L ecture-7/

6.3.8 Dolph—Chebyshev array:

Dolph proposed (in 1946) a method to design arrays with any desired sidelobe levels and any HPBWS.
This method is based on the approximation of the pattern of the array by a Chebyshev polynomial of
order m, high enough to meet the requirement for the side-lobe levels.

Chebyshev Polynomials: The Chebyshev polynomia of order mis defined by
(-y)m cosh(m- cos‘l(|z|)), z<-1
To(2)= cos(m~ cos’l(z))—ls z<1, (6.53)

cosh (m : cos‘l(z)), z>1

A Chebyshev polynomia T(2) of any order m can be derived from arecursion formula, provided Tp,1(2)
and T,,2(2) are known, in the following way:

To(2)=22T,4(2) - Trn(2) (6.54)

From the above equation we can express the Chebyshev polynomials as:

(6.55)

m=4,T,(z)=82" -82° +1
m=5,T;(z)=162° - 20z° + 5z

The array factor expressed in (6.46) and (6.47) is the summation of cosine terms and the largest
harmonics of the cosine terms is one less than the total number of elementsin the array. Each cosine term
having an argument which is the interger multiple of the fundamental frequency can be expressed as a
series of cosine functions with the fundamental frequency as the argument. i.e.

m=0 cos(mu)=1

m=1 cos(mu)=cosu (6.56)
m=2 cos(mu)= cos 2u= 2cos2u-1

m=3 cos(mu)=cos 3u= 4cos3u — 3cos u

If the -1 < z < 1, the Chebyshev polynomials are related to the cosine functions. So by comparing
equation (6.55) and (6.56) we see that the Chebyshev argument z is related to cosine argument u by

Z=Cosu=>Uu=cos 'z

e.g. cos(2u) can be expressed as



005(2 cos™

! z): 2[005(005‘1 z)]2 ~1=272* -1=T,(2)

Similarly:

m=0,cog(mu)=Ty(z)=1
m=1,cos(mu)= cos(u)=T,(z)=z

m=2,cos(mu

m= 4, cos(mu

)
m= 3, cos(mu)
)
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cos(2u)=T,(z)=22% -1
cog(3u)=T,(2)=4
cos(4u)=T,(z)=82" —-82% +1
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m=5,cos(mu)= cos(5u)=Ts(z) =162° — 20z° + 5z

Properties of the Chebyshev polynomials:
1) All polynomials of any order m pass through the point (1, 1).
2) Withintherange -1< z< 1, the polynomials have values within [-1, 1].
3) All nullsoccur within-1< z< 1.

4) The maximaand minimainthe ze [—ZL 1] range have values +1 and -1, respectively.

5) The higher the order of the polynomial, the steeper the slope for |4 >1.
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Fig. 6.18 Plot of Chebyshev polynomials
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