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ABSTRACT

This thesis presents some new rational function approximations
for filters in which magnitude and transient response or magnitude
and group delay response are simultasneously specified. The neu
approximations possess superior characteristics and/or specific
advantages over the existing ones, and may be categorized as (i)
transitional Butterworth-Chebyshev approximationss (ii) minimum phase
approximations with flat delay in the passband and equiripple magni-
tude in the pass- and stop~ bandsy (iii) bandpass approximations with
arithmetically symmetrical magnitudé and delay characteristics. Also
presented in the thesis is a simple method for obtaining the para-
meters of a few important approximations of the transitional

Butterworth-~inverse Chabyshevltype.

The transitional Butterworth-Chebyshev approximations .serve
‘to achieve, simultaneously, a steeper cutoff than in a Butterworth
and a smaller transisnt response overshoot than in a Chebyshev.
Based on the observation that the essential difference Eetween
these two approximations lies in the number of points of flatness
of the magnitude characteristic, a new class of transitional
Butterworth-Chrbyshev approximations is derived. These are almost
as simple as the Chebyshev approximations and their poles, as shouwn ’
in this thesis, can be expressed in closed forms consequently neither

their Formulation_nor pole evaluation requires the aid of a computer
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as is the case with the earlier varieties. The new épproximations
are characterized by the maximum possible cutoff. slope and  an

equiripple passband magnitude.

Maximally flat dslay all pole filters which ars defived from
a truncatzd continued fraction of coth s can be made to have a
single ripple in the passband magnitude by a suitable choice of the
last coefficient of the approximant of coth s. This.increaSGS
selectivity and reduces the degree of flatness by 2. Further, given
the denominator polynomial of a transfer Function,Athé numerator
which results in an équiripple stopband magnitude can be obtained
numerically using a certain frequency transformation. Combining
these two known technigues and using the Newton-Raphson method,
minimum phase fransfer functions which possess (1) a flat dalay
. characteristic, and (2) a magnitude characteristic with a single
ripple in the passband, and the maximum possible number of equal
ripples in the stopband, are derived. These functions possess
enhanced selectivity and require, for givaen magnitude and delay
specifications, a lower order than the known minimum phase appro-

ximations.

Based on th2 mirror image symmetry observed batween the
characteristics of thz Matthaei and convantional bandpass filters,
it is shown that the two filters can be combined to obtain bandpass
filters with very good arithmetic symmetry of magnituds as well as

delay. This technique is simple and straightforward and, unlike
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the earlier ones, involves neither numerical approximations nor

spurious passbands.

The thesis =also presents a simple semi~analytical method for
obtaining the parameters of the transitional Butterworth-inverse
Chebysheve type af filters with only one or two pairs of trans-
mission zeross such filters possess delay and magnitude characte-
ristics comparable to those of the inverse Chebyshev without being

as complex and are therefore attractive alternatives to the latter.
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