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1. Hilbert Transform ( 30pts) 1f>0
The Hilbert transform of a signal x(t) is X(t) = 37*[- jsgn(f)X(f)] where sgn(f)=10,f =0
Assume that the Fourier transform of x(t) is real and has the shape ~1f<0
as shown in Figure 1. Determine and plot the spectrum
of each of the following signals:

2) X, (1) =§x(t) +§ R(); ), (t) = Ex(r) +§ ji(t)}e””fot; fy >> W

&)X (t) = Ex(t) +§ ji(t)}e A ), (1) = E X(t) —% ji(t)}ej”"“
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2. Amplitude Modulation (30pts)
Consider the system shown in Figure 2. Assume that the average value of m(t) is zero and the
maximum value of absolute m(t) is M. Assuming the square law device is defined by
y(t) = 4x(t) + 2x3(t)

m(1) + x(1
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Figure 2
a) Write the equation for y(t) in terms of m(t)

b) Describe the filter that yields an AM signal for g(t).
Give the necessary filter type and frequencies of interest.
¢) What value of M yields a modulation index of 0.2?

d) Name an advantage of this method of modulation

3. Frequency Modulation (20pts)
A narrowband FM signal has a carrier frequency of 110 kHz and a deviation ratio of 0.05. The
modulation bandwidth is 10 kHz. The signal is used to generate a wideband FM signal with a
deviation ratio of 20 and a carrier frequency of 100 MHz. The scheme utilized to accomplish
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this is shown in Figure 3.

a) Determine the required value of frequency multiplication, n.

b) Also, fully define the mixer by giving two permissible frequencies for the local oscillator,
c) and define the required bandpass filter (center frequency and bandwidth).

Narrowband FM signal:

Carrier freq

Peak frequency deviation = f;

uency = f.

Deviation ratio = D,

Wideband FM signal:

Carrier frequency = f,, = nf,.
Peak frequency deviation = f;, = nfy,
Deviation ratio = D, = nD,
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Phase Lock Loop-PLL (20pts)
The imperfect second-order PLL is defined as a PLL with the loop filter F(s) = s+a
S+ Ja

in which A is the offset of the pole from the origin relative to the zero location. In practical
implementation A is small but often cannot be neglected. Use the linear model of the PLL and
derive the transfer function for ®(s)/d(s). Derive the expressions for @, and ¢

interms of K,a,4
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