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PROBLEM sp-10-Q.4.1:
In each of the following cases, use properties of the unit-impulse signal
to simplify the expression as
much as possible. Provide some explanation or intermediate steps for each answer. Note: Star  is the
convolution operator.

.t/

d t 2 u.t
Simplify x.t/ D
dt


(a)

(b) Simplify y.t/ D

(c) Simplify z.t/ D

1
2/



 .t 3/

sin.8.t

10// .t 10/
.t 10/

Z5

1

2. t/d. Give your answer as a plot vs. t .
6

Label all points

0

-

t

PROBLEM sp-10-Q.4.2:
In each of the following cases, determine the (inverse or forward) Fourier transform. Give your answer as a
plot, or a simple formula. Explain each answer (briefly) by stating which property and/or transform pair
was used.

(a) Find A.j!/ when a.t/ D 2u.t

(b) Find b.t/ when B.j!/ D

(c) Find c.t/ when C.j!/ D

3/ 2u.t 6/:





! 2 C j! 4 .!/: Simplify to get a real-valued answer.

8 :
6 C j2!

PROBLEM sp-10-Q.4.3:
Two questions about convolution (denoted by the  operator):

(a) In the following convolution the result y.t/ is a single sinusoid, y.t/ D A cos.!t C '/.
Determine A, ' and ! .

.7.t 0:05//  cos.4t/ C cos.8t/
y.t/ D 9 sin.t
0:05/

A=
'=
!=

(b) Find the output of a LTI system whose impulse response is h.t/ D 3:3u.t/ u.t 1/ when the input
is a rectangular pulse signal, x.t/ D 2u.t 1/ u.t 3/. Give the answer as a plot. Label the
vertical height, as well as the horizontal axis.
6

Label all points

0

-

t

xn
PROBLEM sp-10-Q.4.4:

-

Discrete-Time
IIR LTI System

H.ej !O /

yn
-

(a) Lab #11 dealt with the design of two-pole IIR bandpass filters. The frequency axis for H.e j !O / is
 < !O   . Suppose that the relationship between the 3-dB passband width and the pole radius is

!O D 2.1 r/
where !O is the 3-dB passband width and r is the radius of the pole pair used to create the passband. Determine the poles and zeros of a second-order IIR filter whose frequency response meets the
following specs: zero at !O D  and at DC; passband over the region 0:5  !O  0:58 .
P OLES :

z=

Z EROS :

z=

(b) The system function of an IIR notch filter has the form:

j1:5 1 /.1 e j1:5 z 1 /
H.z/ D .1 .10:8eej1:5zz 1/.1
0:8e j1:5z 1/
Write the appropriate M ATLAB code to use the system defined by this H.z/ to filter a discrete-time
signal xn to get the output yn. Assume that the input signal xn is contained in the M ATLAB
vector xn, and call the output vector yn. Numerical values will needed in all vectors that are used
to set up the filtering in M ATLAB. You can either give these numerical values explicitly, or write
M ATLAB statements that would generate them.

yn =
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PROBLEM sp-10-Q.4.1:
In each of the following cases, use properties of the unit-impulse signal
to simplify the expression as
much as possible. Provide some explanation or intermediate steps for each answer. Note: Star  is the
convolution operator.

.t/

d t 2 u.t
Simplify x.t/ D
dt


(a)

1
2/



 .t 3/

Take the derivative and evaluate at the location of the impulse .t

d t 2 u.t
dt

1
2

/ D 2t u.t

D 12 /:

/ C t 2 .t 12 /
D 2t u.t 12 / C 41 .t 12 /
1
2

Then convolve with the shifted delta which shifts the derivative result by 3.

x.t/ D 2.t 3/u.t 3:5/ C 41 .t 3:5/
10// .t 10/
.t 10/
Evaluate the sinc at t D 10

(b) Simplify y.t/ D

sin.8.t

sin.8.t

10//
8
D
.t 10/ t D10 

(c) Simplify z.t/ D

Z5

H) y.t/ D 8 .t 10/

2. t/d. Give your answer as a plot vs. t .

1
6

1

0

2
1

2

3

4

5
8

<

6

0 t <1
z.t/ D 2 . t/d D 2u.5 t/ u.1 t/ D 2 1  t  5
:
0 t >5
1
Z5

7

-

t

PROBLEM sp-10-Q.4.2:
In each of the following cases, determine the (inverse or forward) Fourier transform. Give your answer as a
plot, or a simple formula. Explain each answer (briefly) by stating which property and/or transform pair
was used.

