Signals and their terminology
Introduction to Signals:
In general many systems such as communication system, control system, instrumentation system have to process the information. And this information is processed in the form of signals. Signals convey information from one point to another point. Mathematically, signals can be described as function of one or more variables. Basically signals are physical quantities that varies with some dependent or independent variables. Combining all these facts, we can broadly define Signal as “A physical quantity which contains information and it is function of one or more independent variables.”
[bookmark: _GoBack]Classifications of Signals:
	Figure below shows the classification of signals. They can be broadly classified in to six categories.

                                         Fig. 1.1 Classification of signals
Continuous time (CT) Signals:
A signal having continuous amplitude and time is known as continuous signal or an analog signal. It will have some value of amplitude at any instant of time.
The electrical signals generated in proportion with the physical quantities such as temperature, pressure, sound etc. are generally continuous signals.
The most popular examples of continuous signals are sine wave, cosine wave, triangular wave etc.  In mathematical form signal is represented as
                                                                        (1)				
where x(t) represents the shape of the signal and ‘t’ represents variable time.[image: ]Fig. 1.2 (a) and (b)
Figure 1.2 (a) shows continuous signal with periodic sine wave function. So it has definite shape. Fig. 1.2 (b) Continuous signal with arbitrary function
Figure 1.2 (b) shows continuous signal with arbitrary function and hence its shape is not periodic.
Discrete time signals: If the signals have finite amplitude at the discrete instant of time then it is known as discrete time signals. For e.g. if we take the blood pressure reading of a patient after every one hour and plot it, then the resultant graph shows discrete time signals.
Alternative way of obtaining discrete signal is by “sampling” the analog signal as shown in figure 1.3. The dotted line joining the “sample values” is an imaginary line.
      
[image: ]
Fig. 1.3 Discrete time signals
The sampled version of the continuous time signal is represented by . The signals which are discrete in time and discrete in amplitude are called digital signals. Digital signals can be obtained from the continuous time analog signal by a process called “analog to digital conversion.”
Periodic and Non-periodic signals:
A continuous time signal which repeat itself after a fixed time period is called a periodic signal. The periodicity of the continuous time signal can be mathematically defined as 
(2)
Where To is called as the period of x(t), in other words, signal  x(t) repeats itself after a period of To seconds. The examples of periodic signals sine wave, cosine wave, square wave etc. Figure shows a sine wave which is periodic because it repeats itself after a period of time To.
Non-periodic continuous signals:
A continuous time signal which does not repeat at all is called non-periodic or aperiodic signals.  A non-periodic signals can be mathematically represented as 
 
Sometimes it is known as aperiodic signal and has a time period. Figure 1.4 shows a exponentially decaying signal whose amplitude goes on deceasing with respect to time. This exponential signal is non periodic but it is deterministic because we can mathematically express it as
                                                              
[image: ]
                                Fig. 1.4 Periodic and non-periodic signals:
Periodic discrete time signal:
For the discrete time signal, the condition of periodicity is given by
                                                                (5)
Here number ‘N’ is the period of the signal. The smallest value of N for which the condition of periodicity exists is called a fundamental period.
Periodic time signals are shown in figure 1.5 (a) and 1.5(b)
[image: ]
                      Fig. 1.5(a) and 1.5(b) : Symmetrical and antisymmetrical signals
Deterministic and Random Signals:
A signal which can be described by a mathematical expression or by some well-defined rule is known as deterministic signal. The examples of deterministic signal are sine wave, cosine wave, square wave etc. Figure 1.5 shows a sine wave which is deterministic signal because it can be represented mathematically as
 (6)
Where A is the peak amplitude and ‘f’ is the frequency of the signal. The deterministic signal such as sine, cosine etc. are periodic but some deterministic signals may not be periodic. Examples of such signal is an exponential signal.
Random Signals:
A signal which cannot be described by any mathematical expression is called random signal. Due to this it is not possible to predict about the amplitude of such signals at a given instant of time.
The best example of random signal is “Noise” signal in the communication system. The examples of deterministic and random signal are shown in the figure 1.6(b).
[image: ]
                        Fig. 1.6(a) Deterministic signal and Fig. 1.6(b) Random Signal
Symmetric (Even) and Asymmetric (odd) signals:
Symmetrical signal (Continuous time):
A signal x(t) is said to be symmetrical or even if it satisfies the following condition,
Condition for symmetry:   x(t) = x(-t)                                                                           (7)
Where x(t) = Value of the signal for positive “t”.
And x(-t) = Value of the signal for negative “t”.
An example of symmetrical signal is a cosine wave function shown in figure 1.7(a).
Asymmetrical Signal (Continuous time):
A signal x(t) is said to be asymmetric or odd if it satisfies the following condition,
Condition for asymmetry: x(t) = -x(-t)                                                                         (8)
An example of odd signal is a sine wave shown in Figure 1.7(b).
[image: ]
     Fig. 1.7(a) Symmetrical Cosine Wave       1.7(b) Antisymmetrical Sine wave 

