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Singularity Function Continuous-Time Signal

1- Unit Impulse Function &(t)

The unit impulse function §(t) is one of the most important functions in the study of
signals and systems. Its definition and application provide much convenience that is
not permissible in pure mathematics. The unit impulse function define:

6(tH)=0, t=+0

j_ia(t) dt = 1

T

0 T
Unit Impulse &(t) Unit Impulse §(t — T)

Example: Sketch the signals f(t)

1-f(©) = 6(t)

2-f(t) = =6(t+ 3)

3-f(t) = 26(t—1)

4-f(t) = 26(t —4) —6(t +5)
5-f(t) = AS(t+T) (HW)

6-f(t) = [ _8(t—3)dt=1(H.W)
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Multiplication of a Function by an Impulse

Let us now consider what happens when we multiply the unit impulse §(t) by a
function ¢(t) that is known to be continuous at t = 0. Since the impulse exists only
att = 0, and the value of ¢(t) att = 0 is ¢(0), we obtain

$()6(t) = $(0)6(t)
Example: Find the signals f(t)

1- f(©) = ()6 (t + T)
2- f(t) =ets(t—3)

3-f(0) = [, d®)8() dt
4f() = [~ et dt

5- f() = [ _ets(t — 1) dt (H.W)
6- f(&) = [ e*t5(t+2)dt

7-£(6) = [2(t% + 16t +3) dt (H.W)

2- Unit Step Function u(t)

Another familiar and useful function is the unit step function u(t)often encountered
in circuit analysis and defined by

(0 t<0
'“”_{1 t>0

t
J 5(1’)61’[:{(1 f;(()):u(t)

From this result it follows that
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f(t) f(t)

A ~

0 T
Unit Step Function u(t) Unit Step Function u(t — T)

Example: Sketch the signals f(¢t).
I-f@©) =ult-1)
2-f(t) = 2u(t + 3)
3-f(t) = -5u(t+1) (HW)
4-f(t) =u(t —1) —u(t — 3)
5-f(t) = u(t) + u(t —3) (HW)
6-f(t) = u(-t)
7-f(t) = u(t) —u(=t) = sgn(t)
8- f(t) = e tu(t)
9-f(t) = e tsgn(t) (H.W)

Fourier Transform

Analysis of a non-periodic function over entire interval

A non periodic signal may be assumed as a limiting case of a periodic signal where
the signal approaches infinity. We can use this approach to develop the frequency
domain of a non periodic signal over an entire interval

e The Fourier transform of a finite duration signal can be found using the formula

Fw) = FIf(0)] = j (O e™dt
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e The inverse Fourier transform is given by

1 ° .
f) =FHFWw)] = ﬁj F(w) e/"tdw

f(t) = F(w)

Example: Find the Fourier transform of

f(&) =6()

f()=6(t—-2)

ft) =—-46(t+2)+56(t)—26(t—1)+6(t—4)(HW)
f)=6(t—A) A<O(H.W)
f (&) = e/Wot

f(t) = cosw,t

f(t) =sinw,t (H.W)

(&) = u(t)

f@)=ult+1) (HW)

f@) = e *u(t)

f(@) =e*u(-t) (H.W)

f(&) = e"sgn(t)(H.W)
f@) =e%8(t) (H.W)

(10 0<t<2
f(&) = {0 elsewhere

f(@®) =ult) —ult+4HHW)
Find the Fourier transform of the signal f(t) shown in below figure: (H. W)

f(t) A
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Example: Find the inverse Fourier transform of

Fw) =6(w)

Fw) =86(w - Wo)

Fiw)=1(H.W)

Find the inverse Fourier transform of the signal F(w) shown in below figure (H. W)

F(w)
Id-

Frequency Shift Property

Frequency shifting property states that the multiplication of a function f(t) by e/%o!
equivalent to shifting its Fourier transform F(w) in the positive direction by an
amount w,, This mean the spectrum F(w) is translated by an amount w,.

If f(t) = F(w)

Then  e/™olf(t) = F(w —w,)
Proof
P = FIFO] = | f©) e ™de
Fle!otf ()] = fooej‘”otf(t) e IWtdt

Flemetro] = [ " F(e) emiwor g
FleMotF(0)] = F(w — w,)

Example
1- f(t) = x(t)cosw,t
2- f(t) = 2x(t) e Vot (H.W)




