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Select the correct answer for each of the following statements and fill the correct
answer in the Answer Sheet provided. Show the calculations for al Juestions

Ll [ The current / in the circuit shown below 1S:..., 44 I
[ VWA ——
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1 wv@ (7D @
642
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For the ci | ) :
or the circuit shown below assuming ip =2 A and i 7TA, use KCL to determine the '
unknown currents /) and /3 in the circ uit shown below
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i1=-5A i-’i-—."-.
o 7S (OF iy

— - T
AT — \: ‘_L‘-,]
: : e _ _13A-
b et » (3=~ A
il S, SR SN
) — .
,.J | ) R = _‘H_'_"““d_g\—_l—'__}——\_.. o
* - - o 5 S L r
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A@l For the circuit below, the power supplied/consumed by the 15 V- and 6 V-voltage sources are |'|
! I

N 2 (23(5) -30- |

Pisv = 30 W supplied b Pisv =15 W consumed
Psv=3 W consumed " | Pev=6 W supplied
Pisv =15 W supplied p Pisv=30 W consqmed
Psy=6 W consumed " | Pey=3 W supplied
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16 For the circuit shown below, what is the value of the resistor load to be connected between
: terminal ab to transfer a maximum power? what is the maximum power?

' 5O

- Ri=5 Q, b Ri=20 Q,
Pra=125 W " | Pra=31.3 W
;e Ri=5Q, d Ri=20Q,
O Pra=7.8 W " | Pmax=62.5 W
o4
Rru = Rv R ! (OX 12
G Rz = Hoxl0
2 B2 O
O




Question # 1 (6 points)

For the circuit shown below, use the principle of superposition to find the current i. Draw the

corresponding circuit diagrams

a. | Find the current i1 due to the 6-V voltage source. ii= |[3.5 A

b. | Find the current i> due to the 2-A current source. b= |1 A

c. | Find the total current i due to both sources. i= 4.5 A

in
30 AVAVAY
A vz owz On =20
—\_ ‘
§ ! § :ng 20 § 2A

Solution:
i1=6/3+6/4=3.5 A =2x2(2+2)=1 A i=i1+t=35+1=45A
Question # 2 (6 points)
For the circuit shown below, find

a. | the load resistance R; for maximum power transfer R. = 6

b, the Thevemp equlval‘ent voltage using source Vi = 36 v

transformation technique.
c. | the maximum power absorbed by the load R;. Punax= | 54
20 40
R AAY "N
AAA"
12V C) 12 A CT) § &
O
20 40
Vv VYV N ANN—
+
o Ry 12v (_) 12A (1‘) Ve

Solution:
Rin =2+4=6 Q Vir= Voc = 12x2+12=36 V
Pimax = VinZ/(4xRu) = (36%36)/(4x6) = 54 W




a) Mesh Equations
From Mesh 1:
541 4 5(i1 +2) =20

Simplifying:

Bi1 + 5i1 +10 =20 = 10i; = 10 = iy =1 A

From the current source constraint:

=i +2=14+2=[3A]
b) Voltage across the current source

Method 1:
v="5iy="5-3=[15 V]
v=20—5i; =20—5-1=[15 V]

Method 2:

Final Answers:

i1=1A, ix=3A, v=15V



0Q 0Q , 200
i -~ 3 4| Is
260Q (4)6A u=30Q
-L

Nodal Equations:

1 1 1 1
(++>V1—V2=6

60 30 10 10
$m+<$+;+$>%—0
Simplified Form:

1 11
_E‘/i + %‘/2 =0

Cleared of Fractions: 3V; — 2V, =120, —6V; +11Vo =0

Solutions:

440 240
V1:7:62.86V, ‘/2:7:34.29\/

Current through the 10 ) resistor:

Vi— Ve  62.86—34.29 20
I3 = - -2 92857 A
3 10 10 7 857

Power supplied by the 6A current source:

—264
Poa=—-Vi-6=—62.86-6= 760:—377.14\7\7




Equivalent Resistance and Circuit Analysis Questions

0Q

2
5Q 209
- Dela- Y

250 600
b 15Q 10Q

300

5Q 200 10

250

b 15Q 10Q
50Q 15

250

b 150 100 b

To find the equivalent resistance between terminals a and b, we simplify
the network step by step using series-parallel combinations and an effective
transformation based on recognizing a short circuit.

