1/6/2019

ECE ILLINOIS

ECE110 Introduction to Electronics
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The Field of Study Defined

“Engineers use the knowledge of mathematics and natural
sciences gained by study, experience, and practice, applied
with judgment, to develop ways to economically utilize the

materials and forces of nature for the benefit of mankind. *
- ABET (Accreditation Board for Engineering and Technology)

Electrical engineering (EE) is a field of engineering
that generally deals with the study and application of

electricity, electronics, and electromagnetism
- WikiPedia
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Electrical Engineering
inseparable focus areas

Information & Computer
icati igi Engineerin
Communications Digital g g
Signals
i Electro- Device Micro/NanoFabrication
Imaging magnetics Physics
System Power & Electronic
Cemiia Energy Circuits
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ECE110 introduces EE with a
focus on electronics

You will:
e measure electrical devices
e analyze and model electrical circuits
e construct electrical systems
¢ design a control system for your
own autonomous vehicle
e create your own “open-ended” project

The laboratory provides a hands-on opportunity to showcase your skills!
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Charge and Current

e an electron is a charged subatomic particle

¢ the coulomb (C) is a measure of electric charge with

—1.6 x 10719C

electron

e Electric current is the flow of electric charge in time (C/s)

I =AQ/At

(notation) —16e—19C
= electron

the A means "the change in"

e The ampere is the unit of electric current

1A=1C/s

ECE ILLINOIS

—16e—-19 C
electron
AQ
[ =—
At
1A= 1C
T 1s
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Charge and Current

L1Q1: What is the charge of 1 billion electrons?

L1Q2: A “typical” electronics circuit might have 1
billion electrons pass a cross section of a wire every
nanosecond, what is the electric current in amps?
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Image is public domain.

Q1 Answers:
160e-12C
16e-12C
l6e-12C
16C

160 C

moowp

Q2 Answers:
A. 0.00000016 A
B. 0.160 A

C. 1A

D. 1e-9A

E. 160e-12 A

I
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Voltage and Energy

¢ Energy is the ability to do work, measured in joules (J), BTUs,
calories, kWh, etc.

* Voltage is the work done per unit charge (eg. //C) against a
static electric field to move charge between two points

e Also, 1 volt (1 V) is the electric potential difference between two
points that will impart 1 J of energy per coulomb (1 C) of charge
that passes through it.

AE = AQ XV

L1Q3: A certain battery imparts 480 pJ to every 1 billion electrons. What is its voltage?

ECE lLLlN@lS DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING 1
Voltage and Energy
AE =AQ XV

Tesla Model S

L1Q4: What is the charge moved through 400 V (EV battery) to provide 800 kJ of energy?

L1Q5: What is the average current if the energy in Q4 is provided in five seconds?
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Energy and Power

Power is the rate at which energy is transferred.
Power is (rate of charge flow) X (potential dif ference)

Power is current X voltage
AE _ AQ

P=A_t_A_t =IV

L1Q6: Aflashlight bulb dissipates 6 W at 2 A. What is the supplied voltage?

o—
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@ Recommended

33
.
"z

v » ECE Supply Center A

Required

+ ECE Supply Center
— ECE110 Electronics Kit

Beware: Significant changes since SP18!

2 i - Voltmeter
et — Multipurpose wire stripper
— Arduino (or RedBoard) + cable

— i>clicker
<
« Online (courses.engr.lllinois.edu/ece110) * IUB Bookstore %
— ECEL110 Lecture Slides — ECE 110 Lecture Slides
< AND/OR >
— ECE110 Lab Procedures — ECE 110 Lab Procedures
— Weekly PrairieLearn Assignments
— Course Piazza Announcements * Online
— Online Textbook (Course Notes) — Extra examples, videos, etc.

Critical Course Videos

10
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Assignments
¢ Homework
— Online via PrairieLearn
— Due Fridays at 3 pm. Get it done early!
— Discuss on Piazza. When posting/replying publicly, ask for resources and not detailed solutions.

— If you need help on your detailed solution or question about a recent exam, post a private question
to the instructors.

— Multiple opportunities to earn credit on each problem. Everyone should get 100% on homework!
— Absolutely no submissions past the credit dates (start early if you plan to be sick on Fridays © )
— To get help in office hours, bring your solution on paper
e lab
— Weekly meetings
— Prelab assignments due at the beginning of your meeting
— Enter from the “lecture side”, room 1005 ECEB
— Move to 1001 ECEB after TA has instructed you
— Does not meet the week of Spring/Fall Break nor the week of the MLK holiday or Labor Day holiday.

