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The output power, as shown by Applebaum*

p = ly(nT)1 2 = yyT.
The asterisk represents the complex conjugate . If Eqs. (A3) and (A4) are used,

P =aTxxTa* .

	

(A5)

Expected Output Power-The expected output power is found by taking the ex-
pected value of Eq . (A5) :

F=E {aTxxTa* = aTxxTa* .

if

then

M = xx4,

P = aTMa* ,

where M, the covariance matrix of the input, can be derived from the Fourier transform
of the normalized input power density spectrum . The normalization is such that

lx(t)1 2dt = 1

pc (f)df =1,

where p,(f) = IX(f)1 2 and X(f) is the Fourier transform of x(t) .

Power Transfer Function-The power transfer function is usually found by taking
the ratio of the output power to the input power as a function of the frequency of the
input. With the normalization described above, the power of a single-frequency input is
unity, and it is only necessary to compute the power at the output as a function of
frequency. Also, since the filter characteristic repeats at multiples of the sampling fre-
quency (1/T), it is only necessary to compute the output power for frequencies between
zero and 1/T. Consider an input :

x(t) = cos (27rfxt + 0) .

	

(A7)

*S . P . Applebaum, "Adaptive Arrays," Syracuse University Research Corp . SPL-769, June 1964 .
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(A6)
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L k

5(t - kT) cos (21rfo t + O)

	

S(t -T - iT) cos (27rfo (t -T) + ¢) dt .
k =0

	

i=0

The integral is zero except when t - kT = 0 and t - T - iT = 0 or r = (k - i)T . Therefore
the (i, k) term of the covariance matrix is

mi,k = cos (27rfokT + 0) cos (21rfoff + 0),

	

(A9)

where i = 0, 1, . . ., N and k = 0, 1, . . ., N. To normalize M, it is necessary for

x(t)2dt =

	

x2(t)dt = 1

When r = 0, Eq. (A8) becomes

i(0) =
J

x 2 (t)dt .

But r = 0 implies k = i in Eq . (A9), and therefore M is normalized if

4)(0) = mii = cos 2 (27rfoiT + 0) = 1 .

Since phase 0 is arbitrary it is chosen to be 0 = -27rfoiT . Then M is normalized and mi k
becomes

mik = cos 27rfo (k - i)T .

	

(A10)

In summary, the power transfer function of a transversal filter can be derived by
using Eq. (A6) with a real input from Eq . (A7), which results in a covariance matrix de-
fined by Eq. (A10) .

Complex Filter Weights-For most applications of digital filters, it is desirable for the .
spectrum being filtered to be at "baseband ."; that is, the bandwidth should span a region

G. A. ANDREWS, JR .

If N is the number of delay lines (or memory elements) in the transversal filter and T is
the time interval between samples, NT is the total processing time of the filter . N + 1
samples are taken during this time . When sampled at t = iT, Eq. (A7) becomes

N
x(t) _

	

5(t - iT) cos (21rfo t + 0) .
i=0

The covariance of this input is found by

qi(T) =

	

x(t)x(t - r)dt

	

(A8)
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