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1. Definition and Classification of Signals:

Signal can be defined as a function or any physical phenomenon that conveys or carries some
information and its amplitude may vary with respect to one or more independent variables.
Examples:

» Music Signal, Speech Signal, Video Signal
Electrocardiogram (ECG) Signal — It is used to predict heart diseases
Electroencephalogram (EEG) Signal — Study the normal and abnormal behavior of the brain

Electromyography (EMG) — It is used to study the condition of muscles

vV V V V

Electromagnetic Waves
> Radar Signals

Based on variation in amplitude, signals are classified into mainly two types.
» Continuous Time or Analog Signals

> Discrete Time and Digital Signals

1.1. Continuous Time or Analog Signals:
Continuous time signals are those for which the amplitude varies continuously in accordance with
continuous variation in time. All real time signals are analog in nature; hence the continuous time

signals are also known as analog signals. In general, continuous time signals are represented with

X(t), y(t), z(t), etc.
X(t)
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1.2. Discrete Time and Digital Signals:

Discrete time signals are those for which the amplitude varies discreetly in accordance with discrete
variation in time. Any discrete time signal can be represented as the sequence of numbers, that’s why
discrete time signals are called sequences. Discrete time signals can be obtained from continuous
time signals by sampling process(Sampling Theorem). In general, discrete time signals are
represented with x(n), y(n), z(n), etc.
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Amplitude restricted version of discrete time signals are called digital signals, for which the different
number of amplitudes are restricted to finite number (Two). y(n) is a digital signal and all digital
signals are discrete time signals. Digital signals can be obtained from discrete time signals by

quantization mechanism.

Examples: —
» x(t) = 2Cos(3t) + 3Sin(2t)
> y(t) = 3¢ > Continuous time or analog signals
> z(t) = 3e % Cos(4t) _
> x(n) = 2" )
» y(n) =2Cos(3n —4) > Discrete time signals
> z(n) = 2e/"/3
g
> x(n) ={1,1,0,1,0,1,1,1,0,0,1} ™
>y ={1,-11-111,-1,-11} >~ Discrete time or Digital signals
> z(n) ={1,1,2,1,2,1,1,1,2,2,1}

7
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2. Definition and Classification of Systems:

Introduction

System can be defined as the collection of objects or elements or components and all those things

should be interconnected in such a way to achieve an objective or predefined result or outcome.

Based on the type of input applied, components used in the design and type output, systems are

classified into two types.
» Continuous Time or Analog Systems

» Discrete Time and Digital Systems

2.1. Continuous Time or Analog Systems:

Continuous time or analog systems are those for which both the input and output are continuous time

signals and are constructed by using analog components, like resistors, capacitors, inductors, diodes,

transistors, analog ICs, etc.

) Continuous Time or
Input signal, x(t) ———» Analog System

— Output signal, y(t)

» Thermal stability of continuous time or analog systems is poor because of all analog

components are temperature sensitive.

» Continuous time or analog systems are non-programmable and static in nature.

» Continuous time or analog systems are described by differential equation, which involves

only differentials.

Examples:

(@) A simple RC high pass filter acts as a differentiator, where the output y(t) is the

differentiation of input x(t)

d
y©) = [x®)]

(b) A simple RC low pass filter acts as an integrator, where the output y(t) is the integration of

input x(t)

d
y© = [ x(®)de = x(@©) = 2 O]
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2.2. Discrete Time and Digital Systems:

Discrete time systems are those for which both the input and output are discrete time signals. In the

case of digital systems, both input and output are digital signals.

) Discrete Time System
Input signal, x(n) ————» o —— Output signal, y(n)
(Digital System)

» Thermal stability of discrete time or digital system is high.
> Discrete time or digital systems are programmable and dynamic.
> Discrete time or digital systems are described by a difference equation, which does not

involve differentials, which involve only shifts.

Discrete time or Digital systems are constructed by using discrete components, like adders, constant
multipliers and delays (memories).

Adder is used to add two or more signals, for example y(n) = x1(n) + x2(n)

x1(n) 4@* y(n)=x1(n)+ x2(n)

Xz(n)

Constant multiplier is used to get the product of a constant and a signal, for example y(n)=kx(n)

x(n) y(n)=kx(n)

Delay or Memory unit is used to get one unit delay,

x(n) —» Z1 —>  y(n)=x(n-1)

Example, y(n) = 2x(n)+3y(n — 1)
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3. Singularity and Related Signals:

Singularity signals are those for which the left and right limits are not same, i.e. Singularity signals
are discontinuous at a particular point or points, like, Impulse signal, Step signal, Signum signal and
Ramp signals.

3.1. Impulse Signal:

Impulse signal is denoted with 8(t) and it is also known as Dirac delta signal

(oo ; t=0
0={y [ (20

)

3(t)
Height (1/A)

<------>

v
—

Width (A) - Negligible
Impulse signal 3(t) is even

% 6 (t) is a doublet signal and it is odd.
Area under any impulse signal is ‘1’ = fjooo S(Hdt =1
S(at) = ﬁ(ﬁ(t), a#0.

X(D)8(t — t) = x(t)8(t — t1) and [ x(£)8(t — t;)dt = x(t;)

vV Vv VY Y VYV V

[ x(O) 260t — t)dt = ()" 2ox(6) att =t

Note: Impulse signal in discrete domain is called Digital impulse or unit sample sequence and it is

denoted with 5(n) and it can be defined as

1 :n=0
o(n)=
0 :n=#0

3(n)

i =
oF—————»

v

=)
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3.2. Step Signal:

Step signal is denoted with u(t) and it is also known as Heaviside step signal.

(1 ;t>0
”(t)_{o Lt <0

)

u(t
A

1 —— -

0

» Itis neither even nor odd signal

Lt Lt

» ltisdiscontinuous att=0 =5 O_u(t) * . 0+u(t)

> Relation between u(t) and 8(t) is 6 (t) = %u(t) and f_too d(t)dt = u(t)

Note: Step signal in discrete domain is denoted with u(n) and it can be defined as

1 :n>0
u(n)=
0 :n<O

u(n) = gé(n-k) oru(n) = gé(k)
k=0 k=—-x

Unit sample sequence d(n) is difference between u(n) and u(n-1)
d(n) =u(n) —u(n-1)
A sequence x(n) can be represented using unit sample sequence d(n)

x(n) = gx(k)é(n-k)

K=-
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3.3. Signum Signal:

It is a double step signal and it is denoted with sgn(t).

1 ; t>0
sgn(t) = {—1 ;. t<0
sgn(t)
A
1 ——
0 >
- -1
» Itis adouble step signal
> Itis odd signal
> Itis discontinuous att=0=>_ -t Sgn(t) # Lt Sgn(t)
t—> 0" t—>0*
1+sgn(t)

> Representation of u(t) by using sgn(t) is u(t) = >

> Representation of sgn(t) by using u(t) is sgn(t) = 2u(t) — 1

3.4. Ramp Signal:

Unit ramp signal is denoted with r(t) and it can be defined as

t ;t=0
o =mm={ g

r(t) -7

v
—

0
» Itis neither even nor odd signal

> Relation between u(t) and r(t) isu(t) = %r(t)

Dr. B. Ramesh Reddy, Professor of ECE & Vice Principal, LBRCE, Mylavaram, NTR Dist., AP. Page. 9/56




Signals and Systems-23EC02 UNIT-I Introduction

4. Complex Exponential and Sinusoidal Signals:

> In general, the complex exponential signal is represented by
x(t) = Ae "t or y(t) = Ae/"t

Where, ‘A’ is Real or Imaginary or Complex number.

