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Problem F-00-F.3.1:

(a) De�ne x(t) = 2 cos(20�t+�=4) + 3 cos(20�(t� :025)). Use phasor addition to express x(t) in
the form x(t) = A cos(!0t+ �) by �nding numerical values for !0, A, and �.

(b) Evaluate the following expression, j(3� 2j)ej(0:2t)j2 =



(c) Evaluate the following integral,

Z t+1

t�1
Æ(� � 2)d�

(d) Evaluate the following integral,

Z 1=2

0
sin(2�t)e�j4�tdt. Note: Your answer should be either

a real number, or a complex number in polar form.



Problem F-00-F.3.2:

The Fourier transform of a signal x(t) is shown in the following �gure.

!

X(j!)

0

2�

1:5�

4�(1 + j)

�1:5�

4�(1 � j)

4:5�

j2�

4:5�

�j2�

(a) Write an equation for x(t) in terms of cosine functions.

(b) Suppose that x(t) is modulated by a cosine of frequency !c = 2:5�, and then lowpass �ltered
with a �lter that has a frequency response

H(j!) =

(
1 j!j � 2�
0 otherwise


- - LTI System
H(j!)

-

6

cos(2:5�t)

x(t) w(t) y(t)

Make a plot of the Fourier transform of y(t).



Problem F-00-F.3.3:

Consider the ideal C-D and D-C converter shown in the �gure below.

-
Ideal
C-to-D

Converter

Ideal
D-to-C

Converter

- -
x(t) x[n] y(t)

6
Ts = 1=fs

6
Ts = 1=fs

(a) If the Fourier transform of the input X(j!) is equal to zero for j!j > 1000�, what is the
largest value for the sampling period Ts that can be used with no aliasing?

Ts =

(b) If x[n] = 3 cos(0:2�n+�=6), and the sampling frequency is fs = 1000 Hz, �nd the signal x(t)
that would produce the given x[n], and that would produce an output of the D-C converter
such that y(t) = x(t).

(c) If x(t) = Re
n
1 + 1

2e
�j(1000�t) + 1

4e
j(3000�t)

o
, what is the Nyquist rate? Note: Your answer

should be expressed in Hertz.



Problem F-00-F.3.4:

(a) Consider the signal x(t) =
10 sin(4�t)

�t
. Make a carefully labeled sketch of x(t).

(b) Find the Fourier transform of y(t) = x(t) � Æ(t� 10), where x(t) is the signal de�ned in part
(a).



Problem F-00-F.3.5:

A periodic signal x(t) that has a period Ts = 10�3 seconds is input to a bandpass �lter as illustrated
below.

- -
Continuous-Time

LTI System
h(t) and H(j!)

x(t) y(t)

!

A

H(j!)

0
�!1 !1�!2 !2

The Fourier series coeÆcients of x(t) are

ak =

8><
>:

10 k = 0

2j

k
k 6= 0:

Find the frequencies of the bandpass �lter, !1 and !2, and the gain A so that the output signal is

y(t) = cos(2�(2000)t + �)



Problem F-00-F.3.6:

Shown in the �gure below is a cascade of two linear time-invariant systems with impulse responses
h1[n] and h2[n].

- System #1
h1[n]

System #2
h2[n]

- -
x[n] w[n] y[n]

The impulse responses of the two systems are

h1[n] = Æ[n] � 1
2Æ[n� 1] h2[n] = (0:25)nu[n]

(a) If x[n] = Æ[n] + Æ[n� 1], what is the output of the �rst system, w[n]?

(b) Determine the system function H(z) for the cascade of the two systems. In other words, if
y[n] = x[n] � h[n], what is H(z)?

(c) Make a plot of the poles and zeros of H(z) in the z-plane, where H(z) is the system function
found in part (b).



Problem F-00-F.3.7:

For each of the system functions listed on the left, �nd the corresponding impulse response or
di�erence equation on the right, and enter the number in the answer box:
System Function

(a) H(z) = 1� z�2

ANS =

(b) H(z) =
1

1� 0:2z�1

ANS =

(c) H(z) =
z�2

1 + 0:2z�1

ANS =

(d) H(z) = 1 + 0:2z�1

ANS =

(e) H(z) =
1 + 0:2z�1

1� z�1

ANS =

Impulse Response or Di�erence Equation

1. y[n] = �0:2y[n� 1] + x[n� 2]

2. h[n] = Æ[n]� Æ[n� 2]

3. h[n] = (0:2)n+2u[n+ 2]

4. h[n] = Æ[n] + 1:2u[n � 1]

5. y[n] = 0:2y[n� 1] + x[n]

6. h[n] = (�0:2)nu[n]

7. y[n] = �y[n� 1] + x[n] + 0:2x[n� 1]

8. y[n] = x[n] + 0:2x[n� 1]



Problem F-00-F.3.8:

A discrete-time linear time-invariant �lter with an impulse response h[n] is used to �lter a continuous-
time signal x(t) as illustrated below.

-
Ideal
C-to-D

Converter

LTI
System

H(z)

Ideal
D-to-C

Converter

- - -
x(t) x[n] y[n] y(t)

6
Ts = 1=fs

6
Ts = 1=fs

He�(j!)

The sampling frequency of the C-D and D-C converters is

fs = 104 Hz

and the system function of the LTI system is

H(z) =
1 + 2z�1

1� 0:8z�1

The overall system (dashed box) behaves as a continuous-time LTI system, i.e., Y (j!) = He�(j!)X(j!).

(a) Give an expression for the overall e�ective frequency response of the continuous-time LTI
system, He�(j!).

(b) Make a carefully labeled plot of the magnitude of the e�ective frequency response, jHe�(j!)j.
Make sure that you label the maximum and minimum values of jHe�(j!)j and the frequencies
at which these occur.




















