Signals and Systems — Question Set (Ql—Q‘)

Ramazan Burak Giiler

November 10, 2025

Question 1

A causal and stable LTI system S has the frequency response
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1. Determine a differential equation relating the input x(¢) and output y(¢) of the system.

2. Determine the impulse response h(t) of the system. — \AJ -LA (')\N )1
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Question 2

Consider the Fourier transform pair:
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1. Use the appropriate Fourier transform property to find the Fourier transform of te™
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2. Use the result from part (a) and the duality property to find the Fourier transform of
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3. Simplify your results and sketch the magnitude spectrum.
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Question 3
A periodically charged capacitor generates the following output signal with period T..:
x(t)=e', 0<t<T,.
1. Find the Fourier series coefficients ay of x(t).

2. Given an LTI system with the impulse response h(t) = §(t) — 6(t — 1), evaluate the
Fourier series representation of the output when x(t) is applied to the system.

3. There is a voltage subtractor device which can produce z(t) — z(t — 7), where 7 can
be adjusted. How would you use this device to find 7.7 Justify your answer both in
time and frequency domains.
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Question 4 T

Assume a CT signal z(t) = e 3'u(t) is input to an LTI system with r
1
ht) = —<[ult—1)—u(t—1-A)], ]

A
where A > 0. ‘ ' ‘+A

1. Find the output y(¢) for this input in terms of A.
2. Repeat part (a) for ho(t) = lima_,0 h(?).
3. Find the continuous-time Fourier transforms (CTFTs) of x(t) and hy(?).

4. Find thwverse CTFT of X (jw)Hy(jw).
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Question 5

Let z[n] be a periodic discrete-time sequence with period N (even and positive). The Fourier
Series coefficients of z[n| are a,. Another sequence is defined as

y[n] = g[n]z[n], where g¢g[n]= Z d[n — 2k —1].

1. Find the Fourier series coefficients of g[n| and express g[n| as a sum of complex expo-
nentials.

2. Obtain the Fourier series coefficients erms of ag.

3. Determine whether y[n] is periodic, find its period, and express its FS coefficients by,
in terms of ay.
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Question 6: CTFT Properties — Find the Signal

Let the signals listed below be real-valued functions of continuous time ¢. Their continuous-
time Fourier transforms are denoted by X (jw).

Signal List

N\
(A) z(t) =e" ;:j (Gaussian pulse)
, ®©
(B) z(t) =te Aeilhe even n‘_.a‘\ef » ol
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Instructions: Determine which, if any, of the signals (A)—(F) have Fourier transforms that

satisfy each of the following conditions. A condition may be satisfied by one, more than one,
ignals. K .
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