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¢ " UNIVERSITY OF JORDAN = :
“FACULTY of ENGINEERING & TECH. EE 211 1*Exam
ELECTRICAL ENGINEERING DEPT.  23-10-2013  3: 60 min

| Dr Othman Alsmadi | Dr. Raed Alzubi : [ Eng. Reem Aldebs

Q1) (6 points) - .
For the following circuit, find: £
a) The currents iy and i, "Q' - @

b) The power delivered by the 3A current source and by the 12V voliage source. Tz
c) The total power dissipated by the circuit. 22
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£2) (2 points)

Find the equivalent resistance of the conneciion shown below.

Q3) (2 points)

1. IfI=-34 and V=4V, this element could be:
@) Voltage source only

b) Current source only CD
(€D Voltage or current source
d) Resistor

e) We can't know _
2. This element generates positive power- ((Yes ) No) @

04) (3 points)

In the circuit shown below, it is determined that vi=3 V and vs=1.5 V. Calculate vg and v,
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5. Referring to the circuit depicted in Fig. 3.43,

(a) Ifa second wire is connected between points E and
many nodes does the new circuit have? :

(b) X aresistor is added to the ;ciicu;;_,_s_g‘thé;t_ 6ﬁé“té
point C and the other terminal is left floating, ho
new circuit have? e i :

(¢) Which of the following represent loops?

(/) Moving from'A 16 B0 C to Dt EtoA.
(ii) Moving from Bto Eto A. ]
(iif) Moving from B to Cto D to E to B.
(iv) Moving from A to B to C.
(v) Moving ffom Ao B0 C o BtoA.
3.2 Kirchhoff’s Current Law
6. (a) Determine the current labeled i; in the circuit shown
resistor carrying 3 A has a value of 1 ©, what is the v
" carrying —5 A? ‘ : Bl

tsa

EFIGURE 3.45 -
/@ Find i, in each of the circuits in Fig. 3.46."

& FIGURE 3.46

8. Referring fo Fig. 3.47, :
(a) -Find ix if iy-= 2-Aand i; = 0-A
(o). Find i if iy =iy =iz

EFIGURE 3.47

( 4)Find i, and iy in the circuit of Fig. T e
70. A 100°'W light bulb, a 60 W light bulb, and a 40 W light bul
in‘parallel to each other and to a standard North American |
supply. Compute the current flowing through each light bult
current delivered by the voltage supply.




o EXEREISES

11. The digital multimeter (DMM) is a device commonly used to measure -
voltages. It is equipped with two leads (usually red for the positive reference
and black for the negative reference) and an LCD display. Let’s suppose a
DMM is connected to the circuit of Fig. 3.46k with the positive lead at the top
node and the negative lead on the bottom node. Using KCL, explain why we
would ideally want a DMM used in this way to have an infinite resistance as
opposed to zero resistance.

12. A local restaurant has a neon sign constructed from 12 separate bulbs; when a
bulb fails, it appears as an infinite resistance and cannot conduct current. In
wiring the sign, the manufacturer offers two options (Fig. 3.49). From what
you’ve learned about KCL, which one should the restaurant owner select?
Explain.

T EAT AT RATPEH'S, -

2

FIGURE 3.49

£ :
7 @ In the circuit of Fig. 3.50,
(@) Calculate vy if i; = —3 A. .
(b) What voltage would need to replace the 5 V source to obtain vy = —6 Vif

i, =0.5A7 :
20 g
+
5V 202 v 3y
IGURE 3.50 i e — S

14. Referring to the circuit in Fig. 3.51a, ) : e
(@) i, =5 A, findvy and iy. (b) vy =3V, find £ and iy
() What value of i; will lead to v] 5 v, 7" : e
773 Find R and G in the circuit of Fig. 3.51b if the 5 A source is supplying 1
and the 40 V source is supplying 500 W. - : :

S AR o B U
FIGURE 3.51 ? s : 4




- CHAPTER 3 vuLinot il CURREN T Lrvis

et — R : 3.3 Kirchhoff's Voliage Lawi
@ In the circuits of Fig. 3.52a and b, determine the current labeled 7. ...

e e v S 2V

10 10 10

2V

) ST e, o WAy SR Ry )
FIGURE 3.52

17. Calculate the value of i in each circuit of Fig. 3.53.
2V

T @ (&)
B FIGURE 3.53
: 18. Consider the simple circuit shown in Fig. 3.54. Using KVL, derive the
e expressions o
| v i and o
=yy—— and n=v,——
1 5 Rl i R2 2 SR[ 3 Rz
- + o -
L5
A +
@ . -
FIGURE 3.54

19. The circuit shown in Fig. 3.55 includes a device known as an op amp. This

device has two unusual properties in the circuit shown: (1) Vy =0V, and

~(2) no current can flow into either input terminal (marked “~” and “+” inside
the symbol), but it can flow through the output terminal (marked “OUT™).

