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Unit-I: Signals and Systems: Block diagram of a communication system, signal-definition, types of signals 

continuous, discrete, deterministic, non-deterministic, periodic, non-periodic, energy, power , analog and 

digital signals. Electromagnetic Spectra, Standard signals-DC, sinusoidal, unit step, ramp, signum, rectangular 

pulse, impulse (delta) signal. System definition, classification of systems, linear, nonlinear, time variant, time 

invariant, causal, non causal, stable and unstable systems.  

Transmission media-Guided and unguided media, twisted pair, Un-shielded twisted pair and Shielded twisted 

pair, coaxial cable and fiber optic cable, radio waves, microwaves and infrared transmission 

 

1.1. Signal and its types: 

A signal is a way of conveying information. Any time varying physical phenomenon that can convey information 

is called signal. Some examples of signals are human voice, electrocardiogram, sign language, videos etc. 

Technically - A signal is a function of one or more independent variables. a function of time, space, or another 

observation variable that conveys information 

Signals are classified into the following categories: 

 Continuous Time, Discrete Time Signals and Digital signals 

 Deterministic and Non-deterministic Signals 

 Even and Odd Signals 

 Periodic and Aperiodic Signals 

 Energy and Power Signals 

 Real and Imaginary Signals 

 

1. Continuous Time Signal: If the independent variable (t) is continuous, then the corresponding signal is 

continuous time signal. A finite, real-valued, smooth function x(t) of a variable t which usually 

represents time. Both s and t in X (t) are continuous. A continuous-time signal is a signal that can be 

defined at every instant of time. It is denoted by x(t). Figure 1.1 shows continuous-time signal.     

 
Figure 1.1.Continuous-time signal. 

 

• Dis rete Ti e “ig al If the i depe de t aria le t  takes o  o l  dis rete alues, for e a ple t = ± , ± , 
±3, ... A discrete-time signal is a bounded, continuous-valued sequence x[n]. Alternately, it may be viewed as 

a continuous-valued function of a discrete index n. Discrete time signals can be obtained by sampling a 

continuous-time signal. It is denoted as x(n).Figure 1.2 shows discrete-time signal. 
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Figure 1.2.Discrete-time signal 

Digital Signal: 

  

The signals that are discrete in time and quantized in amplitude are called digital signal. The term "digital 

signal" applies to the transmission of a sequence of values of a discrete-time signal in the form of some digits in 

the encoded form. 

2. Random (Non-deterministic) and Deterministic Signal: 

  

A random signal cannot be described by any mathematical function, where as a deterministic signal is one that 

can be described mathematically. A common example of random signal is noise. Random signal and 

deterministic signal are shown in the Figure 1.3 and 1.4 respectively. A signal is said to be non-deterministic if 

there is uncertainty with respect to its value at some instant of time. Non-deterministic signals are random in 

nature hence they are called random signals. Random signals cannot be described by a mathematical 

equation. They are modeled in probabilistic terms. A signal is said to be deterministic if there is no uncertainty 

with respect to its value at any instant of time. 

 
Figure 1.3.Random signal    

 
 

Figure 1.4.Deterministic signal 
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Even and Odd Signals 

A signal is said to be even when it satisfies the condition x(t) = x(-t) 

Example 1: t2, t4… os t etc. 

Let x(t) = t2 

x(-t) = (-t)2 = t2 = x(t) 

 t2 is even function 

Example 2: As shown in the following diagram, rectangle function x(t) = x(-t) so it is also even function. 

 

 

 

 

 

 

 

Figure 1.5.Even function 

A signal is said to be odd when it satisfies the condition x(t) = -x(-t) 

Example: t, t3 ... And sin t 

Let x(t) = sin t 

x(-t) = sin(-t) = -sin t = -x(t) 

 ∴, sin t is odd function. 

