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ÅPrepare for the FCC upgrade license exams.

ÅHave fun learning what you thought was a stumbling block.

ÅMinimize the exam prep memorization

ÅRemember material for a lifetime, not just next month.

ÅBecome 
Åan innovator

ÅThe go-to person in your club for electromagnetics and antenna theory.



ÅMonkey see, monkey do.

ÅMemorize a bunch of equations for you to forget.

ÅDiscourages innovation

ÅMay heaven help you if your cookbook has a 
typographical error.

ÅYou end up putting charts on the wall to refer to.

ÅMakes learning electromagnetics too
ÅHard

Åcumbersome



ÅDump the cookbook (mostly)

ÅLearn what goes into a physical process

ÅWhen you learn a physical process, that knowledge transcends into other 
areas of electromagnetics.

ÅAdmittedly, things go slow.

ÅYou can skip classes (shooting yourself in the foot)

ÅEach class will have review and opportunity for questions.

ÅHomework
ÅWill appear on the website for the applicable class.
ÅWill examine in the following week.
ÅClass notes will appear on the website after any one class.

ÅClasses start precisely at 6PM each Tuesday.



ÅTo take this class you must know:
ÅAddition

ÅSubtraction

ÅMultiply

ÅDivide

ÅFractions

ÅTo make life easy, you will learn the elements of
ÅImaginary numbers

ÅNormalization

ÅVector quantities

Å²Ŝ ŀǎƪ ǘƘŀǘ ȅƻǳ ƪƴƻǿ hƘƳΩǎ [ŀǿΦ



ÅDo not fear imaginary numbers. They are here to help you.

ÅImaginary numbers are a part of the physical world

ÅFor the time being just treat them as any other number keeping in the 
back of your mind that they exist in a different plane.

ÅIMPORTANT CONCEPT:
ÅImaginary numbers in electromagnetics do not spend energy.

ÅIn that sense I suppose you could truly call them imaginary but the 
άƛƳŀƎƛƴŀǊȅέ ƴƻƳŜƴŎƭŀǘǳǊŜ ŎŀƳŜ ŦǊƻƳ ōŜŦƻǊŜ ǘƘŜ ǘƛƳŜ ƻŦ LǎŀŀŎ bŜǿǘƻƴ ǿƘŜǊŜ 
nobody knew about electromagnetics.

ÅLǘΩǎ ƻƪŀȅ ǘƻ ŦƻǊƎŜǘ ǘƘƛǎ ŎƻƴŎŜǇǘ ŦƻǊ ƴƻǿ ōǳǘ ƛŦ ȅƻǳ ǊŜƳŜƳōŜǊ ǘƘƛǎ ŎƻƴŎŜǇǘΣ 
things will begin to really click in the future.



ÅDo not think of the Smith Chart 
as an obstruction to upgrading 
your FCC license.

ÅThe Smith Chart is here to help 
you.

Å[ŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴ ŀƴƛƳŀǘƛƻƴΦ
ÅA link is on the WD8IEL website for you to look at on 

your own at your convenience.

ÅAfter the animation we will 
review what we saw.

ÅFrom this point each week we 
ǿƛƭƭ ǊŜǾƛŜǿ ǎƻ ŘƻƴΩǘ ǿƻǊǊȅ ŀōƻǳǘ 
totally comprehending.





Å²Ƙŀǘ ǾŀƭǳŜǎ ŜȄƛǎǘ ƛƴǎƛŘŜ ǘƘŜ άōƛƎ 
ŎƛǊŎƭŜΩΚ

ÅAnswer: Vector Components
ÅA real component

ÅAn imaginary component

ÅToday is merely an introduction 
ǎƻ ŘƻƴΩǘ ǿƻǊǊȅ ŀōƻǳǘ ŎƻƳǇƭŜǘŜƭȅ 
comprehending this.

ÅWe will re-visit this again, and 
again, and again in the coming 
weeks.



Å²Ƙŀǘ ǾŀƭǳŜǎ ŜȄƛǎǘ ƛƴǎƛŘŜ ǘƘŜ άōƛƎ 
ŎƛǊŎƭŜΩΚ

ÅIdentify the horizontal line.
ÅWhat values are found on this line?



Å²Ƙŀǘ ǾŀƭǳŜǎ ŜȄƛǎǘ ƛƴǎƛŘŜ ǘƘŜ άōƛƎ 
ŎƛǊŎƭŜΩΚ

ÅIdentify the horizontal line.
ÅWhat values are found on this line?

ÅReal (resistance) values are on 
the horizontal line.
Å±ŀƭǳŜǎ ǘƻ ǘƘŜ ƭŜŦǘΧ

Å±ŀƭǳŜǎ ǘƻ ǘƘŜ ǊƛƎƘǘΧ

ÅThe VALUE in the center.

