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Two formulas are employed in computing the
physical characterist ics of the q uarter-wave match..
ing sect ions needed for 20-meter operat ion. The
formula to ascertain the impeda nce necessary in a
q uarter-wave section to match the center of the
a ntenna to a Riven feed line is as follows:

•

•

' /•
Two sinqle­
sect ion 14-mc
8JKs sta cked
three - e ig hts
wave on 20
and fed 180')
out of phase
with a bars
e na b les o per­
ation on 10 ,
11, t 5 0 nd 20.

•

z.; - .,jZ, X Z.

where Z". is the cha racterist ic impedance of the
quarter-wave sect ion, Z, is the impeda nce of the
transmission line going to the transmitter, and Zo is
the center impedance of the antenna. The formula
used to determ ine the physical spacing and size of
the elements needed for such a quarter-wa ve match­
ing sect ion is

2D
Z". - 278log lo d

where D is the spacing between the centers of the
elements and d is the diameter of the conductors
utilized in the matching section)

T hese formulas are intended primarily for those
who might want to use differen t diameter tu bing
than we d id. If }2" a luminum tubing is used , a
spacing of I" center to center gives t he 158-ohm

I Tbe presence of t he RCOnd 8jK stacked 10 feet above the
tower section changes the impedance of the a rray due to the
mutual im pedance between the elements, However. eroce
W0:'ol'NI obtailUJ a low S\VR on the bal is of impedances men­
tionM t he on C'l ical cha nlle ,"vid~ntly is nOI too arear .

A proponent of the driven-el ement school comes
up with an effective bea m for 10, II, 15 and 20 .

ROTARY BEAM

R. J. RO GERS, WPNNI '

Wil ES sHORT SKIP sets in, the locals frequently Re t
together for round tables Oil problems of mutual

in teres t. Antennas, a s always, are high o n the lis t of
topics gone over. The writer, as a staunch advocate
of the d r iven-elemen t type of rotary, has been the
ren ter o f considerable controversy from the equa lly
vigorous proponents of the parasitic type of array.

The beam described in this article was built as the
"final" answer to the para sitic advocates. The
driven -element beam, while impressive to look a t,
is even more impressive when one examines its per­
formance statistics. Here is a single beam tha t will
perform very efficient ly wit hout any re t uning or
switch ing O il 10, II, and 20, and a Iso gives sa t isfactory
performance on 15!

Basica ll y, the driven-clement beam consists of
two J ohnson Q-type, single-sect ion, 20-me ter 8J Ks,
stacked three-eighths wave on that band. The
Q-bar~ are so arranged tha t the impedance at the
feed point is ident ica l whether the arra y be used on
its fun damen tal on 20 or on its first ha rmonic on the
to-meter ha nd . On 10 meters it becomes two double­
section 8J Ks, s tacked a pproximately five-eighths
wave. Looking a t it from the front, it is two COm­
plet e Lazy li s, one 10 feet behind the o ther, fed
180° out of phase. If feeder length is properly ad­
jus ted, the arra y will also resonate on 15 meters a s
two extended-Zepp 8J Ks stacked one-ha lf wave.

Theory end Mathem.tics Involved
Most a uthorities on t he subject agree that the

impedance at t he center of a single-sect ion 8J K is
approximately 21 ohms, where the elements a re
spaced somewhere between an eighth and a fifth of
a wavelength. Optimum gain with two driven ele­
ments fed 180° out of phase is obtained with spac­
ing between a seventh a nd a fi ft h wa velength , so
we chose 10 feet spacing as giving opt imum effi­
ciency on 20 meters while st ill not too far out of line
for to-meter opera t ion. These same experts seem
to agree that the center impedance increases to
approximately 1200 ohms when the arra y is oper­
ated on its second harmonic.

·2511 Locust si., Denver 7. Colo.
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impcdanrv needed in tilt' quarter-wave sections, and
3 1/1 6" spacing gives tln- ,\OO-oh m impedance for
the feeder line.

