Solutions to Practice Exam 2

. a) The local oscillator frequency is f,, = f, + f; =1120+ 2500 = 3620kHz. The
image frequency should be 3620 +2500 = 6120kHz , such that f,, ... — fi0 = fir-

b) The assumption that ¢(¢) is small provides the basis for using the PLL for
demodulating FM signals. When ¢(¢) is small, we can make the assumption that
sin(¢(¢)) = ¢(¢) . This approximation allows us to represent PLL by a linearized
model, which enables us to perform frequency demodulation using PLL with

kf
output v(¢) = k—m(t).

v

c) Let y(@)=n()*h(t). Therefore, Sy(f)le(f)l"' S,,(f)=rect(f)-]\£9~.

W) = y(t) cos2z()r) .
N
(=18 2<'f'<"

0, otherwise

Note: Multiplying with cos(27f,f) in the time domain is equivalent to
convolution in the frequency domain. Since we are computing power spectral

densities, it is equivalent to convolution with —;:[5 (f=fo+o(f+ ).

. a) E[X,X,]=E[X,]E[X,] =4, using independence of the random variables.
b) E[Y]=E[2X, + X,]=2E[X,]+E[X,]=6
c)

Y =E[Y?]-E’[Y]
E[Y*]=E[(2X, + X,)’]= E[4X,*]+ E[4X, X, ]+ E[X,’]
=4(16+4)+4(4)+(16+4)
=48+16+12
=76 16

=T76=36=490

d) Y is a Gaussian raiiddom variable since it is a linear transformation of Gaussian
random Variables Therefore,

1,0 =l (y —6)°

% 50

e) PlY<2]=1- Q(:i/g_éj—l—Q(%—:V%_}:Q(%JzO.ﬂ
| =
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Variance is 116-36=80

aviyente

aviyente

aviyente

aviyente

aviyente

aviyente

aviyente

aviyente

aviyente

aviyente

aviyente
1-Q(-4/4sqrt(5))=Q(1/sqrt(5))=
0.34
(approximately)
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