EE 511 Solutions to Problem Set 7

L (1) Sg(f) = H(f)|*Sx(f) where H(f) = —jsgn(f). Therefore, S¢(f) = Sx(f).
(ii) Suppose h(7) is the impulse response of the Hilbert transformer, —h(7) = h(—7)
is the impulse response of the inverse Hilbert transformer. Therefore, we have

Rxx (1) = Rx(7) x h(7)

and
Ry (1) = Rg(7) * (—h(7)) = Rx(7) x (=h(7)) = =Rz x(7),

where x denotes convolution. From the above result, we have
SXX(f) = _SXX(f)~

(i) E[ X, X;] = Ry ¢ (0) and E[X,X;] = R¢(0). Therefore, we have E[X,X,] = 0.
(iv)
Rz(1) = E[(Xir + th-i-T)(Xt - th)]
Rx(7) = jRxx(7) + jR5x(7) + Ry (7)
= 2Rx( ) + QJRXX<T>

Therefore
Sz(f) = 2Sx(f) +2jS%x(f)
= 2Sx(f)+2iSx(f)[—gsgn(f)]
= 25y( f)([l + sgn(f)]

:{ Sx(f) f>0
0 else

2. See Figure 1. Re[Sxixa(f)] = 0.
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Figure 1:

3. See Figure 2. Re[Sxixa(f)] = 0.



S lrr[lexq M
1 1
-3 -1 0 1 3 f - -1 1 3
-1

Figure 2:

Ryi(1) = E[(Nypr cos2nfo(t +7) 4+ Nipr sin 27 fo(t 4 7)) (Ny cos 2 fot + Ny sin 27 f.t)]
= Rn(7)cos2nf.(t +7)cos2nmfit + Ry (7) cos 2 fo(t + 7) sin 27 f .t
+ Ry (7)sin2n fo(t + 1) cos 2w fot + Ry (7) sin2n f(t 4+ 7) sin 27 f .

Since Ry (7) = Rn(7) and Ry (7) = —Ryx(7T), we get

Ryi(7) = Ry (7) cos 27 for + Ry (1) sin 27 for = Ry (7) cos 2 for + Ry (7) sin 27 for

Similarly, we have

Ryo(1) = E[(Nitr cos 2 fo(t 4+ 7) — Nyppy sin 27 fo(t 4 7)) (N; cos 2 fot — Ny sin 27 ft)]
= Ry(7)cos2nfe(t +7)cos2nfit — Ryn(T)cos2nmfo(t + 7)sin 27 f.t
—Ryx(7)sin 2w fo(t + 7) cos 2n fot + Ry (7) sin 2m fo(t + 7) sin 27 fo.t
Ry(7) cos2m foT + Ry (7) sin 2m for
Ry (7) cos 27 for + Ry (7) sin 27 fr

Ryinae(T) = E[(Nypr cos 27 fo(t +7) 4+ Nipy sin 2 fo(t + 7)) (N; cos 27 fot — Ny sin 27 fot)]
= Ryx(7)cos2nfe(t + 7)cos2n fit — Ry (7) cos 2m fo(t + 7) sin 27 f.t
(T)sin2n fo(t 4+ 7) cos 2 fot — Ry n (7) sin 27 fo(t + 7) sin 27 f.t
(1) sin 27 for — Ry n(7) cos2m for

) A
(7)

+R
= Ry(7)sin2nf.r — Ry(7) cos 2 for

Ryani(T) = Ryina(—7) = —Ry(—7)sin2nf.r — Rgn(—7) cos2n for
= —Rn(7)sin2nf.m + Ry (7) cos2m fo1 = —Ry1ye(—T)



5. Ny = W;cos (2nft +©) — Wysin (27 f.t + O).

RN<T)

E[(Wircos 2nf(t+7) 4+ 0) — Wy, sin 2nf.(t +7) + O))
(Wycos (2 fet + ©) — Wysin (2m f.t + O))]
Ry (7)E[cos (2 f.(t + 7) + ©) cos (27 fot + O)]
—Rw (7)E[cos 2nf(t + 7) + ©) sin (27 f.t + O)]
—Rw (7)E[sin (27 f.(t + 7) + O) cos (27 f.t + O)]
—|—RW(7') [sin (27 fo(t + 7) 4+ ©) sin (27 fot + O)]

E ; cos 2#?07' — Ry (7)E[sin (27 f.(2t + 7) 4+ 20)]
T)cos 2T f.T

Sw(F) = 3 [SwlF = f + Sw(f + £

S O

6. (a) Sxe(f) =
(b

C

b
(c) Sxe(f) =

See Figure 6c¢.
See Figure 6c.

)
)
()
7. (a) See Figure 4.
(b) See Figure 4.
)

Sx1(f) and Sxex:(f) = =Sxixa(f).

Sxi1(f) and Sxex:(f) = —Sxixa(f).
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Figure 4:



