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Course Outcomes

At the end of the Course, Student will be able to: 

CO 1 : Apply the knowledge of algebra topics like vector   

space, dot product and orthogonal basis to signals.

CO 2 : Analyze the spectral characteristics of continuous-

time periodic and aperiodic signals using Fourier analysis.

CO 3 : Apply convolution and correlation for signal generation and  

signal extraction.

CO 4 : Classify the systems based on their properties and determine      

the response of LTI Systems.

CO 5 : Apply Laplace and Z-transform techniques for the analysis of  

continuous-time and discrete-time signals and Systems.

CO 6 : Utilize the concept of sampling theorem in communication 

systems.
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Course Contents

UNIT I  : Signals & Signal Analysis

UNIT II : Fourier Series & Fourier Transforms 

UNIT III: Convolution of Signals & Correlation of Signals

UNIT IV: Signal Transmission Through LTI Systems & Signal 

Detection/Extraction from noisy system 

UNIT V : Causality and Stability Criteria & Sampling
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Prerequisite

Transform 
Techniques

Signals & 
Systems
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Importance of SS 

Signals & 
Systems

Analog 
Communications

Digital 
Communications

Digital Signal 
Processing

Digital Image 
Processing

Communications

8.9%

10.6%
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S&S

UNIT-I
SIGNALS &

SIGNAL 
ANALYSIS

UNIT-II
FOURIER SERIES & 

FOURIER 
TRANSFORMS

UNIT-V
CAUSALITY AND 

STABILITY CRITERIA & 
SAMPLING

UNIT-III
CONVOLUTION &
CORRELATION 

OF SIGNALS

UNIT-IV
SIGNAL TRANSMISSION 

THROUGH LTI SYSTEMS & 
SIGNAL 

DETECTION/EXTRACTION 
FROM NOISY SYSTEM 
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Text Books

1. Signals and Systems - A.V. Oppenheim, A.S. Willsky, and

S.H. Nawab, PHI, 2nd Edition, 2016.

2. Signals, Systems & Communications - B.P. Lathi, BS

Publications, 2003

3. Signals and Systems – A. Anand Kumar, PHI, 4th Edition,

2017.

7



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

Signals and Signal Analysis
(UNIT-I)

V.SATYANARAYANA

Associate Professor & Head

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: hod_ece2@aec.edu.in



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

Unit-1 Outcomes

At the end of the Course, Student will be able to: 

CO 1 : Apply the knowledge of algebra topics like vector   

space, dot product and orthogonal basis to signals.
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Contents 

Signals:

Classification of Signals,

Different deterministic signals: impulse, step, ramp, gate,

signum, sinc, sinusoidal, exponential, complex exponential,

operations on signals.

Signal Analysis:

Analogy between vectors and signals,

Orthogonalsignal space,

Signal approximation using orthogonal signals,

Mean square error,

Closed or complete set of orthogonal signals,

Orthogonality in complex functions.
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• At the end of this Session, Student will be able to: 

• LO 1 : Differentiate ASP with DSP.

M
odule 1
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SIGNAL:

• A signal is a function of one or more variables that conveys 

information about some (usually physical) phenomenon. 

(or) 

• A signal is a physical quantity that varies with time, or space or any 

other independent variable or variables. It possesses uncertainty 

(digital) or randomness (analog) and should have a band width.

M
odule 1
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Signals vary with time

Ex: Speech signal

No functional relationship to 

describe the signal

Signals vary with space

Ex: Electromagnetic field within a room

Signals vary with dimensions

Ex: The RGB value of an image

M
odule 114
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• Signals can be classified based on the 

number of independent variables 

with which they are associated. 

• If a signal is a function of only one 

variable, then it is known as one 

dimensional (1D) signal. 

Examples

1. Human speech, 

2. AC power signal, 

3. Electrocardiogram

Speech Signal

AC Power supply
ECG 

M
odule 1
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• Similarly, if a signal  is a function of 

two or more variables is said to be 

multidimensional.. if a signal  is a 

function  two variables is said to be 

two dimensional.

• Examples. 

1.Pictures,

2.X-Ray images  

3.Sonograms.

Picture

X-Ray 
Sonogram

M
odule 1
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• Moving picture as an example of a 

continuous three dimensional signal

• Signal modeling : 

• The representation of a signal by mathematical 

expression is known as signal modeling.

)sin()(  += tAtx

)sin()(  += tAtx

M
odule 1
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Continuous-Time and Discrete-Time Signals 

• A signal can also be classified on the 

basis of whether it is a function of 

continuous or discrete variables.

• Continuous-Time Signal

A signal that is a function of continuous 

variables (e.g., a real variable) is said to be 

continuous time. 

(or)

Continuous time signals are defined for 

every value of time t and is represented by 

x(t).A continuous time signal is also called 

an analog signal. Most of the signals 

encountered in practice are continuous –

time signals.

•

M
odule 1
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Continuous-Time and Discrete-Time Signals 

Discrete-Time Signals

• Similarly, a signal that is a function of 

discrete variables (e.g., an integer 

variable) is said to be discrete time. 

(or)

• The discrete time signals are defined at 

discrete instant of time and is 

represented by x[n]. 

The discrete time signal can be denoted by 

• where Ts is called sampling period and n is an integer 

ranging from -∞ to ∞

• x[n] is sampled version of continuous time signal x(t)

snTts txnTx
=

= )(][

Sampling
)(tx ][][ nxnTx s =

)(tc

M
odule 1
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Differences between CT,DT and Digital Signals

Continuous Time Signal(Analog)

Amplitude is Continuous & Time is also Continuous

Discrete Time Signal

Amplitude is Continuous & Time is  Discrete

Digital Signal

Amplitude is Discrete & Time is also Discrete

M
odule 1
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Processing

Processing:   To perform 

operations on data (analog or 

digital) according to the 

programmed instructions.

M
odule 1
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Examples

M
odule 1

•Advantages

•Accuracy

•Flexibility

•Easy operation

•Multiplexing

•Storable

•Adaptability

•Perfect reproducibility

•Disadvantages

•System complexity

•Speed and Cost
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Summary

LO 1 : Differentiate ASP with DSP.

M
odule 1
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THANK YOU
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Unit-1 Outcomes

At the end of the Course, Student will be able to: 

CO 1 : Categorize signals and systems based on their   

characteristics.

CO 2 : Explain the concept of orthogonality for signal 

approximation
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Contents 

Signals:

Different deterministic signals: impulse, step, ramp, gate,

signum, sinc, sinusoidal, exponential, complex exponential,

Classification of Signals, operations on signals.

Signal Analysis:

Analogy between vectors and signals,

Orthogonalsignal space,

Signal approximation using orthogonal signals,

Mean square error,

Closed or complete set of orthogonal signals,

Orthogonality in complex functions.
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• At the end of this Session, Student will be able to: 

• LO 1 : Understand the Basic Signals
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❑Serve as building blocks for the construction of more complex signals. 

❑Can be used to model many physical signals that occur in nature.

