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Willem says … 
Our next RMHAM University is by Doug K2AD and Chris AE5IT on "How 
Feedlines and Antennas Work." This talk covers how RF energy travels 
from the transmitter along the feed line to the antenna, reflections, 
SWR and radiation, as well as how the antenna radiates, dipoles, long 
wires and co-linears. If you ever wanted to SEE how your transmitted 
signal travels along the feed line and radiates, this talk is a real treat.

Doug says … 
OK, I can do that.  But I’m going to “borrow” a lot of the material.  But I 
will put references at the bottom of each slide so you can look see the 
original articles. 



First some theory



Gut Feel Rules

Stolen from an old presentation to the Lynchburg Amateur Radio Club, October 8, 1993 by WB2KMY



More “stolen” material from WB2 Kiss My Yagi

From an old presentation to the Lynchburg Amateur Radio Club, October 8, 1993 by WB2KMY / now K2AD



Isotropic Radiators
From Wikipedia 
• An isotropic radiator is a theoretical point source of electromagnetic

or sound waves which radiates the same intensity of radiation in all 
directions. It has no preferred direction of radiation. It radiates 
uniformly in all directions over a sphere centred on the source. 
Isotropic radiators are used as reference radiators with which other 
sources are compared, for example in determining the gain of 
antennas
• You can’t actually build it
• Antenna gain often referenced with respect to an isotropic (dBi)

https://en.wikipedia.org/wiki/Isotropic_radiator

https://en.wikipedia.org/wiki/Point_source
https://en.wikipedia.org/wiki/Electromagnetic_wave
https://en.wikipedia.org/wiki/Sound_wave
https://en.wikipedia.org/wiki/Antenna_gain
https://en.wikipedia.org/wiki/Antenna_(radio)


Half Wave Dipole and Inverted Vee

https://rsgb.org/main/get-started-in-amateur-radio/antennas/your-first-antenna-the-half-wave-dipole/

A great article on the RSGB web site … 

• Easy to build
• Easy to install
• Good performance
• Reference for many antenna gain 

measurements  (reference dBd)
• Has 2.1 dB gain over an isotropic



Half Wave Dipole

https://rsgb.org/main/get-started-in-amateur-radio/antennas/your-first-antenna-the-half-wave-dipole/



Inverted Vee and Baluns

https://rsgb.org/main/get-started-in-amateur-radio/antennas/your-first-antenna-the-half-wave-dipole/

Baluns
Question: Do I need one?
Answer: They are useful but not absolutely necessary

Question: They come in 1:1 and 4:1 – Which one do I need?
Answer: What is the feed impedance of your antenna?

Question: What should I use?
Answer: I suggest either the W2AU or MFJ product available 
at our local HRO store



Dipole Variants 

Many many cage 
dipoles used on the 
DUGA-2 RADAR in 
Russia



Folded Dipole

https://www.qsl.net/w4sat/fdipole.htm

• Can be used on HF or VHF
• Common driven element for VHF / UHF Yagi antennas

Folded Dipole from Telewave

Folded Dipole used as a 
Driven Element on a Sinclair Yagi



Quarter Wave Ground Plane

More info:      https://m0ukd.com/calculators/quarter-wave-ground-plane-antenna-calculator/



J-pole antenna

More info:      https://en.wikipedia.org/wiki/J-pole_antenna

• Inexpensive 
• Easy / Simple to build

• Copper pipe
• Twin lead
• Wire and spacers

• It has some gain
• Signal mostly at the 

horizon



Coaxial collinear 

• Think of it as a phase corrected radiating surface
• Build out of metal tubing or coaxial cable
• A longer antenna has more gain … with some limitations

• Commercial versions 
• LMR Fiberglass Omnis
• Super Stationmaster

• Is this a complete design?  à
• No



Coaxial collinear  

• De-couple 
at the feed
• A number 

of ½ wave 
sections to 
radiate
• A ¼ wave 

section at 
the top



Coaxial collinear – K2AD Recipe 
• A ¼ wave section at the top with ¼ wave whip

• A number of ½ wave sections to radiate

• Solder – The bigger the blob, the better the job

• A ¼ wave section at the bottom

• De-couple at the feed with quarter wave stub

• Any length feedline to your radio

Note: Compensate coaxial sections for the cable velocity factor!
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Antenna Uptilt and Downtilt

• What happens if I 
use an antenna 
above or below the 
design frequency?

• Do I only have to 
worry about VSWR 
or Return Loss? 