— Lab summary is submitted at the end of each lab period, periodic Unit Reports
11
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Recommended learning opportunities

Workshops (as announced each week)

Office Hours Room 1005 (near lab), Monday-Friday

CARE Grainger Library

Honors projects targeting James Scholars, ECE110+ECE120

Encountering various difficulties? Contact your Instructor, lab TA, or the
advising office on the second floor (2120 ECEB)!

12
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Grading policies

At Greater than 37%% Laboratory 30% 1
A 93-74
05 1
A 00-939% Lecture Total 70%
B+ 87-90% 3 midterms 30%
B B3-87% Final Exam 25% 2
B- a0-83%a
't T7-80%% Homework 10%
C T3-TH Attendance 5 %
- T0-73%%
D+ 6= 705 .
D ﬁj_ﬁﬂ; 1You must obtain 50% of the lecture score and
- G639 50% of the lab score to avoid failing the course!
F Less than A0%% 2The Final Exam can have an effective weight of
35% by replacing the lowest midterm grade.

13
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L1 Learning Objectives

a. (L1a) Compute relationships between charge, time, and current.
b. (L1b) Compute relationships between charge, voltage, and energy.
C. (L1c) Compute relationships between power, current, and voltage.

,_he _AE
At T AQ
AE = AQ XV
AE A
_AE_AQ L,y

14
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Policies

e Lab attendance is mandatory, each and every week
¢ No food/drink in 1001 ECEB

e Food and drink allowed in 1005 ECEB, only. Since this room is used for
office hours, take your book bag with you into the lab.

e Lecture attendance is semi-mandatory...see next slide

15
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Feeling Sick? Can’t make class?

Please, don't risk infecting others.

Lab: Notify your lab TA (not me!) before lab to request an
excused absence. Up to two may be granted.

Lecture: Do nothing. Missed lectures will be counted
towards your 20% excused absences.

Forgot your i>clicker? Do nothing; will be counted
towards your 20% excused absences.

16
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Seeking advice and help?

e Talk to us! Instructors, graduate TAs, undergrad course aides want to know you!

e CARE: the Center for Academic Resources in Engineering provides study periods
and tutoring options in many STEM courses.

o ECEFE Advising Office (2120 ECEB) provides all kinds of advice. They can also
recommend others:

— U of I Counseling Centerfor time management, study skill, test-taking skills, and
confidential personal counseling. Plus, Dr. Ken at Engineering Hall!

— DRES: the Disability Resources & Educational Services center for aid in overcoming unique
challenges that you may encounter through your education

17
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Lecture 2: A history...
From Charge Storage to Ohm’s Law

e A short video

e Capacitors

o Batteries

e Conservation of Energy
e Ohm’s Law

18
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Energy Facts

e Conservation of Energy
Einput = Euseful + Eyaste

e Mechanical Energy

Kinetic and Potential Energy; Energy vs. Power

e Electrical Energy Storage
Capacitors and Batteries

ECE ILLINOIS

19
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Capacitors: store electrical energy

C = Q/V - capacitance is the charge-to-
voltage ratio of a capacitor

Ecapacitor = E cv?

In History...

Yes, Benjamin Franklin collected
electrostatic charge from a storm
using a kite in 1752, but also
formulated the principle of
conservation of electric charge and

In History...

The first device for storing electrical energy
became known as Leyden Jar after the city
in which it was built (1745). It had a
capacitance of about 1 nF.

Image in Public Domain

coined the
terms “positiv{wﬁ N Z; ;‘/ A

and “negative”

ca
with respect to \Sx\]‘ .KL%:;‘ZQ A~
the charge —\S \37

carriers (current).

I

I

L2Q1: At what voltage would a 1 nF capacitor have the energy to lift 100 kg by 2 cm?

20
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Special Capacitor: Defibrillator

L2Q2: How much energy, E.qp, is in the 42 uF defibrillator capacitor charged to 5 kV?

Ecap =
A. 5.25mJ
" CATALOG NO.:_ gg})&;m B. 5.25]
CUST. PIN 00186
AATED CAP:____ 42 P C. gzgj
VOLTAGE: D. 25 M
DIEL. RATED: __25.5 KV ]
OPERATING: __5 _______ KV E. 525GJ
MFG. LOT. _ =7
MEASURED CAP: 48 7. .f L2Q3: Half of the A Ecap
SERIAL No. __ L F0I70 ) s © g
7 capacitor’s charge, Q, Eeap
MAXWELL LABORATORIES. ING is then drained off. B. 4
NADE INUSA How much energy C. Ecap
H 2
Energy stored ﬁ\Aglgocr:oncnor may be does |t hOId nOW? D E
LENEXL and |s ofton rotained for long - cap
poriods. Danger exlals from terminal to
terminal as woll as from terminal to E 2Ecap
chasais. Use cautlon'in handling this
21
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Batteries store and generate electrical
energy with a chemical reaction

In History... A

Alessandro Volta published the invention of +

the battery around 1790. The unit of electric il

“pressure”, the volt, is named in his honor. Z .9 —
Unlimited electric —
energy... If only it T

could be of some use! v A — e
8.

