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Aim of this lecture

Introduce the concepts of a signal (and system), and their various 

forms and properties:

• Types of signals,

• Signal transformations,

• Odd/even, periodic signals,

• Signal power and energy.

Reading: Chapter 1 Signals and Systems, Oppenheim, Willsky, 

Nawab 2nd edition (Pearson) 



Signals

Signals come in many forms:

• Continuous,

• Discrete,

• Analog,

• Digital,

• Periodic,

• Non-periodic

• Odd or even-symmetry

• Non-symmetry

• … etc



Signals

Signals with special waveforms:

• Unit step,

• Impulses,

• Exponentials

• Sinusoids,

• … etc.

We are also interested with the transformations commonly 

associated with signals.

This prepares us to deal with how signals interact with systems.



Overview

A system transforms input signals (excitations)

into output signals (responses)

to perform a certain operation.

A voltage divider is a system that 

scales down the input voltage, 

vo = [R2/(R1+R2)]vi



Examples of Systems

• By modelling signals and systems 

mathematically, we can use the system model 

to predict the output resulting from a 

specified input.

• We can also design systems to perform 

operations of interest.

• Now, we look at the mathematics of signals;

• Subsequently, we will look at systems. 



Types of Signals

▪ Continuous (pic a) vs Discrete (pic 

b)

▪ It is a physical quantity being 

measured.





Analog vs Digital

Sampling

Discrete Signal

Digital Signal (binary)

Why digital?

Digital signal processing can be done on a 

digital computer;

More immune to noise interference.



Analog Signals : Continuous and discrete signals

What distinguishes “continuous” or “analog" signals is that 

they are defined for all times in some interval. They need not 

be continuous functions in the mathematical sense of the 

word (although real signals usually are). 
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Analog signal which is 

also mathematically 

continuous (ie no 

sudden jumps). 



Analog Signals

What distinguishes “analog" signals is that they are defined 

for all times in some interval. They need not be continuous 

functions in the mathematical sense of the word (although 

real signals usually are). 

Analog signal which is 

not mathematically 

continuous everywhere 

(ie there are sudden 

jumps). 
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Analog Signals : Continuous and discrete signals



Analog Signals

A discrete signal (regarded as a sampled signal for example) 

is defined only at certain instants separated by finite 

intervals. It is not zero between sampled values, it is simply 

undefined.
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For example the 

continuous signal shown 

has well defined values of 

all times from zero to 

infinity, whereas the 

discrete signal which 

results from sampling at 

intervals, T, is (strictly 

speaking) undefined 

between sampling 

instants.
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Analog Signals : Continuous and discrete signals



Analog Signals

A discrete signal (regarded as a sampled signal for example) 

is defined only at certain instants separated by finite 

intervals. It is not zero between sampled values, it is simply 

undefined.

For example the 

continuous signal shown 

has well defined values of 

all times from zero to 

infinity, whereas the 

discrete signal which 

results from sampling at 

intervals, T, is (strictly 

speaking) undefined 

between sampling 

instants.

f n A n T n( ) sin( ) , , , ,= =     ;   01 2 3
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Analog Signals : Continuous and discrete signals



Analog vs digital

The terms continuous-time, discrete-time, analog and digital can be summarized 

as follows:

• A signal x(t) is analog and continuous-time if both x and t are continuous 

variables (infinite resolution). Most real world signals are analog and 

continuous time.

• A signal x[n] is analog and discrete-time if the values of x are continuous but 

time n is discrete (integer-valued).

• A signal x[n] is digital and discrete-time if the values of x are discrete (i.e. 

quantized) and time n also is discrete (integer-valued). Computers store and 

process digital discrete-time signals.

• A signal x(t) is digital and continuous-time if x(t) can only take on a finite 

number of values. An example is the class of logic signals, such as the output 

of a flip-flop, which can only take on values of 0 or 1.



Signal Transformations

Time-shift Transformation



Time shift



Time Shifting 

 The original signal x(t) is 
shifted by an amount t0 .

Time Shift: y(t)=x(t-to)

 X(t)→X(t-to) // to>0
→Signal Delayed→ Shift to 
the right

 X(t)→X(t+to) // to<0
→Signal Advanced→ Shift to 
the left

Time

Shifting

X(t) Y=X(t-to)



Signal Transformations

Time-scaling Transformation



Time scaling

Example: Given x(t), find y(t) = x(2t). This 

SPEEDS UP x(t) (the graph is shrinking)

The period decreases!

What happens to the period T? 

The period of x(t) is 2 and the period of y(t) is 1, 

Time

Scaling

X(t) Y=X(at)

a>1  → Speeds up → Smaller period → Graph shrinks!

a<1  → slows down → Larger period → Graph expands





Time scaling

 Given y(t), 

 find w(t) = y(3t) 

 v(t) = y(t/3). 



Signal Transformations

Time-Reversal Transformation





Summary 

Or rewrite as: X[-(t+1)]

Hence, reverse the signal in time. 

Then shift to the left of t=0

by one unit! 

Or rewrite as: X[-(t-2)]

Hence, reverse the signal in time. 

Then shift to the right of t=0

by two units!

shift to the left of t=0 by 

two units!Shifting to the right; increasing in time → Delaying the signal!

