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Answer the Following Questions:

1. The numerical values for the currents and voltages in the circuit shown in Figure (1) are
given in Table (1). Find the total power developed in the circuit.

Figure (1)

Table (1)
Element Voltage (V) Current (mA)

40
—24
—16
—380
40
f 120
- We use the passive sign convention to determine whether the power equation

. is p = vi or p = —wi and substitute into the power equation the values for v
and 7, as shown below:

Pa —Uala = —(40)(—4 x 1073) = 160 mW
Do vptp = (—24)(—4 x 1073) = 96 mW

Pe —veie = —(—16)(4 x 1073) = 64 mW
—vgig = —(—80)(=1.5 x 107*) = =120 mW
Pe Veie = (40)(2.5 x 1073) = 100 mW

Pr veip = (120)(—2.5 x 107?) = —300 mW
- Remember that if the power is positive, the circuit element is absorbing
power, whereas is the power is negative, the circuit element is developing
- power. We can add the positive powers together and the negative powers
- together — if the power balances, these power sums should be equal:

3" Piev =120 + 300 = 420 mW;

3" Paps = 160 + 96 + 64 4+ 100 = 420 mW
* Thus, the power balances and the total power absorbed in the circuit is 420
. mW.
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2. The numerical values for the currents and voltages in the circuit in Figure (2) are given in
Table (2). Find the total power developed and the total power absorbed in the circuit.

Figure (2)

Table (2)
Element Voltage (V) Current (A)
46.16 6.0
14.16 4.72
—32.0 —6.4
22.0 1.28
—33. —1.68
66.0 0.4
2.56 1.28
—0.4 0.4
From the diagram and the table we have
Pa —Vala = —(46.16)(6) = —276.96 W
Po vpip = (14.16)(4.72) = 66.8352 W
Pe Veie = (—32)(—6.4) = 204.8 W
Pa —vgiq = —(22)(1.28) = —28.16 W
Pe Veie = (—33.6)(—1.68) = 56.448 W
Dt veip = (66)(0.4) = 26.4 W
Pg Vglg = (2.56)(1.28) = 3.2768 W
P —vpin = —(—0.4)(0.4) = 0.16 W
S P = 276.96 + 28.16 = 305.12 W
> Pus = 66.8352 + 204.8 + 56.448 + 26.4 + 3.2768 + 0.16 = 357.92 W
Therefore, » Pael # Y _ Pabs
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3. The voltage and power values for each of the elements shown in Fig. 3 are given in Table
3.
a) Show that the interconnection of the elements satisfies the power check.
b) Find the value of the current through each of the elements using the values of power
and voltage and the current directions shown in the figure.
. /‘h + m

b -

Figure (3)
Table (3)

Element Power (kW) Voltage (V)

a 0.6 supplied 400

b 0.05 supplied —100
C (.4 absorbed 200
0.6 supplied 300
(.1 absorbed —200
2.0 absorbed 500

[.25 supplied =500
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[a] Remember that if the circuit element is absorbing power, the power is
positive, whereas if the circuit element is supplying power, the power is
negative. We can add the positive powers together and the negative
powers together — if the power balances, these power sums should be
equal: ZRUP 600 + 50 + 600 + 1250 = 2500 W;
> Pups = 400 + 100 4 2000 = 2500 W

Thus, the power balances.

[b] The current can be calculated using i = p/v or i = —p/v, with proper
application of the passive sign convention:

ia —Pa/va = —(—600)/(400) = 1.5 A
/v = (—50)/(—=100) = 0.5 A
Pe/ve = (400)/(200) = 2.0 A
pa/va = (—600)/(300) = —2.0 A
pe/ve = (100)/(—200) = —0.5 A
—pt/ve = —(2000)/(500) = —4.0 A
pe/ve = (—1250)/(=500) = 2.5 A
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4. For the circuit shown in Figure (4),
(a) Is the interconnection of ideal sources in the circuit shown in Figure (4) valid?
Explain.
(b) Identify which sources are developing power and which sources are absorbing
power.
(c) Verify that the total power developed in the circuit equals the total power absorbed.
(d) Repeat (a)-(c), reversing the polarity of 20 V source.

15V

Figure (4)

[a] Yes, independent voltage sources can carry the 5 A current required by the
connection; independent current source can support any voltage required
by the connection, in this case 5 V, positive at the bottom.

