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The smaller the backyard, the less  ro o m that we have to  co nstruc t a ful l-s ize 135'  level center-fed do ublet as  an al l-band HF
antenna. As a wo rk-aro und, many amateurs  try the inverted-V co nfiguratio n. It requires  o nly o ne very tal l  center suppo rt, with
lo wer suppo rts  fo r the wire ends. Handbo o ks reassure us  that the inverted-V wil l  perfo rm quite well, with o nly a small reductio n
in gain and a s l ight expans io n o f the radiatio n pattern o ff the ends o f the wire. So  we dutiful ly build the inverted-V and then
wo nder why neighbo ring hams are do ing so  much better at hearing s tatio ns . We ratio nalize that perhaps o ur antenna is
bro ads ide in the wro ng direc tio n. We may think that we have to  gro w tal ler trees to  raise the feedpo int o f the antenna even
higher. Po ss ibly, we need to  buy a new rig. We never s to p to  think that the bas ic  antenna may be at fault, espec ial ly o n the upper
bands. After al l , the handbo o ks have reassured us  that the al l-band inverted-V is  a go o d general purpo se antenna.

Let's  back up a s tep and make a plan to  s tudy the s ituatio n. The firs t s tep is  to  review what we can expect fro m a level do ublet
with the same feedpo int height as  o ur inverted-V. We canno t po ss ibly survey every feedpo int height in this  exerc ise. So  I shall
set the feedpo int at 6 0 '  abo ve average gro und. That level is  so mewhat high fo r the average backyard, but I have reaso ns fo r
picking it, and they wil l  appear in a mo ment.

The seco nd s tep is  to  replace the level do ublet with an inverted-V, keeping the same feedpo int height. The immediate pro blem
that we face is  selec ting an angle at which to  s lo pe the wires  relative to  the do ublet. Again, we canno t po ss ibly survey every
s lo ping angle. Ho wever, we l ikely o nly need to  lo o k at two  angles . O ne is  a s lo pe o f 30  degrees do wn fro m the do ublet. The
o ther angle is  45 degrees do wn fro m the do ublet. The difference is  o nly 15 degrees, but--as  we shall s ee--what a big difference
tho se 15 degrees wil l  make. Fig. 1 sketches the 3 antennas that we shall inc lude in o ur survey.

If we s tart o n the right in the figure, we can see why I cho se the 6 0 '  feedpo int height. The wire ends  are between 11'  and 12'  abo ve
gro und. Letting inverted-V ends go  any lo wer is  an invitatio n fo r so meo ne to  receive an RF burn, s ince the wire ends wil l  carry a
high vo ltage when we transmit. Hence, safety dic tates  that we keep the inverted-V ends at least 10 '  abo ve gro und, and higher, i f
feas ible.

The inverted-V sketches sho w the length o f the legs, with the to tal wire length in parentheses. All  three antennas are reso nant at
3.5 MHz (us ing AWG #12 o r 0 .0 80 8"  diameter wire). As we s lo pe the wires  into  the inverted-V co nfiguratio n, we need s l ightly
mo re wire to  achieve reso nance at the baseline frequency.

We can also  see the impo rtant reaso n fo r us ing an inverted-V ins tead o f a do ublet. Every additio n degree o f s lo pe reduces the
required end-to -end span fo r the antenna. The 45-degree s lo pe al lo ws the antenna to  fi t a yard with a maximum dimens io n o f
10 0 ' . Fo r this  exerc ise, then, I shall assume that the backyard has o ne mighty o ak--o r Do uglas  fir--o r  anc ient magno lia--that is
prec isely po s itio ned to  let us  co nstruc t an inverted-V to  use o n al l  o f the HF bands.

