EE1002 Principles of
Electrical Engineering

Lecturer: H Wong

Office: G6517

Tel: 3442 7722

Email: eehwong@cityu.edu.hk

CILOs (Course Intended Learning Outcomes)

o lawos

Consolidate mathematical concepts on differentiation,
integration, trigonometry and complex numbers

Describe the basic principles of electric charges and

electrical conduction

Apply Kirchhoff’s laws to analyze circuits

Apply differentiation and integration to analyze first-
order transient circuits




As fundamentals, and for better preparation for
level 2 courses.

Level 2 Courses EE1002

EE2000 Logic Circuit Design v

EE2004 Microcomputer Systems v
EE2104 Introduction to Electromagnetics v
EE2108 Engineering Analysis v
EE21089 Electronic Circuits v
EE2301 Basic Electronic Circuits 4
EE2331 Data Structures and Algorithms CS1102,

CS1302




* Assessments
* e Examination: 50%
* o Course works: 50%

* Note:

* Exam and course works are complement to each other.

* Course works may provide additional assessmentto
course/program outcomes (CILOs & PILOs).

* You need to score 30% from BOTH Exam and Course works.
* 75% laboratory attendance rate must be obtained.

Assessments

Assessment Tasks/Activities CILO No. Weighting Remarks

Quizzes/Tests (min.: 2)

3 Assignments (min.: 3)

Lab exercises and reports

.._
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Class Schedule 1

2 7/9 | Engineering Math |: Limits, derivatives, continuity,
gradient, rate of change

4 21/9 | Engineering Math Ill: application of differentiation, maximum,
minimum, partial derivatives.

19/10 | DC Circuit analysis Il: Kirchhoff’s law, power and energy; Assignment 2
series and parallel networks; ammeter, voltmeter; mesh and
nodal analysis, Thevenin's and Norton's theorems; maximum | Lab 2
power transfer

Class Schedule

10 | 2/11 | Test Lab 3

12 | 16/11 | AC Circuit Analysis Il: First-order transient circuit (RL and RC | Lab 4
circuits); instantaneous and average power.

Texts (1 OR 2 plus 3):

1. M. 0. Sadiku,S. M. Musa and C. K. Alexander, Applied Circuit Analysis, McGraw
Hill, 2012.

2. C.K. Alexanderand M.O. Sadiku, Fundamentals of Electric Circuits, 5th Edition,
McGraw Hill, 2012.

3. J.Stewart, CalculusEarly Transcendentals, (any edition), Thomson Brooks/Cole



Outline

Coulomb’s Law, Atomic Structure, and Electron
Conductor

Voltage and Current

Ohm’s Law

Resistors

Resistors in Series and Parallel Connections
Ammeter and Voltmeter

Summary

. Self-Assessment

10. Tutorials
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Charge Action: Attract & Repel

Opposite Charges

No Charge Attact Each Other
Two Positively Charged Two Negatively Charged
Objects Repel Each Other Objects Repel Each Other

JNSN



Charge Action: Coulomb Force

Suspension head

Fibre

Based on careful experiments, Coulomb’s law was published in 1785.

Coulomb force between two charges:

2 E,
Frp= Fyy =k 19192 | ~—° °—~

72
F, Ey
Coulomb constant k =9x10° Nm?2/C?2 .
Coulomb’s Law
Coulomb force between two charges:
_ 1, 19192|
F =k " :
Coulomb constant k =9x10° Nm?/C?2 . "

It is in a similar form to Newton's law of gravitation
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Coulomb’s Law

Coulomb force between two charges:

_ 1, l9192|
F =k"E F
Coulomb constant k =9x10° Nm?2/C? 9 92

It is in a similar form to Newton's law of gravitation

‘@
Fio=F = Gmlmz

r2 r

F= k0%l wWhyg;xq, ?
* Let force between two unit charges be F:

@
d: q2
* Force with g, = 2g and 3q:

d:=2q

o
F

F

F
d,=3q

F




Later it was found the Coulomb force is given by:

F
r =1|q1q2| .(—).

g 4nr? % %

g: permittivity, € =8.854x107*2 F-m~' in vacuum.

