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Why a transformed domain? 

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

• We have seen the first main reason…



Why a transformed domain? 

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



(SIGNAL) DECOMPOSITION



Decomposition = linear combinations of bases
<latexit sha1_base64="5cUcE1w8MEclvVoFb8MTkQ3EhYI="></latexit>

Number =
KX

n=0

an(10)
n<latexit sha1_base64="Ar4iUHi2YMsQNSFaVauaLPbjwuU="></latexit>

Numbers in “10-basis”:

<latexit sha1_base64="ceR+m5Ll58zIYxOWGi3kOru3Z4M="></latexit>

Basis...

Coordinates/Components 

(according to “this space” - this basis…)



Decomposition = linear combinations of bases
<latexit sha1_base64="UD80XXmOzoeyXeCt2Al2GnOKCDY="></latexit>

Numbers in “2-basis”:

<latexit sha1_base64="ceR+m5Ll58zIYxOWGi3kOru3Z4M="></latexit>

Basis...

Coordinates/Components (according to “this space” - this basis…)



Decomposition = linear combinations of bases

<latexit sha1_base64="IQAevZfM05Z8NbJeZJ/cNUdyLO8="></latexit>x

POLYNOMIAL DATA FITTING 

<latexit sha1_base64="dhLbu9AnZXQWxQ2mEi/4TZot/Ek="></latexit>

y =
KX

n=0

anx
n

<latexit sha1_base64="A2GryIyMF2a7n+IWa0hgqKnc7EI="></latexit>

= a0 + a1x+ a2x
2 + ...+ aKxK

<latexit sha1_base64="ceR+m5Ll58zIYxOWGi3kOru3Z4M="></latexit>

Basis...

<latexit sha1_base64="IdLNyYOh1xyRi4cz/2kJaDskmmg="></latexit>

x0 = 1

Coordinates/Components 

(according to “this space” - this basis…)



Decomposition = linear combinations of bases
Considering the basis: 

<latexit sha1_base64="3EuPMU/hdkbYkduUix6hdqH8Ap8="></latexit>

1

<latexit sha1_base64="3EuPMU/hdkbYkduUix6hdqH8Ap8="></latexit>

1

<latexit sha1_base64="4n2hNUO7qq9H+qZiLXqem/JJBfE="></latexit>

t

<latexit sha1_base64="dZZ9DuaxUYe2a1X1Q79rGDaun0Y="></latexit>

�2(t)

<latexit sha1_base64="DqlMF89vraxP5OOeYWML+8aecG8="></latexit>

2<latexit sha1_base64="3EuPMU/hdkbYkduUix6hdqH8Ap8="></latexit>

1

<latexit sha1_base64="3EuPMU/hdkbYkduUix6hdqH8Ap8="></latexit>

1

<latexit sha1_base64="Flozk7ZOv3mEJntM1bf4wqwcwU0="></latexit>

�1(t)

<latexit sha1_base64="4n2hNUO7qq9H+qZiLXqem/JJBfE="></latexit>

t

<latexit sha1_base64="4n2hNUO7qq9H+qZiLXqem/JJBfE="></latexit>

t

<latexit sha1_base64="3EuPMU/hdkbYkduUix6hdqH8Ap8="></latexit>

1
<latexit sha1_base64="DqlMF89vraxP5OOeYWML+8aecG8="></latexit>

2

<latexit sha1_base64="DqlMF89vraxP5OOeYWML+8aecG8="></latexit>

2

<latexit sha1_base64="moXveP/b1FSF/WrrqFjufXchw5c="></latexit>�0.5

<latexit sha1_base64="vjxvU1lKBbwh5KoX6Gp08VbtVQE="></latexit>

x(t)

and the signal: 