1. Unit Impulse function 9. Sinc function

2. Unit step function 10.Sampling function

3. Unit Ramp function 11.Rectangular signal

4. Unit parabolic function 12.Triangular signal

5. sinusoidal signal 13.Gaussian function

6. Real exponential signal

7. Complex exponential

8. Signum function

Basic signals or Elementary Signals or Standard signals

30
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• i) Impulse signal:

It is represented with 𝛿(𝑡) and 
is defined as

𝛿 𝑡 = ቊ
∞ 𝑎𝑡 𝑡 = 0
0 𝑎𝑡 𝑡 ≠ 0

1.Impulse function

i) Unit impulse signal:

It is represented with 𝛿(𝑡) and is 
defined as

𝛿 𝑡 = ቊ
1 𝑎𝑡 𝑡 = 0
0 𝑎𝑡 𝑡 ≠ 0

(1)Says that impulse is zero every where except at origin. 

(2) Says total area under the unit impulse is unity.

(3) Also called as Dirac delta function.
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Properties of CT Impulse Function

1.It is an even function of time i.e. 𝛿 𝑡 =𝛿 −𝑡

2.Shifting Property

3.Scaling Property

4.Product Property

5.

6.Differentation Property

32



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

Discrete Time Unit Impulse Signal
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Problems

1.

2.

1.Solution

2.Solution
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Problems

Procedure:

1.Define the Impulse signal 


−

− − dtte t )10(.1
2



)10(.1 −t Defined at t-10=0.  i.e t=10

Solution:

2.Substitute t=10 in the integration




−

− −= dte )1010(
2)10( 




−

−= dte )0(100  


−

− == ]1)0([100 dte  

How to define the impulse signal? 

➢ Equate within the brackets value to zero

➢ Check whether that ‘t’ value with in the range

or not

➢ if ‘t’ value with in the range go to step no.2

otherwise No common area ie Answer is Zero

2.Substitute t value in the integration

3. Simplify the integration Using below formula

1)0()( == 


−



−

dtdtt 
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Problems




−

− − dtte t )10(.1
2






−

− dttt )3(.2 2




−

−+ dttttt ]sin)1(cos)([.3 




−

dttt ]2sin)([.4 


−

−

4

4

)3()(.5 dtttx 


−

−

2

2

)3()(.6 dtttx 

100.1 −e

9.2

]1sin1.[3 +

0.4

)3(.5 x

0.6

36



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

Problems
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2.Unit step function u(t)

u(t): is usually employed to switch other signals ON or OFF

u(t) at t = 0 is discontinuous, 

 u(0) = (1/2). 

An example of unit step function is the output of 1V dc voltage source in

series with a switch that is turned on at t = 0

u 𝑡 = ቊ
1 𝑎𝑡 𝑡 ≽ 0
0 𝑎𝑡 𝑡 ≺ 0
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Shifted Signal

u 𝑡 − 𝑎 = ቊ
1 𝑎𝑡 𝑡 ≽ 𝑎
0 𝑎𝑡 𝑡 ≺ 𝑎

u 𝑡 + 𝑎 = ቊ
1 𝑎𝑡 𝑡 ≽ −𝑎
0 𝑎𝑡 𝑡 ≺ −𝑎

u 𝑡 = ቊ
1 𝑎𝑡 𝑡 ≽ 0
0 𝑎𝑡 𝑡 ≺ 0

Delayed Signal

Advanced Signal

Note:  1.Same Polarity : Advanced Signal

2.Different Polarity : Delayed Signal

39



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

Discrete time Unit step Sequence u(n)




=

−=
0

)(][
k

knnu 
Relation between Step and Impulse sequences
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3.Unit Ramp Function

r(t)=t u(t)

An example of a ramp function is the linear - sweep waveform 

of a cathode - ray tube. 

r 𝑡 = ቊ
𝑡 𝑎𝑡 𝑡 ≽ 0
0 𝑎𝑡 𝑡 ≺ 0
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Discrete Unit Ramp Sequence
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4.Unit Parabolic Function
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Unit Parabolic Sequence
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Relation between Impulse and step functions
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Relation between step and ramp functions

The unit step signal can be obtained by differentiating unit 

ramp signal.
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parabolic functions
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5.Sinusoidal signal

Sinusoidal signal is in the form of x(t) =  x(t)=A Sin(w0t+Ø)
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Discrete sinusoidal signal 
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6.Real Exponential signal
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7.Complex Exponential

The complex exponential signal has a general form as 
x(t)=Aest where s = Ϭ+jω

x(t)=Aest =Ae (σ+jω)t =A e σt e jωt

=A e σt [cosωt + jsinωt)
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8.Signum function
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u 𝑡 = ቊ
1 𝑎𝑡 𝑡 ≽ 0
0 𝑎𝑡 𝑡 ≺ 0

)()()(.1 tututSgn −−=

1)(2)(.2 −= tutSgn
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9.Sinc function

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

=0 for t=±1,±2,±3...
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10.Sampling Function

It is denoted as sa(t) and it is defined as
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11.Rectangular Signal or Gate signal

π 𝑡 𝑜𝑟 𝑔(𝑡) = ቊ
1 𝑓𝑜𝑟 |𝑡| ≼ 1/2
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

πT 𝑡 𝑜𝑟 gT 𝑡 = ቊ
1 𝑓𝑜𝑟 |𝑡| ≼ 𝑇/2
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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Rectangular  functions 

π 𝑡 𝑜𝑟 𝑔(𝑡) = ቊ
1 𝑓𝑜𝑟 |𝑡| ≼ 1/2
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

π 𝒕 =u(t+1/2)-u(t-1/2)
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12.Triangular Signal

Let it be denoted as x(t)
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13.Gaussian function

The Gaussian function ga(t) is defined as 
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questions

Define and Sketch the following:

1.Truncated Exponential

2.Delayed Unit Impulse

3.Double sided Exponential

Define and sketch unit step and signum function bring out the relation 

between these two.

How Step function is expressed in terms of Impulse

How Impulse function is expressed in terms of Step function
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Summary

LO 1 : Understand the basic Signals   
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THANK YOU
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• At the end of this Session, Student will be able to: 

• LO 1 : Understand the Operation Signals
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1. Time shifting

2. Time scaling

3. Time reversal

4. Amplitude Scaling

5. Amplitude shifting

6. Amplitude reversal

7. Signal Addition

8. Signal Subtraction

Operations On Signals
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1.Time shifting

➢Time shifting is, the shifting of a signal in time.

➢This is done by adding or subtracting the amount of the shift to the time 

variable in the function.
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Shifting Towards Left Hand 

Side 

Advanced Signal

Shifting Towards Right Hand 

Side                     

Delayed Signal

69



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

• The original signal x(t) is shifted by an amount tₒ.

• X(t)→X(t+to)  →Signal Advanced→ Shift to the left

X(t)→X(t-to) →Signal Delayed→ Shift to the right

70
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2.Time Scaling
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If |a| < 1, the signal is expanded (i.e., stretched) along the time 

axis by a factor of |a|

If |a| > 1, the signal is compressed 

along the time axis by a factor of 

|a|

72



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

Example: Given x(t) and we are to find y(t) = x(2t). 

