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Chapter 2 [2]

2.1: The Fourier Transform :

( ) { ( )} ( ).
∞

−

−∞

= = ∫ j tF f t f t e dtωω F

Bieán ñoåi Fourier cho tín hieäu khoâng tuaàn hoaøn f(t) : laø moät 
coâng cuï toaùn coù phaïm vi aùp duïng raát lôùn trong caùc baøi toaùn kyõ 
thuaät , noù ñöôïc ñònh nghóa laø moät caëp bieán ñoåi thuaän – ngöôïc 
nhö sau :

Ñeå coù bieán ñoåi Fourier, tín hieäu f(t) cuõng phaûi thoûa maõn 
ñieàu kieän Dirichlets.

{ } 1 1f(t) F(ω) ( ).
2

∞
−

−∞

= = ∫ j tF e dωω ω
π

F
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Chapter 2 [3]

Example: Fourier Transform
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2sin( / 2)( ) a.Sa
ω 2

 = =  
 

a aF ω ωω
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Chapter 2 [4]

2.2: Properties of Fourier Transform :

1) Multiplication by a constant :

{f(t)} F( )= ωFIf:

{k.f(t)} k.F( )= ωFThen:
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Chapter 2 [5]

2) Addition / Subtraction:

1 1 2 2{f (t)} F ( ) and {f (t)} F ( )= ω = ωF FIf:

1 2 1 2{f (t)  f (t) } F ( )  F ( )± = ω ± ωFThen:
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Chapter 2 [6]

3) Translation in Time-domain:

0j t
0{f(t t ) } F( ).e− ω− = ωFThen:

{f(t)} F( )= ωFIf:
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Chapter 2 [7]

4) Translation in frequency-domain:

0j t
0{f(t).e  } F( )ω = ω−ωFThen:

{f(t)} F( )= ωFIf:
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Chapter 2 [8]

5) Scale Changing:

1{f(at) } F
| a | a

ω =  
 

FThen:

{f(t)} F( )= ωFIf:

( ){f( t) } F− = −ωF
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Chapter 2 [9]

6) Differentiation:

( )df (t) j F
dt

  = ω ω 
 

FThen:

{f(t)} F( )= ωFIf:

{ } ( )(n) nf (t) ( j ) F= ω ωF

Attention: Equations are valid if f(±∞) = 0 
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Chapter 2 [10]

7) Integration:

{ }t F( )f (x)dx F(0) ( )
j−∞

ω
= + π δ ω

ω∫FThen:

{f(t)} F( )= ωFIf:

This term is zero if f (x)dx 0
∞

−∞
=∫

 The second term due to x(t) finite but f (xAttention: )dx 0
∞

−∞
≠∫
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Chapter 2 [11]

8) Multiplication by t :

{ } dF( )t.f (t) j
d
ω

=
ω

FThen:

{f(t)} F( )= ωFIf:

{ }
n

n n
n

d F( )t .f (t) ( j)
d

ω
=

ω
F
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Chapter 2 [12]

9) Modulation :

{ } 1 1
0 0 02 2f (t).cos( t) F( ) F( )ω = ω−ω + ω+ωF

Then:

{f(t)} F( )= ωFIf:
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Chapter 2 [13]

10) Convolution in time-domain :

y(t) x( ).h(t )d
∞

−∞
= τ −τ τ∫

Then:

Y( ) X( ).H( )ω = ω ωIf:
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Chapter 2 [14]

2.3: Fourier Transform of Fundamental 
functions :

1) Impulse or Delta or Dirac Function :

  : 0
( )

0   : 0
∞ ↔ =

=  ↔ ≠

for t
t

for t
δ

jω t 0F (ω ) ( ).e 1
∞ − −

−∞
= = =∫ jt d t e ωδ

0

δ(t)

t

{ }( ) 1=tδF

{ } 0jω t
0( ) e −− =t tδF
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Chapter 2 [15]

Impulse Function :

0 t

δ(t)

0 ω

1

F(jω)

F

0 ω

1

|F(jω)|

F

0 t

δ(t − t0)

t0
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Chapter 2 [16]

2) Top-Hat Function :