The triangle formed by 12, 602, and a short circuit (0€2) can be replaced
by:
12-60 720

== 7 -2 _100
12460+0 72

This 10 €2 resistor is in series with a 20 (2 resistor:
Ry =10+20=309Q

The result is in parallel with a 302 resistor:

_ 3030 _ 900 _ .
30+30 60

2
Adding 102 in series:
R3; =154+10=250Q

Now this is in parallel with a 252 resistor:

25-25 625
= =—=1250Q
25+ 25 50

4

Adding the final series resistors 5 and 15 :

Req =125+5+15=[3250Q]



Current Divider (Q2_B)

30

—V\\
302 Ww
Is CD SS; sszT
]

In this circuit, the total current I, splits between two branches:

- Left branch: two 32 resistors in series — R; = 6 - Right branch: one
3 resistor — Ry =30

Using the current divider rule:

L_ _® 6 _ 6_ |2
I, Ri+R, 64+3 9 |3

textbfVoltage Calculation (Figure 4)

-
o

1Q —

10 Vo
v @) :

1V

Walking through the loop clockwise:

- Bottom voltage source: +1V - Middle resistor: 1A -1Q = 41V - Top
voltage source: —1V

Using KVL or voltage division:

1 1
VO:(1V—1V—1A-1Q)-ﬁ:—15:—

+



Question 3: Mesh Analysis

50 10Q

a) Mesh Equations:
60i; —40i; —15-8 =0
—40i, 4+ 80i —30-8 =0
Answer:
i1=6A, iu=6A, i3=8A
b) Current through the 30 ( resistor:

iz =iz — i3 =—2 A

c) Power dissipated by the 15 ( resistor:
Pisq = (Zl — i3)2 -15 = (—2)2 15 =60 W

d) Power balance check:
Voltage across the 8 A current source:

Pabsorbed 2340
source — = =2925V
% 7 3 92.5

Power supplied by the current source:
Piource =V -1 =2925-8=2340 W
Total power absorbed by resistors:
Pi50 + Psoa + Pspa = 60 4+ 2160 4 120 = 2340 W

Conclusion: Power supplied equals power absorbed. > P = 0 is satisfied.
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0.3 Mesh Arolss

519

Solve for W, in the circuit of Fig. 109 using mesh analysis,

__||'4 0 == é .q-_ﬁt'_-ﬂ; i Ll
#0 PRl
A Ty 128
+
eV C? FN==Y, Lot A
Figure 10.9

For Example 104

Solution:
As shown in Fig. 10,10, meshes 3 and 4 form a supermesh due 1o the
current source between the meshes. For mesh 1, KVL gives

=10+ (8 =20 = (= 2); =81, =0

(8 = 20, + /31, = 8L, = 10 (10.4.1)
For mesh 2,
I = =3 (10.4.2)
For the supermesh,
(8 = )L, — 81, + (6 + 51 = j51, = 0 (10.4.3)
Due to the current source between meshes 3 and 4. ot node A,
=101 +4 (10,4.4)
B METHOD 1 Instead of solving the above four eguations, we

reduce them t twao by @limination.
Combining Egs. (10.4.1) and (10.4.2),

(8 = 2, = BL, = 10 + ji i10.4.5)
Combining Egs. (10.4.2) 1w (10.4.4),
=81 + {14 + jil; = =24 — ji5 (10.4.6)
I 4 1: J’,.-.'2|.||'m:|'mu-«.ll|
g == @ 4A ','D | 200

T

A
30 . Bn
i - _': !
1y (_:) f']:) JHTE. @ 3A

Figure 10.10
Analysis of the cirewit in Fig. 109,

I il ol i B il

Example 10.4



Chapter 10 Sinusoidal Steady-State Analysis

From Egs. (10.4.5) and (10.4.6), we obtain the matrix equation

{3 -2 -8 ] L| | 10+6

We obtain the following determinants

5.=‘E_ﬂ 8 ‘=11?+ﬁ4-—j"8+7——ﬁd=5{1—ﬂﬂ

-8 14+ - T A
0 +j6 -8

A, = ‘ 4 ‘ = 140 + jI0 + j84 — 6 — 192 — j280

== 357 1443
= —58 — j186
Current I, 15 obtained as
=% = H = 3.618/274.5° A
The required voltage V, is
Vo= —2(I, — L) = —j2(3.618/274.5° + 3)
= —7.2134 — j6.568 = 9.756/222.32° V