Energy and Power signals:
A signal is called a power signal if its “average normalized power” is non-zero and finite. It is general observation that all periodic signals are power signals.
 A signal having a finite non-zero total normalized energy is called an energy signal. It is observed that all non-periodic signals defined over a finite period, are energy signals. As these signals are defined over a finite period, they are called as time limited signals.
Time average (dc value) of a signal:
The time average or dc value of a signal x(t) over all time is defined as
(9)
The integration of x(t) from –T/2 to T/2 gives us area under x(t) between the time limits  –T/2 to T/2. This area is then divided by T to obtain the average value of x(t). And as the limit T→ is taken, the average is calculated over the entire time range from - .
If the signal x(t) is periodic with time period “To” then its average value is given by

Power:
Instantaneous power:
If x(t) is a voltage across a resistor R, the instantaneous power is defined as
                                                           (11)
If x(t) is a current signal then the expression for the instantaneous power is given by
                                               (12)
Normalized Power:
Every time we may not know whether x(t) is a voltage signal or a current signal. Hence in order to make the expression for power independent of the nature of x(t), we normalize it by substituting R=1 in equation (11) and (12).
Therefore normalized instantaneous power is given by
                   (13)
Average normalized power:
Now our next step is to obtain the average value of this normalized power. From the basic expression for time average defined by Eqn. ---we can write that

The above definition can be generalized for a complex signal x(t) as
                                      (15)
From Eqns.   It is observed that the signal power P is the time average (mean) of the signal amplitude squared that is the “mean squared” value of x(t).
                                           (16)
                                                 (17)
For a periodic signal with a period T0 the equations (14) and (15) get modified to
                                                            (18)
For a complex periodic signal with time period T0 the above Eqns. For a complex periodic signal x(t) 
                                                           (19)
Energy:
The total normalized energy for a “real” signal x(t) is given by
                                                                  (20)
However if the signal is complex then the expression for total normalized energy is given by
                                                                (21)
These equations indicate that the energy is the area under x2(t) the curve over ( ) hence it is always positive.
Power of the Energy Signals:
Let x(t) be an energy signal i.e. x(t) has a finite non-zero energy. Let us calculate the power of x(t). By definition, the power of x(t) is given by,
                                                                   (22)
                                                                                        (23)
                                                                                                      (24)
                                                                                                                       (25)
                                                            As                               (26)
Thus the power of an energy signal is zero over a finite time.
Energy of Power signals:
  Let x(t) be a power signal. The normalized energy of this signal is given by
                                                             (27)
 This expression can be written in different forms as
                                      (28)
                                                                (29)
                            
                Thus the energy of power signal is infinite over a finite time.
Pulse Characteristics and Terminology:
In selecting a pulse generator or square wave generator, the quality of pulse is of prime importance. The pertinent characteristics of a pulse are shown in figure below. 
[image: C:\Users\Lenovo\AppData\Local\Packages\Microsoft.MicrosoftEdge_8wekyb3d8bbwe\TempState\Downloads\New Doc 2019-09-12 11.23.29_1 (4).jpg]
The specifications describing these characteristics are usually given in the instrument manual and manufacturer’s specification sheets.
Rise Time Tr: The time required for the pulse to increase from 10 % to 90 % of its             
                         normal amplitude is called rise time Tr.
Fall Time Tf:  The time required for the pulse to decrease from 90 % to 10 % of its             
                         normal amplitude is called fall time Tf.
In general the rise time and fall time of the Pulse should be significantly faster than the circuit for component under test.

When the initial amplitude rise exceeds the current value overshoot occurs. The overshoot may be visible as single pip for ringing may occur. When the maximum amplitude of the pulse is not constant but decreases slowly the pulse is said to be droop or sag. Any overshoots ringing for sag in the test pulse should be known to avoid confusion with the similar phenomenon caused by test pulse.

The maximum pulse amplitude is of prime concern if appreciable Input power is required by the test circuit. At the same time the attenuation range of the instrument should be adequate to prevent overdriving the test circuit as well as to stimulate actual operating conditions.

The range of frequency control or pulse repeating rate (PRR) is of prime concern if the tested circuit can operate only within a certain range of pulse rates or if variation in rate is needed. Some of the most sophisticated pulse generators are capable of repeating rate up to 100 MHz for testing fast circuits others have pulse burst feature that allows a train of pulses rather than a continuous output to be used to check system.

The output impedance of pulse generator is another important consideration in a fast pulse system. This is because of the generator which has a source impedance matched to connecting cable will absorb reflections resulting from impedance mismatches in the external circuitry. Without this generator to cable match the reflections would be reflected by the generator resulting in a spurious pulses for perturbation in main pulse.

DC coupling of the output circuit is necessary when retention of the DC bias levels in the circuit is desired in a spite of variation in a pulse width, pulse amplitude.

