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4.4 Energy and Power Signals

Signals may also be classified as energy signals and power signals. However there are some
signals which can neither be classified as energy signals nor power signals.

The total energy E of a discrete-time signal x(n) is defined as:

E= Y |sof

JI= ==

and the average power P of a discrete-time signal x(n) is defined as:

1 L
P=L (n
N 2N+1n;hr| }|
1= 2 . : ,
or P =—2 |x{n)| for a digital signal with x(n) = 0 for n < 0.
n=10

A signal is said to be an energy signal if and only if its total energy E over the interval
(— oo, o0) is finite (i.e., 0 < E < o0). For an energy signal, average power P = (). Non-periodic
signals which are defined over a finite time (also called time limited signals) are the
examples of energy signals. Since the energy of a periodic signal is always either zero or
infinite, any periodic signal cannot be an energy signal.

A signal is said to be a power signal, if its average power P is finite (i.e., 0 < P < o). For
a power signal, total energy E = oo. Periodic signals are the examples of power signals.
Every bounded and periodic signal is a power signal. But it is true that a power signal is not
necessarily a bounded and periodic signal.

Both energy and power signals are mutually exclusive, i.e. no signal can be both
energy signal and power signal.

The signals that do not satisfy the above properties are neither energy signals nor
power signals. For example, x(n) = u(n), x(n) = nu(n), x(n) = nu(n).

These are signals for which neither P nor E are finite. If the signals contain infinite
energy and zero power or infinite energy and infinite power, they are neither energy nor
power signals.

If the signal amplitude becomes zero as Inl — ==, it is an energy signal, and if the
signal amplitude does not become zero as Inl — ==, it is a power signal.

Example 5 Find which of the following signals are energy signals, power signals,
neither energy nor power signals:

(a) [%)n u(n) (b) .EJ'-HJTH}'IHH.IHE]]

(c) sin [% n) (d) .u(n) —u(n—=06)

(e) nu(n) () r(n)—r(n-4)
1
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Solution:
1 n
(a) Given x(n) ={5) uin)

Energy of the signal E = Lt 2 |x(n}|

T
N “ h=—N

- (1)" 1 4 .
= —| =——=— joule
pr 1-(1/4) 3

Power of the signal P = Nl;,t SN T 2 | {n]|

_ Lt ] i ] n
T NS 2N +1 4

n=\

N+l
_ L [1-am
No= 2N +1| 1-(1/4)

=0

The energy is finite and power is zero. Therefore, x(n) is an energy signal.

(b) Given I(H} _ gD+ (x12)]

Energy of the signal E= Lt Z ‘e”mm"””z”
N

) .I"FL—‘}W F!_z 1

= Lt 2N+1]=

N—se=

2

Power of the signal P= Lt txi3)n + (x12)]
¢ N—v== 2N +1 2 |

N

= Lt 1
Noe= 2N +1 z

n=—N

= Lt
N—== 2N +1

The energy is infinite and the power is finite. Therefore, it is a power signal.

[2N +1] =1 watt
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: .| T
(c) Given x(n)= sm{g n)

) N ] )
Ene of the signal E= Lt sin® | —
rgy g 2 sin [3 H

N—ee =

L i 1 —cos [(2m /3) n]

N—ee = 2
hr
2
=— Lt 2 (l—cm—nn)
2 N

Power of the signal P= Lt sin~ | —n
& Nae= 2N +1 Z ( )

L | i 1—cos [(27/3) n]
No= 2N +1,5, 2

B T
2 N 2N +1

[2N +1] =% watt

The energy is infinite and power is finite. Therefore, it is a power signal.

(d) Given x[n;l = u(n) — uln — 6)

Energy of the signal E= Lt z [1e( ) — u(n — 6]]
Ar

= rLt z 1=6 joule

N—= =0

Power of the signal P= Lt
N—e= 2N +

2 [u(n) = u(n - 6)I*

1 5
= Lt 1=0
N3 2N+l‘§',

Energy is finite and power is zero. Therefore, it is an energy signal.

(e) Given x(n) = nu(n)

Energy of the signal E= Lt Z [n]” u(n)

Y
N—+ n=—N
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Ar
= Lt Y [n’]
f—3eo
N=3 n=0
- 0O

1 N oo
Power of the signal P= Lt n|” u(n
ower o sig Bl s e Z [n]” u(n)

n=-N

N

2
S

n=0

= Ef
No== 2N +1

= 00

Energy is infinite and power is also infinite. Therefore, it is neither energy signal
nor power signal.

Example 6 Find whether the signal

’nz 0=<n<3

I0—-n 4=n<6
x(n) =

" T<=n<9

0 otherwise

is a power signal or an energy signal. Also find the energy and power of the signal.

Solution: The given signal is a non-periodic finite duration signal. So it has finite energy
and zero average power. So it is an energy signal.

]

Energy of the signal E = 2 |,\:|U'1'}|1

= i{nz}l + i(m—nf +i[n)1
n=0 n=4 n=T7

3 ] 9
=Y 0+ (100+ 2" = 20n) + Y n’

={ n=4 n=T7
=(0+1+16+81)+(36+25+16)+(49+ 64 +81)

=369 < == joule
1 o

Power of the signal P= Lt
N—veo 2N +1

3 ] 9
1 Y P +Y (10-n)7+) (n)
n=T

x|
’

N 2N +1 n=[) n=4
- Lt —[369]=0
N—veo 2N +1

Here energy is finite and power is zero. So it is an energy signal.
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