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The pursuit of efficient electromagnetic radiation within the constraints of residential environments remains one of
the primary challenges for the modern amateur radio operator. As urban density increases and available land for
large antenna farms diminishes, the engineering focus has shifted toward compact, multi-band, and high-gain
solutions. This technical analysis explores the architectural principles and construction methodologies of several
pivotal antenna designs, ranging from the multi-band Cobwebb and Hexbeam to high-gain VHF Collinear arrays
and broadband HF doublets.

The Theoretical Framework of Small-Space HF Propagation

Designing an antenna for a small backyard requires a deep understanding of the relationship between physical
aperture, radiation resistance, and ground losses. For HF (High Frequency) operations between 1.8 MHz and 30
MHz, the wavelength is significantly larger than the available support structures in most urban settings. A full-size
half-wave dipole for the 80-meter band, for instance, requires approximately 40 meters of linear space—a luxury
many operators lack.

Resonance and Impedance Matching

At the core of any effective antenna system is the concept of electrical resonance. An antenna is resonant when
its inductive reactance ($X_L$) and capacitive reactance ($X_C$) cancel each other out, leaving only a resistive
component ($R$). However, resonance does not necessarily equate to efficiency. The total resistance of an

antenna system is the sum of the radiation resistance ($R_r$) and the loss resistance ($R_{loss}$). To maximize
efficiency, the ratio of $R_r$ to the total resistance must be as high as possible. In space-constrained

environments, shortened antennas often exhibit very low radiation resistance, necessitating high-quality
impedance matching networks such as 1:4 or 1:9 Baluns (Balanced-to-Unbalanced transformers)to interface
with standard 50-ohm coaxial transmission lines.

Polarization and Radiation Patterns

Selection between horizontal and vertical polarization is often dictated by the target communication mode. NVIS
(Near Vertical Incidence Skywave) propagation, ideal for regional communication (0—-400 km), benefits from
horizontal dipoles mounted at low heights (typically 0.1 to 0.25 wavelengths). Conversely, DX (Long Distance)
communication requires low radiation angles, typically achieved through vertical antennas or high-mounted
horizontal arrays like the Hexbeam.

Technical Analysis of the G3TXQ Cobwebb Antenna

The Cobwebb antenna, specifically the version popularized by Steve Webb (G3TXQ), is a masterclass in space-
efficient engineering. It is essentially a series of five nested, folded dipoles bent into a square shape. Unlike the
original version which used twin-lead or ribbon cable, the G3TXQ version utilizes single-wire elements and a 1:4
current balun at the feed point.



Design Mechanics

The square geometry of the Cobwebb provides an omnidirectional radiation pattern while occupying only a fraction
of the space of a full-size dipole. The "folded" nature of the elements serves two purposes: it facilitates multi-band
operation within a single structure and raises the feed-point impedance, which is otherwise lowered by the bending
of the wire. A 1:4 balun is critical here because the characteristic impedance of these folded elements, when
concentrated in such a small footprint, typically hovers around 12.5 ohms. Transforming this to 50 ohms ensures a
low SWR (Standing Wave Ratio) across the 20m, 17m, 15m, 12m, and 10m bands.

Structural Components

e Spreader Material: Fiberglass or UV-resistant PVC poles are utilized to create a cross-shaped support.
¢ Wire Elements: Typically 14 or 16 AWG insulated copper wire.
* Hub Assembly: A central mounting plate, often aluminum or heavy-duty plastic, to anchor the spreaders.

High-Gain VHF/UHF Systems: The 70cm Collinear Array

While HF focus is often on size reduction, VHF and UHF (Ultra High Frequency) design focuses on gain and
directivity. A popular DIY project is the 70cm Collinear antennaconstructed from coaxial cable. This design
utilizes multiple half-wavelength sections of coax where the inner conductor of one section is connected to the
outer shield of the next.

The Physics of Phase Reversal

In a standard vertical radiator, current flow reverses every half-wavelength. If multiple half-wave elements were
placed in a line and fed in phase, their fields would cancel out. The collinear design solves this by using the coaxial
sections as phase-delay lines. By cross-connecting the center conductor and shield, the current in each radiating
element is forced to be in phase, resulting in constructive interference along the horizon. This squashes the
radiation pattern into a very flat disc, significantly increasing the gain (often up to 9dB) relative to a standard 1/4
wave ground plane.

Mathematical Calculation for Construction

The physical length of each section is not exactly a half-wavelength in free space. It must be corrected for the
Velocity Factor ($V_f$) of the specific coaxial cable used. The formula is:

$3L = \frac{1}{2} \times \frac{c}{f} \times V_{$$

Where $c$ is the speed of light (approx. 300,000 km/s), $f$ is the frequency in MHz, and $V_f$ is typically 0.66 for
solid polyethylene or 0.80+ for foam dielectrics.

Comparative Evaluation of Antenna Topologies

The following table provides a technical comparison of the antenna types mentioned in the research data,
evaluated for various performance metrics.



