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[p . 3] Basic Signal Types [p. 21] Signal Operations

- Complex Exponential - Time Shifting
- Unit Step - Time Scaling
- Unit Ramp - Time Reversal
- Sign - Combined Time Shifting &
- Impulse Scaling
- Sampling Signal
- Sinc Function [p. 58] Energy & Power Signals
- Rectangle Function
- Combination of Functions [p. 66] Example: Tone Crunch
[p. 31] Continuous-Time Signal Properties [p. 69] Example: Amplitude Modulation

- Real/Complex

- Periodic/Aperiodic

- Even/Odd

- Products of Even and Odd Signals
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¢ Basic Signals

1. Complex Exponential Signal

x(t) = Ae® a=a+jp

[
e
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Complex Exponential Signals, cont’

x(t) = Ae®
— A real, a real

a>0 4

>

> 1

—~Areal,a=a+ jf - x(t) = Ae®'el’!
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2. Unit -Step Signal

u(t) = u(t) 4

> 1

- Useful when defining input signals to systems
that “turn on” at some time
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3. Unit —ramp Signal

amp (0 t,t>0 A
=<
P 0,t<0 ; |
|

Note: The ramp signal is related to the unit step signal
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4. Signum function (Sign

(1
sgn(t)=+< 0

Precise Graph

sen(t)
1

signal)

t>0)
t=0

Fl 1<0 )

Commonly-Used Graph

- |

—1

sen(t)

1

A

-/

—1

The signum function returns an indication of

the sign of its argument.
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5. Impulse Signal &t)

- Defined as a limit of p, (t)

IA

t <

1
pA(t): A!
0
A =4 1
1/4
> 1
-2 2
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_A A
2

2

o

Q

p, (1)

A 1/A

—AI2V"A T2

1/2

> 1

> 1

> 1

—AI2" A2
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Impulse Signal, cont’

o (t) is defined as:
o(t)=0 t=0

and jf”a(t)dt -1

Intuitive definition: - concentrated at t=0 with
- unit area

sty 1

>

= o(t-t,)=0 for t—-t, =0
—> t =1,
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Note:

- The impulse is not a function in the ordinary sense because
Its value at the time of its occurrence is not defined.

- It is represented graphically by a vertical arrow. Its strength
IS either written beside it or is represented by its length.

o(1) &D 98fn

¥ —38@+2)

2 Lr 21
"]

13
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Impulse Signal, cont’

- Properties of & (t)

S =
OI \/>\

f(t) 6(1)=1(0)o (1)

A
/\I\/\
>
0 L

f(t) S(t—ty) = () (t—1,)

5/21/2013 E02402.SuFY13/MPF Section 2 13



Impulse Signal, cont’

o(t-1t,)=0, t=t, Non zero at one point only

jﬁ(t—to)dtzl Unit area

+ 00

j f(t)o(t-t,)dt = f(t,) Sifting property

f(t)o(t-t,)= f(t,)o(t-t,) Sampling property
du(t)
dt

= o (t) Derivative of unit step

5(at):L5(t), a =0 Scaling property

|
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Impulse Signal - Example

x(t) = e ?"Yu(t-1), Compute and plot (;j—tx(t)
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\/

s Examples:

A = I5(1+3)dr

1

B=|o(r+3)e‘dr
1

C=|do(t+3)e'dt

— 0

d ( s

D=—{e3u(t-1

" (t-1)}
1

E = jsin(r)e—ifa(r +3)dr
0

F = +focos(Sr)5(r —-1)d~r
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Examples:

Assume

X(t) =u(t)—u(t-5)
dx(t)

Plot x(t), rrant X(2-1)
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5. Sampling Signal s;_(t) (Unit Periodic Impulse)

- Definition: The sampling signal (unit periodic impulse) is

defined as 5. (=Y &(t-nT,)

nNn=-ow
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Can be used to generate a sampled signal x, (t) from the analog
version X(t)  x_(t) = X(t).6; (t)

=x(t) f o(t-nTy)
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6. Sinc Function

- Definition: The sinc function is defined as:
sin(zt)

sinc(t) = t
T

- Behaviorat+«,0
- Zero crossing locations
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/. Rectangle Function

rect (t) = {(1) |t| : 1/2}

oW

<
rect(t/T):{1 |t|_1/2T}
0 ow

NOTE: -areaunderrect (t) =
- rect (t) =
(Using unit steps)
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s Examples:

