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Happy Birthday!!!

 2026 is the 100th anniversary of the introduction 
of the Yagi-Uda antenna.

 To say that the Yagi has been a big part of 
amateur radio history would be a colossal 
understatement.

 Let’s look at what led up to the invention, the 
invention itself, and what has happened since…
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Light Waves

 Visible light has been used and studied for as long 
as humans with eyes have been around. (duh)

 Mirrors and reflectors have been used to shape 
and direct light forever.
 William Hutchinson added a parabolic shaped 

mirrored reflector to a lighthouse in 1777.

 Lenses go back at least 2000 years.
 Eyeglasses were invented in the 13th century. The 

telescope was invented in 1608 by Hans Lippershey.

 In 1729 James Bradley measured the speed of 
light with an error of +0.4%.
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Light Waves (2)
 Key Takeaways:
 Light waves can be directed and focused with 

reflectors and lenses.
 The speed of light was measured with high 

accuracy in 1729 and reduced accuracy going back 
to 1675.

 In 1801, Thomas Young performed an experiment 
that showed light behaves as a wave (double-slit). 
 Young also measured light wavelengths and 

demonstrated constructive and destructive 
interference which really is the basis of phasing. 

 By the 1800’s a lot was already known about light.
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James Clerk Maxwell (1831-1879)

 Primarily known for his Four Equations, 1861-1865.
 20 Equations -> 4 Equations by Oliver Heaviside.

 They unified electricity, magnetism and light as being part of the 
same phenomenon – electromagnetic waves (radiation).
 Building on the work of Faraday, Gauss, Ampere, Coulomb, and others.

 His work predicted a velocity for these electromagnetic waves.
 The speed computation was based only upon the electric and magnetic 

constants (permittivity and permeability of free space). 

 It turned out that the electromagnetic wave speed was almost 
exactly the same as the measured speed of light at that time.

 Maxwell concluded that light was an electromagnetic wave.
 His work also predicted that electromagnetic waves at nonlight 

frequencies/wavelengths should exist.
 Did they, with what properties, and what could they be good for?
 Maxwell died without knowing (age 49).
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Heinrich Hertz (1857-1894)

 In 1887, at age 29, Hertz took up the 
challenge to experimentally prove 
electromagnetic waves existed at 
other than light frequencies and 
followed Maxwell’s Equations.

 Sparks were used to generate RF 
energy.
 First form of broadband RF 

generation. (very crude)
 Both the transmitter and receiver used 

sparks tuned to resonance by length.
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We would call this 
top or end loading 

(cap hat).

Resonant near 50 MHz



Heinrich Hertz (2)

 Additional experiments 
included a reflector, 
perhaps inspired by 
thinking of these waves 
as acting just like light 
and nothing else.

 Experimentation took 
place at VHF/UHF 
frequencies –
convenient for inside 
lab work.
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Not unlike a 
lighthouse lamp and 
reflector.



Heinrich Hertz (3)
 Among his many accomplishments:
 Experimentally verified Maxwell’s theories.
 Measured the speed of non-light electromagnetic waves (same as light).
 Invented the dipole antenna.
 Discovered the importance of resonance – make transmit and receive 

antennas the same electrical size to transfer more signal.
 He produced and measured standing waves.
 He verified the properties of polarization, reflection, refraction and 

interference.
 He found that his waves could go through buildings and fog – which was so 

important for helping ships at sea (the immediate application).
 His work set off a tsunami of scientific and amateur exploration into what 

these new waves could be used for.
 These waves were first called Hertzian waves until around 1910 when they 

became radio waves.
 He made significant contributions in several other areas of science.
 He died in 1894 at the age of 36.
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Guglielmo Marconi (1874-1937)

 Marconi wasn’t interested in science for the sake of science – he 
was interested in science for the sake of creating wireless 
telegraphy based upon Hertzian waves.

 Shared the 1909 Nobel Prize in physics (wireless telegraphy).
 He was an entrepreneur and businessman as much as an inventor.
 He was willing to buck the consensus that Hertzian waves, like light, 

only travel in straight lines, limiting the maximum distance.
 The idea of DX propagation reflections didn’t even exist at this point, 

given light, why would they? 

 Found success with low frequences (~350 meters, 850 KHz), tall 
monopole antennas, and grounding both transmitter and receiver.

 He is credited, therefore, with inventing the vertical monopole.
 Marconi was the first to span the Atlantic (12/12/1901).

 Some doubt the authenticity of the contact (daylight on both sides).

 His work launched a wave of commercial and amateur interest – the 
wild west was off to the races.
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QUOTES:

 Maxwell
 Faraday is, and must remain, the father of that 

enlarged science of electromagnetism.