» Complex exponential signal can be represented in terms of Sinusoidal signal as
x(t) = Ae /"t = A[Cos(wt) — jSin(wt)]
y(t) = Ae/"t = A[Cos(wt) + jSin(wt)]
where, Sin(wt) and Cos(wt) are Sinusoidal signals

» Complex exponential and sinusoidal signals are periodic with a fundamental period,

21
T =—
w

> e~ e o~aty(t), ey (—t),and e~ are real exponential signals.

Where, ‘a’ is real constant.

> Decaying exponential signal, x(t) = e *u(t),a > 0

X(t
A

1

v
—

> Both sided decaying exponential, y(t) = e%,a > 0

y(E

\

v
—
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> Raising exponential signal, x(t) = e*u(—t),a > 0

X(t
A

1

\ 4
—

> Both sided raising exponential signal, y(t) = e*,a > 0

X(t
y

v
—

> Double exponential signal, x(t) = e~ a > 0

X(t)
1

v
—t

> Double exponential signal, y(t) = e, a > 0

y(t
A
1

v
—
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5. Operations on Signals:

Addition, Subtraction, Multiplication and Division are the few basic operations used in most of the
occations. In addition to those basic operations, we have few more which are widely used in signal

analysis;
» Time Shifting
» Time Scaling
» Time Reversal or Folding
» Amplitude Shifting
» Amplitude Scaling

5.1. Time Shifting Operation:
If the time shifting operation is applied on a signal x(t), then the signal is shifted to left or right
without changing its characteristics (width, amplitude and area). It is represented with x(t £ to),
where to is shift ( delay or advance).

Example:
] ] ] 1 ;t>0
Given unit step signal, x(t) = u(t) = {0 <0
u(t
1 —— —
0 > 1
» Shifting form of x(t) by 3 units to right is represented with x(t-3)
1 ;t>3
x(t—3) =u(t-3) = { o3
u(t-3)
A
1 —-—— —
0 3 > 1
» Shifting form of x(t) by 3 units to left is represented with x(t+3)
1;t>-3
xt+3)=ut+3)={, ' [ 23
u(t+3)
1 _——
3 0 > !
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5.2. Time Scaling Operation:

If the time scaling operation is applied on a signal x(t), then the signal is compressed or expanded in
time axes without changing its amplitude. It is represented with x(at), where ‘a’ is time scaling

parameter. If a > 1, then it is compressed and if 0 < a < 1, then it is expanded signal.

Example:

A,-1<t<1

Given rectangular signal, x(t) = A.rect (%) = {0 Otherwise

X(t
AA

v
—

» Time Scaling (Compressed) form of x(t),

1 1
x(2t) = A.rect (%) = A.rect G) = {A‘ R 2, it is compressed signal
0, other wise
X(2t)
A
A
>
12 0 12

» Time Scaling (Expanded) form of x(t),

t\ _ t/2\ _ ty _(A-2<t<2 .. .
X (2) = A.rect( > ) = A.rect (4) = {0’ other wise’ it is expanded signal
X(t/2)
A
A
2 0 2 >

Dr. B. Ramesh Reddy, Professor of ECE & Vice Principal, LBRCE, Mylavaram, NTR Dist., AP. Page. 13/56




Signals and Systems-23EC02 UNIT-I Introduction

5.3. Time Reversal or Folding Operation:
Time reversal signal can be obtained by interchanging left hand side and right hand side positions
with respect to vertical axes or y-axes. If the given signal is x(t), then its time reversal form is

represented with x(-t) and the operation is called folding or mirror image or time reversal.

Example-1:
Given unit step signal, x(t) = u(t) = {(1) i Z 8
u(t)
1 -——
0 >
] . . 1 ;t<0
Time reversal or folding form of x(t) is x(—t) = u(-t) = {0 >0
X(-t)=u(-t)
y N
-- 1
0 >
Example-2:
2 T T
Given triangular signal, x(t) = A.tri (%) = {A (1 T |t|)'_5 <t<3
0, other wise
X(t
A
A
>
-T/2 0 T/2

A(l—%ltl),—§<t<§

Time reversal or folding form of x(t) is x(—t) = A. tri ( t) = {
0, other wise

T

Given x(t) and x(-t) are same because it is even signal.
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5.4. Amplitude Shifting Operation:

If the amplitude shifting operation is applied on a signal x(t), then the signal shifted to up or down. It

is represented with ‘A+x(t)’, where ‘A’ is constant. It is also known as amplitude or DC level shifter

Example:

Given triangular signal, x(t) = tri G) = {

1—-|t],-1<t<1
0, other wise

X(t
A
1

-1

o
(BN

Amplitude shifting form of x(t), y(t) = 1 + x(t)

X(t
A

2

v
—

N

Amplitude shifting form of x(t), y(t) = - 0.5 + x(t)

X(t
A

v

Y

0\1

-0.5
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5.5. Amplitude Scaling Operation:
If the amplitude scaling operation is applied on a signal x(t), then the signal amplitude may increase
or decrease without changing its duration. It is represented with Ax(t), where ‘A’ is amplitude

scaling parameter.

Example:
. . : (Y _f1-lt,-1<t<1
Given triangular signal, x(t) = tri (2) = {0, other wise
X(t
A
1
1 0 1 > 1
» Amplitude scaling form of given triangular signal is
_ _ (T _(05(1—1t]h),-1<t<1
y(t) = 0.5x(t) = 0.5tri (2) = {O, other wise
y(®
A
T 0 T > !
» Amplitude scaling form of given triangular signal is
_ _ (U _ (13-t -1<t<1
z(t) = 1.3x(t) = 1.3tri (2> = {0’ other wise
z(t)
1.
1 0 1 > 1
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6. Properties or Characteristics or Classification of Signals:

Properties or Characteristics or Classification of Signals are

>

V V V VYV VY

Even and Odd Signals

Causal and Noncausal Signals
Bounded and Unbounded Signals
Periodic and Aperiodic Signals
Deterministic and Random Signals

Energy and Power Signals

6.1. Even and Odd Signals:

>

Note:

A signal x(t) is said to be even only when x(-t) = x(t). Even signals are symmetrical about y—
axis, hence even signals are called symmetry signals.

A signal x(t) is said to be odd only when x(-t) = — x(t). Odd signals are anti-symmetrical
about y—axis, hence odd signals are called anti-symmetry signals.

If the signal x(t) fails to satisfy even and odd property, then the signal is neither even nor odd
and it can be expressed as the sum of even signal xe(t) and odd signal Xo(t).

X(t) = Xe(t) + Xo(t) -=--=-==------- (1)

Replace ‘t” with ‘-t

X(-t) = Xe(-t) + Xo(-t) = Xe(t) — Xo(t) --------------- (2)

(1) + (2) = X(1) + X(£) = Xelt) + Xolt) + Xelt) — Xo(t) = 2 Xe(t)
o x,(t) = x(t) +2x(—t)

(1) - (2) = x(t) = X(-t) = Xe(t) + Xo(t) — (Xe(t) — Xo(t) ) = 2 Xo(t)
iy = 2O =XCD

Condition for conjugate symmetry signal: x*(-t) = x(t).
Condition for conjugate anti-symmetry signal: x*(-t) = -x(t).
Conjugate symmetry and anti-symmetry signals can be computed from
x(t) + x*(—t)
2
x(t) —x*(—t)
2

Xes(t) =

Xeas(t) =
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6.2. Causal and Noncausal Signals:
> Asignal x(t) is said be causal only when x(t) = 0; for t <0, that means causal signals are right
sided.
> A signal x(t) is said be anti-causal only when x(t) = 0; for t > 0, that means anti-causal
signals are left sided.
> A signal x(t) is said be non-causal only when x(t) = 0; for t <0, i.e. non-causal signals may
be left sided or both sided and all anti-causal signals have come under non-causal signals.
Examples:
(@) xa(t) = u(t)
Given unit step signal, x,(t) =u(t) =1,t >0
x1(t)=u(t)
P\