\ 41trf' !

“Potential” of a Charge

r
@ 0 Unit: Joules or eV

Effect of testing Work done =Potential Energy %

this charge eleciron 1
) : : 419>
3 Fr=U= - |
ne T \5} Unit: voltsor v
1 Potential
F =—— e (222 Charge Q induced force on other 1 @
4ne 1 charged objects: = V = -
2 q 4ner
KA 1 ,
- = E — —2 f-\
a 4 4TE 1r°
|

Electric field. Sl system are
Newtons per coulomb (N/C),
or volts per meter (V/m)

Energy U= gV = electron volt, eV
Electric field and voltage relation: V'=rE




Atomic Structure and Electron

* Fundamental making of everything.

Electron is an elementary negative charge with charge value approximately

Amtial #4 1 NV 1N-19 CAnlArma e

Potential Well due to protons in nucleus

Energy reference: 0 at infinity
U(r) It is alwavs negative

0

Electron energy at r;
boundary must be
~ equals this value
@ (bounded/confined)

Electronsin bounded states=» discrete energy levels=» orbital/shells



Arrangement of many electron atoms

1s2

/ 252 Order of
2 4 2p6 352 subshell
b £ filling

3pb 452

mo 4p6 552
4410 5p6 62

/ 4f14 5d10 6p6 752
- / 5f14 6410 7pb 852
, -

A copper atom contains Cu
29 electrons and has 1
Valence electl’on. 15tshell 2" shell 3™ shell

2, 8, 18, 1

Conductor & Charge Transport

* Valence electrons are easier to “move” and
governed most of the chemical and electrical
properties of materials.

LY Conductor l&!llfhd Electron




Potential: making charges “MOVE”

kQq

m nstretched |

© “sping PE=0 Elastic U=—=
Potential F
Energy /‘7

1,.2
PE = L kx 0

Electrical potential can be generated by
separating/inducing positive and
negative charges.

Some Batteries

-

135“§i'if‘i"c'ig o 7

i
b=
Q
2

2 madvanall

Li-ion batteries

Capacity = current in mA x time in hour (@ specific voltage)
= # mAh



Voltage Source Circuit Symbols

H ﬂ
+
16 V-t
—0 —o0
AC Source DC Source

Current: Amount of charge flow
per second

Current = flow of charge

A
éIL — o-é;i+
S A

Totatvotume mmm) Rate, a fairway for comparison.

dependson time
| = Charge/time = Q/t
- Ampere = Coulomb/s



Circuit: Complete loop

Conductor
properties?

through an open circuit.

Current Source Circuit Symbols

Current
direction



Resistance

* Current flow depends on the
size and conductivity of a

conductor.

Ohm’s Law g =

Current, | (Amperes)

~| <

vV
Resistance R = T (OhmorQ)

I
Conductance G = 7 (Mho or S)

1
Conductance

Resistance =

Voltage, V (Volts)




Resistor Circuit Symbols

Fixed-value Rheostat
Potentiometer Tapped Thermistor
Photoresistor

&

More on Ohm's law

I

+
VR[:K
- R
T

What governs the resistance of a
conductor ?
Material and geometry !

length
/ o
R=g—

A «— cross-section area
resistivity



Voltage and Current Measurements

* \/oltmeter: Potential different between two terminals.

* Larger ranges achieved by potential dividers.

Voltmeter

Current flow needs to be measured by
inserting the Ammeter into the circuit.

* High current can be measured by shunt connection.