~'This seemingly impossible situation—in direct conflict with KCL—is a result

““of powerleads to the device that are not included in the symbol. Based on this
information, calculate Voqr. (Hint: two KVL equations are required, both
involving the 5.V source.)

4700

FIGURE 3.55
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- CEXERCISES @

20. Use Ohm’s and Kirchhoff’s laws on the circuit of Fig. 3.56 to find (@) vy;
(&) i () Iy: (d) the power provided by the dependent source. =

E FIGURE 3.56

! (@) Use Kirchhoff’s and Ohm’s laws in a step-by-step procedure to evaluate
all the currents and voltages in the circuit of Fig. 3.57. (b) Calculate the
power absorbed by each of the five circuit E:lements and show that the sum
18 Zero.

ilT % 521 N \/ f—'el
+ ‘ u X
GOVCDUI 200;92 5 o 5Q§ys :

FIGURE 3.57
i With reference to the circuit shown in Fig. 3.58, find the power absorbed by -
each of the seven circuit elements. ' ‘

150 20 250

FIGURE 3.58

23. A certain circuit contains six elements and four nodes numbered 1, 2 3 nd 4
Each circuit element is connected between a different pair of nodes. The
voltage vy (+ reference at ﬁfstvnamed node) is 12V, and ’U34 =—8V. Fmd
V13, Va3, and vas if v14 equals (@) 0; (B) 6 V; (c) —6 V. i =

24. Refer to the transistor circuit shown in Fig. 3.59. Keep in mind that althoucrh soy )
we do not know the current-voltage relationship for the device, it still obeys. -
both KCL and KVL. (o) If Ip = 1.5 mA, compute Vps. (b)IfID =2mAand .
Ve = 3V, compute Vgs. _ T "

3.4 The Single-Loop Circuit . E s A
Find the power being absorbed by element X in Flg 3 60 1f itisa 120% —)
(a) 100 £2 resistor; (b) 40 V independent voltage source, -+ reference , A 5
on top; (c) dependent voltage source labeled 25i,, + reference on top; ) ‘x| ] 1. 0, 2 Dse
(d) dependent voltage source labeled 0. 8v1, + reference on'top; (e) 2A - o s Ce AL
E FlGURE 3 60

independent current source, arrow directed upward.




UBXERCISES T @

32. Referring to Table 2.4, if the bottom wire segment in the circuit of Fig. 3.65 is A gj
22 AWG solid copper and 3000 fi long, compute the current i. ‘ o ﬁ | % L
10 300 O ;
B 30 %(3) 00w | _:E%EIE
EE FIGURE 3.65 E2 FIGURE 3.66 RSl s N S H%ljt;

33, In Fig. 3.66, if gm = 25 X 10~3 sicmens and vy = 10 cos 5z mV, find v, (7).

34, Kirchhoff’s laws apply whether or not Ohm’s law applies to particular E
element. The J-V characteristic of a diode, for example, is given by i

Ip = Is ("7 — 1)

,where Vr = 27 mV at room temperature and [g can vary from 1071 to
1073 A. In the circuit of Fig. 3.67, use EVL/KCL to obtain Vp if Is =3 nA.
(Note: This problem results in a transcendental equation, requiring an iterative ]
approach 1o obtaining a numerical solution. Most scientific calculators will & FIGURE 3.67
perfarm such a function.) ST A SR : :

3,5 The Single-Node-Pair Circuit

Find the power absorbed by each circuit element of Fig. 3.68 if the control for i e = e
the dependent source is (4) 0.8, (b) 0.8iy. In each case, demonstrate that the ‘ ] - .
absorbed power quantities sum to Zero. i . e i

