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The evolution of computational electromagnetics (CEM) has transformed antenna design from a labor-intensive
process of physical prototyping and iterative field testing into a precise digital discipline. At the heart of this
transformation for many radio amateurs and professional engineers is MMANA-GAL, a powerful, free-to-use
software suite based on the Method of Moments (MoM). Unlike many of its contemporaries, MMANA-GAL provides
a robust optimization engine that allows designers to refine physical dimensions automatically to meet specific
performance targets such as gain, front-to-back (F/B) ratio, and standing wave ratio (SWR).

The Theoretical Foundation of Antenna Modeling

To effectively utilize MMANA-GAL, one must first understand the Method of Moments (MoM). Originally developed
for solving complex integral equations in electromagnetics, MoM works by breaking down a wire antenna into small,
straight segments. Each segment is assumed to have a constant or varying current distribution. By applying
boundary conditions—specifically that the tangential electric field must be zero on the surface of a perfect conductor
—the software constructs a system of linear equations. Solving this matrix allows the program to determine the
current distribution across the entire antenna structure.

Once the current distribution is known, other critical parameters can be derived:

» Radiation Pattern: The spatial distribution of electromagnetic energy.

« Input Impedance (Z): Comprising resistance (R) and reactance (jX).

« Efficiency: The ratio of radiated power to total input power.

e Gain: The directed radiation intensity relative to an isotropic radiator (dBi) or a dipole (dBd).

The Role of Segmentation

In MMANA-GAL, the accuracy of the model is heavily dependent on segmentation. If segments are too large, the
software cannot accurately capture the current gradient, leading to errors in impedance and gain. Conversely,
excessively small segments increase computational load and can sometimes lead to numerical instability. A general
rule of thumb in antenna modeling is to ensure segments are no longer than 1/10th to 1/20th of a wavelength (;?a

Core Architecture of MMANA-GAL

MMANA-GAL is structured around four primary tabs, each representing a critical stage in the antenna design
workflow. Understanding the interconnectivity of these modules is essential for producing reliable data.

1.The Geometry Tab

This is the CAD-like spreadsheet where the physical structure is defined. Every wire is defined by its start and end
coordinates (X1, Y1, Z1) and (X2, Y2, Z2), along with its radius. MMANA-GAL supports up to 512 wires and 8,192
segments, offering significant flexibility for complex arrays like log-periodics or stacked Yagis.

2.The View Tab

The View tab provides a 3D visualization of the antenna. This is a crucial step for error checking. Designers
should look for "floating" wires (wires that should be connected but have a small gap in coordinates) or wires that



overlap incorrectly. The visualizer also displays the current distribution, which helps identify if the antenna is
resonating as expected.

3.The Calculate Tab

In this module, the user defines the frequency, the ground model (Free Space, Perfect, or Real Ground), and the
material of the wire (Copper, Aluminum, etc.). Clicking "Start" initiates the MoM solver. The results display the SWR
based on a defined characteristic impedance (usually 50 or 75 ohms), the gain, and the F/B ratio.

4.The Optimization Tab

The optimization engine is MMANA-GALs most powerful feature. It allows the user to set targets—for instance,
minimizing SWR while maximizing F/B ratio—and lets the software iteratively adjust wire lengths and positions until
the best possible compromise is found.

Comparative Analysis: MMANA-GAL vs. EZNEC vs. 4NEC2

Choosing the right tool depends on the specific needs of the project. Below is a comparison of the most popular
free or low-cost antenna modeling software packages.



Feature MMANA-GAL EZNEC (v. 6.0+) 4NEC2

Computational Engine MININEC (modified) NEC-2 / NEC-4 NEC-2 / NEC-4

Optimization Built-in, Highly Robust Limited in free version Built-in (Genetic algorithms)

Ease of Use High (Spreadsheet-based) Medium Lower (Steep learning
curve)

Ground Modeling Simplified MININEC style High Precision High Precision

(Sommerfeld)

Wire Capacity Up to 512 wires Varies by version Up to 11,000 segments

Step-by-Step Guide: Modeling a 3-Element 20m Yagi

To illustrate the practical application of MMANA-GAL, let us walk through the creation and optimization of a classic
3-element Yagi-Uda array for the 14 MHz band.

Step 1: Defining Initial Geometry

Enter the coordinates for the three elements: the Reflector, the Driven Element, and the Director. For a 20m Yagi,
the elements are roughly 10 meters long. We place them along the X-axis and space them along the Y-axis.

¢ Reflector: X1=-5.1, X2=5.1, Y=0, Z=10
¢ Driven Element: X1=-5.0, X2=5.0, Y=2.5, Z=10
¢ Director: X1=-4.8, X2=4.8, Y=5.0, Z=10

Step 2: Adding the Source

Go to the "Pulse" or "Source" column in the Geometry tab. For a center-fed Yagi, the source is placed at the center
of the Driven Element. In MMANA-GAL, this is usually denoted as "w2c™ (Wire 2, Center).

