ECE 44000 (Fall 2022)
HW 1 (Probs. 1-4)
Due: 8/29/2022

Problem 1: Consider the following block diagram:

Xy ® Uy ® Vi ® W ®

V2 cos 2nif,. 1) V2 cos (2if,. 1)
+

<R () R

V2 sin (2ntf 1) V2 sin (2nf 1)

x (1) u,H (1) V() w, (0
Y 1% 0 Hf) ——>

S

where

e The signals z;(t) and zg(t) have continuous-time Fourier transforms X;(f) and X¢g(f) which
are both bandlimited: X;(f) = Xq(f) =0 for |f| > fim.

o fo> fm.
o The filter H(f) is a low-pass filter:

NEN B
H(f)‘{o 1> fn

Plot the Fourier transforms of z7(t), V2 cos(2m fet), ur(t), xq(t), V2sin(2rfet), ug(t), y(t), vi(t),
wr(t), vo(t), and wg(t) when

X](f) — { X1 |f‘<fm

0 otherwise

{ XQ(L=If1/fm)  [fI < fm

0 otherwise

Problem 2: [From Siebert] The design of high-gain dc amplifiers (i.e., amplifiers whose pass band
includes f = 0) frequently presents difficulties because small slow changes (due to aging, temperature
fluctuations, supply voltage changes, etc.) in the quiescent operating points of the active elements can
produce responses indistinguishable from those due to small desired signals. One way to circumvent
these difficulties is to use a chopper to modulate the signal onto a carrier so that an ac coupled
amplifier can be used instead. Another chopper is then used as a synchronous detector to restore
the signal to its original frequency range. The scheme is illustrated in the figure below. Assume
that the spectrum of the input signal x;(t) is restricted to |f| < fi. The periodic time functions
v(t) and v(t — 7) describe the chopping action. Hy(f) is an ideal lowpass filter with gain 1 over the
pass band |f| < fi; and H;(f) is a bandpass high-gain amplifier with characteristics shown.

(a) Find the first few terms of the Fourier series for v(t) and v(t — 7).

(b) Sketch the spectra of y1 () and y2(t) and label them accurately in terms of an assumed spectral
shape for Xi(f).



(c) Find an expression for x2(t) in terms of z1(¢) and the system parameters.

x (1) %A yo(1) ya(1) Xy (1)
vi(t) vit-7)
Av(t)
N >/
I _T I T 31T
"2 Ta 4 2 4
|H ()] A LHo(F)
6, +a2wf
A T -
0 9 —y
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»f — + + t
3 Lo 3 3 il 3
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Problem 3: Z&T Computer Exercise 2.3 (page 111).

2.3. Write a computer program to evaloate the coeffi-
cients of the complex exponential Fourier series of a

signal by using the FFT. Check it by evaluating the
Fourier series coefficients of a square-wave and compar-
ing your results with Computer Exercise 2.2.

Problem 4: Z&T Computer Exercise 2.4 (page 111).

2.4. How would you use the same approach as in Com-
puter Exercise 2.3 to evaluate the Fourier transform of a
pulse-type signal. How do the two outputs differ? Compute
an approximation to the Fourier transform of a square pulse
signal 1 unit wide and compare with the theoretical result.



Consider the following block diagram:

Xy ® iy ® Yy () W ®
‘ Hp —
V2 cos (2nf. 1) V2 cos 2nf.1)
+
CR oo
R
V2 sin (2nif 1) V2 sin (2nf.0)
Xo(0) Uy (0) | Vo) W (1)

Hp —=»

where

o The signals z/(t) and 2 (t) have continuous-time Fourier transforms X 1(f) and Xg(f) which are
both bandlimited: X, (f) = XQ(f) =0 for |f| > fm.

b4 fc > fm.-
e The filter H(f) is a low-pass filter:

(1<
H(f)“{o > fo

Plot the Fourier transforms of z7(t), \/§cos(2wfct), ur(t), zq(t), v2sin(2rf.t), uq(t), y(t), vr(t),
wr(t), vg(t), and wg(t) when .

Xi(f) = {XI lf| < fm

0  otherwise

Xo(f) = {gQ(l“lfl/fm) If] < fm

otherwise -
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The design of high-gain dc¢ amplifiers (i.e., amplifiers whose pass band includes f = 0)
frequently presents difficulties because small slow changes (due to aging, temperature fluctuations,
supply voltage changes, etc.) in the quiescent operating points of the active elements can produce
responses indistinguishable from those due to small desired signals. One way to circumvent these
difficulties is to use a chopper to modulate the signal onto a carrier so that an ac coupled amplifier can
be used instead. Another chopper is then used as a synchronous detector to restore the signal to its
original frequency range. The scheme is illustrated in the figure below. Assume that the spectrum of
the input signal z;(t) is restricted to |f| < fi. The periodic time functions v(t) and v(¢t — 7) describe
the chopping action. Hp(f) is an ideal lowpass filter with gain 1 over the pass band |f| < f1; and
H,(f) is a bandpass high-gain amplifier with characteristics shown.

(a) Find the first few terms of the Fourier series for v(t) and v(¢t — 7).

(b) Sketch the spectra of y1(¢t) and y2(t) and label them accurately in terms of an assumed spectral
shape for X;(f).

(c) Find an expression for z2(t) in terms of 21 (¢) and the system parameters.
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2.3. Write a computer program to evaluate the coeffi-
cients of the complex exponential Fourier series of a

signal by using the FFT. Check it by evaluating the
Fourier series coefficients of a square-wave and compar-
ing your results with Computer Exercise 2.2.
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%EE 440 Spring 2010, Problem 9

K = 1024; %K pt. DFT

alpha = 0.5; ZSquare wave duty cycle
M = 50; %Compute 2*M+1 FS
coeffs

N = floor(alpha*K); Number of nonzero time
samps

x = zeros(1l,K);
X(1l:N) = ones(1l,N);

X = fft(x)/K; %Create FS coeffs

X _coeffs = [X(K-M+1:K) X(1:M+1)]; %Find the actual FS
coeff ests

index = -M:1:M; %For plotting

stem(index,abs(X coeffs))
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Z+T Sixth EJB{‘lm, C_omF.,J-g— Exercise 2.4; P lHo.

2.4. How would you use the same approach as in Com-
puter Exercise 2.3 to evaluate the Fourier transform of a
pulse-type signal. How do the two outputs differ? Compute
an approximation to the Fourier transform of a square pulse
signal 1 unit wide and compare with the theoretical result.
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3EE 440 Spring 2010, Problem 10

K = 1024;
Delta f = 0.1;
Hz

N = floor(Delta_ f*K);

X = zeros(1l,K);
X(1l:N) = ones(1,N);

X = fft(x)/(Delta f*K);
Xs = fftshift(X);

index = 1:K;

$K pt. DFT
¥Frequency spacing in

f = (index - 1 - floor(K/2))*Delta f;

plot(f,abs(Xs))
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