SA 1 10mS )
li" by e
40 mS -
—— M\~
———
i
¥}

= FIGURE 3.68 . EFIGURE3.69

36. Find i, in the circuit of Fig. 3.69. e atheaa e

37. Find the power absorbed by.éach element in the single-node-pair circuit of*
Fig. 3.70, and show that the sum is equal to zero.- £ S R
% Find the power absorbed by element X in the circuit of Fig. 3.71 if itis a -
(a) 4 kS resistor; () 20 mA independent current source; Teference arrow:=-
downward; (¢) dependent current source, reference arrow downward, labeled
2i,; (d) 60 V independent voltage source, 4 reference at top- -~ - e

- % EFIGURE3.70 - - =

80 mA

FIGURE 3.71




AN @  CHAPTER 3 VOLTAGE AND CURRENT LAWS

39. () Let element X in Fig. 3.72 be an independent current source, arrow directed
upward, labeled i;. What is i; if none of the four circuit elements absorbs any
power? (b) Let element X be an independent voltage source, + reference on
top, labeled v;. What is v, if the voltage source absorbs no power?

Jnf

& FIGURE 3.72

@a) Apply the tec.hniques of single-node-pair analysis to the upper right node
in Fig. 3.73 and find i,. (b) Now work with the upper left node and find vs.
(c) How much power is the 5 A source generating?

FIGURE 3.73

@ Find the power absorbed by the 5 € resistor in Fig. 3.74.

@’ Compute the power supplied by each element shown in Fig. 3.75, and show
that their sum is equal to zero.

6A

SN

1i2a =50 3A 250 50 .

FIGURE 3.75

43, Referring to Table 2.4, how many miles of 28 AWG solid copper wire
is required for the labelled wire segment of Fig. 3.76 to obtain i} = 5A?

_ ! , LA - Sosa i 50
PR e el T D §1n §29 : CD i
AR e o i iy lf‘ :

B EIGURE 3.76 FIGURE .77

44 Tn the circuit of Fig. 3.77,if v = 6 V, find i;.




BGERCEES @

3.6 Series and Parallel Connected Sources i
45. Using combinations of sources, compute i for both cncmts in F1° 3 78 N ! e i Lt & %
-+
1A v <10 3A 3A 354 :
B ] 1l
fil5
& FIGURE 3.78 i
" - I
46. Compute v for each of the circuits in Fig. 3.78 by first c,ombiJ_J_ingj sources. b 0
47. Compute the current labeled i in each of the circuits in Fig. 3.79. : . i i ﬂ
’ . - it
I
il
‘ B
oV CD
(ﬂ) : v ('b) i o R 5 7 ! - T et e S R : ﬁ
& FIGURE 3.79 '
@Compute the power absorbed by each element of the circuit shown in
Fig. 3.80, and verify that their sum is zero. .
-+ " - :
2 5 V - b ey -
10V 16 1 2A
E FIGURE 3.80 -
49. For the circuit in Fig. 3.81, compute i if: i
@ v =w=10Vandvs = vs =6 V. I
) vy =13=3Vandvy =vg =2.5V.

©) v =—3V,0p=1.5V,v3 =—0.5V,and vg =0V. .7 " ;
-In the circuit of Fig. 3.82, choose v; to obtain a current iy of 2 Au- =i

10

g Flt;uléz 3.82




EXERCISES =~ @—

57. Compute the equivalent resistance of the circuit in Fig. 3.88.

O

& FIGURE 3.88

@ Find Req for each of the resistive networks shown in Fig. 3.89.

'] ch e
psin] |
Each resistor is 100 {2 .
(a)
£ 50 500 '
T : 24 Q) 60 8. T e S R,
5 100 . :
: : Req — 200 400 ’
. o— ‘ ‘ )
)

“E FIGURE 3.89

/ -In the network shown in Fig. 3.90: (a)let R =80 2 and find
7 Reg =80 ©; (c) find R if R = Req- S amis

. o - i p 40Q

, o
E FIGURE 3.90

i 2 Show how to combine four 100 £ resistors to obtain an equivalent resistance
- +0f (@) 25 ; (5) 60 ©; () 40 2. : 4 :