 Ampere was the Newton of Electricity.

 In a letter to C.H. Cay, Esq. dated 5th of January 
1865, Maxwell, professor or Physics in the U of 
Edinburgh, wrote: “I have also a paper afloat 
with an electromagnetic theory of light, which 
until I am convinced of the contrary, I hold to be 
great guns.” (what an understatement!)
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Quotes (2)
 Heinrich Hertz:

 When asked about verifying Hertzian waves: “It is of no use 
whatsoever… this is just an experiment that proves Maestro Maxwell 
was right – we just have these mysterious electromagnetic waves that 
we cannot see with the naked eye, but they are there.”

 “I do not think that the waves I have discovered will have any practical 
application.”

 Guglielmo Marconi:
 “The coming of the wireless era will make war impossible, because it 

will make war ridiculous.”
 “Have I done the world good, or have I added a menace?”

 Nikola Tesla:
 “Marconi is a good fellow. Let him continue. He is using seventeen of 

my patents.” 

 Richard Feynman:
 “From a long view of the history of mankind, seen from, say, ten 

thousand years from now, there can be little doubt that the most 
significant event of the 19th century will be judged as Maxwell's 
discovery of the laws of electrodynamics.”
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Fast Forward ~25 Years (1900-1925)

 So very many radio/electronic inventions and advancements in that era.
 Marconi’s success drove most everybody down to very low frequencies.
 Kennelly-Heaviside Layer described in 1902. The E region. Provided an 

explanation for Marconi’s ocean crossing success.
 The beginning of the study of propagation (more than straight lines).

 Spark equipment gave way to true transmitters and receivers with vacuum 
tubes. 

 ARRL – April 1914, H.P. Maxim, Clarence Tuska.
 QST – First issue: December 1915.
 Crystal controlled oscillator developed and patented in 1917.
 KDKA – AM Broadcast Station. Pittsburgh, PA. November 2, 1920.
 Beverage antenna – 1921 (H.H. Beverage (W2BML)).
 For added gain, some broadside curtain arrays were starting to appear – if 

they had a reflector, it was sets of nonresonant wires behind the array.
 1925 is 60 years since Maxwell. Nothing about the Yagi is obvious, 

especially if you are focused on thinking of light. Nobody predicted it, 
nobody stumbled upon it (until Yagi!).
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Karl Ferdinand Braun

 Born: Fulda, Germany, June 6, 1850 – April 20, 
1918 (67 years old). 

 Prolific inventor. Professor (Karlsruhe, etc).
 Semiconductors, CRT, oscilloscope, radio, etc.

 Shared 1909 Nobel Prize in Physics with Marconi 
(contributions to wireless telegraphy).

 Co-founder of Telefunken.
 For the purposes of this presentation, we are 

interested in his phased vertical array from 1905.
 From his 1909 Nobel Prize lecture:
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K. Ferdinand Braun (2)

 This array uses both broadside and end-fire phasing. Can 
electrically rotate in 3/6 directions.
 He is using constructive/destructive interference to create a 

directional pattern.

 NOTE: His phased array was all driven. Yagi-Uda is parasitic.
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The Radio Act of 1912

 RMS Titanic sunk: April 15th, 1912.
 Not the first ship accident where radio helped in the search and rescue 

(RMS Republic, 1/23/1909).

 The uncontrolled and unlicensed spectrum was the wild west. Order 
was needed, not chaos.

 Led to the Radio Act of 1912. (then 1927, then 1934 (FCC))

 Amateurs were assigned spectrum considered useless (>1.5 MHz).
 It was estimated that 88% of amateurs disappeared after the act.

The Yagi Turns 100 15

187 KHz500 KHz 300 KHz
1000 KHz

1500 KHz



Setting the Stage for Yagi-Uda

 By 2025: The all-driven end-fire and broadside phased
array concept was developed by Braun in 1905.
 Issues of mutual coupling and drive impedance matching 

and phasing networks were barely on the table.

 Broadside curtain arrays were starting to appear:
 Bruce array, 1924; Sterba Curtain, 1929. (not parasitic)

 Beverage antenna, 1921 (traveling wave, receive).
 These are all all-driven directional antennas. Early 

broadcasting antennas preferred omnidirectional.
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The Yagi Story We’ve All Heard

 The Yagi was invented in 1926 at Tohoku Imperial University 
in Sendai, Japan.

 The antenna design was mainly due to the work of Uda.
 Yagi was the professor, Uda was the student.
 Yagi spoke English and had previously spent time in the West.
 Yagi’s name was on the patent in Japan.
 Yagi visited the USA in 1928 and presented the Yagi design at 

IRE (Institute of Radio Engineers) meetings.
 In recognition of who probably did most of the work we 

should call the design the Yagi-Uda antenna (yes, although 
rarely done).

