
Is A~IATEUR circles, there is probably no more
controversial subject than that of antenna
systems, By an antenna system, we include all

equipment used to transmit the radio-frequency
power generated in t he final tank circuit. This
equipment includes a means for coupling the final
tank circuit to the radiator, and a radiator ca­
pable of transmitt ing the power itself. That the
antenna system be as efficient as possible is, of
course, the goal.

In the one-band amateur antenna system, when
we speak of maximum efficiency, we not only in­
elude the transmission of power from t he tank
circu it at a single frequency, but also over a band
of frequencies with a mi nimum of effort on the
part of the amateur operator. ,reinclude in the
phrase "minimum of effort" the time and energy
necessary to construct, erect, and initially adjust
the antenna system, as well as to maintain proper
operation over the operating frequency band.

width shall substantially exceed the band
width of the amateur band.

b) The operation shall be independent of weather
conditions. Rain or shine, high humiditv or
dry, the loading shall not change and the final
d-e pla te current mete r rending shall not vary .

c) The feed system shall not rndinte ; it shall not
be a hazard to humans or animals and shall be
capable of being run almost anywhere. T he
length of the feed line shall not affect the
loaaingi i. e., the feed line shall be "flat."

d ) The radiation pattern shall not be markedly
directional, for we want to work all directions.

e) The antenna system shall be protected from
lightning at all times (even during transmis­
sion).

f ) T he same antenna system shall be equally
effective for receiving and t ransmitti ng-e-we
want only one antenna, and if you can't hear
them, you can't work them . T he system,
when used for receiving, shall not only be
effective with respect to signal pickup, but also
with respect to noise-reduction qualities, The
feed line shall be incapable of pickup.

g) Last, but most important, the finished job
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A thorough analysis of the engineering behind the Trombone T is covered in
Part 1. The second half of the orticle will give the practical application of thi s
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The initial cost of the antenna system is likewise
a prime consideration, for we have yet to meet the
amateur who has used the same antenna. for t he
past t en or fiftee n years.

The Trombone T
With the above considerations in mind, we

have developed an antenna system which we have
called the "Trombone T." If an exceptionally
efficient one-band antenna system is desired, we
feel that one will have difficulty in exceeding
that of the "Trombone T." 'Ve devised this
antenna system with t he following specific re­
quirements in mind:

a ) The system shall be wide band. The trans­
mit ter final tank circuit shall look into a re­
sistive impedance from the highest to t he low­
est frequency in a single band. T he physical
dimensions shall be non-critical, no "in the
field" adjustment shall be required, duplicat ­
ing calculated dimensions shall suffice and
small errors in construction shall not affec t
the operation. This means that the ba nd
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shall not be objectioneb'e to the wife (or laud­
lord, if YOU are unfortunate enoucb to have
one). We have found the wife is fussier than
the neighbors, so if it meets with her a pproval,
the neighbors won't squnwk-c-fExcr-pt for
BCl).

T he antenna system may be broken up into
three parts, the rad iator, or antenna itself, the
feed system, and the coupling between the tank
circuit. and the Iced system. " .e shall consider
them in the order named.

The first q uestion that arises when considering
the radia tor is shall it be vertical or horizontal.
Each has advantages and disndvnntagcs. 'Ve
know t hat the vertical antenna is non-directional
in t he horizontal plane, and the horizontal
antenna is broad ly directional in the horizontal
plane. Figure 1 shows how the input resi-tance at
t he center of s. half-wave radiator (act ually the
length of the radiator is decreased approximately
5% in order to cause the react ive tcnn of the
impeda nce to vanish) varies with height above
ground , (or t he horizontal and vertical radiator.
The solid lines are for the case of a t heoret ically
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"The points denote actual measurements made at
wnvelengtha from 8 to 27 meters.
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Coming back to the half-wave radiator, the
presence of the earth alters the itnpedauee flf lilt"
radiator, and may be explained by postulntiug II

second radiator the same distance nuder tile
ground as the radiator is above the ground . 111
the case of the vertical radiator. tlu- imuge
antenna is eolinear with the vert ica l rudiator,
and its top pod is spaced from the bou m u
end of the vert ical radiator by twice t he distunr-c
from the hottom of the radiator to th e " ground."
The "ground" may be actually of the on11'1" of
one-tenth wavelength below the 1e \'(·1 of the
ea rth, as in the ease of Long Island soil ." In the
cast' of t he hori zontal radiator, the radiator and
its image may be visualized as a stacked , two-

"' RCA Resi eio, October, 1939, page 131, Fig. 21.
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Fig. 2 . Resi stance component of mutual imped ance
between two pa ra llel nonstaggered half-wavelength

anten nas.