DC Ammeter

=3 Shunt




Electric power

* Electric power is the rate, per unit time, at
which electrical energy is transferred by an electric
circuit. The S| unit of power is the watt (W),
one joule per second.

p = Engergy _ (0)%4 — IV

L t
Color Value Tolerance
Re SIStO rs Black 0 No color + 20%
Brown 1 Silver + 10%
o - Red 2 Gold  +5%
* To limit the current, to divide = R:d
the voltage; o 3 iy
e . . Yellow 4 Brown + 1%
* “Size” of resistor is measured Gioen g
with resistancein Ohm or Q; _— g
* Commercially available resistors  vioer 7
with resistance values shownin 3
color bands. White 8
Standard Color Code i
Space

Multiplier
BANDS: 1 2 3 g S

5-BAND RESISTORS
(+1%)

4-BAND RESISTORS

+10%
+59%, BANDS: 1 2 X




1500 Q
1.5 kQ
1.5k
223 5 8202 5
=22 x 10 =820 x 10° Nhm
= 22,000 Ohm 8202 =82000 ( Brown
= 22K Ohm =82 KOhi Black
Three-Digit Re sistor Four-Digit Resistor
Black
4R7 0R22 1000 Q Brown
4R7 It O0R22 BEters
— Browm
Resistor With Radix Point Resistor With Radix Point =
0 000
=0 Ohm =0 Ohm
Zero-Ohm Resistor Preckin 2 0-Olm ResEDI

Number and Prefix Scales

T G M k m 1 n P
tera giga mega kilo milli micro  nano pico
1012 10° 108 10° 103 106 10°° 1012
THz Gigascale a0 kQ mm nm
Thit Ghyte MB kg mv m nanoscale
TB Ghit Km mA U nanotechnology
GHz KW mAh v

microcomputer



Variable Resistor

10 kQ

—NA—  — —
Fixed Resistors )
10kQ )
— —mglm— 4 %
) : ! S

10 kO v ' 9

Ty~ T
Variable Resistors

SMD (Surface Mounted Resistor)

223 § 8202 5
=22 x10 =820 x 10 Ohm
ETT N 5202 M
= 22K Ohm =82 KOhm
Three-Digit Resistor Four-Digit Resistor
4R7 0R22
" 0R22 .
Resistor With Radix Point Resistor With Radix Point
0 000
=0 Ohm =0 Ohm

Zero-Ohm Resistor Preckiol Ze-Okm Res kbr



o _» g W

1/2-W Resistor 1-W Resistor 2-W Resistor
1/8-In. Diameter 1/8-in. Diameter 5/16-In. Diameter
3/8-In. Length 7/16-in. Length 11/16-in. Length

Resistors with different power ratings

Resistor
polig
+ v 15 /
E e (R 300
— 5V R B 05A
Resistors in Series
A
— ey  Same Current ! Resistor 3
+ * : . . < +
AAN— t
Reslstor 5 Reslstor 4
V - ¢ ¢ i A
= T swc | e
——— AN
[ _ 00 uo
Larger R, Larger — um ‘ )
potential drop. I+ awc T e |




Resistors in Series

Resistor 1 Resistor 2
ANNN—
_ +—F - - - -
g Batey Same Current !
V * * - - s -5 =
R =— EAANAS EAANN—
I Reslstor 5 Resistor 4

Vtot= IRI + IRZ + IR3 + 1R4 + IRS

Viot .
I

—RS=R1+R2+R3+R4+R5

Larger R, smaller
current.

-




Resistors in Parallel

F i £

- L
Er 60V E1 60V E; 60V E3 60V
It 0.6A Iy I Iz
Rr 100 Q Lgl‘[ 300 Q t R 200 Q L Rz 600 O
P Py P2 Pz

E 60
L=22=22 =024
R, 300
E 60
[,=22=-"_"=03A4
R, 200
Note E 60
L===2_=0.14
IT_11+12+I3 R3 600
Resistors in Parallel
+ lx" A
——Er 60V E1 60V Ex 60V E3 60V
——1Ir 0.6A 7] Iz
— R100Q Ry 300 Q Rz 200 Q Rz 600 Q
<y Py P2 P3
IT — 11 + [2 + 13 Two resistors in parallel:
1 1 3 1
E E E B B =N
1T=_T+_T+_T Rp Ry R,
R R R
1 2 3 _ R{R,
pj1i_1 .11 TRy +R,
Er |Rp Ry Rz R3
Note:R, <R, &R,




