
Fundamentals of
Electrical Engineering

Discrete-Time Spectral Analysis

• Discrete Fourier transform (DFT)

• Properties



Computing the DTFT?
S(ej2�f ) =

��

n=��
s(n)e�j2�fn

• Two problems

✴ Infinite duration signals

✴ Continuous frequency variable

• Solutions

✴ Finite-duration signals

✴ Sample frequency

s(n), 0 � n � N � 1

f =
k

K
, 0 � k � K � 1



Discrete Fourier Transform 
(DFT)

S(k) =
N�1�

n=0

s(n)e�j 2�nk
K k = 0, . . . ,K � 1

DFT transform length–K–how big should it be?

Inverse transform formula has to be of  the form

s(n) �
K�1�

k=0

S(k)ej 2�nk
K n = 0, . . . , N � 1

For this formula to work, need K � N

Evaluating a DFT with a length greater than the 
signal’s duration equivalent to “padding” the original 
signal with zeros



DFT and IDFT

s(n) =
1
K

K�1�

k=0

S(k)ej 2�nk
K n = 0, . . . , N � 1

Note that the IDFT formula produces a periodic 
signal (period K)

s(n)

n

1

S(k) =
N�1�

n=0

s(n)e�j 2�nk
K k = 0, . . . ,K � 1

s(n)�� S(k)
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Example

s(n) =

�
1 0 � n � N � 1
0 otherwise

s(n)

n

1

S
�
ej2�f

�
=

N�1�

n=0

1 · e�j2�fn

N�1�

n=0

�n =
1� �N

1� �
Finite geometric series:

S
�
ej2�f

�
= e�j�f(N�1) sin�fN

sin�f

dsinc(x) � sinNx

sinx

DTFT



Example

s(n) =

�
1 0 � n � N � 1
0 otherwise

S(k) =
N�1�

n=0

1 · e�j 2�nk
K , K � N

S(k) = e�j �k(N�1)
K

sin�Nk/K

sin�k/K

DFT

= e�j�f(N�1) sin�fN

sin�f

����
f= k
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Example
S

�
ej2�f

�
= e�j�f(N�1) sin�fN

sin�f
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Example
S(k) = e�j �k(N�1)

K
sin�Nk/K

sin�k/K
N = 10
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The DFT
• We can use the discrete Fourier transform (DFT) 

to compute the sampled spectrum of  any discrete-
time signal

• Because the DFT is a sampled version of  the 
DTFT, they share similar properties

• Frequently, signals are padded to calculate a 
transform longer than the signal’s duration so as to 
sample the spectrum more finely

• Remember, positive-frequency values occur for
0 ≤ k ≤ K/2, negative-frequency values for
K/2 ≤ k ≤ K–1