Circuits used in a pulse generation generally fall into two categories: passive or pulse shaping or active or pulse generating circuits. In passive type circuit of sine wave oscillator is used as the basic generator and its output is passed through a pulse shaping circuit to obtain desired waveform. For instant an approximate square wave may be obtained by first amplifying and then clipping a sine wave.

Active generators are usually of the relaxation type. The relaxation oscillator use the charging and discharging action of capacitor to control the conduction of transistor. Some common form of relaxation oscillators are multivibrators and blocking oscillators.

  Examples: What is the average power of the square wave shown below?[image: ]
The given signal is periodic. So consider one cycle from 0 to T.

                 But              x(t) = 1       for   and
                                     x(t) = -1      for                     
                                  
                                  
                                   =1
So the average value of the power signal is 1
Example: Determine whether the signal shown below is an energy or a power signal?
[image: ]
The signal shown in above tends to zero as . Therefore the average power content of this signal will be zero. Let us calculate the total normalized energy of the signal.
X(t) = 3                                      
X(t) = 3 			
E= =    =  =  + 
                           =9
                        E=9+9 =18
Thus the total normalised energy of the signal is non-zero and finite. Hence this signal is energy signal.
Example: Determine whether the signal shown below is an energy or power signal?
[image: ]
The signal shown above does not tend to zero as  . Therefore the energy of this signal will be. Let us calculate the average normalised power of this signal.

                                                            
                                                                    = 
                                                                    =  = 1/3
Example: Explain whether cosωt is power signal or energy signal?
X(t) = cosωt
The signal cosωt does not tend to zero as (t). Thus the energy of the signal will be . 





                                          
As the power is non-zero and finite the given signal is power signal.














Multiple choice questions:
1. Mathematically, signal is described as function of -----------------------independent variables.
(i) One
(ii) Two
(iii) One or more
(iv) Infinite.
2. Signal is physical quantity which varies with -------------------variables.
(i) Dependent
(ii) Independent
(iii) Dependent or independent
(iv) Dependent and independent
3. ---------------------is a physical quantity which contains some information and which is function of one or more independent variables.
(i) Signal
(ii) System
(iii) Both (a) and (b)
(iv) None of the above.
4. A signal of continuous -----------------is known as continuous time signal.
(i) Amplitude
(ii) Time
(iii) Both (a) and (b)
(iv) Value
5. A C.T. signal is also called ---------------------signal
(i) Analog
(ii) Digital
(iii) Power
(iv) Discrete
6. The electrical signals derived in proportion with physical quantities such as temperature, pressure, sound etc. are generally -------------------- signals.
(i) Continuous
(ii) Discrete
(iii) Digital
(iv) None of these
7. Example of ---------------  signal is a sine wave.
(i) Continuous time
(ii) Discrete time
(iii) Non Periodic
(iv) Power
       8. The continuous time signal are represented as x(t) where ------------represents 
             shape of the signal.
            (i) 	x
            (ii) 	t
            (iii)       x(t)
            (iv)       None of these.
9. ----------------------Signals have values only at certain instants of time.
(i) Continuous
(ii) Discrete
(iii) Periodic
(iv) All of the above
10.  Digital signals are ------------------time signals.
(i) Discrete
(ii) Continuous
(iii) Discrete and continuous
(iv) None of the above
11.  A CT signal which repeats itself after a ----------time period is called periodic signal.
(i) Variable
(ii) Fixed
(iii) Arbitrary
(iv) Infinite
12. Out of following signals ------------------is an even signal.
(i) Cosine
(ii) Sine
(iii) Triangular
(iv) None of the above
13. Out of following signals ------------------is an odd signal.
(i) Cosine
(ii) Sine
(iii) Triangular
(iv) None of the above
14. A signal is called as a -----------------if its average normalised power is non-zero and finite.
(i) Power signal
(ii) Energy signal
(iii) Periodic signal
(iv) Random
15. Almost all non-periodic signals defined over finite period are --------------signals.
(i) Power
(ii) Energy
(iii) Continuous time
(iv) Periodic time
    Short Questions:
1) Define a signal.
2) Give classification of signals
3) Explain briefly continuous time (CT) signals with diagram.
4) Explain briefly discrete time signals with diagram.
5) Define periodic and non-periodic signals and give their equations.
6) Define deterministic signal with example.
7) Define Random signal with example.
8) Define Even signal and odd signal with example.
9) Define Power signal and Energy signal.
10) Draw diagram showing different characteristics of a pulse.
11) Define rise time and fall time of a pulse.
12) Example: Explain whether cosωt is power signal or energy signal?

Long Question:
1. Show classification of signals and describe in detail any three types of signals.
2. Explain in detail pulse characteristics and terminology with neat diagram.



        

Signals


Continuous time or Discrete time signals


Continuous valued or Discrete valued signals


Periodic or Nonperiodic signals


Energy signals or Power signals


Deterministic or Random signals


Even or Odd signals
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