The next questio n is  s imple: what can we expect fro m o ur antenna. To  create a bas ic  answer and set up so me reaso nable
expectatio ns , we sho uld survey al l  o f the HF amateur bands. Therefo re, I shall sample each amateur band, jo tting do wn so me
bas ic  info rmatio n and creating bo th elevatio n and az imuth patterns  fo r the antennas. Fo r each band, I shall  use the lo west
frequency in the band, s ince the patterns  wil l  no t change much within a given band. The o ne exceptio n is  75 meters , where I
used 4.0  MHz to  al lo w us  to  see ho w much the very wide 80 /75-meter ham band changes antenna perfo rmanc e.
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My pro cedures wil l  be fairly s imple, but there wil l  be a twis t o r two  alo ng the way. I shall  co llec t info rmatio n o n the gain level o f
the s tro ngest lo be(s) in the pattern. In the az imuth patterns , I shall reco rd the firs t maximum-gain lo be away fro m the bro ads ide
direc tio n to  the wire, unless  the s tro ngest lo be is  exactly bro ads ide to  the wire. I shall  also  reco rd the take-o ff (TO ) angle, that
is , the elevatio n angle o f s tro ngest radiatio n. Wherever the s tro ngest lo be is  no t bro ads ide to  the wi re, I shall make my
elevatio n pattern us ing the direc tio n o f the s tro ngest lo be. If the elevatio n angle o f maximum radiatio n is  abo ve 45 degrees, I
shall  c reate the co rrespo nding az imuth pattern at 45 degrees. Under these co nditio ns, yo u must assume that the az imuth
pattern has a maximum strength that is  lo wer than the maximum po ss ible gain, s ince that gain value is  fo r ano ther elevatio n
angle.

Fo r reference, I shall also  reco rd the mo deled feedpo int impedance as  a series  res is tance and reactanc e--ro unding jus t a bit.
This  impedance wil l  be at the antenna feedpo int. Ho wever, yo u wil l  undo ubtedly use a parallel transmis s io n l ine--pro bably with
an impedance between 30 0  and 6 0 0  O hms--to  co nnect yo ur antenna to  an antenna tuner in the shack. Since the transmiss io n
line impedance wil l  rarely--i f ever--match the antenna feedpo int impedance, the l ine wil l  beco me an impedance transfo rmer. The
impedance that appears  at the antenna tuner terminals  wil l  be a functio n o f the antenna impedance, the l ine impedance, and the
length o f the l ine. Since I canno t co ver every po ss ible type o f l ine and every po ss ible l ine length, the antenna feedpo int
impedances wil l  have to  do  fo r o ur info rmatio n co llec tio n.

Fo r each antenna, we shall c reate two  graphical do cuments . The firs t is  a table o f info rmatio n gathered fro m the antenna
mo del. The seco nd is  a page o f elevatio n and az imuth patterns . My reaso n fo r c reating bo th the tables  and the patterns  as
graphics  is  s imple. Yo u may be keeping a no tebo o k o f what yo u learn abo ut antennas. Yo u can co py and s ave the graphics
fro m these HTML no tes as  separate fi les . Then, yo u can impo rt them into  a wo rd pro cess ing pro gram, suc h as  Wo rd. The
pro gram's  impo rtatio n feature sho uld s ize the galleries  o f patterns  to  fi t the margins  o f yo ur paper. Printing the gallery and its
asso c iated tables  o f data wil l  let yo u s to re the info rmatio n nearly in yo ur no tebo o k. That way, yo u can o mit the co mmentary
that I weave aro und the tables  and the patterns .

T he 135' Center-Fed Doublet

Altho ugh o ur main to pic  is  the inverted-V, we need a po int o f reference in o rder to  make sense o f the data that we gather. The
do ublet is  the ro o t antenna, o f which the inverted-V is  o ne variatio n. Therefo re, reviewing what happens to  the patterns  o f a
center-fed do ublet is  c ritical to  o ur o verall  unders tanding. The do ublet that we shall use is  135'  lo ng, jus t lo ng eno ugh to  be a
reso nant dipo le at 3.5 MHz, at leas t when we place the antenna 6 0 '  abo ve gro und and build i t fro m AWG #12 co pper wire. 6 0 '
is  no t very high if we measure the dis tance as  a frac tio n o f a wavelength. In fac t, the height is  less  than 1/4-wavelength at the
ro o t frequency. If we lo wer the height o f the antenna, then the 80 -meter TO  angle wil l  be higher, whereas if we raise the antenna,
the TO  angle wil l  be lo wer. To  really o btain go o d DX results  fro m a ho rizo ntal dipo le o r do ublet, we s ho uld increase its  height
to  3/8-wavelength--and much mo re if po ss ible. But 3/8-wavelength o n 80  meters  is  c lo se to  10 0 ' , and so  we may have to  settle
fo r mo stly regio nal co ntac ts  o n that band. O f co urse, as  we raise the o perating frequency, the antenna height increase as
measured in wavelengths . By 40  meters , the antenna is  getting c lo se to  1/2-wavelength abo ve gro und. Fo r al l  higher bands, 6 0 '
is  no t a s ignificant pro blem fo r a general purpo se antenna, even tho ugh the o ld saying that higher is  better s ti l l  applies  to  this
o r any o ther ho rizo ntal antenna (but no t necessari ly to  HF vertical antennas).

