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In this slides, WE WILL SEE: 

1.1 Definition of signals, examples and classification  

1.2 Basic operations with signals in continuous time (CT), and 
important signals in CT and main properties 

1.3 Basic operations with signals in discrete time (DT), and 
important signals in DT and main properties 



1.1 Definition of signals, examples and 
classification  



1.1.1 Signals: definitions and classification  



Main concept: signals

• What is a signal? numbers/data varying with time and/or space….


• Examples: time series, images etc.


• Mathematically:


• It is a function - one dimensional, x(t) - or bidimensional x(t1,t2) (e.g., images)

<latexit sha1_base64="HF2MvjiWMynLWEc1IIsMfmbB/9M=">AAACJHicbZDLSgMxGIUz9VbrrerSTbAIFaTMSFHBTcGNyxbsBTpDyWTSNjSTGZOMdDoUfBU3voobF15w4cZnMdN2UVsPBA7f+UPyHzdkVCrT/DYyK6tr6xvZzdzW9s7uXn7/oCGDSGBSxwELRMtFkjDKSV1RxUgrFAT5LiNNd3CT5s0HIiQN+J2KQ+L4qMdpl2KkNOrkr4dFdXoG7fsIeXDY5g607Vw8x+KUpXA0B0cpzHXyBbNkTgSXjTUzBTBTtZP/sL0ARz7hCjMkZdsyQ+UkSCiKGRnn7EiSEOEB6pG2thz5RDrJZMkxPNHEg91A6MMVnND5GwnypYx9V0/6SPXlYpbC/7J2pLpXTkJ5GCnC8fShbsSgCmDaGPSoIFixWBuEBdV/hbiPBMJK95qWYC2uvGwa5yXrolSulQuV2uO0jiw4AsegCCxwCSrgFlRBHWDwBF7AG3g3no1X49P4mo5mjFmFh+CPjJ9fnBChjw==</latexit>

x(t), x[n]

y(t), y[n]

z(t), z[n]

<latexit sha1_base64="RqyQqGCwTiGh42kCAajKe+ZYVng=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRUZcFN66kin1AZyiZNG1DM5khuVMoQ//EjQtF3Pon7vwb08dCWw8EDufcyz05USqFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMEmmGa+zRCa6FVHDpVC8jgIlb6Wa0ziSvBkNb6d+c8S1EYl6wnHKw5j2legJRtFKHdfFQCgSxBQHUZQ/TkjHLXsVbwaySvwFKcMCtY77FXQTlsVcIZPUmLbvpRjmVKNgkk9KQWZ4StmQ9nnbUkVjbsJ8lnxCzqzSJb1E26eQzNTfGzmNjRnHkZ2cRjTL3lT8z2tn2LsJc6HSDLli80O9TBJMyLQG0hWaM5RjSyjTwmYlbEA1ZWjLKtkS/OUvr5LGRcW/qlw+XJar94s6inACp3AOPlxDFe6gBnVgMIJneIU3J3denHfnYz5acBY7x/AHzucPF8uTWw==</latexit>

t 2 R
<latexit sha1_base64="J+Aqix+8qn/odZDgoNIAp5aPn/w=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRSqsuCG1dSwT6wCWUynbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzL/fMCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk9vc706pVCwWj3qWUD/CI8FCRrA20sC2hccE8iKsx0GQPc3RwK46NWcBtE7cglShQGtgf3nDmKQRFZpwrFTfdRLtZ1hqRjidV7xU0QSTCR7RvqECR1T52SL5HF0YZYjCWJonNFqovzcyHCk1iwIzmUdUq14u/uf1Ux3e+BkTSaqpIMtDYcqRjlFeAxoySYnmM0MwkcxkRWSMJSbalFUxJbirX14nnaua26jVH+rV5n1RRxnO4BwuwYVraMIdtKANBKbwDK/wZmXWi/VufSxHS1axcwp/YH3+ABqJk10=</latexit>

n 2 Z
<latexit sha1_base64="Tntq0DlGLiOaq/IkqrB2coxoGmQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXKQhaYu6EQpuXEkF+4A2lMl00g6dTMLMRCihbvwVNy4UcetfuPNvnLZZaOuBC4dz7uXee/yYUakc59vIrayurW/kNwtb2zu7e+b+QVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uh66rceiJA04vdqHBMvRANOA4qR0lLPPOJXtm2XKlapbJVcy7Fcq2xVtNQzi47tzACXiZuRIshQ75lf3X6Ek5BwhRmSsuM6sfJSJBTFjEwK3USSGOERGpCOphyFRHrp7IMJPNVKHwaR0MUVnKm/J1IUSjkOfd0ZIjWUi95U/M/rJCq49FLK40QRjueLgoRBFcFpHLBPBcGKjTVBWFB9K8RDJBBWOrSCDsFdfHmZNMu2e25X76rF2m0WRx4cgxNwBlxwAWrgBtRBA2DwCJ7BK3gznowX4934mLfmjGzmEPyB8fkDTW2SWg==</latexit>

n = ...� 3,�2,�1, 0, 1, 2, 3...



Main concept: signals

• Generally, we have real signals


• or complex signals

<latexit sha1_base64="MA64ceHJ4RtbhPUh0DOiSXVFhsI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLghtXUsU+IAllMp20QyeTMDORllA3/oobF4q49S/c+TdO2iy09cCFwzn3cu89fsyoVJb1bRSWlldW14rrpY3Nre0dc3evJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/eJX57QciJI34vRrHxAtRn9OAYqS01DUPRhV1cjpyuAddyqEbIjXw/fRu0jXLVtWaAi4SOydlkKPRNb/cXoSTkHCFGZLSsa1YeSkSimJGJiU3kSRGeIj6xNGUo5BIL51+MIHHWunBIBK6uIJT9fdEikIpx6GvO7ML5byXif95TqKCSy+lPE4U4Xi2KEgYVBHM4oA9KghWbKwJwoLqWyEeIIGw0qGVdAj2/MuLpHVWtc+rtdtauX6Tx1EEh+AIVIANLkAdXIMGaAIMHsEzeAVvxpPxYrwbH7PWgpHP7IM/MD5/AFaxlj4=</latexit>

x(t), x[n] 2 R

<latexit sha1_base64="w0SiKAbMPLIzqhZhYhf06jJ/5y4=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLQjeupIJ9QBLKZDpph04mYWYiLaFu/BU3LhRx61+482+ctFlo64ELh3Pu5d57/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+qJH5nQciJI34vZrExAvRgNOAYqS01DOPxhV1dj52uAddyqEbIjX0/bQx7Zllq2rNAJeJnZMyyNHsmV9uP8JJSLjCDEnp2FasvBQJRTEj05KbSBIjPEID4mjKUUikl84+mMJTrfRhEAldXMGZ+nsiRaGUk9DXndmFctHLxP88J1HBtZdSHieKcDxfFCQMqghmccA+FQQrNtEEYUH1rRAPkUBY6dBKOgR78eVl0r6o2pfV2l2tXL/N4yiCY3ACKsAGV6AObkATtAAGj+AZvII348l4Md6Nj3lrwchnDsEfGJ8/P+aWLw==</latexit>

x(t), x[n] 2 C

<latexit sha1_base64="DvpK0hcotg0yGhYF9NB1dY9EMyE=">AAACD3icbVDLSsNAFJ3UV62vqks3g6VSQUoiRd0IhW5cSQX7gCSUyXTSDp1MwsxEWkL/wI2/4saFIm7duvNvnLRZaOuBYQ7n3Mu993gRo1KZ5reRW1ldW9/Ibxa2tnd294r7B20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeKNG6nceiJA05PdqEhE3QANOfYqR0lKveFIeV9Tp2djmLnQoh06A1NDzksa0kBrXjqRc/71iyayaM8BlYmWkBDI0e8Uvpx/iOCBcYYaktC0zUm6ChKKYkWnBiSWJEB6hAbE15Sgg0k1m90xhWSt96IdCP67gTP3dkaBAykng6cp0XbnopeJ/nh0r/8pNKI9iRTieD/JjBlUI03BgnwqCFZtogrCgeleIh0ggrHSEBR2CtXjyMmmfV62Lau2uVqrfZnHkwRE4BhVggUtQBzegCVoAg0fwDF7Bm/FkvBjvxse8NGdkPYfgD4zPHwI9ms8=</latexit>

x(t) = sin(t)

<latexit sha1_base64="CcQVlqTTcF7JnaNEdrOy0VZl+gU=">AAACD3icbVBNS8NAEN3Urxq/qh69LBalgpZEinoRCl48iYK1QhvLZrutazebsDuRltB/4MW/4sWDIl69evPfuKk5aOuDgcd7M8zM8yPBNTjOl5Wbmp6ZncvP2wuLS8srhdW1Kx3GirIaDUWorn2imeCS1YCDYNeRYiTwBav7vZPUr98zpXkoL2EQMS8gXck7nBIwUquwvdUvwc5uvyE93OQSNwMCt76fnAzt1DhmN8neHQxbhaJTdkbAk8TNSBFlOG8VPpvtkMYBk0AF0brhOhF4CVHAqWBDuxlrFhHaI13WMFSSgGkvGf0zxFtGaeNOqExJwCP190RCAq0HgW8603P1uJeK/3mNGDpHXsJlFAOT9GdRJxYYQpyGg9tcMQpiYAihiptbMb0lilAwEdomBHf85UlytV92D8qVi0qxepbFkUcbaBOVkIsOURWdonNUQxQ9oCf0gl6tR+vZerPef1pzVjazjv7A+vgGi/+bKg==</latexit>

x(t) = e�jt

<latexit sha1_base64="e1Nn05n4rC5HXuz39Z4EPW9qoD8=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVouKpIIInqWA/oF1KNp22oUl2SbKlZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz88KYM20879vJra1vbG7ltws7u3v7B+7hUV1HiaJQoxGPVDMkGjiTUDPMcGjGCogIOTTC4e3Mb4xAaRbJJzOJIRCkL1mPUWKs1HHdtgijcXo3JiLmoG+mHbfolbw58CrxM1JEGaod96vdjWgiQBrKidYt34tNkBJlGOUwLbQTDTGhQ9KHlqWSCNBBOr98is+s0sW9SNmSBs/V3xMpEVpPRGg7BTEDvezNxP+8VmJ610HKZJwYkHSxqJdwbCI8iwF3mQJq+MQSQhWzt2I6IIpQY8Mq2BD85ZdXSf2i5F+Wyo/lYuUhiyOPTtApOkc+ukIVdI+qqIYoGqFn9IrenNR5cd6dj0VrzslmjtEfOJ8/6TST4w==</latexit>