Any function x(t) can be expressed as the sum of its even function xe(t) and odd function xo(t). 

x(t ) = xe(t ) + x0(t ) 

where 

xe(t ) = ½[x(t ) +x(-t )] 

x0(t ) = ½[x(t ) -x(-t )] 

A simple way of visualizing even and odd signal is to imagine that the ordinate [x(t)] axis is a mirror. For even 

signals, the part of x(t) for t > 0 and the part of x(t) for t < 0 are mirror images of each other. In case of an odd 

signal, the same two parts of the signals are negative mirror images of each other.   

Periodic and Aperiodic Signals 

A signal is said to be periodic if it satisfies the condition x(t) = x(t + T) or x(n) = x(n + N). 

Where T = fundamental time period, 1/T = f = fundamental frequency. 
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Figure 1.6.Periodic signal 

The above signal will repeat for every time interval T0 hence it is periodic with period T0. 

3. Energy and Power Signals 

Energy and power for Continuous time signal 

A signal is said to be energy signal when it has finite energy. 

Energy E= | |∞−∞ dt 

A signal is said to be power signal when it has finite power. 

Power P = lim�→∞ � | |�−�  dt 

NOTE: A signal cannot be both, energy and power simultaneously. Also, a signal may be neither energy nor 

power signal. If < E< ∞, then the signal x(t ) is called an energy signal. However, there are signals where this 

o ditio  is ot satisfied. For su h sig als e o sider the po er. If < P< ∞, the  the sig al is alled a po er 
signal. Note that the power for an energy signal is zero (P = 0) and that the energy for a power signal is infinite 

E = ∞ . “o e sig als are either energy nor power signals. 

Power of energy signal = 0 

E erg  of po er sig al = ∞ 

Energy and power for discrete-time signal: The definition of signal energy and power for discrete signals is 

similar definitions for continuous signals.  

Definition:  The signal energy in the discrete-time signal x(n ) is: 

E = ∑ | |∞�=−∞  

The signal power in the signal x(n ) is: 

P = lim�→∞ �+ ∑ | |��=−�  

4. Real and Imaginary Signals 

A signal is said to be real when it satisfies the condition x(t) = x*(t) 
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A signal is said to be imaginary when it satisfies the condition x(t) = -x*(t) 

Example: 

If x(t)= 3 then x*(t)=3*=3 here x(t) is a real signal. 

If x(t)= 3j then x*(t)=3j* = -3j = -x(t) hence x(t) is a imaginary signal. 

Note: For a real signal, imaginary part should be zero. Similarly for an imaginary signal, real part should be 

zero. 

5. Causal, Non-causal and Anti-causal Signal: 

 Signal that are zero for all negative time, that type of signals are called causal signals, while the signals that 

are zero for all positive value of time are called anti-causal signal. 

A non-causal signal is one that has non zero values in both positive and negative time. Causal, non-causal and 

anti-causal signals are shown below in the Figure 4(a), 4(b) and 4(c) respectively. 

 

 

 

       Fig.1.7(a) Causal signal    Fig.1.7(b) Non-causal signal    Fig.1.7(c) Anti-causal signal 

  

Standard Signal: 

1. The DC Signal: The DC  or constant signal simply takes a constant value. In continuous time it would be 

represented as: s(t)=1. In discrete time, it would be s[n] = . The u er  a  e repla ed  a  
constant. The DC signal typically represents any constant offset from 0 in real-world signals.The analog 

DC signal has bounded amplitude and power and is smooth. 

 

 

2. Unit Step Function 

The unit step: The u it step , also ofte  referred to as a Heaviside function, is literally a step. It has 0 value 

until time 0, at which point, it abruptly switches to 1 from 0. The unit step represents events that change 

state, e.g. the switching on of a system, or of another signal. It is usually represented as u(t) in continuous time 

and u[n] in discrete time. 