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

• find w(t) = y(3t)   

and v(t) = y(t/3). 
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• Given y(t), 

• find w(t) = y(3t) 

and v(t) = y(t/3). 
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3.Time Reversal

Time reversal is also called time folding

In Time reversal signal is reversed with respect to time 

i.e.    y(t) = x(-t) is obtained for the given function
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4.Amplitude Scaling
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5.Amplitude shifting
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6.Amplitude reversal
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7.Signal Addition

Addition of two signals is nothing but addition of their

corresponding amplitudes. This can be best explained by using

the following example:
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8.Signal Subtraction

subtraction of two signals is nothing but 

subtraction of their corresponding amplitudes. 

This can be best explained by the following 

example:
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Summary

LO 1 : Understand the Operations on Signals
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Previously Asked Questions

Given that 𝑥 𝑡 = ൝
1

6
𝑡 + 2  − 2 ≤ 𝑡 ≤ 4

0 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
then sketch

 (i)x(t) ii)x(t+1)    iii)x(2t)  iv)x(t/2)
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Previously Asked Questions

Sketch the following signals i)𝛿(𝑡 − 𝑡1) ii) 𝛿(𝑡 + 𝑡1) iii) 𝑢(𝑡 −
𝑡1)

iv) 𝑢(𝑡 + 𝑡1) v)𝑒−𝑡     vi) 𝑒𝑡 vii)  f(t)= π(
𝑡−1

2
)+π(t-1)

viii) f(t)=3u(t)+tu(t)-(t-1)u(t-1)-5u(t-2)
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Previously Asked Questions

4. a) Consider the rectangular pulse x(t) of unit amplitude and 
a duration of 2 time units shown in fig  Sketch  y(t)=x(2t+3)
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Previously Asked Questions

b)Consider the rectangular function x(t)shown in fig. Represent 
the above pulse interms of weighted sum of two step 
functions
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Previously Asked Questions

Consider the complex exponential signal(t)=A𝑥 𝑡 = 𝐴𝑒𝛼𝑡+𝑗𝜔𝑡, a>0. 
Evaluate real and imaginary components of x(t) for the following 
cases
𝛼 𝑖𝑠 𝑟𝑒𝑎𝑙,𝛼 = 𝛼 1

𝛼 𝑖𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 , 𝛼 = 𝑗𝜔1

𝛼 𝑐𝑜𝑚𝑝𝑙𝑒𝑥 , 𝛼 = 𝛼1 + 𝑗𝜔
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THANK YOU
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Unit-1 Outcomes

At the end of the Course, Student will be able to: 

CO 1 : Categorize signals and systems based on their   

characteristics.

CO 2 : Explain the concept of orthogonality for signal 

approximation
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Contents 

Signals:

Different deterministic signals: impulse, step, ramp, gate,

signum, sinc, sinusoidal, exponential, complex exponential,

operations on signals, Classification of Signals,

Signal Analysis:

Analogy between vectors and signals,

Orthogonalsignal space,

Signal approximation using orthogonal signals,

Mean square error,

Closed or complete set of orthogonal signals,

Orthogonality in complex functions.
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• At the end of this Session, Student will be able to: 

• LO 1 : Categorize signals based on their characteristics.

99



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

❑Signals are classified into the following categories:

1. Continuous Time and Discrete Time Signals

2. Deterministic and Non-deterministic Signals

3. Even and Odd Signals

4. Periodic and Aperiodic Signals

5. Energy and Power Signals

6. Causal and Non causal Signals

7. Real and Imaginary Signals

Classification of Signals
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Discrete Time Signals

A signal is said to be continuous when it is defined for all instants of time.

A signal is said to be discrete when it is defined at only discrete instants of time
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Non-deterministic Signals

A signal is said to be deterministic if there is no uncertainty with respect to its value 

at any instant of time. Or, signals which can be defined exactly by a mathematical 

formula are known as deterministic signals.

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 modelled in probabilistic terms

Example: Noise Signal
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3.Even and Odd Signals

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

Example : t
2
, t

4
… cost etc.

Let x(t) = t
2

x(-t) = (-t)
2

= t
2

= x(t)

∴,∴, t
2

is even function

Example : As shown in the following 

diagram, rectangle function x(t) = x(-t) so it 

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

Example: t, t
3

... And sin t

Let x(t) = sin t

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

∴ sin t is odd function.
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Any function ƒ(t) can be expressed as the sum of its even function 

ƒ
e
(t) and odd function ƒ

o
(t).

ƒ(t ) = ƒ
e
(t ) + ƒ

0
(t )-------1

Find f(-t) by replacing t with -t

ƒ
e
(t ) = ½[ƒ(t ) +ƒ(-t )]

ƒ(-t ) = ƒ
e
(-t ) + ƒ

0
(-t )

ƒ(-t ) = ƒ
e
(t ) - ƒ

0
(t )--------2

From equation 1 and 2 solve ƒ
e
(t ) and ƒ

o
(t ) 

ƒ
0
(t ) = ½[ƒ(t ) -ƒ(-t )]
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Properties of Even and Odd function

1. 𝑥𝑒 𝑡 . 𝑥𝑒 𝑡 = 𝑥𝑒 𝑡

6.If the signal is an even signal then the corresponding Fourier series   

contains only even components and odd components becomes zero

7.If the signal is an odd signal then the corresponding Fourier series  

contains only odd components and even components becomes zero

2. 𝑥0 𝑡 . 𝑥0 𝑡 = 𝑥𝑒 𝑡

3. 𝑥𝑒 𝑡 . 𝑥𝑜 𝑡 = 𝑥𝑜 𝑡

4. 𝑇−׬

𝑇
𝑥𝑒 𝑡 𝑑𝑡 = 2 0׬

𝑇
𝑥𝑒 𝑡 𝑑𝑡

5. 𝑇−׬

𝑇
𝑥𝑜 𝑡 𝑑𝑡 = 0
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Problems

Find even and odd components of the following signals

1. 𝑥 𝑡 = 𝐶𝑜𝑠𝑡 + 𝑆𝑖𝑛𝑡 + 𝑆𝑖𝑛𝑡𝐶𝑜𝑠𝑡
2.𝑥 𝑡 = 𝑆𝑖𝑛𝑡 + 2𝑠𝑖𝑛𝑡 + 2𝑠𝑖𝑛2𝑡𝑐𝑜𝑠𝑡
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Problems

Find even and odd components of the following signals

1. 𝑥 𝑡 = 𝐶𝑜𝑠𝑡 + 𝑆𝑖𝑛𝑡 + 𝑆𝑖𝑛𝑡𝐶𝑜𝑠𝑡

Solution:

𝐺𝑖𝑣𝑒𝑛 𝑑𝑎𝑡𝑎 𝑥 𝑡 = 𝐶𝑜𝑠𝑡 + 𝑆𝑖𝑛𝑡 + 𝑆𝑖𝑛𝑡𝐶𝑜𝑠𝑡

𝑥 −𝑡 = 𝐶𝑜𝑠(−𝑡) + 𝑆𝑖𝑛(−𝑡) + 𝑆𝑖𝑛(−𝑡)𝐶𝑜𝑠(−𝑡)