 This is all true, but there are some interesting details…
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Dr. Hidetsugu Yagi

 Hee-deh-tsu-goo Yahgee, born January 28th, 1886, in Osaka 
Prefecture, Japan.

 Should be pronounced Yahgee, not Yageee.
 Graduated from the electronic engineering department of Tokyo 

Imperial University in 1909. 
 1913-1916: Worked with Heinrich Barkhausen (Barkhausen

oscillator) in Germany. Followed by work with J.A. Fleming (invented 
the vacuum tube diode) in England. Followed by work with G.W. 
Pierce (Pierce oscillator) at Harvard (USA). Not a shabby resume!

 Interrupted by World War I. (US amateurs were kicked off the air 
too)  

 Received a Ph.D. from Tokyo Imperial University in 1919. 
 Became a professor at Tohoku Imperial University in 1919.
 Tohoku is in Sendai, Miyagi Prefecture, Japan.

The Yagi Turns 100 18



Dr. Hidetsugu Yagi (2)

 There was a need for improved communication between the 
Japanese islands and ships around the islands.

 Yagi received financial support from a private foundation in Sendai.
 Focused on shortwave communication with directional antennas.
 Yagi advised students Shintaro Uda and Yuji Nishimura (1924, 

1925).
 Yagi obviously spoke English.
 The invention, called a wave projector,  was revealed in 1926. 
 Japanese patent in his name granted in 1926.
 Visited the US in 1928, gave several presentations on the invention.
 US patent, in his name, granted in 1932, assigned to RCA, Radio 

Corporation of America.
 Helped establish Chiba Institute of Technology.
 President of the Osaka Imperial University, 1946.
 Awards: Order of Culture, 1956; Order of the Rising Sun, 1976.
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Dr. Hidetsugu Yagi (3)

 Yagi died on 
January 19th, 
1976.

 Age 89.
 Japan Patent 

Office selected 
him as one of 
the 10 Japanese 
Great Inventors.
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Dr. Shintaro Uda
 Shin-tar-oh Yooduh, born June 1st, 1896 in Toyama 

Prefecture, Japan (10 years younger than Yagi).
 Graduated Tohoku Imperial University in 1924 in Electrical 

Engineering. 
 Began graduate school under Professor Yagi in April, 1924.
 28 to 30 years old at time of the invention.
 Received his Ph.D. in 1931.
 Visited the US in 1932 for two years of study.
 Appointed Professor at Tohoku in 1936.
 Visited the US again in 1951, noticed many Yagi TV antennas.
 Remained at Tohoku the rest of his career.
 Died August 18th, 1976 (age 80). A few months after Yagi.
 Both Yagi and Uda died 50 years after the invention, which is 

also 50 years ago from today (2026).
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Dr. Shintaro Uda (2)
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The Unveiling to the World

 What else 
needs to be 
said?

 True then and 
now!

 Based upon 
what was 
known about 
light, who 
would have 
guessed this 
to be true?

 60 years since 
Maxwell, it’s 
not obvious.
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What Else was Said, or, Left Out

 What was said: A parabolic reflector was not needed:

 What was left out?
 Any formal design approach (like math) other than trial and 

error. It’s a report of what they found with little why.
 Much of the future design work centers on figuring out why the 

Yagi works and how to design one without trial and error.

 Any mention of how to efficiently drive the antenna with 
impedance matching for efficient power transfer.
 Much of the future design work centers around impedance 

matching.

 THEY HAD THE KEY INSIGHT ON DIRECTORS/REFLECTORS
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Example Designs

 Several 
example 
designs were 
presented in 
detail along 
with azimuth 
antenna 
patterns.

 Elements are 
vertical.

 Design at 
68.135 MHz
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Examples Modeled

 Dan Maguire, AC6LA, modeled the designs in 
AutoEZ/EZNEC, and found the results to closely match 
the 1926 paper. (modeled in Free Space)
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Examples Modeled (2)
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 AFAIK, no other antenna at that time had a 
pattern even remotely as focused as this one.



Typical Test Antennas 

 Vertical dipoles 
were all the rage.

 Was this due to 
Marconi?
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The Revelation

 What is the heart, the key, of the Yagi design?
 I think it’s the realization that slightly shorter elements 

create directors and longer elements create reflectors.
 This is a very qualitative conclusion, leaving off many 

details – lengths, spacing, diameter, number, for example. 
The work is only starting, but there is a direction forward.