Plot: 3rect(%j,4u(3 —t),-5ramp(0.1t),—3sgn(2t)
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s+ Combinations of Functions

[sin(47tt)+2] cos(40mt)

3

-3

sinc(4t) = %;%)

1
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I

10

e’ cos(10m7)
A

5 J I V"V"v"v"v“v“-* -t
ot 1 cos
Mﬂn Ml Mﬂn AW

.
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s Continuous-Time (Analog) Signals Properties

* Real/Complex Signal
X(t) = cos(2t+ 7 /3)
X(t) =2+ j)cos(2t+ 7 / 3)

Real(x(t)) =
Im (x(t)) =

5/21/2013 EO02402.SuFY13/MPF Section 2

31



Periodic / Aperiodic Signals

- Definition: An Analog Signal x (t) is periodic with period T if

X(t) = x(t+T), VvVt

Consequence: x(t) = x(t + kT), k integer

Example: X(t) = Acos(w,t+86)
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What is the Period T?

>1
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« Do Periodic Signals Exist in Practical Applications?
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Periodic Signal Properties
- Assume x (t) Is periodic with period T
Are signals below periodic?
y(t) = A+ x(t)
z(t) = x(t) +v(t) ,v(t) periodic with period T, = NT
w(t) = x(t) + b(t) , b(t) periodic with period T,
which is nota multiple of T
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o Examples: Are signals periodic?
X(t) = cos(4t) +sin(8t+ 7 / 3)

y(t) = cos(4t) + sin(9t)

z(t) = el?' 4 el™
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- The period of the sum of periodic functions is the least common
multiple of the periods of the individual functions summed.

- If the least common multiple is infinite, the sum function is aperiodic.

First Sinusoid

T/\/\/\/\_f
NVARVARVARVARN

Second Sinusoid

’V\/\/\/\/\/\
NRVAVAVAVAVAVE

)+ 2y(1) Two Periods of the Sum

J}&‘QW&U&QW&T

First Sinusoid

T/\/\/\/\/\/\/\/\,
ANVVVV VY

Second Sinusoid

%0

Y

)+ 1,00 Two Periods of the Sum of the Sinusoids
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 Even/Odd Signals

- Definition: A Signal x(t) isodd if x(t) = —x(-t)
A Signal x(t) iseven if x(t) = x(-t)

Property: Any signal x(t) can be decomposed into a
sum of even and odd components

X(t) = x, (1) + x, (1)
! N
0.5[x(t) + x(~1)] 0.5[x(t) = x(=t)]
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e How to check x.(t) is even and x(t) is odd

1

Xe (1) = —[x(t) + x(=t)

I\JlH l\)|

Xo (1) = —[x(t) = x(-t)]
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Even and Odd Parts of Functions

(1) g(1)
A A
6 6
: T : > //\ / >
-6 \\I 6 6 1 N 6
6+ 61
g (0 g,
A A
6 |
: : ™ -t 6 I ' \,_// 6—"‘—‘ 1
-6 i 6 I
-6+ -6
g, g,
A A
6 6
: : | — -/ I N = f
-6 T 6 6 1 6
ol o]
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+» Combinations of Odd and Even Functions

g (7)

p

N

- [

/

\

Sﬁﬂ

A /]

\Y4
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\Y4

Two Even Functions

g (g (1)

- [

(’Y@" /Av
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An Even Function and an Odd Function

g,(?)

WA, NS
VUV Y A
J

g,(7)

Y
~
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Products of Even and Odd Functions, cont’

g,(0) Two Odd Functions

A

g,(1)g,(1)

3

/\
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¢ Integrals of Even and Odd Functions (over symmetrical limits)

Even Function (Odd Function
2(f) (1)

Area #2

Arca #1 = Area #2 Arca #1 =- Area #2

ig(t)dt:Z_Tg(t)dt [g(t)dt=0

—a —a

5/21/2013 EO02402.SuFY13/MPF Section 2



Integrals of Even and Odd Functions, cont’

