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How Dipoles Radiate—
The Hiker’s Bent Dipole

Pedestrian HF mobile is a delightful way
to combine amateur radio with trail
hiking. In the previous Ionospherica we the
big picture of the Earth-Sun system that
governs the behavior of the ionosphere.
We also saw how reflections from earth
interact with an antenna to form vertical
standing waves that vary the signal
strength at different antenna heights. But
what if the antenna is at ground level?
What if half of the antenna lies on the
ground? Ed Breneiser’s, WA3WSJ, pedes-
trian mobile trek inspires this episode
[1]—the hiker’s antenna and its radiation
properties. The concepts carry over to
other antenna that use a counterpoise.

The hiker’s antenna seen in Figure 1
comprises two antenna elements. One is a
vertical whip above the backpack radio,
and the second is a wire that drops to the
ground and trails behind the hiking radio
operator. Since both the vertical whip por-
tion and the trailing wire portion contribute
to the radiation, the antenna pattern of this
“bent dipole” is far from omni-directional.

The stylized envelope surrounding the
hiker suggests a directional antenna pat-
tern. A hapless bird behind the hiker “feels
the heat”, while the “who-ing” owl in front

Figure 1—The hiker’s HF portable antenna has two elements: a vertical whip, and
a trailing wire. These elements form a bent dipole that has directional properties.
Copyright © 2014 Chris Dean, KD7CNJ, used with permission

remains less than well illuminated. This is
the story of how the hiker’s bent dipole
radiates, its directional characteristics, and
how it couples to the ionosphere.

We’ll confine our discussions to wire
antennas with elements that are each gener-
ally less than a quarter wave long, but oth-
erwise this story is relatively independent
of frequency. Also, we don’t require that
the wire elements self-resonate. That’s a
detail we handle by antenna matching cir-
cuits, or with an automatic antenna tuner.

It Takes Two to Tango
Dipoles by definition have two ends.
Radiating electric fields connect between

those two end points to radiate. Said anoth-
er way, there are no monopole antennas in
isolation. However, an image of the anten-
na in a “mirror” such as a perfect electric
conductor (PEC) can take the place of the
second element. However we do it, there
must be a counterpoise below the whip ele-
ment protruding from the backpack
radio—a second dipole element.

Figure 2 portrays the electric fields of
(A) adipole, (B) a monopole with a perfect
image in a PEC of infinite extent, and (C)
a bent dipole entirely above an earth
ground. The dipole is in isolation, that is, it
is not near ground. There is a certain sym-
metry in the elements, but they need not be
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Figure 2—An electric antenna, like a dipole (A), needs two ends or tips that attach the E-field lines between them. In an
arrangement (B) over a PEC one half of the dipole appears as an image in the PEC, including image fields. A bent dipole (C)
above an earth ground has a weak image in the ground, and weak image fields, and has directional properties.
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straight, and they may include loading elements such as inductors.
Apply a balanced voltage, +V and -V to the feed terminals of the
dipole. The electric fields that appear around the dipole seem to
emanate primarily from a pair of “point sources” at the two tips of
the dipole elements. These fields are depicted by dashed lines in
Figure 2. Note that the fields, like those between the plates of a
capacitor, originate at one end and terminate at the other end of
the dipole. That holds true whether the dipole is in isolation (A),
or is a an element against a counterpoise (B), or is a bent dipole
(C) near the ground.

Indeed, this two-point source picture conforms with the exact
mathematical expression for the total fields of a half-wave long
dipole fed at a single frequency [2]. It takes a pair of terminals to
feed the dipole. It takes two end points to radiate the electric field.

What if Earth Were a Copper Sheet

We can rely on a mirror image to take the place of the lower
dipole element as in the configuration in Figure 2 (B). The
monopole, of course, is not a complete antenna. It needs an image
in the mirror—a counterpoise. We feed that antenna with an
unbalanced voltage +V against a PEC (or our imagined copper
Earth). The PEC provides the second terminal for the return cur-
rent path of the feeding voltage +V. It also provides the mirror
image of the monopole tip, with its opposite charge, so that the
electric fields can terminate properly and therefore radiate.

How much of a counterpoise do we need? We’ve portrayed an
infinite half space of PEC in Figure 2 (B). However, we can get
away with far less. That leads us to the Hiker’s Bent Dipole

The Hiker’s Bent Dipole

The vertical whip element and a wire trailing on earth ground
is about as minimalist as one can get to realize a dipole for the
trail-walking backpacking radio-toting ham. We portray that
dipole in Figure 2 (C). Now the earth ground is not perfect, the
ground images are weak, but we do have two elements with two
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Figure 3—Calculated elevation pattern of the Hiker’s Bent

Dipole. The rear to front ratio is nearly 10 dB.
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distinct end points, and we have two feeding terminals.

We’ve lost the symmetry evident in (A) and (B), but we’ve
gained a configuration that is very suitable for pedestrian
mobile—a dipole with a vertical whip element and a trailing wire
element. Both elements are equally important to the radiation pro-
cess. As depicted in (C), the bent dipole will tend to have a com-
paratively strong electric field joining the two wire ends, and
weaker fields interconnecting the weak images in the real earth
ground.

Consequently, the the bent dipole will favor radiation in the
direction of the trailing wire.

Antenna Pattern of the Hiker’s Dipole

We can simulate the performance of the Hiker’s Bent Dipole
using Numerical Electromagnetic Code (NEC), such as EZNEC
[3], or 4ANEC2 [4] using the geometry shown in Figure 3. The pat-
tern in the plane of the bent dipole has a back to front ratio of near-
ly 10 dB. The back to side ratio is about 5 dB. Thus the hiker
experiences about two S units stronger signals from behind com-
pared to the front, and about one S unit lower to the sides com-
pared to the rearward direction.

The pattern seen in Figure 3 has a broad elevation pattern peak
between about 15 and 60 degrees above the horizon, and has sig-
nificant signal coverage down to 5 degrees above the horizon.
That’s suitable for coupling into the ionosphere for long distance
communications as well as for shorter hops.

While this “hiker’s beam” antenna requires some additional
hiking to make it rotate, at least now you know the favored pat-
tern directions.

Estimating Radiation Patterns

Figure 2 provides us with some insights into how we can qual-
itatively estimate radiation patterns and radiation polarization.
Rather than worrying about how the currents flow in the wires,
observe how the E-fields must form to connect the farthest two
ends of a dipole. From Figure 2 (C) we can estimate that the polar-
ization in the rear and front directions is essentially vertical.
However, the fields emanating to the sides of the hiker are polar-
ized half-way between vertical and horizontal.

Summary and Conclusions

The bent dipole model lets us estimate the performance of the
hiker’s antenna very conveniently. Peak signals with a broad ele-
vation pattern are behind the hiker, and antenna polarization
varies from vertical to the rear and front, to a significant tilt
towards the sides. We can use the same technique to estimate the
radiation properties of mobile antennas.

References

1. E. R. Breneiser, WA3WSJ, “Colorado QRP Pedestrian
Mobile or Bust.” QRP Quarterly, Winter 2014.

2. K. Siwiak and Y. Bahreini, Radiowave Propagation and
Antennas for Personal Communications, Third Edition, Artech
House, Norwood MA: 2007, Chapter 11.

3. EZNEC from R. Lewallen, W7EL,
WWW.eznec.com

4. 4NEC2 from A. Voors, available at www.qsl.net/4nec2/

available at

www.qrparci.org/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