B METHOD 2 We can use MATLAR 10 solve Egs. (10.4.1) to
(10.4.4). We first cast the equations as

8—ji2 2 -8 0 1, 10
0 | 0 0 ||L =3
: ; , < |E] = (10.4.7a)
-8 —j5 8—4 6+/5|| L 0
0 0 -1 | 1, 4
ar
Al =B

By inverting A, we can obtain 1 as
I=A"'B (10.4.7h)
We now apply MATLAR as Tollows:

*»>» A= [(B-*%*2) J+*2 -8 0;
0 1 0 0;
-8 -3*5 (8-3%4) (6+j*5);
0 0 =1 b 553 T

»» B=[10 -3 0 4]°*;

*>» I = inv{(A)*B

b s

0.2828 - 3.60691
-3.0000
-1.B690 - 4.42761
2.1310 - 4.42761

> Vo = =2%4%*(T(1) - I({2))

Vo =
-7.2138 - 6.56551

as obtained previously.



___E‘xamlﬂ'tu*ﬁ Find v, of the circuit of Fig: 1(h13 using the superposition theorem.

IH [ i0

168 oo 20 2ain 51 H == {1 F b

Figure 10.13
For Example 0.6,

Solution:

Since the circuil operates at three different frequencies {w = 0 for the
de vollege source). one way o oblain o solution is o use superpasition,
which breaks the problem into single-frequency problems. So we lel

PRt T ol S 8 (1.6.1)

104  Superposition Theonzm 423

where v} is due o the 5-Y de voltage source, 02008 dee othe 10 cos 20 Y
voltage source, and ¢4 15 due o the 2 sin 3¢ A corrent source,

To find v, we set 1o zero all sources except the 5-V de source:
We recall that ar steady state, a capacitor is an open circoit to
de while an inductor {s a short circuit to de. There 15 an-altermative
way of looking @t this. Since @ = (), jwl = 0, | fjwC = =, Either
way, the equivalent circudl is as shown in Fig. 100140e). By volage
division,

|

-l = al=1Y (10.6.2
i |+41 1 { )

To find ©s, we set to 2eeo both the 5=V soorce and the 2 sin 3¢ current
source and ransform the circuit to the frequency domain.

10 cos2¢ == l[iﬁ}:, w = 2ol
2H = Jak = 4.0}

0IF == —1~ = =j511
Jeal

The equivalent circuil is now as shown in Fig, 10 14(b). Let

-5 %4
= =34 =———= 2438 = ;1,951
| =5 i
40 o 40 L o
AW iy
e | o
SV iy -jsn == Jini % AMEA H=20 S40
b el

Figure 10.14
Solution of Example 1116 (a) setting all sources to 2en except the 5-V do source, (h) setting all sources o #ero except the ac
viluage souree, (¢) setting all sources W zero except M b0 current source,

By volage division,

| 10
Vi = e (10/0°) = = = 2,408 /= 30.70°
=TT Az M =T Aoae (=BTT

In the tume domzin,
by = 2495 cos(2t = 30,797 (10,6.3)

Tor obtain ty, we set the voltsge sources 1o gero and transform what
14 left o the frequency domain,

2 sm S = 2{ =8(1°, @ =5 rudls
IH = jul=j00



an4

| 42 4141 4R |14 D TR 1P|

AW T —— AW [ AR
" i ¥ |
i) IV v iiE jfY == Y] % 240 A == 20 %451

i |

ful il iel
Figure 10.14
Solution of Examphe 106! {a) setting all sources to zern except the 3=V de source, (hh setting all sources to zeroexcept the ac
viligge soume, (o) setting wllsources o zero excepd the o curment souree,

By voltage division,

[ 11
V.o = = ey i” [}U’ ] ; demm————— i —— 1."1-[]3 _]“qu
S 4+ 7 434 A+ 2049 L{_

Tn the time doiain,
Iy = 2498 cosi2r = 30,797 {1063}

To obtain 5. we set the voltage sources to zero and transform what
is left to the frequency domain.

