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Continuous Time Signals:

Mathematical representation of continous time signal:
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Properties of Continous Time Signals - Periodic:
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Properties of Continous Time Signals - Time Shift vs Phase:

A time shift of a sinusoidal is equivalent to a phase change.
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Phase Shift:
xit-T)

X
P ”;‘Jc_ﬂt—)

A phase shift is equivalent to moving the signal in time.




Even:

A signal is said to be even if we flip it around the origin it looks
exactly the same:

Odd:

A signal is said to be even if we flip it around the origin it is ex-
actly the same as the original signals negated version:

x(t) = —x(—t) (2)



Cosine and Sine Functions
Since,

cos(t) = cos(—t)
cos(t) is even.

Since,
sin(t) = —sin(—t)

sin(t) is odd.

You can practice on different functions.




Sine from Cosine

If we apply o phate shiff of - 7o !
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Discrete Time Sinusoidal Signal:
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Properties of Discrete Time Sinusoidal:
In continous time: A time shift <= phase change.
In discerete time: A time shift = phase change.

In discrete time a phase change does not necessarily corresponds
to a time shift.

cos[n] has even symmetry.

sin[n] has odd symmetry.



Mathematical Representation:

Acos(Qo(n+ ng)) = A(cos(Qon + Qong) (5)
Qong is the phase change, A¢.

What if we shift cosine by 7:

Acos(Qon — g) = Asin(Qqn) (6)
Acos(Qon — g) = Acos(Qo(n — no)) (7)

To

where ng is



Phase Change vs. Time Change:

7 ..
Phase change = time change:
It is not necessarily true.

Acos(Q0(n + no)) L Acos(Qon + ¢) (8)
Qon + Qong = ¢ (9)

Since ng must be an integer, this is not satisfied for every value of

o.



The Issue of Periodicity
Are all discrete time sinusoidals periodic?
All continuous-time sinusoidals are periodic.

Discrite-time sinusoidals are not always periodic.



Proof:

To have a periodic signal: x[n] = x[n+ N].

Acos(Qo(n + N) + ¢) = cost(Qon + QN + ¢) (10)
It is periodic if: QoN = 27mm

which means: N = 26—(’)"

Since N should be an integer, this is not satisfied for all values of
Qo.



Property of Discrete-Time Sinusoidals:
Let x1[n] and xz[n] be:

x1[n] = Acos(Q1n + ¢)
xo[n] = Acos(Q2n + ¢)

if Qo =Q1 + 27

xo[n] = Acos(Q1n + 2mn + @)

Since n is always an integer:

Acos(Qin+ 2mn+ ¢) = Acos(Q21n + ¢)

xa[n] = xa[n]
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The Class of Real & Complex Exponentials:
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Continuous-Time Complex Exponential

x(t) = Ce®*

C and a are complex numbers:
C =|C|e® (16
a=r-+jwo (17
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_ ’C|ertej(wot+®) (19)



Using Euler’s ldentity:

e/™ = cos(m) + jsin(r)

e/0t40) — cos(wot + ©) + jsin(wot + ©) (20)
x(t) = |Cle"cos(wot + ©) + j|C|esin(wot + ©)  (21)






