Irwin, Engineering Circuit Analysis, 11e ISV

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

SOLUTION:

I1=2,4A ; At = 30s
Q= 3at

Q= 2,4 (30)

Q= "72C
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1.2 In charging a storage battery it is found that energy of 1watt-hr
is expended in 15 minutes in sending 150 coulombs through
the battery. What is the voltage between the battery terminals?
What is the magnitude of the average charging current?

SOLUTION:
=4
t
=150C/15 x 60s
=1/6A
P=VI
1Whr/15min =V x 1/6
V=24V
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1.3 A lightning bolt carrying 30,000 A lasts for 50 micro-seconds.
If the lightning strikes an airplane flying at 20,000 feet, what is
the charge deposited on the plane?

SOLUTION:

I= 30,000R, &t = 50us
Q= IAE

Q= 30,000 (SOM)
Qs I’SC
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1.4 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:: ,2_\/) AN=J_OOJJJ9\ 55.

a) A& =LA = _100
¥ 12

8.33c¢C

AQ

) T =46
AE

I = 167A

8:33
5
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1.5 The charge entering the positive terminal is given by
g(f) = —10¢” mC. The power delivered to the element is
p(f) = 2 mW. Calculate the current in the element, voltage
across the element and the enerey delivered to the element in
the interval 0 < t < 100 ms.

SOLUTION:
d
;=21
dt
=10e"'mA
Now, P = VI
Thus V = 0.2e7'V is the voltage across the element.
E=[p(t)dt
02, 4
=J, " 2e'dt
=0.362 mJ
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1.6 The current at a given point in a certain circuit may be writ-
ten as i(f) = -3 +  A. Find the total charge passing the point
between t = 99 and ¢t = 102 s.

SOLUTION:
The charge passing through the circuit is q = f91902 i(t)dt
102
=)oy (=3 +0)dt
2 2
=(-3x102 +25) - (-3 x 99 + 2
=292.5C
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1.7 Five coulombs of charge pass through the element in Fig. P1.7
from point A to point B. If the energy absorbed by the element
is 150 I, determine the voltage across the element.

B
ra

Vi

=0

Figure P1.7

SOLUTION:

B R=5¢
Vi W = 50T

F)

For passive AMgn Convenkion: W= —Vi&

s~ [holev)

O} -
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1.8 The current that enters an element is shown in Fig. P1.5.
Find the charge that enters the element in the time interval
0=1t=20s.

b i mA

o 10 0 i)
Figure P1.8

SOLUTION:

A= m £4b
ml = J0=10 = -3

I0-20
i(t) « -2 ¥h
10 = - Ipo+b
b=z 20

Alt) o -4 +20 MA

gte) = J’O,c () olte

b
Z(t): J"’ Jox 10~ ol b +j“° 20-C oft-
o

Jeoo

2
9ee)- tox 10'36]'0 [ 206 - 7 g
| oo0

CZ(tJ Ol + ,OO [20(20) _2_") 2o(ro)"'._Q_¢.>2]

fooo

Z(é)= 0l +l. | 200- 200 —f-:;‘f/

9(¢)= 0'45C
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1.9 The charge entering the positive terminal of an element is
g(Hh = —30e™* mC. If the voltage across the element is

120e* V, determine the energy delivered to the element in
the time interval (0 < § < 50 ms.

SOLUTION:

§it) = 30e” " me
vit) - 4120e 77V
W . Jfﬁl P ole ,j*‘ N

L1 el
i) = dafe) .- Q(-so)e.’“:mA
ol &

i) = 120 e mA
I = Jf“ (202 ) (izoc”'m)ou:
¢L

W - u.z«j”"”g% oLE
0

W duy | essE )T
6

-

-6 (50m e -4&(o)
‘ﬂ\l b4 ik‘ L' -gﬁ————(z——") —T _&_—é-———

W e 622 D4&mT
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1.10 The charge entering the positive terminal of an element is
given by the expression g(f) = —12¢ ' mC. The power deliv-
ered to the element is p(f) = 2.4¢ * 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:

() = —19 €** me

plt) . 2.4 e 1

Alt) = q(t)
oLt

< (t) = 2.(—12-)e"2t m
L) = 2¢ e A
E2 1born
W .Se,_{. pleyas = § 7 gm0

Q
- foom
B o ks 3k
ol
8]

K -‘g'ét Q-S(ioOm)’e’-g(o)

N = 201' 35 mj
Vit) = _Pl&)
L(t)
VIt) = 2.4¢°3F
24 C'J'rm
Vi) = doo et V
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1.11 The charge entering the positive terminal of an element
is g(f) = — 10e™ mC. If the voltage across the element is

120e™* V. Determine the energy delivered to the element in
the time interval 0 < f < 20 ms.

SOLUTION:
- da
T dt
| = 20e*mA
NowE = [VIdt
= [ 2.4e™dt
= 0.011)
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1.12 The power absorbed by the BOX in Fig. P1.12 is 2¢ ™ W.
Calculate the amount of charge that enters the BOX between
(.1 and 0.4 seconds.

PP
56'_:"#" Il\__-_,_.—"'l BOX
Figure P1.12
SOLUTION:
NN
—p———

5;-*vCD Box

P=Vai

2o = Ge-t,

L 2e?t _o0qet A
Se-t
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A t&} - .JF o Ay de

0\

oYy

- f D4et dL

(i 1]
ﬂl"‘l . .
- 04 Lc’“ A ﬂ““‘l

0\

T - D'L\ et

=0'0938 C
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1.13 The charge flowing through a point in a circuit is given as a
function of time as gt} = — + 6 £~ 10¢, find (1) at { = 5s.

SOLUTION:
. d
ity ==l
=-3t2+ 12t- 10
=-3x5%+12x5-10
=-25A
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1.14 The current in a circuit i(f) is given as e A for t < 0 and
¢ ¥ A for t > 0. Find:
(a) #(0.25)
(b) Average value of current over the interval —0.25 < < 0.25
(e) The total charge that has passed during this interval

SOLUTION:

a. i(0.25) = e-4x0.25 = 0.368A

b. Average value of current = f_o(.)zzss i(t)dt
=0.632A
c. Charge passed = Average current x Time
=0.318A
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1.15 The charge that enters the BOX is shown in Fig. P1.15. Calculate and sketch the current flowing
into and the power absorbed by the BOX between 0 and 9 milliseconds. Also calculate the energy

ahsorbed by the BOX between 0 and 9 milliseconds.

g(z) (mC)

4V BOX

Figure P1.15

9

t (ms)

SOLUTION:

ity = dalt)

dt

Q) = 2, Ot & 2ms
Me s o 22 a-8
FREY 1
1((): m{t)+ b
cl(t),-at'fb
2. -3(2)+b
b= 8
git) “3E+8, 2ms st g£3ms
?Le)“ L5 3ms sk Sans
Q(t) = méEtb
m. a+d . L
-5
i) = 24b
2= 8+b
bs -6
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Q(t‘) « t-8 3 Bmg &t £ 8mg
&) = 2, Ams <& < Ims

HOK
(R) 1

e 1
-
R

a1 L

ile) . o , ask¢ 2ms

i I2ms < € 3mg
O , 3ms<Lt < Sms
1 Sms £t & 8 ms

P(t) « V() ilt)

P(t) = 0D IAd = 0(t$ 2"‘3
-2, 2msgk < 3ms
OW , 3msebs=Sms

24W , Bmsgts8ms

1
CIRPEY B CON-T

= 0+(-Mm)x|+0 +aYyx3: oF

4

t)ms
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1.16 The energy absorbed by the BOX in Fig. P1.16 is given below. Calculate and sketch the current flowing into the BOX.
Also calculate the charge which enters the BOX between 0 and 12 seconds.