[Reproduced by permission from Radio };71gintfTIJ'
lI audbook, by E . E. Terman, copyrighted 1943 by

~l cG rew-Hill Book Co.• Inc.]
gercd half-wavelength wires in free space us II

function of t he spacing between t ilt' wires. Figure
S represents the resist ive term of the mutual
impedance between 8 pair of colincar l.nlf-wuve
radia tors in free space as a funct ion of t he spacing
between adjacent ends. Suppose Wf' desire to
know the resistive impedance at t he dri ve poin t,
D, of the array in free space shown in /,'ig. 4. The
array is seen to be a hall-wave radiat or smeked
above n half-wave radiator, with t ill' r:uli:ltuI'S
excited in phase, producing: approximately .. dh
gain in the vertical plane over a single half-wave
hori zontal antenna in Iree space. The sell-im­
pednnce we have sa id is 7:l ohms. TIn> rc:-:i ~ l ive
term of the mutual impedance is g:in'll by Fiy. £
as - 14 ohms. Thus the center itupednnee o f euuh
rad iator at t he feed point is .;9 ohms. T he hulf­
wave fred line provides n 1:1 impedance tm us fer ;
hence the resist ive term of the impedance at t.he
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Fig. 1 . Radiation resistance: versus hei ght. The solid
curves are calculated for perfectly conducting ground .
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Self. Impedance
A rndiutor has a self-impedance which in the

ellS(' o f a hUIr-W3\'C (shortened 5% ), whose cross
section is nc~li,2;ibly small with respect to the
11l1tC'I1I):1 length, in free space, we have said is
73 ohms. The second ,v·ire couples to the radiator ;
there is It mutual impedance between the radiator
and 111(' second wire. T his mutual impedance
may be positive or negative, and it \\;11 either
increase or decrease thc impedance of the radia­
tor. The magn itude of the mutual impedance
will Ill' n function of the spaci ng between the
radiator end the second wire,

Figl/rr e is a plot of t he resist ive term of the
mutual impedance between a pair of non-stag-

perfect ground, the dotted line is for a hori zontal
antenna above typica l rast coast g-round .* A
theoret ically perfect conducting: ground is found
on ly in the case-of an antenna over salt water
and is closely approximated in the case of salt
marshy ground. These nrc rarely possible in am­
ateur installat ions. If the radiator were in free
space and the cro...ss-seet ional area of the wire used
wore vnuishingly thin , the resistance would be
;3 ohms. ,rc a ll know that when we have a
second nntennn in proximity to our trans­
mi t tinu :\II \C OO:1 , the second antenna picks up
sntm- of the energy from the transmitting antenna
uud n--rad intes it.



element horizontal array with the distance be­
tween the stacked clements equal to twice the
distance from the radiator to the "ground." The
mutual impedance between colinear radiators is
less thnn the mutual imped ance between parallel
radiators for the same center-to-center dis tance,
so we sec why the input resistance of the hor izon­
tal radiator in the presence of the earth varies by
a greater amount than the input resistance of the
vertical radiator. At substantially W'Cst heights
above the earth the magnitude of the mutual
impedance is small and. the resistance at the feed
point varies much less.

From Figs. f and S we can calculate the im­
pedance of a half-wave radiator a given height
above J?;TOUlld. Postula ting a half-wave horizon­
tal rndiutor with a cente r self-impedance of
73 ohms (in free space) 3/1Oths wavelength
above 11 perfcct ground, we proceed as follows:
T he image will be spaced 6j lOth, wavelength
from the radiator. Hence, from Fig. f, the re-

T.....

sistive term of t he mutual impedance then will be
-25,5 ohms. However, in the case of the hori­
zontal antenna, the current in the image flows in
t he opposite direction at a ny instant from that
in the radia tor. Thus t he resistive term of the
impedance will be 73 ohms-(-25.5 ohmsj -.
98.fi ohms. For vertical radiators, add the mutual
impedance obtained from Fig. 3 when the radiator
is an odd number of half-wavelengths long and
S1lbtracl when t he radiator is an even number of
hnlf-wnvelengths long. We will find later in this
paper that t he self-impedance of radiators is a
function of the ratio of length to diameter of t he
radiator. Combining t he data presented above
with the subsequent data on the self-impedance
will provide a rather accurate figure on the
impedance at the feed point of a half-wa ve
radiator. You will see that the familiar 73­
oh m value is quite a bit ofT l

For I-t-me operation, the maximum usable
vertica l a ngles for DX communicat ion are below
20° and probably lie between 10° and 20° . For
2S-mc operation, the most effect ive angles are
probably below 12°. For 'z-rnc communicat ion,
angles up to 30° are utilized, however, t he low
angles (below 20°) are t he ones with which the
DX is worked.

Figs. 5 A ,B,C,D and E and 6 show the vertical
plane directional characteristics of horizontal and

vertical half-wa ve radiators for t he case of
perfectly conducting and typical grounds.

Provided we can get the half-wave horizontal
at least a half W3" e above the ground, note that
the horizontal is better than the vert ical for
typical ground condit ions. In fact, we would pre­
fer the one wave high , half-wave horizonta l to t he
half-wave vert ical even for perfect ly conducting
ground.

Concerning vertical direct ivity , the optimum
height for the vertical half-wa ve antenna is SL'('11

to be with the center one quarter. wave above
ground- with t he one end just at ground level,
and for t he case of the horizontal, enhanced
results will be obtained at heights of approxi­
mately one wavelength.

