
 

Problemet

Initial consideration

Since we turn on the circuit at

A 0 the impulse response must be

causal

Consider now the case of
2 Zeros and pole
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The corresponding h1n1 is not

causal due to the presence of the
term Z There are two interpretations
both of which were accepted at the

exam

1 I pole and 2 zeros is not a valid

setup

ii The text refers to non trivial

Zerolpoles so that



I pole and 2 zeros mean
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In what follows I take the

approach di

4 output without input

system not at rest

YIH A NOLA boBf z NIH
HH

where Nott reflects the initial

conditions
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follows that p and Not

Now Notts a 2 yt 1 2 a yta



but a P so Nott P 11 1 I

Thus y M

Assume 2poles
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follows that p I and Nott 1 ÉPz

Now
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Answer we can say that

I System not at rest

I pole at 2 I

E if only one pole
then yt D I

4 if two poles
we dont know the
second pole since

21 1 and yl 2
must have been

selected such that

Nott cancels 1 Épz

µ since we dont get any

Information about BIZ when

XIN 0 this is not possible



Fromal

4 YIH HA

The text implies that

HA must be of the form

I
i

2 Aik

where

the of terms in the sum depends

on the poles in HEE

1gal al

9kl I ensures that the time domain

version of 2 Ak
K

becomes 0 as näsa



Assume I pole and 2 zero

H Z bo tZ

Ep

HAI bo

After PEE we set É
It follows that p 1 A 1 and Az 0

Now Az 0 means that the term c E

is being cancelled by a tern in the numerator

Therefore it follows that

and boll ÉÀ E

SO and b

Assume I pole and 2 zeros

Hitta bot

Again P 1 Z bo 1 Then 27 0

which has IpoleSo that H z bok and I poles



non trivial

Therefore pole and 2 zeros Not possible

Assume 2 poles and I Zero

we have HlH bo
ftp LZ PD

bo.z
l E'Zi

tE'p1 tE'pz

so HA i

After PEE we get

HA b ftp.t
Again we must have

p 1 bot 1 A 0 and Ipad CI

Then Az is arbitrary

Ag 0 Z

After the PEE we can adjust bo
So that bot I



Summ r one pole at 2 I

One zero at 2

The other pole arbitrary buttpakt

bo adjusted so that bot 1

Assume 2 poles and 2 zeros

Again after PEE we get

HIM b e

One pole at 2 I

One zero at 2

The other pole arbitrary buttpakt

The other zero arbitrary since

bo Can be adjusted to satisfy bot I



A
with 1pole 2 non trivial zeros

is the same case as

I Zero

In all cases we must

have 1 pole at 2 1

and I zero at 2 I

for 2poles the other

pole must satisfy pakt
for 2poles and 7 Zeros

the other zero is arbitrary

In all cases bo has been

adjusted so that

yin 0 nio



4 The text implies

that

HA

A ssume.tl adzero

by inspection the answer in 4

results in yin 0 NIO

80 1pole and 7 zero is an option

for the circuit

A po Zeros

The same case as Ipoh and Zero



Assume pole and I zero

From 4
HA

After PEE we get

HAI b e III
Now both Az and As

must be 0 and this is

not possible I ÉG can

cancel either i Épiorft II



Assume pole and I zero

From 4
HAI E ll ÉHHÉÉ

bÉz
i

After PEE we get

HA b ftp.t

Again AFA 0

7 1 Ez Pz P 1

But Zip means that

there is only 7 pole and

1 Zero



Answez
The circuit has

1 pole and 7 Zero

at 2 D fat 1
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For Fs 8000 Hz we get
Hf

Possible to recover

p
both µ and µ

No smaller Fs exists
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As we have we have seen

seen this is that this is
not very accurate much better

but sufficient
for full points

Att
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00 Actually enough to filter
ÜQx

away Kff
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Down sample with a factor 2

x en 7 sent

Follows that
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4 Htt HED ztD
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Zeros in terms of

f tIi
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Zeros in 2 i
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D Zeros at 2 D

bl D 1000

E 2000 HZ

4 All poles inside the unit circle

14 1

µ To invert pa
we can inverk

and then plug in D I

Zeros between the samples However

the number of echos stays the save

Inversion of 1 von
i Än

10kg.dk 7 20 7 2h logeola 2

ns fognok
ISo we can hear
q echos



Problemet

4 This is true if the circulant

Convolution of Kul and hln equals
the linear one

The length of the linear convolution

is Lt I samples where Lh

is the length of hln

Thus Lth I EN

µ essentially the sane problem

Length of the linear convolution

is 2L 1 so 2L 1 EN

4 Xk X wIw 2 k

Therefore XIII is not a value

of the DITT that has been

computed by the DFT

However since L N the DET
contains as much information as the DITT



Since Xk is a sampled version

Of Xlv and the sampling rate

is sufficient we can reconstrut
w through normal sine based

reconstruction So yes possible

The DFT is

I discrete and therefore preferred by
a computer

4 Fast to compute

31 Contains as much information
as the DTFT lif kN

4 Multiplication in the DFT

domain means circular
convolution in the time

domain Question is to

find what the sequence
hln is

we can recognite Hk



as the samples of
the DTFTofhlnt acoslw.nl VM

this sequence is however

not of finite length
We have seen that

sampling in frequency
implies aliasing in time

So the effect on ylen is

gul IN
where Äkta 2h1m kN

k