1 ——

0
Given xu(t) is causal signal, because it is right sided (Extending from t=0 to «)

(b) x2(t) = u(-t)
Givensignal, x,(t) =u(—-t) =1,-t>00rt <0

x2(t)=u(-t)

- - 1

v
—

0
Given x»(t) is anti-causal or non-causal signal, because it is left sided (Extending from t=-c to 0)
(c) x3(t) = u(-t-1)
Givensignal, x;(t) =u(—-t—1)=1,-t—1>00r—t>1lort< -1

x3(t)=u(-t-1)

- - 1

\ 4
—

-1 0

Given xs(t) is anti-causal or non-causal signal, because it is left sided (Extending from t=-co to -1)
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(d) xa(t) = u(t+1)
Given unit step signal, x,(t) =u(t+1) =1,t+1>0o0rt > -1
Xa(t)=u(t+1)

A

1

-1 0 >t

Given xa(t) is non-causal signal, because it is both sided (Extending from t=-1 to o)

(e) xs(t) = u(t-1)
Given unit step signal, xs(t) =u(t—1)=1,t—1>0o0rt>1
xs(t)=u(t-1)
A

1 —_—

0 1 >

Given xs(t) is causal signal, because it is right sided (Extending from t=1 to «)

M xg®=rt+2)—r@t+1)—[r@—-1)—rt-2)]

v

Given xe(t) is non-causal signal, because it is both sided (Extending from t=-2 to 2)

0, t<o0
t, o<t<?2
@O =4_t2<t<2a
0, t>4

Given x7(t) is causal signal, because it is right sided (Extending from t=0 to 4)
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6.3. Bounded and Unbounded Signals:

A signal x(t) is said be bounded only when the amplitude of x(t) is finite for all values of ‘t* over the

range —oo < t < oo, Condition for a bounded signal is | x(t) | < o0, 00 <t < 0.

Examples:
(a) xa(t) = u(t)

Given unit step signal, x;(t) = u(t) =1,t >0
x1(t)=u(t)
F N

1 -——

0
Given xy(t) is bounded signal, because its amplitude is finite for all values of t (limited to 0 and 1)

(b)x2(t) = e *'u(t)
X2(t)

1

v
—t

0

Given xz(t) is bounded signal, because its amplitude is finite for all values of t (limited to 0 and 1)

(©)x3(t) = e

o
v
—

Given x3(t) is unbounded signal, because its amplitude is infinity at t= -co.
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(d)xy(t) = e*u(-t)

0 >

Given x4(t) is bounded signal, because its amplitude is finite for all values of t (limited to 0 and 1)

(e)xs(t) = e*

Xs(t)
y N
1
/
0 >
Given xs(t) is unbounded signal, because its amplitude is infinity at t= .
(f)xe(t) = e
Xs(t)
1
0 >

Given xe(t) is bounded signal, because its amplitude is finite for all values of t (limited to 0 and 1)
(9)x7(t) = e

x7(t)

1

v
—

Given x7(t) is unbounded signal, because its amplitude is infinity at t= 4oo.
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6.4. Periodic and Aperiodic Signals:
A signal x(t) is said be periodic if and only if x(t+T) = x(t), otherwise the signal is non-periodic or
aperiodic, where T is called fundamental period or period of given signal x(t).
Note:
> Signals, Sin(wot), Cos(wot) and e are periodic with a period of 27t/wo.
> If x1(t) and x2(t) are periodic with periods T1 and Ta, then xa1(t)xxz(t) is periodic only when

T1/T2 is rational number.

6.5. Deterministic and Random Signals:
Signals that are completely specified by a mathematical expression are called deterministic signals,
where the amplitude of the signal can be determined at any instant of time.

Examples:

t ;t>0

> Unit Ramp Signal, r(t) = tu(t) = {0 <0
> Decaying Exponential Signals, x(t) = e~ 2tu(t)

> Raising Exponential Signals, x(t) = e?'u(—t)

Signals whose characteristics are random in nature are called nondeterministic signals or random

signals, where the mathematical representation is not possible, for example noise signal.

6.6. Energy and Power Signals:
> A signal x(t) is said to be energy signal only when the total energy (E) under the signal x(t) is
finite and the average power (P) is zero.
O0<E<ow,and P =0
» A signal x(t) is said to be power signal only when the average power (P) of the signal x(t) is
finite and the total energy is infinity.
O<P<o,andE=o
» If a signal fails to satisfy energy and power signal properties, then the signal is called neither
energy nor power.
> In general, most of the periodic signals are power signals and aperiodic signals are energy
signals (Not all periodic signals are power signals and aperiodic signals are energy signals).

» Total Energy(E) and Average Power(P) of a signal x(t) can be computed from

[e0] 1 T
= 2 = —_— 2
E= f_wlx(m dt&P Lt 2Tf_T|x(1:)| dt
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7. Analogy between Vectors and Signals:

>
>

Vector can be defined as a quantity, which has both magnitude and direction.
Vector ‘A’ can be represented(approximated) in terms of another vector ‘B’ as; A = ¢B,
where ‘c’ is constant and it can be computed by applying dot product;

A.B
A.B=CB.B:>C=B—

If A and B are perpendicular or orthogonal, then scalar or dot product is ‘0’.

B
.e., AB=0>c=———==0
i.e C=p2g

If A and B are perpendicular or orthogonal, then representation(approximation) of vector ‘A’
in terms vector ‘B’ is not possible.

If A and B are parallel, then very good approximation is possible with zero error.

In XY-plane(2D), vector ‘A’ can be represented as; A = xax + yay, where ax and ay are unit
vectors along X and Y directions.

In XYZ-plane(3D), vector ‘A’ can be represented as; A = xax + Yay + za;, where ax, ay and a;
are unit vectors along X, Y and Z directions. It is called orthogonal vector space.

i.e., In orthogonal vector space, a vector ‘A’ can be represented as the sum of mutually
orthogonal vectors.

We can extend all the above vector concepts to signals also, because all signals are analogous
to vectors.

A real valued signal x(t) over the interval (t1, t2) can be approximated by another signal g(t)

over the same interval (tz, t2) as; x(t) = C g(t), where C’ is the approximation constant.

Signals x(t) and g(t) are orthogonal over the interval (t1, t2), then | :12 x(t)g(t)dt = 0.

8. Approximation of a signal by another Signal:

A real valued signal x(t) over the interval (t1, t2) can be approximated by another signal g(t) over the

same interval (t1, to) is

x(t) = Cg(t)
Where, C is the approximation constant.

The difference between given x(t) and the approximated x(t) is called error signal. It is represented
with Xe(t).

Xe(t) = x(t) - C g(t)
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8.1. Mean Square Error (MSE):
In every approximation process, there will be some error and error due to the approximation can be
computed through Mean Square Error (MSE). It is denoted with € and it can be computed from the

formula

e=——| "l (0t

t; —t1Jy,

Substitute, Xe(t) = x(t) — C g(t) and develop an expression to compute the mean square error

=t - - | o - coorac

t1

e=— " j () + C2g2(E) — 20x(Dg(O)]dt
t; =ty Jy,

t2

1 tz tz
€= <f x2(O)dt+ C* | g(t)dt — ch
t

th—t 1 t1 ty

x(t)g(t)dt> —-———-D

For good approximation, the mean square error (€) should be minimum. Compute the constant (C) by

differentiating € with respect to ‘C’ and equate to zero

de —0
==
ty ty
= (0 + ZCJ g?(t)dt — Zj x(t)g(t)dt) =0
27 U1 t1 tq
= 2C tzgz(t)dt = zf 2x(t)g(t)alt
t; t,
[Zx®g®de  [Zx(O)g(t)dt
C=— = === (2)
J;2 g*(®)dt K
Where, K = [[* g*(t)dt and [* x()g(t)dt = CK — = — — = — = — — = 3)

Evaluate the mean square error (¢) by substituting equation (3) in equation (1)

€= ! (ftzxz(t)dt + C*(K) — 2C(CK)>
t

t =t \Jg,

1 tz
€= (f x2(t)dt + C*K — ZCZK)>
t

t; =t \Jg,

1 (%
€= (j x?(t)dt — CZK)>
th—t ty
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8.2. Condition for Orthogonal Signals:
» If A and B are orthogonal, then scalar or dot product is 0.
AB=0
» We know that signals are analogous to vectors, i.e if two signals x(t) and g(t) are orthogonal
over the interval (i1, t2), then

f (gt = 0

1

It is the condition for orthogonal signals.
» All sinusoidal signals, sin(wt) and cos(wt) are orthogonal signals.