0       : /2
( ) A/    : /2 /2

0       : /2

↔ <−
∏ = ↔ − < <
 ↔ >

for t
t for t

for t

τ
τ τ τ

τ
0

Π(t)

t
– τ/2 τ/2

A/τ

jω / 2 jω / 2/ 2 jωt

/ 2

2sin( / 2)F(ω) .e A A
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{ }( ) A .S a
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 ∏ =  
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t ω τ
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Chapter 2 [17]

3) Triangle Function :

( )
( )

2

2

2A

2A

/2    : /2 0

( ) /2  :0 /2

0                    :| | /2

 + ↔ − < <
Λ = − + ↔ < <
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t t for t
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Chapter 2 [18]

4) Constant Function  :

{ }1 2 . ( )= π δ ωF
1

0
t

 1 jωt jωt

0

1{F(ω)} 2 . ( ).e e 1
2

∞−

=−∞
= = =∫ d

ω
π δ ω ω

π
F

Proof:

{ }0jω t
0e 2 . ( )= −π δ ω ωF

{ }0jω t
0e 2 . ( )− = +π δ ω ωF
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Chapter 2 [19]

5) Unit Step Function u(t):

1  : 0
u( )

0 : 0
↔ >

=  ↔ <

for t
t

for t

{ } 1u ( ) ( )
j

= +t πδ ω
ω

F

1

0

u(t)

t

F
πδ(ω)

0 ω

|F(jω)|

0 t

1

f(t)
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Chapter 2 [20]

6) Signum Function sgn(t) :

1  : 0
sgn( )

1 : 0
↔ >

= − ↔ <

for t
t

for t
1

– 1 
0

Sgn(t)

t

sgn( ) 2 ( ) 1= −t u t
2{sgn( )} 2 ( ) 2 ( )
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= + −t πδ ω πδ ωF
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Chapter 2 [21]

Fourier Transform Pairs :

Sgn(t)

e-at.u(t)  &  eat.u(– t) 

2πδ(ω)1 (DC source)
1δ(t)

u(t)
F(ω)f(t)

1 ( )
j

πδ ω
ω

+

1
a jω+

2
jω

0j te ω
02 ( )πδ ω ω−

1&
−a jω
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Chapter 2 [22]

Fourier Transform Pairs :

two-side: 

AC transient :
sin(ω0t).u(t)

AC transient : 
cos(ω0t).u(t)

AC source: sin(ω0t)

AC source: cos(ω0t)
F(ω)f(t)

[ ]0 0( ) ( )π δ ω ω δ ω ω− + +

[ ]0 0( ) ( )jπ δ ω ω δ ω ω− − − +

[ ]0 0 2 2
0

( ) ( )
2

jπ ωδ ω ω δ ω ω
ω ω

− + + +
−

[ ] 0
0 0 2 2

0

( ) ( )
2

j ωπ δ ω ω δ ω ω
ω ω

− − − + +
−

te α−
2 2

2 1 1
jω jω

= +
+ − + +
α

α ω α α
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Chapter 2 [23]

2.4: Using MATLAB to Compute 
Fourier Transform :

syms  t w ; 
ft = exp(-t^2/2) ;
Fw = fourier(ft);
pretty(Fw);  
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Chapter 2 [24]

2.5: Applications of Fourier Transform :

( )( ) ( ) jF F e ϕ ωω ω=Töø haøm :

Phoå bieân ñoä:  bieåu dieãn |F(jω)|   
theo ω .

Phoå pha : ϕ(ω)  theo ω .

Phoå bieân ñoä vaø phoå pha cuûa tín
hieäu khoâng tuaàn hoaøn laø caùc haøm
lieân tuïc theo ω .

1) Frequency Spectra:
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Chapter 2 [25]

2) Circuit Analysis :

Bieán ñoåi Fourier duøng cho caùc baøi toaùn maïch maø coù thoâng
soá phuï thuoäc taàn soá.

H(jω)x(t) y(t)

Y(ω) = X(ω).H(jω) Y(ω)X(ω)

Tìm bieán ñoåi Fourier Tìm bieán ñoåi ngöôïc Fourier
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Chapter 2 [26]

Circuit elements : 

R R

L

C

j Lω

1
j Cω
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Chapter 2 [27]

Determine transfer function H(jω) : 

i. Transfer the circuit to frequency domain.

ii. Assume Y(ω) = 1 .

iii. Determine X(ω) using the circuit laws.

iv. Transfer Function H(jω) = Y(ω)/X(ω) .

Using the propotional theorem to apply the ladder network
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