• The answer is YES! T
X

• Up in frequency à
• Section too long à
• Too much delay  à
• Signal there late à
• Signal radiated late à

Result
• Increase in frequency causes up-tilt
• Decrease in frequency causes down-tilt 

Example:
• Using an 800 MHz antenna at 920 MHz

920 MHz TX



The folded Dipole and Antenna Uptilt and Downtilt

Example 1:

Let’s take an off-the-shelf commercial VHF/UHF Repeater 
Antenna

• Folded Dipole elements
• Equal length coaxial cables to each element (A,B,C,D)

Result = Maximum radiation at the horizon

Example 2:

Let’s take the same antenna as shown in Example 1
• Folded Dipole elements

• But we will vary the length of the phasing lines to the dipoles
(Less cable to A&B, more cable to C&D)

Result = Downtilt with maximum radiation below the horizon 
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Test and Measurement Equipment

From the December 2018 RMHAM University by Bob Witte, K0NR



It’s not just good … it’s good enough! 

• Antenna analyzer • simple VSWR meter

How do I know if it works? 

• Return Loss Meter



VSWR to Return Loss



Measuring Gain of an Antenna
Antenna Range - It’s not that complicated.  You 
just need some calibrated test equipment. 

• Transmitting location
• Receiving location
• Free space in-between
• First measure a reference antenna
• Now measure the test antenna
• Turn the test antenna
• Measure gain while turning

And there you have it fish bulb

Part of the antenna range at the 
Central States VHF Conference



Stacking yagis

https://www.qsl.net/w4sat/fdipole.htm

• Phasing Lines
• Power splitters
• Stacking Distance

Half Wave Power Splitter

Quarter Wave power splitter

using Phasing Lines



Stacking yagis – Using Phasing Lines 

using Phasing Lines

50 ohm antenna 50 ohm antenna

50 ohm feedline

50 ohm antenna 50 ohm antenna

¼ wave 75 ohm Coax

50 ohm feedline

Equal lengths of 50 ohm feedline

¼ wave 75 ohm Coax

¼ wave 75 ohm Coax ¼ wave 75 ohm Coax

To phase just use a ¼ wavelength of 75 ohm feedline

What if my antennas are more than a ¼ wavelength apart?



Stacking yagis – Power Splitters

https://www.qsl.net/w4sat/fdipole.htm

Half Wave Power Splitter

Quarter Wave power splitter

• Use either a ¼ wave or ½ wave power splitter
• Equal length 50 ohm phasing lines 

All coaxial lines are 50 ohms

Feedline

50 ohm antenna 50 ohm antenna

50 ohm antenna 50 ohm antenna



VHF yagis
More material than we can talk about in this session.  So let’s touch the 
top of the clouds … 
• Easy to build
• Element mounting and lengths 
• Optimization
• Does boom length equal gain / performance
• Is more elements better?
• “best” designs



VHF Yagi driven elements
Still more material than we can 
talk about in this session.  Let’s 
look at the most popular
• How to match?
• What is important?
• Stacks of yagis
• Driven Elements

• Beta match
• Delta Match
• T-match
• Balun match 

Beta Match Gamma Match

T Match



VHF Yagis – T Match
• Great article 

from Directive 
Systems

• Used on many of 
my homebrew 
antenna projects

• But don’t forget 
the coaxial balun

More info:      https://directivesystems.com/50-mhz/dsejx5-50/



Log periodic antennas

• Different from yagis?
• Broadband
• How much gain?



HF Yagis – Are they different? 

• A simple yagi you can build
• How high to place it?
• Vertical vs Horizontal
• Stacking – not as common
• Are more elements better?

• Example: Cushcraft 5-element 6meter converted to 4-element 



Loops (vertical and horizontal)

• Vertical loop
• Horizontal loop
• Used on 6 meters effectively
• 2 meter halo
• 40 meter loop that I used as a novice



Now the practical



WA5VJB.COM 
• Kent has a lot of great info on his web site
• Presents “VHF 101” each year at Central States VHF Conference 

Check out the references tab
Voila 



WA5VJB.COM – Cheap Yagi Antenna 
• You can build this! 
• You can build this antenna on a 

budget

• As Kent says, “If you are 
planning to build an EME array, 
don’t use these antennas.”
• But use them for a good home 

station yagi or rover station. 



LEO antennas / Satellite antennas

• You can build this! 
• It’s lightweight
• You can aim it at a satellite or 

ISS by hand
• Not a lot of gain, but enough



HF Yagi Example – KLM 20M-5

• KLM is a classic antenna
• KLM no longer in business.  Some 

founders created M2 Designs

• 9.7 dBd gain on 20 meters
• 13.9 – 14.4 MHz bandwidth
• Big antenna at 42 foot boom



HF Yagi Example – KLM 20M-5

• Note the driven elements 
• Log periodic feed for lower SWR 

over an increased bandwidth
• Uses a 4:1 balun

• But is the antenna pattern 
unchanged over same bandwidth?  



