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Why a transformed domain? 

• Why do we “pass” to another domain different from the time 
domain? 

• the answer in the next slides (at least the first main reason)…  
for signal in discrete time (DT)



Why a transformed domain? 

• HERE FIRST MAIN EXPLANATION/MOTIVATION: system point 
of view, eigenfunctions and eigenvalues… 

• The second main reason (in other slides): signal point of view, 
spectral analysis, signal decomposition…



Recall eigenvalues/eigenvectors

• eigenvector

<latexit sha1_base64="YYY7mgGw6Tce0kkFPsCSRp+xIj8=">AAACCHicbVC7TsMwFL3hWcorwMiARYXEVCWoAhakAgtjkehDaqLKcZzWqvOQ7SCqqCMLv8LCAEKsfAIbf4ObZoCWI1k+PvceXd/jJZxJZVnfxsLi0vLKammtvL6xubVt7uy2ZJwKQpsk5rHoeFhSziLaVExx2kkExaHHadsbXk/q7XsqJIujOzVKqBvifsQCRrDSUs88yBwvQJfj/HoYXzhce32MijfqmRWrauVA88QuSAUKNHrml+PHJA1ppAjHUnZtK1FuhoVihNNx2UklTTAZ4j7tahrhkEo3yxcZoyOt+CiIhT6RQrn625HhUMpR6OnOEKuBnK1NxP9q3VQF527GoiRVNCLTQUHKkYrRJBXkM0GJ4iNNMBFM/xWRARaYKJ1dWYdgz648T1onVfu0WrutVepXRRwl2IdDOAYbzqAON9CAJhB4hGd4hTfjyXgx3o2PaeuCUXj24A+Mzx+JhZkJ</latexit>

Ax = �x

• eigenvalue



Why a transformed domain?

• In discrete time, very important signals are


• we will see that many signals in DT can be expressed as linear 
combination of

<latexit sha1_base64="HhbUyWWqV1Tq8XUokZtKR9V3RHo=">AAACDXicbVC7TsMwFHXKq4RXgZHFolRiqhJUAQtSgYWxSPQhtaFyHKe16jiR7SBKlB9g4VdYGECIlZ2Nv8FNM0DLlSwfn3uOru9xI0alsqxvo7CwuLS8Ulw119Y3NrdK2zstGcYCkyYOWSg6LpKEUU6aiipGOpEgKHAZabujy0m/fUeEpCG/UeOIOAEacOpTjJSm+qWDStJzfXieZtd9etZj2uwhmL+h+XCrZWWramUF54GdgzLIq9EvffW8EMcB4QozJGXXtiLlJEgoihlJzV4sSYTwCA1IV0OOAiKdJNsmhRXNeNAPhT5cwYz97UhQIOU4cLUyQGooZ3sT8r9eN1b+qZNQHsWKcDwd5McMqhBOooEeFQQrNtYAYUH1XyEeIoGw0gGaOgR7duV50Dqq2sfV2nWtXL/I4yiCPbAPDoENTkAdXIEGaAIMHsEzeAVvxpPxYrwbH1Npwcg9u+BPGZ8/rFCasA==</latexit>

zn

<latexit sha1_base64="HhbUyWWqV1Tq8XUokZtKR9V3RHo=">AAACDXicbVC7TsMwFHXKq4RXgZHFolRiqhJUAQtSgYWxSPQhtaFyHKe16jiR7SBKlB9g4VdYGECIlZ2Nv8FNM0DLlSwfn3uOru9xI0alsqxvo7CwuLS8Ulw119Y3NrdK2zstGcYCkyYOWSg6LpKEUU6aiipGOpEgKHAZabujy0m/fUeEpCG/UeOIOAEacOpTjJSm+qWDStJzfXieZtd9etZj2uwhmL+h+XCrZWWramUF54GdgzLIq9EvffW8EMcB4QozJGXXtiLlJEgoihlJzV4sSYTwCA1IV0OOAiKdJNsmhRXNeNAPhT5cwYz97UhQIOU4cLUyQGooZ3sT8r9eN1b+qZNQHsWKcDwd5McMqhBOooEeFQQrNtYAYUH1XyEeIoGw0gGaOgR7duV50Dqq2sfV2nWtXL/I4yiCPbAPDoENTkAdXIEGaAIMHsEzeAVvxpPxYrwbH1Npwcg9u+BPGZ8/rFCasA==</latexit>

zn



Why a transformed domain?