Ammeter and Voltmeter Connections

To sense the
current flow
without affecting
the circuit

To detect the voltage
difference without
affecting the circuit

DIY

~

C)Short circuit

| S
Open circuit
B__ E___ B
— h— h (A b
— R— R,— R— Re—
T B p— A— P —




R— R— Rs— R—
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“Potential” of a Charge

F’_

Work done =Potential Energy

. 1 aqq

y Fri=lU= - x?
i 4192 \ Potential

Ante 12 X Charge Q induced force on other U v 1 Q
& charged objects: —=V= -
q dner
F 1 Q g
@ 4 B
q - 4TE T
Effect of Estine ||
this charge iekin Electric field. Sl system are

newtons per coulomb (N/C),
or volts per meter (V/m)

Energy U= gV = electron volt, eV
Electric field and voltage relation: V'=rE




Summary

* Key Concepts: Free electron, voltage, current,
resistance, Ohm’s Law.

* Current is the rate of charge flow past a given point in
a given direction.

* Voltage is the energy required to move 1 C of charge
through an element.

* Power is the energy supplied or absorbed per unit
time. It is also the product of voltage and current.

e Current: F= Q/t (Unit: Ampere, A, mA, HA)

[

* Resistance: R = p— (Unit: Ohm, Q, kQ, MQ)

A

* Ohm’ s Law : I=K
R

* Electrical Power: P = [V  (Unit: Watt, W, mW, kW, MW)




Score: /10

Self Assessment | Pay more effortif your score<7

1. One millivolt is one millionth ofa volt.

(a) True (b) False
2. The prefix micio stands for:
(a) 108 (b) 10° ©103  (d10o¢

3. The voltage 2.000.000 V can be expressed in powers of 10 as:
(a) 2 mV ®2kV  ()2MV  (d)2GV
4. Acharge of 2 C flowing past a given point each secondis a current of 2 A.
(a) True (b) False
. The unit of current is:
(a) Coulomb (b) volt (c) ampere  (d) joule
6. \oltage is measured in:
(a) watts (b) volts (c)amperes (d)joules per second
7. The voltage acrossa 1.1-kW toaster that produces a current of 10 A is:
(@llkv  (b)1100V (e)lloV (@uvwv
8. An electric heater draws 10 A from a 220-V line. The resistance of the heater is:
(@)22002 ()220Q (©)22Q (d)2.2Q
9. The voltage drop across a 1.5-kW toaster that draws 12 A of current is:
(a)18kv (L)120V (¢)125V (d)1042V
10. The maximum current that a 2ZW. 80 k Q resistor can safely conductis:
(a)160kA (b)SmA (c)40kA (d)25mA

L

ANSWFEFRS- 1 (hY 2{dY 2 Ala) BiAY ATRY TiAY i) afs) 10fh

Tutonals

Q1. A 60-W mcandescent bulb operates at 120 V. How many electrons and
coulombs flow through the bulb in one day?

Q2. A battery has a rating of 0.8 ampere-hours (Ah) and a lifetime of 10 hours.

(a) How much current can it deliver?
(b) How much power can it give if its terminal voltage 1s 6 V?
(c) How much energy is stored in the battery n Wh?

Q3. Find the hot resistance of a light bulbrated 60 W, 220 V.

Q4. (a) Calculate current 7 in the Figure below when the switch 1s i position 1.

(b) Find the current when the switch 1s i position 2.

ol 2e
§1oo Q T s 2500
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Additional

Materials for reference only

More on Ohm's law

Geometry independent form:

=LAy

p 1
£ _2¥
A p l ellectric field
J = 3 = oF
[P ]

current density

conductivity

I
+
\Y} R
R=p— -
I
=Y 1=gv
R
g.l_14__4
R pl [
1
o=—
Vo,




What governs the conductivity ?

J =0k Drift: charge transport under
s the influence of an electric
\ field.
o =qnu
AN
N mobility
Charge density

Experiment on Resistance measurement (see Lab sheet EE1002LAB2 for details)

What are the different?

v v



