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Basic Concepts

Section 1.2 Solutions

1.2.1 If the current in an electric conductor is 2.4 A, how many coulombs of charge pass any point in a
30-s interval?

Solution:
I=24A,At=30s
Q=1I-At
Q=72C

1.2.2 Determine the time interval required for a 12-A battery charger to deliver 4300 C.

Solution:
I=12A,Q=4800C

_Q
At—I

At =400s

1.2.3 If a 12-V battery delivers 100 J in 5 s, find (a) the amount of charge delivered and (b) the current
produced.

Solution:
V=12V,AW=100Jin5s

a. AQ:%

AQ=833C

_AQ . _
b. I—E,At—SS

I=167A

1.2.4 The currentin a conductor is 1.5 A. How many coulombs of charge pass any point in a time interval
of 1.5 min?

Solution:
I=15A,At=1.5min=90s
Q=I-At
Q=135C


https://ebookyab.ir/solution-manual-engineering-circuit-analysis-irwin/

https://ebookyab.ir/solution-manual-engineering-circuit-analysis-irwin/
Emadl.cedeidy dbidr@gmnail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

1.2.5 If 60 C of charge pass through an electric conductor in 30 s, determine the current in the conductor.

Solution:
Q=60C,At=30s

_Q
I=4a

I=2A

1.2.6 Calculate the power absorbed by element A in Fig. P1.2.6.

3A

15V A:l
+

FIGURE P1.2.6

Solution:

15V A:l
+

-3A

Py =(15)(-3)
P, = —45W absorbed

1.2.7 Calculate the power supplied by element A in Fig. P1.2.7.
2A

+
20V A:l

FIGURE P1.2.7

Solution:

-2A

+
20V A:l

Py =Q0)(=2)
P, = —40 W supplied
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1.2.8 The charge entering the positive terminal of an element is given by the expression q(t) = =12 ¢~ mC.
The power delivered to the element is p(f) = 2.4 e > W. Compute the current in the element, the voltage across
the element, and the energy delivered to the element in the time interval 0 < ¢ < 100 ms.

Solution:
g =-12¢7#*mC
P(H)=24e3W

. _ dq(t) _ —2f
l(t)—T——Z‘(—lze )

i(HO=24e*mA
100m

2
W= j P(odt = j 2473 dt
1 0

(2.4 73"

w -3

0
W =207.35m]

_P®
V=35

V(H=100e7 'V

1.2.9 The voltage across an element is 12 e ~2'V. The current entering the positive terminal of the element
is 2 ¢ A. Find the energy absorbed by the element in 1.5 seconds starting from ¢ = 0.
Solution:

Vin=12e7*V

iO=2e"2A

12 1.5
W= f V-idt= J (12e7%) - (2 e )dt
1 0

15

(24 e™4)
wol24e™)
-4 1,
W=599]J

1.2.10 The power absorbed by the BOX in Fig. P1.2.10 is 2 e~ W. Calculate the amount of charge that
enters the BOX between 0.1 and 0.4 seconds.

47ty BOX

FIGURE P1.2.10

Solution:
PO =2e W
Vih=4e 'V
i = PO _ -t
i = O 0.5e"A

0.4

Agp) = j i) de
0.1

=(-0.5¢79[3%
g =117.26 mC, 0.1s<t<04s
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1.2.11 The power absorbed by the BOX in Fig. P1.2.11 is 0.1 e~* W. Calculate the energy absorbed by
the BOX during this same time interval.

10e 2V BOX

FIGURE P1.2.11

Solution:

P(H=0.1e *W

W= JP(t)dt - f 0.1 e~ dt
0

_(01e™)|”
W="—"7—

0
W=25mlJ

1.2.12 Five coulombs of charge pass through the element in Fig. P1.2.12 from point A to point B. If
the energy absorbed by the element is 120 J, determine the voltage across the element.

