
Radio FUNdamentals BY BILL ORR, W6SAI

THINGS TO LEARN, PROJECTS TO BUILD, AND GEAR TO USE

The Three-Element Yag;
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A third gain formula is from Bill Myers,
K 1GO, for HF Yag is:

Ga in (dBd) = 3 Ln (B) + 9.85

The FOM does not represent the theo
retical absolute-maximum gain figure, as
this leads to extremely low impedances
and impractical designs. The formulas
were derived from gains of practical near
maximum gain Vagi designs with real
world losses and design compromises .
The FOM is not intended as an overall
quality rating for Yagis. as it rates gain!
boomlength efficiency only. Most Yagl
applications require good patterns, and
this constraint always places a limiton for
ward gain.

Nevertheless, gain FOM provides a val
uable yardstick for showing at a glance
how close a particular design comes to
realizing maximum possible gain.

The FOM concept is particularly help
ful when used 10 combination wi th a com
puter-driven antenna ana lysis or opti
mization p rog ram . With a given boom
length, such programs can vary element
leng th and spac ing, while d isp laying a
FOM for each variation in the antenna .

The three-element 14 MHz Vagi design
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Fig 1- Polar plot of a three-element Yagi.
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8 dB = £>.1 4 dBd

Gain (dBd) = 10 Log (5.4075B + 4.25)

What are the factors that enter into anten
na gain? The main factors are element
lengths and spacing. If you assume the
element lengths are optimized, maximum
possible gain can be calculated from a
gain Figure of Merit (FOM) , based on an
tenna boon length.

One FOM study conducted by Tom
Ring , WA2PHW. on an extensive collec
tion of Vagi designs, yields this formula:

check power gain. The an tenna provides
what the user wants to observe. And he
c an work p lenty o f OX wi th the antenna.
so the quest ion of power gain IS sec
ondary.

Gain (d Bd) = 7,773 Log (B) + 9.28

where B is boom length in wavelengths.
Another FOM is proposed by Rainer

Bertelsmeler. DJ9BV:

The above formula was derived from the
gain of DL6WU-design long-boom VHF!
UHF Yag is.

Gain Figure of Merit

48 Campbell Lane, Menlo Park. CA
94025

I n my tast column I discussed Ihe advan
tages and disadvantages of the two-ele
ment Vagi beam. Its principal virtue is a
high gain figure for a short boom. At the
design frequency, gain is approximately
5 dBd. This is achieved at a boom length
of less than 0.1 wavelength. Better per
formance is obtained with a di rector ele
ment than w ith a reflec tor.

The main d isadvantage of the two-e le
ment Vagi is poor tront-to-back ra tio.
Typically, it will run from 10 to 15 dB. Input
impedance is about 12 to 15 ohms, de
pending on parasitic element tunmq. This
value permits a simple match system
such as a gamma or hairpin match to be
used.

All things considered . the two-element
Vagi is a good performer for amateurs
who desire a good gam figure. but are not
worried about mediocre signal rejection
from the rear of the antenna. II is small
and light weight. In other words, it deliv
ers a lot of "bang for the buck ."

The three-element Vagi is the antenna
of choice on the HF bands. It provides a
little more gain than the two-eternent ver
sion. improved Iront-to-back ratio, and
higher input impedance. The price paid
for better performance is a longer boom
and more aluminum up in the air.

Boom lengths for HF three-e lement
Yagis usually run from 0.2 to 0.4 wave
length. Short boom designs provide good
gain and tront-to-back ratio, but restrict
ed bandwidth. That is, they cover only a
narrow frequency range before the SWR
rises over 2 to 1 on the feedline. Wider
spaced arrays provide much improved
bandwidth , good gain. but poorer front
to-beck ratio.

As you can imag ine, designing a Vagi
antenna consists largely of balancing the
various attributes in a mix that is suitable
for the user. Commercial antennas usu
ally shoot for a user-friendly array. The old
204BA four-element beam is a case in
point. It exhibits excellent bandwidth and
SWR performance. Front-to-beck ratio is
very good. These attributes come at the
expense of gain, which is only a little high
er than that of a two-element design.

There is noth ing wrong wi th this con
cept. It is easy for the user to check SWR
and front-to -bec k. but it is difficult to
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A Practical Three-Element Vagi
For 14 MHz

shown in this art icle was derived on the
Vagi Optimizer program of Brian Beezley,
K6STI. The goal was to achieve maximum
possible gain, consistent with good front
to-beck performance, adequate SWR
bandwidth, and acceptable input imped
ance. The WA2PHW formula gives good
results for any boom longer than 0.25
wavelength, and it is used in the Optim
izer program for the Vagi described here .