 Yagi & Uda may think that too since it was their 
opening salvo of information in the 1926 paper.

 Once you understand directors and reflectors the 
experiments to try are almost obvious and endless.

 WHO IS RESPONSIBLE FOR THAT DISCOVERY?
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Who is Responsible?

 Not Yagi, certainly not directly (but indirectly).
 Uda? Turns out it wasn’t him.
 From the IEEE Cincinnati Section, 2011:
 “Uda initially used a resonant loop antenna and 

observed the directive radiation it produced. He 
then tried placing a parasitic loop near the driven 
loop in an effort to obtain a more directive beam. 
The idea for this arrangement apparently was 
suggested by an earlier investigation of loops of 
various shapes conducted by one of his classmates 
as a thesis under Yagi’s direction.”
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Who is Responsible? (2)

 Uda starting with a (large) loop makes sense since a 
loop is inherently bidirectional and they were looking 
for a directional antenna. Might as well start 
directional and then try to improve a single loop.
 Their dipoles were vertical, making them omnidirectional in 

the horizontal plane. Does that polarization go back to 
Marconi and even Braun?

 Does this mean that Uda also invented the quad, as 
soon as he put one loop in front of the other and 
noticed additional gain?

 Uda then moved into vertical dipoles from loops.
 Who is the classmate who conducted the original 

work? 
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Who is Responsible? (3)

 Say hello to Yuji Nishimura. 
 Tohoku graduate in March 1924.
 Classmate of Shintaro Uda.
 Nishimura’s advisor was Yagi.
 His task was to determine the resonant 

frequency of various shaped loops –
triangle, quadrangle, and circular.

 What was his experimental test setup?
 HINT: An MFJ-259B was not available!

The Yagi Turns 100 32



Who is Responsible? (4)

“The paper related to the measurement in which a VHF oscillator with a wavelength of about 2 
meters was employed and a single turn of coil in the shape of a triangle, quadrangle and circle 
were placed in position a little ahead of a receiver, using a crystal detector connected at the 
middle of a receiving dipole antenna, that was placed 10 meters away from the oscillator. The 
natural wavelengths were measured by examining the rapidly varying values in the detected 
current of the receiving dipole and their dependence on the sizes of the coils. This experiment 
resulted in an interesting phenomenon. The presence of the single turn of a coil a little 
shorter than its natural frequency caused the current in the receiver to increase markedly - to 
exhibit a wave direction action. In contrast, the presence of a single turn coil a little longer than 
its natural wavelength caused the current in the receiver to markedly decrease, exhibiting a 
wave reflective action.”
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Who is Responsible? (5)
 The goal was to measure resonant frequency with a setup 

that turned out to be a good antenna test range for a 2EL 
Yagi! Both directors and reflectors were discovered.
 I suspect that principles with the Grid Dip Oscillator/Meter and 

absorption meter were in play (coupled resonant circuits).

 What was required to get to this point of discovery?
 Tube oscillators with stability and bandwidth sufficiently 

narrow to resolve small frequency differences.
 The initial oscillator used was probably designed by Uda.

 Crystal detectors with enough sensitivity and resolution to 
detect the positive and negative gain differences.
 Reflectors/directors are often within ~±10% of the DE.

 These tools were not available until a few years before 1924-
1926. 

 Most importantly: A curious brain and good lab technique.
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What Should We Name This?
 Should this antenna be called a Yuji?
 A Yuji-Yagi? Yagi-Yuji? Yagi-Uda-Yuji? (YUY?)
 They called it: Wave projector, wave duct, wave canal.
 Is this all a Happy Accident ?
 So many times in history folks set out to discover one 

thing and find something else (like North America).
 From everything I could find, the Yagi might follow that 

path.

 Luck is when preparedness meets opportunity.
 Please understand, I am blown away by their 

accomplishments. The basic design in under 2 years.
 Out of the box thinking on steroids!
 Especially how different this is as compared to light.
 Nobody else found this in the 60 years since Maxwell.
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How Does a Yagi Work?
 Can only paint with a very broad brush in a few slides.
 The Yagi is an end-fire parasitic phased array (interference).
 Let’s start with a resonant dipole terminated with a short.

 This is what a parasitic element is!

 The short reflects and then reradiate all power absorbed except 
for any conductor loss and with a 180° phase shift.
 Where else could the power go?