B

+

4

=0 |

FIGURE P1.2.12

Solution:

W=120J,Q=5C

W=-V,-Q
W
Vy=-—2%
1770

Vy=-24V
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1.2.13 The current that enters an element is shown in Fig. P1.2.13. Find the charge that enters the
element in the time interval 0 <t < 20s.

i(f) mA

0 10 20 t(s)
FIGURE P1.2.13
Solution:

iO=m-t+b

_10m-0_
=10-20 - 1M

iH=—-1Im-t+b
10m=—-1m-(10s)+b
b=20m
i(H) = (=t +20) mA

20
q = L idt

10 20 20 ¢
— -3 -
q(t)—JO 10x 107 de + | S50t

20
= 304 1 (5, t_2)
qO=10x1073- [} + 000 <20t 5

10
q®=015C, 0<t<20s

1.2.14 Element A in the diagram in Fig. P1.2.14 absorbs 30 W of power. Calculate V.

2A

FIGURE P1.2.14

Solution:

—-2A

30=V,-(=2)
Vi=-15V
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1.2.15 Element B in the diagram in Fig. P1.2.15 supplies 60 W of power. Calculate I,.

24V B:l
+

I

X

FIGURE P1.2.15

Solution:

+
—24V B:l

60 = (—24) - I
L=-25A

1.2.16 Element B in the diagram in Fig. P1.2.16 supplies 72 W of power. Calculate I,.

+
18V B:l

I

X

FIGURE P1.2.16

Solution:
72=018) -1,
L=4A

1.2.17 Two elements are connected in series, as shown in Fig. P1.2.17. Element 1 supplies 24 W of power.
Is element 2 absorbing or supplying power, and how much?

[ ]sv
2 [ov

FIGURE P1.2.17
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Solution:

P=24=V, 1

_24_
1= 3 =8A

P,=V,-I=(6)8)
P, =48 W absorbed

1.2.18 The energy absorbed by the BOX in Fig. P1.2.18 is given below. Calculate and sketch the current
flowing into the BOX. Also calculate the charge that enters the BOX between 0 and 12 s.

i(t)

10V BOX
w(t) ()
5_
) )
) )
) )
) )
) )
) )
) )
' '
' ' 6 7 8 10 12
| | | | | | | | | | |
T f T f T j I T I T
1 2 3 4 s : 9 Lo ‘()
1 1
—2.54

FIGURE P1.2.18
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Solution:
i(r) (A)
1
1
8
4 6 7 8
1 1 1 1 1
T I T I T
1 2 3 5 9 10 n 12 t(s)
=1 ]
_dw
P= dt
P=V-i=QA0-i
0s<t<2s
—5-0_ _P_25_1
P=3=(=25W, i=p=%5=7A
2s<t<4s
_5-=-5_ :
P=3=35=0W, i=0A
4s<t<L6bs
_0—-5__ _P_ 25_ 1
P=g—4="23W, i=p=—95="34
6s<t<7s
0—0 _ .
P=3=¢=0W, i=0A
7s<t<8s
_—25-0_ _ =P __25__1
P= 3 = ZSW,l—V— 10 = 4A
8s<t<L10s
_ =25—-(=25) _ i
P="S5—¢">=0W, i=0A
10s<t<L12s
_0—(=25) _ _P_125_1
P="—1p =1»W i=p=75 =54

q:fim

9=(3)- @+ (F)- @+ (F) w+(3)-@

qg=0C
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1.2.19 The energy absorbed by the BOX in Fig. P1.2.19 is shown in the graph below. Calculate and sketch
the current flowing into the BOX between 0 and 10 milliseconds.

i(t)

12V BOX

w(t) (m])

30

20

[EPQUES [
W —————-

—10 -

R ecccccccaaa O\
PP p— S|

B O B SR et

—30

FIGURE P1.2.19
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Email:

Solution:

i1) (A)

0s<t<1ms

Ims<t<3ms

3ms<t<4ms

4ms<t<5ms

S5ms<t<6ms

6ms <t<7ms

7ms <t<9ms

t>9ms

—dw
P= dt
P=V-i=(12)-i

10m — 0 _P_10_5
=Im—o - 10W. i=p=7,=¢A
P:IOm—IOm:OW i=0A

3m —1m
_0—10m _ _ _P__10__5
P=gm—am="10W i=p=-;=—¢gA
_ 0-0 _ o
P=g = y—=0W, i=0A
_—20m—-0_ _ =P __20__5
P=gm—sm - 20W i=p=-1;=-3A
pzwz()w’ i=0A

7m — 6m

_0—(=20m) _ ._P_10_5
P="gmn—7m —10W. i=p=p=¢A
P=0W, i=0A
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1.2.20 (a)In Fig. P1.2.20(a), P; = 36 W. Is element 2 absorbing or supplying power, and how much?
(b) In Fig. P1.2.20(b), P, = —48 W. Is element 1 absorbing or supplying power, and how much?