Computer analysis of a Vagi antenna is
an exercise in compromise. There is no
free lunch, so when the designer shoots
for maximum gain, for example, he for
feits front-to-beck ratio or bandwidth. The
trick is to balance these attributes until he
achieves his objective.

The target design provides 6 dBd for
ward gain, better than 20 dB tront-to-back
ratio over the design range, and an input
impedance on the order 01 15 ohms or
better . The FOM should be better than
- 1.5 dB. Boom length should be 24 feet
or less. (Boom length is chosen so two 12
foot sections of tub ing are suffic ient.)

The design includes tapered elements,
with d iameters ranging from 1.25 inches
at the center to 0.875 inches at the tip.
The elements are mounted on small alu
minum support plates attached to the
metal boom with U-bolts. Either a gamma
match or hairpin match may be used with
the antenna

A polar plot of the computed horizon
tal pattern is g iven in fig. 1. At the design
frequency the front-to-beck pattern is
excellent, with three minor lobes to the
rear, all of them better than 24 dB down
from the frontal lobe. The "3 dB" beam
width is about 64 degrees.

Important parameters of the antenna
are shown in fig . 2. Gain varies from about
5_9dB at 14_0 MHz t06.4 dB at 14.3 MHz.
At the design frequency (1 4_ 15 MHz) it is
6 .14 dBd. This is shown in the upper-lett
hand graph.

The upper-right-hand graph illustrates
SWR response over the operating range.
SWA is about 1.6 at the frequency extrem
ities, lalling to near-unity atthe design fre
quency.

Front-to-back ratio is illustrated in the
tower left p lot. Maximum FIB is achieved
near 14.1 2 MHz, where it peaks at 28 dB.

Input impedance falls in the 20 ohm
area (lower-right graph), where a match
may easily be achieved with either a gam
ma or hairpin match.

Power gain is about 1.3 dB less that the
maximum possible amount, and this falls
with in the FOM limit.

This beam represents a comfortable
tradeoff regarding gain, front-to-back ra
tio , bandwidth, and input impedance. It
is possible to squeeze more gain out of

CIRCLE 12 ON READER SERVICE CARD
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W9GR DSP FILTER
1 Switch Selectable Filters in One 3 Element, 14 MHz Ya 91
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A Mini Flat-Top Antenna
For 60 Meters

Problem: How does the 80 meter opera
tor put up an effic ient antenna in a small
space? That's not easy! One idea that has
proven popular "down under" is the fold-

Construction detai ls are not given here,
as they are fully covered In the Beam
Antenna Handbook, published by Rad io
Amateur Callbook, Box 2013 Lakewood ,
NJ 08701.
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Fig. 2- Graphs for a three-element, 14 MHz Yagi. Top left, gain across passband. Top
right, SWR response. Bottom left, front-ta-back ratio. Bottom right. feedpoinl impedance.

Fig. 3- Half--element dimensions (with the exception of section A, which is full length).
Add 3 inches to 8 , C, and 0 for overlap when cutting the tube.
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the three-element beam, but front-to
back ratio and input impedance must be
sacrificed. I'll d iscuss a "maximum gain"
Vagi in my next column (if I don't forget' )

Antenna dimensions are listed in fig . 3,
The center section of each element is a
12 foot length of 1.25 inc h tubing with a
.058 inch wall th ickness, The next sec
tions are cut from a 12 foot lengths of tub
ing with a wall thickness of ,058 inch. The
sections with a diameter of 1,0 inch also
have the same wall thickness, The tip sec
tions have a wall thickness of .049 inch.
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(USN Ret.) in the December 1993 issue
of Naval Historymagazine, published by
the United States Naval Institute , Anapo
lis, Maryland.

I would say Captain Gray has impres
sive c red entials to apply to this problem.
He started in 1930 as a commercial radio
operator, joined the Navy shortly there
after, and served on various vessels unt il

•

•
To

antenna
(Fig. 5)

250pF

Spreader

'---i L1

'"

SOO
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Exte rnal
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Fig. 6- Tuner for G2BZQ antenna. Coil L 1
is 19 turns of # 16 enamel wire wound on
1inch diameter form. Coil length is 2 inch
es. Tapped 103/ 4 turns from ground end.

Fig. 5- Oblique view of the G2BZQ indoor 80 meter antenna. The total wire length
is 46 feet 2 inches.

from New Guinea to Howland Island.
Most investigators agree that contact

With the plane was lost when her last
transmission on 3105 kHz said she was
shifting frequency to 6210 kHz. She was
not heard from again , or was she?