Unit step function is denoted by u(t). It is defined as  

u(t) ={ ,          ≥,           <
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    Discrete time:  u[n]=  { ,    n <         ,       n ≥      

  

Figure 1.8(a) continuous time Unit step signal           Figure 1.8(b) Discrete time Unit step signal 

 

3. Unit Impulse Function 

The unit impulse function also known as the Dirac Delta Function is de oted  δ t  and it is defined as 

 δ t∞−∞  dt = 1     at  t=0    

                 δ t  =   0   t≠  

Consider a function 

g(t) =   { �        < < �           ℎ� � �                                         g(t) 

 

 

 

                                                                                1/W 

 

                                                                                                                                                  t 

                                                                                       

Figure 1.9.Gate function 

One thing of note about g(t) is that g t�−  dt = 1: 

The lower limit 0- is a infinitesimally small amount less than zero. Now, suppose that the width w gets very 

small, indeed as small at 0+, a number an infinitesimal amount bigger than zero. At that point, g(t) has become 

like the δ  function, a very  thin, very high spike at zero, such that 

 δ t∞−∞  dt = δ t+−  dt = 1 

 

As w becomes very small the function g(t) turns into a  function δ (t) indicated by the arrowed spike. 

 

 

 

0 
W 
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Figure 1.10.Unit Impulse signal δ t�−∞  dt = u(t) 

δ t  = 
d��  

4. Ramp Signal 

Ramp signal is denoted by r(t), and it is defined as r(t) = {          ⩾          <  

                                                                                                       

 

 

 

 

 

 

 

 

 

Figure 1.11.Ramp signal 

∫u t = t  

u(t)=dr(t)/dt 

Area under unit ramp is unity. 

5. Parabolic Signal 

Parabolic signal can be defined as x(t) = { 2     t ⩾     t <  

u t dt=∫r t dt=∫tdt=t2=parabolic signal ⇒u(t)=d2x(t)/dt2 ⇒r(t)=dx(t)/dt                                             x(t) 
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Figure 1.12.Parabolic signal 

6. Signum Function 

Signum function is denoted as sgn (t). It is defined as sgn (t) = {           >          =−         <  

sgn(t) = 2u(t) – 1                                                     sgn (t) 

 

  

                                                                                            1 

 

                                                                                          0                                                          t 

                                                                                                                           

                                                                                                 -1 

 

 

Figure 1.13.Signum signal 

7. Exponential Signal 

Exponential signal is in the form of x(t) = eαt. 

The shape of exponential can be defined by α. 
Case i: if α = 0 → x(t) = e0 = 1 

                                                                      X(t) 

 

                                                                               1 

                                                                              

 

                                                                                                                                     t 

 

 

 

Figure 1.14(a) Exponential function at α=0 

 

Case ii: if α < 0 i.e. -ve then x(t) = e−αt. The shape is    

called decaying exponential.                                   

Case iii: if α > 0 i.e. +ve then x(t) = eαt. The shape is 

called raising exponential. 

       X(t)                                                                                                                   x(t) 

 

 

 

 

 

                                                                                    t                                                                                                   t 

 

 

Figure 1.15.Exponential decaying and raising signals 

Downloaded from  be.rgpvnotes.in

Page no: 8 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

 

 

8. Rectangular Signal 

Let it be denoted as x(t) and it is defined as 

                    x (t) = A rect [��]                                                

 

 

 

 

 

 

 

Figure 1.16.Rectangular function 

9. Triangular Signal 

Let it be denoted as x(t)= A [ − |�|� ]                          x(t) 

                                                                       

                                                                                               A 

 

 

 

 

                                                                          -T                              T                        t 

Figure 1.17.Triangular function 

10. Sinusoidal Signal 

Sinusoidal signal is in the form of x(t) = A cos (w0±ϕ) or A sin(w0±ϕ) 

Where T0 = π 0 

 

 

Figure 1.18.Cosinusoidal function 
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11. Sinc function: 

It is denoted as sinc (t) and it is defined as  

sinc(t)=sin (πt)/πt 

           =0    for  t=±1, ±2 ,±3... 

 

 

 

 

 

 

 

 

Figure 1.19.Sinc function 

12. Sampling Function 

It is denoted as sa(t) and it is defined as 

Sa (t)=sin t/t 

         =0   for   t=±π,± π,± π..... 
 