Decomposition = linear combinations of bases

<latexit sha1_base64="4n2hNUO7qq9H+qZiLXqem/JJBfE="></latexit>

t

<latexit sha1_base64="3EuPMU/hdkbYkduUix6hdqH8Ap8="></latexit>

1
<latexit sha1_base64="DqlMF89vraxP5OOeYWML+8aecG8="></latexit>

2

<latexit sha1_base64="DqlMF89vraxP5OOeYWML+8aecG8="></latexit>

2

<latexit sha1_base64="moXveP/b1FSF/WrrqFjufXchw5c="></latexit>�0.5

<latexit sha1_base64="vjxvU1lKBbwh5KoX6Gp08VbtVQE="></latexit>

x(t)

<latexit sha1_base64="KYei8LpHVt4tyZH6xwmXhTF49Ys="></latexit>

= 2�1(t)� 0.5�2(t)

Coordinates/Components 

(according to “this space” - this basis…)



Decomposition = linear combinations of bases

<latexit sha1_base64="eeINkSQARGVkVaxiG4+fk0DrgWY="></latexit>

Color-pixel = 244⇥ Red+ 95⇥ Green +214⇥ Blue

<latexit sha1_base64="ceR+m5Ll58zIYxOWGi3kOru3Z4M="></latexit>

Basis...
Coordinates/Components 


(according to “this space” - this basis…)



Decomposition = linear combinations of bases

Hence, we can say 

“How much red we have inside magenta ?”


We have a lot of red, more than blue, and no too 
much green…



Decomposition = linear combinations of bases

Decomposition of



Decomposition = linear combinations of bases
Ingredients in a recipe !

<latexit sha1_base64="oOokmZVzSYKh6F8F08b29+pE+Go="></latexit>=
Signal Components !!



Decomposition = linear combinations of bases

We want to find the “ingredients” that form a 
given signal - i.e., find the “ingredients” to 
recover/redo/reconstruct the given signal….



 “Dividing-expressing” a signal in components of different frequencies

 Basic idea: express a signal as a (finite or infinite) sum of sinusoidal functions



Spectral analysis 

<latexit sha1_base64="d0y2sSds1yRl4j0vLfi1E73hhoQ=">AAACGnicbVDLSsNAFJ34rPEVdekmWAotQklKUTeFohuXFfqCJoTJdNIOnUzCzEQsod/hxl9x40IRd+LGv3HSZqGtB2Y4nHPvnbnHjykR0rK+tbX1jc2t7cKOvru3f3BoHB13RZRwhDsoohHv+1BgShjuSCIp7sccw9CnuOdPbjK/d4+5IBFry2mM3RCOGAkIglJJnmGXHsqy0lDXeduzKnrJiUI8gp7VcAIOUVpzYjJLlTXTF47uGUWras1hrhI7J0WQo+UZn84wQkmImUQUCjGwrVi6KeSSIIrV3ETgGKIJHOGBogyGWLjpfLWZWVLK0Awirg6T5lz93ZHCUIhp6KvKEMqxWPYy8T9vkMjgyk0JixOJGVo8FCTUlJGZ5WQOCcdI0qkiEHGi/mqiMVSRSJVmFoK9vPIq6daq9kW1flcvNq/zOArgFJyBMrDBJWiCW9ACHYDAI3gGr+BNe9JetHftY1G6puU9J+APtK8fQOyekw==</latexit>!

 Basic idea: express a signal as a (finite or infinite) 
sum of sinusoidal functions with different frequencies 

<latexit sha1_base64="Biy0szkyY1fqb48qLtl9yatwJ08="></latexit>

Module of Fourier..



