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1.1  OVERVIEW OF ELECTRICAL ENGINEERING

Two main objectives of electrical systems:

1. To gather, store, process, transport, and present information.

2. To distribute, store, and convert energy between various forms.

Subdivisions of Electrical Engineering:
Communication systems, Computer systems, Control systems, Electromagnetics
Electronics, Photonics, Power systems, Signal processing

Electronics integrated with mechanical systems: Mechatronics
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

0 Example: the headlight circuit of an automobile

Conductors
St representing

Switch ﬁ\/ / wires \

12v<f> 1*\

g _ / / Resistances
i Headlamps Voltage source representing
r— representing battery

headlamps

(a) Physical configuration (b) Circuit diagram
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

2 Fluid-Flow Analogy:
< Battery: Pump
« Charge: Fluid
« Conductors: Pipes
« Current: Flow Rate
« \oltage: Pressure difference
« Switches: Valves
« Resistance: Constriction
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

o Electrical Circuits:
Various types of circuit elements connected in closed paths by conductors

< Resistances
< Inductances

« Capacitances Resistances
« \oltage sources / \
’VW v ‘.rllr"l' [
O
_ AT E “\
Voltage /‘ - \ { Inductance
source ® \
\)/ Capacitance
Conductors
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

o Electrical Current:
« Time rate of flow of electrical charge
« Units: Amperes (A)

Equivalent to: Coulombs per second (C/s)
(charge on an electron: —1.602 x 1071° ()

<« To find a current; Reference direction

Reference direction =
QW O
\ \
o dq(t ' N e e
i(t) = % q(t) = f i(t) dt + q(to) Cunduzturur Cross section
Ip

circuit element
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

o Electrical Current:

m Determining Current Given Charge

qi)=0 fort<0
q(t)y=2- 207%C  fort> 0

. dq(1)
‘ i(t) = f;—r q(0) (©) i(1) (A)

=0 fort < 0 20 —— e 200

=200e719A  forts> 0

10 100 -
% 1|0 2|0 3|0 4|0 ¢ Guoe) % 1|0 2|0 30 40 ™)
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

o Electrical Current:
« Assigning current variables

« Arbitrarily selecting a reference direction
« Solve for the current values

« Negative value: Opposite direction

<« Double-Subscript Notation for Currents T ] l i i '

oa

Lab l § T fjm

@ b
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

0 Electrical Current:
<« Direct Current (DC) and Alternating Current (AC)

ifl1)
i,(1) i,(1) =2 cos 2t
\ (A) A (A)
/

2 \/ !
/ \ /\ (a) Triangular waveform
£(s) . : 1(s) O
t

(a) Dc current (b) Ac current

(b) Square waveform
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

o \oltages:

« Energy transferred per unit of charge that flows

« Units: Volts (V)

Equivalent to: Joules per Coulombs (J/C)
« Assigned polarities that indicate the direction of energy flow

Energy supplied
by the element

JWW’)

I

A @

&}Lv
L

Energy absorbed
by the element
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Chapter 1 - Introduction

1.2 CIRCUITS, CURRENTS, AND VOLTAGES

o \oltages:
+ ) — - 'y +

<+ Reference Polarities {

U 1

<« Double-Subscript Notation for Voltages

+ Oa -

Vab = —Vbha Ugh § Uba

- b +
R
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Chapter 1 - Introduction

1.3 POWER AND ENERGY

2 The product of the current and the voltage is the rate of energy transfer
(Power) ;

volts x amperes =

p = pj (joules/coulomb) x (coulombs/second) =

joules/second = v

watts

O—
0 Passive Reference Configuration
2 Functions of time
pt) = v(1)i(t)
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Chapter 1 - Introduction

1.3 POWER AND ENERGY

m Power Calculations

i ] I

— <2 -
) O "
+ + -
Uq A Up B Ve C
- - +
O Oo— O
v, =12V v, =12V v, =12V
i, =2A i,=1A i.=-3A

(a) (b) ()

Pa=Vaa=12Vx2A=24W Pe=Vei,=12Vx (-3A)=-36 W

Pp = —bebz —(12V)X 1A= —12W
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Chapter 1 - Introduction