Let's  see what we derive fro m o ur 135'  do ublet o n the amateur HF bands. T able 1 pro vides the tabular data, while Fig. 2
presents  the gallery o f patterns .
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We can begin with the table and immediately jump to  the feedpo int-impedance co lumn. The values seem to  be all  o ver the place,
with so me very high values and so me fairly lo w values o f res is tance. The reactance also  sho ws very wide swings. To  make
sense o ut o f the co lumn, we have to  think abo ut the antenna length. At 3.5 MHz, the antenna is  1/2-wavelength, and so  we expect
and receive a lo wer impedance with almo st no  reactance. At 7, 14, 21, and 28 MHz, the antenna is  c lo se to  1, 2, 3, and 4
wavelengths , respectively. At these lengths , we expect very high impedances--and get them. At 10 .1, 18.0 6 8, and 24.89  MHz, the
antenna is  3, 5, and 7 half-wavelengths, respectively--o r thereabo uts . Since these bands do v no t have a direc t harmo nic
relatio nship to  3.5 MHz, we canno t expect prec is io n. But can can expect and o btain fairly lo w impedanc e values with relatively
mo dest reactance values. So  the impedance values in the table do  make sense after al l .

No te in bo th the table and the gallery that o n 80  and 75 meters , the TO  angle is  higher than 45 degrees, and that requires
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az imuth patterns  at 45 degrees. There is  no thing magical in my selec tio n o f 45 degrees. It is  to o  high fo r go o d DX wo rk and
to o  lo w fo r mo st NVIS wo rk. Its  o ne c laim to  fame is  that i t gives us  a reaso nably go o d pic ture o f the az imuth pattern shape at
that angle and belo w. Hence, we can c learly see the gradual narro wing o f the beamwidth up thro ugh 40  meters , altho ugh the
az imuth pattern remains bro ads ide to  the wire.

Fro m 30  meters  thro ugh 10  meters , we find that the pattern is  breaking into  many lo bes. Fo r a center-fed do ublet, let' s  measure
the antenna length in wavelengths. Fo r lengths  that are near an integral multiple o f a wavelength (that is , 1-wavelength,
2-wavelengths , etc .), the number o f lo bes wil l  be twice the antenna length in wavelengths. Hence, at 20  meters , the antenna is  2
wavelengths  and we find 4 lo bes. The s ituatio n changes fo r lengths  that are o dd multiples  o f 1/2-wavelength (that is , 3/2
wavelengths , 5/2 wavelengths, etc .). No w the number o f lo bes wil l  be twice the number o f half-wavelengths. So  at 24.89  MHz, we
have c lo se to  7 half-wavelengths, and we find 14 lo bes. Since lo bes do  no t s imply po p into  and o ut o f exis tence, we find o n
o dd frequenc ies  a mixture o f lo bes emerging o r decaying. No te that when the antenna length is  c lo ser to  an o dd multiple o f
1/2-wavelength, we no t o nly see mo re lo bes, but the s tro ngest lo be is  further away fro m a direc tio n that is  bro ads ide to  the wire
and c lo ser to  the axis  o f the wire. Hence, the tabular data sho ws an up-and-do wn swing to  the az imuth angle o f the s tro ngest
lo be as  we check o ut the bands fro m 20  thro ugh 10  meters .

The elevatio n angle o f maximum radiatio n o r TO  angle o f a do ublet is  almo st who lly a functio n o f the height o f the antenna
abo ve gro und. An antenna that is  abo ut 1/2 wavelength up wil l  sho w a TO  angle o f abo ut 25-26  degrees. When 1 wavelength up,
the angle dro ps to  abo ut 14 degrees. If we phys ically raise o r lo wer the entire antenna, we can change the elevatio n angle, but
the lo be s truc ture o f the az imuth patterns  wil l  remain intac t.

Yo u can use the table and the gallery when planning an all-band do ublet ins tal latio n, assuming that yo u have so me ro o m to
maneuver. Pick yo ur favo rite bands and see where the lo bes go . Then align the antenna wire so  that the lo bes are in the
direc tio n o f yo ur cho ice co mmunicatio ns targets . It is  l ikely that yo u wil l  have to  co mpro mise--no t o nly in terms o f lo be
direc tio n, but also  in terms o f the l imitatio ns  o f yo ur yard. Ho wever, be careful o f making to  s tric t o f a co mpro mise, o r yo ur
lo bes may miss  all  o f yo ur targets .

