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the impulse response is ha(t) = tesk'u(t) where u(t) is the unit step function. Sampling h,(t) with a sampling period T,, we have
For the sum 0.42 + 0.0042 + 0.000042 + 0.00000042 + 0.0000000042 + a = 0.42 and r = 0.01. So the infinite sum is a0.42 ------------------ = ------------------ = 0.42 = 42 = 14 --------1 r 1   0.01 0.99 99 33 , the three parameters are
Using the z-transform property nx(n) and the z-transform pair cunu(n) c4-t it follows that the z-transform of h(n) is
H2 =
- az-'
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		Note that 14/33 = 0.4242424242 . This repeating decimal is obviously the same as the infinite sum 0.42 + 0.0042 + 0.000042 + 0.00000042 + 0.0000000042 + .
( a ) What order FIR equiripple filter is required to satisfy these specifications  (b) Repeat part ( a ) for an elliptic filter. (c) Compare the complexity of the implementations for the equiripple and elliptic filters in terms of the number of coefficients that must be stored, the number of delays that are required, and the number of multiplications necessary to compute each output sample y ( n ) .
H3 =
(a) With a transition width of Aw = 0.027r. an estimate of the required filter order for an FIR equiripple filter is
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		OTHER SUMMATION FORMULAS Theorem A.7 Sum of the First n Positive Integers n n+1 + n = ------------------2 Note that the parameter n equals the number of terms in the sum. 1+2+3+ EXAMPLE A.8 Summing Positive Integers
Therefore, implementing this filter requires N = 254 delays. Since this filter has linear phase, exploiting the symmetry of the unit sample response, h(n) = h(254 - n) it follows that we must only provide storage for 128 filter coefficients, h(O), h(l), . . . , h(127). In addition, we may simplify the evaluation of y(n) as follows, y(n) = ) h(k)x(n - k) = ) h(k)[x(n - k)
Although the harmonic numbers increase without bound, it is not obvious how fast they increase. Table A.1 suggests that they increase very slowly. The fact is that the harmonic numbers increase logarithmin n! cally: H n = (lgn). This means that they increase at about the 0 1 same rate as logarithmic numbers. More precisely, it means that 1 1 both ratios H n/ lgn and lgn /H n are bounded.
+ x(n - 254 + k)] + h(127)x(n - 127)
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		The sum of the first 10 integers is 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9 + 10 = 10(10+1)/2 = 55.
Thus, 128 multiplications are required to compute each value of y(n). For a 10th-order elliptic filter,
2 3 4 5 6 7 8 9 2 6 24 120 720 5040 40,320 362,880
Therefore, it follows that 21 memory locations are required to store the coefficients a(k) and b(k), and 10 delays are required for a canonic implementation. In addition, we see that 21 multiplications are necessary to evaluate each value of y(n). However, since the zeros of H ( z ) lie on the unit circle, the coefficients b(k) are symmetric,
n n + 1 2n + 1 2 + n = ---------------------------------------6 The expression on the right appears to be a fraction. But it will always turn out to be an integer because it equals a sum of integers. 1 +2 +3 +
By exploiting this symmetry, we may eliminate five multiplications per output point and five memory locations.
STIRLING S FORMULA The factorial numbers frequently appear in the analysis of algorithms. They are defined by:
The input x a ( t ) and output ya(t) of a continuous-time filter with a rational system function are related by a linear constant coefficient differential equation of the form
2 2 2
Suppose that we sample x,(t) and ya(t),
n! =
and approximate a first derivative with the first backward difference,
The sum of the first six squares is 12 + 22 + 32 + 42 + 52 + 62 = 6(7)(13)/6 = 546/6 = 91.
Approximations to higher-order derivatives are then defined as follows,
k = 1 2 3 4
Applying these approximations to the differential equation gives the following approximation to the differential equation:
HARMONIC NUMBERS The harmonic series is the series of reciprocals:
,y=-
APPENDIX]
1 - z-'
1 2 3 4 5 6 7 8 9 10
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