On 20 meters the 158-ohm quar ter-wave trans­
fo rmer increases t he Zt -ohm cen ter impedance of
each elemen t to 1200 oh ms a t the cen ter of t he a rray,
Connecting the feeders on each side in parallel a nd
then transposing the connection between these brings
four 1200-oh m im pcdaures together. resulti ng in a n
impedance of 300 o hm!' where we attach the Iced
line. On 10 meters the Q ~'C tiolls become ,!Al wave
and serve as a one- to-one tra nsformer. The 1100­
ohm cen ter im pedance for each element with second
harmonic opera tion is transformed to .~OO ohms a t
the beam feed po int. I.a r~t' diameter elements will
tend to make the a rra y broad enough 10 resonate
a lso o n 11 meters . A sta nd ing: wave ratio ma y appear
o n 11 , a nd will a ppear on l Scmeter operation
where \H' a dj ust feed er length 10 have a cur rent
maximum at the transmit ter link connection. Bu t
HJ and 20- IIlt' tt'r opera tion offers 110 suc h irregular­
ities. T he beam at \\"p~ ~ I d ips a grid uu-u-r a t the
link end a t approximately 14.300, 28.S00, a nd 21 ,350
kr-, and will tala' t he full out put available on an y
frequency in the 20. IS, II , or In-meter bands.t

M aterial for the R.F Po rtio n
The radiatin g: portion of the beam requ ires lig h t

self-support ing tu -metcr clements, with a good de­
gree of st iff ness. \\"e employed Dural pipe, 24ST,
1 1/8" in diameter. each 16' 3" in length . Some of
the new ta pered a nd corruga ted light s teel ele­
ments. SIK h as arc a va ilab le front Premax would he
excellent. \ \ 't' igh t is quit e a factor in an arra y of th is
s ize and every effort should be made 10 keep it

., Thi !-'l i!-'l not j ll ~l a Iuncr lon of beam d('~i K I I. Le ngt h of feeder
a nd mos t imporj ant . t he ou tput couplinK svsrem em ployed
m ust be consrdered. T he ou tp u t couplinK 8)"!-'l (('m a t WOXSI
U!-'l("8 ccnvenuonal ttnk coupling.

down. In addition, four Q tra nsformers, q ua rter­
wave 011 20 meters and 158 oh ms cha rac ter is t ic
impedance, arc needed . 16' 5" half-inch d iamete r
surp lus duraluminum t ubes, Sp..'CL.J t II center to
Center with J ohnson variable spacing hal'S ;\0, 136­
,H , were employed in our installation. From the
cen ter con nection of the beam to the transmitter in
the shack, 300-ohm line is nee..xlcd . The most ron­
venicnt . of cou rse, is Amphcnol T win-Lead . The most
efficient would probably he some more Mil du ra ­
luminum tubing with the same johnson variable
spacers set to make the spacing J 1/16" cen ter 10

Cen ter . The latter type feeder spacing could he
varied with a Xlicro-Xla tch booked in ror a more
exact match , In our case, the Amphcnol wae em­
ployed for conven ience, Si nce t he clemen t and
J ohnson Q dimensions will vary elightfy with heigh t
above ground, the reall y particular fellow may wan t
to make them sligh tly adj usta ble a nd resonate them
for t he favorite frequency with a grid dip meter.

Frame work to Support
The headaches a nd the backaches in the b u ilding

of supe r-d uper dream beams generally occur in th is
pha se of t he opera t ion , and our exper ience was no
exception . The d esign employed a ppea rs to be
sufficien tly st rong, lends it self well to e ither wood 01

metal construction . and is a lso convcnicntly a r­
ranged for raising a nd placing in position o n t he top
of th e tower. It can best he described in words as a
rectangular cen ter 1")Om of sufficient diameter to
ca rry the end weight involved, with 4 block tri­
a ng les mounted on the ends projecting both sky­
ward a nd gro und wa rd from the cen ter boom. The
elements are moun ted along the linc that constit utes
tilt' extremities of the tria ng-u lar sections.

