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® Resonance R

® Directivity and radiation patterns

® Near Field & Far Field
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® Antenno

* Impedance Matching Example

O ® BALUNs

/” Questions
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* Current in a wire creates a magnetic field. Think electromagnet

® These are the underlying principles in creating a radio

(electromagnetic) wave

O




or these

1. V:D=p,

-2. V:-B=0 auss's Magnetism Law
Maxwell's

Equations 3. VxE = oB Faraday's Law (varying magnetic field

ot creates an electric field)

/D 4. VxH= 9D +]J Ampere's Law (changing current

ot creates a magnetic field)




HOW DOES A SIGNAL PROPAGATE ™~

® The cross product of the electric
field vector (E) and the magnetic
field vector (H) created by the
voltage and current in the antenn

results in the S (Poynting) vector. S

represents the directional energy
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flux (the energy transfer per unit
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Adcagzrrertice I bl

area per unit time) or power flow Ferwciie ptott

of an electromagnetic field

® Enough of the physics. On to
practical things!

https: / /bigthink.com /starts-with-a-bang /secret-excellent-
physicist / 7


https://en.wikipedia.org/wiki/Energy_flux
https://en.wikipedia.org/wiki/Energy_flux
https://en.wikipedia.org/wiki/Power_(physics)
https://en.wikipedia.org/wiki/Electromagnetic_field
https://en.wikipedia.org/wiki/Electromagnetic_field

A = C (Speed of Light in vacuum) / F (Frequency)
OR
A = V (Wavespeed) / F (Frequency)

08 / 1.427! 0/

‘ o L] (] [ o L] L] [ ] [ ]
®* We'll revisit this in transmission lines because the wavespeed in a coax cable is

/ slower than the speed of light in a vacuum
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equal in all directions

® Antenna gain is expressed in dBs compared to a 1 | Total radiated power

K\»ANTENNA GAIN
\

reference antenna

O

®* The reference antenna is usually an isotropic antenna, a
theoretical, omnidirectional antenna (Question E?AOQT

on Extra Class exam). Gain is expressed in dBi

* The measured power density (watts/area) at any
location the same distance from antenna would be

identical

® Sometimes the reference antenna is an ideal
dipole. lts gain is 2.15dBi (related to Extra Class
exam questions EQA1 2)

® In this case antenna gain is expressed as dBd
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amount of power as that radiated from

* Loss (Ohmic) resistance

® Feedline Dielectric

® Ground Loss

® Short antennas have low radiation resistance resulting in low efficiency (Related to Extra Class exam

/j question EQAQ4)




orms the antenna

‘material near the

antenna
®* Impedance mismatch losses (VSWR)

® Low soil conductivity (hence need for radials) (Extra Class exam question

/ EQAT1)
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® An antenna c

* Eliminates the fading experien a satellite is
tumbling
® Arrange two Yagis perpendicular to each other with

the driven elements at the same point on the boom
fed 90 degrees out of phase. (Extra Class exam

/O question E?D02)



® A resonant rily hc PR o SWR

® It is more important to match impedances
® Transmitters may reduce power or be damaged by high SWR

® More on this later




‘side lobes

maln lobe

N7

* « \
cp— back lob/ //k
number of degrees betwe: ——

on the main lobe

O ® Questions E9BO1 — E9B0O3 on Extra

0 Class exam

/4
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. 0dB - ..

Azimuth and Elevation Plots of a 1/2-Wavelength
Resonant Dipole at Heights of 1/4-WL, 3/8-WL,
172 WL, and 1 WL Above Average Ground

Fig. 2

https:/ /www.zl2al.com /1636 /hf-multiband-antennas/

* Questions E9BO5 — 06 on Extra Class exam
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/4 WAVE VERTICAL GROUND PLANE RADIATION PATTERN yﬁm
Far field plots

+90 dg

Ga : 3.68 dBi = 0 dB (Vertical polarization)

