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Problem #1
1.
Sull) = |HPIE * Saull) = NpA2 * i/ 2w)
wit) = uft)sing wfpt)
Ryft+r t) = Efvfitg) )]
= Efufi+g u(t) sinf2afy (t+o) sinfZafpt)]
= 0.5 Efuft+1 uft) feos2xfo ) —cosfdmfpit2afy o))
=03 Ryt cos2afyt) — 05 Ryft) cosfdafpttiafor)
#+Tn
% }I:Rv(.ﬁ +r,idE = Builricos(2e®* fo*r)

S =5u(f * [0S fy) + 055 fy)]
= 0.5 Sy Jo) 0.5 Su(FH )
= Npd%/8 * m{(- fo) / 2w) + NpAYS * g+ ) / 2w)
Swlf) = [HPIE * 5.0
= NS * i/ 2w) ¥ m(E )/ 2w) + NpAYS * ity 2w) * w1 S 2w)

Problem #2

2.

VD =M@ * [12] Y -7 - 12) * A+ )T
= 1727 ¥ MY — 11 ) - 12) * MY+ 1)

Since fi == W the Fourier Transform of the corresponding analytic sighal

Z() = 14 *M{f- 1)
zft) = 14 *mft) e 2] i)
wit) = 14 *mft) e"G*2m fi- f)t)
=mt) sin (27 f1- fo)t) —jmtcos(2m j1- fo JO)
Hence

eft) =m®) sin (271 Jo )9
() = -m(t) cos (2 fi- Jo)t)

Note: It iz irrelevant whether fy == Wor that | fi - fo| is simall relative to f;
aid fo

iy
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Problem #3

Sit) is even, 50
sft) =32 + i.&m cosa*n* f *f)
Jor some 3g, 31, 52 ...n=1
uft) =mft) sft) = 392 *mpt) + i:rnm(i) cos@r*n* f: ¥t)
n=1

vit) =3y mft) cos(2at, ¥) because [, == IV

i1ft) is bandpass noise with flat power spectral density Ny2 over the
bands £f, + W

Pt} = spmt) cosf2 ¥ ) i ft) cosf2 ar ) — nyt) singl )

rit) cost2 ¥, ) after low pass filtering yields 1/2%[simft) +n )]

The message sighnal power at the oufput is

Fa= 14 *SIE*PM

The noise power at the output is

Pyp = 1/4%P,, = 1/A4¥ENy2¥ W = NyWWi2

(S/N)g = PyPop = SEPw2WNy

Here 51 = 2/T. (7" A:cosQat *t)dt

id
TkTeiz

LI
(" Ascos@ag *t)dt
= 4/m¥ A,
The reserved power is

Accos2a: *)dt

Py = ZSEPM because f, => Wand because 59 =0
n=1

By Parseval’s velation, since 39 = 0
S = A
n=1

Thus
Pp=A2%Py

Hence (S/N)g = (16/ ) ¥AL*¥ Py 2 Wy = S8/ Py W

= &/ * (5N,
Problem #4
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4.

Let x; < xp be the quantization levels chose. Letus write u= fx;+x,)/2
aid

Xp=u-v

Xy =utv

Given u, the choice of v 13 decide by

A [ xedc= fuv) [ p(x)dx

(B) [ xg(xydx = fu+y) [ p(x)dx
where o) derives the Gaussian density

(Hmfg_j.r *g) * pmxi2s

The mean square distribution is

[ 6= G —v)? g+ [T — @+ )  glx)edx

= fmngﬁ(x)dx— (1i-v 2 ﬁmgﬁ(x)dx + mezgﬁ(x)dx - futy)? ngﬁ(x)dx
where we used (A) and (B)

using {A) and (B) again, this can be written as
= o?—(( [ x$(x)dx)? + ([ x p(x)dx)?)

s0 we want fo choose u fo maximize

([LxdG)de)? +( [ x plxydx )2

clearly the best choice iz u=0

Then v would be chosen 50 that u-v = x; is the centroid of the left half
and w+v = xp is the centroid of the right half of the density
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