1.3 POWER AND ENERGY

o Energy Calculations

w=f2p(t)dr

m Energy Calculation
v(r)

KO = v(D)i(t) I A W
—12x 2¢7" - o _/
Cetw = wzj.; o di I

~ v()=12V
= j; 24e7 " dt i(H=2"A

=[-24e7]" = —24e7™ —(—24¢") = 24]
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Chapter 1 - Introduction

1.3 POWER AND ENERGY

o Prefixes
Prefix Abbreviation Scale Factor
giga- G 10°
meg- Or mega- M 109
kilo- k 103
milli- m 1073
miICro- I 106
nano- n 1079
pico- p 1012
femto- f 10-15
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1.3 POWER AND ENERGY

o Exercise: . :
ig(1) 1p(1)
[ — I':}—
¥ e
(1) A (1) B
O o— |
i) =2t i(f) =
B p(1) =10
Ualt) =101 vy(1) =20 — 21
p.(#) =V, ()i, (1) = 2077 ps(#) = v, ()i, () = 20¢ - 200
w, = | p,()dlt = | 207t = 2“;} - 2‘;’1 = 6667 J W, = pr{r):ﬂ - T{zm ~200)d* =107 - 2001]; =-1000 J

e o
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Chapter 1 - Introduction

1.4  KIRCHHOFF’S CURRENT LAW (KCL)

2 Node: A point at which two or more circuit elements are joined together
0 KCL: The net current entering a node Is zero

Node a Node b Node ¢

i i3 i3 is ig
—_— — — — -

] j_ | _ |
! R B

(a) (b) (c)

Nodea: i1+ —i3=0
Node b: i3 —is=0
Node ¢: is+ig+i7=0
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Chapter 1 - Introduction

1.4  KIRCHHOFF’S CURRENT LAW (KCL)

2 The net current leaving a node is zero. Node a: —ii —ir+is=0
Node b: —iz+is=0
Node c: —i5 — iﬁ — ||f7 =0

2 The sum of the currents entering a node equals the sum of the currents
leaving a node.

Node a: i +ir» = i3
Node b: i3 = f4

Node a Node b Node ¢
i i is is is Nodec: is+ig+iz=0
—_— e e — — = -
! - !
(a) (b) (c)
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Chapter 1 - Introduction

1.4  KIRCHHOFF’S CURRENT LAW (KCL)

2 Physical Basis for KCL.:
If violates, The charge would accumulate

2 All points in a circuit that are connected directly by conductors can be
considered to be a single node.

—_—
iq+ ic = ip+ ig — [ ‘. o
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Chapter 1 - Introduction

1.4  KIRCHHOFF’S CURRENT LAW (KCL)

2 Series Circuits

R
e A l IH — Eb
? lfh Ip = ¢
— ¢ |—> .
:I':
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Chapter 1 - Introduction

1.4  KIRCHHOFF’S CURRENT LAW (KCL)

0 Exercise:
1 A JA i] A 1 A 3A
—_—- - —_— -—
& L
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Chapter 1 - Introduction

1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

2 A loop in an electrical circuit is a closed path starting at a node and proceeding
through circuit elements, eventually returning to the starting node.

Moving from + to —
we add v,.

Moving from —to +
we subtract v .
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Chapter 1 - Introduction

1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

0 Kirchhoff’s voltage law (KVL): The algebraic sum of the voltages equals zero for
any closed path (loop)

+ I-’b - - er +
Loopl: —vg+vp+ve=10 B D
+ + +

: f N I'
Loop2: —ve—vg+ve=10 | v | A /me C| v, ./Lmh Elv, |

Loop3: vy—vp+vg—ve=10 ".
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1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

0 Kirchhoff’s Voltage Law Related to Conservation of Energy

Element A:  p; = vqi

+ v, -
Element B:  pp, = —vpi
Element C: p. = vei 4
+ A +
I
PatpPp+p.=0 v, | B T:‘ fl C| o

m) Vgl — Vpl+ Vel = 0

mm) Vy—Vp+ V=10

&)