The above considera t ions are for t he case of the
vertical directivit y broadside to t he hnlf-wuvo
horizontal antenna, and it should be realized that
the low angle radiat ion off the ends will be sub­
tantially down.

The shape of t he hori zontal pattern of t he hu ll­
wave horizontal (i.e., t he pat tern seen by a n
observer looking down at t he antenna) is not
affected by height above ground. The intensity
of the horizontal pattern at a specific vert ical
angle is, however, determined by hei,l?;ht above
ground.

Horizontal Antenna PreFerred
Wc conclude that even if one has a location

with few surrounding objects (t rees, houses, etc.),
with an ext remely good conducting soil, and is
unable to get t hc horizontal ~ntenna up to a
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Fig. 3. Resist.tnce component of mutu.1 Imped.nce
between two coline.r h.lf-wne .nlennu.

[Reproduced by permission from Radio E ngineer. '
llandbook, by F. E. Terman. copyrighted 1943 by

McGruw-HilI Book CO,. Inc .]
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Fig. 4. Helf-weve r.diator
stecked above a h.lf-wave
r.diator, with the radi.tors
excited in phaser produc­
ing approximate y 4 db
gain in the vertical plane
over. single half-wave hor­
izontal .ntenna in free

space.
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WAVE ANGLE IN DEGREES ·
Fig. 58. V~rtical plane directionallcharacteristics of a
half-wave vertical antenna for two types of ground:

A-Holmdel farmland (2:= 2X 1D-" E - 25).
8-5011 ma"h (2: = 3.3X 1D -" E = 80).

(F rom Proceedi ngs of the I .R .E ., April, 1932}

and its image will be ~~ x 2- 1.34 wavelengths

which, from Figure £, means the resistive tenn
of the mut ual impedance will be +11 ohms. The

.2I-H H -+-+--+--+--+--f-H H -+-+\-1

"Length of a ntenna shortened from half-wa ve
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value Lft - freq . (me) to cause reactive term im-
pedance to vanish.
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14.1 Me Half·Wave · Dipoles in Free Space

Diameter e1 Reslstivevalue Resl,t1,mlue % ,hortened
of center hn-radiator In 01 end lmped- frompedancs · In

Inches ohms ance· Inohms Hall-wave
-

.064 (#14) 68 4050 2.83

.081 (#12) 67.85 3850 2.87

.102 (#10) 67.75 3700 2.95

.129 (#8) 67.52 3600 3.05

.250 66.95 2850 3.35

.375 66.47 2450 3.55

.500 66.1 2220 3.75

.750 65.5 1875 4.00
1.00 6.~ . 1 5 1725 4.2
1.125 • 64.9 162.> 4.3
1.250 64 .75 1560 4.4
1.375 64 .6 15()(} 4,45
1.5 64.4 1440 4.55
1.75 64.1 1340 4.6
2.00 63.85 1260 4.85
2.50 63.35 1140 5.1
3.00 62.9 1045 5.35
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WAVE AN GLE IN OEGREES
Fig. 5A. Vertical plane directional characteristics of
horizontal and vertical doublets elevated O.6A for two
types of ground (H , horizontal; V, vertical):

A-Holmdel site: (farmland) ~ = 2X l 0-" E=25 .
B-Ocean site (salt marsh) 2: "" 3.3 X 10 • liE = 80 .

[F rom Proceedi ng!l of the I .R.E., April, 1932]
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height of t he order of one wavelength, neverthe­
1 (,8~ t he horizontal antenna is to be preferred .

Now that we have decided to use a half-wave
horizontal radiator placed as high as possible, we
shall next consider the radiator itself.

The radiator shall be center-fed, since only in a
symmetrical antenna system will the ent ire
system be balanced wi th respect to ground, and
the radiation pat tern be symmetrical.

Table 1 shews how the input impedance at the
center of the "shortened" half-wave 14.l-mc
antenna varies with the ra tio of length to thick­
ness, how the end impedance varies and how the
percentage t hat the length of the antenna must
be decreased in order to present a resistive
impedance increases as t he thickness of the
a ntenna is increased.

If we were going to erect a half-wave antenna
for 14 mc using No. 12 wire and the antenna were
going to be 40 feet high, we would calculate the
center impedance in the following manner:

From the table we sec that the resistive term of
t he self-impedance will be 67.85 ohm (neglect­
ing ohmic resistance of t he No. 12 copper wire,
since it is only of the order of .05 ohms). One
wavelength at 14 me is roughly 70 feet . The
actual ground will be approximately one-tenth
wavelength below the ground for the case of Long
Island soil so the spacing between the radiator

20
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?k + l
Consider first an antenna of length - 2

wavelength where k is zero or any positive in­
teger. This antenna will ha ve a current ma ximum
at t he center and for t he specia l cesc of k - 0, t he
input resistance R in will equal 73 ohms when t he
a ntenna is a multiple of a quarter-wavelength
high, is shortened slightly to eliminate the re­
act ive term, and the cross-section is vanishingly
thin wi th respect to the length . T he power
radiated, / ' ,., by t}c antenna will equa l t he sq uare
of t he current, l , times t his resistance /( ,":

