University of Kentucky
Department of Electrical and Computer Engineering

EE421G: Signals and Systems | — Fall 2007

Problem Set 1
Issued: August 22. 2007 Due: August 31, 2008 (In class)

Reading Assignments:
Read Chapter 1 of Chen
Paper and Pencil Assignments:
Please do the following problems at the end of chapter 1:

1) Problem 1.3: Consider the signal x;(t) shown in the following figure. Plot x;(t-1), x;(-t+2),
Xl(t— 1 )+X1(—t+2), Xl(t— 1 )—Xl(—H‘Z), and Xl(t— 1 )Xl(—t+2).
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2) Problem 1.6: Express the signals in the following figures in terms of step and ramp
functions.



i I
I T Y O /1| L I\l
1 2 3 4 5 6 32141 2 3
(a) (b)
2
| /
| | | | > | | >
32 -1 11 2 3 4 2 2 4
(c) (d)

Solution:

(a) q(H+q(t-2)-q(t-4)

(b) [r(t+3)-r(t+2)]-[r(t-2)-r(t-3)]

(¢) —q(t+2)+2q(t)-q(t-2) or q(t)-q(t-2)-[q(-t)-q(-t-2)]
(d) The triangle in [0,2] is x(t)=r(t)-r(t-2)-2q(t-2);

> x(t-2k)= > rt-2k)-r(t—2k-2)-2q(t-2k-2)

k=—00 k=—o0

3) Problem 1.7: Consider the signal in the following figure. It starts from t=0 and ends at t=2
and is said to have time duration 2.

a.
b.
c.

d.

Plot x(2t). What is its time duration?

Plot x(0.5t). What is its time duration?

Show that if a>1, then the time duration of x(at) is smaller than that of x(t). This speeds
up the signal and is call time compression.

Show that if 0<a<lI, then the time duration of x(at) is larger than that of x(t). This slows
down the signal and is called time expansion.
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Solution:
(a) Its time duration is 1.
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(b) Its time duration is 4.
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(c) x(at) with a>1 speeds up the signal or achieves time compression.
(d) x(at) with 0<a<I slows down the signal or achieves time expansion.

4) Problem 1.9: Consider a signal x(t). Define
X, (t) = X(t) +2x(—t) and X, (t) = x(t)—zx(—t)

Show that x.(t) is even and Xx,(t) is odd. Note: a signal x(t) is even if
if x(t)=-x(-t).

Solution:
X, (—t)= al t)+;(_(_t)) = X(_t)2+ A =X, (1), s0 x(t) is even;
() =X ;(_(_t)) - X(t)_zx(_t) =%, (1), 50 x,(t) is odd.

x(t)=x(-t) and is odd

5) Problem 1.13: Sketch the signal in Figure a in Problem 2 modulated by cos2t.

Solution:

The period of cos2mt is 1.



Modulated by cos 2t

6) Problem 1.14: Compute
a. J? [cos zz]5(z - 3)dr

b. Lg [cos z7]5(z —3)dr
c. J.: [cos(t - r)]&(r +3)dr

d. .[: [cos(t - T)]&(r +3)dr
e. Ji [cos(t - r)]5(r +3)dr

Solution:
a. J? [cos zz]8(z — 3)dr =cos 37 =1
9
b. J.S [cos zz]5(z - 3)dz =0
. f [cos(t — ) [5(z +3)dr =cos (t +3)

d. J:O [Cos(t - 7)]5(7 +3)dr =0
C. Jl [cos(t — 7)]6(z +3)dr =cos (t +3)

7) Problem 1.20: Show



X[ﬂ]é‘[ﬂ - no] = X[no ]5[[1 - no]

where ny is a fixed integer, and

0

z x[n]o[n—n,]=x[ny]

N=—o0

They are the DT counterparts of the sifting property.

Solution:

Because 5[n - no] is 0 for all n#n,, we have x[n]o[n—n,]= X[n,Jo[n—n,]

Using the above, we have

o0 0

Z X[n]5[n_no] = Z X[n0]5[n_no]: X[no]i 5[n_no]: X[no]'1: X[no]

N=-—o0

n=—x n=—o




