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PEER INSTRUCTION

Method:

1: Conceptual question posed - students individually come up
initial answer (5 mins)

2: Explanation/discussion of correct answer (5 mins)



QUESTION 1:

Time Frequency

(i)
→
(ii)
→
(iii)
→

What are the correct names for these 3 transformations?

A: (i)-DTFT,
B: (i)-DFT,
C: (i)-DTFT,
D: (i)-DFT,

(ii)-CTFT,
(ii)-DTFT,
(ii)-DTFT,
(ii)-CTFT,

(iii)-DTFT
(ii)-DFT
(iii)-DFT
(iii)-DTFT



ANSWER [RELATED LECTURE EXERCISES: 5]

Time Frequency

(i)
→
(ii)
→
(iii)
→

What are the correct names for these 3 transformations?

A: (i)-DTFT,
B: (i)-DFT,
C: (i)-DTFT,
D: (i)-DFT,

(ii)-CTFT,
(ii)-DTFT,
(ii)-DTFT,
(ii)-CTFT,

(iii)-DTFT
(ii)-DFT
(iii)-DFT
(iii)-DTFT



QUESTION 2:

Which 𝑥[𝑛] will have a purely real 𝑋[𝑘]?

A: 𝑥[𝑛] = {0, 1, 1, 0, 0, 0, −1, −1}
B: 𝑥[𝑛] = {1, 1, 0, 1, 1, 0, 1, 1}
C: 𝑥[𝑛] = {1, 1, 1, 0, 1, 0, 1, 1}



ANSWER [RELATED LECTURE EXERCISES: 6]

Which 𝑥[𝑛] will have a purely real 𝑋[𝑘]?

A: 𝑥[𝑛] = {0, 1, 1, 0, 0, 0, −1, −1}
B: 𝑥[𝑛] = {1, 1, 0, 1, 1, 0, 1, 1}
C: 𝑥[𝑛] = {1, 1, 1, 0, 1, 0, 1, 1}



EXPLANATION

Which 𝑥[𝑛] will have a purely real 𝑋[𝑘]?

A: 𝑥[𝑛] = {0, 1, 1, 0, 0, 0, −1, −1} (𝑋[𝑘] will be purely imaginary)

B: 𝑥[𝑛] = {1, 1, 0, 1, 1, 0, 1, 1} (𝑋[𝑘] will be complex)

C: 𝑥[𝑛] = {1, 1, 1, 0, 1, 0, 1, 1} (𝑋[𝑘] will be purely real)



QUESTION 3:

Compute the Discrete Fourier Transform (DFT) of 𝑝[𝑛] = {1, 2, 0, 1}

What is the value of 𝑃 [1] and 𝑃 [2]?

A: 𝑃 [1] = 4, 𝑃 [2] = 1 + 𝑗
B: 𝑃 [1] = 1 − 𝑗, 𝑃 [2] = −2
C: 𝑃 [1] = 1 + 𝑗, 𝑃 [2] = −2
D: 𝑃 [1] = −2, 𝑃 [2] = 1 + 𝑗



ANSWER [RELATED LECTURE SLIDES: 46-47]

Compute the Discrete Fourier Transform (DFT) of 𝑝[𝑛] = {1, 2, 0, 1}

What is the value of 𝑃 [1] and 𝑃 [2]?

A: 𝑃 [1] = 4, 𝑃 [2] = 1 + 𝑗
B: 𝑃 [1] = 1 − 𝑗, 𝑃 [2] = −2
C: 𝑃 [1] = 1 + 𝑗, 𝑃 [2] = −2
D: 𝑃 [1] = −2, 𝑃 [2] = 1 + 𝑗