𝑥 −𝑡 = 𝐶𝑜𝑠 𝑡 − 𝑆𝑖𝑛 𝑡 − 𝑆𝑖𝑛(𝑡)𝐶𝑜𝑠(𝑡)

ƒ
e
(t ) = ½[ƒ(t ) +ƒ(-t )] ƒ

0
(t ) = ½[ƒ(t ) -ƒ(-t )]𝐹𝑜𝑟𝑚𝑢𝑙𝑎

x
e
(t ) = ½[x(t ) +x(-t )] x

0
(t ) = ½[x(t ) -x(-t )]

x
e
(t ) = Cost x

0
(t ) = 𝑆𝑖𝑛𝑡 + 𝑆𝑖𝑛𝑡𝐶𝑜𝑠𝑡
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Problems

Find even and odd components of the following signals

2. 𝑥 𝑡 = 𝑆𝑖𝑛𝑡 + 2𝑠𝑖𝑛𝑡 + 2𝑠𝑖𝑛2𝑡𝑐𝑜𝑠𝑡

Solution:

𝐺𝑖𝑣𝑒𝑛 𝑑𝑎𝑡𝑎 𝑥 𝑡 = 𝑆𝑖𝑛𝑡 + 2𝑠𝑖𝑛𝑡 + 2𝑠𝑖𝑛2𝑡𝑐𝑜𝑠𝑡

𝑥 −𝑡 = 𝑆𝑖𝑛 −𝑡 + 2𝑠𝑖𝑛 −𝑡 + 2𝑠𝑖𝑛2 −𝑡 𝑐𝑜𝑠 −𝑡

𝑥 −𝑡 = −𝑆𝑖𝑛 𝑡 − 2𝑠𝑖𝑛 𝑡 + 2𝑠𝑖𝑛2 𝑡 𝑐𝑜𝑠 𝑡

ƒ
e
(t ) = ½[ƒ(t ) +ƒ(-t )] ƒ

0
(t ) = ½[ƒ(t ) -ƒ(-t )]𝐹𝑜𝑟𝑚𝑢𝑙𝑎

x
e
(t ) = ½[x(t ) +x(-t )] x

0
(t ) = ½[x(t ) -x(-t )]

x
e
(t ) = 2𝑠𝑖𝑛2𝑡𝑐𝑜𝑠𝑡 x

0
(t ) = 𝑆𝑖𝑛𝑡 + 2𝑆𝑖𝑛𝑡
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Problems

Find even and odd components of the following waveform

Solution:

𝐺𝑖𝑣𝑒𝑛 𝑑𝑎𝑡𝑎 𝑥 𝑡 =?

𝐶𝑜𝑛𝑣𝑒𝑟𝑡 𝒘𝒂𝒗𝒆𝒇𝒐𝒓𝒎 (𝒐𝒓) 𝒈𝒓𝒂𝒑𝒉𝒊𝒄𝒂𝒍 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑜 𝒇𝒖𝒏𝒄𝒕𝒊𝒐𝒏𝒂𝒍 𝒓𝒆𝒑𝒓𝒆𝒔𝒆𝒏𝒕𝒂𝒕𝒊𝒐𝒏

(1,0)

(0,1)𝑦 − 𝑦1 =
𝑦2 − 𝑦1

𝑥2 − 𝑥1
𝑥 − 𝑥1

(𝑥1, 𝑦1)

(𝑥2, 𝑦2)

𝑦 − 0 =
1 − 0

0 − 1
𝑥 − 1

𝑦 − 0 = −(𝑥 − 1) ֜ 𝑦 = −𝑥 + 1

𝑅𝑒𝑝𝑙𝑎𝑐𝑒 𝒙 ՜ 𝒕 𝑎𝑛𝑑 𝒚 ՜ 𝒙(𝒕)

𝑥 𝑡 = −𝑡 + 1 0 < 𝑡 < 1
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Problems

𝑥 −𝑡 = − −𝑡 + 1

𝑥 −𝑡 = 𝑡 + 1

ƒ
e
(t ) = ½[ƒ(t ) +ƒ(-t )] ƒ

0
(t ) = ½[ƒ(t ) -ƒ(-t )]𝐹𝑜𝑟𝑚𝑢𝑙𝑎

x
e
(t ) = ½[x(t ) +x(-t )] x

0
(t ) = ½[x(t ) -x(-t )]

x
e
(t ) = 1 x

0
(t ) = −𝑡

𝑥 𝑡 = −𝑡 + 1 0 < 𝑡 < 1
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Problems

x
e
(t ) = 1 x

0
(t ) = −𝑡

𝑥 𝑡 = −𝑡 + 1 0 < 𝑡 < 1

t

x
e
(t )

1

1-1
t

x
0
(t )

1-1

-1

1
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4.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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T=2π/ω0

Let x(t)=A 𝑒𝑗𝑤0𝑡 ----1

x(t+T)=A 𝑒𝑗𝑤0(𝑡+𝑇) ----2

As per the periodic signal x(t) = x(t + T) 

A 𝑒𝑗𝑤0𝑡 = A 𝑒𝑗(𝑤0𝑡+𝑤0𝑇) equal only when ω0T=2π

Let x(t)=A Sinω0t ----1

x(t+T)=A Sinω0 (t+T) ----2
As per the periodic signal x(t) = x(t + T) 

A Sinω0t=A Sin(ω0t+ ω0 T) equal only when ω0T=2π

T=2π/ω0
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Note:

For a signal is to be periodic, fundamental time period T must be 

the ratio of two integers or must be a rational number or in terms of π

𝑥(𝑡)=ቐ

𝐴 𝑆𝑖𝑛(𝑤0𝑡 + 𝜑)
𝐴 𝐶𝑜𝑠(𝑤0𝑡 + 𝜑)

𝐴𝑒𝑗(𝑤0𝑡+𝜑)

T=2π/ω0
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Problems

Find whether the following signals are periodic or not, If it is 

periodic find fundamental period. 