1V :/ BOX
|
wir) (1)
5
6 7 a 10 12
~-1.54
Figure P1.16
SOLUTION:
JW
7= g (a'lu?g ot the Cunve )
?:\I’:L = 1L =£— = E-—
v |2
Qetels
E—- D
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-~ “'}_ FEENW, = 'fi = O loaR
T —
=+ =hW2a
=0 4, A=0
Al
Fely

z | ?Fﬁ"
_l'_‘l-z|—|~ |_._.J I_.|I
I
9 = rJ..II-_

ul

-~0-aazZ o

Chapter 1: Basic Concepts

(o-2Diz) + [-o2D) (2] + (~o-2 )00 + [oea) =)




21
Irwin, Engineering Circuit Analysis, 11e ISV

1.17 The plot of current entering an element is shown in the figure.
Find the charge that enters the element from 5 to 15 seconds.

4 iimA

10

0 5 10 15 20 ris)

SOLUTION:

The charge through the element can be found by finding the area under the curve from 5 to 15
seconds.
Thus charge flown =5x(10-5) + % x5 x(15-10)

=37.5mC

Chapter 1: Basic Concepts
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1.18 Determine the amount of power absorbed or supplied
by the element in Fig. P1.18 if

(@) V,=5Vand]=6A
() V,=5VandI=—TA

(€) V, = —14V and [ = 6A
(d) V,= —14Vand [ = —TA

+ I
Vi
Figure P1.18
SOLUTION:
V,=5Yv, T=6A .

)

Fon prssive Mr\ convembion
P=V T iA power abgovbed,

=

E:_ oW a.logv(!oil
B V=5V, T =-7A
P 5(q)=-35w | Pr35 N seppbed ]

) N, = -1V, I:z6A

P. g\ \ P- g4 W Auppliad |

PeV,T = 5(¢)= 30W absov be|
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«:i) Vis=lgv, I =-7A
P= 98w

LP

95 W absorbed |

Chapter 1: Basic Concepts
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1.19 Find the power absorbed by the circuit element at f = 0 if
voltage across it is given by vi{f) = 23cos1 20wV and current
through it is i(f) = 2.5cos(120m - 2w /3) A,

SOLUTION:

P=V
= 57.5cos(-2m/3)
=-28.75W

Chapter 1: Basic Concepts
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1.20 Determine the power supplied by the ideal sources shown in

figures given.

0
10%..'{:) 6 A qu 5V
* ﬁ

8A

SOLUTION:

Power supplied by 10V battery = 10V x -8A = -80W
Power supplied by 6A current source = 6A x 5V = 30V

Chapter 1: Basic Concepts
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1.21 Element A in the diagram in Fig. P1.21 absorbs 30 W of
power. Calculate V.

1A

Figure P1.21

SOLUTION:

BQ — V-x [.”3..)
= /= -lov
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1.22 Element B in the diagram in Fig. P1.22 supplies 60 W of
power. Calculate 1.

4V B

Figure P1.22

SOLUTION:

Chapter 1: Basic Concepts
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1.23 Let Vi1) = 10cos 250t be variable voltage across a circuit.
Find.
{a) Vil ms)
(b) V(& ms)
{c) The enerey required to move 4C charee across the circuit
at 4 ms

SOLUTION:

a. V(1ms) =9.69V
b. V(8ms) =-4.16V
c. Workdone =qxV=4CxV(4ms)
=-21.6)

Chapter 1: Basic Concepts
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1.24 The voltage across a element varies with time as 5(1—2)" V.
A current of 2 A enters the +ve terminal and leaves the —ve
terminal of the element. Find the power delivered to the
element at 0.8 s.

SOLUTION:
Power delivered =Vxl
=5x(0.8-2)*V x -5A
=-34.68W

Chapter 1: Basic Concepts
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1.25 (a) In Fig. P1.25 (a), P, = 42 W. How much power is
element 2 absorbing?

{(b) In Fig. P1.25 (b). P, = —72 W. How much power is
element | absorbing?

b+
1 |14y
I -
2 |ev
(a) (b)
Figure P1.25
SOLUTION:

By defoult, Using passive Fpn
convemkion, Ainca P, A Powhve,
T Hows &t Khpwn v Re conendt
a(w7mrm.
PV, I T.:P'/v| “—u'z'/l‘f:g)‘

!

