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What is a Communications System?
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Classification of Signals

•Continuous-time and Discrete-time Signals

•Analog and Digital Signals

•Deterministic and Random Signals

•Periodic and Aperiodic Signals

•Energy and Power Signals
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Continuous vs. Discrete Time

Analog vs. Digital

Time Value

1 Continuous Continuous

2 Continuous Discrete

3 Discrete Continuous

5 Discrete Discrete

Analog

Digital
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Some Examples
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Deterministic vs. Random Signals
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Effect of SNR
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Periodic vs. Aperiodic Signals

)()( nTtgtg 

Signal is Periodic if :

Period of the Periodic Signal = T

Frequency of the Periodic Signal = f = 1/T

If the signal is not Periodic, it will be Aperiodic
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Some Examples

)400sin(3)( ttg 

22)( ttg 

)6sin()12sin()( tttg  
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Size of the Signal?
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Energy of Signal
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g dttg
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P

Power of Signal (Time Average Energy)

gPRMS value of Signal
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)cos()( 00   tCtg

)cos()cos()( 222111   tCtCtg

2/)()( tetutg 

Example of Energy and Power Signals

Energy Signal

Power Signal

Power Signal

2/)( tetg Neither
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2/)( tetg 
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Example 1 – neither energy nor power signal
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2/)()( tetutg 
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Example 2 – energy signal
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)cos()( 00   tCtg

Example 3 – power signal
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)0(
2
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2/CvalueRMS 

For a sinosoidal signal regardless 

of frequency and phase shift
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Example 4 – power signal

)cos()cos()( 222111   tCtCtg
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
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Power of the sum of the two sinosoid signals with 

distinct frequencies is equal to the sum of the 

powers of the individual signals
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Generalizing the Result


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It is called Parseval’s Theorem
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Some Important Operations on Signals

)()( atgtx Time Shifting

Time Scaling

Time Inversion

)()(
a

t
gtx 

)()( tgtx 
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00)(  tt
Definition:

1)( 




t

Unit Impulse Function

)0()()( gdtttg 






Sampling Property

)()()( agdtattg 




or
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Can you represent u(t) in terms of unit impulse function?


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
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dxxtu )()( 
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Definition:

Unit Step Function
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Components of a Signal

Let’s approximate a signal with another signal

)()( tcxtg 

)()()( tcxtgte 

21 ttt 

21 ttt 

Error of approximation is:

dtteE

t

t

e 
2

1

)(2

Energy (size) of error is

For best approximation, energy needs to be minimized

dttcxtg

t

t

 
2

1

2)]()([
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To minimize energy, a necessary condition is 0
dc

dEe
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cx(t) is the projection

of g(t) on x(t)
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Example 1
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Example 2

1
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g(t) has a full projection on x(t) – both are same

-1
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Example 3
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g(t) has a full negative projection on x(t)

or g(t) and x(t) are opposite to each other
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Example 4

1
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 ?

g(t) does not have any projection on x(t)

or g(t) and x(t) are orthogonal to each other
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Correlation between Signals

dttxtg
E

c

t

tx


2

1

)()(
1

)()( tcxtg  21 ttt We already know, if

Let’s define a correlation co-efficient between two functions, g(t) and x(t), as

dttxtg
EE

c

t

txg

n 
2

1

)()(
1

21 ttt 

dttxtg
EE

c
xg

n 




 )()(
1

Or to generalize

11  nc

101nc

Orthogonal ItselfOpposite
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Energy of Sum of Orthogonal Signals

21)()()( ttttxtgtz 

xgz EEE 

If g(t) and x(t) are orthogonal, then

By definition:

dttxtgE

t

t

z  
2

1

2)]()([

dttxtgdttxdttg

t

t

t

t

t

t

 
2

1

2

1

2

1

)()(2)()( 22

xg EE 
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Orthogonal Signal Set











nm

nmE

t

t

nm
n

dttxtx
0

2

1

)()(

Let’s define a signal set x1(t), x2(t), …., xN(t), such that

Then, x1(t), x2(t), …., xN(t) are called orthogonal signal set 

and if En is = 1, then the set is called orthonormal

21 ttt 

Now let’s assume

)(.....)()()()( 332211 txctxctxctxctg NN 



N

n

nn txc
1

)(

dttxtg
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dttx

dttxtg

c

t

t

n
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t

t

n

t

t

n

n 





2

1

2

1

2

1 )()(
1

)(

)()(

2

Then for best 

approximation i.e., 

minimized error energy
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If the orthogonal set is complete, then error energy -> 0, i.e., 

approximation changes to equality

)(.....)()()()( 332211 txctxctxctxctg NN 



N

n

nn txc
1

)(

The above equation is called generalized Fourier Series

What about energy of g(t)? – Parseal’s Theorem





N

n

nnNNg EcEcEcEcEcE
1

22

3

2

32

2

21

2

1 .....
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An Example of Complete Orthogonal Signal Set 

,.....}3sin,2sin,sin

.....3cos,2cos,cos,1{

000

000

ttt

ttt


















0 0

0

02/
00 coscos

T
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nmT

tdtmtn 














0 0

0

02/
00 sinsin

T

nm

nmT

tdtmtn 

 

0

0cossin 00

T

nandmallfortdtmtn 

Follows by:

0

00

2
2

T
f


 
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Let’s assume:

.....3sin2sinsin

.....3cos2coscos)(
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0

Remember:

Therefore,

Trigonometric 

Fourier Series
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Concept of 

representing a 

periodic signal 

with a summation 

of sinusoids
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Compact Trigonometric Fourier Series

]sincos[)(
1

000 





n

nn tnbtnaatg 
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








 
 

n

n
n

a

b1tan

00 aC 

Where

Compact Trigonometric 

Fourier Series

Also called Fourier Spectrum 

of periodic signal
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Example 1

0)(
1 00

0
0

0  


dttg
T

a
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t

0)sin()(
2 00
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 
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Tt

t

n 

)(tg

t
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-1

0.25 0.75 1.25

 21sec1 000  HzfT

Without any mathematical calculations,
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Example 1 … Cont.
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 21sec1 000  HzfT
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

dtntdtnt  
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Example 1 … Cont.
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Example 1 … Cont.
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Example 2
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We know that 

Therefore,
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Example 3
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

We know that with time period = 1 sec

Therefore, with time period of T0
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Remember definition of

impulse function
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Example … cont.
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Remember extended sampling 

properties of impulse function



Department   of   Electrical   and   Computer   Engineering

0

22 2

T
abaC nnnn 

0tan 1 








 
 

n

n
n

a

b


0

00

1

T
aC 

0

2

T
an 

0nb

0

0

1

T
a 


t

)()(
0

ttg T

Example … cont.
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Example … cont.
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Example … cont.
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Time Domain Signal

Fourier Spectrum
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



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Energy of Signal is defined

)()()()( 22
tgtgtgtg 

and not 




 dttgEg )(2

To accommodate complex signals

Because

)()()( *2
tgtgtg 

for real signals

for complex signals

Energy of Signal Revisited

Similarly,

signalscomplextxtgbecomestxtg )()()()( *
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Another Example of orthogonal Signal Set
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Exponential Fourier Series
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By orthogonality
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Compact to Exponential Fourier Series
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Let’s look back on the Example of Impulse Train
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Time Domain Signal

Fourier Spectrum

Exponential Fourier 

Spectrum

0 020 

nD

03 04

0

1

T

0020304