Books and TV shows have provided
possible answers to the puzzle. as have
various expeditions sent QIIer the years to
l ind the wreckage of her p lane. She was
shot down, captured. and executed by
the Japanese in the Marshall Islands; no,
she was seen as a prisoner by other pris
oners of war at a Japanese Pacific base:
no, she went down in the Pacific Ocean,
leaving no trace; no, she crash-landed on
a remote Pac ific atoll ; no, she is alive and
well today and In hiding .

A whole cottage industry has sprung
up concerning the d isappearance of this
famous aviator, and even tod ay new ev i
dence is being produced, most of it spu
rious, about her baffling fate.

A recent article about th is puzzle has
been wr itten by Captain Almon A. Gray

The Disappearance of
Amelia Earhart: 1937

ed antenna in use by R. A. Lowe.ZL lAYN,
and described in Break·in, a publication
of the NZAAT. It was reprinted in the Oc
tober 1993 issue of Amateur Radio in the
"Random Radiators" column by Ron
Fisher , VK30M, and Ron Cook, VK3AFW.

This simple antenna is shown in fig, 4.
II is a short folded dipole loaded by a vari
able inductor in the return lead . The de
sign may also be considered as a narrow
loop, and Richard Marris. G2BZO, came
up with the idea of opening the loop out
10 increase the effic iency of the design .
His antenna is shown in fig. 5 .

Loop configuation can be altered to fit
the circumstances. The far end need not
be folded down it sufficient space is avail
able for a run of 20 feet or so. And the
length 01 the feed line portion of the anten
na can also be varied.

This design was intended lor indoor
use and was mounted horizontally across
the ceiling of a room. It was slung diago
nally from corner to corner and used nylon
cords and plastic spreaders for support.
The leng th of the loop should not be
changed, but the amount that is bent c an
be adjusted to fit room size. The article
states that a ground connection is rec
ommended but may not be essential.

G2BZQ suggests that low power be
used with th is antenna to reduce prob
lems of interference with nearby home
entertainmen t equipment as well as to
minimize concern over operator expo
sure to RF fields. For outdoor use. the ba
sic rule of "the higher the better" applies,
so a longer feeder may be necessary . Ex
perimenters may also try increasing the
width of the loop .

G2BZQ uses a simple home-made tun
er unit with this antenna, shown in fig_6.

Fig. 4- Half folded dipole grounded by
variable inductor. Used by ZL 1AYN for

80 meter operation.

It has been a puzzle for over half a cen
tury. What happened to Amelia Earhart,
who d isappeared, along with her naviga
tor, Fred Noonan , on their rou nd -the
world flig ht? Accord ing to folklore, they
vanished mysteriously on Ju ly 2, 1937 at
about 2013 GMT (now UTe) on a flight

say You Saw It In CO

CiRClE 78 ON READER SERVICE CARD

March 1994 • CO • 93



Many thanks to the following who have
written to me in the past month. I much
app reciate your input' WB4HFL, K20B.
KL7CMN. K4WV, VK58R, KW1L, W5PSA,
W1 IAF. 14AFQ , W60 AL, W2YYI, W6TC ,
VE1KD, DK5VP, W1 PN. W6JJZ. K6YO
and W2FM1-thanks, gangI

73 , Bill. W6SAI

only on a short v-shaped antenna running
from the front of the plane 10 the rear ta il
fins. Gray covers this blunder in detail,
pointing out that the short. loaded anten
na only rad iated less than a watt on her
important commu nication frequencies:
500 «Hz. 3105 kHz, and 6210 kHz. The
signals from the plane, therefore, we re
readable only over a short distance, due
to high levels of trop ical QRM. The loss of
500 kHz ability prevented accurate OF
bearing s from being made, and preclud
ed communication w ith ships and marine
shore stations.

Other serious problems existed. Ear
hart seemed to be confused between
ki locycles and meters. leading to a snafu
on schedu les with Navy ships placed
along her route for communication and
OF bearing measurements. In ad di tion ,
Gray points out that improper transmitter
loading by the very short antenna made
audio modulation almost unintel lig ible.

Finally, Gray concludes that Earhart's
inability to get a bearing from a Navyves
sel (Itasca) was probably due to the fact
that the send-receive relay in her equip
ment had been damaged by lightning . (I
suggest that the back relay contacts may
have been rendered inoperative due to
corros ion b rought about by the high con
te nt of sail in the atmosphere above the
Pac if ic Ocean.)