The framework was co nstruc ted of 2 x 2 a nd
1 x 2 lumber with aluminum streng-theners ~" wide
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, Harris, "The Cardioid Seam Ant enna," CO. •\ UK.. 1947 .

made in the 1 x 2 block bar 10 coinr-idc with holes in
cross pieces on the tower :">( ) thai the beaut could he
blocked either in a n east -west or nor th -south dircc­
tion. \\'c a re t hus able 10 employ the a rray in a
fi xed posit ion rega rd less of the wind velocity. T h is
blocking feature req ui res a convenient ladder up the
side of the tower, together with a small p la tform
step, 7" or 8" wide, installed at a poi nt withi n rea ch
of the poin t of attachment of this blocking bar.

Variations in the Pettem O btainabllt

The transposit ion connec to r be tween t he front
and hack clement J oh nson Qs n-conuucndcd produces
b id irectiona l gai n on both receivi ng a nd trunsmiuine
on all hands. If a unidirect ional pattern is required,
and tha t is somet imes especially desirable on n x-eiv­
ing, it can he accomplished b y employing a 600-ohm
quarter wave for the band in question in p lace of the
transposition connector, T he front then will lead
the back elements by 90" phasing: and a cardioid
pattern as described in the Augus t, IQH , issue o f
CQI is obtained wit h the same gain concentrated in
o ne d irection as wa s previously realized in 1""0 direc­
tions a nd an infini te frun t-to-back ratio if the be am
is properly adjusted. Rut if t his change is made tht·
a nten na becomes a one-band a rray, s ince a change in
t he length of the insert ed quarter wave is necessary
to cha nge hands. Some lu mped inductance devices

•
•

•

The metho d of
supp:>rting the
o bon a nd
construction d e
tail s of the sup­
po rtin g d tc ­
mondsare iden­
tica l fo r both

o f the BjK.
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and 12" long, placed wherever a holt through the
I x 2 would be ("arryin~ a considerable a mount of
s tra in , "especiall y in a h igh wind. Bol ts were used
th roughout, with large washers. so as to secu re a ll
jo in t!! in a permanent fashion. The pieces making up
the (,.'(Jj.t('!1 of the block Ye a re I x 2s 12' in length.
Two trianglc!'! with co mmon $ ' bases built of these
12' ~ t r i p!4 produced a stack of 22 feet, t he necessary
,\ /8 wave on 20 meters.

.\ 1 lea et as nt uch cross-bracing a ll a ppears in the
,IfTOlllp'lnying pictures should he used . In a locat ion
subject to high winds even more bracing might he
' l<!vi!'\;Ihl(". The com pleted framework should he
!'lIfficl('ntly r ls;:- itl tha t it can be p icked up by one
corner without more than a few inches of give. Our
ren ter boom WOl !4 ma d.., u lOing a t-t ' ladder for its
burtom foundat ion. with I x 2!l a nd 2 x 1!4 making up
t he posts a nd the {our other stri ngers plus cross
bracing, sufficien t lh J,: iVt· it the ri j.titli ty needed. The
ladder, wh ile hcavy.t made a good so lid place to
which the VI' J,:o inJr,:: bo th sky wa rd and earthward
could he solid ly holt t,!!, a nd also a solid foundation
10 which t he cha nnel iron or pla te on the rotator
could Itt' Iastened. Anyone constructing this frame­
work sho uld al so nol l' rha t t he 12' st r ingers making
up the \ 's beg in a t the same poin t of a ttach ment o n
the cen te r boom, namel y on the lower stri nger or
ladder in our casco Thus, t he la rge d iameter of t he
IK)()m helps to support that part of thc structure
a bove the rotator as well as furnishing vertical and
horizontal rigid it y for the whole a r ray.

