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Understanding the directivity of antenna arrays is fundamental in antenna
theory and design. In particular, analyzing a uniform broadside linear array
composed of isotropic elements offers valuable insights into how antenna
arrays focus energy in specific directions, thereby enhancing communication
efficiency and signal quality. This article delves into the approximate
calculation of the directivity for such an array, exploring the underlying
principles, mathematical formulations, and practical considerations involved.

Introduction to Antenna Array Directivity

Directivity is a key parameter in antenna theory, representing the ability of
an antenna to focus energy in a particular direction compared to an isotropic
radiator that radiates equally in all directions. A higher directivity
indicates a more focused beam, which is desirable in many applications such
as radar, satellite communication, and wireless networks.

Key Points About Directivity:

- It is a measure of directional gain relative to an isotropic source.
- It influences the antenna's ability to transmit or receive signals
efficiently in a specific direction.
- It is dimensionless and often expressed in decibels (dBi).

In array antennas, directivity depends on the array's configuration, element
spacing, excitation phase, and number of elements. A uniform broadside array,
where elements are equally spaced and excited in phase, produces a beam
perpendicular to the array axis.

Understanding Uniform Broadside Linear Arrays

A uniform broadside linear array consists of multiple identical isotropic
elements aligned along a straight line with uniform spacing. Its main
features include:

- Element Arrangement: Equally spaced along a linear axis.
- Excitation: In-phase excitation of all elements (broadside radiation).



- Radiation Pattern: Main lobe perpendicular to the array axis with side
lobes depending on array parameters.

Advantages of Broadside Arrays:

- Simple to analyze and implement.
- Produce narrow beams in the broadside direction.
- Suitable for applications requiring high directivity.

Parameter Definitions:

- Number of elements, \( N = 10 \).
- Element spacing, typically \( d \), often taken as half the wavelength (\(
\lambda/2 \)) for maximum directivity.
- Element pattern: Isotropic, meaning each element radiates equally in all
directions.

Calculating Approximate Directivity of the
Array

The directivity of a uniform linear array can be approximated using array
factor techniques, considering the number of elements and their arrangement.
For a broadside array of isotropic elements, the directivity primarily
depends on the array factor, which describes the interference pattern created
by the elements.

Step 1: Understanding the Array Factor

The array factor (AF) for a uniform linear array with \( N \) elements and
element spacing \( d \) is given by:

\[
AF(\theta) = \frac{\sin\left( \frac{N}{2}kd \cos \theta \right)}{N \sin
\left( \frac{1}{2}kd \cos \theta \right)}
\]

where:

- \( \theta \) is the angle from the array axis.
- \( k = \frac{2\pi}{\lambda} \) is the wave number.
- For broadside radiation, the main lobe is at \( \theta = 90^\circ \).

Step 2: Approximate Directivity Formula

For large \( N \), the directivity of a broadside array of isotropic elements
can be approximated by:

\[



D \approx N
\]

This is a simplified approximation assuming ideal conditions and maximum
directivity in the broadside direction.

Step 3: Adjustments for Element Spacing

The maximum directivity is affected by element spacing \( d \). When \( d =
\lambda/2 \), the array's directivity reaches its maximum, and the
approximate directivity becomes:

\[
D \approx 2N
\]

This is because halving the element spacing tends to produce a narrower main
lobe and increased directivity.

Step 4: Final Approximate Calculation

Given:

- \( N = 10 \),
- Spacing \( d = \lambda/2 \),

The approximate directivity in linear scale is:

\[
D \approx 2 \times 10 = 20
\]

Expressed in decibels:

\[
D_{dBi} = 10 \log_{10} D \approx 10 \log_{10} 20 \approx 13\, \text{dBi}
\]

Summary of the Approximate Directivity:

| Parameter | Value | Notes |
|------------|--------|--------|
| Number of elements \( N \) | 10 | Main determinant |
| Element spacing \( d \) | \( \lambda/2 \) | Ideal for maximum directivity |
| Approximate directivity \( D \) | 20 (linear) | Corresponds to ≈ 13 dBi |

Practical Considerations and Limitations

While the theoretical calculations provide a good estimate, practical factors



can influence the actual directivity:

- Element pattern: Real elements are not isotropic; their directivity
patterns affect the array's overall directivity.
- Element spacing: Deviations from ideal spacing can cause grating lobes or
pattern distortions.
- Excitation phase: In-phase excitation produces broadside radiation; phase
shifts can steer the beam.
- Mutual coupling: Interaction between elements can alter the array's
radiation pattern.
- Array imperfections: Manufacturing tolerances impact performance.

Additional Factors to Optimize Directivity:

- Using tapered amplitude distributions to reduce side lobes.
- Employing beam-steering techniques for dynamic directionality.
- Implementing advanced array synthesis methods for pattern shaping.