> All complex exponential signals, x(t) = Ae™/"t, and y(t) = Ae’*tare orthogonal signals.

9. Orthogonal Signal Space:

» In XYZ-plane(3D), vector ‘A’ can be represented as; A = xax + yay + za,, where ayx, ay and a;
are unit vectors along X, Y and Z directions. It is called orthogonal vector space.

» i.e., In orthogonal vector space, a vector ‘A’ can be represented as the sum of mutually
orthogonal vectors.

» We know that signals are analogous to vectors, i.e A real valued signal x(t) over the interval

(t1, t2) can be approximated by a set of mutually orthogonal signals gi(t), g2(t), ......... gn(t)
over the same interval (ti, t2) is
X(t) =C101(t) + C2ga(t) + ......... Crg(t)+ oo Cn gn(t)

x(t) = ) Cgr(®)

where, C1, Co, .......... Cryveeeennnnn Chn are approximation constants.

» The above concept comes under orthogonal signal space.

10. Approximation of a signal by a set of mutually orthogonal Signals:

A real valued signal x(t) over the interval (t1, t) can be approximated by a set of mutually orthogonal
signals gu(t), g2(t), ......... gn(t) over the same interval (i1, t2) is
X(t) =C101(t) +C2g2(t) + ......... Crgrlt) e, Cn gn(t)

x(®) = ) Crgr(®)

where, Cy, Co, .......... Cry oo, Cn are approximation constants. the difference between given

X(t) and the approximated x(t) is called error signal. It is represented with Xe(t).

xe(8) = X(©) = ) C,g,(8)
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10.1. Mean Square Error (MSE):

It is denoted with & and it can be computed from the formula

1 t2
o= | TP
2 1

1

n 2
- - L - ft 12 (x(t) - ;Crgr(t)> dt

= =[2G + (T Crgr () — 2x(8) Ty Crgr (D)t

| [ <Z crgro:)) a- [ 2x®Y G0
- ! - ( f X2(6)dt + z (cﬁ f jzgf(odt) 2 Z C, f fzx(t)gr(t)dt) ——— )

r=1

For good approximation, the mean square error (gr) should be minimum. Compute the constant (Cr)

by differentiating &r with respect to ‘Cr’ and equate to zero
de,

= ac, =0
[ 2
= <0 +2C, | g.2(t)dt — zf x(t)gr(t)dt> =0
t, —t ) y
t, ty
= 2C, | g.2()dt = zf x(t) g, (t)dt
t %1
i} x(®Og: @)t [i*x(Dgr (Bt
= CT = t, 2 = kLT (2)
ftl Ir (t)dt r
Where, k. = f* g,2(t)dt and [;” x()g,(£)dt = bty = — = — == — = — = 3)

Evaluate the mean square error (gr) by substituting equation (3) in equation (1)

1 tz n n
€ = j x2(t)dt + z C.*(K,)—2 Z C, (C/K,)
tz - tl tl - -
r=1 r=1
n n
1 ta
€, = f xz(t)dt+ZCr2Kr—ZZCr2Kr
tz - t1 tl - -
r=1 r=1
1 [ r -
€, = j x2(t)dt — Z C,*K,
tz - tl t povy

1

Dr. B. Ramesh Reddy, Professor of ECE & Vice Principal, LBRCE, Mylavaram, NTR Dist., AP. Page. 26/56




Signals and Systems-23EC02 UNIT-I Introduction

10.2. Gibb’s Phenomena:

Let us consider the following approximation process in different cases

Case-1:

If the rectangular signal x(t) = {_i 2 :E :gn

g(t)=Sin(t) or g(t)=Sin(t), Sin(2t), then the approximated signal for minimum error is

is approximated with sinusoidal signals

x(t) = = Sin(t) |
X(t) Approximated x(t)
A

[ IVAN /‘ Given x(t)

0 K 2n t
-1

\/

v

Error in the approximation process, € = 1 — % = 0.189 or 18.9%
s

Case-2:

If the rectangular signal x(t) = {_i 2 :,;[ :gn

g(t)=Sin(t), Sin(2t), Sin(3t) or g(t)=Sin(t), Sin(2t), Sin(3t), Sin(4t), then the approximated signal for
minimum error is

is approximated with sinusoidal signals

x(t) = =Sin(t) + - Sin(3t)

X(t) Approximated x(t)
A

1 /' Given x(t)

v

2 —0.0989 or 9.89%

omz

. . . 8
Error in the approximation process, e = 1 — = —
3
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If the rectangular signal x(t) = {_i 2 :E :gn

g(t)=Sin(t), Sin(2t), Sin(3t), Sin(4t), Sin(5t) or g(t)=Sin(t), Sin(2t), Sin(3t), Sin(4t), Sin(5t), Sin(6t),
then the approximated signal for minimum error is

is approximated with sinusoidal signals

x(t) = %Sin(t) + %Sin(Bt) + %sm(so

X(t) Approximated x(t)

1 /‘ Given x(t)

v
—

8 8 8

Error in the approximation process, € = 1 — — — — — —

= 0.0665 or 6.65%

Case-N:

If the rectangular signal x(t) = {_} 2 :E zgn

sinusoidal signals g(t)=Sin(t), Sin(2t), Sin(3t), Sin(4t), Sin(5t), Sin(6t), Sin(7t), Sin(8t),.... then the
approximated signal for minimum error is

is approximated with more number of

4. 4 . 4 . 4 .
x(t) = ;Sln(t) + gSln(3t) + ESm(St) + %Sm(7t) + -

X(t) Approximated x(t)
1 /‘ Given x(t)
0 T [27 Tt
-1
Error in the approximation process, e =1 - > - — -2 __ 5% _ .. =9
pp p ,E= T =
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Conclusion — Gibb’s Phenomena:

It is very clear from above approximation process (Case-1, Case-2, Case-3,....,Case-N). If the
rectangular signal x(t) is approximated with a sinusoidal signal g(t), then the error in the
approximation process is more. To reduce the error, we can go for the approximation of x(t) by using
more number of sinusoidal signals. i.e if the rectangular signal x(t) is approximated with more
number of sinusoidal orthogonal signals, then the error reduced to minimum (zero) and the pass band
and stop band of approximated signal contains oscillations and approximated x(t) may have
discontinuities at t=0, &, 27, ..... Those oscillations are called Gibb’s oscillations and the effect of
getting oscillations and discontinuities due to the approximation of given rectangular signal x(t) with
more number of sinusoidal orthogonal signals is called Gibb’s phenomena.

1, 0 <t <m
1, ©nm <t <2nx

sinusoidal signals g(t)=Sin(t), Sin(2t), Sin(3t), Sin(4t), Sin(5t), Sin(6t), Sin(7t), Sin(8t),.... then the

approximated signal for minimum error is

If the rectangular signal x(t) = {_ Is approximated with more number of

x(t) = %Sin(t) + %Sin(St) + ﬁSin(St) + %sm(n) + o

X(t) Approximated x(t)
1 /‘ Given x(t)
0 n .2n >t
-1
Error in the approximation process, e =1 ———— -2 __ 8 _ ... —9
pp p , €= e e AT =
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11. Orthogonality in Complex Signals:

We know that a real valued signal x(t) can be approximated by using another real valued signal g(t)

or a set of orthogonal real valued signals. Now we can extend all those concepts to complex signals.

