
ECE 346: Digital Signal Processing Spring 2021
Soo Min Kwon Week of April 19, 2021

Recitation #10: Introduction to the Discrete Fourier Transform

Objective & Outline

• Problems 1− 5: recitation problems

• Problem 6: self-assessment problem

The problems start on the following page.
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Problem 1 (DFT Practice). Recall that the N-point DFT “analysis” and inverse DFT “synthesis”
equations are given by

X[K] =
N−1∑
n=0

x[n]WKn
N , (1)

x[n] =
1

N

N−1∑
k=0

X[K]W−Kn
N , (2)

where WN = e−j
2π
N , respectively.

1. Consider the signal discrete-time signal x[n]:

x[n] = δ[n]− 4δ[n− 2]. (3)

(a) Compute the 3-point DFT of x[n], say X1[K].

(b) Compute the 6-point DFT of x[n], say X2[K].

(c) What is the relationship between X1[K] and X2[2K] for k = 0, 1, 2?

2. Given the sequence

X[K] = 1− 3W k
16 + 5W 7k

16 , (4)

compute the 16-point inverse DFT of X[K].
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Solutions i

l We are given the signal

x 47 843 4th 27

a Explicitly using the DET formula the 3 point DET of 47 is

X KI I.E x 47 WE
Eo wit t XEDWn t x123Wn 2

I 4Wn I 4W

b Similarly the 6 point DFT of XENT is

Xz k a l 4hr6m

Note that the only value that changed was N

c To identify the relationship between MEK and XzE2k7 we plug in

WN e i

into X Er and X KT
weX Ek l 4W XzEK I 4W2

l ye j we l ye j we

i ite i K l ye I he

Expanding upon Xz KI we can compute Xi 12k

Xr12k l ye Iif zu

l ye j u

The relationship is that

X Ek i X 2K

i e the 3 point DFT is equivalent to the 6 point DFT indexed by 2K for
this sequence



2 Recall the synthesis equation

µ i
X47 Nt I XEK WN knv

Expanding the 16 point AFT XEKI we get

XEK x107 t x47Wit t x123Wii t t xEu i3 Ww

Reading off there terms we have

Eo7I a IT
I xE7 I

0 otherwise

Thus
47 843 38cm i t 58th 73

TB



Problem 2 (DTFT & DFT). Let us define the N-point DFT of any sequence as the samples of
its DTFT at points ωk = 2πk

N . Using this definition of the DFT, compute the 8-point DFT of the
following sequences:

(a) x1[n] = δ[n− 1] + δ[n− 2] + 3δ[n− 5]

(b) x2[n] =
(
1
2

)n
u[n]

(c) x3[n] =
sin(π3 n)
πn
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Solutions i

Inthe previous problem we computed the Npoint DET by explicitly using the
formula In this problem we want to compute the DFT using the relation

X KT XLew we 2

a Taking the DIET of the sequence

x Ent ten 13 t Hu s t 38En s

is simply

X ein e iw t e i'w t se ith

Using the relationship w N

XEk X Leia Iwer e J e jb'T se jwaon

Simplifying further weget

X KT Wo t Wa t 3Woot

b Recall that the DIET formula is given by
XCeiw If EuTe w

Plugging in xiu

Xzlein E e im

as
E lo.se i lm

I
l o te in

Using the relationship w N

X Ek X ein wer I for K o l 7
I o s e i4K



c Taking the DIET of x Eu yields

aX leia I lwt e b
o Is a lute 4

For Xs KT we need to plugin w o CN87 for K o I 7
This yields

w o
7

vi o u 7

Plugging in these w values into Xsces we obtain

X KI I I o O I
a o u 7

DG



Problem 3 (Computing DFT). Let the discrete-time signal x[n] be defined as

x[n] =

{
an, 0 ≤ n ≤ N − 1,

0, otherwise,
(5)

with |a| < 1.

(a) Provide a closed-form expression for the DTFT of x[n].

(b) Provide a closed-form expression for the N-point DFT of x[n] using the “analysis” equation.

(c) Could you have obtained the N-point DFT of x[n] without having to explicitly use the DFT
formula? Justify your answer.
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Solutions i

a Explicitly using the DTM formula

Klein x47 e i n

n i
E ane junu o
e i2 Cae
neo

Using the formula
n i

Eo avi a III for Intel

the cloud form expression is

Xceiu I Lae h
I ae in

b Explicitly using the Npoint DET formula

X KI En3 Wn
no

a Wn aww

I aww
I awn

I anejaak
1 ae izakin

c We could have used the relationship

XEKI X en w r

and have gotten b from Cal

DB



Problem 4 (Computing DFT). Let the discrete-time signal x[n] be defined as

x[n] =

{
ejω0n, 0 ≤ n ≤ N − 1,

0, otherwise.
(6)

(a) Provide a closed-form expression for the DTFT of x[n].

(b) Provide a closed-form expression for the N-point DFT of x[n] using the “analysis” equation.

(c) Could you have obtained the N-point DFT of x[n] without having to explicitly use the DFT
formula? Justify your answer.
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Solutions i

a Explicitly using the DTM formula

Klein I 47 e ion
n
n i
2 ejuon e jun
u o
e i2 e jiu w
nio

Using the formula
n i

Eo avi a i for Intel

the cloud form expression is

Xceiu l e ja v IN
l e jiuwo

b Explicitly using the Npoint DET formula

X KI En3 Wn
no

n i n
I ejwonw.ua I ejlwo In
n no

I ecw 2711N

I e koYuki

c We could have used the relationship

XEKI X en w r

and have gotten b from Cal

DB



Problem 5 (Computation Time of the DFT). Suppose it takes a computer

C0N log2(N) (7)

seconds to compute the N-point DFT of a sequence using an FFT algorithm. It takes a computer
0.5 seconds to compute a 1024-point DFT using the algorithm above. How long will it take the
same computer to compute a 4096-point DFT of the same sequence using the same algorithm?
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Solutions i

We are given that the FFT algorithm takes

1 0.5 C Nlog N seconds

for N 1024 Solving for Co we get

0.5 C 11024 log 10247

co 0.5
1024logs 10247

4.88 10 T

Plugging in Co and N 4096

1 14.88 10 t 4096 toga 4096

2.398 seconds



Problem 6 (Self-assessment). Compute the N-point inverse DFT of the following sequence for a
fixed ω0:

X[K] = ejω0K(u[K]− u[K −N ]). (8)

Can you express your final answer in terms of a ratio of two sine functions?
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Solutions i

Using the inverse DFT formula

µ i
EuT Nt ejwokWn kn

µ i
fu 2 einWw h k

ko

Using the formula previously used

XEuJ In 1 le's Wn n
I twoWn n

j l eiwone ith
N

l eNow n

N
l einen
1 eiwow.vn

Taking out a factor from the numerator and denominator

XEN I ejuoth
N e wµ y f e

2 e junk


