm’s law)

−vg + va + v1 = 0 so vg = va + v1 = 2.5 + 7.5 = 10V (KVL)

[d] pg = vg(0.05) = 10(0.05) = 0.5W

P 2.21 [a] Use KVL for the right loop to calculate the voltage drop across the
right-hand branch vo. This is also the voltage drop across the middle
branch, so once vo is known, use Ohm’s law to calculate io:

vo = 1000ia + 4000ia + 3000ia = 8000ia = 8000(0.002) = 16 V

16 = 2000io

io =
16

2000
= 8 mA

[b] KCL at the top node: ig = ia + io = 0.002 + 0.008 = 0.010 A = 10 mA.

[c] The voltage drop across the source is v0, seen by writing a KVL equation
for the left loop. Thus,
pg = −voig = −(16)(0.01) = −0.160 W = −160 mW.
Thus the source delivers 160 mW.

P 2.22 [a]

v2 = 150 − 50(1) = 100V
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Problems 2–21

Ohm’s law for 500Ω resistor: i4 = v4/500 = 20/500 = 0.04 = 40 mA
KCL for right node:
i3 + iR = i4 → iR = i4 − i3 = 0.04 − 0.01 = 0.03 = 30 mA
KVL for outer loop:
−80 + vR + v4 = 0 → vR = 80 − v4 = 80 − 20 = 60 V
Therefore,

R =
vR

iR
=

60

0.03
= 2000 = 2 kΩ

P 2.24 [a]

va = (5 + 10)(4) = 60V
−240 + va + vb = 0 so vb = 240 − va = 240 − 60 = 180V
ie = vb/(14 + 6) = 180/20 = 9A
id = ie − 4 = 9 − 4 = 5A
vc = 4id + vb = 4(5) + 180 = 200V
ic = vc/10 = 200/10 = 20A
vd = 240 − vc = 240 − 200 = 40V
ia = id + ic = 5 + 20 = 25A
R = vd/ia = 40/25 = 1.6Ω

[b] ig = ia + 4 = 25 + 4 = 29 A
pg (supplied) = (240)(29) = 6960 W

P 2.25 [a]

icd = 80/16 = 5A

vac = 125 − 80 = 45 so iac = 45/15 = 3A
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2–22 CHAPTER 2. Circuit Elements

iac + ibc = icd so ibc = 5 − 3 = 2A

vab = 15iac − 5ibc = 15(3) − 5(2) = 35V so iab = 35/7 = 5A

ibd = iab − ibc = 5 − 2 = 3A

Calculate the power dissipated by the resistors using the equation
pR = Ri2R:

p7Ω = (7)(5)2 = 175W p30Ω = (30)(3)2 = 270W

p15Ω = (15)(3)2 = 135W p16Ω = (16)(5)2 = 400W

p5Ω = (5)(2)2 = 20W

[b] Calculate the current through the voltage source:

iad = −iab − iac = −5 − 3 = −8A

Now that we have both the voltage and the current for the source, we can
calculate the power supplied by the source:

pg = 125(−8) = −1000W thus pg (supplied) = 1000W

[c]
∑

Pdis = 175 + 270 + 135 + 400 + 20 = 1000W

Therefore,
∑

Psupp =
∑

Pdis

P 2.26 [a]

v2 = 100 + 4(15) = 160V; v1 = 160 − (9 + 11 + 10)(2) = 100V

i1 =
v1

4 + 16
=

100

20
= 5A; i3 = i1 − 2 = 5 − 2 = 3A

vg = v1 + 30i3 = 100 + 30(3) = 190V

i4 = 2 + 4 = 6A

ig = −i4 − i3 = −6 − 3 = −9A
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Problems 2–23

[b] Calculate power using the formula p = Ri2:

p9 Ω = (9)(2)2 = 36W; p11Ω = (11)(2)2 = 44W

p10 Ω = (10)(2)2 = 40W; p5 Ω = (5)(6)2 = 180W

p30 Ω = (30)(3)2 = 270W; p4 Ω = (4)(5)2 = 100W

p16 Ω = (16)(5)2 = 400W; p15 Ω = (15)(4)2 = 240W

[c] vg = 190V

[d] Sum the power dissipated by the resistors:
∑

pdiss = 36 + 44 + 40 + 180 + 270 + 100 + 400 + 240 = 1310W

The power associated with the sources is

pvolt−source = (100)(4) = 400W

pcurr−source = vgig = (190)(−9) = −1710W

Thus the total power dissipated is 1310 + 400 = 1710 W and the total
power developed is 1710 W, so the power balances.