1 = 3A
Forn olememk 2, V, omd L ane defrmed & passive
At Convenbion Po=VoIz6(3)=/8W

\ (LEZI8N advofLo.o{J
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IPLY:
Pigm‘n pagsive Algn omvention
Aﬂﬁwl.l'» gi’nfn ?t.f-n; Q,EQM‘.M 2 'il"fr LE;

haw
powen amd T Fous MK';.%E-—.—,M

PLF-..—V,LI =—|8L i‘;..}i"
1 o 8 VR
e el 4, v, and L ane dafinesd p

Mg tonvention . Power obsovbed 14 Fi=vi 1 :i{;%q
[Pz 20N absovied |
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1.26 Two elements are connected in series, as shown in
Fig. P1.26. Element | supplies 24 W of power. Is element 2
absorbing or supplying power, and how much?

1
1
I
2 |sv

Figure P1.26

SOLUTION:
= 24K
ITa ..-P—I = .-%i
v, 3

Chapter 1: Basic Concepts
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1.27 Element 2 in Fig. P1.27 absorbed 32 W, Find the power
absorbed or supplied by elements 1 and 3.

Figure P1.27

SOLUTION:

-
|

2 39‘ w oool\l' = LH-\

(-u)) = 16w Supplicat
(L.)U;) = 43w ARSHERED

- -_—
w
\ 1
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1.28 Choose [, such that the power absorbed by element 2 in
Fig. PL28is TW.

4V
1

oD, [

Figure P1.28

SOLUTION:

P2-= \JQ_IS
Hw B il
V, 2

Chapter 1: Basic Concepts



35
Irwin, Engineering Circuit Analysis, 11e ISV

1.29 Find the power that is absorbed or supplied by the circuit ele-
ments in Fig. P1.29.

B\

szCD 1A C+ 14V

2A
(a]
L=4A + Y
s 1
16V (D 4A <+> o,
4A
(b)

Figure P1.29

SOLUTION:

a') P = ’20(;‘)

P = 6(2) « 12 absoshsedd
Puy = 140) = 28 abossbesl

Chapter 1: Basic Concepts
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b) Pup = 16(-4) = -64 1
Pun = G4 W gupptied
P 8(4) = 32 W absesbel
Por. =(2%)(4) = 2(4)(4)

I
" P15, = 32 akootbed.

Chapter 1: Basic Concepts
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1.30 Find the power that is absorbed or supplied by the network
elements in Fig. P1.30.

(@) Power of element 1 at figure (a).
(b} Power of element 2 at figure (a).
(c) Power of element 3 at figure (a).
(d) Power of element 1 at figure (b).
(e) Power of element 2 at figure (b).
(f) Power of element 3 at figure (b).

(g) Power of element 4 at figure (b).

v
L=1A_ I, 2A
w()a 1<'> U,
1A
(al
34V 4V

3 <'> al, 1 |14V

(b}
Figure P1.30

SOLUTION:

(See Next page)
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o) Voltase A Grrek o elewent L B )
ane dified i i frisive dign Emvetion,
Pruer *"fl’i“" Jpj tompnt L i Py (57 A

Pl: —"l"'I II E -1[1_: :-..','I,'H

l?i = =4W r'&l-.ﬁ'r.l-ﬂi{

|DJ Vu[ie-:rﬁ and Eavriat 'FM -El!m!nj- Z in 'Q'? If'*:,l
fung J-"thhﬂd ™ the Ilwu,ﬁrut A»?r* L i

Powes Avﬂ;!.ﬂ{ {.1 element 2 0 E.;f' (&) ia
= - Lu‘)., ~g[2) s -§W
(122 - 3w peppliad |

':3 (a) Vamdl T ane dedied

':':; Fos E‘.IILw,M q In
fn oukive. Hipn Lomvzbion

F;’,'Iu.ih ,.'.U-ﬂu_,&;‘f -{’JI efomend 8 in ‘[::?I (a) s
P5= J;II = E{L‘j e 120

P= 12w Hﬁ,.]rjéb-q{

d) Vomd I one defned in fha passive Hn
fﬂ*‘l'ru..{'r'n-n f_l:n-ﬁ,. dm 4 in .EE, ,":B;
Power Auppl dmont 1 in b (5) 4
(17 uﬁpj,.d E-f - g
Pz -V 2 =24 (1) = -24 W