• The variable “z” is a complex number, 
<latexit sha1_base64="o7iMo2CUr2iurn2eX8xG2SGF16k=">AAACHnicbVC7TsMwFHV4lvIqMLJYVJXKUiWoPBakAgsbRaKA1LSV494Ug+NEtoMoUb6EhV9hYQAhJCb4G9w2A1COZPn43Ht0fY8Xcaa0bX9ZE5NT0zOzubn8/MLi0nJhZfVchbGk0KAhD+WlRxRwJqChmeZwGUkggcfhwrs5GtQvbkEqFooz3Y+gFZCeYD6jRBupU9guJa7n44N0eN2l+y435i7B2Rvn79tivyyhnVy7JwH0SLrZNr6iXbGHwOPEyUgRZah3Ch9uN6RxAEJTTpRqOnakWwmRmlEOad6NFUSE3pAeNA0VJADVSobrpbhklC72Q2mO0Hio/nQkJFCqH3imMyD6Sv2tDcT/as1Y+3uthIko1iDoaJAfc6xDPMgKd5kEqnnfEEIlM3/F9IpIQrVJNG9CcP6uPE7OtyrOTqV6Wi3WDrM4cmgdbaAyctAuqqFjVEcNRNEDekIv6NV6tJ6tN+t91DphZZ419AvW5zeXvaGQ</latexit>

zn = (rej⌦)n

• This “physical” interpretation is the 
reason for the second main reason 
that we will see in other slides…



Why a transformed domain?
• Let us consider an LTI system:

ZETA TRANSFORM OF THE IMPULSE RESPONSE 



Why a transformed domain?

LTI SYSTEM
INPUT OUTPUT

<latexit sha1_base64="lFVrfl32XO+T5WHpiwR15U6qnxM="></latexit>

x[n] = zn
<latexit sha1_base64="KcFjRkDNpcZN+ug+3Aoqaz2bOhE="></latexit>

y[n] = H(z)zn

ZETA TRANSFORM OF THE IMPULSE RESPONSE 

<latexit sha1_base64="zxkWEukyfcMGyZFHN5aPHKvJQU0="></latexit>

y[n] = H(z)x[n]



Why a transformed domain?

<latexit sha1_base64="Ks27rz46RB/MCZbTL1DP9LgvA/w="></latexit>

H(z) = eigenvalue

z
n = eigenfunction



ZETA Transform
• ZETA Transform of the impulse response:

<latexit sha1_base64="yJ88B8xmbSISYQPW/DQ/lRCS3w4="></latexit>

H(z) =
1X

k=�1
h[k]z�k

• Function again defined in the complex plane (z is a 
complex number).



Zeta Transform
• Zeta transformation of the a generic function/signal:

<latexit sha1_base64="XIip7j1hEBnE+JFB0czWLVFqJu0="></latexit>

X(z) =
1X

k=�1
x[k]z�k



Zeta Transform

• Zeta transformation is defined in the complex domain 
and takes complex values:


then usually the people plot and study:


<latexit sha1_base64="Rs0Bi0sbqlkAgwA/WqiGOAWy8yo="></latexit>

z 2 C
<latexit sha1_base64="cQLww8kn3ANzU88ce7n6jVXKkwc="></latexit>

X(z) 2 C
<latexit sha1_base64="j3jNVENoutDqTTnRfzMbguuP05E="></latexit>

|X(z)| Real[X(z)]
phase [X(z)] Imag[X(z)]



Why a transformed domain?
• Hence, given:


• then the output is:

<latexit sha1_base64="lFVrfl32XO+T5WHpiwR15U6qnxM="></latexit>

x[n] = zn

<latexit sha1_base64="UsrZSNuMpzXFZSX8ro6A5aWHUmk="></latexit>

y[n] = H(z)x[n]

|y[n]| = |H(z)||x[n]|



Why a transformed domain?

• Then, when:

<latexit sha1_base64="UsrZSNuMpzXFZSX8ro6A5aWHUmk="></latexit>

y[n] = H(z)x[n]

|y[n]| = |H(z)||x[n]|

<latexit sha1_base64="AJEchi80F7Cr0CrHSOq0N1hMS5U="></latexit>

|H(z)| ! 0 |y[n]| = 0
|H(z)| ! 1 |y[n]| ! 1



Why a transformed domain?

<latexit sha1_base64="++5P3VtE/VG1hzwKRRtBkKs6s/0="></latexit>

H(z)

• The ZETA transform of the impulse response h(t) 
says almost everything regarding the LTI system:


We want to study then


as function of z.



Just to see if you understand….
<latexit sha1_base64="uBeod5+kQDDBp3n94fszMPiV3Lg="></latexit> 1X

k=�1
h[k](1 + j)�k =?

<latexit sha1_base64="dr79Gly6eCTISBlEbAH+tKRR3lI="></latexit>

H(1 + j)



Questions?