Applications of High-Directivity Broadside
Arrays

High-directivity arrays like the one discussed are crucial in various fields:

- Radar systems: Precise target detection and tracking.
- Satellite communications: Focused beam for long-distance links.
- Wireless communication: Enhancing signal strength and reducing
interference.
- Radio astronomy: Narrow beams for observing distant celestial objects.

Advantages in these applications include:

- Improved signal-to-noise ratio.
- Reduced interference from unwanted directions.
- Increased communication range and reliability.

Conclusion

In summary, for a uniform broadside linear array of 10 isotropic elements
with element spacing optimized at half the wavelength, the approximate
directivity can be estimated as around 20 (linear scale), or approximately 13
dBi. This approximation stems from fundamental array theory principles,
considering the number of elements and their configuration. While practical
factors may slightly alter actual performance, understanding these
theoretical bounds is essential for antenna design and optimization. Such
arrays find widespread application across radar, satellite, and wireless
communication systems, where high directivity enhances performance and



operational effectiveness.

---
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Frequently Asked Questions

What is the significance of calculating the
directivity of a uniform broadside linear array of
10 isotropic elements?
Calculating the directivity helps determine the array's ability to focus
energy in a particular direction, which is essential for designing efficient
antennas with desired radiation patterns.

How is the approximate directivity of a uniform
broadside linear array of N isotropic elements
generally estimated?
The approximate directivity can be estimated using the formula D ≈ 2N, where
N is the number of elements in the array, assuming ideal conditions and
uniform element excitation.

What is the approximate directivity for a 10-element
uniform broadside linear array of isotropic sources?
Using the approximation D ≈ 2N, the directivity is approximately 20 (or 20
dBi) for a 10-element array.

Does the element spacing affect the directivity of a
broadside linear array?
Yes, the element spacing influences the array's radiation pattern and



directivity; optimal spacing (usually half-wavelength) helps achieve maximum
directivity and minimize grating lobes.

What assumptions are made when calculating the
approximate directivity of such an array?
The approximation assumes all elements are isotropic, uniformly excited with
equal amplitude and phase, and that the array operates under ideal conditions
with no mutual coupling effects.

Can the approximate directivity be refined beyond
the simple formula for a practical array?
Yes, more precise calculations involve detailed array factor analysis,
element patterns, and mutual coupling effects, often requiring numerical
methods or simulation tools.

Why is the broadside array configuration preferred
for certain applications?
Broadside arrays produce maximum radiation perpendicular to the array axis,
making them suitable for applications requiring directional coverage in a
specific plane.

How does increasing the number of elements in the
array influence its directivity?
Increasing the number of elements generally increases the directivity, making
the array more directional and focused in its radiation pattern.

What is the practical importance of knowing the
approximate directivity of an array like this?
Knowing the approximate directivity helps in designing antennas for targeted
communication, radar, or broadcasting applications, ensuring optimal
performance and coverage.

Additional Resources
For a Uniform Broadside Linear Array of 10 Isotropic Elements, Determine the
Approximate Directivity is a classic problem in antenna theory that
exemplifies how array configuration influences radiation characteristics.
Understanding the directivity of such an array is essential for designing
efficient communication systems, radar, and other wireless applications. In
this guide, we'll explore the concepts, mathematical foundations, and
approximate methods to determine the directivity of a uniform broadside



linear array comprising ten isotropic elements.

---

Introduction to Array Directivity

In antenna theory, directivity measures how concentrated an antenna's
radiation pattern is in a particular direction compared to an isotropic
radiator that radiates equally in all directions. For arrays—groups of
multiple radiating elements arranged in specific geometries—directivity
depends on the number of elements, their spacing, excitation, and overall
configuration.

A broadside array is designed so that the maximum radiation occurs
perpendicular to the array axis, providing a highly directional beam in the
broadside direction. When the elements are isotropic (ideal point sources
radiating equally in all directions), the array's directivity can be
predicted with analytical approximations, which are invaluable for initial
design and analysis.

---

Array Configuration: Uniform Broadside Linear Array

Let's define the specific parameters of our problem:

- Number of elements, \( N = 10 \)
- Element type: Isotropic radiators
- Array configuration: Uniform linear array
- Spacing between elements, \( d \): Typically chosen as \( d =
\frac{\lambda}{2} \), where \( \lambda \) is the wavelength, to avoid grating
lobes
- Excitation: Uniform amplitude and phase (broadside configuration)

This configuration produces a radiation pattern with a main lobe directed
perpendicular to the array, with sidelobes determined by the number of
elements and their arrangement.

