EE 511 Problem Set 7
Due on 16 Nov 2007
1. Let X; be the Hilbert transform of the W.S.S. random process X;. Show that (i) S¢(f) =
Sx(f), (i) Sy (f) = =S¢ (f), (iii) E[X:X;] = 0, and (iv) for Z; = X; + jX;, determine
Sz(f) in terms of Sx(f).

2. The power spectrum of a W.S.S. band-pass random process X; is as shown in Figure 1. Sketch
Sxr(f), Sxa(f) and Sxryxe(f) assuming 5 MHz to be the carrier frequency.
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Figure 1:

3. Repeat problem 2 assuming 4 MHz to be the carrier frequency.

4. A narrow-band noise process N; has zero-mean and auto-correlation function Ry(7). Its
power spectral density Sy (f) is centered about +f.. The in-phase and quadrature compo-
nents NtI and NtQ are defined by NtI = Nicos2nmfet + N, sin 27 f.t and NtQ = N; cos 27 fot —

N; sin 2 fot. Show that Ryr(7) = Ryo(7) = Ry (7) cos 27 for+ Ry (1) sin 27 for and Ry yo (1) =
—Ryoni(7) = Ry(7)sin 27 for — Ry (7) cos 2m for, where Ry (7) is the Hilbert transform of
Ry (7).

5. A pair of noise processes N; and W; are related by N; = W cos (27 f.t + O)—W; sin (27 f.t + O),
where f, is a constant and © is a uniform random variable in the interval [0, 27]. The noise
process W, is stationary and its power spectral density is as shown in Figure 2. Find and plot
the power spectral density of Ny, Sy (f).

Figure 2:

6. A W. S. S. band-pass random process X; is generated from two W. S. S. low-pass random
processes X/ and XtQ as follows: X; = X} cos2mfot — XtQ sin 27 fot. Sx1(f) and Sxrxa(f)
are as shown in Figure 3. (a) Sketch Syo(f) and Syex1(f). (b) Determine and sketch Sx (f)



assuming f. = 10M Hz. (c) Determine and sketch S¢(f), the power spectral density of the
complex baseband equivalent process given by X/ + thQ .
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7. The power spectral density of a wide-sense stationary band-pass random process X; is as
shown in Figure 4.
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Figure 4:

(a) Assuming that the carrier frequency is 11 MHz, sketch Sy (f), the power spectral density
of the in-phase component of the band-pass process, and mark the important details.

(b) Assuming that the carrier frequency is 11 MHz, sketch Sy xq(f), the cross power spectral
density of the in-phase and quadrature components of the band-pass process, and mark the

important details.
(c) How are Syq(f) and Sy xr(f) related to Sx:(f) and Sxrxe(f)?



