





ANTENNA

A device made from a conducting material
that can both transmit and receive

1) convert an AC current into an EM wave
2) convert an EM wave into an AC current

An antenna 1| S a otransd.!
form of energy to another form of energy)



True

The electrons
RF wave In an ¢




FALSE

The electrons were already in the atoms of
the conducting material in the antenna itself

The electrons themselves do NOT travel
from the transmitter to the antenna and back

The transmitter Is NOT the source of the
electrons that create the EM wave




The ELECTRIC PO
an EM wave In an a
transmitter, via some Kk







An antenna
must be a good rac




FA

A 50 ohm
show an SWR of 1:1
transmitter to load (de
generating any significant

A dummy
to avoid radia




What is inside

HBOEFY 2010



Dummy Load
Raise your hand if you own a dummy load

Raise your hand if you have ever used a
dummy load to tune up your transmitter

Raise your hand if you have ever taken
apart a commercial dummy load to see
what is inside




A chea'

«—Inert gas

Filament ————= /

\ Support wire
Contact wire /
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Glass bulp —— ‘

Base contact wire




Every dum

radiate




True

| once hada 40m QSO on CW with a station in New
Jersey (lIlivedinWest Phila) usi ng my c¢hea
| o a d@ watt(incandescent light bulb ) connected to

a Heathkit DX100 with 20 ft RGS58 coax

The light bulb was glowing VERY brightly when the key
was down (100 W of LT 1 ght/ he

Conclusion:
Even light bulbs (and coax) can radiate some RF




How many outdc
you have a
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Your HFrig, a
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Accelera

electrc




Sources of EM radiation

Type Source
Radio Vibrating electrons e.g. AC current

Microwaves Excited semiconductors or vibrating electrons

Infra-red Electrons transitions between energy levels

Visible Electrons transitions between energy levels

Ultraviolet Electrons transitions between energy levels

X Ray Emitted when decelerate rapidly electrons e.g. when
they hit a metal target

Gamma Emitted by nuclei after a nuclear reaction
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What happens to
the current
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Discharging
Spark or Vectors
(')‘sc|lllatllng
olecular
Dipole Field



This EM wave caused by the
Interaction of electric and
magnetic fields was first

PREDICTED
by what scientist ?




James Maxwell




Maxwell’s math




Maxwell’'s The

Maxwell also predicted t

EM waves based on fu
magnetic field properties




1861 Experimenting with spinning color wheels, Maxwell also
deduced that the light receptors in the human eye are capable
of seeing just three colors of light: red, green, and blue

L 23 : ‘




Very High Freque




FALSE

The speed of an E-M wave Is determined by the
electric and magnetic characteristics of the
MEDIUM In which the wave travels

(and Is fastest in a true vacuum)

Important

The E-M wave speed In a vacuum does NOT
depend on the wave

frequency, amplitude or phase




FEED LINES

True or False

The function of a “feed line” is to transfer

power from the transmitter to the antenna

without any significant “loss” (attenuation)
and without radiating an EM wave






Commo

RF Transmission and Reception
Feedline Types

"LADDER-LINE "TWIN LEAD"

450 Q & 600 Q

LOW - LOSS

DIELECTRIC
INSULATING

SPACERS
"COAXIAL CABLE"

500&75Q _
WIRE INNER %

CONDUGTOR et

COFPPER BRAID
OUTER CONDUCTOR

FOLYETHYLENE



True

Impedance is det
of the two wires an

DXE-LL450

15/16"

16AWG
Stranded

Copper

450 ohms 3000 W VF =91%

300 ohms 2500 W VF =88% 18AWG

~ Stranded
Copper

|

DXE-LL300 7116"




"Balanced” two-conductor feed line
Balanced with respect to “ground”
equal current in both wires
but current is in opposite directions




Balanced
fed with L
ver

An Open-Wire-Fed Antenna
Overall Dipole Length

e
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TRUE, if you can co
50 ohms tom

#12 - #13 Copper or Copperweld wire (See Text for Length)

~ -
—

Figure 1. The Basic Elements
o of an All-Band Doublet

Parallel Transmission Line
(600-ohm Ladder Line,
450-ohm Ladder or Vinyl
Line, or 200-ohm TV line)
Any Length Needed

Antenna Tuning Unit
(Transmatch) 1
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True or

Feed lines with UNE
will radiate an







Balahced Feed Lines

Each wire does radiate but the electric
and magnetic fields In one wire are
opposite to the fields in the other wire

sothe NET radiationis ZERO only if
the wires have equal currents




Coaxial (coax) Feed Lines
are “unbalanced”
(relative to grounded braid)




Why might you need this?







Attenuation (dB)
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“Loss” is energy converted into

HEAT (not radiated)

Attenuation (loss) Is measured In

Decibels (dB) per 100 ft

10
20
30

6 d

0 0 0 WO

0ss = 20%
0ss = 37/%
0ss = 50%
0SS = /5%

10 dB loss = 90%

0SS
0SS

0SS

0ss (1 S unit)
0SS (2 S units)



Why does
attenuation tha




Be careful what you buy !