W2PV (sk) 4 Element 20 Meter Yagi
• Initial design by Dr. Jim Lawson, W2PV (sk)
• Elements corrected for 

• 3” dia boom
• Metal plates directly connected to boom
• (not thru boom element mounting)

• Feed is basic gamma match
• “Gamma Box” has air variable capacitor inside
• End of gamma arm has shorting bar with set-

screws
• Nylon support for mechanical purposes

• Extremely clean radiation pattern
• Antenna was installed in 1990 and still in the air 

today!

A

B

C

A
BC



Yagi Example – Cushcraft A50-5S

• Cushcraft now a MFJ Company

• Based upon old NBS (now NIST) 
design rules

• Has some gain on 50 MHz

• But limited directivity

• Low bandwidth

• Can be converted to 4-element 
design 



Yagi Example – Cushcraft A50-5S

• Traditional Gamma 
Match design

• Equal spaced elements 
(characteristic of NBS 
design rules)

• Great Field Day or Rover 
operation antenna 



Yagi Example – Cushcraft A144-3

• Simple low-cost 
antenna 
• Based upon old NBS 

(now NIST) design 
rules
• Gamma Match driven 

element



MGEF 144 MHz Super Yagi by WA2AAU 
and K2AD (ex WB2KMY)

• We needed an antenna to replace our 
existing 8x KLM 12-element array

• We decided to deploy 4x longer boom 
antennas with similar overall gain

• We would no longer need a 50’ tall 
rotating tower

• EME would be possible with an 
azimuth-elevation rotator



MGEF 144 MHz Super Yagi by WA2AAU and K2AD (ex WB2KMY)

• Homebrew design
• Based upon DL6WU 

design rules
• Varied Boom size

• 2” OD center 
sections

• 1” OD end sections
• Element lengths 

were corrected for 
mounting method 
and boom diameter
• Extremely clean 

radiation pattern



MGEF 144 MHz Super Yagi by 
WA2AAU and K2AD (ex WB2KMY)

• We needed a driven element (DE)
• Doug started experimenting with

• T-Match
• Gamma Match
I just could not find a matching network that worked. 

• Final DE was a folded dipole with half wave matching 
balun

• It worked, but was not rugged
• Minor mechanical re-design to survive setup and 

take-down at many VHF contests 



MGEF 144 MHz Super Yagi by WA2AAU and K2AD (ex WB2KMY)

• Here was the result of 
the new Driven 
Element

• Incredible match and 
bandwidth

• And when this antenna 
was placed on the 
antenna range … the 
pattern was incredible

• Maybe too clean and 
focused



Larsen Yagi – 440 MHz

• No longer manufactured
• Welded elements to boom
• Basic gamma match
• Acceptable performance despite elements not 

welded on boom in centers  
• Reasonable price point

A

A



Larsen Yagi – 920 MHz

• No longer manufactured
• Welded elements to boom
• Basic “let’s split the coax and try to match this thing” feed
• Had an acceptable match or SWR
• Found directivity or pattern was “poor” 
• Reasonable price point but did not work well

Bottom Line – You get what you pay for.  Test your antennas! 

A



Phasing Yagis at RMHAM VHF Contest N0SZ

Quarter wave power splitter

Phasing Line

Main feedline / flex loop 



50 MHz Antenna Stacks

2x 6-ele yagis on 50 MHz at W2SZ/1
• Great antenna
• Easy to erect

2x 5-ele yagis at RMHAM 
N0SZ  (one of two stacks) 4x 6-ele yagis on 50 MHz at W2SZ/1

• If two is good … four is better



If one antenna is good, two are great, four or eight is “mo better”

4 yagis on 222 MHz
• Optimized design
• Same gain as 8-stack
• Easier to erect

8 yagis on 222 MHz
• Great antenna
• Challenging to erect
• I’m getting too old for this

8 yagis on 144 MHz
• Great antenna
• Major effort to erect for temp operation

222 MHz Deployment Example

144 M
Hz Deploym

ent Exam
ple



What’s better than 8 yagis?

That’s easy –
16 yagis

An old photo of Dick K2RIW and his 
monster 432 MHz array



One of the largest EME antennas I have ever seen
Dave - W5UN
Sky Moon Ranch, TX



Are we done yet?

Questions? 