2 24N Applied
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g) V oand I o defned M Re passive

g Conventsom forn edemont 2 f:?, (L),

Porsen /‘ﬂ-jb,w@n.d 4'«3 eltment 22 M 'E*c; (&) i3
Po= =V, I, =-140) = - 14w

j o = - [4W Auf:f;&xﬂu

*F) Vowrd 1 ene definad im lhe achve #ig
oy el on rf-'v—nr 2femeunt B i *C;'?- {rb)
Powen A"‘T'P‘E-".Q.ﬁ{ .fv:; element 3 i Q}, (5) 2

Po= (BT )Tk = 4W
p.‘! = 4w fﬁ&fJ’p,{;.g_d_J

G) Vard T are difined in Mz ackive g

fonwvards on 739.-« —-Fﬁﬂ'-u.-\d.u.f" i i QC? {,E-J.

Powen Ak?b/el.eﬁi 67 elewrent § in rq['?- f&_] i
qu 34 (1) = 34\ ,s«ﬁ/imf

‘F;P = 34\ Auﬁ,t;gﬂfJ
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1.31 Compute the power that is absorbed or supplied by the
elements in the network in Fig. P1.31.

12V 1,
I=4a 1 N\ 2A
N NS
+ 4
361.:6) 7 |24v 3 |28V
Figure P1.31
SOLUTION:

Poacy = =36(4) = —1aylW

Pagy = 144 W Supplied.

P . 12(4) = 434 oboosbeol
Py = 24(2) = 48 W abooskesl
P, = CIO() = —4(2)= —8W
P’Ix = Bk ,@?Fw@(,

Pﬁ - 28(2) = 56N abasibool
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1.32 Find the power that is absorbed or supplied by element 2 in

Fig. P1.32
2V
4 X
1A + -
>
11‘14’-,“:::) 11V,
1A
Figure P1.32
SOLUTION:

Puv = A w

P‘ = 8W
P-'N" - —L"VX(A)
Pl = QVX w

Al + Yux = 842V,
a\)x ::"’lé
Uy = —&Y

b == 1tw Suphied
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1.33 Find I_ in the network in Fig. P1.33.

u
)i 12V

x +
- 1

1Ay \/ 1A

36V<:> 2|24V

3|28V

Figure P1.33

SOLUTION:

. = v, w
P], - ng (/N

?‘bb\l ~+ PlIy:" Pl+ P>*?3

LA

&
\
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1.34 Determine the power absorbed by element 1 in Fig. P1.34.

I 11r1v ' slv )
- 2A
35\:{:) 24V U, 3 |6V

Figure P1.34

SOLUTION:

Pay = ~D6Ix W

g - = T

le,. = 48T, W
= =-lbW

=32wW

5 ¥°
il

3Ty +16432 = 1R IxT LTy

ug = YT,
T, = ab

p\ = QHVO

Chapter 1: Basic Concepts
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1.35 Find the power absorbed or supplied by element 3 in

Fig. P1.35.
4y 12V
N - £
1 —+
o 4A
124 2 |16V
Cir)uv <:>11r’1 4|20V
2A 3 [V 12A
2AY
Figure P1.35
SOLUTION:

flay = ~ M Ry = Fh =410
P‘ - 8 P;, - Bl
bauy =-UNy, Py = 2V

AU +UNyx+UR =8 +33 + 2V, + Y0
QVx = 8
Vg =Uv

fo = 8w ARSOREED
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1.36 Find V, in the network in Fig. P1.36 using Tellegen's theorem.

16V
1A * -
v -~ 24V v,
() (3) nv
Figure P1.36
SOLUTION:

‘PWWQA= Peroer abasorbanl,
Pyx Pa = Fay 1 Pis P By

24T+ 121 = 41 +121+ P 4 161
fBra STTXY
Ba (D)(T)
Vg (T) e -1(T)
Via =1V
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1.37 Find I, in the circuit in Fig. P1.37 using Tellegen's theorem.