If yo u sho rten the antenna--perhaps making it reso nant at 4 MHz ins tead o f 3.5 MHz--then yo u wil l  have to  c reate yo ur o wn
gallery o f patterns . Yo u wil l  no t find much tro uble o n mo st bands, but the highest 2 o r 3 bands may be a go o d bit away fro m
the antenna lengths  that pro duced these patterns . Hence, the exact direc tio ns  o f the lo bes may differ eno ugh to  make a
difference. I reco mmend that yo u o btain a rudimentary antenna mo deling package and master i t eno ugh to  plan an effec tive
all-band do ublet.

A 30-Degree 135.6' Inverted-V

The level do ublet pro vides a to uchsto ne fo r the results  that we receive fro m any inverted-V antenna. We shall firs t lo o k at a
mo dest inverted-V, o ne with legs that s lo pe do wnward 30  degrees fro m the ho rizo ntal. With a 6 0 '  feedpo int, the ends are abo ut
26 '  abo ve gro und. 30 -degree s lo pes o n each s ide o f the feedpo int mean that the angle between wires  is  120  degrees (ins tead o f
the 180 -degree value that applies  to  the level do ublet). This  vers io n o f the inverted-V is  perhaps typical o f amateur ins tal latio ns ,
altho ugh the exact to p height may change fro m o ne lo catio n to  ano ther.

Witho ut further ado , let' s  see what kind o f perfo rmance we can expect fro m the 30 -degree inverted-V. T able 2  pro vides the
tabular data, and Fig. 3 gives us  a gallery o f patterns .
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We shall no t find very s ignificant changes in the impedance co lumn. Since the antenna is  reso nant at 3.5 MHz, i ts  elec trical
length is  s imilar to  the length o f the do ublet o n every band. The s lo ping wires  do  interac t a bit, and the wire ends are c lo ser to
the gro und. But the changes to  the feedpo int impedance are mo derate to  mo dest.

If we lo o k at the co lumn o f TO  angles , we find that they are typically higher than the TO  angles  fo r the do ublet. In fac t, the
az imuth patterns  fo r 80  thro ugh 30  meters  require a default 45-degree elevatio n angle fo r the az imuth patterns  due to  the higher
TO  angles . (The do ublet required this  treatment o nly o n 80  and 75 meters .) Even tho ugh the inverted-V has the same feedpo int
height, i t is  lo wer at every o ther po int alo ng the wire. In general, the effec tive height o f an inverted-V is  abo ut 2/3 o f the way
upward between the lo west po int and the highest po int alo ng the wire. Hence, o ur inverted-V is  effec ti vely lo wer than the do ublet
at every o perating frequency.
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We can eas ily co mpare the two  tables  and see that the inverted-V yields  a lo wer value fo r maximum gain than the do ublet. The
lo wer effec tive height is  partial ly respo ns ible. In additio n, there is  so me radiatio n o ff the ends o f the wires , s ince they no w s lo pe
and have a vertical as  well as  a ho rizo ntal co mpo nent. That energy has to  co me fro m so mewhere, and a go o d part o f i t co mes
fro m a reductio n o f the gain o f the main lo be o r lo bes. Nevertheless, the amo unt o f reductio n is  no t eno ugh to  disqualify the
30 -degree inverted-V as  a go o d general-purpo se all-band HF antenna.

We sho uld also  co mpare with so me care the gallery o f patterns  fo r bo th the do ublet and the 30 -degree inverted-V. Fro m 80
thro ugh 40  meters , we no tice seemingly small changes. Fo r example, the inverted-V 40 -meter pattern is  an o val that has lo s t the
" peanut"  wais t o f the do ublet. Ho wever, fro m 30  meters  upward, the pattern changes are much mo re pro no unced. Fo r example,
the do ublet o n 30  meters  had 6  lo bes, but we can o nly identify 4 in the inverted-V pattern fo r the same band. As we co ntinue to
increase the o perating frequency, the sharply defined do ublet az imuth lo bes give way to  less  defined undulatio ns, espec ial ly o n
17 and 12 meters , two  bands in which the patterns  have many lo bes.

Do  no t fo rget to  review the two  galleries  with respect to  the elevatio n patterns . O n the highest bands , no te the gro wth o f the
high-angle lo bes relative to  the much mo re mo dest develo pment o f the same lo bes with the level do ublet. Energy that go es
almo st s traight upward is  no t available at the lo wer angles  mo re favo rable to  making co ntacts . As  a result, the maximum gain
values o f the inverted-V sho ws a greater high-band defic it relative to  the do ublet than the gain values fo r the lo wer bands. What
is  mo re impo rtant, perhaps, is  that these high-angle lo bes fo reshado w what is  to  co me with o ur next inverted-V.