(Concept of) FREQUENCY



Concept of Frequency
<latexit sha1_base64="zEA1jg1e/GhKn6ZW/eX+fDHJVnk="></latexit>

T0

<latexit sha1_base64="k8FJ6gpEDMksB7P/hv7g/aynzpc="></latexit>

f0 =
1

T0
(Hz)

<latexit sha1_base64="mVkRlMBwC43dcJkfqLqIKq53lQw="></latexit>

!0 =
2⇡

T0
(rad/sec)v

<latexit sha1_base64="cZJChstQGS8olJJXpiYxE8rcuas="></latexit>

!0 = 2⇡f0

<latexit sha1_base64="APSvyaoGcT9PeenfaZwI+l95wZg="></latexit>

t



Concept of Frequency



Concept of Frequency: NULL FREQUENCY

<latexit sha1_base64="APSvyaoGcT9PeenfaZwI+l95wZg="></latexit>

t
<latexit sha1_base64="GnQJAovOGRn+pmmmlfvT5c12qik="></latexit>

T0 ! 1
<latexit sha1_base64="EnLPjm2E3K2yUvr6K1CK99IGg0w="></latexit>

!0 = 0

<latexit sha1_base64="ewcZM7Q8MnlCCFlPaUQnmGToSAA="></latexit>

A

Constant Signal ==> contains only the null frequency 



Concept of Frequency: NULL FREQUENCY

Hence, each signal with non-zero mean  
contains (at least) the null frequency 



Concept of Frequency
<latexit sha1_base64="zEA1jg1e/GhKn6ZW/eX+fDHJVnk="></latexit>

T0 <latexit sha1_base64="APSvyaoGcT9PeenfaZwI+l95wZg="></latexit>

t

<latexit sha1_base64="zEA1jg1e/GhKn6ZW/eX+fDHJVnk="></latexit>

T0 <latexit sha1_base64="APSvyaoGcT9PeenfaZwI+l95wZg="></latexit>

t

For the (MAIN) FUNDAMENTAL FREQUENCY w0, the shape does not matter…

<latexit sha1_base64="mVkRlMBwC43dcJkfqLqIKq53lQw="></latexit>

!0 =
2⇡

T0
(rad/sec)vthis frequency is contained in both



Concept of Frequency
Frequency ==> Oscillations 

<latexit sha1_base64="zEA1jg1e/GhKn6ZW/eX+fDHJVnk="></latexit>

T0 <latexit sha1_base64="APSvyaoGcT9PeenfaZwI+l95wZg="></latexit>

t

<latexit sha1_base64="APSvyaoGcT9PeenfaZwI+l95wZg="></latexit>

t

<latexit sha1_base64="zEA1jg1e/GhKn6ZW/eX+fDHJVnk="></latexit>

T0

Smaller frequency

Higher frequency

Fundamental 
frequency

<latexit sha1_base64="Xr1a3bTK6/hYenMLgspHW7Cbmc8="></latexit>

!0 =
2⇡

T0



PERIODIC signals in CT or DT
The periodic signals (with period T or N) contain their 
fundamental frequency and the multiple of this  
fundamental frequency.

<latexit sha1_base64="CKFjjvv6LWOKenD+ZBD6mmSIH2g="></latexit>

k = ...� 2,�1, 0, 1, 2, ...

<latexit sha1_base64="OWhoTJdzmv8hqZwhIjhW99tiVeM=">AAACJHicbZDLSsNAFIYn9VbjLerSzWApuCpJKSqIUHTjSiv0Bk0Ik+mkHTq5MDMRSsjDuPFV3Ljwggs3PovTNoK2PTDw83/ncOb8XsyokKb5pRVWVtfWN4qb+tb2zu6esX/QFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vdD3hnQfCBY3CphzHxAnQIKQ+xUgqyzUu7CggA+Sal7bPEU6rdkyztJnpZftuCbhVYPRLXKNkVsxpwUVh5aIE8mq4xrvdj3ASkFBihoToWWYsnRRxSTEjmW4ngsQIj9CA9JQMUUCEk06PzGBZOX3oR1y9UMKp+3ciRYEQ48BTnQGSQzHPJuYy1kukf+6kNIwTSUI8W+QnDMoIThKDfcoJlmysBMKcqr9CPEQqE6ly1VUI1vzJi6JdrVinldp9rVS/yuMogiNwDE6ABc5AHdyABmgBDB7BM3gFb9qT9qJ9aJ+z1oKWzxyCf6V9/wCLe6Qh</latexit>