NN\ ©  CHAPTER3 VOLTAGE AND CURRENT LAWS
4 Tt appears that despite the large number of components in the circuit. of
Fig. 3.99, only the voltage across the 15 £ resistor is of interest. Use current
_division to assist in calculating the correct Xal'ue.

e e

60 Q

G -8 A

300

-70. Choosing from the following resistor values (they may be used more than
once), set vs, Ry, and R, in Fig. 3.100 to obtain v, = 5.5 V. [1 k€2, 3.3 k2,
47k, 10kQ] -

Ry

& ot
e
=
R

<

FIGURE 3,100 & FIGURE 3.101

71. Choosing from the following resistor values (they may be used more than

1 L once), set iy, Ry, and R, in Fig. 3.101 to obtain v = 5.5 V. [1 k€2, 3.3 k2,

YR S e 47K, 10k8] 1

72. Determine the power dissipated by (absorbed by) the 15 k<2 resistor in
Fig. 3.102. 2

+
03y 15K02 #;s

2

FIGURE 3.102

3 For the circuit in Fig. 3.103, determine i, and compute the power dissipated
== by(absorbed




EXERCISES

74. For the circuit in Fig. 3.104, find iy, i, and the power dissipated by (absorbed
by) the 3 £2 resistor. REf

2 FEGURE 3.104

75. What is the power dissipated by (absorbed by) the 47 k2 res1stor in
Fig. 3.105? el

47 kO

B FIGURE 3.105
)

Explain why voltage division cannot be used to determine .v1- in Fig; 3106

,b’ /Use current and voltage d1v1smn on the circuit of Fig. 31070 ﬁnd :
an expression for (@) va; (b) v1; (¢) L4- 4
With reference to the circuit shown in Fig. 3.108: (a) let U5 =
find vy; (b) letv; = 0, i; = 3 mA, and ﬁnd iz and :3

GURE 3.108

7.79 In Fig. 3.109: () let vy = 10 V and find [;; (b) let [y =50 A and find vy

(c) calculate the ratio vy /I;. FiGURE 3.]1]_5 o




pints)
s Use node-voltage method to write three independent equations in terms of the node voltages v1,
vz and v3 Do not use any other variables in your equations. Do not simplify your equations.

¢ mae
AAMR
Ay
~
k0 | 24av{"
-y e
2kQ == 4 kO
:E =
) %
; i
17 (7]
710 '
TPEY
¥
o 13 :,_’/ “* o el f-
| 2k Tk S e
L
‘ 4 \ \j‘ L/,‘ V3 =

e ;\/ ‘ZfL?‘**L/:* o
t”ﬁ x t/L Cl /f
li Tyl 1\ i
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b) In terms of the proper node voliage(s), express i, ' R Ny

¢) Interms of the proper néde voltage(s), express the absorbed power by the 24 V soure.

24 = e :

U L

d). In térms of the proper node voltage(s), e@ress the absorbed power by the dependénr source.

6 - ) (036 svpma) (230) D

Good luck .



> X = b
»> a = sovele e2 e3, ‘vl‘, v2, 'v3') 'VX\I i AN —
1S Ay
7. Identify the obvious errors in the following complete set of hodal eguations if ¥ . L L 5
the last equation is known to be correct: ] 2A 60 60 T C) 4 A

] b v — U1

oo 1 9
vp—uUp . U —
s UL, BT v3
2 9
vp V3T V3=
f=— 2=
= 2 10 O
8 Tn the circuit of Fig. 4.34, determine the current labeled i with the assistance of
nodal analysis technigues. f\?\j\)\; WA -
-
50
i i 2000 v <1008 25A 5A 2000
M : =)
£ . -
5A 10 24 4A RE 4.38
| he bottom node as reference, d ‘
vy etermine the voltage across the 5 ¢
: stor in the circuit of Fig, 4.39, and calculate tie power dissipated by

Q esustor

9. Caiculate the power dissipated in the 1 € resistor of Fig. 4.35.

B FIGURE 4.60

IGURE 4.36

i




=@ CHAPTER 4 BASIC NODAL AND MESH ANALYSIS

15. Determine a numerical value for each nodal voltage in the circuit of Fig. 4.41.

..4.&?
G 1A

= FIGURE 4.41

@ Determine the current i as labeled in the circuit of Fig. 4.42, with the
assistance of nodal analysis.