 Talking about phasing is always tricky since 0° is the same as 360°
and +180° is the same as -180°. You can always add ± 360°

 Being near resonance matters for how much current is absorbed.
 Current (accelerating charge) is what creates EM radiation.
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How Does a Yagi Work? (2)

 Resonance greatly increases the current flow (parasitic).
 Power is related to the current squared (I^2).
 Being even 15% off frequency greatly reduces the power.
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How Does a Yagi Work? (3)

 One implication of resonance is that a parasitic dipole 
operated too far from resonance is largely invisible (in terms 
of current flow).
 We can use this property to cleverly combine Yagis for different 

bands on a single boom (they don’t “see” each other).

 End-Fire arrays fire in the direction of the largest phase 
lagging element. (as we saw with the Braun array)

 By convention, a positive phase (+) is leading and negative 
phase (-) is lagging.

 That means that in the Yagi the directors have increasingly 
negative phase as you move from the DE to the furthest away 
front director. The reflector should have a leading/positive 
phase relative to the DE.

 But wait – what did they write in the first paper, first page?
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How Does a Yagi Work? (4)

 I am saying the opposite, so what’s going on?
 What they wrote about leading and lagging is correct in the 

context of isolated elements but does not take into account 
the 180° phase shift that’s part of the parasitic reradiation 
when inside the array compared to the driven element (DE). 

 When that’s done, the leading and lagging reverse.
 With respect to the DE.
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How Does a Yagi Work? (5)
 Example: 20m 5EL Yagi.
 EZNEC wants to report 

phase in the ±180° range. 
(±PI radians)

 After subtracting 360° we 
see a monotonic negative 
phase shift towards D3.

 Signals from the front 
accumulate on the DE with 
constructive interference. 

 Destructive from the rear.
 Coupling far more 

complicated due to mutual 
impedance between all 
elements.

 Not considering amplitude.
 Reciprocity Theorem. 
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D2

D3

D1
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+12° - 360° = -348° ∆ = 116°

+128° - 360° = -232° ∆ = 112°

-120° - 0° = -120° ∆ = 120°

0° - 0° = 0° ∆ = 130°



How Does a Yagi Work? (6)
 One reason I dragged everybody through the last few slides is to 

demonstrate that the Yagi is actually very complex given all of the 
coupling between elements and the factors of length, spacing, 
diameter, and number of elements.
 A large number of variables: (~(3N+N)). 

 Today, many Yagis are constructed from stepped diameter tubes 
which adds another layer of complexity in determining resonance.

 Let’s not forget the influence of the ground on antenna pattern and 
performance. (A practical concern for real antennas)

 Conclusion: Pure mathematical analysis by hand leading to a design 
is virtually impossible - especially if the design is optimized.

 For many years, the solution was intelligent trial and error and a 
quality antenna test range to record designs and performance.

 While it’s always a good idea to verify a design with a test antenna, 
in 2026 we have modeling and analysis software that makes this 
(relatively) easy.
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The Optical Analogy
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Let’s not forget that HF radio wavelengths are measured in meters. 
Light is measured in billionths of a meter (nm). Both are EM waves, 
but we should expect different approaches to their exploitation.
Both arrays are parasitic (energy in the wave).
We aren’t amplifying, we are focusing.
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Would this design 
work with light?



A Prophet has no Honor in Their 
Hometown

 In general, the Yagi was embraced by the West, less 
so by Japan.

 Yagi antennas were used very successfully in radar 
systems by the Allies (but less so Japan) in WWII. 

 One Japanese author writes that (the Battle of) 
Midway was “an ambush” partly because of the 
longer-range radar of the Allies.

 Newmann, 1942 Singapore, YAGI ARRAY, “One of 
you”. (A Secret Story About the Yagi, Gentei Sato, 1991)

 On August 6, 1945, the atomic bomb was dropped on 
Hiroshima. On August 9, the second bomb was 
dropped on Nagasaki. Both atomic bombs were 
equipped with Yagi-Uda antennas to determine their 
height for detonation (~1500 feet).
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Some Yagi Observations

 It is claimed that the Yagi is not a broadband antenna. 
 There are at least two issues – SWR and direction/pattern.

 I have noticed that the direction of the Yagi reverses both 
above and below the normal operating range.
 As the frequency drops the directors become invisible and the 

reflector becomes a director.
 As the frequency increases, the reflector becomes invisible and 

the first director becomes a reflector.

 Even a sloppy Yagi design and implementation will achieve 
most of the gain potential. 
 It is said the Yagi wants to work, even with broken elements.
 If you are looking to achieve specific SWR and pattern targets 

(i.e. F/B), then design and implementation precision is a must.
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Pattern Reversal Example
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Onto the Next 100 Years

 I think it is fair to say that Yagi evolution has followed two 
major and different tracks.

1. Rigorous investigation into the science and performance of 
the Yagi with an eye towards improvement and optimization.

 Experimentation and measurements gave way to modeling and 
computer analysis.

