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Chapter 1

Signal Representation and Modeling

1.1.
The signal z, (t)
3 ‘ ‘ ;
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1.2.
a.
o, tr<-lort>3
2t+2, -1<t<0
Xq()=<{ —t+2, O<t<l1
1, 1<t<2
—-t+3, 2<t<3
b.
0, t<-lorit>3
X, (1) = 1.5¢+15, -1<1<0
@) -15r+15, 0<i<2
1.5t-45, 2<t<3
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1.3.
The signal g (¢)
4 T T .
a.
0, t<-lort>3 z
35t+35, -1<t<0 =
g1 (=1 -25t+35, 0<t<l z
-1.5t+2.5, l<it<2
05t-15, 2<t<3
b. 3
0, t<-lort>3 3 2r
3r2+61+3, -1<r<0 £ 1
e ={ 152-45t+3, 0<t<l Z 0
-1.5t+1.5, 1<t<?2 1l
-15r°+9r-135, 2<r<3 L ‘
-2 -1 0 1 2 3 4
t (sec)
c.
3, t<-lort>3 g
2.5t+5.5, ~1<t<0 =)
g3(f)={ -0.5r+55, 0<t<l1 E
1.5¢+3.5, 1<it<2
-3.5t+13.5, 2<t<3 )




1 .4.
a.
Time reversal
g1(0)=x(=1)
b.
Time scaling
82 (1) =x(21)
C.
Time scaling
(61=x(5]
g3 l)=x 5
d.

Step 1: Time reversal
84q (1) =x (1)

Step 2: Time shifting
84 (1) =8aa(t=3) =x(-1+3)

The signal g; (t)
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e.
Step 1: Time scaling
t
85a(t) =x (g)

Step 2: Time shifting

(t-1)
85 (1) =g5a(t—1)=x( 3 )

f.

Step 1: Time scaling
86a (1) =x (41)

Step 2: Time shifting
86 (1) =8pq (1—3/4) =x(41-3)

Step 1: Time scaling
t
&7a(t) =x (5)
Step 2: Time reversal
t
87p (1) =87a (1) = x(= §)
Step 3: Time shifting

t
gy () =gmp(t-3)= x(l — §)

The signal g5 (t)
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1.5.

The signal z (¥)

0.4}
031
0.2}
0.1}

Amplitude

N

—0.1}
—0.2

Z10 -5

a.

g1 () =x2t-1)

Step 1: Time scaling
81a (1) =x(21)

Step 2: Time shifting
g1 () =g14(t—-0.5)=x(2t—-1)

b.

g2 (0)=x(-t+2)

Step 1: Time reversal
82a (1) =x(=1)

Step 2: Time shifting
82(1) =824 (t=2)=x(-1+2)

C.

g (1) =x(-3t+5)

Step 1: Time scaling
83a (1) =x(31)

Step 2: Time reversal
83p (1) =834 (—1) = x(=31)

Step 3: Time shifting
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g3 (1) =g3p (t—5/3) = x (—31+5)
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The signal g4 (t)

d.
t—1
84 (1) IX(T) 0.4}
L 03f
Step 1: Time scaling E o2f
t 01t
8aa (1) :x(g) = 9
‘ . 0.1}
Step 2: Time shifting 0.2 ‘
-1 10 -5
84(t)=8sa(t—1) = X(T)

1 .6.
Let g () be a rectangular pulse with height 1/a and width a.

o-2n()
qa _a a

and the unit-impulse function can be obtained through

5() = lim [g(»)] = lim lH(f)
a—oo a—oo | g a

It follows that L (b
5 (bt) = lim [q(bp)] = lim [—l’[(—t)
a—oo a—oco | g a

1 (bt) 1 (t)
—|— ===
a a ab \a

Let a = al/b so that

Therefore
1 t
a—co | ab \a
. 1 (t)
=— lim —~H —
b a—x| a a
1
==0(t
b (1)
1.7.
Given that
1 a a
1 (¢ —,  —o<t<
q(t)z—l'l(—): a 2 2
a a 0, otherwise
the time shifted pulse g (- #;) is
1 t—t L - a <t<nh+ a
q(t—t]):—H( 1): a, ! 2 ! 2
a a 0, otherwise
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and the integral can be written as

0 1 h+al2
/ f(t)q(t—tl)dt=;/ fdte
—oo ;

1— al2
If f (#) is continuous in the vicinity of ¢ = #; then, for small values of a, the value of the integral above is
approximately equal to the area of a rectangle with height equal to f (#;) and width equal to a, that s,

