For exam 2, you need to know (1) impulse response, (2) linearity and time invariance, (3) frequency
response, (4) discrete-time processing of continuous-time periodic signals, (5) DTFT. In other words, you
should be able to do the following problems.

2.1 Impulse Response

Problem:
A particular system computes the average of 5 samples, minus the average of the previous five:

Find the impulse response h[n].
Solution:
Feed §[n] into the system, and the output is:

0<n<4
5<n<9
otherwise

h[n] =
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2.2 Linearity and Time Invariance

Problem:
A particular system changes the sign of every second input sample, thus

Is this system linear? It is time-invariant? Prove your answers.
Problem:

n

zi[n] — (=1)"z1[n]
za[n] —  (=1)"22[n]
azxi[n] +bxaln] — (=1)"(azi[n] + baz[n])
= ayi[n] + byz[n]
So the system is linear.
zi[n] —  (=1)"z1[n]
yiln—m|] = (=1)"""x1[n —m]

rifn—m] — (=1)"z1[n —m] # y1[n —m]

So the system is not time-invariant.

2.3 DT Processing of CT Signals

Problem:

A continuous-time periodic signal x(¢) with a period of Ty = 0.03seconds is passed through an ideal
anti-aliasing filter H, (), then sampled at Fs = 1000Hz to produce the discrete-time signal z[n]. The
discrete-time signal z[n] is then processed by the following system:

lnl = 15 > aln—m]

m=0

The signal y[n| is then passed through an ideal D/A, at the same sampling frequency Fs; = 1000Hz, to
produce the signal y(t). Let Y) be the Fourier series coefficients of y(t), and X} those of x(t).



1. Assume that X # 0 for all k; identify all k for which Y; = 0.
2. Specity |Y%| in terms of | X}| for all non-zero Yj.

Solution:

The harmonic frequencies of both z(t) and y(t) are kQy = 27k /Ty = 2007 /3 radians/second. The anti-
aliasing filter eliminates all components || > 7Fy = 10007, thus, all harmonics with |k| > 15. The other
harmonics are mapped to kwy = kQo/Fs = 2wk/30. The discrete-time system has the frequency response

H(w) = e*jw(1071)/2M
10 Sin(w/Q)
which has zeros at wy = 27¢/10 for £ # 0, thus every third harmonic of z[n] is zeroed out. Thus

k=30, £#£0
k| > 15

3 .
T0sm(kr/30) k| Otherwise

0
Y=< 0
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Problem:
A particular bandpass filter has the frequency response

1 E<lw<T
— 10 = =7
F(w) { 0 otherwise
Find the impulse response f[n].
Solution:
If your formula sheet has the form of an ideal lowpass filter on it, then the easiest way to solve this

problem is to notice that
F(w)=G(w)— H(w)

where G(w) is an ideal LPF with a cutoff of 7/4, and H(w) is an ideal LPF with a cutoff of 7/10, thus

sin(mn/4) — sin(wn/10)

™n

flnl =

Alternatively, you could use the inverse DTFT formula directly:
1 77‘!‘/10 . 1 71'/4 i
fln] = —/ e?“"dw + —/ e’ dw
27 —m/4 27 /10

1
- 27mjn

sin(mn/4) — sin(mn/10)

6]71'71/4 o ejTrTl/lO + e*]ﬂn/lO . ejTr’I’L/4:| _



