




























 
SIGNALS & SYSTEMS 

Introduction to signals & systems 



Signals & Systems 

• Signal: a function of one or more variables that conveys information on 
the nature of a physical phenomenon. 

• System: an entity that manipulates one or more signals to accomplish 
a function, thereby yielding new signals. 

 

 

 

 

• System analysis: analyze the output signal when input signal and 
system is given. 

• System synthesis: design the system when input and output signal is 
given. 



Continuous-time system 

Continuous-time system: the input and output signals 

are continuous time 



Discrete-time system 

Discrete-time system has discrete-time input and 

output signals 



Signal classification 

Signal classification 

Continous time Discrete time 

Even Odd 

Periodic Nonperiodic/aperiodic 

Deterministic Random 

Energy Power 



Continuous & discrete time signal 

• x(t) is defined for all time t. 

• x[n] is defined only at discrete instants of time. 

• x[n] = x(nTs), n = 0, ±1, ±2, ±3, … 

• Ts: sampling period 

 

 

 

 
 

 

(a) Continuous-time signal x(t).  (b) Representation of x(t) as a discrete-
     time signal x[n]. 

 



Even & odd signal 

• Even signal (symmetric about vertical axis) 

– x(-t) = x(t) for all t. 

• Odd signal (asymmetric about vertical axis) 

– x(-t) = -x(t) for all t. 

 



Even & odd signal (example) 

• Consider the signal 

 

 

 

• Is the signal x(t) an even or an odd function of time t? 

• Clue: replace t with –t 

• Answer: odd signal because x(-t) = -x(t) 

otherwise,0

),sin()( TtT
T

t
tx 





Periodic & nonperiodic signals 

• Periodic signal 

– x(t) = x(t+T), for all t  

– T = fundatamental period 

– Fundamental frequency, f = 1/T unit Hz 

– Angular frequency, ω = 2πf unit rad/s 

• Nonperiodic signal 

– No value of T satisties the condition above 



• (a) Periodic signal 

• (b) Nonperiodic signal 

 

 

 

 

 

 

• For (a), find the amplitude and period of x(t) 



(example) 

• What is the fundamental frequency of triangular wave below? 
Express the fundamental frequency in units of Hz and rad/s. 

 

 

 

 

 

 

• Answer: 5 Hz or 10π rad/s 



Periodic & nonperiodic signal for 
discrete time signal 

• Periodic discrete time signal 

– x[n] = x[n + N],   for integer n 

 

Periodic signal    Nonperiodic signal 



• For each of the following signals, determine 
whether it is periodic, and if it is, find the 
fundamental period. 
– x(t) = cos2(2πt) 

– x(t) = sin3(2t) 

– x[n] = (-1)n 

– x[n] = cos (2n) 

– x[n] = cos (2πn) 

T = 0.5 s, T = π s, T = 2 sample, nonperiodic, T = 1 

sample 



Deterministic & random signal 

• Deterministic signal: there is no uncertainty 
with respect to its value at any time. Specified 
function. 

• Random signal: there is uncertainty before it 
occurs. 



Energy & power signals 

• Energy signal; 0 < E <  

• Power signal; 0 < P <  
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Continuous time signals 

 

 

 

 

 

Discrete time signals 



Useful signal models 

• Sinusoidal 

• Exponential 

• Unit step function 

• Unit impulse function 



Sinusoidal 

• (a) Sinusoidal signal A cos(ωt + Φ) with phase Φ = +/6 radians.  
(b) Sinusoidal signal A sin (ωt + Φ) with phase Φ = +/6 radians. 



Exponential 
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Unit step function 
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Unit impulse function 

• Pulse signal = 

 

• Unit impulse 
(Dirac delta)  = 
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Operation on signal 

• Dependent variable: x, y, etc… 

– Multiplication 

– Addition 

– Substraction 

– Integration 

– Differentiation 

• Independent variable: (t) etc… 

– Time flip / reflection / time reverse 

– Time scale 

– Time shift 

 



Time flip/reflection 

• Operation of reflection: (a) continuous-time signal x(t) 
and (b) reflected version of x(t) about the origin. 



Time scale 

 

Time scale on continuous signal 

Time scale on discrete signal 



Time shift 

• Time-shifting operation: (a) continuous-time signal in the form of a rectangular 
pulse of amplitude 1.0 and duration 1.0, symmetric about the origin; and (b) time-
shifted version of x(t) by 2 time shifts. 



Exercise of signal operation 

• Suppose x(t) is a triangular signal 

 

 

 

 

 

 

• Find 

(a) x(3t) 

(b) x(3t+2) 

(c) x(-2t-1) 

(d) x(2(t+2)) 

(e) x(2(t-2)) 

(f) x(3t) + x(3t+2) 



 



Properties of system 

• Memory 

• Stability 

• Invertibility 

• Causality 

• Linearity 

• Time-invariance 



Memory vs. Memoryless Systems 

• Memoryless (or static) Systems: System output y(t) depends only on the 
input at time t, i.e. y(t) is a function of x(t). 

• Memory (or dynamic) Systems: System output y(t) depends on input at 
past or future of the current time t, i.e. y(t) is a function of x() where - < 
 <. 

• Examples: 

– A resistor: y(t) = R x(t) 

 

– A capacitor:  

 

– A one unit delayer: y[n] = x[n-1] 

 

– An accumulator: 
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Stability and Invertibility 

• Stability: A system is stable if it results in a bounded output for any bounded input, i.e. 
bounded-input/bounded-output (BIBO). 

– If |x(t)| < k1, then |y(t)| < k2. 

– Example: 

 

• Invertibility: A system is invertible if distinct inputs result in distinct outputs. If a system is 
invertible, then there exists an “inverse” system which converts output of the original 
system to the original input. 

 

 

 

– Examples: 
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Causality 

• A system is called causal if the output 
depends only on the present and past values 
of the input 



Linearity 

• A system is linear if it satisfies the properties: 

– It is additivity:  x(t) = x1(t) + x2(t)  y(t) = y1(t) + y2(t) 

– And it is homogeneity (or scaling): x(t) = a x1(t)  y(t) = a y1(t), for a 
any complex constant. 

 

• The two properties can be combined into a single property: 

– Superposition: 

  x(t) = a x1(t) + b x2(t)  y(t) = a y1(t) + b y2(t) 

  x[n] = a x1[n] + b x2[n]  y[n] = a y1[n] + b y2[n] 



Time-Invariance 

• A system is time-invariant if a delay (or a time-shift) in the input signal 
causes the same amount of delay (or time-shift) in the output signal, 
i.e.: 

x(t) = x1(t-t0)  y(t) = y1(t-t0)  

x[n] = x1[n-n0]  y[n] = y1[n-n0] 

 



Time and frequency domains 

• Most analysis were done in frequency domain. 

• Much more information can be extracted from a 
signal in frequency domain. 

• To represent a signal in frequency domain, some 
method were introduced, the first one is 

• FOURIER SERIES… 
















