Cheap coax = minimal braid

Better co

Best coax = thick braid




True

Feed line
Increases with
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(RG-8/U type cable)




At higher frequencies, conduc
wire (skin effect) and so have ¢

The loss inside the die
frequency increases

Both kinds of losses re



Why does °
have more



Why is ‘harc
type of cabl




When might y
of high g

braided shield foil shield

center conductor

outer jacket
dielectric



(check wi

time for ¢




Important Ter
with an alte




Inductive Reactance Increases with
frequency (magnetic fields)

Capacitive Reactance decreases
with frequency (electric fields)

So at SOME frequency, might
these two be equal?



Resonance

Resonance: a condition in any circuit where the
Inductive reactance and the capacitive reactance
are equal in value and oppesite imsigm: X, = X

Thus, the Ol mpedanceo of
pure resistance : Z = R (ohms)

WHAT DOESSABLI OB THATAMEAN 2N 2

(raise-younhandhif yowreally vindenstand this) this)






What is m '




Resonance of an Antenna

At the feed point, the current and voltage
are oiln phaseo at resona

The o1 mp e danttedeédpoift Zat that
frequency Is just a pure resistance

Z = VI/I (ohms)



The dipole has capaci
resonance and inducti
resonance. At res

Antenna ntenna
impedance impedance
capacitive inductive

A \ J

Impedance

P

Frequency

Resonant
frequency



True or False (tricky)

Ata non-resonant frequency the voltage and

current are no | onger Ol N
exhibits either

capacitive reactance - antenna too short
inductive reactance 90 antenna too long

The impedance of the antenna at the feed point IS

no longer purely resistive, and may be a poor match
to 50 ohm coax

Your SWR may eitherrriseserofall fall




What deter
Oreson




Half-Wave Dipole in space
(the simplest antenna)

468
Resonant length L= -------- In feet
f

80 meters: half -wave 40 m = 120 feet
40 meters: half -wave 20 m = 65 feet
2 meters: half -wave 1 m = 38 inches



True ¢

Antennas C:
at thelr resone




FALSE

Antennas can have a hlgh efficiency as Iong as their
cradiationresistance 6 I s a Ssigni fil cant
overall resistance

A ol ong wift)isagoodHP dntertha that
can work well on many HF bands with a tuner in the
shack (tune out the reactance)

A balanced 130 ft long center - fed antenna fed with
loss low 450 ohm window line is a good overall HF
antenna with a decent tuner in the shack



True or False

A Half-Wave dipole fed at the center
that is 3 wavelength above ground

has a current maximum at the center
has a voltage minimum at the center
has an impedance close to 50-70 ohms
is easy to match to common coax






True C

A center - fed 80m dipo
same resona

as an end-fed d
sa




The resonant frequenc
where the feed line atta




A half - wave dipole radi.

radiation comes off the e




Radiation is i
maxi
Radiation is

Current Maximum (Node)

—

Feedpoint

A

Voltage Minimum (Loop)

1/2 wavelength



The resonant i
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The reson:
is determined b
antenna and any nec




The “impedanc
dipole antenna de
h the




~50-70 ohms at cen

1/2 WL Off-Center-Fed #14 Cu Wire
Off-Center Feed vs. Z at 7.15 MHz

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Percentage Offset from Center

== 7' Height === 35' Height



True

Wire antennas fed a
oresonant o

and all of the ODD ha




Dipoles fed at the c
fundamental frequency
the funda

80 meter 1/2 wave dipole
Harmonics as odd multiples

20 60 "
15 f 20
4+ 40 =

510 30 £
Q

: — 4120 2
% o o * & 210 S

1:2 3 456 1 891017 312°13
KK4OBI Harmonic Number —e—SWR
Frequency




Multiple Resonance Dipoles

Thisis why a 40m 142 wave dipole (66 ft)
works quite well at 15m where it behaves like
a 3/2 wavelength antenna and shows an
Impedance close to 70 ohms

| have used a 40 meter dipole on 6 meters,
where the dipole behaves like a 7/2
wavelengths long antenna

ODD multiples of %2 wave show low impedance



Tr
AN enc

resonant at
and at both t}







True

One- Quarter wave
omag mount
other half of the antenna




unless your

antenna i. %




Do you own an SWR meter?

SWR & POWER METER D

CROSS NEEOLE METER
DAIWA
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150w 1.5KwW SELECTOR




How about a “digital display” ?

DIGITAL

’SWR / WATTMETER. : ALM

MODEL MFJ-828 MODE PEAK A ALARM ¥ POWER




True or False

The SWR Is a measure of how well the antenna
accepts power delivered to it by the feedline

SWR is determined by the forward power
compared to the reflected power

SWR tells you how well the feed line Is
matched to the antenna as a load

1:1 is a perfect SWR (zero reflected power)
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Operating with a
nhon-resonant antenna on HF

What can you do In your shack to allow
your non-resonant antenna

1) to accept power from the transmitter
2) to get an acceptable SWR at the rig

3) to radiate RF from the antenna



An “antena tuner” (of course)
But do they change the SWR at the antenna?

MFJ VERSA TUNER V




This one is called an
antenna “matching network”

ANTENNA IMPEDANCE b ~ WM. M. NYE COMPANY. INC.
MATCHING NETWORK BELLEVUE, WASHINGTON
Bl U Loy -
NG ; $ L, .

3000 © WATTS




Heathkit HF Antenna Tuner
note two capacitors, 1 inductor
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They all work by providing a
oconjugate matchbo
at a junction using capacitors and inductors

R + X ismatched by R 0jX

The reactance cancels

The IMPEDANCE the transmitter sees Is a
pure resistance (hopefully 50 ohms)