A 45-Degree 136.6' Inverted-V

If we add o nly 15 degrees to  the s lo pe o f each inverted-V leg, can anything harmful happen? The legs no w s lo pe do wnward by
45 degrees relative to  the ho rizo ntal. The angle between the legs is  9 0  degrees. Since the antenna wil l  fi t ins ide my 10 0 '  lo t, i t is
a tempting co nstruc tio n pro jec t.

To  find the answer to  o ur questio n, we need o nly examine the info rmatio n. The changes in patterns  and perfo rmance that we
saw between the do ublet and the 30 -degree inverted-V suggest that we might see so me further evo lutio n in key pro perties .
Ho wever, I wo nder if we are prepared fo r so me surprises . T able 3 supplies  the tabular data, while Fig. 4 gives us  the
asso c iated pattern gallery.

Multi-Band Inverted-V http://www.cebik.com/content/a10/wire/vang.html

6 of 8 07/09/2009 09:47 AM



O nce mo re, the impedance co lumn in the table gives us  no  c lues to  revo lutio nary changes, s ince the values sho w o nly a small
evo lutio n in the pro gress io ns o f values that began with the do ublet. As  well, the gain co lumn seems a bit o dd, with lo wer values
fo r the lo wer bands and higher values fo r the higher bands. The mo st meaningful changes o ccur in the two  co lumns that l is t
the az imuth angle o f the s tro ngest lo be and the TO  angle. All  TO  angles  are very high, indicating that o n al l  bands, the
predo minant energy fo cus is  s traight upward o r nearly so . The gain values sho wn are al l  fo r frying c lo uds and l i ttle else.

As a result o f the very high TO  angles , al l  az imuth patterns  are at 45 degrees elevatio n. The az imuth patterns  sho w so me lo be
develo pment at this  angle. Ho wever, the maximum number o f lo bes is  6 . Up to  14 MHz, we find o nly 2 lo bes. At 28 MHz, the
o ld lo bes that are bro ads ide to  the wire have finally disappeared, leaving o nly the 4 lo bes that emerged aro und 18 MHz. In
effec t, the 45-degree inverted-V sho ws o nly half the number o f lo bes that we find in a do ublet o f the same o verall wire length.
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Mo reo ver, these lo wer-angle lo bes are co ns iderably weaker than the very-high-angle main lo be. As the elevatio n patterns
suggest, the 45-degree inverted-V pro vides relatively weak radiatio n at angles  suitable fo r lo ng-dis tance co mmunicatio ns.

Altho ugh the 45-degree inverted-V might be useful fo r NVIS o r regio nal co mmunicatio ns thro ugh abo ut 30  meters , i t is  no t a
des irable antenna fo r use abo ve that band. In effec t, the added 15 degrees o f s lo pe to  each leg transfo rmed the perfo rmance o f
the inverted-V. Given the no rmal des ire fo r lo wer-angle radiatio n, the transfo rmatio n has indeed been harmful. There is  a l imit to
the s lo pe o f an inverted-V if we intend to  use it fo r an al l-band HF antenna. That l imit is  no t much beyo nd a 30 -degree s lo pe.

Conclusion

By reviewing the pro perties  o f a 135'  level do ublet o n all  HF bands, we have been able to  watch the evo lutio n o f inverted-V
patterns  as  we increased the wire s lo pe fro m 30  degrees to  45 degrees. While the 30 -degree inverted-V gave useful general
purpo se perfo rmance, the 45-degree vers io n o f the antenna became generally useless o n mo st bands fo r no rmal HF skip
co mmunicatio ns.

Had we begun with a set o f antennas with a reso nant 40 -meter length, the results  wo uld no t have ultimately changed. Ho wever,
the co mplete degradatio n o f patterns  wo uld no t have o ccurred unti l  abo ut 20  MHz with a 45-degree inver ted-V. If we had s tarted
with an antenna who se length was suitable fo r 16 0  meters , the patterns  wo uld have go ne to  po t at aro und 5 MHz. Indeed, the
45-degree inverted-V yields  such po o r perfo rmance that o ne might well do  better by el iminating o ne leg and feeding the
remaining leg at i ts  center as  a s lo ping do ublet. Alternatively, an inverted-L--either base o r center fed--might also  yield better
perfo rmance. The lesso n is  s imple: i f yo u must use an inverted-V as an all-band HF antenna, do  no t make the V to o  sharp.
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