P,. _ / 'J u.;
(Xegtcct iug the heating loss in the antenna wire
itself which is ncgligible.) Now if we parallel
two half-wave antennas, split and feed one at the
center a nd space t hem sufficiently close together
so as not to alter their coupling to t he universe
from that. of t he single a ntenna, we will make a n
important change in the input resist a nce. T he
current in the parallel elements is in phase, a nd
the radiated power is unchanged (rom that of the
single dipole. Each parallel element curries but
half t he current of the single dipole-the current
in each of the parallel elements is 1/2. The in ­
put resistance at the feed point may he obtained
by equat ing t he equal powers :

P, _ It Rift = [~r RI,. - rRI,.
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Fig. 5C. A shows ...ert ieel d irectional p atterns of half·
w....e and one-wave vertical ..ntcnnas. The so lid curve,
arc fOl ocean wate r (d ielectric constant = 80, conduc­
tivity = 4 X 10.:1I c-.m.u.). The broken CUNCS arc for
Holmdel ground (dielectric condant = 25, conduc:tiv­
lty -1.3 X 10 - 11 e.m.u.). Thc wanlength ls.uumed
10 be 25 meters and the incident Fie ld intensity onc
microvolt per meter. In B the r"tio of power e xpressed
.s <II gain is plotted fo r the two types of ground. The
angle ~ is measured from the horizontal. The lower
ends of the . nte nnas are assumed to be in close prox-

imily to the ground.
(From Proceedi ll gs of the I.R .E., Jen ., 10341
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HEIGHT ABOVE GROUNO IN WAVELENGTHS

Fig. SO. H alf. wave d ipo le radiation resist.!l nce versus
heighl (perfect ground assumed).

[From Proceedi ngs oJllIe I .R .E., June, 1932)

BOH- ,H--\t-+* +-H-+-++-H
impedance at the Iced point then will be 67.85­
11 - 56.85 ohms. We ,,;11 obtain an almost per­
fect match with 52-ohm cable-fi G S/U, and
we will have a mismatch with 73-ohm cable­
1.3:1 standing wave ratio.

The "Q" or sha rpness of a radiator is a function
of the rat io of length to thickness-the t hicker the
radiator, t he blunter the resonance becomes (and
the lower t he input impedance at the center) . A
worthwhile improvement at the higher frequen­
cice can be obtained by using 1" elements over t he
more generally used No. 12 or No. 14 wire.

However, the half-wave antenna is not suffi­
cientlv broad a t 14 me with a 1" diameter con­
ducto~ to present a purely resistive impedance to
t he ({'("(I system over the entire band.

The Folded Dipole
The folded dipole type of radiator, however,

hue a much lower HQ" and the resonance is suffi ­
ciently blunted to present a resistive impedance
over the ent ire i -t- me band . The principle of the
folded dipole is quite simple. and a short discus­
sion of it win dispel some of the mysteries that
8CCm to surround it .

March,1947 31
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is the input resistance of the folded
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of his pants. Then we watched W6BIl" s toddler
get a round of applause after he personally in­
vestigated that big key and tried it out. Now­
there is an up and coming c-w man I

We talked to W60JU who, on Aug. 25th,
worked W6P ZQon 2 for a near record of 270 milesr

Then we watched that old Texas Cow Poke,
W6TCP, a v-h-f-minded character if you ever
met one, "in 8 BC-375 transmitter on a raffle.
TCP wasn't quite sure what he had won-just
wait until he opens that crate! Well, maybe he
can salvage some of the parts, anyway!

The list of tho,", present would look like'a
west coast's Who's \Vho in Hamdom and we
were really pleased to haw the opportunity to
meet so many of the ,r6 gang. Now we know
what they look like. Honest, gang, they don't
speak with that characteristic 11'6 note at all.

There was one feller there with a fine 22,
complete with 'scope. " "c never did figure out
what be was aiming to do with that firearm at
a PCJlCefuJ hamfest . Maybe he had somc gripe
we didn't know about!

When the prize was awarded (or the ham who
came the farthest distance, I was busily engaged
in bending somebody's ear and did not hear the
announcement. When W60rN of San Diego
was called to the platform and offered thc prize,
Hay stated that \\'20 EN / 1 from Connecticut was
in the audience. Evidently the master of cere­
manics thought that Connecticut was just
another of those inland California counties and
he pressed the prize on \Y60 IN, who) by t he way
is another Sub Big alumnus and a very good
friend of the writer.

Anyhow-after holding a raffle t icket ending in
the number 13 which didn't pay ofT, and after
coming clear across the entire USA to attend their
hnmfeet, I get left out on an 815 by an M C who
doesn't know his geography. Nevertheless a
really good time was had by all, including :'l r.
and .\I rs. \VICA from Connecticut. That's a
slate. Son!

where Rf,.
dipole.