20 V source: absorbing
15 V source: developing (delivering)

5 A source:  developing (delivering)

Py = (20)(5) =100 W (abs)
(

Pysy —(15)(5) = =75 W (dev/del)
Py = —(5)(5)=-25W (dev/del)
> Pups =Y Paa =100 W

[d] The interconnection is valid, but in this circuit the voltage drop across the
5 A current source is 35 V| positive at the top; 20 V source is developing

(delivering), the 15 V source is developing (delivering), and the 5 A

source is absorbing:
—(20)(5) = —100 W (dev/del)
—(15)(5) = =75 W (dev/del)
(abs)

(15
)
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5. If the interconnection shown in Figure (5) is valid, .find power developed by the current
sources. If the interconnection is not valid, explain why.

40V

C 3
NS

100V

Figure (5)

The interconnection is valid. The 10 A current source has a voltage drop of
100 V| positive at the top, because the 100 V source supplies its voltage drop
across a pair of terminals shared by the 10 A current source. The right hand
branch of the circuit must also have a voltage drop of 100 V from the left
terminal of the 40 V source to the bottom terminal of the 5 A current source,
because this branch shares the same terminals as the 100 V source. This
means that the voltage drop across the 5 A current source is 140 V, positive at
the top. Also, the two voltage sources can carry the current required of the

interconnection. This is summarized in the figure below:
40V

—

(D O a1

From the values of voltage and current in the figure, the power supplied by the
current sources is calculated as follows:

Poa = —(100)(10) = —1000 W (1000 W supplied)
Psa = —(140)(5) = =700 W (700 W supplied)
S Piey = 1700 W

10-27



user
Placed Image


6. If the interconnection in Figure (6) is valid, find the total power developed in the circuit.
If the interconnection is not valid, explain why.

pndd e B é 1800 7,
30V C_D
50 mA a O 60V

Figure (6)
The interconnection is invalid. In the middle branch, the value of the current
ix must be 50 mA, since the 50 mA current source supplies current in this
branch in the same direction as the current i,. Therefore, the voltage supplied
by the dependent voltage source in the right hand branch is 1800(0.05) = 90
V. This gives a voltage drop from the top terminal to the bottom terminal in
the right hand branch of 90 + 60 = 150 V. But the voltage drop between these
same terminals in the left hand branch is 30 V, due to the voltage source in
that branch. Therefore, the interconnection is invalid.
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7. A variety of voltage source values were applied to

the device shown in Fig. 7(a). The power absorbed by the device for each value of voltage
is recorded in the table given in Fig. 7 (b). Use the values in the table to construct a circuit
model for the device consisting of a single resistor from the table given in Fig. 7(c).

v (V) [p(mW)
640
I 160

[ :
. 160
Device :
640

T 1440

2560

(a) (b)

Resistors (5% tolerance)|(}]

1.0k 10k 100k 1.0M
1.2k 12k 120 k
1.5k 15k 150k 15M
1.8k 18k 180k
22k 22k 220k
27k 27k 270k
33k 33k 330k
39k 39k 390k
47k 47k 470k
56k 56k 560k
68k 68k 680k
(c)
Fig. 7
Since we know the device is a resistor, we can use the power equation. From

Using the values in the table of Fig.

R S G €\ ¢ s
640 x 103 160 x 10—3 160 x 10=3 640 x 103

B (12)? B (16)?
1440 x 10-3 2560 x 103

= 1002
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8. For the circuit shown in Fig. (8) find the following:

(a) Find the currents 1, and 1,

(b) Find the voltage v,.

(c) Verify that the total power developed equals the total power dissipated.

150 2
A

—

1.5.»\<D ,' | $100 a $250 0

Fig. (8)

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

—1541u+12=10 SO 11+ 12=1.0
Write a KVL equation around the right loop:
-+ U+ v3 =10
From Ohm’s law,
vy = 1004, ve = 15045, vg = 25015
Substituting,
—1002; + 150i5 4+ 250i3 =0 S0 — 100z + 400i5 = 0
Solving the two equations for 7; and i, simultaneously,
i1=12A and iao=0.3A
[b] Write a KVL equation clockwise around the left loop:
—to+v1 =10 but v = 100¢; = 100(1.2) =120V

So v, =1 =120V

- - ) ) -
[c] Calculate power using p = vi for the source and p = Ri* for the resistors:

Psource = —Vo(1.5) = —(120)(1.5) = —180 W

prooe = 1.22(100) = 144 W
p1soa = 0.3%(150) = 13.5W
pason = 0.3%(250) = 22.5W

Y Py =180W > Py =144+ 135+ 225 =180 W
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9. The current i,, in the circuit in Fig. (8) 1s 1 A.