1. 𝑥 𝑡 = 2 𝑆𝑖𝑛 (3𝑡 + π/4)
2.𝑥 𝑡 = 10 𝐶𝑜𝑠 (3π𝑡)
3.𝑥 𝑡 = 7𝑒𝑗5𝑡
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Problems

Procedure:

Default Step: Note down the given data

Solution:

2.Identify the ω0 values in the given function

3. Substitute ω0 value in the formula

𝑥(𝑡)=ቐ

𝐴 𝑆𝑖𝑛(𝑤0𝑡 + 𝜑)
𝐴 𝐶𝑜𝑠(𝑤0𝑡 + 𝜑)

𝐴𝑒𝑗(𝑤0𝑡+𝜑)

T=2π/ω0

𝑥 𝑡 = 2 𝑆𝑖𝑛 (3𝑡 + π/4)

1. 𝐹𝑜𝑟 𝑥(𝑡)=𝐴 𝑆𝑖𝑛(𝑤0𝑡 + 𝜑)
T=2π/ω0

Fundamental Time period

2.Identify the ω0 value in the given function

ω0 =3

3. Substitute ω0 value in the formula

T=2π/3 
Given signal is a periodic with period T=2π/3

1.Note down the formula to solve given problem
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Problems

Solution:

T=2π/ω0

𝑥 𝑡 = 𝑥 𝑡 = 7𝑒𝑗5𝑡

1. 𝐹𝑜𝑟 𝑥(𝑡)=𝐴𝑒𝑗(𝑤0𝑡+𝜑))

Fundamental Time period

2.Identify the ω0 value in the given function

ω0 =5

3. Substitute ω0 value in the formula

Given signal is a periodic with period T=2π/5

Solution:

T=2π/ω0

𝑥 𝑡 = 10 𝐶𝑜𝑠 (3π𝑡)

1. 𝐹𝑜𝑟 𝑥(𝑡)=𝐴 𝐶𝑜𝑠(𝑤0𝑡 + 𝜑)

Fundamental Time period

2.Identify the ω0 value in the given function

ω0 =3π

3. Substitute ω0 value in the formula

Given signal is a periodic with period T=2/3

=2/3T=2π/3 π T=2π/5
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Note: All continuous time Complex exponentials and Sinusoidal(Sin and Cosine)Signals are 

Periodic signals

Sum of two periodic signals with periods T1 and T2 may or may not be the periodic

For sum is to be periodic 
𝑇1

𝑇2
   must be ratio of two integers
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Problems

Find whether the following signals are periodic or not, If it is 

periodic find fundamental period. 

1. 𝑥 𝑡 = 3 𝐶𝑜𝑠 20π𝑡 + 3 + 5 𝑆𝑖𝑛 (5π𝑡 + 3)
2.𝑥 𝑡 = 3 𝑆𝑖𝑛 2𝑡 + 3 + 𝐶𝑜𝑠 (5𝑡)
3.𝑥 𝑡 = 5 𝑆𝑖𝑛 (5π𝑡 + 3) +𝐶𝑜𝑠 (5𝑡)
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Problems

Identify ω01 and ω02 in given function

1. 𝑥 𝑡 = 3 𝐶𝑜𝑠 20π𝑡 + 3 + 5 𝑆𝑖𝑛 (5π𝑡 + 3)

𝑥(𝑡)=ቐ

𝐴 𝑆𝑖𝑛(𝑤0𝑡 + 𝜑)
𝐴 𝐶𝑜𝑠(𝑤0𝑡 + 𝜑)

𝐴𝑒𝑗(𝑤0𝑡+𝜑)
T=2π/ω0

ω01 =20 π and ω02 =5 π

𝑇1 =
2π

20π
=

1

10 𝑇2 =
2π

5π
=

2

5

𝑇1

𝑇2
 =

(1/10)

(2/5)
 =

1

4
 is ratio of two integers

𝑇1

𝑇2
 = 

1

4
𝑇 = 4𝑇1or 𝑇2 Given signal is a periodic with period T=2/5
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Problems

Identify ω01 and ω02 in given function

2.𝑥 𝑡 = 3 𝑆𝑖𝑛 2𝑡 + 3 + 𝐶𝑜𝑠 (5𝑡)

𝑥(𝑡)=ቐ

𝐴 𝑆𝑖𝑛(𝑤0𝑡 + 𝜑)
𝐴 𝐶𝑜𝑠(𝑤0𝑡 + 𝜑)

𝐴𝑒𝑗(𝑤0𝑡+𝜑)
T=2π/ω0

ω01 =2  and ω02 =5

𝑇1 =
2π

2
= π 𝑇2 =

2π

5
=

2π

5

𝑇1

𝑇2
 =

(π)

(2π/5)
 =

5

2
 is ratio of two integers

𝑇1

𝑇2
 = 

5

2
𝑇 = 2𝑇1or 5𝑇2 Given signal is a periodic with period T=2 π
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Problems

Identify ω01 and ω02 in given function

3.𝑥 𝑡 = 5 𝑆𝑖𝑛 (5π𝑡 + 3) + 𝐶𝑜𝑠 (5𝑡)

𝑥(𝑡)=ቐ

𝐴 𝑆𝑖𝑛(𝑤0𝑡 + 𝜑)
𝐴 𝐶𝑜𝑠(𝑤0𝑡 + 𝜑)

𝐴𝑒𝑗(𝑤0𝑡+𝜑)
T=2π/ω0

ω01 =5π and ω02 =5

𝑇1 =
2π

5π =
2

5
𝑇2 =

2π

5
=

2π

5

𝑇1

𝑇2
 =

(2/5)

(2π/5)
 =

1

π
𝑇1

𝑇2
is  not a ratio of two integers

∴ Given signal is aperiodic
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Note:

𝒙𝟏(𝒕) 𝒙𝟐(𝒕) Name of the Signal

In terms of π In terms of π Periodic Signal

Not In terms of π Not In terms of π Periodic Signal

In terms of π Not In terms of π Aperiodic Signal

Not In terms of π In terms of π Aperiodic Signal
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5.Energy and Power Signals

A signal is said to be energy signal, if the energy of the signal is finite(0<E<∞) 

and power of the signal is zero

A signal is said to be power signal, if the energy of the signal is finite(0<P<∞) 

and energy of the signal is infinite

NOTE:A signal cannot be both, energy and power simultaneously. Also, 

a signal may be neither energy nor power signal.

Power of energy signal = 0

Energy of power signal = ∞

Energy E= lim
𝑇՜∞

𝑇−׬

𝑇
𝑥(𝑡) 2 𝑑𝑡 (or) ׬−∞

∞
𝑥(𝑡) 2dt 𝐽𝑜𝑢𝑙𝑠

Power P= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡 𝑊𝑎𝑡𝑡𝑠
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Problems

Find Power of the following signals

1. 𝑥 𝑡 = 𝐴𝑆𝑖𝑛𝜔𝑜𝑡
2.𝑥 𝑡 = 𝐴 𝐶𝑜𝑠𝜔𝑜𝑡
3.𝑥 𝑡 = A𝑒−𝑗𝜔0𝑡

126



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

Problems

Find Power of the following signals

𝐺𝑖𝑣𝑒𝑛 𝑑𝑎𝑡𝑎 𝑥 𝑡 = 𝐴𝑆𝑖𝑛𝜔𝑜𝑡
Solution:

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝑓𝑜𝑟 𝑃𝑜𝑤𝑒𝑟 𝑃 = lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡

= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝐴𝑆𝑖𝑛𝜔𝑜𝑡 2 𝑑𝑡

= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝐴2 𝑆𝑖𝑛2 𝜔𝑜𝑡𝑑𝑡

= lim
𝑇՜∞

𝐴2

2𝑇
න

−𝑇

𝑇 [1 − 𝑐𝑜𝑠2𝜔𝑜𝑡]

2
𝑑𝑡
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Problems

= lim
𝑇՜∞

𝐴2

2𝑇
න

−𝑇

𝑇 [1 − 𝑐𝑜𝑠2𝜔𝑜𝑡]