"zt 9929 sl Jlos — V iy (oo (3930 — Setilin  cmrckidpo oSl a
d ] 3
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1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

o Parallel Circuits

A B D E F
JE—
O C &®
" T N T Vet v =10 T
va Al U |B C |t — I A B
S U U Bk S (|
@ 99-9A Jgl Jluoss =V B2 Sloo (030 — Sl | cmsckio 0SLEIS
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Chapter 1 - Introduction

1.5 KIRCHHOFF’S VOLTAGE LAW (KVL)

0 Exercise
- 5V + — A0V o+
B T D I
+ + -
3v | A C | v, v, F
1"’1‘: — 8 V-.. 1"’1{: —_ _2 V
ES A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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Chapter 1 - Introduction

1.6 INTRODUCTION TO CIRCUIT ELEMENTS

Ideal Circuit Elements:
- Conductors

< Short Circuit — Open Circuit
2 \oltage sources

< Dependent - Independent

o Current sources
< Dependent - Independent

0 Resistors
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Chapter 1 - Introduction

1.6 INTRODUCTION TO CIRCUIT ELEMENTS

2 Ideal Circuit Elements versus Reality
< In our study of ideal circuits, we avoid such conflicts.
< In the real world, a very large current flows and heat up the wire at high rate.
< Undesirable situation (such as a fire or destroyed components)

< Real models:
v~ Source: is an ideal voltage source in series with a resistance
v" Wire: A small resistance

+

O
2v( v,
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Chapter 1 - Introduction

1.6 INTRODUCTION TO CIRCUIT ELEMENTS

2 Independent Voltage Sources
< Maintains a specified voltage across its terminals.
< Independent of all other voltages and currents in the circuit.

J J
12V Scos (2m) V
(a) Constant or (b) Ac voltage
dc voltage source source
@ 4-9A Jg‘ dLm.o..u—\ By LSAL».O qué—ﬁ_iwdl&o (e a0 U] K
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1.6 INTRODUCTION TO CIRCUIT E

2 Independent Current Sources
< Maintains a specified current through its terminals.
< Independent of all other voltages and currents in the

Chapter 1 - Introduction

LEMENTS

circuit.

< ADbattery is a good example of a voltage source, but an equally familiar example

does not exist for a current source.

< useful in constructing theoretical models ®

EAC

D 3 sin (1007) A C

(a) Dc current
source

@ A3-2A Jof Jlawos — Y Gy Sheo (wyd — S
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Chapter 1 - Introduction

1.6 INTRODUCTION TO CIRCUIT ELEMENTS

o Dependent Voltage Sources
< Voltage - Current: a function of other voltages or currents

< four kinds of controlled sources:
v~ 1. Voltage-controlled voltage sources (VCVS)
v" 2. Current-controlled voltage sources (CCVS)
v" 3. Voltage-controlled current sources (VCCS)
v" 4. Current-controlled current sources (CCCS)
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

o Dependent Voltage Sources
v" Voltage-controlled voltage sources (VCVS)
v" Current-controlled voltage sources (CCVS)

+
21!_1. Uy
|II
|
Voltage-controlled Current-controlled
voltage source voltage source
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

o Dependent Current Sources
v" Voltage-controlled current sources (VCCS)
v" Current-controlled current sources (CCCS)

+
g ] \ ‘

3 L’_.L. er 2 f.,‘. i .

[

II |

| |
Voltage-controlled Current-controlled

current source current source
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

0 Resistors
< The voltage across an ideal resistor is proportional to the current through the resistor
< Ohm’s Law
v" Unit: letter omega (Q2) represents ohms
v" Ranging from milliohms (mQ) to megachms (MQ).
v~ for now we assume that R is positive.

v = iR o=k i

@ (b) Ohm’s law (a) Resistance symbol
k= V-AA Jol Jlaasi =1 532 (Sleo (109 = Siln (uviigee oSzl e




Chapter 1 - Introduction

1.6 INTRODUCTION TO CIRCUIT ELEMENTS

0 Resistors
< Reference direction

R i Vabh = Igp R
o MW\ o  v=—IR
+ v - Vab = —Ipalt

< Conductance (G)
v units of inverse ohms (Q~1), which are called Siemens (abbreviated S).