+ —
12V 6V
- +
+ +
2 |6V 2 |24V
(a)

(b)

FIGURE P1.2.20

Solution:

[2]6v

ayP,=36=V,-1
_36 _
I_12_3A
P,=V, - I=06)3)
P, = 18 W absorbed
I

:

b)Py=—48=~V,-1

_—48 _
1==33=2A

P=V, - I=06)2)
P; =12 W absorbed
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1.2.21 The charge that enters the BOX in Fig. P1.2.21 is shown in the graph below. Calculate and sketch
the current flowing into and the power absorbed by the BOX between 0 and 10 milliseconds.

(1)

12V BOX

(1) (mC)

)

ceccccccacas (1

O\ f—ccccccccccccas

—_
N
w
O P=ccea

)
)
)
)
| |
j f
8

10 t (ms)

FIGURE P1.2.21
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Solution:
. dq
l(t)—a
P=V-i=12-i
0s<t<1ms
i=1M=—1m_pA p=ow
Im -0
1ms<t<L2ms
i=0=IM _ 3 A p=(12(-D=-12W
2m — 1m
2ms <t<3ms
._ 0-0 _ —
l_3m—2m_0A’ P=0W
3ms<t<5ms
._—2m-—0 _ _ _ 1) —
= am = 1A, P=0A2DD=-12W
S5ms<t<6ms
._3m—(—2m) _ _ _
I=em—5m =5A, P=012(5)=60W
6ms <t<8ms
._1m—3m _ _ — 1 =—
= 8m—6m — 1A, P=0A2)(-D=-12W
8ms <t<9ms
i=dm=—1m_pA p=ow
9m — 8m
Ims <t<10ms
i=-0=1M _ 35 p=(-D=-12W
10m — 9m ?
i(r) (A)
5_
T 1 2 3 4 5 6 7 8 9 10
0 l l l | | l l l
I | I ' ' |
—1 t (ms)
P(t) (W)
60
0‘ 1 2 3 4 5 6 7 8 9 10
1 1 1 | | 1 | |
| | | 1 1 1 1
—12 —l t (ms)
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Section 1.3 Solutions

1.3.1 Find V, in the network in Fig. P1.3.1 using Tellegen’s theorem.

16V
L e I W gy BN o I
P G/ - N =
1V 24V v,

Y6 O

FIGURE P1.3.1

Solution:

Pyy =(9)(2) =18 W — 18 W absorbed
P, =(12)(2) =24 W — 24 W absorbed
Poyy = (=24)(2) = —48 W — 48 W supplied
P, =V (2) =2V, W — 2V, W absorbed
P;=(16)(2) =32 W — 32 W absorbed
Py =(—=12)(2) = =24 W — 24 W supplied

Psup= abs
48 +24 =18 +24+ 2V, + 32
V,=-1V

1.3.2 Find the power that is absorbed or supplied by the circuit elements in Fig. P1.3.2.

6V 8V
+ - = + -
L R
L L
+ +
20V 2A Cj) 14V 16V 4A <j> 2,

(@ (d)

FIGURE P1.3.2

Solution:

a. Pya=(=200-(2)=—40W
P, o, =40 W supplied
P, =(6) - (2) = 12 W absorbed
Py =(14) - (2) = 28 W absorbed

b. Pyp=(—16)d) = —64 W
P, o = 64 W supplied
P; = (8)(4) = 32 W absorbed
Py, =[2#] - (9 = 32 W absorbed
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1.3.3 Find the power that is absorbed or supplied by element 2 in Fig. P1.3.3.