It is easy to understand wh y the t2 ' Vs g:oi nJ,:
ea rt h wa rd do no t require so much suppor t , sin r -c
they hang- from the boom. so to speak. with grav ity
hel pin g to keep t hem in pos it ion. Only s t reng t h
enough to counteract wind resis tance is need ed .

The cross arms whic h carry t he clemen ts are
2 x 2s 10' long. bo lted to the end o f the 12' s tringers
where they come together with 2" angle irons. The
joini ng: of the 12' st ringers at t he end of t he V is
one of the places need ing a strip of a lu minum to
distribu te the strain hark from t he end of t he wood
employed .

Onrcoming Excesstve Rotor Strain
The rotator employed a t \\'O:'-: l'I has a 1 ~"

s teel pipe. mounted in be a r ings 5" a pa rt . wh ich
ca rries the p la te and channel iron to which the beam
is fastened. T h is ha s proven sufficien tl y s t rong to
carry the beam wit hout flexing in winds li p to 25
mph. Ho wever , to a ssist the rotator in carry ing the
st ra in of suc h a large a rray , it was found necessary to
build a block. fi ned across the lower ext remi ty,
wh ich would tie it to the tower a t tha t poin t a nd
thus remove the twist ing mo tion a nd unusual s trai n
tn wh ich the rotator would be subjected in case of
high wind. \\' it h rhe bo t tom th us blocked in posi­
t ion t he rota tor ha s only to carry the s ide pressure
and a lmost a ny type of side bearings will s ta nd t his
s trum .

This block was con structed from an ll -f t , 2 x 2 with
holes d rilled in ea ch end large enough 10 ti l cl own
over extra long holt s fixed in t he a ng le irons l'lU IJ·

po rt ing the 2 x 2 element holder . Holes were t hen
I Alum inum a nd ot her liKhl meta l ladders a re availa ble fro m

ma n)' eourcee. ~Iont lil:om('ry Ward li!lu them in their curren t
cataloll "

,
I
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The center mounting of the beam must be husky "to
sup port the weight of the superstructure. The Q bars
and 300 -ohm ribbon a re bro ught to a juncture at the

top o f th e p la tfo rm.

with plug-in connectors migh t ma ke this not too
impossible a n obstacle.

The a uthor's origi na l object ive wh ile the beam
was s t ill on paper was 20- meter results eq ua l to a
J or -l-element 20- meter parasit ic array a nd a 10­
meter gain at leas t two Rs beyond the para sitic
compct.it ion . It ha s lived up to these expectations
and even exceeded them on the longer hops o n 10
meters, due probably to the low angle of radiation ac­
complished hy the s ta ck ing: of clem ents involved.
ll-rnc ter results ha ve been the same a s those on 10.
And resu lts on 15, when we get that hand, should

Long range navigat ion ha s now become a n elec­
tron ic art . H owever, some sys tems a re better for
ce r-tain purposes tha n o thers. This is a resume of the
better cha rac te ris t ics of the most important types.

Loran--opcrates ncar 1.95 mc. and uses pulses
emit ted from pairs of masters a nd slave ground sta ­
tion s. An airplane receives on e of the pair before its
mate in such a fa shion that they ma y be displa yed
o n a ca thode-ray tube screen a nd the time difference
measured. The d istance range at sea is a bou t 800
mi les d uring: t he da y and 1600 miles du ring the
night. The last range suffe rs from some inaccuracy
wh ile errors in a norma l fi x probabl y do not exceed
3 to 4: miles.

Low-frequency Loran-Essentially the same sys­
tem opera t ing from 140 to 200 kc. The claimed da y­
t ime range is 2400 miles at best and 1200 miles at
worst. Usua lly the system is good to within 10 miles
a nd is ca pab le of being operated in the polar regions.
The ranges beyo nd -1-000 miles are not usefu l because
of a geomet rica l error.