!0 =
2⇡

T

<latexit sha1_base64="YYdQXggp942D/6JZ3RL3PRn4t6A=">AAACJnicbVDLSsNAFJ3UV42vqEs3g6XgqiSlqJtC0Y0rrdAXNCFMppN26OTBzEQoIV/jxl9x46Ii4s5PcdpG0LYHLhzOuZd77/FiRoU0zS+tsLG5tb1T3NX39g8Oj4zjk46IEo5JG0cs4j0PCcJoSNqSSkZ6MSco8BjpeuPbmd99IlzQKGzJSUycAA1D6lOMpJJco162o4AMkWvWbZ8jnFbtmGZpyzUz3X5Y49xnenn867hGyayYc8BVYuWkBHI0XWNqDyKcBCSUmCEh+pYZSydFXFLMiFqZCBIjPEZD0lc0RAERTjp/M4NlpQygH3FVoYRz9e9EigIhJoGnOgMkR2LZm4nrvH4i/WsnpWGcSBLixSI/YVBGcJYZHFBOsGQTRRDmVN0K8QipTKRKVlchWMsvr5JOtWJdVmqPtVLjJo+jCM7AObgAFrgCDXAHmqANMHgGr2AK3rUX7U370D4XrQUtnzkF/6B9/wDPQ6TE</latexit>

⌦0 =
2⇡

N

<latexit sha1_base64="/zpfKiE+M6xJyTGD85FZvvgKSCs=">AAACDXicbVDLSsNAFJ34rPEVdekmWAuuSlKKuhGKblxW6AuaECbTSTt0ZhJmJkIJ+QE3/oobF4q4de/Ov3HaRtDWAxcO59zLvfeECSVSOc6XsbK6tr6xWdoyt3d29/atg8OOjFOBcBvFNBa9EEpMCcdtRRTFvURgyEKKu+H4Zup377GQJOYtNUmwz+CQk4ggqLQUWKcVL2Z4CAPnyosERFnNS0ietQInN8c/VmCVnaozg71M3IKUQYFmYH16gxilDHOFKJSy7zqJ8jMoFEEU56aXSpxANIZD3NeUQ4aln82+ye2KVgZ2FAtdXNkz9fdEBpmUExbqTgbVSC56U/E/r5+q6NLPCE9ShTmaL4pSaqvYnkZjD4jASNGJJhAJom+10QjqUJQO0NQhuIsvL5NOreqeV+t39XLjuoijBI7BCTgDLrgADXALmqANEHgAT+AFvBqPxrPxZrzPW1eMYuYI/IHx8Q095JsN</latexit>

k!0

<latexit sha1_base64="rKOE95q+CZ8oCl7D6gUwii44iuw=">AAACJHicbVDLSsNAFJ3UV42vqEs3g6XgqiSlqCBC0Y0rrdAXNCFMppN26OTBzEQoIR/jxl9x48IHLtz4LU7bCNr2wIXDOfdy7z1ezKiQpvmlFVZW19Y3ipv61vbO7p6xf9AWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90PfE7D4QLGoVNOY6JE6BBSH2KkVSSa1yU7SggA+Sal7bPEU6rdkyztJnpZftuiXGb6aNfwzVKZsWcAi4SKyclkKPhGu92P8JJQEKJGRKiZ5mxdFLEJcWMZLqdCBIjPEID0lM0RAERTjp9MoNlpfShH3FVoYRT9e9EigIhxoGnOgMkh2Lem4jLvF4i/XMnpWGcSBLi2SI/YVBGcJIY7FNOsGRjRRDmVN0K8RCpSKTKVVchWPMvL5J2tWKdVmr3tVL9Ko+jCI7AMTgBFjgDdXADGqAFMHgEz+AVvGlP2ov2oX3OWgtaPnMI/kH7/gGA1aQh</latexit>

k⌦0



PERIODIC signals in CT or DT

The periodic signals contain their fundamental frequency 
and the multiple of this  fundamental frequency.