(a) Find A.j!/ when a.t/ D 2u.t

3/ 2u.t 6/:

This is a shifted rectangle. The rectangle transforms to a sinc. The amount of shift is 4.5
which gives a complex exponential in the frequency domain.

A.j!/ D 2 sin.3!=2/
!=2 e
(b) Find b.t/ when B.j!/ D



j 4:5!



! 2 C j! 4 .!/: Simplify to get a real-valued answer.
Multiplication by the delta in the frequency domain evaluates at ! D 0.

B.j!/ D 4.!/
(c) Find c.t/ when C.j!/ D

Use the transform pair:

H) b.t/ D 24 D 2

8
6 C j2! :

e at u.t/ transforms to a C1j! . So, we write C.j!/ as:
C.j!/ D 6 C8j2! D 3 C4j!

Then we get the inverse transform:

c.t/ D 4e 3t u.t/

PROBLEM sp-10-Q.4.3:
Two questions about convolution (denoted by the  operator):

(a) In the following convolution the result y.t/ is a single sinusoid, y.t/ D A cos.!t C '/.
Determine A, ' and ! .

.7.t 0:05//  cos.4t/ C cos.8t/
y.t/ D 9 sin.t
0:05/

A=
'=
!=

The Fourier Transform of the shifted sinc is a rectangle multiplied by a complex exponential.
If we called the shifted sinc the impulse response, h.t/, then we get the following frequency
response:

H.j!/ D 9u.! C 7/ u.! 7/e j 0:05!
This filter is an ideal lowpass. The cosine at ! D 4 rad/s lies within the passband, the
other cosine is in the stopband. As a result, the value of the frequency response H.j4/
determines the amplitude and phase of the output sinusoid:

y.t/ D 9 cos.4t 0:2/
(b) Find the output of a LTI system whose impulse response is h.t/ D 3:3u.t/ u.t 1/ when the input
is a rectangular pulse signal, x.t/ D 2u.t 1/ u.t 3/. Give the answer as a plot. Label the
vertical height, as well as the horizontal axis.
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The convolution of two rectangular pulses will give an output that is shaped like a trapezoid.
The output starts at t D 1 and ends at t D 4. The flat top extends from t D 2 to t D 3, and has
a value of 6:6 which is the area of the shorter pulse times the amplitude of the longer one.

xn
PROBLEM sp-10-Q.4.4:

-

yn

Discrete-Time
IIR LTI System

-

H.ej !O /

(a) Lab #11 dealt with the design of two-pole IIR bandpass filters. The frequency axis for H.e j !O / is
 < !O   . Suppose that the relationship between the 3-dB passband width and the pole radius is

!O D 2.1 r/
where !O is the 3-dB passband width and r is the radius of the pole pair used to create the passband. Determine the poles and zeros of a second-order IIR filter whose frequency response meets the
following specs: zero at !O D  and at DC; passband over the region 0:5  !O  0:58 .

From the given passband width, the pole radius can be computed via:

r D 1 2!O D 1 .0:58 2 0:5/ D 0:874
The angle of the two poles is determined by the center frequency of the passband.

p1 D 0:874ej 0:54 and
For zeros at DC, i.e., !O D 0, and !O D  , we get
z1 D ej 0 D 1 and

p2 D 0:874e

j 0:54

z2 D ej D 1

(b) The system function of an IIR notch filter has the form:

j1:5 1
e j1:5z 1/
H.z/ D .1 .10:8eej1:5zz 1/.1
/.1 0:8e j1:5z 1/
Write the appropriate M ATLAB code to use the system defined by this H.z/ to filter a discrete-time
signal xn to get the output yn. Assume that the input signal xn is contained in the M ATLAB
vector xn, and call the output vector yn. Numerical values will needed in all vectors that are used
to set up the filtering in M ATLAB. You can either give these numerical values explicitly, or write
M ATLAB statements that would generate them.

We need the filter coefficients for the numerator and denominator, so the first-order factors
must be multiplied out. This can be done with M ATLAB’s poly function, so one possible
M ATLAB program is
bb = poly([exp(j*1.5), exp(-j*1.5)]);
aa = poly([0.8*exp(j*1.5), 0.8*exp(-j*1.5)]);
yn = filter(bb, aa, xn);
If you compute the numerical values via algebra, then the system function is

0:1415z 1 C z 2
H.z/ D 1 1 0:1132z
1 C 0:64z

2

and the M ATLAB program would be
yn = filter([1, -0.1415, 1], [1, -0.1132, 0.64], xn);