L2Q4: How much charge moves through a 9-V battery to provide 3 J of energy?

22
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Explore More! Batteries

Zinc anode

Copper cathode

ol

Zn(s)

M e

Cu,
<_ Anion

flow

ZnS0, (aq)

®

Porous
disk

+

v

®E

Attribution-ShareAlike 3.0 Unported
(CC BY-SA 3.0)

was Ohiostandard at English Wikipedia -

by Burpelson AFB using CommonsHelper.,
CC BY-SA 3.0,

curid=11236033

) Read more:
https://en.wikipedia.org/wiki/Galvanic_cell
CuSOy (ag)

ECE ILLINOIS

— (1)

Chemistry 102 and 103!

Image from Wikipedia, The original uploader

Transferred from en.wikipedia to Commons

https://commons.wikimedia.org/w/index.php?

23
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Example

° AEbattery = AEcapacitor +

° AEyqste =

Loy
2

1
° AEbattery ~ ECVZ +

I(t)

CV?

Physics 212

24

I
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Batteries and capacitors notes

¢ The current drawn from a capacitor or battery depends on the /oad.
— Include wires, light bulbs, LEDs, motors, etc.
— What limits the maximum current possible?
— We need simplified Models for batteries and loads

e Batteries VS. Capacitors

L2Q5: If a battery is labeled at 9 V and 500 mAh, how much energy does it store?
L2Q6: For how long can such battery power an LED if it draws 50 mA of current?

25
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Ohm'’s law models the current and voltage
relationship in conductors

Motivated by long-distance telegraphy, Georg Ohm (~1825) conducted
careful experimentation to find this widely-used approximate mathematical
model:

where R = pi is resistance of a conductor (e.g. wire)
with length, [, and area A, and where p is resistivity - a material parameter

L2Q7: Find the diameter of one mile of Cu (p = 1.7 x 108 Q m) wire when R = 10 Q.
L2Q8: If the resistance of one wire is 10 Q, what is the resistance of two such wires in parallel?
26
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Resistors are devices that obey Ohm’s Law

e Resistors are used to set current when voltage is given
e Resistors are used to set voltage when current is given
e Power is always dissipated in resistors, and they heat up

2
p=1v=YX=12R
R

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

I

ammeter!

In History...

Henry Cavendish conducted
similar experiments over 40
years earlier than Georg Ohm
using Leyden jars for voltage
sources and the shock felt by
his body as an ad hoc

Image in Pubiiébb/rrnain

L2Q9: If a resistor of 100 Q is rated at 0.25 W, what is its maximum current?
L2Q10: What is the power dissipated by that resistor if there is a 6 V drop across it?

ECE ILLINOIS

27
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Resistances are used to model devices

¢ Lengths of wire

e Incandescent bulbs
e Heating elements
e Battery terminals
e Stalled motors

e Fuses, etc.

o =
I + -— b

9V

N

' (®)

models>

(@)

—o0

L—o
Ry

Ao

e

I

L2Q11: If a 9 V battery provides (at maximum) a current of 2 A, what is its modelled

“internal” resistance, R;?

28
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L2Q12: When would you want to use a capacitor over a battery?
A. When you need a burst of high current for short time

B. When you need to power something at a constant current over
a long period of time

C. Always, batteries just too expensive compared to caps
D. Never, batteries are better, more expensive than caps
E. I'm kind of getting lost

29
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L2 Learning Objectives

a. (L2a) Solve energy transfer problems involving mechanical potential and
kinetic energy as well as efficiency (or wasted energy) considerations.

b. (L2b) Compute power, energy, and time, given two of three.

¢. (L2c) For a capacitor, compute stored energy, voltage, charge, and
capacitance given any of the two quantities.

(L2d) Compute energy stored in a battery and discharge time.

(L2e) Compute resistance of a cylindrical conductor given dimensions.
(L2f) Relate voltage and current for an “"Ohmic” conductor.

(L2g) Perform unit conversions for energy, charge, etc.

(L2h) Use Ohm’s Law to model the internal resistance of a physical battery.

30
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Lecture 3 : Power and Energy

e Announcements
e Avoidance of Ethical Issues
e Power and Energy with examples

31
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There Should Always be
Alignment in a Community

N
AQ‘ﬁﬁ"ﬁ? AN\

5N

L N

32
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Proactively avoid ethical dilemmas

Picking Up the Slack...search at Santa Clara University:

http://www.scu.edu/

«» Often called a “hitch-hiker” scenario...

What do you feel Greg should do?