<latexit sha1_base64="u9wrMAY8GW94YSPU5Rz4DD28cWs="></latexit>!

<latexit sha1_base64="fKmjlJkG71e069d73OD7c0HpEB4="></latexit>

Energy in each frequency
<latexit sha1_base64="h16hQtnrHx0cK266H/6aWn03IcI="></latexit>

|ak|2

<latexit sha1_base64="qNBYUjo4kAklpJ95pqEvUz0lUSc="></latexit>!0
<latexit sha1_base64="XG7FzwvYmGXy3mU6LbGMl1/Swrc="></latexit>

2!0
<latexit sha1_base64="ngxG2ucnSCZMH261wvW8AeYIRFw="></latexit>

4!0
<latexit sha1_base64="RMhylVO99bRM8785sRmO9SPluA0="></latexit>

5!0

<latexit sha1_base64="ub2HoK99gdVoijdl26YZDpDmFZw="></latexit>...<latexit sha1_base64="ub2HoK99gdVoijdl26YZDpDmFZw="></latexit>...
<latexit sha1_base64="l8bUQHkjtH3zykGkLSKP6+bpZR4="></latexit>�!0

Power spectrum 
of the signal

no defined here !!!



PERIODIC signals in CT or DT
<latexit sha1_base64="cGusEP9xIqt48UQ0G++AQMSq/io="></latexit>

x(t) =
+1X

k=�1
ake

jk!0tFourier Series

<latexit sha1_base64="PlcjgfyWPfsTSEMriPvA/DT1aZM="></latexit>

cos(!0t) =
1

2
[ej!0t + e�j!0t]

<latexit sha1_base64="8wuuLSQXeh8ea+ZpgCueD2+rIp0="></latexit>

sin(!0t) =
1

2j
[ej!0t � e�j!0t]

<latexit sha1_base64="67qaTLEylf8f0E8YCyMQOlArjss="></latexit>

a1 =
1

2
, a�1 =

1

2
,

<latexit sha1_base64="diqA1277tLLZkaXsgMrjkJhP5RE="></latexit>

ak = 0 for all k 6= �1, 1

<latexit sha1_base64="diqA1277tLLZkaXsgMrjkJhP5RE="></latexit>

ak = 0 for all k 6= �1, 1

<latexit sha1_base64="55zi23w4BhH6D7913dkWKlSzgQc="></latexit>

a1 =
1

2j
, a�1 = � 1

2j
,



PERIODIC signals in CT or DT

Spectrum of

<latexit sha1_base64="u9wrMAY8GW94YSPU5Rz4DD28cWs="></latexit>!

<latexit sha1_base64="fKmjlJkG71e069d73OD7c0HpEB4="></latexit>

Energy in each frequency
<latexit sha1_base64="h16hQtnrHx0cK266H/6aWn03IcI="></latexit>

|ak|2

<latexit sha1_base64="ub2HoK99gdVoijdl26YZDpDmFZw="></latexit>...<latexit sha1_base64="ub2HoK99gdVoijdl26YZDpDmFZw="></latexit>...
<latexit sha1_base64="l8bUQHkjtH3zykGkLSKP6+bpZR4="></latexit>�!0

<latexit sha1_base64="wX4mrg0cDlOVtmrY3ElDwwt3jBw="></latexit>!0

Power spectrum 
of the signal

<latexit sha1_base64="rMlNS4lOCEiu/d7QvVmTzEbpxyI="></latexit>

sin(!0t)

cos(!0t)

no defined here !!!