Step 3: The Initial Calculation

Set the frequency to 14.150 MHz. Choose "Real Ground" if you are modeling it at a specific height (e.g., 10
meters). Click "Start." You might find the initial SWR is 2.5:1 and the gain is 6.5 dBi. This is functional but not
optimal.

Step 4: Using the Optimization Engine

Click on the "Optimization" tab. Here, you must define the variables and the goals.

The "Type" Column in Optimization

The Type column is where you specify what the software is allowed to change. Common options include:

1. Element Length: The software adjusts the X2 and X1 coordinates symmetrically to change the length of
elements.

2. Element Spacing: The software adjusts the Y coordinates to move elements closer or further apart.

3. Element Height: Adjusting the Z coordinates (less common for Yagis, more for verticals).

Set the "Goal" weights. A common configuration is: SWR = 100%, Gain = 50%, F/B = 50%. This tells the software
that achieving a match (low SWR) is the priority, but it should try to maximize gain and F/B ratio simultaneously.



Technical Deep Dive: Optimization Variables and Algorithms

The "Type" column in MMANA-GAL provides a popup menu with various options to control physical dimensions.
When an engineer hits enter in this column, they can select specific wires and the nature of the change (e.g., all
elements change length, or only the parasitic elements move).

The mathematical approach used is often a gradient-based optimization. The software calculates the "slope" of the
performance metric (the Goal) relative to a change in a physical dimension. If increasing the length of the reflector
improves the F/B ratio, the software continues in that direction until the improvement plateaus.

Case Study: Vertical Antenna on 2 Meters

Research data shows that a 2m vertical Yagi with a single driven and one parasitic element can yield an initial SWR
of 2.27 and a forward gain of 6.25 dBi. By utilizing the optimization engine to specifically adjust the spacing
between the elements (the Y-coordinate), it is possible to drop the SWR to below 1.2:1 while maintaining a gain
above 6 dBi. This illustrates that spacing is often as critical as element length in impedance matching.

Advanced Challenges and Troubleshooting

Even with sophisticated software like MMANA-GAL, users often encounter technical hurdles that can lead to
"garbage in, garbage out" results. Understanding these failure modes is key to professional-grade modeling.

1.The Proximity Issue (MININEC Limitation)

MMANA-GAL uses a modified MININEC engine. One known limitation of MININEC is how it handles wires very
close to the ground or wires of different diameters meeting at an angle. If you model a ground-plane antenna with
radials very close to the earth, MININEC may underreport the ground losses, leading to an overoptimistic gain
figure. In such cases, modeling at a greater height or using a more advanced ground model is necessary.

2. Convergence Testing

To ensure your results are mathematically sound, perform a convergence test. This involves increasing the
number of segments (densifying the mesh) and re-running the calculation. If the SWR and Gain values change
significantly as you add segments, your initial model was under-segmented. The results are considered
"converged" when adding more segments no longer changes the outcome.

3. Source Placement in Tapered Elements

When modeling real-world aluminum tubing, elements are often tapered (thicker in the middle, thinner at the ends).
MMANA-GAL has a specific utility for "Wire Tapering Alignment." If you fail to account for the change in diameter,
the calculated resonant frequency will be higher than the actual physical antenna's performance.

Practical Field Implementation

Once the digital model is optimized, the transition to physical construction requires precision. The following
checklist ensures the model translates to reality:

¢ Velocity Factor: Remember that the software assumes a certain velocity factor for the conductor. For bare
copper, it is close to 1.0, but insulated wire requires a correction factor (usually 0.95-0.98).

* Boom Effects: MMANA-GAL models wires in free space. If you mount elements directly to a metal boom, the
boom itself acts as a conductor and effectively lengthens the elements. You must apply a "Boom Correction" to the
physical lengths.



¢ Environment: Modeling usually assumes a clear field. Nearby trees, power lines, or buildings will detune the
antenna. Always build the antenna slightly long so it can be trimmed to resonance in the field.

The Broader Impact of Computational Antenna Design

The ability to simulate complex electromagnetic interactions on a standard personal computer has democratized
antenna engineering. No longer restricted to multi-million dollar laboratories, high-performance antenna design is
now accessible to students, hobbyists, and independent researchers. MMANA-GAL, despite being free, remains a
gold standard for this community because it balances an intuitive interface with a powerful, transparent calculation
engine.

As we look toward higher frequency bands and more complex modulation schemes, the role of modeling becomes
even more vital. Techniques like Multi-Objective Optimization, where the software balances competing electrical
requirements across a wide bandwidth, allow for the development of antennas that were previously impossible to
design by hand. Whether you are optimizing a simple dipole for a backyard station or a complex multi-element array
for satellite communications, the principles of geometry definition, segment analysis, and iterative optimization
remain the foundation of modern RF success.

By mastering the tools provided by MMANA-GAL, designers gain a deeper intuition for the behavior of
electromagnetic waves. They learn that a fraction of a millimeter in element length or a slight shift in spacing can be
the difference between a mediocre signal and a world-class communication link. In the digital age, the most
effective antenna is one that has been perfected in the virtual realm long before the first piece of wire is cut.
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