The squares of the currents cancel and we see
that Ill", is four times Ri,.. For the case of

Ri", - 73 ohms, R:", =292 ohms. For the case of

u.; - 52 ohms, RI,. =208 ohms.
Thus we see that the input impedance of the

folded dipole when fed at the center approximates
300 ohms for an antenna height of a quarter­
wave or multiples thereof and a thickness that is
vanishingly thin with respect to the antenna
length. For other heights it is equal to (our t imes

co



the resistance of a half-wave antenna at the same
height.

Incidentally, the use of N wires, each of equal
diameter, opening one at the center for feeding,
will increase the resistance at t he feed point over
that of a single wire by the factor n t • (This is de­
rived in Appernlix A.) T his of course holds t rue
only when the spacing between the wires is very,
very close with respect to a half wave in order
that the coupling to the universe not be altered
from that of the single dipole.

Following t he same analyses, using t wo (or
more) wires of di fferent diameter, t he currents in
the two wircs will be dissimilar (but will be of the
same phase) , and by opening the smaller of the
two at the center , resistance values greater than
four times may be obtained, the values being a
function of t he rat io of the currents. By opening
the larger of the two conductors the resistance
will be less than four times, lying between one and
four times the value of the single half-wave dipole,
as a function of t he ratio of t he currents in t he
two conductors .

We have stressed that t he currents in the two
branches of the folded dipole arc in phase. Thus
even if t he folded dipole is const ructed from t he
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WAVE ANGLE IN DEGREES

Fig. 5E. Vertlcel directlene l patterns of hcrlecntel
ant~nnas celculeted for p~rf~ctly conducting gro und.
The wavelength is assumed to be 25 meters and the

incident field intensity one microvolt per meter,

(From Proceedinqs of the I.R.E. , Jan. 1934]
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[From Proceedings of the l.R.E. Jan. 1934)

popular twin conductor parallel cable, the length
oj the cable is not reduced by the "ewcity oj propaga­
tion-oJ the cable. The electrical length of a cable

\

(F rom Proceedi ngs of the I.R.E . June 1932)

10 20 30 40 50
WAVE ANGLE IN DEGREES

Fig. 5E. A shows vertical d irectional pattern , in the
med ian plane of ho ri zontal antennas. H denotes the
height above gro und. The so lid curves are calculated
for perfectly conducting gro und, the broken curves for
Homldel ground (d ielectric constant = 2 5, conductiv..
ity = 1. 3 X 10- II e.m.u ., wavele ngth 25 meters, and
the incident fie ld intensity one microvolt per meter).

8 shows the corresponding gain curves.
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HEIGHT A80VE GROUND IN WAVELENGTHS

Fig. 6 . Half-wave horizontal dipole relative radiation
at elevation angles of five and ten degrees vs. height

above ground. (Perfect ground assumed).
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containing a dielectric is shortened by the V. P.
of the dielectric only when the lines of force are
through the dielectric. In the case of a twin
parallel conductor or coax conta ining out-of­
phase currents, the elect rical length is reduced by
the Y. P . of the cable. When the conductors are
ca rrying in-phase currents the lines of force arc
net through the dielect ric, and t he velocity of
propagation is as with nir dielectric. The clcc­
trical length of a half wave is 95% of the physical
length. This has been experimentally verified at
a frequency of 100 me by Marvin K ronenberg,
\Y2IJ U. He verified that half-wave antennas of
Xo. l I wire and t win parallel conductor (known
as Twin 300) shortened to provide a resistive
impedance, were of the same length.

(To be continued next month]

DX PREDICTIONS
[from page SO]

twenty-four hour clock scale on the abscissa and the
freq uency in megacycles on t he ordinate scale. The
upper or outer trend outl ine is the :\I UF while t he
inner t rend line is t he OWF. Entering the graph at
the left hand border we find thnt the l\I UF trend
crosses the 20-meter band at about 0350 hours EST.
T his means t hat conditions of ionization in the upper
atmosphere are such t hat they will support Lt -mc
communication. However the optimum working
frequency (O' VF) when 20 meters will definitely be
open on this part icular f:a th does not occur until
shortly after O[)()() hours ·;ST . Neglecting sub-sola r
signal absorp tion around midday, 20 meters will
then be open, eqU:LI to the !:'i r an of the O"~F, or clos­
ing down after 1800 hours E:;rr. Although this path
may not actually close after 1800 hours and since
daily varia tions in t he length of the opening do occur,
it hi necessary to include the margin of safety
affo rded by the frequency separat ion of the )I UF
and OWF scales. T herefore, t he graph indica tes t hat
10 mete rs over t his path may open with sca ttered
sigunls as early as 06-15 hours E:-;T and will close at
about 1300 hours EST. On 10 meters the peak con­
ditions are rela tive to t he noticeable peak in the
:\1 UF outline, or in other words, conditions should be
exce llent bet ween 1000 and 1100 hours EST .