4V 2V,
2A +'T|7 Z+\
L N
+
12v<j> [2] V,
2A

FIGURE P1.3.3

Solution:
Py =(-12)- (2) = —24 W — 24 W supplied
Py =(4)-(2)=8W — 8 W absorbed
Pyy, = (=2Vy) - (2) = =4V, W — 4V, W supplied
Py=(Vy) - (2) =2V, W — 2V, W absorbed

Psup: abs
2444V, =8+2V,
V,=-8V

Py=(=8- -2 =-16W
P, =16 W supplied

1.3.4 Find I, in the circuit in Fig. P1.3.4 using Tellegen’s theorem.

4V 8V 18V 12V
235 g I e R e IR 4
L _5a L LI N

I '
+ +

Cj)uv 12v<D2A I::|6V

FIGURE P1.3.4

Solution:

Poyy = (=24)(2) = —48 W — 48 W supplied
P,y =(4)2)=8W — 8 Wabsorbed
Pgy=(8)2) =16 W — 16 W absorbed
P,y 5 = (—12)(2) = =24 W — 24 W supplied

Pigyv = (18)(I,) = 18I, W — 18I, W absorbed

Pyyv = (=12X(I) = =12, W — 121, W supplied
Pgy = (6)(IL,) = 61, W — 61, W absorbed

Psup = Pabs
48 + 24 + 12I, = 8 + 16 + 18I, + 61,
L=4A
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1.3.5 Is the source, Vj, in the network in Fig. P1.3.5 absorbing or supplying power, and how much?

6V Vs
- Q
3a Ldoal N A
10\1[] 9ACD+16V [;lrsv
3A

FIGURE P1.3.5

Solution:
Py =(10)(3) =30 W — 30 W absorbed
Pgy = (6)(3) =18 W — 18 W absorbed
Py o = (=16)(9) = —144 W — 144 W supplied
Py =V(6) =6V, W — 6 V; W absorbed
Pgy = (8)(6) = 48 W — 48 W absorbed
Pgyp = Paps
144=30+18+ 6V, + 48
V=8V
Py, = (8)(6) = 48 W absorbed
1.3.6 Calculate the power absorbed by each element in the circuit in Fig. P1.3.6. Also, verify that

Tellegen’s theorem is satisfied by this circuit.

4A

5V

+|TI—

L13a
15v<j>

LT1A
10V 5:|

FIGURE P1.3.6


https://ebookyab.ir/solution-manual-engineering-circuit-analysis-irwin/

https://ebookyab.ir/solution-manual-engineering-circuit-analysis-irwin/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram dafratesrgsps Eitaa)

Solution:

Py = (—40X(5) = —200 W — 200 W supplied
P, o, =B0)4) =120 W — 120 W absorbed
P15y =(@15)(1) =15W — 15 W absorbed

P, =(5)(5) =25W — 25 W absorbed

P, =(5)(1) =5W — 5W absorbed

P; = (10)(4) = 40 W — 40 W absorbed

Py =(=5)3)=—-15W — 15 W supplied

Py =(10X1) =10 W — 10 W absorbed

Py Pyps =0

up
(200 +15)—(1204+15+25+54+40+10)=0

(215 -Q215 =0

1.3.7 Find the power that is absorbed or supplied by the network elements in Fig. P1.3.7.

8V
I.=2A +|T|—2A

L
v Cj) <j> 2,
2A
(@)
24V L 20V
(e
A _ 2a L I.=2A
+
<j> 41 |:2 12V
2A
(b)

FIGURE P1.3.7

Solution:
a. Py =(=12)(2) = —24 W
P,y =24 W supplied
P, = (8)(2) = 16 W absorbed
Py =1[2-(2)]-(2) =8 W absorbed

b. Py =[-42)] -2 =-16W
P, =16 W supplied
Pyyy =(=24)(2) = —48 W
P,y = 48 W supplied
P; =(20) - (2) = 40 W absorbed
P, =(12) - (2) = 24 W absorbed
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1.3.8 Find the power absorbed or supplied by element 1 in Fig. P1.3.8.