11.1. Approximation of a complex signal by another complex signal:
A complex signal x(t) over the interval (t1, t2) can be approximated by another complex signal g(t)
over the same interval (ti, t2) is
x(t) = C g(t)

where, C is the approximation constant.
The difference between given x(t) and the approximated x(t) is called error signal. It is represented
with Xe(t).

Xe(t) = x(t) - C g(t)
In every approximation process, there will be some error and error due to the approximation can be
computed through Mean Square Error (MSE). It is denoted with € and it can be computed from the

formula

e= = [“ora

t; =ty Jy,
For good approximation, the mean square error (¢) should be minimum, for the minimum error, the

constant (C) of approximation is
2 x(®)g" (B)dt
INFIGIAGLL

Note: If complex signals x(t) and g(t) are orthogonal, then fttlz x(t)g*(t)dt =0

11.2. Approximation of a complex signal by set of mutually orthogonal complex signals
A complex signal x(t) over the interval (i1, t) can be approximated by a set of mutually orthogonal
complex signals gu(t), ga(t), ......... gn(t) over the same interval (i1, to) is

XA)=Crgu(t) + Caga(t) +......... Crgi(t) + oo, Cn gn(t)

x(t) = ) Crg,(0)

For good approximation, the constant of approximation is
INEIGLTHGLE
r = t
INEQIEGLE
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12. Solved Problems:

(12.1) Draw the graphical form of y(t) = x(t) + x(2t) + x(t/2) and represent by using unit
step signal u(t).

X(t)
1

v

X(2t)

1

v

x(t/2)
*

v

] S

y(t) = u(t+4)-u(t+2)+2[u(t+2)-u(t+1)]+3[u(t+1)-u(t-1)]+2[u(t-1)-u(t-2)]+u(t-2)-u(t-4)
= u(t+4)-u(t+2)+2u(t+2)-2u(t+1)]+3u(t+1)-3u(t-1)+2u(t-1)-2u(t-2) +u(t-2)-u(t-4)
= u(t+4)+u(t+2)+u(t+1)-u(t-1)-u(t-2)-u(t-4)

Dr. B. Ramesh Reddy, Professor of ECE & Vice Principal, LBRCE, Mylavaram, NTR Dist., AP. Page. 31/56




Signals and Systems-23EC02 UNIT-I

(12.2) Draw the graphical form of a signal y(t) = 2x(3t-4).

X(t
A
1

Introduction

-1 0 1

Given x(t) is extending from -1 to 1 and it is symmetrical about t=0.
y(t) = 2x(3t —4) = 2x (3 (t — %)) signal includes three operations

» Amplitude scaling (Amplitude doubles)
» Time scaling (Compressed in time axes by 3)
» Time shifting (Shifting in time axes by 4/3)

Procedure to find locations or positions

> Startinglocation:>3t—4=—1:>3t=3:>t=§=1

> Centrelocation=>3t—4=0=>3t=4=>t=§=1.33

> Endinglocation:>3t—4=1:>3t=5:>t=§=1.66

A

2

y(®)
X(t) 1 |

v
—

) 0 1473 573

foe) 2
(12.3) Evaluate the integral J__ |:? x(t)| dt

v

v
—
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x®)=C+2)ut+2)—ut+1D)]+ut+1)—ut—-1)+ (-t +2)[u(t—1) —u(t —2)]
=t+2ut+2)—-(t+2-Dut+1)-A+t—-2)u(t—-1) — (—t+2)u(t—-2)
=(t+2ut+2)—t+Dut+1)—(t—D@E—1)+ (t —2)u(t-2)
=r@t+2)—-rt+1)—[rit—-1)—r(t—-2)]

Lx(t) =Sr(t+2)—Srt+1) - <%r(t 1) -t 2))

=u(t+2)—u+1)— (u@-1)—ul-2))

v

2 d d d d d
—x(t) = —(—x(t)) = —u(t +2) - —u(t +1) - ( tu(t -1) - Eu(t — 2))

=8t +2)—8t+1)—(6t—1) =8t —2)
=6t+2)—8t+1)—8t—1)+5t—2)
2

dt2

-2 l-l 0 11 2 t

T x(0)|dt _f_w|a(t+z) S(t+1) — 8(t— 1) + 8(t — 2)|dt

—x(t)

:f”

=j |6(t+2)|dt+j |—6(t+1)|dt+f |—6(t—1)|dt+j |6(t —2)|dt
=f |6(t+2)|dt+f |6(t+1)|dt+f |8(t—1)|dt+f |6(t —2)|dt
=1+1+1+1

=4
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(12.4) Test the signal x(t) = u(t) for even and odd.

Given unit step signal, x(t) = u(t) = {(1) i Z 8
x(t)=u(t)
A
. -
L >
X(-t)=u(-t)
A
- 1
. >
X(0)+x(-t)
A
1
. > t
X(t)-x(-t)
A
1
- >

X(-t) # x(t) = Given signal is not an even signal &

X(-t) # -x(t) = Given signal is not a odd signal

therefore, given signal is neither even nor odd signal. Even and odd parts of a signal are
x(t) +x(=t) u(@)+u(-t) 1

Xe(t) = > > =5 = Constant
() = x(t) —Zx(—t) _ u(t) —Zu(—t) _ %Sgn(t)
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(12.5) Test the signal y(t) = 3ej§tfor even and odd.

Sol: Given signal

y() = 3ej%t = 3Cos (g t) + j3Sin (gt)

T T T

—f) = —Jgt — —t) —ji3Sin(—=
= y(—t)=3e ’5 —3605(5 t) jBSm(S t)
=Y(-t) # y(t), given signal is not an even signal &

=Y(-t) # -y(t), given signal is not an odd signal

Therefore, given signal is neither even nor odd signal. Even and odd parts of a signal are

Ye(t) = w = 3Cos (gt)
Yo(t) = M — j3Sin (g t)

(12.6) Evaluate the conjugate symmetry and anti-symmetry parts of x(t)=jel.
Given, x(t) = jel'= j(Cost+jSint) = -Sin(t) + jCos(t)
= X(-t) = Sin(t) + jCos(t) = x*(-t) = Sin(t) - jCos(t)

Conjugate symmetry part of x(t) is

Xoo(t) = x@O+x"(=t) _ =Sin()+jCos(t)+Sin(t)—jCos(t) _ 0
2 2

Conjugate anti-symmetry part of x(t) is

()—x*(=t) _ —Sin(t)+jCos(t)—Sin(t)+jCos(t) . .
Xeas(t) =5 ;C =l 5 TR = —Sin(t) + jCos(t) = x(t)

Given x(t) is conjugate anti-symmetry signal, because x(t) = -x*(-t).

(12.7) Match the following signals.

a. Unit impulse signal 3(t) I. Even signal
b. Unit step signal u(t) I1. Odd signal
c. Signum signal sgn(t) I11. Neither even nor odd
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(12.8) Test the signal x(t) =xu(t)+x2(t) = 2Sin(3t) + 3Cos(4t/3) for periodicity.
If Ty and T2 are periods of x1(t) and x2(t), then

3

Tl :%ande =

wlvp|§

T 21/3 4 .
n_2n3 _ % _ pational
T,  3m/2 9

Given signal is periodic with a period of T =9T1 = 4T, = 6.