1 h+al2 1
—/ f(l‘)dl‘:z[f(l‘l)d]=f(l‘1)
t

a Jg—al2

1.8‘
a.
(t)
1 1 1
-1 —0.5 0 0.5 1 1.5 2 2.5 3
t (sec)
b.
z(t)
Al
1
-1 -05 0 0.5 1 1.5 2 2.5 3
t (sec)
c.
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d.
x (t)
1.5 T
1k
ST 0.3679
0t I\I_
~0.5 ‘ ‘ ‘ : ‘ : :
-1 —0.5 0 0.5 1 1.5 2 2.5 3
t (sec)
e.
z (t)
-1 —0.5 0 0.5 1 1.5 2
t (sec)
1.9.
a.
The signal x (t)
3 . . .
2l
< 1t
o
<
1L
_9 .
-1 0 1 2 3 4 5




Amplitude

Amplitude

Amplitude

2 0 1 > 3 i 5
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A J
0 i
1t
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3 .
9|
1l
0
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2

The signal x5 (t)

|
—
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e.
The signal 5 (t)
3 . . :
<
]
<
_9 .
-1 0 1 2 3 4 5
t (sec)
1.10.

A, x,(O=u(@+2)+05u(r+1)-2u(t—-1.5)+0.5u(r)

b. x,(0)=15u@+1)-25u@®)+u(t-1)

1.11.

A x,(0)=T(r+1.5) + LI (E22) - 0.511 (=52)

b. x,(H=150(+0.5) T (£-0.5)

1.12.
a. x(O=-r(+D+35r@)-3r(-1)-05r(—-2)+r(-3)

b. x(O)=-A@®+15AC-1)+Ar-2)

1.13.

For each data point (#;,x;) use a triangle
x; As (t,a;, b;) with parameters a; = t; — tj_)
and b; = t;+1 — t;. The signal x(t) can be ex-
pressed as

x(0) =) xiAs(t,a;, b))

=in As(t,ti—ti-1, Liv1 — 1))
i



1.14.
Integration by parts:

b b b
/u(t)dv(t):u(t)v(t)' —/ v (1) du(t)

Letu(r)=f(t)anddv(t)=6"(t) dt:

(o o]

/ f(r)d’(t)dt:f(t)a’(r)(oo —/ 50 f (1) dt

Using the sifting property of the unit impulse function yields

/ f@ & @) de=-f'(0)

15

1.15.
Using

1, >0 |, <1
”m_{o, 1<0 and ”(_”‘{0, £>0

the signum function can be written as

sgn(t)=—u(=1)+u(r)

or as
sgn(t)=-1+2u(r)
1.16.
a.
el =cos (a) + j sin(a)
e /% =cos(a) - j sin (a)
Therefore ] 1
—el%4 —e7I% = cos(a)
2 2
b.
el =cos (a) + j sin(a)
e 1% =cos(a) - j sin (a)
Therefore
1 ia 1 _ ia .. . 1 ja 1 _ ja
—el4——e7 /%= jsin(a) = sin(a) = —el?*— —e™/

2 2 2] 2]
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c.
dlfl .. 1 _. i i 1 . i .
L \Zeivqzeia| =L gia L pmian _— piay I pmiao _gin(q)
da |2 2 2 2 2] 2]
d.
1 i(a+b) 1 —jla+b)
cos(a+b)=§ef te /
:% [ej“ejb+e_j“e_jb]
1
=5 [[cos(a)+jsin(a)] [cos (b) + j sin (b)] + [cos (a) — j sin(a)] [cos(b)—jsin(b)]]
=cos (a) cos (b) —sin (a) sin (b)
e d [1 1 ' ' 1 '
— |Zelty i :lej“—le_j“:——,ej“+i,e_j“:—sin(a)
da |2 2 2 2 2] 2]
d.
: L ja+b _ 1 —ja+b
sin(a+b) =— e/@*" — — g77a+h)
2j 2j
:2ij ej“ejb—e_j“e_jb]
1
=57 [[cos(a) + j sin(a)] [cos (b) + j sin(b)] — [cos (a) — j sin(a)] [cos (b) - j sin (b)]]
J
=sin (a) cos (b) + cos (a) sin (b)
f.
1o 1 )P
cos® (a) = —e1“+—e_f“]
2 2
:16j2a+1+le_j2a
4 2 4
1 1
=—+ - cos(2a)
2 2
1.17.
a. Periodic.
1 1
27 fo =2 = fo=—Hz, To=— =7 sec
T 0
b. Periodic. U B
20 5 1 b4
7 fo V20 = fo . - z 0 NG sec



C. Not periodic due to the factor u ().

d. Periodic.
3
21 fo=3 =3 fo=—Hz, To=—=— sec

€. Not periodic due to the factor e,
f. Not periodic.

g. Periodic.
x()=cos2t+m/10)+ jsin(2t+m/10)