Delayed/ 

Moved right
Advanced/

Moved left

Reversed &

Delayed

This is really: 

X(-(t+1))
See

Notes



Signal Transformations

Combined (Multiple) Transformation



Signal Transformation Procedure







Amplitude Operations

In general: 

y(t)=Ax(t)+B

B>0 → Shift up

B<0 → Shift down 

|A|>1→ Gain 

|A|<1→ Attenuation 

A>0→NO reversal 

A<0→ reversal 

Reversal

Scaling

Scaling



Amplitude Operations

Given x2(t), find 1 - x2(t). 

Signals can be added or multiplied

Multiplication of two signals:x2(t)u(t)

Ans.

Ans.

Step unit function

Remember: 

This is y(t) =1



Amplitude Operations

Given x2(t), find 1 - x2(t). 

Signals can be added or multiplied → e.g., we can filter parts of a signal! 

Multiplication of two signals:x2(t)u(t)

Step unit function

Remember: This is y(t) =1

Note: You can also think of it as X2(t) 

being amplitude revered and then 

shifted by 1.  



Even symmetry

Odd symmetry

Odd/even symmetry



Even/Odd Synthesis





Given:

Signal Characteristics:

Find uo(t) and ue(t)

Remember:



Signal Characteristics

Symmetric across the vertical axis 

Anti-symmetric 

across the vertical axis 



Example

 Given x(t) find xe(t) and xo(t)

5

4___

5

2___

5

2___



Example

 Given x(t) find xe(t) and xo(t)

5

4___

5

2___

5

2___

-5

-5



Example

 Given x(t) find xe(t) and xo(t)
4___

5

2___

5

2___

4e-0.5t

2___
2e-0.5t

-2___

2___
2e-0.5t

2e+0.5t



Example

 Given x(t) find xe(t) and xo(t)
4___

5

2___

5

2___

4e-0.5t

2___
2e-0.5t

-2___

2___
2e-0.5t

2e+0.5t-2e+0.5t



Summary so far…



Periodic Signals







Periodic sinusoids



Periodic complex exponential
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For voltage (or current) signals, the instantaneous power delivered to a 

load is (generally speaking) proportional to the square of the signal 

amplitude.

Analog Signals : Energy and Power of Signals

Processing 

circuits
R

I(t)

V(t)

RtI
R

tV
tP )(

)(
)( 2

2

==



The total energy (= power x time)  in the signal is then 

proportional to the area under the power vs time curve

Analog Signals : Energy and Power of Signals
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This relation is used as a convenient definition for all 

signals, regardless of their physical nature.  

Thus the total energy of a signal, f(t),  is defined to be 

Analog Signals : Energy and Power of Signals

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.5

1

1.5

2

2.5

Time (sec)

P
o
w

e
r 

(a
rb

. 
u
n
it
s
)




−

= dttf
2

)(E

The magnitude in this 

expression allows for 

the case in which f(t) is 

complex valued.
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The average power in a signal over a given interval of 

duration T centred on the point t , is defined to be the energy 

in the time interval T divided by the duration of the interval.

Analog Signals : Energy and Power of Signals

The average power is 

the instantaneous 

power of a constant 

signal with the same 

energy in the interval 

as the signal.
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The total average power in a signal is defined as the limiting 

value of the average power over an interval as the duration 

of the interval goes to infinity.

Analog Signals : Energy and Power of Signals

Note that there is no 

guarantee that the limit 

will exist, although for 

real physical signals it 

should.
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Pulse-like signals form an important sub-class of analog 

signals. One mathematical generalisation is the class of finite 

energy signals.

For finite energy signals the total energy of the signal is 

finite.

Analog Signals : Finite Energy Signals
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For example the unit height rectangular pulse of half-width 

T, which we will write as PT(t) , is defined by 

Analog Signals : Finite Energy Signals
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This obviously has finite energy, since

Analog Signals : Finite Energy Signals
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Not all finite energy signals are of "compact support" (ie. 

zero for all t outside some finite interval). 

An important example is the "causal exponential" :

Analog Signals : Finite Energy Signals
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This signal has non-zero values for all t > 0, but the energy 

is finite :

Analog Signals : Finite Energy Signals
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The Gaussian pulse is also an important pulse-like signal 

frequently encountered in signal processing. 

Analog Signals : Finite Energy Signals
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That this is finite energy follows from the well-known result:

Analog Signals : Finite Energy Signals
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In reality all physical signals must be finite energy, but many 

signals are conveniently idealized by functions which do not 

have the finite energy property. 

These signals are rather like periodic signals and noise, in 

that they neither decay or explode at time increases. 

The mathematical property that defines this class of signals 

is that the average power of the signal is finite. 

Analog Signals : Finite Power Signals
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Periodic signals are good examples of finite power signals. 

For example the sinusoidal oscillation:

Analog Signals : Finite Power Signals
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This is clearly not finite energy since the energy on any 

interval grows in proportion to the length of the interval:

Analog Signals : Finite Power Signals
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When the energy on the interval is divided by the length of 

the interval to give the average power, the result is:

Analog Signals : Finite Power Signals
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If we let T become arbitrarily large, the average power 
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Analog Signals : Finite Power Signals
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In fact any bounded periodic function is finite power. 

The converse is not true, not all finite power signals are 

periodic. 

Noise is an important example of a finite power signal which 

is not periodic. 



(Eq 1.35)

For a signal x(t), 

Average Power: Total Energy:

(Eq 1.36)







Average Power of Periodic Signal





b)




