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In addition to selecting a  lter from a certain family, it is also possible to select the order of the  lter; this is equal to the order of the differential equation that describes the input-output relationship of a given  lter In general, the higher the order, the faster the transition from pass-band to stop-band (at the cost of greater phase shifts and amplitude distortion, however) Although the frequency response of Figure 1519 pertains to a low-pass  lter, similar de nitions also apply to the other types of  lters Butterworth  lters are characterized by a maximally  at pass-band frequency response characteristic; their response is de ned by a magnitude-squared function of frequency: |H (j  )|2 =
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		breeding.) Thus, breeders need some index of the potential response to selection so that they can then get the greatest amount of selection with the lowest risk of inbreeding depression.
(1517)
where   = 1 for maximally  at response and n is the order of the  lter Figure 1520 depicts the frequency response (normalized to  C = 1) of  rst-, second-, third-, and fourth-order Butterworth low-pass  lters The Butterworth polynomials, given in Table 153 in factored form, permit the design of the  lter by specifying the denominator as a polynomial in s For s = j  , one obtains the frequency
Breeders often calculate a heritability estimate, a value that predicts to what extent their selection will be successful. Heritability is de ned in the following equation: H in which H YO Y YP heritability offspring yield mean yield of the population parental yield YO YP Y Y gain selection differential
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		Plant and animal breeders want to improve the yields of their crops to the greatest degree they can. They must choose the parents of the next generation on the basis of this generation s yields; thus, they are continually performing selection experiments. Breeders run into two economic problems. They cannot pick only the very best to be the next generation s parents because (1) they cannot afford to decrease the size of a crop by using only a very few select parents and (2) they must avoid inbreeding depression, which occurs when plants are self-fertilized or animals are bred with close relatives for many generations. After frequent inbreeding, too much homozygosity occurs, and many genes that are slightly or partially deleterious begin to show themselves, depressing vigor and yield. ( 19 presents more on in-
response of the  lter Examples 154 and 155 illustrate  lter design procedures that make use of these tables Figure 1521 depicts the normalized frequency response of  rst- to fourthorder low-pass Chebyshev  lters (n = 1 to 4), for   = 106 Note that a certain amount of ripple is allowed in the pass-band; the amplitude of the ripple is de ned by the parameter  , and is constant throughout the pass-band Thus, these  lters are also called equiripple  lters Cauer, or elliptical,  lters are similar to Chebyshev  lters, except for being characterized by equiripple both in the pass-band and in the stop-band Design tables exist to select the appropriate order of Butterworth, Chebyshev, or Cauer  lter for a speci c application
Three common con gurations of second-order active  lters, which can be used to implement second-order (or quadratic)  lter sections using a single op-
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