P 2.27 [a] Start by calculating the voltage drops due to the currents i1 and i2. Then
use KVL to calculate the voltage drop across and 35Ω resistor, and
Ohm’s law to find the current in the 35Ω resistor. Finally, KCL at each
of the middle three nodes yields the currents in the two sources and the
current in the middle 2Ω resistor. These calculations are summarized in
the figure below:

p147(top) = −(147)(28) = −4116 W

p147(bottom) = −(147)(21) = −3087 W

Therefore the top source supplies 4116 W of power and the bottom
source supplies 3087 W of power.

[b]
∑

Pdis = (28)2(1) + (7)2(2) + (21)2(1) + (21)2(5) + (14)2(10) + (7)2(35)

= 784 + 98 + 441 + 2205 + 1960 + 1715 = 7203 W
∑

Psup = 4116 + 3087 = 7203 W

Therefore,
∑

Pdis =
∑

Psup = 7203 W
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2–24 CHAPTER 2. Circuit Elements

P 2.28 [a] Plot the v − i characteristic

From the plot:

R =
∆v

∆i
=

(130 − 50)

(10 − 0)
= 8Ω

When it = 0, vt = 50 V; therefore the ideal voltage source has a voltage
of 50 V.

[b]

When vt = 0, it =
−50

8
= −6.25A

Note that this result can also be obtained by extrapolating the v − i
characteristic to vt = 0.

P 2.29 [a] Plot the v—i characteristic:
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Problems 2–25

From the plot:

R =
∆v

∆i
=

(180 − 100)

(16 − 0)
= 5Ω

When it = 0, vt = 100 V; therefore the ideal current source must have a
current of 100/5 = 20 A

[b] We attach a 20Ω resistor to the device model developed in part (a):

Write a KCL equation at the top node:

20 + it = i1

Write a KVL equation for the right loop, in the direction of the two
currents, using Ohm’s law:

5i1 + 20it = 0

Combining the two equations and solving,

5(20 + it) + 20it = 0 so 25it = −100; thus it = −4A

Now calculate the power dissipated by the resistor:

p20 Ω = 20i2t = 20(−4)2 = 320W

P 2.30 [a]
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2–30 CHAPTER 2. Circuit Elements

v1

2
= 2000io + 6000io = 8000io (KVL)

Thus,

io =
v1/2

8000
=

40/2

8000
= 0.0025 = 2.5mA

Calculate the power for all components:

p10mA = −(0.01)v1 = −(0.01)(40) = −0.4W

pd.s. = −(v1/2)io = −(40/2)(2.5 × 10−3) = −0.05W

p4k =
v2

1

4000
=

402

4000
= 0.4W

p2k = 2000i2o = 2000(2.5 × 10−3)2 = 0.0125W

p6k = 6000i2o = 6000(2.5 × 10−3)2 = 0.0375W

Therefore,

ptotal = −0.4 − 0.05 + 0.4 + 0.0125 + 0.0375 = 0

Thus the power in the circuit balances.

P 2.35 [a] io = 0 because no current can exist in a single conductor connecting two
parts of a circuit.

[b]

18 = (12 + 6)ig ig = 1 A

v∆ = 6ig = 6V v∆/2 = 3 A

10i1 = 5i2, so i1 + 2i1 = −3 A; therefore, i1 = −1 A

[c] i2 = 2i1 = −2 A.
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Problems 2–31

P 2.36 [a] −50 − 20iσ + 18i∆ = 0

−18i∆ + 5iσ + 40iσ = 0 so 18i∆ = 45iσ

Therefore, − 50 − 20iσ + 45iσ = 0, so iσ = 2A

18i∆ = 45iσ = 90; so i∆ = 5A

vo = 40iσ = 80V

[b] ig = current out of the positive terminal of the 50 V source
vd = voltage drop across the 8i∆ source

ig = i∆ + iσ + 8i∆ = 9i∆ + iσ = 47A

vd = 80 − 20 = 60V

∑

Pgen = 50ig + 20iσig = 50(47) + 20(2)(47) = 4230 W
∑

Pdiss = 18i2∆ + 5iσ(ig − i∆) + 40i2σ + 8i∆vd + 8i∆(20)

= (18)(25) + 10(47 − 5) + 4(40) + 40(60) + 40(20)

= 4230 W; Therefore,
∑

Pgen =
∑

Pdiss = 4230 W

P 2.37 40i2 +
5

40
+

5

10
= 0; i2 = −15.625 mA

v1 = 80i2 = −1.25 V

25i1 +
(−1.25)

20
+ (−0.015625) = 0; i1 = 3.125 mA

vg = 60i1 + 260i1 = 320i1

Therefore, vg = 1 V.

P 2.38 iE − iB − iC = 0

iC = βiB therefore iE = (1 + β)iB

i2 = −iB + i1

Vo + iERE − (i1 − iB)R2 = 0

−i1R1 + VCC − (i1 − iB)R2 = 0 or i1 =
VCC + iBR2

R1 + R2
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