F/B: 0.00 dB; Rear: Azim. 120 deg, Elev. 60 deg
Freq: 145.000 MHz

Z: 42 463 + j18.730 Ohm

SWR: 1.5 (50.0 Ohm),

Elev: 18.0 deg (Real GND :0.00 m height)
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https://www.engineeringradio.us/blog /2015 /07 /the-emergency-fm-replacement-antenna/




\\g\) TAKEOFF ANGLE IMPACT
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Low-angle take-off

High-angle take-off

* Ground mounted vertical antennas typically have a lower takeoff angle than a horizontal antenna

* Height above ground affects takeoff angle of horizontally polarized antennas

https:/ /www.essexham.co.uk /introduction-to-hf-aerials
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ere the

propagati s is interfered with.

®* Radiated power intensity is siec’r to an inverse-square

law. Doubling the distance results in a /4 power decrease.

/3 This applies to antenna safety covered later today.



WE'RE GC _ N LINE AND FEEDLINE
INTERCHANGEABLY

%
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than they

velocity factor

/Coaxial Cable — RG-8X Ladder Line (aka Twin Lead Coaxial Cable — Hardline



* 1/4N =3 x 108 /4 x 1.4275 x 107 = 5.3 meters (20M) in free space

coax for tuning
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FEEDLINE IMPEDANCE CHARACTERISTICS wﬁn
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/\l ® First — Characteristic Inpedance
® ®* Common Coax — 50 Q) (RG-58, RG-8, RG-213) or 75 Q (RG-6 (Cable TV coax)
* Ladder Line — 300 Q or 450 Q

® Build your own ladder line?

2. Balanced two-wire line
Er (Air) ~ 1

Relative Permittivity

Parameters:

120

H
Calculation Results: Zy = In &
,] d

 Johms

[1] K. Chang, "Handbook of Microwave and Optical Components’, Vol 1,John Wiley & Sons, New York, p. 8, 1989. o




What is 1l )€ oax /4 A long if the far end is

open circuit?

%




K\) SMITH CHARTS
1\j * Answer: 0 (Q Now you

may ask how could that be?

¥ ®* The feedline is acting as a

transformer (an impedance

transformation) best
illustrated on a Smith Chart

®* Impedance repeats every
half wavelength around the

chart (halfway around the
chart is V4 A)

50 Q) pt (normalized to 1)

Note that if load is 50 QQ and feedline is 50 Q
any length feedline remains at 50




SWR - VSWH
THEY'RE ALL THE SAME, JUST MEASURED DIFFERENTLY

%



Vx| 14T
cwr _ Vsl _ 1+1T)

* SWR = VSWR = ISWR Vain| 11T

® There are maximums and minimums along the transmission line because an

impedance mismatch causes reflections of the signal

/‘)2\ high SWR means a greater impedance mismatch
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®* May not be what you think!

K\IMPLICATIONS OF HIGH SWR
\

® All of the reflected power is eventually

transmitted because it is re-reflected back from

the transmitter (except for losses in the feedline)

Additional Loss
in dB Caused by
Standing Waves

RSN

® Signal loss in feedline is dependent on feedline
attenuation. At HF this may be insignificant. At
VHF and UHF it is more likely problematic

®* 1 S-unit is a 6 dB voltage difference (equates to

-N_BI“II“\‘IIIIIII

d ' I
04 06 1.0 3 4 56 8 10

° QS0611-Walo1 i
®* From the chart this results from a 5:1 SWR LR LRe i ch e Mneched

Figure 1 — A graph showing the additional loss in a transmission line due to SWR
® But this is probably not a healthy situation for your RESGAEREE

a 3 dB power difference).