<latexit sha1_base64="JsrJqt9W0smWzpUzTg9VsBtmuP8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZ/V8UKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLn5X5qeELZhI54z1JFI278bH5yTs6tMiRhrG0pJHP190RGI2OmUWA7I4pjs+zNxP+8XorhjZ8JlaTIFVssClNJMCaz/8lQaM5QTi2hTAt7K2FjalNAm1LZhuAtv7xK2pc176pWf6hXG7dFHCU4hTO4AA+uoQH30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+AD84kT4=</latexit>

1

4

<latexit sha1_base64="JsrJqt9W0smWzpUzTg9VsBtmuP8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZ/V8UKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLn5X5qeELZhI54z1JFI278bH5yTs6tMiRhrG0pJHP190RGI2OmUWA7I4pjs+zNxP+8XorhjZ8JlaTIFVssClNJMCaz/8lQaM5QTi2hTAt7K2FjalNAm1LZhuAtv7xK2pc176pWf6hXG7dFHCU4hTO4AA+uoQH30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+AD84kT4=</latexit>

1

4





Negative frequencies
No problem with negative frequencies: real (non-complex) 
signals (like data, measurements) have even-symmetric 
module of Fourier series/transform

<latexit sha1_base64="u9wrMAY8GW94YSPU5Rz4DD28cWs="></latexit>!

<latexit sha1_base64="fKmjlJkG71e069d73OD7c0HpEB4="></latexit>

Energy in each frequency
<latexit sha1_base64="h16hQtnrHx0cK266H/6aWn03IcI="></latexit>

|ak|2

<latexit sha1_base64="ub2HoK99gdVoijdl26YZDpDmFZw="></latexit>...<latexit sha1_base64="ub2HoK99gdVoijdl26YZDpDmFZw="></latexit>...
<latexit sha1_base64="l8bUQHkjtH3zykGkLSKP6+bpZR4="></latexit>�!0

<latexit sha1_base64="wX4mrg0cDlOVtmrY3ElDwwt3jBw="></latexit>!0

<latexit sha1_base64="rMlNS4lOCEiu/d7QvVmTzEbpxyI="></latexit>

sin(!0t)

cos(!0t)
<latexit sha1_base64="JsrJqt9W0smWzpUzTg9VsBtmuP8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZ/V8UKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLn5X5qeELZhI54z1JFI278bH5yTs6tMiRhrG0pJHP190RGI2OmUWA7I4pjs+zNxP+8XorhjZ8JlaTIFVssClNJMCaz/8lQaM5QTi2hTAt7K2FjalNAm1LZhuAtv7xK2pc176pWf6hXG7dFHCU4hTO4AA+uoQH30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+AD84kT4=</latexit>

1

4

<latexit sha1_base64="JsrJqt9W0smWzpUzTg9VsBtmuP8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZ/V8UKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLn5X5qeELZhI54z1JFI278bH5yTs6tMiRhrG0pJHP190RGI2OmUWA7I4pjs+zNxP+8XorhjZ8JlaTIFVssClNJMCaz/8lQaM5QTi2hTAt7K2FjalNAm1LZhuAtv7xK2pc176pWf6hXG7dFHCU4hTO4AA+uoQH30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+AD84kT4=</latexit>

1

4



PERIODIC signals in CT or DT
<latexit sha1_base64="cGusEP9xIqt48UQ0G++AQMSq/io="></latexit>