 

 

 

 

 

 

 

 

 

 

Figure 1.20.Sampling function 

 

 

1.2. Electromagnetic Spectra: Electromagnetic spectrum ranges from dc to light. The lower radio frequencies 

are designated mainly by frequency. The optical ranges are referred by wavelength.  

Signal parameters: Amplitude is the height of a wave. It is easured fro  a a e’s idpoi t to its peak. It is or all  
expressed in Volts (V). Frequency refers to the number of times a wave cycles past a given point each second. It is 

normally expressed in Hertz (Hz).Wave Length is the distance from the start to the end of a single wave cycle. It is 

typically expressed in meters. 
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Figure 1.21.Signal Parameters 

 

Figure 1.22.Electromagnetic spectra 

 

Figure 1.23.Electromagnetic Spectrum for communication systems 
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1.3. System definition and classification of systems: 

System can be considered as a physical entity which manipulates one or more input signals applied to it. The 

system description specifies the transformation of the input signal to the output signal. 

Systems are classified into the following categories: 

 Linear and Non-linear Systems 

 Time Variant and Time Invariant Systems 

 Linear Time variant and Linear Time invariant systems 

 Static and Dynamic Systems 

 Causal and Non-causal Systems 

 Stable and Unstable Systems 

1. Liner and Non-liner Systems 

A system is said to be linear when it satisfies superposition and homogeneity principles. Consider two 

systems with inputs as x1(t), x2(t), and outputs as y1(t), y2(t) respectively. Then, according to the 

superposition and homogenate principles, 

Principle of homogeneity: T [a1*x1(t)] = a1*y1, T [a2*x2(t)] = a2*y2 

Principle of superposition: T [x1(t)] + T [x2(t)] = a1*y1+a2*y2 

Linearity:  T [a1 x1(t)] + T[ a2 x2(t)] = a1 y1(t) + a2 y2(t) 

From the above expression, is clear that response of overall system is equal to response of individual 

system. 

Example: 

y(t) = x2(t) 

y1 (t) = T[x1(t)] = x1
2(t) 

y2 (t) = T[x2(t)] = x2
2(t) 

T [a1 x1(t) + a2 x2(t)] = [ a1 x1(t) + a2 x2(t)]2 

Which is not equal to a1 y1(t) + a2 y2(t). Hence the system is said to be non linear. 

2. Time Variant and Time Invariant Systems 

A system is said to be time variant if its input and output characteristics vary with time. If the system 

response to an input signal does not change with time such system is termed as time invariant system. 

The behavior and characteristics of time variant system are fixed over time.The condition for time 

invariant system is: 

In time invariant systems if input is delayed by time t0 the output will also gets delayed by t0. 

Mathematically it is specified as follows 

                                             y(t-t0) = T[x(t-t0)] 

For a discrete time invariant system the condition for time invariance can be formulated 

mathematically by replacing t as n*Ts is given as 

                                            y(n-n0) = T[x(n-n0)] 

 

3. Linear Time variant (LTV) and Linear Time Invariant (LTI) Systems 

If a system is both linear and time variant, then it is called linear time variant (LTV) system. 

If a system is both linear and time Invariant then that system is called liner time invariant (LTI) system. 
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4. Static and Dynamic Systems 

Static system is memory-less whereas dynamic system is a memory system. 

Example 1: y (t) = 2 x(t) 

For present value t=0, the system output is y(0) = 2x(0). Here, the output is only dependent upon 

present input. Hence the system is memory less or static. 

Example 2: y (t) = 2 x(t) + 3 x(t-3) 

For present value t=0, the system output is y(0) = 2x(0) + 3x(-3). 

Here x(-3) is past value for the present input for which the system requires memory to get this output. 

Hence, the system is a dynamic system. 

5. Causal and Non-Causal Systems 

A system is said to be causal if its output depends upon present and past inputs, and does not depend 

upon future input. For non causal system, the output depends upon future inputs also. 