2. Making the Yagi as small/light as possible and multiband and 
low cost and with a simple match to the transmission line 
(usually 50 Ohms).

 Amateurs have driven many of the advancements down both 
tracks.

 I think that the Golden Age of the Yagi probably started 
around 40 years ago with the appearance of NEC-4 and other 
software analysis tools.
 The design doors were opened wide with these new tools.
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The Yagi Appears in Amateur Radio

 First mention in QST:
 Ross Hull, January 

1929; The Status of 
28,000 KHz
Communication. (page 
9)

 Reflector was 9/8 the 
length of the driven 
element (+12.5%).

 Horizontal polarization 
seems to be a new 
topic.

 Note open wire end 
fed along pivot axis.
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The Yagi Appears in Amateur Radio (2)
 First QST construction 

article with details:
 John Shanklin, W3CIJ, 

July 1934; A 14-Mc Rotary 
Beam Antenna for 
Transmitting and 
Receiving.
 This is a stack of two, 

3EL vertical wire Yagis.
 92 years ago!
 Tended to be called a 

Beam, not a Yagi.

 We still need to develop 
telescoping aluminum 
tubing, coax, towers, and 
rotators!

 A long way to go!
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Impedance Matching

 For the most efficient power transfer and lowest SWR 
we need an impedance match to the typical 50 Ohm 
or 75 Ohm coaxial cable.

 The feed point impedance of a Yagi is often under 50 
Ohms. ~28 and ~12.5 Ohms falls out of some design 
approaches.

 Over the years many different schemes have been 
used to match the feed point to the feed line.
 You could argue that the impedance match is technically 

outside of the boundary of the Yagi design. Ok, fine, but 
it’s still needed.

 Several designs achieve a match at the feed point 
without the need for an additional matching hardware.
 E.g. OWA (Optimized Wideband Antenna), Moxon.
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Impedance Matching (2)

 Here is a list, I’m sure there are 
many more…

 Folded dipole, Gamma, Delta, Beta 
(hairpin), T-Match, Omega.

 Solutions with L networks, series 
matching sections, broadband 
transformers.

 Some are better than others.
 Don’t forget – coax is unbalanced, 

the Yagi is balanced (balun).

 From my 1954 ARRL Handbook. ->
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Shortening the Elements

 Shortening the elements is desirable to 
reduce the size and weight of the Yagi, 
especially as the frequency drops.

 Trap Loading.
 Inductor Loading.
 Linear loading.
 Capacitor (end) loading.
 Folded elements.
 Mechanical length changing (SteppIR).
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Multiple Bands on One Boom

 Hams have the problem of multiple band allocations scattered 
across the HF (and other) range.

 Being able to locate several Yagis on one boom is highly 
desirable.

 The tri-band trap Yagi was probably the first (10/15/20m).
 The SteppIR has variable length elements.

 Precise tuning can be carried out at any frequency in the band.

 If the frequency separation between bands is large enough, 
just pile all of the elements onto a single boom.
 More properly called interlaced elements.
 We saw that elements away from resonance are ~invisible.
 Forward staggering can reduce undesirable band interactions.
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Multiple Bands on One Boom (2)

 The 10/15/20 meter 
Skyhawk.

 3 Elements on 20m.

 3 Elements on 15m.

 4 Elements on 10m.

 50 Ohm direct feed.
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NBS Technical Note 688

 NBS (National Bureau of Standards) became NIST (National 
Institute of Standards and Technology) in 1988. 

 In December of 1976 NBS released note 688 – Yagi 
Antenna Design.

 Authored by Peter Viezbicke (Vize-Beck).
 The note presented a number of gain-optimized designs with 

enough information to scale to other frequencies. 
 Work carried out at antenna test ranges in Sterling, VA, and 

Table Mountain, CO.
 Yagis designed and measured at 400 MHz.
 Some information provided on stacking two Yagis.
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NBS Technical Note 688 (2)

 Optimized 
reflector and 
director length 
table as a 
function of 
boom length of 
# of directors.

 Results 
included 
azimuth pattern 
plots.
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NBS Technical Note 688 (3)

 These results were presented in a number of 
charts and graphs.

 27 pages in total.
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Yagi Antenna Design
 Yagi Antenna Design. 1988.
 Dr. James Lawson, W2PV (SK).
 He created a custom Fortran program 

that was a Yagi-specific modeler (free 
space).

 He did all of the ugly math with self 
and mutual impedances and currents 
leading to input Z and gain/pattern.

 He compared against the NBS data.
 About as good as it gets right before 

general purpose antenna modeling 
entered the picture.