SN (ANNEE

From November 2006 QST @ ARRL

transmitter or amplifier v



Original Signal
Standing Wave l

Reflection
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imp

(has either inc

capacitive element)

/






ANTENNA TUNERS (AKA TRANSMATCH) o
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®* The good news is that you don’t need

to do the math

e i ittt B 1

y 200W

® Switches, knobs, and dials can greatly | L ;L

208 pf —1— ~

simplify things /HL—-J-H léﬁx ;

—0
WIRE

MF) DELUXE VERSA TUNER II

MFJ-949E bl e e

*Use jumper with
BALANCED LINE

—0
7 GROUND




At

ol sey.com/smith chart

®*Don'’t worry hat you need to 1 understand the Smith Chart but it
is a great illustration of what is happening in your antenna and
feedline system



https://www.will-kelsey.com/smith_chart/
https://www.will-kelsey.com/smith_chart/
https://www.will-kelsey.com/smith_chart/
https://www.will-kelsey.com/smith_chart/
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Below 15 your system note mpedante it Iookang towards the BACK BOX Below i3 your system, note mpedance 11 locking fowards the BLACK DOX

Amateur Radio Club

1 1 Il
128 - g i

Impedance : 24.5) Impedance

Reflection Coefficient 0.0946 - 0.211j Reflection Coefficient -0.0149 - 0.0210j




Defow & yout syitem, note impedance 14 looking towards the BUACK 8O0 Below 1s your system, note impedance |t looking towasrds the BLACK BOX

A = : WaoTLm

ll 20 ll “ Amateur Radio Club

Impedance : Impedance

Reflection Coefficient [EEUREL R IF Reflection Coefficient
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Below 13 your ysten, note mpedance 11 looling Towards the BLACK DOX Below Is your system, note impedance It looking towseds the BLACK BOX

i St . = S, R L R : WaoTLm
Il "
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Impedance
Impedance

Reflection Coefficient
Reflection Coefficient

VSWR
WSWR
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cable feed

|
I—‘- 2

————

* Answer: Insert a 4-wavelength piece
of 75-ohm coacial cable transmission
line in series between the antenna

terminals and the 50-ohm feed cable mpedance —

Reflection Coefficient 0.0538 - 1.57e-17j

VSWR 1.13
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Beiow 11 your systew, note iMpedance & 100KING Towards the BLACK 8O0 /
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these specific examples. | sage ‘ v\)

a B

is that there is often more than one

way to accomplish this.

Impedance 49,7 - 0.00253j
Reflection Coefficient -0.00316 - 0.0000260j

VEWR




B

“away from

® The result is that th decreased. If you are using an

antenna tuner this is why you have to retune if you make a significant

change in frequency
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LET'S TALK ABOUT BALUNS w%

®* A BALUN is used to BALance
UNbalanced systems

® It may or may not be a RF

transformer

® Ideally, IC should be zero. If not, the
radiation pattern is changed. This
may or not be a bad thing. The

antenna will still radiate.

®* RF coming back down the feedline to
the shack can be a problem. You
sometimes here this called common

mode current.

\/

Amateur Radio Club

www.antenna-theory.com

(a) Physical Model (b) Equivalent View Showing
Current Paths

40
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®* |f it was

https:/ /www.wireantennas.co.uk /unun /-9-1-impedance-transformer-unun-
41




WarTLm
® For a 2 A dipole, a 1:1 BALUN is typically used. Since we are trying to Sanie-

balance currents use a "Current BALUN", not a Voltage BALUN

| K MORE ABOUT BALUNS S

& ® Non-resonant end fed antenna's impedance is typically 300 — 600 Q

®* A 9:1 UNUN will simplify the impedance matching for the transmitter.
® Transform 50 Q to 450 Q)

®* All BALUNS are not the same - DO YOUR HOMEWORK!!I

®* There are lots of opinions out there ‘Current’ Balun

“Voltage’ Balun

42
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¢  USB CABLE

J

AC POWER CHOKE

et e

| DCPOWER CHOKE

| ETHERNET CABLE ‘ N

Ferrite Split Bead Uses

Mix 77 RFI Range: .1-10 MH:
Mix 31 RFI Range: 1-300 MHz
Mix 61 RH Range: 200-2000 MHz

Palomar-Engineers®.com

presenting a hig

feedline

®* The “Ugly BALUN” is an RF choke. It is not a
BALUN. The feedline is still unbalanced.
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