2
𝑑𝑡

= lim
𝑇՜∞

𝐴2

4𝑇
න

−𝑇

𝑇

1 𝑑𝑡 − න
−𝑇

𝑇

𝑐𝑜𝑠2𝜔𝑜𝑡 𝑑𝑡

= lim
𝑇՜∞

𝐴2

4𝑇
቉𝑡 −

𝑠𝑖𝑛2𝜔𝑜𝑡

2𝜔𝑜

𝑇
−𝑇

= lim
𝑇՜∞

𝐴2

4𝑇
ቈ ቉(𝑇 − −𝑇 −

𝑠𝑖𝑛2𝜔𝑜𝑇 − 𝑠𝑖𝑛2𝜔𝑜(−𝑇)

2𝜔𝑜

= lim
𝑇՜∞

𝐴2

4𝑇
ቈ ቉2𝑇 −

2𝑠𝑖𝑛2𝜔𝑜𝑇

2𝜔𝑜

= lim
𝑇՜∞

𝐴2

4𝑇
ቈ ቉2𝑇 −

2𝑠𝑖𝑛2(2π/𝑇)𝑇

2(2π/𝑇)

S𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑒𝜔𝑜 = 2π/𝑇

֜ lim
𝑇՜∞

𝐴2

4𝑇
ቈ ቉2𝑇 −

2𝑠𝑖𝑛2(2π)

2(2π/𝑇)
֜ lim

𝑇՜∞

𝐴2

4𝑇
[ ](2𝑇) 𝑃 =

𝐴2

2
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Problems

Find Power of the following signals

𝐺𝑖𝑣𝑒𝑛 𝑑𝑎𝑡𝑎 𝑥 𝑡 = 𝐴𝑐𝑜𝑠𝜔𝑜𝑡
Solution:

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝑓𝑜𝑟 𝑃𝑜𝑤𝑒𝑟 𝑃 = lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡

= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝐴𝑐𝑜𝑠𝜔𝑜𝑡 2 𝑑𝑡

= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝐴2 𝑐𝑜𝑠2 𝜔𝑜𝑡𝑑𝑡

= lim
𝑇՜∞

𝐴2

2𝑇
න

−𝑇

𝑇 [1 + 𝑐𝑜𝑠2𝜔𝑜𝑡]

2
𝑑𝑡
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Problems

= lim
𝑇՜∞

𝐴2

2𝑇
න

−𝑇

𝑇 [1 + 𝑐𝑜𝑠2𝜔𝑜𝑡]

2
𝑑𝑡

= lim
𝑇՜∞

𝐴2

4𝑇
න

−𝑇

𝑇

1 𝑑𝑡 + න
−𝑇

𝑇

𝑐𝑜𝑠2𝜔𝑜𝑡 𝑑𝑡

= lim
𝑇՜∞

𝐴2

4𝑇
቉𝑡 +

𝑠𝑖𝑛2𝜔𝑜𝑡

2𝜔𝑜

𝑇
−𝑇

= lim
𝑇՜∞

𝐴2

4𝑇
ቈ ቉(𝑇 − (−𝑇) +

𝑠𝑖𝑛2𝜔𝑜𝑇 − 𝑠𝑖𝑛2𝜔𝑜(−𝑇)

2𝜔𝑜

= lim
𝑇՜∞

𝐴2

4𝑇
ቈ ቉(2𝑇) +

2𝑠𝑖𝑛2𝜔𝑜𝑇

2𝜔𝑜

= lim
𝑇՜∞

𝐴2

4𝑇
ቈ ቉(2𝑇) +

2𝑠𝑖𝑛2(2π/𝑇)𝑇

2(2π/𝑇)

S𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑒𝜔𝑜 = 2π/𝑇

֜ lim
𝑇՜∞

𝐴2

4𝑇
ቈ ቉(2𝑇) +

2𝑠𝑖𝑛2(2π)

2(2π/𝑇)
֜ lim

𝑇՜∞

𝐴2

4𝑇
[ ](2𝑇) 𝑃 =

𝐴2

2
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Problems

Find Power of the following signals

𝐺𝑖𝑣𝑒𝑛 𝑑𝑎𝑡𝑎 𝑥 𝑡 = 𝐴𝑒𝑗𝜔𝑜𝑡
Solution:

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝑓𝑜𝑟 𝑃𝑜𝑤𝑒𝑟 𝑃 = lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡

= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝐴𝑒𝑗𝜔𝑜𝑡 
2

𝑑𝑡

= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝐴2 𝑐𝑜𝑠𝜔𝑜𝑡 + 𝑗𝑠𝑖𝑛𝜔𝑜𝑡 𝑑𝑡

= lim
𝑇՜∞

𝐴2

2𝑇
න

−𝑇

𝑇

1 𝑑𝑡

= lim
𝑇՜∞

𝐴2

2𝑇
[𝑡]

𝑇

−𝑇
𝑑𝑡 ֜ lim

𝑇՜∞

𝐴2

2𝑇
[2𝑇] 𝑑𝑡 𝑃 = 𝐴2
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Power and RMS values

𝑃 =
𝐴2

2

𝑃 =
𝐴2

2

𝑃 = 𝐴2

Power RMS Value= 𝑃𝑜𝑤𝑒𝑟

𝑅𝑀𝑆 =
𝐴

2

𝑅𝑀𝑆 =
𝐴

2

𝑃 = 𝐴

𝑥 𝑡 = 𝐴 𝑆𝑖𝑛(𝑤0𝑡 + 𝜑)

𝑥 𝑡 = 𝐴 𝐶𝑜𝑠(𝑤0𝑡 + 𝜑)

𝑥 𝑡 = 𝐴𝑒𝑗(𝑤0𝑡+𝜑)
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Problems

Find Power of the following signals

1. 𝑥 𝑡 = 5cos(50𝑡 + π/3)

2. 𝑥 𝑡 = 10 cos 50𝑡 +
π

4
+ 16cos(100𝑡 +

π

3
)

3. 𝑥 𝑡 = 10 cos 5𝑡 . cos 10𝑡
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Problems

Find Power of the following signals

1. 𝑥 𝑡 = 5cos(50𝑡 + π/3)

2. 𝑥 𝑡 = 10 sin 50𝑡 +
π

4
+ 16cos(100𝑡 +

π

3
)

𝑃 =
𝐴2

2
𝑥 𝑡 = 𝐴 𝑐𝑜𝑠(𝑤0𝑡 + 𝜑) 𝑃 =

52

2
𝑃 = 12.5 𝑤𝑎𝑡𝑡𝑠

𝑃 =
𝐴2

2
𝑃 =

𝐴1
2

2
 + 

𝐴2
2

2
𝑃 =

102

2
 +

162

2
𝑃 = 178 𝑤𝑎𝑡𝑡𝑠

3. 𝑥 𝑡 = 10 cos 5𝑡 . cos 10𝑡 2𝑐𝑜𝑠𝐴𝑐𝑜𝑠𝐵 = cos 𝐴 + 𝐵 + cos(𝐴 − 𝐵)