 He explored issues such as boom and 
element clamps and taper 
compensation and topics such as 
stacks.

 Sadly, out of print.
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What About the Mechanical Design?

 The mechanical design matters as much as electrical.
 We want the Yagi to be self-supporting and survive 

some level of wind and ice.
 What element taper schedule is appropriate?
 What boom diameter is needed?
 How much will it weigh?
 What’s the wind loading for the rotator?
 What sort of element to boom clamps?
 What sort of boom to mast clamp?
 The impedance match and balun.
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What About the Mechanical Design? (2)

 1992, Physical Design of Yagi 
Antennas. Dr. Dave Leeson, 
W6QHS, W6NL. (out of print)

 Yagi Mechanical, PC app.
 Can import/export with modeling 

programs (EZNEC, etc).

 YS – Yagi Stress.

The Yagi Turns 100 59



The (Cubical) Quad Antenna

 A ½ WL dipole has the highest RF 
voltages at the tips.

 Depending upon the voltage, 
altitude, and particulates in the 
atmosphere, a coronal discharge 
can occur at the tips. In the 
extreme, it can be destructive to 
the element (too much heat).

 This happened at the 10 KW HCJB 
shortwave broadcast station (9200’ 
elevation) in Quito, Ecuador shortly 
after it began service in 1940.

 The temporary fix was to install 
copper toilet tank float balls on the 
ends of the driven element of the 4 
element Yagi in service. This dulls 
the sharp points.
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The (Cubical) Quad (2)
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 The permanent solution was the invention of the cubical quad
antenna by Clarence Moore, W9LZX.
 He patented (US) the design in 1951. 

 The Yagi dipole elements are replaced with closed loops that, by 
definition, have no tips (therefore no corona). 
 All of the Yagi parasitic director/reflector concepts still apply.

 The loops, usually ~1 wavelength in circumference, can be square, 
rectangular, circular, fractal, or triangular (delta) in shape. 

 Generally considered to have more gain for the same # of elements. 
A 2 element quad compares to a 3 element Yagi. Claimed to be 
lower noise too.

 Several new variables are added in the quad design.
 Element shape, polarization (feed),  spreader design for multiple bands.

 Can be very lightweight, nothing more than wire and 
fiberglass/bamboo spreaders.

 Manufacturers include: CUBEX, InnoVAntennas, Big Signal…



The (Cubical) Quad (3)

 James Sherriff McCaig 
(GM3BQA (SK)) invented a 
Cubical Quad antenna and 
patented it in the UK in 1957.

 It was manufactured and sold 
from the Forth Motor 
Company in Cockenzie, East 
Lothian, near Edinburgh.

 It was first described by Jim 
McCaig, GM3BQA, and Colin 
Davidson, GM3LAV, in Short 
Wave Magazine Vol XV p.522 
(Dec 1957).
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The (Cubical) Quad (4)
 What’s up with two inventors?
 Two patents? (USA/UK)
 Wikipedia explains the Moore patent the 

best:
 While the main point of Moore's patent 

was the two-turn single loop design, 
which is not the antenna 
termed a"quad" today, the patent does 
include a mention and illustration of a 
two-element unidirectional "quad”…

 His main focus was on eliminating coronal 
discharge. He called a single loop with 4 
equal sides a quad.

 Hours could be spent discussing the quad 
and its variants. Not now!
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The (Cubical) Quad (5)
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The LPDA is not a Yagi

 The LPDA (Log Periodic Dipole Array) looks like a Yagi but isn’t.
 Invented by John Dunlavy under a secret Air Force contract in 1952.

 The goal was a single antenna that could follow longer distance 
nighttime propagation on 2 MHz up to daytime propagation on 20 MHz.

 Us hams have a similar need, usually met with multiple antennas.
 Dunlavy went on to be a noted physicist and audio/speaker pioneer.

 The University of Illinois at Champaign-Urbana patented the similar 
Isbell, Mayes, and Carrel design a few years later.

 It’s not a Yagi because all elements are driven with crossover 
phasing lines (Yagis have a single driven DE and the rest parasitics).

 Provides some gain and directivity with a low SWR across a 
continuous range of frequencies.

 Often used in TV antennas due to the extreme bandwidth needed.
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The LPDA is not a Yagi (2)

 Element length 
differences are far 
beyond what makes 
sense for a Yagi.

 The crossover helps 
force what coupling 
can’t accomplish. 

 Example SWR curve 
shows large SWR 
bandwidth.

 SWR isn’t everything, 
a dummy load has a 
great SWR, but bad 
antenna.
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The LPDA is not a Yagi (3)

 RF current 
naturally excites 
the dipoles near 
½ WL resonance.