(a) Find i;.

(b) Find the power dissipated in each resistor.

(c) Verify that the total power dissipated in the circuit equals the power developed by the
150 V source

+
150V C_)

Note also that
is=i1+i3=2+3=0A

ig=1ts+1,=5+1=06A

[b]  po 5%(4) = 100 W
Dsog2
Deser
Pioe
P25 _
[c] Z Fiis = 100 + 50 + 260 + 90 + 400 = 900 W

Fyev = 15015 = 150(6) = 900 W
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10. The currents i, and i in the circuit shown in Fig. (10) are 4 A and -2 A, respectively.
(a) Find 7,.

(b) Find the power dissipated in each resistor.

(c) Find v,.

(d) Show that the power delivered by the current source is equal to the power absorbed by
all the other elements.

11 )
WA

100V

ANy
15Q2

vy =100+ 4(15) = 160V; v, =160 — (9 + 11 4+ 10)(2) = 100V

w100
4416 20

vy = vy + 30i3 = 100 + 30(3) = 190V

E 1

iu=2+4=06A
Eg = —‘i-4 — 3,3 =—06—-—3= —gA
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[b] Calculate power using the formula p = Ri?:

pPoq = (9)(2) =36 W; pra = (11)(2)> =44 W

poa = (10)(2)* = 40W; psa = (5)(6)* = 180W
(3)* = 270W; pio = (4)(5)> = 100W
(5)* = 400 W: pisa = (15)(4)? = 240W

P3oo =

30)
16)

Pie =
[c] vy =190V
[d] Sum the power dissipated by the resistors:

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

The power associated with the sources is

Proti—souree = (100)(4) = 400 W

Peurr—source = Ugig = (190)(—9) = —1710 W

Thus the total power dissipated is 1310 + 400 = 1710 W and the total
power developed is 1710 W, so the power balances.
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11. For the circuit shown in Fig. (11), find the voltage v,, and the total power supplied in
the circuit.

—Ux + Vo + 2t =0 (KVL)

vx = Biy (Ohm'’s law)

Therefore

—6iy + v, + 21, =0 so v, =4y

(Ohm’s law)

(KCL)
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Substituting for the currents i, and i;:

Thus

4
Vo = 45 (—3) =60V

The only two circuit elements that could supply power are the two sources, so
calculate the power for each source:

vx = 6Gix = oiI — 6(60/4) = 90V

pusy = —45v, = —45(90) = —4050 W
Pas. = (2ix)i1 = 2(vo/4)(vo/2) = 2(60/4)(60/2) = 900 W

Only the independent voltage source is supplying power, so the total power
supplied is 4050 W.
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12. Find (a) i,, (b) i1, and (¢) iz, in the circuit in Fig. (12).

2

o
2100 350

[a] i, = 0 because no current can exist in a single conductor connecting two

parts of a circuit.

[b]

1202

W\/L

18 = (12 + 6)i,
va = 6i, = 6V va/2 =3 A
107, = by, s0 iy + 2i; = —3 A; therefore, i; = —1 A
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13. Consider the circuit shown in shown in Fig. (13).

(a) Find i,,

(b) Verify the value of i, by showing that the power generated in the circuit equals the
power absorbed in the circuit.

10mA <D

= (4000)(0.01) =40V (Ohm'’s law)

= 2000, + 6000i, = 8000i,  (KVL)

‘T,-’1/2 o 4(}/2

lo = 2000 — 8000 = (0.0025 = 2.5 mA

Calculate the power for all components:

P1omA = _(U[)l)?'l = —((}(}1)(«—1(}) = —0.4W

pas. = —(v1/2)i, = —(40/2)(2.5 x 107%) = —=0.05 W

2 A2
Pac= 3000 =~ 2000~ ©

par = 200042 = 2000(2.5 x 107°)? = 0.0125 W

pex = 6000i2 = 6000(2.5 x 107%)* = 0.0375 W

Therefore,

Protal = —0.4 — 0.05 + 0.4 + 0.0125 + 0.0375 = 0

Thus the power in the circuit balances.
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