5[cos 10 + 5 𝑡 + cos 10 − 5 𝑡] ֜ 5cos 15 𝑡 + 5cos 5 𝑡 𝑃 =
52

2
 +

52

2
𝑃 = 25 𝑤𝑎𝑡𝑡𝑠
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Problems

Find whether the following signals are energy or power signals or 

neither energy nor power signals

1. 𝑥 𝑡 = 𝑒−3𝑡 𝑢(𝑡)

2. 𝑥 𝑡 = 𝑒𝑗(2𝑡+
𝜋
4)

3. 𝑥 𝑡 =t
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Problems

Find whether the following signals are energy or power signals or 

neither energy nor power signals

1. 𝑥 𝑡 = 𝑒−3𝑡 𝑢(𝑡)

𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛:

G𝑖𝑣𝑒𝑛 𝑥 𝑡 = 𝑒−3𝑡 𝑢(𝑡)

Energy E= lim
𝑇՜∞

𝑇−׬

𝑇
𝑥(𝑡) 2 𝑑𝑡 (or) ׬−∞

∞
𝑥(𝑡) 2dt 𝐽𝑜𝑢𝑙𝑠𝐹𝑜𝑟𝑚𝑢𝑙𝑎

E= lim
𝑇՜∞

න
0

𝑇

𝑒−3𝑡𝑢(𝑡) 2 𝑑𝑡

𝑥 𝑡 = 𝑒−3𝑡 𝑢(𝑡) Defined from 0 to∞

E= lim
𝑇՜∞

න
0

𝑇

𝑒−6𝑡 𝑑𝑡 S𝑖𝑛𝑐𝑒 𝑢 𝑡 = 1 𝑓𝑟𝑜𝑚 0 to∞
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E= lim
𝑇՜∞

න
0

𝑇

𝑒−6𝑡 𝑑𝑡

E= lim
𝑇՜∞

[
𝑒−6𝑡

−6
]

𝑇

0

E=
−1

6
lim

𝑇՜∞
[𝑒−6𝑇 − 𝑒0]

E=
−1

6
[𝑒−6∞ − 𝑒0]

E=
−1

6
[0 − 1]

E=
1

6
𝐽𝑜𝑢𝑙𝑠

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 Power P= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡 𝑊𝑎𝑡𝑡𝑠

P= lim
𝑇՜∞

1

2𝑇
න

0

𝑇

𝑒−3𝑡𝑢(𝑡) 2 𝑑𝑡

P= lim
𝑇՜∞

1

2𝑇
න

0

𝑇

𝑒−6𝑡 𝑑𝑡 S𝑖𝑛𝑐𝑒 𝑢 𝑡 = 1 𝑓𝑟𝑜𝑚 0 to∞

P= lim
𝑇՜∞

1

2𝑇
[
𝑒−6𝑡

−6
]

𝑇

0

P=
−1

6
lim

𝑇՜∞

1

2𝑇
[𝑒−6𝑇 − 𝑒0]

P=
1

2∞

−1

6
[𝑒−6∞ − 𝑒0] ֜ P=0 𝑤𝑎𝑡𝑡𝑠

E=
1

6
𝐽𝑜𝑢𝑙𝑠(finite) and P=0 𝑤𝑎𝑡𝑡𝑠(zero) Hence  given signal is a Energy signal
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Problems

Find whether the following signals are energy or power signals or 

neither energy nor power signals

2. 𝑥 𝑡 = 𝑒𝑗(2𝑡+
𝜋
4)

𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛:

G𝑖𝑣𝑒𝑛 𝑥 𝑡 = 𝑒𝑗(2𝑡+
𝜋
4)

Energy E= lim
𝑇՜∞

𝑇−׬

𝑇
𝑥(𝑡) 2 𝑑𝑡 (or) ׬−∞

∞
𝑥(𝑡) 2dt 𝐽𝑜𝑢𝑙𝑠𝐹𝑜𝑟𝑚𝑢𝑙𝑎

E= lim
𝑇՜∞

න
−T

𝑇

𝑒𝑗(2𝑡+𝜋
4)

2

𝑑𝑡

𝑥 𝑡 = 𝑒𝑗(2𝑡+
𝜋

4
)Defined from -∞ to∞

E= lim
𝑇՜∞

න
−T

𝑇

1 𝑑𝑡 S𝑖𝑛𝑐𝑒 𝑒𝑗(2𝑡+
𝜋
4) = 1
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E= lim
𝑇՜∞

[𝑡]
𝑇

−𝑇

E= lim
𝑇՜∞

[𝑇 − (−𝑇)]

E= ∞ 𝐽𝑜𝑢𝑙𝑠

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 Power P= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡 𝑊𝑎𝑡𝑡𝑠

P= lim
𝑇՜∞

1

2𝑇
න

−T

𝑇

𝑒𝑗(2𝑡+
𝜋
4)

2

𝑑𝑡

P= lim
𝑇՜∞

1

2𝑇
න

−T

𝑇

1 𝑑𝑡 S𝑖𝑛𝑐𝑒 𝑒𝑗(2𝑡+
𝜋
4) = 1

P= lim
𝑇՜∞

1

2𝑇
[𝑡]

𝑇

−𝑇

P= lim
𝑇՜∞

1

2𝑇
[𝑇 − (−𝑇)]

P= lim
𝑇՜∞

1

2𝑇
2𝑇 ֜ P=1 𝑤𝑎𝑡𝑡

E=∞ (infinite) and P=1 𝑤𝑎𝑡𝑡(finite) Hence  given signal is a Power signal

E= lim
𝑇՜∞

න
−T

𝑇

1 𝑑𝑡

E= lim
𝑇՜∞

[2𝑇]

139



Signals and Systems                                                                     Dr. G Sridevi, Professor of ECE

Aditya Engineering College (A)

Problems

Find whether the following signals are energy or power signals or 

neither energy nor power signals

3. 𝑥 𝑡 =t

𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛:

G𝑖𝑣𝑒𝑛 𝑥 𝑡 = 𝑡

Energy E= lim
𝑇՜∞

𝑇−׬

𝑇
𝑥(𝑡) 2 𝑑𝑡 (or) ׬−∞

∞
𝑥(𝑡) 2dt 𝐽𝑜𝑢𝑙𝑠𝐹𝑜𝑟𝑚𝑢𝑙𝑎

E= lim
𝑇՜∞

න
−T

𝑇

𝑡 2 𝑑𝑡

E= lim
𝑇՜∞

න
−T

𝑇

𝑡2 𝑑𝑡
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E= lim
𝑇՜∞

[
𝑡3

3
]

𝑇

−𝑇

E=
1

3
lim

𝑇՜∞
[𝑇3 − (−𝑇3)]

E= ∞ 𝐽𝑜𝑢𝑙𝑠

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 Power P= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡 𝑊𝑎𝑡𝑡𝑠

S𝑖𝑛𝑐𝑒 𝑒𝑗(2𝑡+
𝜋
4) = 1

P= lim
𝑇՜∞

1

2𝑇
[
𝑡3

3
]

𝑇

−𝑇

P= lim
𝑇՜∞

1

6𝑇
[𝑇3 − (−𝑇3)]