Å! ƭƻǘ ƻŦ ƛƴŦƻ ƘŜǊŜΧ ²ƛƭƭ ǊŜǾƛŜǿ ƛƴ 
the weeks to come.



Å²Ƙŀǘ ǾŀƭǳŜǎ ŜȄƛǎǘ ƛƴǎƛŘŜ ǘƘŜ άōƛƎ 
ŎƛǊŎƭŜΩΚ

ÅIdentify the horizontal line.
ÅWhat values are found on this line?

ÅWhat values are found above and 
below the horizontal line?

Im
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Capacitive

Inductive



ÅClosed Circuit
ÅThe light bulb illuminates

ÅCurrent flows

ÅEnergy is spent in the bulb filament
ÅThermal

Ålight

ÅYou rack up an electric bill

ÅOpen Circuit
ÅBulb does not light up.

ÅάtƻǘŜƴǘƛŀƭέ ŜƴŜǊƎȅ ƛǎ ǿŀƛǘƛƴƎ ŦƻǊ ȅƻǳ ǘƻ ŎƭƻǎŜ ǘƘŜ ŎƛǊŎǳƛǘΦ



Å! ǿƛǊŜ ƛǎ ōǊƻƪŜƴ ƛƴ ȅƻǳǊ ƭŀƳǇ ŎǊŜŀǘƛƴƎ ŀƴΧ
OPEN CIRCUIT.

ÅYou have foolishly grabbed both live wires.

ÅWhat should you do?
ÅCall 911?
ÅFind a box of Band-Aids?
ÅScream for help?

ÅBefore you foolishly grabbed the live 
wire, what was the open-circuit voltage? (potential)
ÅMaximum
ÅMinimum
ÅZero

ÅThis may seem too basic, but it is 
critical in understanding the di-pole.



ÅAll this circuit mumbo-jumbo stuff is critical to understand if you 
want to understand the di-pole antenna.

ÅThe Good News: This stuff is intuitive. You already knew it.

ÅWhy is it critical?
ÅIt determines what voltage and where it appears on the di-pole antenna.

ÅRegarding your understanding :
ÅResulting input impedances becomes intuitive.

ÅActions of harmonics becomes easy to understand

ÅThe list goes on.



ÅEnergy Distribution at both ends (but opposite polarity):
ÅVoltage is maximumτWhy? (this is critical to understand!!!)

ÅAnswer: open circuit

ÅSince voltage at ends is max, 
then voltage at the feed 
point (middle) must be 
minimum or zero.

ÅTherefore, what is the 
input impedance?
ÅHigh (about 2k to 5k Ohms)?
ÅLow (about 50 Ohms)?
ÅWhy your choice of answer?
ÅLǘΩǎ ŀƭƭ ŀōƻǳǘ hƘƳΩǎ [ŀǿΦ

Wesley Cardone, N8QM



ÅEnter a FULL WAVE dipole.
ÅFeed point impedance is 50 Ohms

ÅLǘ ƛǎ ǊŜǎƻƴŀƴǘ ōǳǘ ŘƻŜǎƴΩǘ ǿƻǊƪΦ

ÅWhy will a full wavelength dipole antenna NOT work?

ÅHow about a 1 ½ wavelength antenna?

ÅDo not dismiss these as trivial  
concepts. They are critical
if you are going to be an 
innovator.

Wesley Cardone, N8QM



ÅBecause you know that a maximum voltage appears at the ends of an 
ŀƴǘŜƴƴŀ όōŜŎŀǳǎŜ ƛǘ ƛǎ ŀƴ ƻǇŜƴ ŎƛǊŎǳƛǘύΧ
ÅRemember, the voltage is max at both ends (different polarities)

ÅTherefore, now you know that the voltage is MINIMUM at the center of feed 
point.

Å.ŜŎŀǳǎŜ ȅƻǳ ƪƴƻǿ hƘƳΩǎ [ŀǿ ό±ƻƭǘŀƎŜ ŘƛǾƛŘŜŘ ōȅ /ǳǊǊŜƴǘύ
ÅYou can figure out that 
Åthe impedance at the ends is a maximum

ÅThe impedance at the center is a minimum



Å²Ŝ ǿƛƭƭ ǊŜǾƛŜǿ ǘƻƴƛƎƘǘΩǎ ƳŜŘƛŀΦ

ÅYour homework assignment:
ÅReview what you already knew in the previous slide.

Å.ŜŎŀǳǎŜ ȅƻǳ ƪƴƻǿ ŀōƻǳǘ ƻǇŜƴ ŎƛǊŎǳƛǘǎ ŀƴŘ hƘƳΩǎ [ŀǿΣ ȅƻǳ ŀƭǎƻ ƪƴƻǿ ǿƘŀǘ 
happens to the input impedance if you move the feed point to any other 
location from the center? Be ready to explain that next week.