17

1 1
2 fo=2 = o=— Hz, To=—=m sec
fe fe = T
h. Not periodic.
1.18.
a. 5 27
=— Hz, =— Hz > =— Hz, Ty=— sec
h=5 f=5 fo=5r 075
b.
1
f1=5 Hz, f2=15 Hz = f0=5 Hz, TOZEZO-Z sec
c.
V2 2
= — HZ, = — Hz
f o f2 oy

For periodicity we require two integers m; and m, to be found such that
my _ nmp my _mp
= = [ —

h  f V2 2

No two integers can be found; therefore the signal is not periodic.

d.

f1 =22.5 Hz, f2 =27.5 Hz = f() =2.5 Hz, T() =—=04 sec

1
2.5

1.19.

a. The energy of the signal x () is
o0
Ex:/ |x(0)* dt < oo

(e o]

The energy of g (¢) is found as

Eg=/ =|gm|2dt=/ |Ax(t)|2dr=|A|2/ lx () dt

(e9]
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Thus we have

Eg =|AI* Ey
If x (¢) is an energy signal, x () is also an energy signal.

b. The power in the signal x () is
Pe=(|x@[*)

The power in g (¢) is found as

Pe=(lgml*) =(|ax@*) =142 (Jx0])

Thus we have
Py =|AP Py

If x (¢) is a power signal, x (¢) is also a power signal.

1.20.

a.  We will assume that parameters A and B are real-valued. Given that Ex = [ |x(1)|* dt,
attempting to compute the normalized energy of the signal g (¢) results in

E, :/ |Ax () + B[ dt

which does not converge for B # 0. Therefore g () is a power signal.
b. The normalized average power in g () is
2
Pg=(lg )
=((Ax()+B)(Ax(H+B)")

= A% {|x(0)1*) + B> +2AB ( Re{x(1)})

Since x () is an energy signal, we have

_ p2
Pe=B
1.21.
a. The signal x (f) can be written as
2t
2l e ", <0
x(5)=e _{ e,  t>0

The energy of the signal is

00 0 o0 1
Ex:/ Ix(t)lzdt:/ e4’dt+/ e Mdr==-
—0o0 —00 0 2



Ex:/ le™*] u(t)dtz/ e tdt=-
oo 0 4
c.
2 —2¢12 2
|x(0]"=1]e™*|" |cos BGD)|” u(®)
=e " cos?® (51) u(r)
Remembering that
1 1

cos? (51) = 55 cos(101)

we have

1
x> == um+ 5@ " cos100) u(1)

Nl N = N =

1 ; 1 ;
e u+ Z e el 10y (1) + Z e e 10y (1)

e Mu+ % (410 () 4 % e(Z4=710)1 1y (g

The normalized energy is

Eyx :/ x| dr

1 [ 1 [ ; 1 [ )
=—/ e_4tdt+—/ e(_4+110)tdt+—/ 4110t gy
2 Jo 4 Jo 4 Jo

19

1 1
=—-—+—=0.1422
8 58
1.22.
a.
2t+2, -1<t<0
—-t+2, O0<t<l1
Xq (1) =4 1, l<t<?2
—r+3, 2<t<3
0;, otherwise
0 1 2 3
Ex:/ (2t+2)2dt+/ (—t+2)2dt+/ (1)2dt+/ (—-t+3)%dr=5
-1 0 1 2
b.
1.5t+1.5, -1<t<0
-15t+1.5, 0<t<?2
Xp(F) =
1.5¢t-4.5, 2<t<3

0, otherwise
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0 2 3
Ex:/ (1.5t+1.5)2dt+/ (—1.5t+1.5)2dt+/ (1.5¢-4.5)%dt=3
-1 0 2

1.23.
a. 05
_ 2\ _ [T e, 1
Pe=(|x() >_/0 W di=3
b.
1 31
2 2 t
P, =(|x(1) =/ t“dt=—| =0.5
<| | > 0 3o
C.
1 1
sz/ sinz(nt)dtz/ (l—lcos(Znt))dz‘zl
0 o \2 2 2
1.24.

The two terms with the same frequency need to be combined. Consider that
Acos(2mfit+6) = Acos(0) cos(2n fit) — Asin (0) sin (27 fi 1)
Let Acos(8) =2 and —Asin (0) = 3. Solving the two equations we get
A =3.6056 and 6 =-0.9828 radians

The signal is
x (1) = 3.6056 cos (27 f; t — 0.9858) + 6 cos (27 f> )

and its RMS value is

3.60562 N 62 4.9497
X = — =4,
RMS 5 5
1.25.
a. Even
b. o0dd

C. Neither even nor odd
d. Even
€. Odd

f. Neither even nor odd



21

1.26.