The path from the easte rn sect ion of the United
States to the general London-Paris area, which is
nut illust rated this month, is expected to reach a
peak )1 UF of approximately 39.0 to 40.0 me, aJ·
though b)' the fi rst week in April this will have
dropped to about 32.0 me. During the first few
weeks of )Iarch, 10 meters will 0J....n on this path at
about 0645 hours EST and should not close down till
after 1500 hours EST.

The South Americans make the most notable
improvement during March and April. T his is
illust rated in Fi g. 2. A peak )I UF of abou t 44.0 mc
is expected around 1500 hours EST , or if you are in
the middle west around 1530 hours 0,-,. and 1400
hours PST. if you are on the west coast. Good 10­
meter condit ions are expected from 0730 to 1830
hours EST. It will be noted tha t during this pur­
ticular season of the year, the 20-meter band may
stay open nearly t wenty-four hours with only the
likelihood of a slight dropout around 04:45 hours
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The Trombone T
HENRY M. BACH, J,. W2GWE'

The engineering design behind the simple, but
very effective Trombone T was cove red in
March CQ. Completing the series, the author
discusses seve ra l other design features and
g ives details of actual antenna construction

Clearly visible in the photo5',aph of the complete Trombone T,
is the folded dipole constructed of Premex antenna elements

and also the qu~rter-w"Ye: trombone matchin5' section.

1

TH E L E S GTH OF THE bAZOOKA or quarter-wave
transformers should not be shortened bythe V.P.
of the cable, since the out-of-phase currents are

carried by the outer conductors of the transmis­
sion line and the bazooka. The dielectric com­
prises the two thicknesses of vinylite outer cover­
ings, and the air between the bazooka and the
transmission line. Since the spacing between the
quarter-wave transformer and tbe feed line will
be much greater than tbe thickness of the vinylite
and thus the dielectric is mainly air, the trans­
former length should be a quarter-wave times
.95. A preferred method of installation would be
to remove the vinylite sheath (vinylite is a rather
poor electrical insulation), and to space the line
approximately 1". In fact for this type of
quarter-wave transformer, coax is no better than
standard t ubing having the same O. D. as the
outside diameter of the outer conductor of the
coax used for the transmission line.

While on the subject of the quarter-wave
transformer, much bet ter results will be obtained
if it is made of tubing larger than the coax, with
the coax placed inside the tubing, used as a
sheath. The vinylite should be removed from
the coax for a distance of a quarterwave and an­
nular rings of insulation used as spacers t o center
the coax concentrically within the tubing. No
connection need be made between the tubing and
the coax at the antenna, and at the other end of
the quarter-wave tubing, the tubing is connected
to the outer conductor of the coax. (See Fig. 7).
If the diameter of the quarter-wave shield is much
larger than the diameter of the coax, the vinylite
may be left on the coax,

It is important to point out that coax is actually
a three-wire line. The transmission or feed-line
-36 W oodmere Blvd. S., W oodmere, N. Y.
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currents Bow on the outside of the inner conduc­
tor and the inside of the outer conductor. Antenna
currents flow on the outside of the outer con­
ductor. The above shorted quarter-wave stub
prevents the antenna currents from developing
on the outside of the outer conductor of the coax.

In the case of the twin-conductor cable used as
a folded dipole radiator, the out-of-phase cur­
rents are between the two quarter-wave sections,
and the amount of polyethylene dielectric is
manifestly negligible with respect to the air di­
electric between corresponding portions 01 the
sectione. The polyethylene dielectric between the
two conductors of each section is of no effect save
that it acts as an insulator, since the currents in
the two conductors of each section are in phase.

Our digression on coax was intentional, since
as will be seen, we are going to feed our folded
dipole with coax. Properly matched, coax is
capable of transmitting efficiently the power from
the final tank circuit to the antenna. The loss in
present-day coax is negligible, it may be run any­
where, it will not radiate (provided the coax is de­
tuned so the outside conductor cannot carry
antenna currents; it will not radiate feeder cur­
rent), it presents no hazard since the outside is
"cold," and it is not affected by humidity.

However, a coax feeder is unbalanced with re­
spect to ground since the outer conductor has a
larger capacity to ground. This unbalance is not
important when feeding a quarter-wave vertical
or other types where it is desirable to have the
generator appear between the base or feed point
and ground as shown in (a) of Fig. 8. However,
in a half-wave horizontal, Fig. 8 (b), the capacity
to ground of both sections is equal, and tbe feed
line should be balanced with respect to ground to
preserve the symmetry. Fig. 8 (e) shows the de-
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•TO TRANSMITTER

B and ground, and the impedance looking in at
the feed point will be i 3 ohms. Just an ill Fig. 9
(d) it Wl1.8 shown t ha t the ground was the elec­
trical midpoint between ,t and B, the same np­
plies to the other antenna element of the folded
dipole. Fig. 11 shows the entire arrangement of
the "Trombone T ." The center of the unbroken
element is connected to the outer conductor of all
th ree concentric terminations, and by grounding
the outer conductor of the feed line at a conven­
ient point the entire system is grounded and pro­
tected from lightning at all t imes.