(12.9) Test the signal x(t) =xa(t)+x2(t) = 2Sin(3xt) + 3Cos(4xt/3) for periodicity.
If Ty and T2 are periods of x1(t) and x2(t), then

_2r_2 _z2r _3
T, = —3andT2— ™=

T, 2/3 4 .
N _ 283 _ % _ pational
T,  3/2 9

Given signal is periodic with a period of T = 9T1 = 4T> = 6.

(12.10) Test the signal x(t) =xa(t)+xz(t) = 2Sin(3nt) + 3Cos(4t/3) for periodicity.
If T1 and T2 are periods of x1(t) and x2(t), then

T,  2/3 4 )
n_ 28 _ % _ nrational
T, 3m/2 91

Given signal is aperiodic.
(12.11) Test the signal x(t) = 1 for periodicity.

x(t)=1
y N
1

Given signal is aperiodic.
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(12.12) Test the signal x(t) = (t+2x)? for periodicity?

X(t

v
—

2n 0

Given signal is aperiodic.

(12.13) Test the signal x(t) = e/>™ ot f, = log(3) for periodicity?
Given, x(t) = e/27t10g(3) = glog3/?™ _ 3jamt
e/2™ s periodic, but 3/2™ s aperiodic

Therefore, given signal is aperiodic.

(12.14) Test the signal x(t) = e/>™ot, f, = 3 for periodicity?
Sol: X(t) — ej27tf0t — ej21't3t — ej61'tt

: . . . . . 2 1
e/®mt is periodic with a period, T = £ =3

(12.15) Test the signal x(t) = t for periodicity?

Given signal is aperiodic and it is a ramp signal.
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(12.16) Test the signal x(t) for Energy and Power by Evaluating the Total Energy and
the Average Power, given x(t)=e?tu(t), a>0.
Total Energy (E):

E= foolx(t)lzdt

= f le~tu(t)|dt

= f e~ 2atdt
0

—2at |

e

—2a

0
0-1

T —2a

1
" 2a
Average Power (P):

_ 1 (T 2
P= Lt - J_ lx@®?dt

1 T
— _ —at 2
= Lt > f_T|e u(t)|?dt

- Lt = Te‘zatdt
T-o 2T J,
1 e—2at|T
Tgéo 2T —2a 0
1 e—2aT _1
= 150 2T —2a
1 — g—2aT
- Té»too 4qT
_1-0
(0]
=0

Given x(t) is Energy Signal, because it has finite energy(0<E<cw) and zero average power(P=0)
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(12.17) Test the signal x(t) for Energy and Power by Evaluating the Total Energy and

the Average Power, given x(t)=u(t).

Total Energy (E):
Ezf lx(t)|?dt

- T uolar

[Ca
0

(o]

Average Power (P):

_ 1T 2
P = ngo — J_ lx@®?dt

= Lt 1fT| t)|%dt

=Aor ) MO

1 T
= Lt — | dt
T—oo ZTJ;)

T

Given x(t) is Power Signal, because it has finite average power (0<P<co) and infinite energy (E=c0).
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(12.18) Test the signal x(t) for Energy and Power by Evaluating the Total Energy and

the Average Power, given x(t)=e®u(t), a>0.

Total Energy (E):
Ezf |x(t)|?dt

= f le®u(t)|?dt

= f e?atdt
0

2at |®

e

2a

0

oo —1

T 2a
= 0

Average Power (P):

_ 1T 2
P = Tl—lf)o 2T f—Tlx(t)l dt
1 T
= L at 2
TQEO—ZTf_Tle u(t)|?dt

1 T
= Lt — [ e**dt
1% 2Tf0 ¢

eZat T

= Lt 1
150 2T 2a

0

1 eZaT_l
= Lt ————
T-w0 2T  2a
zaEZaT

= Lt

T—oo 4a

2aT

= Lt

T 2
= 00

For an Energy Signal, the total energy is finite(0<E<owo) and average power is zero (P=0)
For a Power Signal, the average power is finite(0<P<co) and total energy is infity (E=o0)
It fails to satisfy above two properties, hence the signal x(t) is neither Energy nor Power Signal.
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(12.19) Test the signal x(t) for Energy and Power by Evaluating the Total Energy and
the Average Power, given x(t)=ACos(wt).

Total Energy, E = [ Sx@2dt

=.[ |ACos(wt)|%dt
=A2f Cos?(wt)dt

A% [
= 7[ (14 Cos(2wt))dt

AZ
=—|t
al

(0e]

+ f Cos(2wt)dt>
00 —o0

— 1 (T 2
Average Power, P = Lt — S lx@®?dt

= A 2
—>002TJ |ACos(wt)|*dt

2 T

— - 2
—Tl_,)io o7 _TCos (wt)dt

= TEEOEJ (1 + Cos(2wt))dt

T T
+ f Cos(Zwt)dt)
-T

A2 (
= Lt —
T—-oo 4T _T

2

A
= Lt (2T +0
—>oo4T( + )

Given x(t) is Power Signal, because it has finite average power (0<P<co) and infinite energy (E=c0).
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(12.20) Test the signal x(t) for Energy and Power by Evaluating the Total Energy and
the Average Power, given x(t)=ASin(wt).

Total Energy, E = [ _|x(t)|%dt

co

=.[ |ASin(wt)|?dt
= A? f Sin?(wt)dt

2 [¢]
= A?f_oo(l — Cos(2wt))dt

A? *© o

=—<t —f Cos(2wt)dt>
2 o w»
AZ

= 00

— 1T 2
Average Power, P = Lt — S lx@®?dt

1 T
_ - 2
= Lt 2Tf_TlASm(Wt)I dt

2 ,T

— il 2
_TEEOZT _TSLn (wt)dt

AZ T
= TEEoﬁf_T(l — Cos(2wt))dt

T

2
Lt —|t
T—-o 4T

T
- j Cos(2wt)dt
T J-r
2

Lt 4 (2T - 0)
T—-o 4T

2
A

AZ
2

Given x(t) is Power Signal, because it has finite average power (0<P<co) and infinite energy (E=c0).
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(12.21) Test the sinusoidal signals x(t) = Sin(mt) and g(t) = Sin(nt) for orthogonality over the

interval (0,27) for integer values m and n, m # n.
Evaluate the Integral fttlz x(t)g(t)dt, if itis zero, then the signals x(t) & g(t) are orthogonal

21
= f Sin(mt)Sin(nt)dt
0

1 2T
= Ef (Cos(mt — nt) — Cos(mt + nt))dt
0

1 21
:EJ. (Cos(m —n)t — Cos(m + n)t)dt
0

1 <Sin(m —n)t Sin(m+ n)t> |2n
=5 B 0

2 m-—-n m+n
_1/Sin(m —n)2r — Sin(0)  Sin(m + n)2m — Sin(0)
2 m-—-n m+n

1,0-0 0-0
2\m—n m+n
Given signals x(t) = Sin(mt) and g(t) = Sin(nt) are orthogonal.

(12.22) Examine the complex signals x(t) = el™°t and g(t) = el™ot for orthogonality over the

interval (0,27) for integer values m # n

Evaluate the Integral |[ ttlz x(t)g*(t)dt, if itis zero, then x(t) & g(t) are orthogonal.

2T
— J ejnwot(ejmwot)*dt
0
27T
— J ejnwote—jmwotdt
0

21
_ f o) (=MWt gy
0

ej(n—m)wot

2T
0

ej(n—m)wo 2m _ 1

" j(n—mw,

Jj(n—m)wy
o 1-1
~ j(n—m)w,
=0

Given complex signals are orthogonal.
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(12.23) A rectangular signal x(t) is defined by
0 <t <m

_{ 1
x(t)_{—l, T <t<2nm
(a) Approximate the above rectangular signal x(t) by using a sinusoid signal g(t)=Sin(t)

over the interval (0,2m).