AntennaType Typical Gain (dBi) Complexity Space Requirement Primary Application

Vertical (40m) 15-21 Medium Low (Vertical) DX (Long Distance)

Cobwebb 45-5.0 High Low (Square) Multi-band/Compact
HF

Hexbeam 5.0-6.5 High Medium Directional DX

Collinear (70cm) 6.0-9.0 Medium Low (Vertical) VHF/UHF Local/
Repeater

Folded Dipole 2.1 Low High Broadband/Quiet RX

The Multi-band HF Vertical: A Vertical Analysis

For many with small backyards, the HF Vertical is the only viable option. A simple 40m vertical is a quarter-wave
radiator, approximately 10.1 meters in height. However, its efficiency is entirely dependent on the ground radial
system. Without a low-impedance return path for the RF currents, the earth itself acts as a high-resistance load,
dissipating power as heat.

The Radial Engineering Challenge

Ideally, a vertical antenna should have 30 to 60 radials, each 1/4 wavelength long. In restricted spaces, this is rarely
possible. Research suggests that even 16 short, asymmetrical radials can provide a significant improvement over a
single ground rod. Using the formula for characteristic impedance of a vertical, we see that the feed-point
impedance of a perfect quarter-wave vertical over an infinite ground plane is approximately 36 ohms. Adding a
matching network or slightly lengthening the radiator to introduce inductive reactance (which is then tuned out by a
series capacitor) can achieve a perfect 50-ohm match.

Broadband Multiwire and All-Band Doublets

The HF Broadband Multiwire Folded Dipole(often referred to as a Barker & Wiliamson or T2FD variant)
represents a different engineering philosophy. Rather than aiming for high Q (selectivity) and resonance, these
antennas use a resistive load and a wideband transformer to maintain a low SWR from 1.8 to 30 MHz without an
antenna tuner.

Analysis of the Doublet

The "All-Band" Doublet is perhaps the most versatile antenna for the technical operator. It consists of a non-
resonant length of wire fed with high-impedance ladder line(window line). Because the ladder line has extremely
low loss even at high SWR, a tuner at the transmitter end can force resonance on any frequency. This system is
technically superior to coaxial-fed antennas for multi-band use because it avoids the massive line losses
associated with coax when operated away from its native resonant frequency.

Practical Implementation: Building a Portable Hexbeam

The Hexbeamis a directional antenna (Yagi) that has been folded into a hexagonal shape. Its implementation
requires a focus on mechanical tension and material durability.



Step-by-Step Technical Workflow

1. Central Hub Fabrication: Utilize a CNC-cut or heavy-duty molded hub that can withstand lateral torque from
the spreaders.

2. Spreader Tensioning: Use fiberglass rods. The "bend" in the rods provides the tension needed to keep the
wire elements taut.

3. Wire Attachment: Elements are typically 14 AWG copper-clad steel (for strength). Each band’s driver and
reflector must be precisely spaced using insulating cords (Dacron or Spectra).

4. Feeding: Unlike the Cobwebb, the Hexbeam is usually a 50-ohm native design at the driver, buta 1:1
Guanella current balun is essential to prevent common-mode current from returning via the coax shield.

Troubleshooting and Performance Optimization

Even the most precisely engineered antenna can fail due to environmental interaction. Mutual inductancewith
nearby power lines, gutters, or even foliage can shift the resonant frequency.

Common Failure Modes and Solutions

* High SWR in Wet Weather: Often caused by water ingress in the 1:4 balun or the coaxial connectors.
Solution: Use self-amalgamating tape and UV-resistant enclosures.

e Unexpected Pattern Distortion: Caused by the antenna being too close to large metal objects. Solution: Apply
the "quarter-wave rule"—keep the antenna at least 1/4 wavelength away from large conductive masses.

< Narrow Bandwidth on Verticals: Often a sign of high ground loss or extremely high Q. Solution: Increase the
number of radials or use a broadband matching network.

Environmental Analysis Table



Factor Impact on Resonance Impact on Gain Recommended Mitigation

Proximity to Trees Low (Frequency drop) Moderate (Absorption) Mount at least 2m away
from limbs.
Soil Conductivity Minimal High (Verticals) Increase radial density.
Height Above Ground High (Impedance shift) High (Take-off angle) Aim for ;26" tV—viB —b +76-le.

Summary of Engineering Implications

The successful deployment of an amateur radio antenna system in a modern environment requires a synthesis of
classical electromagnetic theory and contemporary material science. Whether one chooses the omnidirectional
convenience of a Cobwebb or the high-gain potential of a Collinear array, the fundamental principles remains the
same: minimizing loss through proper impedance matching, managing phase relationships in the radiators, and
optimizing the physical structure for the available environmental footprint.

As we look toward the future of DIY antenna construction, the integration of computer-aided modeling (such as
EZNEC or 4NEC2) allows for even more precise tuning of these designs before a single wire is cut. By
understanding the mathematical underpinnings of resonance, velocity factors, and radiation resistance, the
technical writer and radio engineer can continue to push the boundaries of what is possible within the constraints of
a small backyard. The evolution from the simple long-wire to the sophisticated Hexbeam represents not just a
change in shape, but a significant advancement in the strategic application of RF physics.
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