From our previous discussion, t he electrical
length of the half-wave coax transfo rmer is the
physical length times the V. P. of the cable. From
measurements made by the author, a value of
V.P. - .fi6 for the polyethylene concent ric cable,
made by Federal T el. and Radio Co., has been
found to be correct. In the case of any coa x, the
V.P. may be calcula ted from the relation...hip

I
Y. P. = V k ' where k is t he dielectric consta nt

of the dielectric. (k =2.3 for polyethylene made
by F . T . and n.) Cutting t he half-wave coax
t ransformer a ccording to the following formula
« n OHMS > ( 292 OHMS

A and lJ cannot be directly paralleled, since it
would be imporsible to effect the phase reversal
between A and B .

Consider now a half-wave transnus 'Ion line
used as a transformer. The half-wave t ransmis­
sion line effects the transformation Z j,. = Zoul
and t he phase is sh ifted 180°. H ence, if we were
to connect the points A. and B together through
a half-wave trnnsmiss...ion line, we would eff ective­
ly parallel the points A and B, yet would Ieed A
a nd B 1800 out of phase. Refer to Fig. 10, ill
which we show this junction. X ow we can feed
t he a ntenna between A. and ground, or between

< ~::==::

@) @)
Fig 9 . Impeda nce into which the Feed line looks in
the case 01(a) center-fed half-wave d ipole, ( b) folded
d ipole. Symmetrica l resistance with respect 10 ground
are shown in c and d . End poin ts must be ucited

1800 oul 01 phase .
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Fig. 8. Deve lopment of the ba lanced Ieed system
teqelred for any folded d ipole (see te xt).

s irnble symmetrical feed for the center-fed
a ntenna . The folded dipole requires the M ille

balanced Iecd system 3S shown in Fig. 8 (d) .
The input into whi ch the feed line looks, in the
C:L."C of the center-fed , half-wave dipole, is shown
in F ig. 9 (n) , nnel for the folded dipole, in Fig. 9
(b), In Figs. 9 (e) and (d) , the sym met rica l re- '
sistnnccs with respect to ground are shown, and
the points A and H must be excited 180° out of
phase.

Coax cable is supplied in surge impedances of
approximately 52 ohms and 73 ohms. Whereas
impedances IUS high as 125 ohms may be obtained,
the coax cable is expensive and the attenuat.ion
is higher du e to the substantia l departure from
the optimum mtio between cond uctor diameters.
Further , fur n given O. D., the power-handling
capacity is reduced because the center conductor
diameter is less for a given O. D. in higher Im­
pednncc coax, and can dissipate less heat.

If we were to f<'pd our folded dipole with stand­
ard 7a~oh lll ca ble we sec that a bad mismatch
would occur, and further. the bnlnnced feed be­
t W('('I) A and Hand the ground or datum point
would 110 1. 1)(· reali zed .

The writer was eonfronted with the following
problem : ;\ folded dipole radiator was desired to
provide en tire band operat ion and a coax feeder
was wanted for t he reasons outlined above. Yet
the feed im pedance of t he folded dipole was 292
ohms symmet rical w ith respect t o ground a nd t he
impedance of the coax feeder was 73 ohms, non­
symmetrica l wit h res pect to ground. "~e have
named our solution to the problem, " T he Trom­
hone T ."

Referring to Fiq, 9 (b), it will be not ed that the
impedance between ,t and B is equal to 292 ohms
which in Pig. 9 (d) is shown to be equal to nn
im pedance of 146 ohms between A. a nd ground
a nd nn impedance of 146 ohms between H and
ground . Points A and B must be fed 1800 out of
phase. If we were able to parallel points A and If
we would have an impedance of 73 ohms be­
t ween the junction of Ii and B and ground, one
side of th is impedance being: grounded . T his
would be perfect, for the coax feeder. However,
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previously, grounding t he outer conductor of the
coax feeder of t he " Trombone T ." T hen if the
insula t ion between the lin k and t he tank coil be­
CDlIH'S faulty (a nd the mechanical design of the
link doe allow this to happen quite frequently)
all that call happen is 8 blown fuse. If the out­
side of the coax is not grounded, and the insula­
tion between the link and the tank coil becomes
faulty a rcnl hazard exists and will escape notice
until someone comes in contact with the outside
conductor of the coax, perhaps with a fatal result!
Of course, grounding the outer conductor also
acts as lightning protection since even during
transmission, the entire antenna system is.
grounded.

Install.tion
A description of the installation of the "Trom­

bone T" at the writer's station, \'"20\\' £ , will be
of interest to those desirous of duplicating the
system. Practically any convenient mounting
can be employed so long as the antenna itself
follows cart fully the original dimensions.

The writer had hammered together the 27-foot
mast comprised of 15 foot lonl!: 2 x 3s as shown in

(ConJinutd on page 771

TO T RANSMIT TE R

Fig. 11 . Construction details of Trombone T.

t he rotor of the condenser should connect to the
shield of the coax. The link should be wound
around the fina l tank coil on the end whirl! is at
ground potential.