Decca-a British system using phase comparison
so mewha t s im ila r to Loran in manner of display.
lia s a very h igh order of discriminat ion a nd is
known to be exceptionally accurate a t short ranges.
Operates around 100 kc a nd ca n be used to dista nces

18
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(all somewhere between, a nd st ill be better t han a
-l-elemen t on t hat ha nd-and a ll t h is with multiband
operation wit h no cha nge of connec t ion in t he arra y !

T he evening we got the beam up we were the
loudest signa l on 20 at M il wau kee, and the same o n
10 me ters at KH6A l\1 in Honolulu. Wherea s pre­
viously, wit h a -l -ele men t beam, t he R meter in
Denver and I ionol ulu ha d a lways read the sa me on
both ends of o ur many osos with KJl6Ai\1 and his
Sterba , since "beam day" we have consistently
been 3 to -I- Rs louder there than he is in Denver.!
Eight -hour WACs, and be tter, on 20 meters a re
comrnonplace-c-not a ba d feat in inland mountain­
hound Colorado. \ \'e regula rl y worked DX on ten
du ring the summer before the regular openings for
consistent fore ign co n tacts occurred in early fa ll.

Durin g the fa ll and thi s winter we have kept Con­
sis ten t sched ules with Germany, J a pan, Korea,
Xlan ila, Libe r ia , a nd South Africa, on both 10 and
20 meters with never a fai lure un less conditio ns were
ou t al together. Reports con ti nue consis ten tl y above
average on the band in use and we have never been
bothered by QRM from our o wn district.

For the ma n with a s tout tower and rotator, lim­
ited space, a nd a yen for multiband opera t ion on the
DX freq uencies, he re is the beam that will solve
your rad iat ion problems.

,') The free-space ga in of the multi-band driven-element beam
is as follows : On 14 me the gain of the out-of-phase RJK is 1.6
in fie ld st re ng t h which is 2.56 in power, or 4.1 d b. The stacki ng
provides a Rain of 1.2 in fi eld st rengt h or 1.44 in po wer. or 1.6
db . T he free-space Rain of t he a rray then is 5.7 db on 14 me,
On 28 me the gain is 2 d b for t he colinear e lements. 3.8 db for
t he out-of-phase 8JK. a nd 4.86 db for t he s tacking. H ence the
over-all 28-mc ga in in free space is 10.66 db.

The a-element (half-wavelength elements) parasit ic a rray has
a gain of t he order of 8- 9 d b in free apace. When the parasitic
elements are o ne wavelength long and exci ted in phase (second
harmonic operation) the ga in of the 4·element parasit ic a rray
is t o-II d b in free space.

of 300 miles, bu t ha s no j udg men t fa ctor beyond.
Sonne (Conso l)- Uses a rotating loop and se nse

a n tenna a s in the co mmo n direction findi ng equip­
ment. A specia l circu it co rrects for pha se sh if t
errors. Ha s the potent ial accuracy of d irec tion find­
ing equipment a nd is co nsidered useful from 800 to
900 miles during the da y and 1200 to 1400 miles at
n ight. Operates a t ,100 kc and uses sky-wa ves en­
t irely .

H igh-freq uency Direction Finding-A fairly com­
mon method wh ich .o pera tes between 20 and -to
meters. I t employs sky waves a nd is thus considered
unpredictable . Slowly becoming obsole te since it is
possible to introduce errors from 2 to 5 degrees.

Gee-A Bri t ish system using four transmitting
sta t ions at about 50 mc. Uses a va riation of the
Lora n system, b ut is limited to a range of about 350
to 400 miles a t a n a ltitude of a bo u t 30 ,000 feet.
Special equipmen t needed a nd the system is not too
commo n outside of G reat Brita in.

BAB5-European varia tion of Lorenz land ing
beacons. Operating mostly in the range 30 to 40 me.
it gives the pilot a good idea of the center of the
runway. Used with a n a irbourne interrogator. Some­
ti mes ena bles lon g ra nge (.300 mile- s or more) loca ­
t ion of airport .

co


