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peer instruction

Method:

1: Conceptual question posed - students think quietly on their
own and report initial answers on Mentimeter (3 mins)

2: Students discuss their answers in small groups (2 mins)
3: Explanation/discussion of correct answer (3 mins)



go to www.menti.com and use the code 49 74 47

Consider the following resampling cascades:

Equality 1: ↓ 9 ↑ 4 = ↑ 4 ↓ 9

Equality 2: ↓ 5 ↑ 5 =

Equality 3: ↑ 𝑄 𝐻(𝑧𝑄) ↓ 𝑄 = 𝐻(𝑧)

Which equality statements are true?

A: 3
B: 1 and 3
C: All of them



answer
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The signal 𝑦[𝑚] is obtained by upsampling 𝑥[𝑛] by a factor of 3.

↑ 3
𝑥[𝑛] 𝑦[𝑚]
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answer
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Consider the following resampling cascades which preserves
information:

↑ 21 LPF ↓ 20
𝑥[𝑛] 𝑦[𝑟]

What cutoff frequency 𝜔𝑐 must the LPF have to preserve
information while changing the sampling rate?

A: 𝜔𝑐 = 𝜋
B: 𝜔𝑐 = 𝜋

20
C: 𝜔𝑐 = 𝜋

21



answer
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Consider the following system

𝑧−6 ↓ 2 ↑ 4 ↓ 3
𝑥[𝑛] 𝑦[𝑛]

What is the correct expression for the output 𝑦[𝑛]

A: 𝑦[𝑛] = {
𝑥[(2𝑛/3) − 6], 𝑛 = 0, ±3, ±6, ⋯

0, otherwise

B: 𝑦[𝑛] = {
𝑥[(3𝑛/2) − 1], 𝑛 = 0, ±4, ±8, ⋯

0, otherwise

C: 𝑦[𝑛] = {
𝑥[(3𝑛/2) − 6], 𝑛 = 0, ±4, ±8, ⋯

0, otherwise



answer

Consider the following system

𝑧−6 ↓ 2 ↑ 4 ↓ 3
𝑥[𝑛] 𝑦[𝑛]

What is the correct expression for the output 𝑦[𝑛]

A: 𝑦[𝑛] = {
𝑥[(2𝑛/3) − 6], 𝑛 = 0, ±3, ±6, ⋯

0, otherwise

B: 𝑦[𝑛] = {
𝑥[(3𝑛/2) − 1], 𝑛 = 0, ±4, ±8, ⋯

0, otherwise

C: 𝑦[𝑛] = {
𝑥[(3𝑛/2) − 6], 𝑛 = 0, ±4, ±8, ⋯

0, otherwise



explanation

𝑧−6 ↓ 2 ↑ 4 ↓ 3
𝑥[𝑛] 𝑦[𝑛]

𝑧−6 ↓ 2 ↓ 3 ↑ 4
𝑥[𝑛] 𝑦[𝑛]

𝑧−6 ↓ 6 ↑ 4
𝑥[𝑛] 𝑦[𝑛]

↓ 6 𝑧−1 ↑ 4
𝑥[𝑛] 𝑦[𝑛]𝑢[𝑛] 𝑣[𝑛]

Thus 𝑢[𝑛] = 𝑥[6𝑛], 𝑣[𝑛] = 𝑢[𝑛 − 1] = 𝑥[6𝑛 − 6] and

𝑦[𝑛] = {
𝑣[𝑛/4], 𝑛 = 0, ±4, ±8, ⋯

0, otherwise
= {

𝑥[(3𝑛/2) − 6], 𝑛 = 0, ±4, ±8, ⋯
0, otherwise
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Filtering should always be performed at the lowest possible
sampling rate, therefore, what is the actual computational saving
that can be achieved by doing this?

A: 𝐾
B: 𝐾

2
C: 𝐾

4

Hint: Think about the polyphase decomposition of the complete
filter:

𝐻(𝑧) ↓ 𝐾 ↑ 𝐾 𝐻(𝑧)
𝑥[𝑛]

𝐾

𝑣[𝑖] 𝑦[𝑛]



answer
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polyphase downsampler

𝐻(𝑧) ↓ 𝐾
𝑥[𝑛] 𝑣[𝑖]

𝐻0(𝑧𝐾)

𝑧−1

𝐻1(𝑧𝐾) +

𝑧−1

𝐻𝐾−1(𝑧𝐾) + ↓ 𝐾

𝑥[𝑛]

𝑣[𝑖]

↓ 𝐾 𝐻0(𝑧)

𝑧−1

↓ 𝐾 𝐻1(𝑧) +

𝑧−1

↓ 𝐾 𝐻𝐾−1(𝑧) +

𝑥[𝑛]

𝑣[𝑖]



polyphase upsampler

↑ 𝐾 𝐻(𝑧)
𝑣[𝑖] 𝑦[𝑛]

↑ 𝐾 𝐻0(𝑧𝐾) +

𝑧−1

𝐻1(𝑧𝐾) +

𝑧−1

𝐻𝐾−1(𝑧𝐾)

𝑣[𝑖] 𝑦[𝑛]
𝐻0(𝑧) ↑ 𝐾 +

𝑧−1

𝐻1(𝑧) ↑ 𝐾 +

𝑧−1

𝐻𝐾−1(𝑧) ↑ 𝐾

𝑣[𝑖] 𝑦[𝑛]