A. Value the relationship, grade Natalie the same as the group.
B. Greg is not a babysitter...give Natalie the grade she earned.
C. Give Natalie a worse grade than the group, but better than she deserved.
D. Talk to Natalie before deciding which grade to give.
E. Talk to the Instructor before deciding which grade to give.
What would you have done? ECE 316
33
ECE 'LLINO'S DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING l
W /4
Recall “"Energy
e Energy is ability to do work 4
_ e
e Energy comes in many forms 2 & 75
e Energy is conserved (can change forms) \{
(-]
. . -4
Examples: heat, light, electrical energy, ]
chemical, mechanical (e.g. potential, j L‘}>

kinetic), mass, etc...

34
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What is "work” ?

¢ drive to Chicago
e move a couch

e cook an egg

e lift a camel

¢ launch a satellite

o stay awake in lecture (try!) /\J .
e electrocute somebody (don't!) “\g‘ !
¢ send an email (to Brazil or Urbana?) i
» write down some of your own ideas
35
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Driving to Chicago

¢ Distance: 200 km
e Elevation Drop: 44 m
e Where is the waste?

If AEstate = Euseful’ then

Einput = AEstate + Ewaste = nEinput + (1 - n)Einput

n . efficiency
(1 —-7) :losses

Explore More!

Elon Musk is in the news much these
days as Hyperloop One comes on line.
What are some benefits of Hyperloop
technology? What are some cons?

36



1/6/2019

ECE ILL'NOIS DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING _JI

Driving to Chicago...accounting

L3Q1: How much energy does it take to accelerate a 2200 kg car from 0 to 60 mph? Q1:

A 8mJ
B. 1)
C. 80J
D. 1k
L3Q2: What is the energy input needed if the engine/drive train losses are 70%7? E. 800k/

L3Q3: A certain gas car gets 50 km/gal (avg). How much energy does it take to get to Chicago?

37
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Rate of lifting camels — power!

Definition of power: P = i—f is rate of energy...

L3Q4: What is the average power needed to lift 500 kg by two meters every minute?

38
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Power...Tesla Model S

L3Q5: What is the power needed to expend 800 kJ in five seconds?
L3Q6: What is the charge moved through 400 V to provide 800 kJ of energy?

L3Q7: What is the average current if the energy in Q5 is provided in five seconds?

39
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L3 Learning Objectives

a. (L3a) Develop a plan to avoid an ethical dilemma in the laboratory

b. (L3b) Solve energy transfer problems involving mechanical potential and
kinetic energy as well as efficiency (or wasted energy) considerations.

C. (L3c) Compute power, energy, and time, given two of three.

40
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Schematics

¢ Circuit Modeling and Schematics: A resistive heater
e Electromagnetism — Oersted’s 1820 demonstration

e Measuring current and moving things that are near and far

¢ Long-distance telegraphy; Ohm’s law

e Circuits: graphical representations and mathematical models

¢ Model and solve very simple (one loop) circuits

¢ Network Examples: Broadcast Telegraphy, Decorative Lights

ECE ILLINOIS

Circuit model for car window defroster

L4Q1: What is the resistance of the car window defroster if it dissipates 60 W?
(Consider that the car battery has a max available current of 500 A)

[

12V

switch

41
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rear window heater

I

I

L4Q2: What percentage of the

available battery current is sent
to the rear window heater?

moow>

1%

10%
50%
75%
95%

42
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Electric current deflects a compass needle

R H R In History...

s =~ Hans Christian Oersted’s

FinaeTs

T -/- I‘ £ g-feh observation of this effect in 1820

Botkery / surprised him during his lecture
P4

+ b demonstration to advanced
— eurrent students. Detailed experiments
— — followed
/, Le s p with
I / NOVU’I f;otlnti“%
T i He Airection
- Cceld :
oﬁ Ehe B gb‘ Image in Public Domain
43
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Galvanometer measures current

e Each wire in a coil adds to magnetic field, B
e Wires segments on all sides add to B

¢ Counteracts Earth’s magnetic field

¢ More current — bigger angle of needle

¢ More sophisticated galvanometers came later
Image from book: Electrical Measurement d Ampere (A), beC0meS d fundamental Unlt

and the Galvanometer: Its Construction and Uses, , . .

by T. D. Lockwood, New York: J. H. Bunnell and Co., 1890 ° I |s for IntenS|te (Inten5|ty N FrenCh)

Image in Public Domain.

a4
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A coil with current acts as a magnet

L4Q3: For how long can
Energizer 522 (~500 mAh)
9 V battery operate a relay

1 (JQX-15F) which draws
100 mA?