---

Theoretical Foundations

Array Factor and Total Pattern

The total radiation pattern \( F(\theta) \) of a linear array is the product
of the element pattern \( f(\theta) \) and the array factor \( AF(\theta) \):

\[
F(\theta) = f(\theta) \times AF(\theta)
\]



For isotropic elements, \( f(\theta) = 1 \), simplifying the problem to
analyzing the array factor:

\[
AF(\theta) = \sum_{n=0}^{N-1} a_n e^{j n k d \cos\theta}
\]

where:

- \( a_n \) = excitation coefficient for the \( n^{th} \) element (equal for
uniform excitation)
- \( k = \frac{2\pi}{\lambda} \) = wave number
- \( d \) = element spacing
- \( \theta \) = angle from the normal of the array

Array Factor for Uniform Broadside Array

In the case of uniform amplitude and phase excitation:

\[
AF(\theta) = \sum_{n=0}^{N-1} e^{j n \beta d \cos\theta}
\]

with:

\[
\beta = k = \frac{2\pi}{\lambda}
\]

and the phase shift between elements:

\[
\Delta = \beta d \cos\theta
\]

The sum is a geometric series, leading to:

\[
AF(\theta) = \frac{\sin \left( \frac{N}{2} \psi \right)}{\sin \left(
\frac{1}{2} \psi \right )}
\]

where:

\[
\psi = \beta d \cos\theta
\]

This function describes the angular distribution of the array's radiation.

---



Approximate Calculation of Directivity

Key Concept: Main Lobe and Beamwidth

The array's directivity is related to its main lobe's shape, especially the
beamwidth. A narrower main lobe indicates higher directivity. For a broadside
array with uniform excitation, the main lobe occurs at \( \theta = 90^\circ
\).

Peak of the Array Factor

At \( \theta = 90^\circ \), the array factor simplifies:

\[
AF(90^\circ) = N
\]

since the phase shift \( \psi \) becomes zero, and all elements radiate in
phase.

Approximate Directivity Formula

A widely used approximate formula for the directivity of a uniform linear
array with \( N \) isotropic elements spaced at \( d = \frac{\lambda}{2} \)
is:

\[
D \approx N
\]

meaning the directivity roughly equals the number of elements, especially for
large \( N \).

However, to incorporate the effect of the array's shape and sidelobes, a more
refined approximation is:

\[
D \approx 2N
\]

which accounts for the fact that the array's main lobe is concentrated over a
narrower angular width, thus increasing the directivity.

Applying to Our Case: N = 10

Given the above approximations:

- Basic estimate:

\[
D \approx N = 10



\]

- Refined estimate:

\[
D \approx 2N = 20
\]

This indicates that the approximate directivity of a 10-element uniform
broadside array of isotropic elements is somewhere around 10 to 20. The exact
value depends on the specific element spacing and whether the array is
tapered or uniform.

---

More Precise Approximation: Using the Array Directivity Formula

For a broadside array with uniform excitation and element spacing \( d =
\frac{\lambda}{2} \), an analytical approximation for directivity is:

\[
D \approx N \times \frac{4}{\pi} \times \frac{1}{\text{Beamwidth in radians}}
\]

The beamwidth (half-power beamwidth, HPBW) for a broadside array:

\[
HPBW \approx \frac{2\pi}{N}
\]

Thus,

\[
D \approx N \times \frac{4}{\pi} \times \frac{1}{2\pi / N} = N \times
\frac{4}{\pi} \times \frac{N}{2\pi} = \frac{2 N^2}{\pi^2}
\]

Plugging in \( N = 10 \):

\[
D \approx \frac{2 \times 10^2}{\pi^2} \approx \frac{200}{9.8696} \approx
20.26
\]

This aligns closely with the earlier refined estimate, suggesting that the
approximate directivity is around 20 for a 10-element array.

---

Practical Considerations and Limitations



While the above calculations provide a solid estimate, real-world factors can
influence the actual directivity:

- Element spacing: Deviations from \( \lambda/2 \) can cause grating lobes,
affecting directivity.
- Element pattern: Actual elements are not isotropic; their pattern modifies
the total directivity.
- Tapering: Non-uniform excitation (windowing) reduces sidelobes but also
lowers directivity.
- Array imperfections: Manufacturing tolerances and phase errors can diminish
performance.

Therefore, these estimates serve as initial guides, and detailed numerical
simulations or measurements are recommended for precise design.

---

Summary

- A uniform broadside linear array of 10 isotropic elements has an
approximate directivity of about 20.
- The key factors influencing directivity include the number of elements,
their spacing, and excitation uniformity.
- Approximate formulas, such as \( D \approx 2N \) or \( D \approx \frac{2
N^2}{\pi^2} \), provide quick estimates.
- For \( N=10 \), these methods consistently suggest a directivity near 20.

---

Final Remarks

Designing high-directivity antennas involves balancing array size, element
spacing, and excitation. While the approximation techniques discussed here
are useful for initial analysis, detailed electromagnetic simulations (using
software like NEC, CST, or HFSS) are essential for accurate predictions and
practical implementation. Understanding the fundamental relationships between
array parameters and directivity empowers engineers to optimize antenna
systems for diverse applications, from radar to wireless communication
networks.

---

In conclusion, knowing how to estimate the approximate directivity of a
uniform broadside linear array of 10 isotropic elements provides a
foundational step toward more advanced antenna array design. With a
directivity around 20, such arrays can effectively focus radiated energy,
enhancing system performance while maintaining manageable complexity.
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