6V 4V
iy Ry
j - L
+

18 ij) 2V Cj) 2, <l> 20V

FIGURE P1.3.8

Solution:
Pigy=(-18) - I, = —18[, W — 18 - I, W supplied
Py =(-6)-I,= -6, W — 6 - [, W supplied
Pyyy=(=24) - (2) = —48 W — 48 W supplied
P,=@&) - (2,) = 81, W — 8 - I, W absorbed
P, = (20)(2I,)) = 401, W — 401, W absorbed
Pgup = Paps
18I, + 61, + 48 = 81, + 401,
I,=2A
Pi=(=6)-=-12W
P; =12 W supplied

1.3.9 Find I, in the network in Fig. P1.3.9.

I 12V *
ey N
I_lZA \/ZA

+

+
36V Cf) I:Z 24V |:3 28V

FIGURE P1.3.9

Solution:
Py =(=36) - [ = =361, W — 36 - [, W supplied
P,=QA2)-I,=12[, W — 12 - I, W absorbed
P, =(Q4) - (2) =48 W — 48 W absorbed

P I =[-1(I)] - 2= —-2- I, W — 2 - I, W supplied
P;=(28)-(2) =56 W — 56 W absorbed

Psupzpabs
36L,+2 - I, = 121, + 48 + 56
L=4A
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1.3.10 Determine the power absorbed by element 1 in Fig. P1.3.10.

Lo v L8V
s 1] 2]
L L2 2A

+

36V Cj) 24 v_<l> 2, [3]12 v

FIGURE P1.3.10

Solution:
Py =(—36) - I, = —36 - [ W — 36 - [, W supplied
P,=QA2)-I,=12I, W — 12 - I, W absorbed
Pyp =4 - (2I) = 48 - [, W — 48L, W absorbed
P, =(—8)(2) = —-16 W — 16 W supplied
P; =(-16)(2) = =32 W — 32 W supplied

Pgyp = Pyps
36, + 16 + 32 = 12I, + 481,
I.=2A
P, =(12)(2) = 24 W absorbed

1.3.11 Find the power absorbed or supplied by element 1 in Fig. P1.3.11.

4V 12V
iy D
L \_ 4A

+

41, <T>12 v |:2j 8V |:3j 20V |:4j 20V

X

FIGURE P1.3.11

Solution:
Py, = (=12) - (4L) = —48L, W — 481, W supplied
P, = (4)(4L,) = 161, W — 161, W absorbed
P, =(8)(4) =32W — 32 W absorbed
P,y =(=12)(4) = —48 W — 48 W supplied
P;=(20)(2) =40 W — 40 W absorbed
P, =(Q20) - [, = 20[, W — 20I, W absorbed

Poup = Paps
48[, + 48 = 161 + 32 + 40 + 201,
L=2A
P; =16(2) = 32 W absorbed
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1.3.12 Find I, in the network in Fig. P1.3.12 using Tellegen’s theorem.

8V
LSyl
L 4A
+
24v<f> |:2 10V 1=2A
6V N - +
3] E
3 4 [16v
= 1
+
41x<j> |:5 6V
8V -
3AY -+ [aa
Lo
3A

FIGURE P1.3.12

Solution:
P,y = (=24)(6) = —144 W — 144 W supplied
Py = [-4)](3) = —24 W — 24 W supplied

P, =(8)(6) =48 W — 48 W absorbed
P, =(10)(4) =40 W — 40 W absorbed
P;=(6) - I,= 61, W — 6], W absorbed
P,=(16)2) =32 W — 32'W absorbed
Ps=(6)(1) =6 W — 6 W absorbed
Pg = (8)(3) =24 W — 24 W absorbed

Psup: abs
144 +24 =48 +40+6I,+ 32+ 6+ 24
I,=3A

1.3.13 Calculate the power absorbed by each element in the circuit in Fig. P1.3.13. Also, verify that
Tellegen’s theorem is satisfied by this circuit.

31, L2V
N M5
N L=12a
2A
A L6V 9V,
] ] (4]
LI 2a] 4ald L

24v<§>

+

4A

12V<I>6A 6{ i]

4 A

15V (i)

I,=2A

FIGURE P1.3.13
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Solution:
Py =[-32)]- (2 = —12W — 12 W supplied
Py = (=24)(4) = =96 W — 96 W supplied
Py o =(12)(6) = 72 W — 72 W absorbed
Pisy =(—15)(4) = —60 W — 60 W supplied
P, =(12)(2) =24 W — 24 W absorbed
P, =(—=6)4) = —24 W — 24 W supplied
P;=(6)(2) =12 W — 12 W absorbed
P, =(9)4) =36 W — 36 W absorbed
Ps = (24)(2) = 48 W — 48 W absorbed

Psup_Pabs=0
(12+96+60+24) —(72+24+12+36+48)=0

(192) - (192)=0
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