Q3 answers:

About 1.5 hours
About 3 hours
About 5 hours
About 9 hours
About 45 hours

Relay principle: 1. Coil, 2. Armature, 3. Moving contact
Source: Wikimedia Commons

moowy

45
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Circuit Model For a Telegraph Loop
N ([

switch
+ In-)ng ﬁire -
B —— ==
battery — E re|ay
=
ganl

)/

long wire
(sometimes replaced by earth)

L4Q4: If a 9 V battery with 4 Q contact resistance is used and the relay has 80 Q
and the wire has 10 Q/mile, what is the maximum telegraph distance which will
result in a 50 mA current through the relay circuit loop?

46
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Decorative lights: multiple ways to
connect bulbs to the wall power plug

8 8 8 8 8 e
120V<i> @@@ 120V<i> @@@
8 68 e 88
8 8 a 88

L4Q5: Draw a circuit for 12 lightbulbs connected in series in one loop.
L4Q6: Draw a circuit for 12 lightbulbs connected in two parallel branches.

48
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L4 Learning Objectives

a. Draw one-loop circuit schematics to model simple setups

b. Draw source and resistor circuits to model real-world
problems

Explore More!

ECE 329 Fields and Waves |
bt ottt - s v 4 ECE 350 Fields and Waves |l

A wave traveling rightward along a lossless transmission line.

Black dots represent electrons, and arrows show the electric field.
Image in Public Domain under CCO

Source: https://en.wikipedia.org/wiki/Transmission_line

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
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ECE110 isn't my course. It's your course!

e We value your suggestions to make your course better!

e These slides contain only an overview of the course and its materials

provided to you. Read the syllabus, course notes, Piazza

announcements, and other materials provided at the ECE110 website!
e The University’s Student Code http://admin.illinois.edu/policy/code/

outlines both your rights and responsibilities as a student

50
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Lecture 5: Kirchhoff's Laws in Circuits

Kirchhoff’s Current Law (KCL) — Conservation of Charge
Kirchhoff’s Voltage Law (KVL) — Conservation of Energy
Solving Circuits with KCL, KVL, and Ohm’s Law

Power Conservation in Circuits

ECE ILLINOIS

51

Kirchhoff’s Current Law

Current in = Current out

Conservation of charge!

(What goes in must come out, or...
...the total coming in is zero)

Image source: MONGABAY.COM

N

Through a closed surface (balloon), Z I, = 0 where I, are the currents flowing in (alt. out) of the balloon.
k=1

52
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KCL equations are often used at nodes, but
can also be used for a sub-circuit

I , ) .
—ir L5Q1: Which of the equations is
L NOT a correct application of KCL?
i’ 4IL A 11 = 12 + 14_
B. 14 == 15 + 16
C. 11 + 13 == 16
I

6 D I3+15:IZ
E. 16_14:I3+12

53
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Kirchhoff’s Voltage Law

The sum of all voltages around any closed path (loop) in a
circuit equals zero

Conservation of Energy!

With voltage, what goes up, must come down

M

Around a closed loop (path) Z Vi = 0 where V, are the voltages measured CW (alt. CCW) in the loop.
k=1

54
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KVL and Elevation Analogy

. "
gwaw ({elevation 797 ft)
[
-

ban&”
al00km ﬂ" F -‘-"3“
oow Ob' _
‘Jl {elevation 738 ft)
& &{Mr Free Picture: Stairs To The Sky ID: 191634
e_d © Jennifer Harvey | Dreamstime Stock Photos
(elevation 682 ft)

One can add up elevation changes as we go in a loop from city to city.

The result should be zero, independent of the path taken. .

ECE lLLlNOIs DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING jI

Keeping track of voltage drop pol/arity is
important in writing correct KVL equations.

+ V4‘ - L5Q2: Which of the equations is
] NOT a correct application of KVL?
V) Vs A V,—Vy—Vs=0
+,—|- +,—|- B V1:V2+V5+V6
- L C.V,—V, =V,
+ + + D. Va4V, =V,
V{J Vs V{J E. Vs + Vs =V
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Missing voltages can be obtained using KVL.

Vs

+l—|

V V.
2 _ e

+I—I
L

[
L

L 1
+ +
Vs Vﬂ

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

In History...

The conceptual theories
of electricity held by
Georg Ohm were
generalized in Gustav
Kirchhoff’'s laws (1845).
Later, James Clerk
Maxwell’s equations
(1861) generalized the
work done by Kirchhoff,
Ampere, Faraday, and
others.

ECE 329 Fields and Waves |

Explore More!

# E‘dS:i/Il[pdV
o0 €p 1]
# B-dS=0
a0

7( E-cu:—iffn-ds
a5 dt JJs

B-d,e:_ua[/J-dS-%—uueui/[ErdS
) 5 dt JJs

Maxwell's equations in Integral Form
Image Credit: Wikipedia.org

I

L5Q3: What are the values of the voltages V,V,and VifV; =2V, V, =6V, V. =1V?