EXPLANATION

𝑃 [𝑘] =
𝑁−1
∑
𝑛=0

𝑝[𝑛]𝑒−𝑗 2𝜋
𝑁 𝑘𝑛, 𝑘 = 0, 1, 2, ⋯ 𝑁 − 1

Where 𝑁 = 4 and 𝑝[𝑛] = {1, 2, 0, 1}. Note that 𝑒−𝑗 𝜋
2 = −𝑗

𝑘 = 0 ∶ 𝑃 [0] = 𝑝[0](−𝑗)0 + 𝑝[1](−𝑗)0 + 𝑝[2](−𝑗)0 + 𝑝[3](−𝑗)0 = 1 + 2 + 0 + 1 = 4
𝑘 = 1 ∶ 𝑃 [1] = 𝑝[0](−𝑗)0 + 𝑝[1](−𝑗)1 + 𝑝[2](−𝑗)2 + 𝑝[3](−𝑗)3 = 1 − 2𝑗 + 0 + 𝑗 = 1 − 𝑗
𝑘 = 2 ∶ 𝑃 [2] = 𝑝[0](−𝑗)0 + 𝑝[1](−𝑗)2 + 𝑝[2](−𝑗)4 + 𝑝[3](−𝑗)6 = 1 − 2 + 0 − 1 = −2
𝑘 = 3 ∶ 𝑃 [3] = 𝑝[0](−𝑗)0 + 𝑝[1](−𝑗)3 + 𝑝[2](−𝑗)6 + 𝑝[3](−𝑗)9 = 1 + 2𝑗 + 0 − 𝑗 = 1 + 𝑗

𝑃 [𝑘] = {4, 1 − 𝑗, −2, 1 + 𝑗}



EXPLANATION

Here is the DFT matrix of 𝐹𝑁 for 𝑁 = 4. Where 𝑤𝑁 = 𝑒−𝑗 2𝜋
𝑁 (i.e

𝑤4 = 𝑒−𝑗 2𝜋
4 = −𝑗)

DFT Matrix: 𝐹4 =
⎡
⎢⎢⎢
⎣

1 1 1 1
1 𝑤4 𝑤2

4 𝑤3
4

1 𝑤2
4 𝑤4

4 𝑤6
4

1 𝑤3
4 𝑤6

4 𝑤9
4

⎤
⎥⎥⎥
⎦

=
⎡
⎢⎢⎢
⎣

1 1 1 1
1 −𝑗 −1 𝑗
1 −1 1 −1
1 𝑗 −1 −𝑗

⎤
⎥⎥⎥
⎦

Therefore:

𝑃 [𝑘] =
⎡
⎢⎢⎢
⎣

1 1 1 1
1 −𝑗 −1 𝑗
1 −1 1 −1
1 𝑗 −1 −𝑗

⎤
⎥⎥⎥
⎦

⎡
⎢⎢⎢
⎣

1
2
0
1

⎤
⎥⎥⎥
⎦

=
⎡
⎢⎢⎢
⎣

4
1 − 𝑗
−2

1 + 𝑗

⎤
⎥⎥⎥
⎦



QUESTION 4:

If 𝑋(𝑗𝜔) has the following magnitude and phase:

−𝜔1 −𝜔0 𝜔0 𝜔1

1

𝜔

|𝑋(𝑗𝜔)|

−𝜔1 −𝜔0 𝜔0 𝜔1

𝜋
2

𝜔

∠𝑋(𝑗𝜔)

Determine the value of 𝑥(𝑡):

A: 1
𝜋𝑡 sin(𝜔1𝑡) − 1

𝜋𝑡 sin(𝜔0𝑡)
B: 𝜋

𝜔1
sinc ( 𝜔1𝑡

𝜋 ) − 𝜋
𝜔0

sinc ( 𝜔0𝑡
𝜋 )

C: 1
𝜋𝑡 sin(𝜔1𝜋𝑡) − 1

𝜋𝑡 sin(𝜔0𝜋𝑡)

D: 𝜔1−𝜔0
𝜋 sinc ( 𝜔1𝑡−𝜔0𝑡

𝜋 )



ANSWER [RELATED LECTURE EXERCISES: 4]

If 𝑋(𝑗𝜔) has the following magnitude and phase:

−𝜔1 −𝜔0 𝜔0 𝜔1

1

𝜔

|𝑋(𝑗𝜔)|

−𝜔1 −𝜔0 𝜔0 𝜔1

𝜋
2

𝜔

∠𝑋(𝑗𝜔)

Determine the value of 𝑥(𝑡):

A: 1
𝜋𝑡 sin(𝜔1𝑡) − 1

𝜋𝑡 sin(𝜔0𝑡)
B: 𝜋

𝜔1
sinc ( 𝜔1𝑡

𝜋 ) − 𝜋
𝜔0

sinc ( 𝜔0𝑡
𝜋 )