: | 1
= ZV — G=— [ = Gv
R R
@ A0 Jol Jluowi =V G Sloo (w30 — SilSo oo 0050510
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

0 Resistors
< Resistance Related to Physical Parameters

Table 1.3. Resistivity Values (2m) for Selected Materials at 300 K

/ i Conductors
Aluminum 2.73% 1078
Carbon (amorphous) 3.5% 107
Copper 1.72x 1078
Cross-section: Gold 227 % 1078
ross-sectional

area A Nichrome 112 1076
Silver 1.63x 1078
Tungsten 5.44x 1078

P {. Semiconductors ;
H —_ Silicon (device grade) 107" to 1

A depends on impurity concentration
Insulators

Fused quartz = 1021
Glass (typical) 1 x 1012
Teflon 1 x 1019
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

0 Resistors

SEINERIEIN Resistance Calculation

Compute the resistance of a copper wire having a diameter of 2.05 mm and a length

of 10 m.

ad?  w(2.05% 1073)2

A== ; ~33% 107 m?
-8
A 3.3x 106
L/W::"! A2-9A Jof Jluosdi =V G Shoo (w30 — SilSo cwaigeo ousiils
Y= RCPPPRTER
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

0 Resistors
< Power Calculations for Resistances
: .2 Fz
p=vi == p=FkK* p=—
R
m Determining Resistance for Given Power and Voltage
Ratings
< An Electrical Heater: 1500W, 120V
2 2 oy 120 _
r=Y_ 12" _ 460 i=—-=_—=125A
p 1500 R 9.6
< Diameter of 1.6 mm: L=17.2m
@ - Jol Jlaos =) G Sl (w30 — S0  cwadigo 0aSS1S
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

l@ PRACTICAL APPLICATION 1.1

Using Resistance to Measure Strain

L
R = P
A
o . Strain to
As strain is applied, the length and area change, Ibﬁmeasurcd
resulting in changes in resistance. The strain and the
change in resistance are related by the gauge factor: \
G — AR/ Ry / ‘I
i . € — .&LIL- Backjng film CUPPEI‘-leIEd
solder tabs

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS o
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1.6 INTRODUCTION TO CIRCUIT ELEMENTS

0 EXxercises:

Exercise 1.12 An electric light bulb is rated for 100 W and 120 V. Find its resistance
(at operating temperature) and operating current.
Answer R =144Q,i= (0.833 A. O

Exercise 1.13 A 1-kQ resistor used in a television receiver is rated for a maxi-
mum power of 1/4 W. Find the current and voltage when the resistor is operated at
maximum power.

Answer Vpax = 19.8 V, igax = 15.8 mA. O

@ WA sl s = ) 2 il 39 — Sl i 01l e
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Chapter 1 - Introduction

1.7 INTRODUCTION TO CIRCUITS

0 Basic circuit

+ .
v, =10V C) §R:SQ uszuw'\r vngﬂ‘:ﬁﬂ

(a) Circuit diagram (b) KVL requires that vp=10V

+ | + liﬁ 1l lfﬁ
1{}*»»'() g §R:5§l mv'/f:) Tf §

(c) Ohm’s law yields ig=vg/R=2 A (d) KCL requires thati; = ig

o o

dfféwf)
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1.7 INTRODUCTION TO CIRCUITS

0 Basic circuit

PR = VRIR = 10x 2=20W

pr=i2R=22x5=20W y
0. =10V R=5Q
R _ 10 ) w -
I — p— p
PR=R ™75

ps= —Vsg= —10x 2= =-20W

m s+ pr=—20+20=0
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1.7 INTRODUCTION TO CIRCUITS

0 Basic circuit: Using Arbitrary References

—vVg — vy =10 ‘ Vy= —vg= —10V. + -
| Vy 10 Vs lf_r v, gﬁé
zx:—E — r'x:——S =2A 1oV ' 3L
— + Lf
X

Ps=vsiy=10x (-2) = 20 W

PR= —Viix = —(—10)x (2) = 20 W.