P= lim
𝑇՜∞

1

6𝑇
2𝑇3

֜ P=∞ 𝑤𝑎𝑡𝑡𝑠

E=∞ (infinite) and P=∞ (infinite) Hence  given signal is a neither 

Energy nor Power signal

E= lim
𝑇՜∞

න
−T

𝑇

𝑡2 𝑑𝑡

E=
1

3
lim

𝑇՜∞
[2𝑇3]

P= lim
𝑇՜∞

1

2𝑇
න

−T

𝑇

𝑡 2 𝑑𝑡

P= lim
𝑇՜∞

1

2𝑇
න

−T

𝑇

𝑡2 𝑑𝑡
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6.Causal and Non Causal Signals

A signal is said to be causal  if the signal is  defined only for positive values

x(t) =0 for t<0

Otherwise signal is said to be non causal
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Problems

Which of the following signals are causal 

1. 𝑥 𝑡 = 𝑒𝑎𝑡𝑢(𝑡)

2. 𝑥 𝑡 = 𝑒−3𝑡𝑢(−𝑡)

3. 𝑥 𝑡 = 𝑆𝑖𝑛𝑡. 𝑢(𝑡)

4. 𝑥 𝑡 = 𝑢 𝑡 − 𝑢(𝑡 − 15)
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7.Real and Imaginary Signals

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

A signal is said to be odd 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 odd signal.

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

imaginary signal, real part should be zero.
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Summary 

Continuous Time Signals Discrete Time Signals

1.Continuous Time and 

Discrete Time Signals

Defined at every instant of time;x(t) Defined only at discrete instants of  

time;x[n]

2.Deterministic and 

Non-deterministic Signals

3.Even and Odd Signals Even Signal x(t) = x(-t)

Odd Signal x(t) = -x(-t)

x
e
(t ) = ½[x(t ) +x(-t )]

x
0
(t ) = ½[x(t ) -x(-t )]

Even Signal x[n] = x[-n]

Odd Signal x[n] = -x[-n]

X
e

[n]= ½[x[n] +x[-n]]

X
o

[n]= ½[x[n] -x[-n]]

4.Periodic and Aperiodic Signals x(t) = x(t + T) 

Fundamental Time period :T=2π/ω0 
X[n] = x[n +N].

Fundamental Time period :N=(2π/ω0 )m

5.Energy and Power Signals

E= lim
𝑇՜∞

න
−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡

P= lim
𝑇՜∞

1

2𝑇
න

−𝑇

𝑇

𝑥(𝑡) 2 𝑑𝑡

E= lim
N՜∞

෍

𝑛=−𝑁

𝑁

𝑥[n] 2

P= lim
N՜∞

1

2𝑁 + 1
෍

𝑛=−𝑁

𝑁

𝑥[n] 2

6.Causal and Non Causal Signals Causal x(t) =0 for t<0

Noncausal x(t) ≠0 for t<0

Causal x[n] =0 for n<0

Noncausal x[n] ≠0 for n<0

7.Real and Imaginary Signals Even x(t) = x*(t)

Odd x(t) = -x*(t)

Even x[n] = x*[n]

Odd x[n] = -x*[n]
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Summary

LO 1 : Categorize signals based on their characteristics.(CO1)
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THANK YOU
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Unit-1 Outcomes

At the end of the Course, Student will be able to: 

CO 1 : Categorize signals and systems based on their   

characteristics.

CO 2 : Explain the concept of orthogonality for signal 

approximation
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Contents 

Signals:

Different deterministic signals: impulse, step, ramp, gate,

signum, sinc, sinusoidal, exponential, complex exponential,

operations on signals, Classification of Signals,

Signal Analysis:

Analogy between vectors and signals,

Orthogonalsignal space,

Signal approximation using orthogonal signals,

Mean square error,

Closed or complete set of orthogonal signals,

Orthogonality in complex functions.
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• At the end of this Session, Student will be able to: 

• LO 1 : Explain the concept of orthogonality for signal  approximation
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❑Approximation of one vector in terms of other vector and 

Component of one vector along other :

Analogy between vectors and signals:

Consider two vectors ത𝑉1 and ത𝑉2 as shown in the below figure. 

V1

V2C12 V2

V2

V1C21 V1

Ve Ve
To obtain the approximation of ത𝑉1in 

terms ത𝑉2, we need to draw a 

perpendicular line from the end of ത𝑉1

onto ത𝑉2 as shown in the above figure..

The component of ത𝑉1 along ത𝑉2 is 𝐶12 and vector projection of ത𝑉1 along ത𝑉2 will be 𝐶12𝑉2

Similarly, 

the component of ത𝑉2 along ത𝑉2 is 𝐶21 and vector projection of ത𝑉2 along ത𝑉1 will be 𝐶21𝑉1
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❑The value of 𝐶12 is choosen in such a way that error should be 

minimum

V1

V2C12 V2

V1

V2C12 V2

Ve1 Ve2ത𝑉1 = 𝐶12
ത𝑉2 + ത𝑉𝑒1

ത𝑉1 = 𝐶12
ത𝑉2 + ത𝑉𝑒2

Consider the do𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑤𝑜 𝑣𝑒𝑐𝑡𝑜𝑟𝑠 ҧ𝐴 and ത𝐵
ഥ𝐴. ത𝐵 =AB 𝑐𝑜𝑠𝜃

The componen𝑡 𝑜𝑓 ҧ𝐴 along  ത𝐵 is Acos𝜃=

ഥ𝐴. ҧ𝐵

𝐵

The componen𝑡 𝑜𝑓 ത𝐵 along  ҧ𝐴 is Bcos𝜃=

ഥ𝐴. ҧ𝐵

𝐴

The componen𝑡 𝑜𝑓 ത𝑉1 along  ത𝑉2is 𝑉1cos𝜃=

ഥ𝑉1.ഥ𝑉2

𝑉2

The componen𝑡 𝑜𝑓 ത𝑉2 along  ത𝑉1is 𝑉2cos𝜃=

ഥ𝑉1.ഥ𝑉2

𝑉1
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Equate the component of ത𝑉1 along  ത𝑉2

𝐶12𝑉2=
ഥ𝑉1.ഥ𝑉2

𝑉2

𝐶12=
ഥ𝑉1.ഥ𝑉2

𝑉2
2

Orthogonal vectors:

If component of one vector along other vector is zero, then they are called “Orthogonal 

vectors”

i.e 𝐶12 = 0 or 𝐶21 = 0 (Necessary condition)

As 𝐶12 = 0 or𝐶21 = 0, then  ത𝑉1 ∙ ത𝑉2 = 0 ⟹ ത𝑉1 . ത𝑉2 . cos 𝜃12 = 0
𝜃12 = 90𝑜

(Sufficient condition)
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Key Points :The component of ത𝑉1 along  ത𝑉2 𝐶12=
ഥ𝑉1.ഥ𝑉2

𝑉2
2

For orthogonal vectors: ത𝑉1 ∙ ത𝑉2 = 0

Similarly    The component of ത𝑉2 along  ത𝑉1 𝐶21=
ഥ𝑉1.ഥ𝑉2

𝑉1
2
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