ECE ILLINOIS
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Examples

L5Q4: Find the value of I.
P
A. —34
B. —24
N C. -14
+ 4V _ D. 14
20 E. 24
34(1)

L5Q5: Find the value of V.

3A

12V
-6V
-3V
6V
12V

moow»

58
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Circuits solved with Ohm’s + KCL + KVL
0.75 A

—
Q

\é\/\/

VS@ 6Q 30

L5Q6: What is the value of the source voltage?
L5Q7: How much power is the source supplying?

L5Q8: How much power is each resistance consuming?

59
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L5 Learning Objectives

Identify and label circuit nodes; identify circuit loops

o o

Write node equation for currents based on KCL

o

Write loop equations for voltages based on KVL
d. Solve simple circuits with KCL, KVL, and Ohm’s Law

e. Calculate power in circuit elements, verify conservation

60
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Lecture 6: Current and Voltage Dividers

Series Connections, Equivalent Resistance, Voltage Divider
Parallel Connections, Equivalent Resistance, Current Divider
Power Dissipation in Series and Parallel Resistive Loads
Example Problems and Practice

ECE ILLINOIS

61

Series Connection
Series connections share the same current

R, R; R3
—/\NN——NN—AN—
+ Vi = + V- 4+ V3=
—_— —_— —_—

I I, I3

I, = I, = I; because of KCL
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Equivalent Resistance of Series Resistors

Resistances in series add up

R, R, R; Reg
+ V- + V2 - + V3 - — +V -
I L s T

Req=R1+R2+"'+RN

This can be intuitive: think of telegraphy wires in series.

63
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Voltage Divider Rule (VDR)

+
When a voltage divides across resistors in IZ R,
series, more voltage drop appears across _
the largest resistor. N
Ry R, R3 Vs ; R, VT
Ry, -+ MN— AN AN -
Ve =—"Vr + V- + V2 = + V3 =
Req +
+ VT - Vs R

L6Q1: Can a voltage across one of the resistors be higher than the total V?
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L6Q2: If R, < R,, which of L6Q3: Use VDR to find V,.
the following is true?

10V@> 20

+
I(M2v 4q \;rl

A Vi<Vy,and ; <1, A <=6V

B. ;<V,and I, =1, B. —6<Ih< -2V

C.Vh=Vandl; =1, C. —2<V, g2V

D. ; >V,and I, =1, D. 2<V; <6V

E. ;>V,and I} > I, E. 6V<W .
ECE ILLINOIS DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING l

VDR Derivation

Ry R; R; Req
—M—AMN—A— — AA—
+V - + V- +V3 - — +V -
I L Is T
. 74 74 ’ R
Since I = I, — ==k pyOhm'sLaw. So, V,=-%.V

Req Rg Req
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Parallel Connection

Parallel connections share the same voltage potentials at
two end nodes (shared by the elements)

I, =V, = V5 because of KVL

A. B.
L6Q4: Are appliances in your house/apartment connected in series or in parallel?

67
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Equivalent Resistance of Parallel Resistors

+ + + +
V:LBR:[ v, Bﬂz Vs Bﬂg — V[ Req
- I - L - L -1
11,1, 1
Req R1 Ry Ry
_ _ RiRp.
If N =2, Roq = 722

Adding resistance in parallel always brings resistance down!
This can be intuitive: think of combining wire strands to make a thicker wire.
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Current Divider Rule (CDR)

When a current divides into two or more paths, more
current will go down the path of lowest resistance.

']
I, = Req ] + + +
Ry V1 |<Ry Vzl Ry V3l R3
L b I
']
69
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L6Q5: If R, < R,, which of the following is true?

(1) 1113 R, Izlé R,

L <I,<I
L<I <I
L <I <I
L<I <I

m ooOw»

<L <

A. B.
L6Q6: In a parallel connection, does a smaller or larger resistor absorb more power?
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VDR and CDR for Two Resistances
1 I
—_— —_
R T/ v By *
1 =
+ _1 1 R1 + RZ V 111 R1 12 1 Rz
vl | -
_ + Vo= R, v
Re< v "27R +R, LR __ R
- Y7 R, +R, 27 R, 4R,
Bad Idea: try to memorize these formulae.
Good Idea: try to note trends and understand concepts !
Example, if R, = 1 Q and R, = 2Q, then V,: V; will be in a 2: 1 ratio for the series circuit.
If R; =1Q and R, = 2Q, then I,: I; will be in a 1: 2 ratio for the series circuit. Why?
71
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VDR and CDR for Two Resistances
N !
+
+ . 1/1 +
vl . y h| 2R L <R,
R, V, —

L6Q7: If 6V falls across a series combination of 1kQ and 2kQ, what is V across 2kQ?