4V 8V 18V 1V
1A~ o . _ T
1A , ~ |k
+ +
C_D 24V v 24 6V
Figure P1.37

SOLUTION:

PIW = (#4)(-2) = 4310

quv = 48 W Yoo,
Py = 1)) = B abaosthiol
Pov = B)2) = 1614 abasibasl

PQ-Q = .12(-2) = ""2"“\’
Pop = 2 aw’ml,

Pm,\: = 18Ix obootbast
Rugia (78] »-10T
Pm\l = 12 1y /(/u.PPlftOL
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Pev = 61, abosibsl,

KWW‘ Pemaba%w(,

Pzw-erATPuv’-' P"-V*r%v* lav“rpev

43 +24+ 12Lx= 8+l6T 181, +6 1,
1295 =48
I;(; 4A
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1.38 Is the source V, in the network in Fig. P1.38 absorbing or
supplying power, and how much?

(AT Vg
+ —_—
&
3A 9A | eA
1oV 9A G)mv 8V
+ + +
1A
Figure P1.38

SOLUTION:

Fov = 10(3)= 30w aboorbesl
Pey= 6(3= 18K abasibed
th = 16 (—Q) = ‘-1"4 W

fan = 144 Ruppliesl
PVs - \/5(6) = 6\/5 O-bOMJDLaL

oy = B(8) = 4B abysikeol

POKA)CA— W'u{s PQU.)UV abanﬂ ™,

Bn = flov + Bev + Re + Py

14y = 30+ 418 —+ CVg 4 4B
A44= 9é+ 6 Vg
2‘1: '6‘1’\/5
Ve e 8V

Pv; = 8(6) = HBW QMM&QQ!,
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1.39 Find [, in the network in Fig. P1.39 using Tellegen's theorem

8V
A -
4A
24V J_f) 2 |ov I, =12A
eV | +
3 | 4 |1ev
41_‘<J_r> 5 _e.v
aaf 2L+ T
e L
3A
Figure P1.35
SOLUTION:
%W - 24(-6) =-144 4y
Pzw = 144 Kl MHJLU’UL
P = 8(e) = 43I abassbeol
Pl: 10(4) = 401 alpsorbeol
Po» 61, ABIDRAED
Py= 16(2) = 321 abicabedl
Ps = 1)z €I obosrbesl
P = 2(3)= 24 abioriheol
Puz, = 4Ix C3) = —12(2) =-24K

Pezy = 24N supblledl
Foroen Lupplisol = Pooer abresbest,
PZW -rpHIx =P+ Py s P_?,quf ps’-f'i

l4h4 24= 4R+ 4p+6T,+32+6+24
I,= 3h
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1.40 Calculate the power absorbed by each element in the circuit
in Fig. P1.40. Also, verify that Tellezen's theorem is satisfied
by this circuit.
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Figure P1.40

SOLUTION:

10 P= 02)(2) =2uw
#2: P= ()=u)=-2yw
#3: P =)0 = 12w
#4:P= (1)) = 326w
g6 0 = 2w @) = Ugw
SITAVIS R & QW (-u) = -Gew
ISN 2P = (1)) = ~bow
6R P = (V) ¢) = waw

3kt Pz [ =-1aw
O
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1.41 Calculate the power absorbed by each element in the circuit
in Fig. P1.41. Also, verify that Tellegen’s theorem is satisfied
by this circuit.
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Figure P1.41

SOLUTION:

#1120 =(s)5) =2sW
#2: = (5)0) = 5
&3P =(R)) = bowd
Hul=(s)) =~
x5 8= (00)= 10¥
ua 19 =(30)(M)= 1204
wov @ = (uo)les) = -200%

Y Le = (s )= fgf
0
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1.42 In the circuit in Fig. P1.42, element 1 absorbs 40 W,
element 2 supplies 50 W, element 3 supplies 25 W, and element
4 absorbs 15 W. How much power is supplied by element 57

1 2

Figure P1.42

SOLUTION:

3 ?abswb.ad =0
Uo-50 —25 +IS+ P = 0
-0+ 0% =0
Pc =20W

powe)l aJasorbael ba, elument 4§~
16 200 .
Power supplicat bﬁ lemenk 5
IS =200

—
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