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VHF/UHF DX
Weak signal operations, over-the horizon communications, meteor 

scatter, moon bounce and other fun things you can do with a technician 
license.



Willem says … 
Our next RMHAM University is by Doug K2AD and Wayne N0POH on "Weak signal operations, over-
the horizon communications, meteor scatter, moon bounce and other fun things you can do with a 
technician license.”
And then he says, “I bumped you up on the schedule from March to October.”

Doug says … 
“WHAT?!?!?!?  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. 

Wayne says … 
“OK.  I’ll get busy. But let’s not wait until the last minute to create our presentation.”  



VHF / UHF Weak Signal

First, what it is NOT
• FM – both simplex and repeater operation
• Packet, ATV, RTTY 
• High signal to noise ratios
• Line-of-Sight communications

What it is
• Beyond Line-of-Sight communications
• Very low signal to noise ratios
• Communication at (or below) the noise floor
• An understanding of propagation is required
• Use of advanced operating modes



What is Line of Sight (LOS)?

Shown: Mount Greylock, MA – W2SZ/1  Mount Greylock Expeditionary Force.  (Not stolen material – I’m a MGEF Member!) 



Take a look at some great background material! 
https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/

I am “borrowing” a few of Dr Tarplee’s slides without his permission but with credit. 

https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/


Reference: https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/

https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/


Tropospheric Scatter
• Typically VHF / UHF signals are line of sight 
• Humidity and variations in the troposphere can cause 

scattering of a VHF signal resulting in reception over the 
horizon

Tropospheric Ducting 
• Temperature Inversions can cause ducting of the VHF/UHF 

signal
• The signal becomes trapped within the duct before being 

“released” and returning to the Earth surface
• Typical ducting communications can occur over land across 

distances of 200 to 800 miles (your mileage may vary)
• Ducting over water has been observed over thousands of 

miles
• Reference: Wayne Overbeck N6NB communications 

from CA to HI
• Can occur on occasion using FM repeaters 

Tropospheric Ducting and Scatter

Artwork from: https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/

Artwork from: https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/

https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/
https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/


Reference: https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/

https://slidetodoc.com/vhf-weak-signal-operation-by-marc-c-tarplee/


Weak signal uses Grid Squares 
Grid Squares
• Maidenhead Locator System
• Worldwide system
• 4 digit

• 2 degrees x 1 degree
• Example: DN70

• 6 digit
• Example: DN70md

• 8 digit
• Not commonly used but possible
• Example: DN70MD12



WWW.DXMAPS.COM 

• Internet site that shows weak signal 
contacts worldwide



WWW.DXMAPS.COM 

• Not much 50 MHz activity in NA
• The bands are open in EU



Getting Started in Weak 
Signal VHF / UHF

Radios and Transverters



Radios –
All-In-One 
• HF + 50 MHz Transceiver

• HF + 50 + 144 MHz Transceiver

• 50 + 144 + 432 +1296 MHz 
Transceiver

• Simple one box solution

• More money than transverters

IC-746  - HF + 50 + 144 

Elecraft K3  - HF + 50

IC-9100  - HF + 50 + 144 + 432 + 1296 IC-910 - 50 + 144 + 432



Transverters –

• Use as basic HF transceiver as your IF 
radio (likely on 28 MHz)
• It can be modern
• It can be a classic 

• Transverter converts IF to the higher 
band
• 28 MHz to 144 MHz
• 28 MHz to 222 MHz
• 28 MHz to 432 MHz
• Etc … 

• Several vendors 
• I think the best is Down East Microwave

Down East 28 to 144 MHz Down East 28 to 432 MHz

Kenwood TS-830S (circa 1980) Kenwood TS-440S (circa 1990)



Getting Started in Weak 
Signal VHF / UHF

Antennas



The Halo Antenna
• Not a lot of gain
• Horizontally Polarized
• Omnidirectional

• Good starter antenna
• I used this antenna for my first 144MHz SSB 

contact with K1FO (“K 1 Far Out”) at 75 miles
• My second contact with this antenna was with 

W2SZ/1 about 90 miles away 
• It was mounted at 20 feet, on Radio Shack TV 

masts, tied to a post in the yard with 
lightweight rope. 

50 MHz



The Moxin
• Shortened or compact yagi
• W0ZQ article details optimization



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 



VHF Yagi Antenna
• Most common and popular antenna
• Boom lengths: Typical 6 feet to 32 feet
• Bigger is usually better



Getting Started in Weak 
Signal VHF / UHF

Your First Contact



My First Contact –
Horizontal Halo with 10 watts Upper Sideband 
I was using this …
Halo antenna @ 20 feet Multi-2000 VHF XCVR @ 10 watts

First QSOs – K1FO “K 1 FAR OUT” at 50 miles and W2SZ/1 at 75 miles 



My First Contact –
Horizontal Halo with 10 watts Upper Sideband
I was using this … They (W2SZ) were using this … 

TS-930S with XVTR @ 1500 watts and 8 x 12 element yagis



Wayne’s 
Early 50 
MHz 
Station



RMHAM N0SZ VHF Contest
• Operating from plateau near Pueblo

• 50 MHz station used three antenna arrays
• ”High Stack”: 2 x 5 elements at 40 and 55 feet
• “Low Stack” : 2 x 5 elements at 20 and 35 feet
• “Extra Antenna” : 1 x 5 elements at 55 feet on QRV2

• Phasing Switch allows us to select any combination of these 
antennas with the push of a button

• Rig is Elecraft K3 (100 watts) with Alpha 8406 amplifier at 1500 watts



What’s best for you?  



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



50 MHz – “The Magic Band”



The Moxin
• Shortened or compact yagi
• W0ZQ article details optimization



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 



144 / 222 / 432 MHz



Yagi Example – Cushcraft A144-3

• Simple low-cost 
antenna 
• Based upon old NBS 

(now NIST) design 
rules
• Gamma Match driven 

element



VHF Yagi Antenna
• Most common and popular antenna
• Boom lengths: Typical 6 feet to 32 feet
• Bigger is usually better



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



Phasing Yagis at RMHAM VHF Contest N0SZ

Quarter wave power splitter

Phasing Line

Main feedline / flex loop 



Insane Station Examples



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?

Maybe 



Reference Material
Antenna Design - from my class last year



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)


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
• Are 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?



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



Are we done yet?

Yea, Doug is finished.  Wayne is next! 

Questions for Doug? 