L6Q8: If 0.15A flows through a parallel combo of 1kQ and 2kQ, what is | through 2kQ?
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VDR and CDR for Two Resistances
N I
+ o 1/1 +
KD + % 111 R, 121 R;

L6Q9: If a source supplies 60W to a series combination of 10Q and 30Q, what is the
power absorbed by the 10Q) resistor? What power is absorbed by the 30Q) resistor?

L6Q10: If a source supplies 300mW to a parallel combination of 3kQ and 2kQ, what is
the power absorbed by the 3kQ resistor? What power is absorbed by the 2kQ resistor?

73
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L6 Learning objectives

Identify series and parallel connections within a circuit network

S

Find equivalent resistance of circuit networks

Estimate resistance by considering the dominant elements

o

d. Apply rules for current and voltage division to these networks

e. Apply conservation of energy to components within a circuit network
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Lecture 7: More on Sources and Power

e The Meaning of Current and Voltage Sources
¢ Labeling of Current and Voltage and Sign of Power

75
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Voltage and Current Sources Can
Produce or Consume Power and Energy

[Ideal] sources in a circuit are mathematical models
Can be used to model real devices (or parts of circuit)
Voltage sources have (calculable) currents through them
Current sources have (calculable) voltages across them
Source elements can produce or consume energy CD
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Which of the sources are delivering power?

2V 3A
NG, .,

The voltage source only

The current source only

Both

Neither

Not enough information to tell

moow»
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Either or Both Sources Can Supply Power

5V @) 10 O (D I

L7Q1: For what values of I do both sources supply power?
L7Q2: For what values of I does only the current source supply power?

L7Q3: For what values of I does only the voltage source supply power?
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Claim: Labeling Voltage and Current Polarity
Is Arbitrary. When does it matter?

+V =

I, . . +V -
sv@] 100ghy (D =
T, -

—
I

I

“Current downhill” is

“Current uphill” can be
preferable for resistors

convenient for sources.
If a resistor, then. ..

V =1IR V =—IR
Answer #1: When applying Ohm’s Law,
it is the “downhill current” that equals V over R: I, _,_ = z
79
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Consideration of Polarity Assignments

L7Q4: In what direction does a positive current flow through a resistor?
A. “Downhill” of voltage

+
B. “Uphill” of voltage 10 O J/w
C.Could be either Aor B L
L7Q5: In what direction does a positive current flow through a battery?
A. “Downhill” of voltage

B. “Uphill” of voltage
C.Could be either Aor B
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Continued: When does polarity assignment
matter?

Answer #2: When the sign of power is important.

I

Recall: power (watts) is energy (joules) divided by time (sec), or volts times current
[ p(0) = v(®i(0) |
P=VI
i; cons[Eant (Iaka. DC or Direct Current). Using the standard polarity labeling:
= Vi l4o-

v l I P <0 = Element delivers power to the circuit

= Elementpower from the circuit

81
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i {
Recap of labeling implication
V- - This way, power is
[ Q_ defined such that it is
I I negative when it is
% % supplied (sourced) and
R =— R=—— positive when it is
I I absorbed (sinked).
P=VI P=-VI

“Standard Reference”

“Non-Standard Reference” > Universal:

L7Q6: With power defined as above,
what is the sum of powers for all circuit elements?

Ohm’s Law: I,_,_ = v
Power Eqn: P = VI, _
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214 01A<D;V pE
3V(3) B.l 3V
A. C
214
01A(})3V 3v(*
D.G * E P
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L7 Learning Objectives

a. Use “downhill current” to correctly apply Ohm’s law in a resistor
(depending on labeling)

b. Use “downhill current” to determine whether power is absorbed or
supplied by an element
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Lecture 8: RMS and Power

e Time Varying Voltage Source — Sinusoidal, Square, Etc.
e Root-Means-Square Voltage (RMS) of a Waveform

85
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Voltage from the wall plug is sinusoidal

In History...

In the 1880’s and 1890’s, Nikola
Tesla played a large role in
improving DC motors,
developing AC motors and
generators, and developing
many high-frequency/high-
voltage experiments including
many in the area of remote
control and wireless telephony.
Marconi’s 1901 cross-Atlantic
wireless transmission likely
infringed upon a few of Tesla’s
nearly 300 patents.

L8Q1: What is the peak instantaneous power absorbed by a 250Q light bulb? .,
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Time Average Power

(similar equation for any time-average)

AREA;, 1
avg — T ’
T = period

For non-periodic signals (e.g. constant white noise) use

T = sufficient length observation interval

87
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Root-Mean-Square averages

RMS is meaningful when interested in power
production/dissipation in AC.