FIGURE 4.42

@V Using nodal analysis as appropriate, determine the current labeled 7; in the
circuit of Fig. 4.43.

4.2 The Sﬁpemmﬁe

@ Determine the nodal voltages as labeled in Fig. 4.44, making use of the
supernode technique as appropriate.

{2 For the circuit shown in Fig. 4.45, determine a numerical value for the voltage
labeled vy.

20. For the circuit of Fig. 4.46, determine all four nodal voltages.

3a(1

& FIGURE 4.46




EXERCISES @

mg supernode/nodal analysis techniques as appropriate, determine the
issipated by the 1 € resistor in the circuit of Fig. 4.47.

4

FIGURE 4.49

FIGURE 4.50

nsider the circuit of Fig. 4.51. Determine the current labeled ;.




L e e ] !
: : Ref, ‘

v i
FIGURE 4.52 |

T : : i ‘ ‘ i mesh curre_nts-]abelp‘d in
@ For the circuit depicted in Fig. 4.53, determine the voltage labeled v aér-o ; i bl
the'3 € resistor, : 2 : oo ks el

A
.

W

21V | ' !

5 FIGURE 4.53

n nu_meri'calgvalues' for each of the three meshf currents as iabcled in
ftagram of Fig. 4.58. ; b |

i

@ For the circuit of F:g 4.54, determine all four nodal voltages.

Y : ; ‘ ; Vi‘

the power dissipated by each resistor in the circuit of Fig. 4.58.

‘ ihg mesh analysis as appropriate, obtain (a) a value for the current iy
(b).the power dissipated by the 220 2 resistor in the circuit of Fig. 4.59.
nonzero values for the three voltage sources of Fig. 4.60 so that no
irent flows through any resistor in the circuit.

B FIGURE 4.54

4.3 Mesh Analysis

29. Determine the currents flowing out of the positive terminal of each voltage :
source in the circuit of Fig. 4.55.

2200

22k0
40 50

AV lﬂg 2V

B FIGURE 4,55 FIGURE 4.59 & FIGURE 4.6111




CHAPTER 4 BASIC NODAL AND MESH ANALYSIS

36. Calculate the current i, in the circuit of Fig. 4.61.

i : v R S

IGURE 4.61
: .
@ Employing mesh analysis procedures, obtain a value for the current labeled i in
the circuit represented by Fig. 4.62.

LS

30

E FIGURE 4.62

38. Determine the power dissipated in the 4 £ resistor of the circuit shown in
- J _ : Fig. 4.63.

& FIGURE 4.3

@. (a) Employ mesh analysis to determine the power dissipated by the 1 £
resistor in the circuit represented schematically by Fig. 4.64. (b) Check your
answer using nodal analysis. '

8" Define three clockwise mesh currents for the circuit of Fig. 4.65, and employ
~mesh analysis to obtain a value for each.

| FIGURE 4.65

P T = PR S o TR S, |

3




et EXERCISES

5o mé,Sh‘analysis to obtain values for iy and v, in the c_i_;cu_i_t of Fig. 4.66.

1GURE 4.57

OUEH appropriate application of the supermesh technique, obtain a numerical
for the mesh current i3 in the circuit of Fig. 4.68, and calculate the power

dissipated by the 1 O resistor.

oL the circuit of Fig. 4.69, determine (he mesh current §; and the power
issipated by the 1 Q resistor.

t-Caleulate

LS s R ‘ - T FIGURE a.52
the three mesh currents labeled in the circuit diagram of Fig. 4.70.

2A




—@  CHAPTER4 BASIC NODAL AND MESH ANALYSIS

46. Employing the supermesh technique to best advantage, obtain numerical va]. -
i e e for each-of the-mesh currents-identified in the circuit depicted in Fig. 4,71

E FIGURE 4.71

47. Through careful application of the supermesh technique, obtain values for al]

three mesh currents as labeled in Fig. 4.72.

SA

FIGURE 4.72 ‘B FIGURE 4.73

@. Determine the power supplied by the 1 V source in Fig. 4.73.
. Define three clockwise mesh currents for the circuit of Fig. 4.74, and employ
the supermesh technique to obtain a numerical value for each.

@ Determine the power absorbed by the 10 § resistor in Fig. 4.75.

FIGURE 2.74 & FIGURE 4.75
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