2-5in 51 == '_.‘E |1 = 5 rudi's
2H = Juaf, = 1010}

0.l F = Lz =iz 1}
Jel

Chapter 10 Sirwsoichl Steady-Site Araksis

The cquivalent circust is in Fig. 10.144c). Let

7 T e Sie. |6 £
Ly = =} = ——= [ =L
' ! 4= 4
By current division;
| L 2/ =00P) A
= — 2/ =0}
PTI0+ | + 2,
Va=1I, ¥ I—Ld—ﬁ}—”‘ﬂﬁ =807
S L8+ 84 T

I the time domain,
try = 233 cos(dr — 8iF) = 233 sinf5r + 107) NV (LiL6A)
Substmong BEgs. (1006.2) w ( 10L6A) into Eg. 01Tk 1), we have

vl == + 2498 cos(2 = AT + 233 iS5 + 107V



. Example 10.8

Oibiain the Theverm equivident af werminads a-f of the cirouit in Fg, 10022,

il
e L 411
| MLATEY C_r:) r-Tﬂ i [
K!.;le\/ 124k
P
Figqure 10.22
For Example 1008,
104 Theveninand Horton Eguivalent Cincuis 887
Solution:
We_ find Zp, by serting the voltage source to zero. As shown o
Fig, 10.23(u), the 8-1} resistance is now in parallel with the —jb
reactance, so that thelr combination glves
) =j6 X X
L ==fij|R=—— =288 — 38411
= =j] X = o f
Similarly; the 4-£) resistance is in paratlel with the 12 reactance, and
their combination gives
) fl2eq :
Lo=4d4|| 1I2=—=3n8 +jl.211
g4l iR =7 B i
o
|
ll 1 s
It fid
—jfi il 441
+ Y

%ul %;Ilu e [:i:)

50
T r
o ‘ Cr
L i ‘r
Iy
b
(E1]

Figure 10.23
Solution of the cireuit in Fig. 10,22 (a) finding &, () finding Yy,

The Thevenin impedance |s the series combinstion of &, and &,:
Ut s,

Ly, =& + &L= 0648 = jlLod 1)

To find ¥, consider the cimouit in Fig. 10.23(b). Cumrents T, and
I; are ohrsined as

120,/75° 120/75°
L =————4, .= ——
g =h o442

&
Applying KVL around loop fSedeab an Fig, 10.23(h) gives
Vo =4l + (=il =10

ar

480/75°  720/75° + 9P

A+j12 T B=Jo

= 37.095/34% + 72/201.87°

= —28,936 = j24.55 = 37.95/22031° V

Vo =4l + 8l =




Obtain current 1, in Fig. 1028 using Norton's theordm. EXEIT]F.‘IIE 1'0.,‘"}

i
S0 % . AT A
B —iRL w0
Ly
j1s0

40205 Y
% FER Y
]
Figure 10.28
For Example 110110
Solution:

Ohur first objective s 1 find the Noron equivalent at erminals a-b Ly
is found in the same way a5 i, We set the sources w zero as shown
in Fig. 10.2% ). As evident from the figure, the (8 — /2) and (1) + j4)
impedances are shor-circuiled, So tha

L, =510

To pet Ly, we shor-circuit terminals a-b as in Fig. 10.29(b) and
apply mesh analysis. Notce that meshes 2 and 3 forme a supermesh
becanse of the current source linking them, Fog mesh 1.

=0 4 (1B 4 200 = (8 = 20 = (104 il =0 (1010.1)

430 Chapter 10 - Sinusoidal Steady-State Analysis

£
I :
i,
=L 20
i (1) s

s

3

I h

[HE] (]
Figure 10.29

Solution of the circeit in Fig, [OCZE; (a) finding £y, (b)Y finding Y, (¢) caleuloting 1,

For the supermesh,
(13 =20 + (10 + @)y = (18 + 2, =0 (10 10.2)
Al nwvde o, due 1o the curment source between meshes 2:and -3,
L=1+3 (LL10.3)
Addime Eqgs, (1O and (1OCED ) mives
—-i30 4+ Sli=0 =
From Eq. (10.10.31,

-
[

/8

L=L+3=3+ 8
The Norton curment s
L,=L=4{+ I{Hf‘ A

Figtire 1L.2%c¢) shows the Nornon equivalent circuit along with the

impedance al terminals a-f, By current division,
b 3+ R

TS+ WHIE Y s+

I = | 465/38.48% A



Luestion # 3 (7 paints)
|.

a. or the cireuit s}
shown below. f i i
elow, find the equivalent capacitance Ceq seen between terminal A-B.