x(t) =
+1X

k=�1
ake

jk!0tFourier Series

<latexit sha1_base64="gn3cU1tNs0iJcISuMrrCmbrVhKE=">AAACAHicbVDJSgNBEO2JW4zbqAcPXhqDEC9hRoJ6EYJePEYwCyQx9HQqSZuehe4aMQxz8Ve8eFDEq5/hzb+xsxw0+qDg8V4VVfW8SAqNjvNlZRYWl5ZXsqu5tfWNzS17e6emw1hxqPJQhqrhMQ1SBFBFgRIakQLmexLq3vBy7NfvQWkRBjc4iqDts34geoIzNFLH3nso4NE53CZ3tBX60GedxEkpph077xSdCehf4s5InsxQ6difrW7IYx8C5JJp3XSdCNsJUyi4hDTXijVEjA9ZH5qGBswH3U4mD6T00Chd2guVqQDpRP05kTBf65HvmU6f4UDPe2PxP68ZY++snYggihECPl3UiyXFkI7ToF2hgKMcGcK4EuZWygdMMY4ms5wJwZ1/+S+pHRfdk2LpupQvX8ziyJJ9ckAKxCWnpEyuSIVUCScpeSIv5NV6tJ6tN+t92pqxZjO75Besj2+xSJXZ</latexit>

x(t) = ej!0t
<latexit sha1_base64="vJYYJRNntKm5K7Ko7DezL5Lsrrw=">AAACB3icbVDJSgNBEO2JW4xb1KMgjUGIlzAjQb0Egl48RjALJHHo6VSSNj0L3TViGHLz4q948aCIV3/Bm39jZzlo9EHB470qqup5kRQabfvLSi0sLi2vpFcza+sbm1vZ7Z2aDmPFocpDGaqGxzRIEUAVBUpoRAqY70moe4OLsV+/A6VFGFzjMIK2z3qB6ArO0Ehudv/wPo9HJbhJbmkr9KHH3MQeURxlmOuUHDebswv2BPQvcWYkR2aouNnPVifksQ8Bcsm0bjp2hO2EKRRcwijTijVEjA9YD5qGBswH3U4mf4zooVE6tBsqUwHSifpzImG+1kPfM50+w76e98bif14zxu5ZOxFBFCMEfLqoG0uKIR2HQjtCAUc5NIRxJcytlPeZYhxNdBkTgjP/8l9SOy44J4XiVTFXPp/FkSZ75IDkiUNOSZlckgqpEk4eyBN5Ia/Wo/VsvVnv09aUNZvZJb9gfXwDSkyXrQ==</latexit>

a1 = 1
<latexit sha1_base64="Vf4rMxq2cueXeE5OwWJ0jB3liVY="></latexit>

ak = 0 for all k 6= 1



PERIODIC signals in CT or DT
Spectrum of

<latexit sha1_base64="dn1/oCDwv5dyVLn89SAgt6Z9GpM=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQNyWRoi6LblxWsA9oQphMb9qxkwczE7XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsKZVJb1bRRWVtfWN4qbpa3tnd09s7zflnEqKLRozGPR9YkEziJoKaY4dBMBJPQ5dPzR1dTv3IOQLI5u1TgBNySDiAWMEqUlzyw78JhU75w4hAHxLKxOPLNi1awZ8DKxc1JBOZqe+eX0Y5qGECnKiZQ920qUmxGhGOUwKTmphITQERlAT9OIhCDdbHb6BB9rpY+DWOiKFJ6pvycyEko5Dn3dGRI1lIveVPzP66UquHAzFiWpgojOFwUpxyrG0xxwnwmgio81IVQwfSumQyIIVTqtkg7BXnx5mbRPa/ZZrX5TrzQu8ziK6BAdoSqy0TlqoGvURC1E0QN6Rq/ozXgyXox342PeWjDymQP0B8bnDyfgk0o=</latexit>

exp(j!0t)

<latexit sha1_base64="u9wrMAY8GW94YSPU5Rz4DD28cWs="></latexit>!

<latexit sha1_base64="fKmjlJkG71e069d73OD7c0HpEB4="></latexit>

Energy in each frequency
<latexit sha1_base64="h16hQtnrHx0cK266H/6aWn03IcI="></latexit>

|ak|2

<latexit sha1_base64="ub2HoK99gdVoijdl26YZDpDmFZw="></latexit>...<latexit sha1_base64="ub2HoK99gdVoijdl26YZDpDmFZw="></latexit>...
<latexit sha1_base64="l8bUQHkjtH3zykGkLSKP6+bpZR4="></latexit>�!0

<latexit sha1_base64="wX4mrg0cDlOVtmrY3ElDwwt3jBw="></latexit>!0

Power spectrum 
of the signal

no defined here !!!

