Antenna – Trigonometrical Integrals

Examples of useful integrals to assay the metal at “A” level
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1st integral: 
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2nd integral:
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The above integrals arise in the calculations associated with the determination of the Directivity of a circular micro-strip patch antenna, excited to support its fundamental mode.  K and N are integers.  The concept of Directivity is important since it is related to the antenna gain (Directivity minus Losses = Gain), which is a measurable quantity and reflects the ability of the antenna to concentrate radiated energy in a specific direction.

The above integrals may be viewed as polynomials and integrated term by term for small values of the integers K and N to obtain tentative results.  Thereafter one might proceed to the general case of proof by induction.

My own investigations led me to the results:
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= (-1)K (/2

   


CKN
= (-1)K+N (/2,  K ( N

= 0, K < N

It is also useful to verify the results using a simple numerical integration routine in, for example, an excel spreadsheet.

(JDMahony 28Mar03)

More examples of useful integrals for A Level students

The following two integrals arise in the course of establishing an expression for the directivity of a uniformly illuminated circular aperture in an infinite ground plane.  The concept of directivity is important to antenna engineers; it is a measure of the ability of the antenna aperture to concentrate energy in a specific direction.  The integrals below arise at the end of a convoluted integration process involving Bessel functions.  They are a small but necessary part of a much bigger picture.

Q1.

Given
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DK =
( sin [(2K+1) t] ( sin(t). dt
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Form the expression (DK+1 – DK) and show that it is zero, whence establish the result

DK = DK-1= … = D0 = (/2.

Q2.

Given             


(/2

BK =
( [1-cos(2Kt)] ( sin2(t). dt


0

Show that (BK+1 - BK) = 2 DK = (.  Establish the result B1 = ( and hence show that

 BK = K(  
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