
Deterministic signal: 
No uncertainty with respect to the signal value at any time.

Random signal: 
Some degree of uncertainty in signal values before it actually occurs.
 thermal noise in electronic circuits due to the random movement of electrons, 
 reflection of radio waves from different layers of ionosphere



1. In both real and complex signals, the independent variable is real-valued. 

2. A real signal at any given time takes its value in the set of real numbers, and 
a complex signal takes its value in the set of complex numbers.

3. A complex signal can in turn be represented by two real signals, such as the 
real-In phase and imaginary Q-quadrature parts or equivalently magnitude 
(amplitude) and phase values. 

4. Signals that we observe physically (using voltmeters, ammeters, 
oscilloscopes, etc.) are all real signals, as complex signals have no 
physical meaning!!!

5. Certain mathematical models and calculations can be greatly simplified if we 
use complex notation.

6. In communications, a complex signal is often used to convey information
about the magnitude and phase of a signal in the frequency domain.

Real and Complex Signals





A signal is an energy signal if, and only if, it has nonzero but finite energy 
for all time:

A signal is a power signal if, and only if, it has finite but nonzero power 
for all time:

General rule: 
Periodic and random signals are power signals. 
Signals that are both deterministic and non-periodic are energy signals.

E = P.T





Energy and Power Signals



Power is the rate at which energy 
flows. Electrical power is 
analogous to the flow rate of water 
through a hosepipe

Energy is how much electricity has 
been generated, stored, or 
consumed over time.





Random process
 A random process is a collection of time functions, or 

signals, corresponding to various outcomes of a 
random experiment. For each outcome, there exists a 
deterministic function, which is called a sample 
function or a realization.

Sample functions
or realizations
(deterministic

function)

Random 
variables

time (t)
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Random process …

 Strictly stationary: If none of the statistics of the random process 
are affected by a shift in the time origin.

 Wide sense stationary (WSS): If the mean and autocorrelation 
function do not change with a shift in the origin time. 

 Cyclostationary: If the mean and autocorrelation function are 
periodic in time.

 Ergodic process: A random process is ergodic in mean and 
autocorrelation, if 

and     

, respectively.
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• The set of all possible outcomes
• Tossing a coin

S = {H,T}

• Rolling a die
S = {1,2,3,4,5,6}

• The AWGN in a Communication Channel
S = [ -∞, ∞ ]

Heads Tails

xi +

zi

yi



Autocorrelation of an energy signal

Autocorrelation of a power signal

• Autocorrelation and spectral density form a Fourier transform pair.
• Autocorrelation is symmetric around zero.
• Its maximum value occurs at the origin.
• Its value at the origin is equal to the average power or energy.
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Baseband signals

• The simplest signaling scheme is pulse amplitude modulation (PAM) 
With binary PAM a pulse of amplitude A is used to represent 
a “1” and a pulse with amplitude -A to represent a “0”

• The simplest pulse is a rectangular pulse, but in practice other type of pulses 
are used 

For our discussion we will usually assume a rectangular pulse 

• If we let g(t) be the basic pulse shape, than with PAM 
we transmit g(t) to represent a “1” and -g(t) to represent a “0” 

The signal energy depends on the amplitude 
Eg is the energy of the signal pulse g(t) 
For rectangular pulse with energy Eg => 



Bandwidth occupancy (ideal rectangular pulse)







Baseband signal Bandpass signal

Local oscillator

Baseband versus bandpass signals/spectra:

Bandwidth dilemma:
Bandlimited signals are not realizable!
Realizable signals have infinite bandwidth!





Bandpass signals 



Energy content of modulated signals 



Demodulation 



(a)
(b)

(c)
(d)

(e)50dB

(a) Half-power bandwidth. This is the interval between frequencies at which Gx(f ) has dropped to 
half-power, or 3 dB below the peak value. 
(c) Null-to-null bandwidth. The most popular measure of bandwidth for digital communications is 
the width of the main spectral lobe, where most of the signal power is contained.

a) Half-power bandwidth
b) Noise equivalent bandwidth
c) Null-to-null bandwidth

d) Fractional power containment bandwidth
e) Bounded power spectral density
f) Absolute bandwidth



FSK spectrum

ASK, PSK spectrum
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