Since the signal is complex we have not even-symmetric of 
the Fourier module…

<latexit sha1_base64="u14ackcTSZv9+Do2HgHf1YAxyH0="></latexit>

1



Frequencies contained in a signal?
What is the meaning of frequency contained in a signal?

Consider the non-periodic signal but can be expressed as 
sum of two periodic signals:

<latexit sha1_base64="YzVy+taMdEFCarDdgGCzzaQS31A="></latexit>

x(t) = sin(!1t) + cos(!2t)

The non-periodic signal x(t) contains the frequency w_1 
and w_2 (and also -w_1, -w_2).



Frequencies contained in a signal?
What is the meaning of frequency contained in a signal?

<latexit sha1_base64="YzVy+taMdEFCarDdgGCzzaQS31A="></latexit>

x(t) = sin(!1t) + cos(!2t)

<latexit sha1_base64="u9wrMAY8GW94YSPU5Rz4DD28cWs="></latexit>!

<latexit sha1_base64="fKmjlJkG71e069d73OD7c0HpEB4="></latexit>

Energy in each frequency

<latexit sha1_base64="agb8X0sziMuaZJjvUch1UDOxnKA="></latexit>!1
<latexit sha1_base64="W1L9KdEdneXF0svX+wysi8IurxM="></latexit>�!1

<latexit sha1_base64="MW9RRCY4uT6/fGUbqhyU43EeSnI="></latexit>!2
<latexit sha1_base64="iDeEPbsOGxwLmoOmEUaSHzLLuCc="></latexit>�!2

Power spectrum 
of the signal

zero here !!!

<latexit sha1_base64="PzsVrrwERFQ+GzxyT3MnvMd7JOA="></latexit>

|XG(!)|2
<latexit sha1_base64="SERMDWcPDbIlGaaI6pHrBb6NMtg="></latexit>

generalized...



Frequencies contained in a signal?

FINITE sum of periodic signals….

Namely x(t) can be expressed as a FINITE sum of periodic 
signals…

<latexit sha1_base64="YzVy+taMdEFCarDdgGCzzaQS31A="></latexit>

x(t) = sin(!1t) + cos(!2t)



Frequencies contained in a signal?

BUT generally, x(t) can be expressed as a INFINITE sum of 
periodic signals…

<latexit sha1_base64="u9wrMAY8GW94YSPU5Rz4DD28cWs="></latexit>!

<latexit sha1_base64="fKmjlJkG71e069d73OD7c0HpEB4="></latexit>

Energy in each frequency

Power spectrum 
of the signal

<latexit sha1_base64="D2gAZe5HJqCcu7aD+dsAh/CGbHg="></latexit>

|X(!)|2





Waves… an example: electromagnetic !



Waves… an example: electromagnetic !

<latexit sha1_base64="Ou8GNcOnwL6I4T05wSgzZX8xiA0="></latexit>

T =
�

c



<latexit sha1_base64="0PRsDLTPszCmXdmvwjtwQo82WJ8="></latexit>

f (!)





<latexit sha1_base64="0PRsDLTPszCmXdmvwjtwQo82WJ8="></latexit>

f (!)



WARNING: decreasing frequency HERE !!!
<latexit sha1_base64="0PRsDLTPszCmXdmvwjtwQo82WJ8="></latexit>

f (!)



Waves… an example: electromagnetic !

<latexit sha1_base64="0PRsDLTPszCmXdmvwjtwQo82WJ8="></latexit>

f (!) WARNING: decreasing frequency HERE !!!



Questions?