C: 1
𝜋𝑡 sin(𝜔1𝜋𝑡) − 1

𝜋𝑡 sin(𝜔0𝜋𝑡)

D: 𝜔1−𝜔0
𝜋 sinc ( 𝜔1𝑡−𝜔0𝑡

𝜋 )



EXPLANATION

If |𝑋1(𝑗𝜔)| has the following magnitude:

−𝜔1 −𝜔0 𝜔0 𝜔1

1

𝜔

|𝑋1(𝑗𝜔)|

𝑋1(𝑗𝜔) = {1, −𝜔1 ≤ 𝜔 ≤ 𝜔1
0, |𝜔| > 𝜔1

𝑥1(𝑡) = 1
2𝜋 ∫

𝜔1

−𝜔1

𝑒𝑗𝜔𝑡𝑑𝜔

= 1
2𝑗𝜋𝑡[𝑒𝑗𝜔𝑡]

𝜔1

−𝜔1

= 1
𝜋𝑡 sin(𝜔1𝑡), 𝑡 ≠ 0



EXPLANATION

When 𝑡 = 0, the integral simplifies to 𝜔1/𝜋. Since

lim
𝑡→0

1
𝜋𝑡 sin(𝜔1𝑡) = 𝜔1/𝜋

Therefore, we usually write

1
𝜋𝑡 sin(𝜔1𝑡) or 𝜔1

𝜋 sinc (𝜔1𝑡
𝜋 ).

Where sinc(𝑥) = sin(𝜋𝑥)
𝜋𝑥 is the normalised sinc function.



EXPLANATION

|𝑋(𝑗𝜔)| can be expressed as the difference:

−𝜔1 −𝜔0 𝜔0 𝜔1

1

𝜔

|𝑋1(𝑗𝜔)|

−𝜔1 −𝜔0 𝜔0 𝜔1

1

𝜔

|𝑋0(𝑗𝜔)|

Thus:
1
𝜋𝑡 sin(𝜔1𝑡) − 1

𝜋𝑡 sin(𝜔0𝑡)

𝑡



QUESTION 5:

(1) The Fourier transform of 𝑥(𝑡 − 2) is...
(2) The Fourier transform of 𝑥( 𝑡

2 ) is...
(i)
(ii)
(iii)
(iv)

...𝑋(𝑗𝜔)𝑒−𝑗2𝜔

...𝑋(𝑗2𝜔)

...2𝑋(𝑗2𝜔)

...𝑋(𝑗𝜔 − 2)

If the Fourier transform of 𝑥(𝑡) is 𝑋(𝑗𝜔), then match the two
statements above:

A: (1)-(ii),
B: (1)-(i),
C: (1)-(iv),
D: (1)-(i),

(2)-(i)
(2)-(iii)
(2)-(ii)
(2)-(ii)



ANSWER [RELATED LECTURE SLIDES: 35-37]

(1) The Fourier transform of 𝑥(𝑡 − 2) is...
(2) The Fourier transform of 𝑥( 𝑡

2 ) is...
(i)
(ii)
(iii)
(iv)

...𝑋(𝑗𝜔)𝑒−𝑗2𝜔

...𝑋(𝑗2𝜔)

...2𝑋(𝑗2𝜔)

...𝑋(𝑗𝜔 − 2)

If the Fourier transform of 𝑥(𝑡) is 𝑋(𝑗𝜔), then match the two
statements above:

A: (1)-(ii),
B: (1)-(i),
C: (1)-(iv),
D: (1)-(i),

(2)-(i)
(2)-(iii)
(2)-(ii)
(2)-(ii)



EXPLANATION

Time shifting property:

𝑥(𝑡–𝑡0) ⇔ 𝑒−𝑗𝜔𝑡0𝑋(𝑗𝜔)

𝑥(𝑡–2) ⇔ 𝑋(𝑗𝜔)𝑒−𝑗2𝜔

Time scaling property:

𝑥(𝑎𝑡) ⇔ 1
|𝑎|𝑋(𝑗𝜔

𝑎 )

𝑥( 𝑡
2) ⇔ 2𝑋(𝑗2𝜔)