Example 1: y(n) = 2 x(t) + 3 x(t-3) 

For present value t=1, the system output is y(1) = 2x(1) + 3x(-2). 

Here, the system output only depends upon present and past inputs. Hence, the system is causal. 

Example 2: y(n) = 2 x(t) + 3 x(t-3) + 6x(t + 3) 

For present value t=1, the system output is y(1) = 2x(1) + 3x(-2) + 6x(4) Here, the system output 

depends upon future input. Hence the system is non-causal system. 

6. Stable and Unstable Systems 

The system is said to be stable only when the output is bounded for bounded input. For a bounded 

input, if the output is unbounded in the system then it is said to be unstable. 

Note: For a bounded signal, amplitude is finite. 

 Example 1: y (t) = x2(t) 

Let the input is u(t) (unit step bounded input) then the output y(t) = u2(t) = u(t) = bounded output. 

Hence, the system is stable. 

 Example 2: y (t) = ∫x(t)dt 

Let the input is u (t) (unit step bounded input) then the output y(t) = ∫u(t)dt = ramp signal (unbounded 

because amplitude of ramp is not finite it goes to infinite when t → infinite). 

Hence, the system is unstable. 

Transmission Media: 

In a data transmission system, the transmission medium is the physical path between transmitter and receiver. 

The transmission media that are used to convey information can be classified as guided or unguided. Guided 

media provide a physical path along which the signals are propagated i.e. data travels through cabling system 

that has a fixed path; these include twisted pair, coaxial cable, and optical fibre. In unguided media, transmitted 

data travels through free space in form of electromagnetic signal. For example, radio waves, lasers.Unguided 

media employ an antenna for transmitting through air, vacuum, or water.  

A number of design factors relating to the transmission medium and the signal determine the data rate and 

distance: 

• Bandwidth: All other factors remaining constant, the greater the bandwidth of a signal, the higher the data 

rate that can be achieved. 
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• Transmission impairments: Impairments, such as attenuation, limit the distance. 

• Interference: Interference from competing signals in overlapping frequency bands can distort the signal. 

Interference is of particular concern for unguided media but is also a problem with guided media. For guided 

media, interference can be caused by emanations from nearby cables.  

• Number of receivers: A guided medium can be used to construct a point-to-point link or a shared link with 

multiple attachments where each attachment introduces some attenuation and distortion on the line, limiting 

distance and data rate. 

. Types of guided media: 

1. Twisted Pair Cable: A twisted pair consists of two insulated copper wires arranged in a regular spiral pattern. 

A wire pair acts as a single communication link. If two or more wires are lying together, they can interfere with 

ea h other’s sig als. The twisting tends to decrease the crosstalk interference between adjacent pairs in a 

cable. Advantages of twisted pair cable 

a) For point-to-point analog signalling, a bandwidth of up to about 1 MHz is possible. 

b) Can be used for both analog and digital transmissions 

c) Least expensive for short distances 

d) Entire network does not go down if a part of network is damaged 

e) Disadvantages of twisted pair cable 

With its many advantages, twisted pair cables offer some disadvantages too  

a) Signal cannot travel long distances without repeaters 

b) High error rate for distances greater than 100m 

c) Very thin and hence breaks easily 

d) Not suitable for broadband connections 

1. Unshielded and Shielded Twisted Pair cable: 

 The wires that are not shielded but simply bundled together in a protective sheath are called unshielded 

twisted pair (UTP) cables. These cables can have maximum length of 100 meters. 

  Unshielded twisted pair is ordinary telephone wire. This is the least expensive of all the transmission 

media commonly used for local area networks and is easy to work with and easy to install. 

  Unshielded twisted pair is subject to external electromagnetic interference, including interference from 

nearby twisted pair and from noise generated in the environment.  

 A way to improve the characteristics of this medium is to shield the twisted pair with a metallic 

sheathing that reduces interference. This shielded twisted pair (STP) provides better performance at 

higher data rates. 