 This roughly 
compares to a set 
of 3 element 
Yagis that slide 
down the boom 
as the frequency 
rises.

 The Yagi has far 
more gain for the 
same number of 
elements, but a 
narrow 
bandwidth.
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VU2NSB has an excellent web site with tons of 
information at https://vu2nsb.com/ 

https://vu2nsb.com/antenna/lpda-log-periodic-dipole-array/



The Lansdorfer-Sacher Yagi

 A strange looking 
way to add 3 dB of 
gain over a 3L Yagi.
 Still based upon 

the Yagi ideas.

 Note it’s 1.3 
wavelengths wide.

 Modeled and 
analyzed by L.B. 
Cebik, W4RNL (SK).
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The OWA: Optimized Wideband Antenna

 Invented by Jim Breakall, WA3FET (Penn. State)
 The first director is located close(r) to the driven 

element. 
 Somewhat similar to the coupled resonator idea (sleeve 

antenna).

 This provides an additional degree of freedom that 
results in:
 Direct feed 50 Ohm feed point impedance.
 More freedom in tweaking gain and F/B (pattern).
 Works very well with an optimizer.

 The price is perhaps one extra element.
 Outstanding for monoband Yagis.
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The OWA: Optimized Wideband Antenna (2)
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SteppIR

 Founded in May 2001, by Mike Mertel, K7IR, Jim 
Thomas, K7IRF, and John Mertel, WA7IR.

 The length of the elements are changed using a 
geared stepper motor driving an indexed metal 
element inside an insulated tube.
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SteppIR (2)

 Variable length elements 
allows for:
 Multiple bands.

 Continuous frequency 
coverage (similar to LPDA).

 This antenna example 
covers 6.95 to 54 MHz.

 Rapid direction reverse (if 
symmetrical).
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Moxon Rectangle
 Invented by Leslie “Les” Moxon, G6XN (SK).
 2 Element Yagi with DE/REF. 
 Bent tips shortens dipoles by ~30%. Can be compact and light.
 Direct 50 Ohm feed.
 Moxon licensed in 1928!

 Died 2004, age 95!
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Moxgen program by Dan, AC6LA, based 
upon algorithm by L.B. Cebik, W4RNL (SK)



HEXBEAM Hexbeam Hexx-Beam
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 How many other ways can 
we bend and fold wires to 
create a working 2 element 
parasitic antenna??? 
(DE/REF)

 Turns out there are many!
 The hex shape, similar to a 

circle, promotes weight 
balance and minimum 
turning radius.

 Often used on the 20m 
through 10 m bands (20, 17, 
15, 12, 10).

 Small, lightweight. Fixed and 
Portable.

 Wires may nest to support 
multiband operation.

From W4RNL Pages



HEXBEAM Hexbeam Hexx-Beam (2)
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 The original HEXBEAM was invented by Mike 
Traffie, N1HXA, in the early 1990’s.

 Steve Hunt, G3TXQ (SK), modified the design 
into the broadband form.

 The classic form has a 19’ diameter versus the 
22’ diameter with the broadband.

 It has become very popular in recent years.
 Small, lightweight. Fixed and Portable.
 Multiple bands supported with nested wires.
 Like the Moxon, based upon DE/REF 2L Yagi. 
 Even up 30’ with a small rotator these are 

excellent value antennas given the size, 
weight, and cost. (20m – 10m) 

Classic (N1HXA)

Broadband (G3TXQ (SK))



HEXBEAM Hexbeam Hexx-Beam (3)
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Spreaders can be fishing poles or fiberglass tubing.



Work Continues…QST, March 2026
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Rick Lawn, W2JAZ: Quagi Dave Ahlgren, K1BUK: Moxy (Moxon/Yagi)



How to Design a Yagi in 2026

 It’s relatively easy (seriously).
 Electrical and mechanical modeling/analysis has arrived.
 Yagi modeling is now very capable.
 Optimizers are very good.

 It’s often easier to base a new design off of an old design.

 Are we 100% of the way there?
 For the tools I’ve used – AutoEZ/EZNEC, we are very close, 

perhaps in the upper 90 percentages.
 Does the model exactly match the constructed Yagi?

 We are now more than primed for another 100 years of 
discovery!
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Conclusion
 So very many useful antenna designs have emerged from this 

100-year-old observation:

 It’s not at all obvious given the lessons learned from well-
known light that slightly longer and shorter dipoles would act 
as reflectors and lenses.
 The substantially longer wavelengths under light allow phasing 

and interference to be tightly controlled to achieve patterns. 

 The good news is that all of the tools needed to design and 
optimize Yagis exist today.
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