Gv' QJ'G_‘,:. f,ltr'( = b
4 L ALY - L= 6uF [ 12pF

eSS i TL”-HI ; ARSI

Q:"'.v@--_. |2+ H FJMIMF =< s ' o T 6pl
{ )_/ | 1ZpF l T b
A B o——— —4
Coy@ ~ 162l = (aMF
= Li' > — L l
- po é -i
0. For the circuit shown below, determine . if the equivalent capacitance isEO wuF. |

: S LV S R = :
( (-‘!U.(l 3 #_{-C_rl (e = 1 “I:{“
O = S Gy W pF— ==, T-tu,w
DAY g o G
Nt

¢. For the circuit shown below, find the equivalent inductance Lr.

—

LegeiO= 107" -
| -rﬁ

Leq(.-@w;iq-rb/":'zo}‘!-c/

d. Ifthe voltage v.(f) across a 2F capacitor is shown be
G (or';!'*) Aol
( -

1§x9 _ ¢ |
g

S

low, draw the waveform for the capacitor

- (-’f*d (‘_’_E_uf'rem ic(?). O I 2 A L..lf:) _ |
)-;: : , Rz:l-"-'-(a-—'b\)'c.'a \uel
(j —b \j = ] ue "l L‘ 1xll’ *
LS Sl b 2r L8 Y= s
U o ALY
‘.‘n[ Li ———‘a \j( = E O) ‘c e
L4 : a) oL
Q o (" 73 > (-0 ! ( =

l:/'/_’:///
0, A A

¥ s

=
t3
e
o
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11. Problem # 11

Given the circuit shown below, find the average power supplied or absorbed by each element,

1A

—jan [ () 220 A ;’;:-‘“
|

g

12. Problem # 12

It is desired to transfer maximum power to the load Z in the circuit shown below. If the source current,
itk i) = Scosdlr A, find:

o the Inml_impcdunn: Z for maximum power transfer. MmF g

b. the maximum average power,

| Y —
F75mHZ 120 | Z

—

i

13. Problem # 13
The variable resistor R in the circuil shown below is adjusted unil it absorbs the maximum average power.
Find:
a. the load resistance R for maximum power lransfer.
b. the maximum average power.

nas  sea(d) Sea 2R



Chapter 11, Problem 19.

The variable resistor Rin the circunt of Fig. 11.50 is adjusted unul it absorbs the
maximum average power, Find B and the maximum average power absorbed.

A0

PR N W
o ok il

Figure 11.50
For Prob. 11.19,

-t
|

Chapter 11, Solution 19,

At the load terminols,
(6)(3+])

¢ SR Tk =32
Zp =-2+6| G+ =2+ 9+

Z,, = 2.049- jl.561

Ry =|Zqy |= 2.5760

Toget Vi let Z=6](3+1)=2.049+ j0.439.
By transforming the current sources, we obtain

V, = (4£0%Z = 8196+ jl.756

o 8.382
" 2.049- j1S614+2576] 2




Chapter 11, Problem 14.

It 1s desired to transfer maximum power (o the load Z in the circuit of Fig. 11.45, Find Z
and the maximum power. Let i, =Scos 40 A .

dmF §u
J
¢

K ? J_"imH%l‘ 12 61 Z
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Figure 11.45
For Prob. 11.14,

Chapter 11, Solution 14,
We find the Thevenin equivalent at the terminals of Z.

| 1
JeC 40405107
7.5 mH — 5 jwl=j40x7.5x107 = j0.3

40 mF _

= j0.625

To lind Z,. consider the circuit below,
-j0.625 80
HOBGEN

i0.3 2 ; 120 — Ty

[2 e 3
2 =8—i0.625+12/ j0.3=8-j0.625+ =R 0075 j0.3252
L ] ! I 1240.3 10

Zi=(Zne) = 8008 + j0.32520.




Chapter 11, Problem 19,

The variable resistor Rin the cireuit of Fig. 11.50 15 adjusted unul it absorbs the
maximum average power. Find £ and the maximum average power ahsorbed.

16 ol P

A i
j1ia 4707 A g-n i
Figure 11.50

For Prob. 11.19.

Chapter 11, Solution 19,
At the load terminals,
(6)(3+ )

2, =-2+6 j)=-2
m=-2+6( G+ =592+ 9

Z., = 2,049 jl.561
Ry =[:~:T11 |= 2.5760

Toget Vi et Z=6|(3+])=2.049 + j0.439.
By transforming the current sources, we obtain

Vi = (4207 L =8 196+ j1.756

; 5,382 2,576 _
6|

_|
2,049 - 15614257