July 2 seemed to be the end of it. How
ever, the ne xt day, Gray po ints out, a
weak, d istorted voice signal on 621 0 kHz
was heard by a radio ope rator on Nauru
Island. as well as by the Pan-American
comm unication station on Wake Island.
The transmissions were also heard faint
ly at other points, but they were nearly
unintelligib le. Of g reat interest was the
fact that the vo ice sounded like Earhart ,
but the motor noise of the plane was miss
ing! A conclus ion by some was that the
plane had crash-landed on a remote
island, but the radio equipment had sur
vived intact. The signals g radually weak
ened and finally disappeared afte r a few
hours , Bearings ta ken on the signals indi
cated an area in the Marshal l Islands, to
the west of Howland Island.

Searches of the area were to no avail.
Nothing of importance was found . And so
the Earhart-Noonan flight passed into his
to ry, leavinq one of the outstanding mys
teries in the long history of the Pacific .
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Earhart's fatal mistake was to remove the
trailing wire antenna on her p lane , relying

The Fatal Errors

His conclusions in an article entit led
"Amelia Didn 't Know Radio" p inpoi nt the
comedy of errors, poor judgment, rqno
ranee, and lack of meaningful d ialog be
twee n Earhart, the Navy, and Pan Ameri
can Airways.

XK·510 Digital ! Analog Traine,--":!::","
_ _ It _ _ !or _ "9> ,.........."'....... _ 09 ", , """.,E_', """""""'" T'..... " .. ""'" _ . "' """.-_._----.-, ~_.,_ ..-..__ ......-...__ ......._-.,.._--

• . 1. """". '''', ~ ,,""'.,-,
" . , ,, ~....,,,,., ..." ..~ """'.,-·"""""-'·."""'. '.....
" """''' '''·.....,,-,.,,,"' .. ,...

....IOg . Socllo•"-- _._....-"- -_.,-_.~,-..~-,._-..-._,~ ...
'" ;tIOI . Soc........--. _~ ......._-
• •"o_m_
. _-, ~ '...'"._- ,--_....

."'-rd' 11 1U~

" ~"=.:,::,,,:," . ...mblo. 112U5 Kit

-

$44.95
''''Y''' '~~.,,_.._,.',

Vidoo H.. ~ T. sIo1
_,..-\'lone:. HT·200

DELUXE SERIES
S·I3JO 25MHz $449
5-1345 40MHz $575
5·1360 60MHz $775

ELENCO OSCILLOSCOPES

;~._
. _ ,Ce- F....'.Z....M_
• 1LoiII-irl e..m-m TOIl
• _ d Ill. ,.." .., 011110 '. _ 010' """'

Trlpl<t Pow" SuPPlY XP~20

A....._ lll
.'m

l"'\V.''''
.,.. -"..,.

lor"', 3O' .'OI
..... .. us' Or , ,",,,,, "'" S'.:sA01"" __... _",,,--._......_-,.._"'",

neeee WId_ land
51goo1~.ratOIl

S<I·toOO $1'9"' .... ,....._...
-" """ -~"SG-t50C1 Wi D1g1lo1 glro~, I

,_boll-lo_$Z3lI

Functi"" Gf.....lOr

-
by:
$28.95--,-Kd .... _ 'H""....

$26.95 ,. " ", -

01gl101l CR Mel..
W·1 1101

$125--,....-c.oo ' ~__'....,,by Elonc.

~ ,.-

5_plFuIICH"" Gflltrlt~r

w~h F'-l. ea..,...
$239
,~.

11_ GF-aGlE
So\t,~" Y,_._, Flo",!,
, 10 211Hz, F,oq eo- 1" 0/01'"

~rom~ U....- . lOO< _

loom 10 Build gnd Program
ComPUllrIl with th is 1("

_,.. '_,_... l _ . ....- ,.-
$129.00

Quad Po_~ x p·S8Q

$79.95, .., ..-,.,..,,,
....._............-u"'" ~ lISA """'"

Olgltll Tripi. Pow" 5uppl}
Elon<o XP.186

_ ~ __ .. _ $289i.., ~~1"4 ,.- .. - -.- ..-,-F..,. '"1"-,SIIo.!"''''' JII__ 1... _
,_... _ " .... _ _ 0lI-. 11M

----_._-""_, II ..__... .._ _ .....
"""" ", "," .- .. ,---_.._'"

-~ :'J

STANDARD SERIES
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1935, when he went with Pan American
Airways as a ground and flight radio oper
ator until 1942. He flew on occasion w ith
Earhart's navigator, Fred Noonan. During
World War II he dealt with Navy commu
nications and radio navigation in the Pa
c ific area, and later served with the CIA
and the National Communications Agen
cy, and helped develop the telecommu
nications that supported the first Moon
landing.
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