A 0 A
/ x(t)dt:/ x(t)dt/ x()dt
-1 -1 0

For the first integral, apply the variable change ¢ = —a to obtain

A 0 A
/ x(t)dtz/ x(-a) (—da)+/ x(r)dt
.y} A 0
0 A
:—/ x(—a) da+/ x(t)dt
A 0

A A
:/ x(—a) da+/ x() dt
0 0
Since x (¢) is even, x (—a) = x (a) and

A A A
/ x(t)dt:/ x () da+/ x(t)dt
-2 0 0

A
:2/ x(H)dt
0

y) y) y)
/ x(t)dt:/ x(—a)da+/ x() dt
-2 0 0

Since x(¢) is odd, x (—a) = —x (a) and

A p) y)
/ x(t)dtz—/ x(a)da+/ x(t)dt
-1 0 0

=0

b. From part (a) we have

1.27.
A, x(0)=x1(-1) x2(=) = x1(2) x2(2) = x(2)
b. x0=x1(0x0=[-x (0] [~x2 (D] = X1 () X2 () = x(£)

C. x(=0=x1(=0)x20=0)=x108) [=x2(B)] =—x1(8) x2(£) = —x(¢)

1.28.

1 ; 1 )
xg (1) = 5 p(-2+j10m)t | > p(~2-j107)(=0)

— 1 (e—2t+62t) elent
2
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2 (1) Lap(t)
2.5 ™ T T
1
—~ 2
E s 0
= [
0.5 2
i - ‘ ‘ ‘ ‘ ‘ ‘ - : : : : : :
-06 —-04 -0.2 0 0.2 0.4 0.6 -06 -04 0.2 0 0.2 0.4 0.6
t (sec) t (sec)
(@) (b)
L (ovjron)e 1 (c2-j1om)-n)
Xo(H)==e\ ™"/ ——e\77/
2 2
Lo ot 20y jlome
=—(e*'-¢")e
2
70 (8) Lo (t)
2.5 T . T
1
3 g ?
] <
= B o
-2
el i i i i i ‘
-06 —-04 0.2 0 0.2 0.4 0.6
t (sec) t (sec)
) (d)
1.29.
a.

Xe (£) = % e tsin () u(r) + % elsin(—1) u(-1)

= % sin(2) [e ™' u(t) - e u(-1)]

X, (1) = % e lsin () u(r)— % el sin(=1) u(-1)

= % sin(2) [e ™ u () +e* u(-1)]
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b.
1 1
x. () ==eMcos(t)+=e 3" cos(-1)
2 2
=e 3 cos (1)
1 1
X0 (1) ==e 3 cos(t)— = e 3" cos (- 1)
2 2
=0
c.
1 1
Xe (1) = — e 3l sin(f) + = e 317t sin (—1)
2 2
=0
1 1
X, (1) ==e 3 gin(r)— = e 3" gin(-1)
2 2
= e 3lsin (1)
d.
1 1
xe(t)= 5 (te™3'+2) u(n+ (~te3+2) u(-1
1 3¢ 1 3
=—=te 'u(t)—=te’"u(-n+1
2 (1) 2 (=1
1 1
Xo (1) =7 (te 3" +2) u(n-3 (—te*' +2) u(-1)
e. 1 1
_ L o —2|-t-1]
Xe(H)==e +=-e
e (1) 2 2
[ RPESTRES SN RPARY
Xo(h==e ——e
o (1) 2 2
1.30.
The signal x(t)
2 .
—-t-1, -1<t<0 1t
25t-1, 0<t<l1 < ;
x(=4{ -05t+2, 1<t<2 20 :
—t+3, 2<t<3 <l :
0, otherwise :
-2 n
5 0 5

t (sec)
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24
The signal z(—t)
2 T
r+3, -3<t<-2 ©
=}
05¢+2, -2<t<-1 £
x(-t)=4{ -25t-1, -1<t<0 H
t—1, 0<r<1
0, otherwise
-2
-5 0 5
t (sec)
The signal z(t)
2 r
3 :
x(O)+x(-1) £ :
Xe(t) = ——— £ :
2 3 :
) i
-5 0 5
t (sec)
The signal z,(t)
2 r
E :
x(H)—x (-t £ ;
I GEE (G £ :
2 z 5
9 i
-5 0
t (sec)
1.31.

a. X=3¢/", wy=2007 rad/s

b. x(t)=7cos(100mt—m/2) => X=7e 72 @y=1007 rad/s

c.
x(t)=2cos(10mt—m/2)+5cos(10xt + )

X=2¢ /72 1 50i7

=5.3852¢ /27611 )y =107 rad/s