Vems = \/Average[vz(t)]

1. Sketch v2(t)
2. Compute Average[v?(t)]
3. Take ,/— of the value found in part 2.
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Calculating P.wgand V..

1
Trig identity: cos(A) cos(B) = 3 [cos(A — B) + cos(4 + B)]

Acns

/hf\

k~-r~ad

USA “Mains voltage”
L8Q2: What is the average power absorbed by a 250Q) light bulb if A= 170V?

89
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Calculating P,,;, and V

. Ton
Duty Cycle Definition: a

L8Q3: What happens to power and V,,,; when Ty is halved while T is unchanged?
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Always remember
the fundamental definition of rms

Which equation provides the rms voltage of a PWM signal with a peak voltage of A volts?

SRS

JAvg{v?(t)} where v(t) is the waveform of the PWM signal.

A
b.
C
D.
E. None of these.

Remember, you want to learn concepts and not attempt to memorize formulae.
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L8 Learning Objectives

a. Compute the time-average power from I(t), V(t) curves
b. Explain the meaning of V., and relationship to P,
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Lecture 9: IV Characteristics

e Measuring I-V Characteristics of Circuits

¢ Calculating I-V Characteristics of Linear Circuits

e Operating (I,V) point when Sub-circuits are Connected
e Power and the I-V Characteristics

93
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Consider any circuit with two leads

It's DC (not changing in time) behavior can be described by
relating V (between terminals) and I (going in and out).

| - meter
4‘—| _|ocr |
+ N
C vV | @V (change)
o m— 1

If the circuit is not too close to an ideal voltage source, the IV
relationship can be measured like shown above.

L9Q1: What is the voltage drop across an ideal current-meter (ammeter)? %
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Alternative IV measurements
I

4‘_
+ +|
C v V- meter | %Y | @' (change)
S =I |
| - meter
— ocl
F v +| '
C vV, V- meter | < | ’% R (change)
S =] |

A variable resistor load is very practical when the circuit C provides power.

L9Q2: What is the current through an ideal voltage-meter (voltmeter)? 95
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Linear I-V curves
A. IW B. Ia

>\/ >\/

L9Q3: Which set of graphs corresponds to pure resistances? o
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Simple Series Circuit

Show that the circuit has a linear IV characteristic.

2 kQ I 4
VAVAVamme
6 V(i >
V
o)
L9Q4: What are the IV characteristics of the circuit above? Include the graph.
ECE 'LLINO'S DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING l
Embedded Voltage Source
Show that this circuit also has a linear IV characteristic.
3 kQ 500 Q [ A
VAVAVars V\V/\—o0
12v(¥) 3 kQ ;
>
O
V

L9Q5: What are the IV characteristics of the circuit above? Include the graph. **
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Why we care

¢ Allows easy calculation of I and V when two sub-circuits are connected together
¢ Allows creating a simpler model of a given sub-circuit

e Helps understand nonlinear devices

How to find IV lines

o Use circuit analysis for variable\V
¢ Find two points (usually open and short)
e Use R_sand either open or short (\Wednesday)

ECE ILLINOIS
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Linear I-Vs of source-resistor circuits

Any combination of current or voltage sources with resistor
networks has a linear I-V (between any two nodes).

10VC_|-> 20

<+
vV 2Q 12V

40

I a

L9Q6: What are the current values I assumes when V is OV, 2V, 4V?

100
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I-V line for different nodes

I
—
+
10V, 20
49% A
202 12V

®

IlA

L9Q7: What are the current values taken by I; when V; is 0V, 2V, 4V?

ECE ILLINOIS

Connecting two sub-circuits

101
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50

or

o lI(mA) =V/3-3

L9Q8: What are the IV characteristics of a 3 mA current source?
L9Q9: What are the IV characteristics of a 3 kQ resistor?

102
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Connecting two sub-circuits (cont'd)

I 4

L9Q10: Considering the three choices for circuit #2, what is the operating point when
the two sub-circuits are connected? Which sub-circuit supplies the power? 108
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L9 Learning Objectives

a. Given one of the three sub-circuit descriptions (IV equation,
1V line, diagram), find the other two

Note that more than one circuit diagram fits an IV description

b. Quickly identify the IV representations of voltage and
current sources, resistors, and combinations

c. Find (V,I) operating points of connected sub-circuits

d. Calculate power flow between connected sub-circuits
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Lecture 10: Thevenin and Norton
Equivalents

e Review of I-V Linear Equation

¢ Thevenin and Norton Equivalent Circuits

e Thevenin-Norton Transformation in Circuits
e Calculating R+ by Removing Sources

¢ Problem Strategy and Practice
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Relating I-V Line to Equation

": -
-,
-’
-
-’
-’
-

’ I
- =
-

VO 