' " e recommend the "swinging link" arrange­
ment, since the coefficient of coupling necessary to
reduce the Q of the final tank coil to the value re­
quired to draw the desired plate current may be
readily secured.

One word of warning. Be sure you han' ad­
equate insulation between the link and the final
tank coil when the final tank coil is carrying the
d.c. And we strongly recommend, as mentioned

Fig. 10. Transformer
used to effect the
phase reversal ne c­
essary for proper op­
eration of antenna .8•

~ - -- -------- ----~,. ,,,

-
ance. If the drive impedance is closer to 52 ohm
than 73 ohm, usc 52-ohm cubic; if it is closer to
73 ohm than 52 ohm usc 73-ohm cable. The
half-wave transformer should preferably be
made from 73-ohm cable although the effect of
using 52-ohm cable will not be detectable.

Coupling to Final T.nk Circuit
To couple the coax feeder to the final tank coil,

usc a link at the low-potential portion of the tank
coil. I n the case of a split stator final tank con­
denser, the rotor of which is at r-f ground poten­
tial, the link should be at the center of the tank
coil. For a non-split stator final tank condenser
whose rotor is grounded, the link should be posi­
t ioned at the tank-coil end which is connected
to the condenser rotor. T hat portion of the link
winding nearest the end of the coil that goes to

"The "Trombon e T," P art 1, CO. -'larch, 19-'i.

will be found entirely accumte : Length of half­
492 [ 1 324. i

wave transformer - f (me) .66 f (me)

If you wish to check your results resonate
a stage in )!ll.mr transmitter to the desired
operating frequency by tuning for minimum
plate current . Connect the inner conductor of
the half-wave transformer to the hot side of the
tank coil, the outer conductor to ground. Leave
the other cud of the transformer open (betarejul­
this open end will be "hot"). Then check that the
addition of the half-wave transformer has not
changed the tuning. If you have to dose or open
the tank condenser to effect resonance (minimum
plate current), the half-wave transformer is too
short or too long and it call be pruned to the cor­
rect length by altering the length of the open end.
However , the usc of the equation Length half-

492
wave transformer "" f () (V.P.) , pro-req. me
vidcd the Y.P. is known, \\;11 be found to be
accurate, and the above procedure is necessary
only when one wants to usc a cable of question­
able dielectric.

Selecting C.ble lmpedanee
To determine whether to usc 52 ohm or 73

ohm cable to Iced the " Trombone T/' calculate
the resistive term of the self-impedance of the
radiator as a function of t he wire size or tubing
diameter from the table. * Calculate the resistive
term of t he mut ual im pedance from Fi g. t .*Com­
bine the resistive terms of t he self and mutual
resistive impedances to obtain the drive imped-

A
~
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Fig. 12. Constr uc ti on
deta ils of mast for sup­
porting Trombone T.

The renter of t he clements comprising t he un­
broken dipole were butted together, and t he cen­
ters of t he broken dipole (points A and B ) were
spaced upproximutely one inch . T he t wo dipoles
were spaced a pproximately (our inches (not
critical) and copper st ra ps were soldered to the
far ends in such a manner as to maintain the four­
inch spacing 8.8 at t he center. ' Vith the addi­
t ional help of 'V2I OP e nd ' V2HPZ we dragged
t he must up to t he Ilut roof (height approx­
imately 18 feet ubove ground) and with "~2HPZ

(t he fearless one) on t he pea k of the third floor
roo f, acting as a human guy wire, the entire
st ructure was walked into place, resting on t wo
2 x 88, 36 in. long, which had been placed on the
Hat roof. While the writer secured the mast to
the base, W2IOP climbed a ladder and ham­
1IU'rt.,,<1 home the r-enter supports , a nd 'Y2HPZ
then put in the top supports -e-Inll 2 x as).

A few words as to ita performance. On July
Ist , when 14 me first opened we worked several
dozen VKs and ZLs, 11 few Europeans and VS4J H
for his first 14-IIIC " . QSO. Ret urning from work
in the evening we worked Europeans and South
Americans by the dozen, ZDSA for ,,~.-\C post­
war, and EP IC for his first " . eontaet Oil H IIlC.

Nor.; Dimensions ore
- no' to Ico/e

TROMBONE T
IJrom page ..9)

Fig. 1£. A. a-foot overlap was used between the
sections, and a fifth 2 x 3 wus sawed up and used
as a spacer between the bottom 2 x 3's. Six-inch
spikes were used to hold the sections together.

With the help of \\OZAST , we mounted an S­
(KIt 2 x 3 in the form of a T on what was to be the
top of the mast, nailed on the four 1 x 1 450 sup­
ports, mounted the Premax e lements by use of
P n.' J1HlX :\'0. -In:? insulators 011 the eight-foot 2 x 3,
and adjush"fl the length of the four half elements
from the formula :

?33 7
Length of (·)t'mt'nts ( ft.) - - ..

14.1
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