L/:A/:"! A2-9A Jol Jluwod — ¥ Gy Slao (30 — SilSo  cwcigeo 6uSCilS
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1.7 INTRODUCTION TO CIRCUITS

SEI NIV Using KVL, KCL, and Ohm's Law to Solve a Circuit

[x
_ 15V = 10 €2 i
I};:—ZSPL 4 as

50 vy g jl"

+
f-x + H.Sfx — I},

+ v, —
v,(* <>a.ix snglsv
i = 2 A.

v, = 10i, = 20 V.

a=05A/A
Vs=vx+15 =35V.

&)
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INTRODUCTION TO CIRCUITS

1.7
0 EXxercises
[
v =
25V

= N=i2=—-1Avy==-25V,pr=25W, py= =25 W.

2 S50
+
ﬁLER
+ k1
R= I-RZZA,‘;»’S:VRZBOV,I}S:—-IGOW,[JRZI(?][}W.
RS400
A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510 @




Chapter 1 - Introduction

PROBLEMS

*P1.36. Use KCL to find the values of i, i, and i for
the circuit of Figure P1.36. Which elements
are connected in series in this circuit?

szzji'!.

B

FigureP1.36

Lp=-2 A, L.=1A. [,=4 A. Elements Aand B are in series.
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PROBLEMS

*P1.37. Given thati, = 2A,ip =3A,ig= —5A,and

i, = 4A, determine the values of the other
currents in Figure P1.37.

- l e Lr=1A [L,=DA
+—| B t G _|— ii=-3A i =-TA
e|l;
fl,: ol i"h
L, -
c . [
FigureP1.37

&)
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PROBLEMS

*P1.41. Use KVL to solve for the voltages v,, vy, and
ve in Figure P1.41.

+ v, -
+ v, - + 15V -
— —®
+ T + +
5V 10V Uy
Figure P1.41

v,=-5V. v, =10V. v, =-5 V.
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Chapter 1 - Introduction

PROBLEMS
“P1.42. Use KVL and KCL to solve for the labeled % =1A fy=-2A
currents and voltages in Figure P1.42. Com- v, =-6V v.=4V
pute the power for each element and show
ot pover o comrved i he b 7,20 A -i2w
- L, +
B T — |i,=1 A
g
v,=10V | A v, |C D| v;=4V

FigureP1.42

@ -2 Jol Jlaod =Y G 1 (Sloo (30 — S0 ( wadigo 001 @
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Chapter 1 - Introduction

PROBLEMS
(R
*P1.63. Consider the circuit shown in Figure P1.63. AN
Find the current iy flowing through the resis- 50
tor. Find the power for each element in , 10V
the circuit. Which elements are absorbing
power?
FigureP1.63
1, =2A
Porent-source = —30 W. Thus, the current source delivers power.

P, =20 W. The resistor absorbs power.
A =20W. The voltage source absorbs power.

voltage—source

Lf’:(é/:"l A3-2A Jof Jlaows — ) Gy Sloo (w30 — Silo | cwiigen 005l
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PROBLEMS

*P1.64. Consider the circuit shown in Figure P1.64.
Use repeated applications of Ohm’s law,
KVL, and KCL to eventually find V,.

50

i s i

rey llA

ALK

v, =175V

FigureP1.64

&)
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PROBLEMS

Chapter 1 - Introduction

*P1.69. The circuit shown in Figure P1.69 contains
a voltage-controlled voltage source. a. Use
KVL to write an equation relating the
voltages and solve forv,. b. Use Ohm’s law to
find the current z,. ¢. Find the power for each

element in the circuit and verify that power

18 conserved.

30

A LA

LR
+ v, -
mVC’)C av.
!1{

Figure P1.69

&)

a=5V/V

() v, =10/6=1.667V
(b) 7/, =0.5556 A
(©) 2 ropesource = =107, = -B.556 W.
the voltage source.)
P, =3(/,)* =0.926 W (absorbed)
P iratied-source = IVl =463 W (absorbed)
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Chapter 1 - Introduction

PROBLEMS

*P1.70. What type of controlled source is shown in
the circuit of Figure P1.70? Solve for v,.

30 4 €
P A &L
rTYw TYY
+ v, = l/lﬁ!.
v, av, 1%2Q
-
a=058
Figure P1.70

The circuit contains a voltage-controlled current source. v, =15V
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