Evaluate the 1ntegral

10
I = J.4rect(t/8)ef2ﬂ”5dt
10

4| | 4 4
1= 4_[ fUS(fHSEJr j§in(:ft/8) dfzS_[';cos(frt/S)dtJr jSZ[Sin(?IHS)dI
TR ev en odd

I

_ 4
= s{sm(mm)} -2 0]=% 220372
/8 74 /4
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“» Examples:
For signals shown below: 1)find odd and even parts, 2) find integrals

x(t) = sin(2xt), y(t):sin(27zt+%)
Z(t):{ZSin(Zﬂ't) t>0
0 ow
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¢ Derivatives of Even and Odd Functions
Property: Derivative of an even function is odd and vice versa

Proof:
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¢ Signal Operations: Time Shift

2t Ogtgl
2
x(t):<(4_2t) oi<o
3 2
0 ow

X, (1) =\x(t - 2)
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Signal Operations: Time Shift, cont’

e Generic Time Shift x,(t) = x(t-T)

x(t) 4
> {
1
X(t =T T>0
> 1
X(t=T)4
( ) T <0
> {

5/21/2013 EO02402.SuFY13/MPF Section 2

52



5/21/2013

¢ Signal Operations: Time Scaling

X, (t) = x(at)

x(t) A
> 1

A
>

A
> 1
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> Signal Operation: Time Reversal

X, (1) = x(-1)
A
> {
-1 4
A
> {
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¢ Signal Operations: Combining Time Shifting & Scaling

X, (1) = x(at—b) a, b>0
— x(a(t-b/a))

1. Scale x(t) by a

2. Shiftresult by b
a

X, (t) = x(2t - 4)

x(t) ¢

> 1
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Combining Time Shifting & Scaling, cont’
X(t) A

-1 4
X, (t) = x(2t - 4)
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¢ Signal Operation: Freguency Shifting

x(t) = e’
y(t) — ejWOT e ot — ejwo+¢)t
H_/

VAN

Called Modulation New Frequency w, + ¢
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“* Energy / Power Signals

- Definition: The energy in a signal x (t) over the interval
T =[t,,t,] Is defined as

t, 2
E. = X (t)| dt :
T Itl \ ( )|, Real Signal:
' Complex Signal:

- Definition: The energy in a signal x (t) is defined as:

E, = j_+:|x(t)|2dt

5/21/2013

- Definition: A signal is called an Energy signal if it has finite energy.
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Energy / Power Signals, cont’

- Definition: The power of a signal x (t) over the interval
T =[t,,t, ] is defined as

p. 1 J‘ t,

ot —t,

x(t)|2dt

- Definition: The power of a signal x (t)is defined as:

Po=timo o x(t)| dt
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- Definition: A signal is called a power signal if it has finite power.
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Energy / Power Signals, cont’

- Question: Can a signal have both finite energy and non zero power?
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Examples: Energy / Power Signals

- Find the energy and power of

—x(t) = cos(xt+ %)

0 ow
—2(t) defined as:

A Z(1)

3el"2 0 <t <10
—y(t) =

1

> 1
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Energy / Power Signals, cont’

- Property If x(t) = Z A, cos(w,t)

k
P, =D P.
K

P, = Power{A, cos(w,t)}=

X
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* Example: Tone Crunch

Assume you are given a tone frequency f, Hz of duration

to 5mn. Assume a full number of periods within 5mn. Assume you
want to crunch the signal into a 4mn window. How does that affect
the signal frequency?

X(t) A
< VS 7

/ ‘\ f\ / ‘\ ;N

/ / / \
)Y . ’ | )Y )
\ . ) \ ! \ !
\_7/ ‘. \_/ \_/

T =5mn

y(t) A

" e
"f\f\/\ 2
;g ;g
A L. )
\ \’\’
\-’ \_/ \_/
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Example cont’, Tone Crunch

X(t) A
,% ,—~ ,—h
v /\ v K
L . \ L y :
' U “ l' \ / \ /
“_/ ‘.. ./ \_/
T, =5mn
,_,y(t) -
/\ f\ /\
/ /
: :
\ v /
\,’ v/ v/
T_4mn

Conclusion: If x(t) is periodic with period T,, the time
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scaled signal x(at) is also periodic with period T,=
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« Example: Amplitude Modulation

X (t) >% > y(t)

cos(w,t) A (1)

x(t) 4

N ,
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