(b) Compute the mean square error in the approximation process.
(@) A real valued signal x(t) over the interval (t1, t2) can be approximated by another signal g(t) over
the same interval (1, t2) is x(t) = C g(t), where, C is the approximation constant.
[Zx@®g®dt [ x®g(t)dt
INFEOLE K

tz
K=f g*(t)dt
t

1

21
= f Sin?(t)dt
0

_ (¥ (1—Cos(2t)
- (57

_ 1 (t 3 Sin(2t)> |27T

2 2 0

_E( m—0)

I

[ x@g®adt
B K

1 2T
= —f x(t)Sin(t)dt
TJo

= %(LnSin(t)dt —L nSin(t)dt)

=~ (~cos(®) [} + cos(t) |*™)

1
=—(-(-D+1+1-(-1)

SRS
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Approximated signal,

4
x(t) = ESin(t)

X(t) Approximated x(t)
A

1 /\ /' Given x(t)

0 ‘ 21 t
-1

N4

v

(b)Mean Square Error
1 t2
€= (f xz(t)dt—CzK>
t; =t \Jy,
1 2n 4\?
= 2 - -
2n—o<j0 x (Dt (n) ”)
1 s 27T 16
=— 1)2 —1)%dt — —
2n<j()()dt+n (=1)=dt ﬂ2n>
s 21
=—<f dt+f dt——)
T \Joy - T
=se(elo+ el -5
1 16
=—(7T—O+2T[—T[——)
21
1 (2 16)
C2m & T
8
=1_F

= 0.189 or 18.9%
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(12.24) A rectangular signal x(t) is defined by

1 0 <t <m

x(t) = -1, T <t <2nm

UNIT-I Introduction

(a) Approximate the above rectangular signal x(t) by using a set of sinusoid signal

g(t)=Sin(t), Sin(2t), Sin(3t), ..... over the interval (0,27).

(b) Compute the mean square error in the approximation process.

(@) We know the approximation of given x(t) by a set of mutually orthogonal signals gi(t), g2(t),

......... gn(t) over the same interval (i1, t2) is

XA)=Crgu(t) + Caga(t) + ......... Cront) +

x(®) = ) Cgr(®)

Where, g:(t) = Sin(r t).

[Px0g e [P x(gr (Bt

r

g ker

tz
k, =J- grz(t)dt
t

1

2T
K, =J Sin?(rt)dt
0

_ (¥ (1~ Cos(2rt)
- ()«

1 (t 3 Sin(2rt)) |27T

2 2r 0
1
:E(ZTII—O)
K.=m
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INEIGYEGLE
r Kr

21
_1 f x(6)Sin(rt)dt
T Jo

= %(fonSin(rt)dt —fn 7rSin(rt)dt)

= %(—Cos(rt) |g + Cos(rt) |27;T)
= %(—Cos(rn) +1+1-Cos(rm))
= %(1 — Cos(rm))

_21 1T
=—(1-(1)

4 )
Cr:E’ if r:odd

0, if r:even
C—4€—4€—4C—4C—4
YT T3 T sy T T 7 % T 9’ ’
CZ=C4-=C6=C8='”=0

Approximated signal,

x(t) = ;Sln(t) + QSln(Bt) + ;Sm(St) + %Sm(7t) + -

X(t) Approximated x(t)

1 /‘ Given x(t)

v
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(b) Mean Square Error
1 ta
_ 2 _
Er_tz—t1<f (t)dt EC K)

t2
= j x2(t)dt — (C1°Ky + C,°Ky + C5°Ks + -+
2 t

1

2 2

([ () e o+ () o)

:2— f(l)zdt+f2n( 1)2dt—(En+£n+ 16 n+~-))

9 2512

1 ; ant (16+16+16+ )
EJ- b+ 97 257

1 or 167 1 1

~ (el e P - (g g )

! 0+2 16(1+1+1+ )
“ o\~ - 9" 25
“g(er

1
2m — 1+ +—+---)>

1
= 1——2<1+—+—+>
s

= 0, if we consider more number of terms
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13. Assignment Questions:

(1) Evaluate the average power of a signal y(t) = jx(r)dr, given that x(t) = Sin(t) u(t).

—0o0

(2) Draw the graphical representation of signal y(t) = 2 x(-3t+4) by using operations

X(t)
]

2 -1 0 1 2 t

v

(3) Test the signal x(t)= 5 Sin*(t)+3 Sin?(t) for periodicity. If it is periodic, then find the period.
(4) Draw the graphical representation of signals u(t — 2), u(t + 2), u(-t+2) and u(-t-2).
(5) Draw the graphs of signals x(2t) and x(t/2), if x(t) = 3Cos(nt).
(6) Why the continuous time signal x(t) = 2 Cos(3t) + 3 Cos(nt) is aperiodic and non-causal? Justify.
(7) Obtain the period of a periodic signal x(t) = 2Sin(t) + 3Cos(2t) + 4Sin(3t)
(8) Compute and plot the convoluted signal x(t) * y(t), given x(t) = u(t-1) — u(t-4), y(t) = e2u(t)
(9) Obtain the convolution of the signals x(t) = u(t) and y(t) = u(t) - u(t-2)
(10)Test the signals for orthogonality over the interval (0,27) for integer values of m and n, m#n.
(@) x(t) = Cos(mt) and g(t) = Cos(nt)
(b) x(t) = Sin(mt) and g(t) = Cos(nt)
(c) x(t) = Cos(mt) and g(t) = Sin(nt)
(11)Examine the complex signals x(t) = e™°t and g(t) = e?™"° for orthogonality over the interval

(0,2m) for integer values of m and n, m # n.
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14. Quiz Questions:

(1) The image captured by a cell phone is an example of
(a) Discrete time signal
(b) 2D signal
(c) Energy signal
(d) All the above

(2) The signal el is
(a) Power signal with power P = 2
(b) Power signal with power P = 1
(c) Energy signal with energy E =2
(d) Energy signal with energy E=1

(3) Total energy under a rectangular signal x(t) = Arect(t/T) is
(@) AT
(b) A’T
(c) A?T?
(d) None

(4) What is the energy of the signal y(t) = x(3t), if the energy of the signal x(t) is E.
@E
(b) 3E
(c) 9E
(d) E/3

(5) Average power of the signal x(t) = 8Cos(20nt-n/2)+4Sin(15nt).

(a) 40 )
X(t)= 8Cos(20mt-n/2)+4Sin(15xt)
(b) 41
X(t)= 8Sin(20xt)+4Sin(15xt
© 42 (1)= 8Sin(20nt)+4Sin(15m)
2 2
(d) 82 Pavg=8 —;4 :64216:40
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(6) What is the energy of the signal y(t) = 2x(3t), if the energy of the signal x(t) is E.

(a) 6E
(b) 12E
(c) 36E
(d) 4E/3

(7) The signal &(-2t) is equals to
@3(3)
(b) 56(8)
(c) —56(0)
(d) —25(t)

(8) Shifting property of the impulse signal is

@ J ., x(®8(t)dt = x(0)
(b) x(t)8t) = x(0)6(0)
(©) J_., x(8(t — DydT = x(D)

(@) [7 x(®)8(t — to)dt = x(t)

(9) What is the convolution of two rectangular signals having same width?
(a) Trapezoidal signal
(b) Triangular signal
(c) Rectangular signal

(d) Sinc signal

(10) What is the convolution of two rectangular signals with unequal widths?
(a) Trapezoidal signal
(b) Triangular signal
(c) Rectangular signal

(d) Sinc signal

(11) The value of integral ffooo 6(t)cos(3t/2)dtis
(a) Zero
(b) One
(c) Infinity
(d) Undefined
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(12) Double integration of a unit step signal is
(@) An impulse
(b) A parabola
(c) Aramp
(d) A doublet

(13) Double differentiation of a unit step or differentiation of unit impulse signal is
(@) An impulse
(b) A parabola
(c) A ramp
(d) A doublet

(14)The value of doublet signal at t =0 is
(@) 0
(b) o0
() -0
(d) (b) and (c)

(15)Which of the following signal is conjugate symmetry.