 STP it is more expensive and more difficult to work with than unshielded twisted pair. 

3. Coaxial cable: Coaxial cable consists of two conductors, which consists of a hollow outer cylindrical 

conductor that surrounds a single inner wire conductor. The inner conductor is held in place by either 

regularly spaced insulating rings or a solid dielectric material. The outer conductor is covered with a jacket or 

shield. A single coaxial cable has a diameter of from 1 to 2.5 cm. Coaxial cable can be used over longer 

distances and support more stations on a shared line than twisted pair. 

Advantages of Coaxial Cables 

 Excellent noise immunity 

 Signals can travel longer distances at higher speeds, e.g. 1 to 2 Gbps for 1 Km cable 

 Can be used for both analog and digital signals 

 Inexpensive as compared to fibre optic cables 

 Easy to install and maintain 
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Disadvantages of Coaxial Cables 

 Expensive as compared to twisted pair cables 

 Not compatible with twisted pair cables 

4. Optical Fiber: An optical fibre is a thin (2 to 125 µm), flexible medium capable of guiding an optical ray.Thin 

glass or plastic threads used to transmit data using light waves. Light Emitting Diodes (LEDs) or Laser Diodes 

(LDs) emit light waves at the source, which is read by a detector at the other end. Optical fiber cable has a 

bundle of such threads or fibers bundled together in a protective covering. Each fiber is made up of these three 

la ers, starti g ith the i er ost la er − 

Core made of high quality silica glass or plastic, Cladding made of high quality silica glass or plastic, with a lower 

refractive index than the core and protective outer covering called buffer both core and cladding are made of 

similar material. However, as refractive index of the cladding is lower, any stray light wave trying to escape the 

core is reflected back due to total internal reflection. 

Advantages of Optical Fibre 

 High bandwidth 

 Immune to electromagnetic interference 

 Suitable for industrial and noisy areas 

 Signals carrying data can travel long distances without weakening 

Disadvantages of Optical Fibre 

 Optical fibre cables are expensive 

 Sophisticated technology required for manufacturing, installing and maintaining optical fibre cables 

 Light waves are unidirectional, so two frequencies are required for full duplex transmission. 

5. Radio wave: Transmission of data using radio frequencies is called radio-wave transmission.Radio is a used to 

encompass frequencies in the range of 3 kHz to 300 GHz. A prime source of impairment for broadcast radio 

waves is multipath interference. Transmitters and receivers use antennas to radiate or capture radio 

signals. Reflection from land, water, and natural or human-made objects can create multiple paths between 

antennas.  
Advantages of Radio Wave 

 Inexpensive mode of information exchange 

 No land needs to be acquired for laying cables 

 Installation and maintenance of devices is cheap 

Disadvantages of Radio Wave 

 Insecure communication medium 

 Prone to weather changes like rain, thunderstorms, etc 

6. Infrared: Infrared communications is achieved using transmitters/receivers (transceivers) that modulate non-

coherent infrared light. Transceivers must be within the line of sight of each other either directly or via 

reflection from a surface. Low frequency infrared waves are used for very short distance communication like 

TV remote, wireless speakers, automatic doors, hand held devices etc. Infrared signals can propagate within a 

room but cannot penetrate walls. However, due to such short range, it is considered to be one of the most 

secure transmission modes. 

7. Microwave link: Frequencies in the range of about 1 GHz to 40 GHz are referred to as microwave 

frequencies. The primary use for terrestrial microwave systems is in long haul telecommunications service, as 

an alternative to coaxial cable or optical fibre. The microwave facility requires far fewer amplifiers or repeaters 

than coaxial cable over the same distance but requires line-of-sight transmission. Microwave is commonly used 

for both voice and television transmission. 

A communication satellite is, in effect, a microwave relay station. It is used to link two or more ground-based 

microwave transmitter/receivers, known as earth stations, or ground stations. The satellite receives 

transmissions on one frequency band (uplink), amplifies or repeats the signal, and transmits it on another 

frequency (downlink). 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 
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