() x(t) = Cos(t) + jSin(t)

— i : X(-t) = Cos(t) - jSin(t)
(b) y(®) = Sin(t) + j-COS(t) = x*(-t) = Cos(t) + jSin(t)
() z(t) = Cos(t) + jt? — x*(-t) = X(t)

(d) w(t) = Sin(t) + jt

(16)Which of the following signal is conjugate anti-symmetry.
(@) x(t) = Cos(t) + jSin(t)

(b) y(t) = Sin(t) + jCos(t) y(-t) = -Sin(t) + jCos(t)
(©) z(t) = Cos(t) + jt2 = y*(-t) = -Sin(t) - jCos(t)

= y*(-t) = -y(t)
(d) w(t) = Sin(t) + jt
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(17) Which of the following signals are neither conjugate symmetry nor conjugate anti-
symmetry

(@) x(t) = Cos(t) + jSin(t)
(b) y(t) - Sln(t) + JCOS(t) Z('t) = COS(t) + jtzzz*('t) = COS(t) - jt2:>Z*('t) ?EiZ(t)

(c) z(t) = Cos(t) + jt° W(-t) = -Sin(t) - jt= w*(-t) = -Sin(t) + jtow*(-t) £Ew(t)
(d) w(t) = Sin(t) + jt

(18) Conjugate symmetry and anti-symmetry parts of x(t) = j + t.
(@) Cos(t), jSin(t)

: : XP)=j+t=x(-t)=j-t=x*(-t) =-j -t

(b) Sin(t), jCos(t) o x(0) +xx(—t) jHt—j—t )

(©) jCos(t), -Sin(t) Xes (1) = =2 -

(d) None xcas(t)=x(t)_;*(_t)=]+t;]+t=j+t
(19) Even and odd parts of unit step signal u(t) is

(a) ¥, ¥2Sgn(t)

(b) 1, Sgn(t) u(t)= 1+Sgn(t) _ 1 Sgn()

©1,0 2 2 2

(d) ¥, -¥%Sgn(t)

(20) The dirac delta signal is defined as

@s0={, ;%0

OROES P
{ and [ §(t)dt =1

0 t=0 0
Ctx0 and [ _é(t)dt=1

(d) 8() = {

© 8

(21) What is the fundamental frequency of a signal
X(t) = 30Sin(100t) + 100Cos(300t) + 6Sin(500t) in rad/sec.
(a) 100
(b) 300
(c) 500
(d) 1500
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(22) Choose even signals from (i)3(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t) (vi)floot(t)
(vii)eqtu(t) (viii)edtu(-t) (ix)ed" (x)ed'" (xi)eat (xii) ea (xiii)r(t)=tu(t), assume a>0.

Ans: (i), (iv), (v), (ix), (X)

(23) Choose odd signals from (i)6(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t) (vi)floot(t)
(vii)eqtu(t) (viii)edtu(-t) (ix)e@" (x)ed" (xi)eat (xii) e (xiii)r(t)=tu(t), assume a>0.
Ans: (iii)

(24) Choose neither even nor odd signals from (i)6(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t)
(vi)floot(t) (vii)e?tu(t) (viii)edtu(-t) (ix)ea" (x)e" (xi)e2t(xii) e (xiii)r(t)=tu(t), assume a>0.
Ans: (ii), (vi), (vii), (viii), (xi), (xii), (xiii)

(25) Choose causal signals from (i)d(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t) (vi)floot(t)
(vii)eBtu(t) (viii)etu(-t) (ix)e " (x)ed'™ (xi)eat (xii) et (xiii)r(t)=tu(t), assume a>0.
Ans: (i), (i), (vii), (xiii)

(26) Choose anti-causal signals from (i)d(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t)
(vi)floot(t) (vii)e?tu(t) (viii)etu(-t) (ix)ed" (x)ed" (xi)e?t(xii) edt (xiii)r(t)=tu(t), assume a>0.
Ans: (viii)

(27) Choose non-causal signals from (i)é(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t)
(vi)floot(t) (vii)e?dtu(t) (viii)ettu(-t) (ix)ed" (x)ed" (xi)e2t (xii) e (xiii)r(t)=tu(t), assume a>0.

Ans: (iii), (iv), (v), (vi), (viii), (ix), (x), (i), (xii)

(28) Choose bounded signals from (i)d(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t)
(vi)floot(t) (vii)e?dtu(t) (viii)ettu(-t) (ix)ed" (x)ed" (xi)e2t (xii) e (xiii)r(t)=tu(t), assume a>0.

Ans: (ii), (iii), (iv), (v), (vii), (viii), (iX)

(29) Choose unbounded signals from (i)6(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t)
(vi)floot(t) (vii)e?dtu(t) (viii)ettu(-t) (ix)ed" (x)ed" (xi)e2t(xii) e (xiii)r(t)=tu(t), assume a>0.
Ans: (i), (vi), (X), (xi), (xii), (xiii)
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(30) Choose periodic signals from (i)d(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t)
(vi)floot(t) (vii)e?tu(t) (viii)edtu(-t) (ix)ed" (x)ed" (xi)e?t (xii) e (xiii)r(t)=tu(t), assume a>0.

Ans: Nil

(31) Choose aperiodic signals from (i)d(t) (ii)u(t) (iii)sgn(t) (iv)Arect(t/T) (v)ASinc(t)
(vi)floot(t) (vii)e?tu(t) (viii)edtu(-t) (ix)e@" (x)ed" (xi)e?t (xii) e (xiii)r(t)=tu(t), assume a>0.

Ans: All

(32) Which of the following signal involves time and amplitude scaling operations
(a) 2x(3t)
(b) x(3t+2)
(c) 2x(t+3)
(d) x(-3t+2)

(33) Which of the following signal involves time reversal and time shifting operations
(a) -x(t-2)
(b) 2x(-1)
(c) -x(t+2)
(d) x(-t+2)

(34) Which of the following signal involves time scaling, time shifting and time reversal
operations

(a) -2x(3t-4)

(b) x(-3t+2)

(c) x(-t+2)

(d) -x(2t+3)

(35) Which of the following signal involves time scaling, time shifting and time reversal and
amplitude scaling operations

(a) -x(3t-4)

(b) x(-3t+4)

(c) 2x(-3t+4)

(d) 2x(3t-4)
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(36) If x(t) and g(t) are orthogonal, then the approximation of x(t) by using g(t) is
(A)x(t) = Cg(t)
Bx@®) =C [ g®)dt
(©x(t) = C2g(®)
(D) Approximation is not possible

(37) What is the condition to be satisfied for Orthogonality between x(t) and g(t)?
@ [, xDg®dt =0
(B) [ g®dt =0
©) [~ x(t)dt =0
(D) = (x()g(t)) = 0

(38) If the approximation is x(t) = C g(t), then what is the expression for a constant C?

M= ttlzx(t)g(t)dt
(B €= 2 g(vyat
1
B ¢ = T Da@at
Be= 12 g2(0yde
2 x(®)g(©)ac
(C) C = & ty
ts x(t)dt
[ x(g(at
(D) C =5 ——
tg X (t)dt

(39) Which of the following signals are orthogonal?
(A) Sin(t) and Sin(2t)
(B) Sin(t) and Cos(t)
(C) Cos(t) and Cos(2t)
(D) All the above
(40) If x(t) is approximated with more number of orthogonal signals, then the mean square
error
(A) Increases
(B) Constant
(C) Decreases
(D) None of the above
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