Examples:

<latexit sha1_base64="e1Nn05n4rC5HXuz39Z4EPW9qoD8=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVouKpIIInqWA/oF1KNp22oUl2SbKlZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz88KYM20879vJra1vbG7ltws7u3v7B+7hUV1HiaJQoxGPVDMkGjiTUDPMcGjGCogIOTTC4e3Mb4xAaRbJJzOJIRCkL1mPUWKs1HHdtgijcXo3JiLmoG+mHbfolbw58CrxM1JEGaod96vdjWgiQBrKidYt34tNkBJlGOUwLbQTDTGhQ9KHlqWSCNBBOr98is+s0sW9SNmSBs/V3xMpEVpPRGg7BTEDvezNxP+8VmJ610HKZJwYkHSxqJdwbCI8iwF3mQJq+MQSQhWzt2I6IIpQY8Mq2BD85ZdXSf2i5F+Wyo/lYuUhiyOPTtApOkc+ukIVdI+qqIYoGqFn9IrenNR5cd6dj0VrzslmjtEfOJ8/6TST4w==</latexit>

Examples:

<latexit sha1_base64="KW7w4lL4WEOJUfCrD9pN68FcXGw=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BItQL2VXinoRCl48SQX7Ae1Ssmm2jc0mSzIrlqX/wYsHRbz6f7z5b0zbPWjrg4HHezPMzAtiwQ247reTW1ldW9/Ibxa2tnd294r7B02jEk1ZgyqhdDsghgkuWQM4CNaONSNRIFgrGF1P/dYj04YreQ/jmPkRGUgeckrASs2nMpxeQa9YcivuDHiZeBkpoQz1XvGr21c0iZgEKogxHc+NwU+JBk4FmxS6iWExoSMyYB1LJYmY8dPZtRN8YpU+DpW2JQHP1N8TKYmMGUeB7YwIDM2iNxX/8zoJhJd+ymWcAJN0vihMBAaFp6/jPteMghhbQqjm9lZMh0QTCjaggg3BW3x5mTTPKt55pXpXLdVuszjy6AgdozLy0AWqoRtURw1E0QN6Rq/ozVHOi/PufMxbc042c4j+wPn8AeEzjrk=</latexit>

x(t) = t

<latexit sha1_base64="V4AT7miCLF3UqVSUbPMfekbtlD8=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8Ei1E2ZkaJuhIIbV1LBXqCtJZOmbWwmMyRn1DL0Pdy4UMSt7+LOtzG9LLT1h8DHf87hnPx+JIVB1/12UkvLK6tr6fXMxubW9k52d69qwlgzXmGhDHXdp4ZLoXgFBUpejzSngS95zR9cjuu1B66NCNUtDiPeCmhPia5gFK1195TH44t70jRCWWpnc27BnYgsgjeDHMxUbme/mp2QxQFXyCQ1puG5EbYSqlEwyUeZZmx4RNmA9njDoqIBN61kcvWIHFmnQ7qhtk8hmbi/JxIaGDMMfNsZUOyb+drY/K/WiLF73kqEimLkik0XdWNJMCTjCEhHaM5QDi1QpoW9lbA+1ZShDSpjQ/Dmv7wI1ZOCd1oo3hRzpetZHGk4gEPIgwdnUIIrKEMFGGh4hld4cx6dF+fd+Zi2ppzZzD78kfP5A+zDkYo=</latexit>

x(t) = j sin(t)



Signals

<latexit sha1_base64="RqyQqGCwTiGh42kCAajKe+ZYVng=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRUZcFN66kin1AZyiZNG1DM5khuVMoQ//EjQtF3Pon7vwb08dCWw8EDufcyz05USqFQc/7dgpr6xubW8Xt0s7u3v6Be3jUMEmmGa+zRCa6FVHDpVC8jgIlb6Wa0ziSvBkNb6d+c8S1EYl6wnHKw5j2legJRtFKHdfFQCgSxBQHUZQ/TkjHLXsVbwaySvwFKcMCtY77FXQTlsVcIZPUmLbvpRjmVKNgkk9KQWZ4StmQ9nnbUkVjbsJ8lnxCzqzSJb1E26eQzNTfGzmNjRnHkZ2cRjTL3lT8z2tn2LsJc6HSDLli80O9TBJMyLQG0hWaM5RjSyjTwmYlbEA1ZWjLKtkS/OUvr5LGRcW/qlw+XJar94s6inACp3AOPlxDFe6gBnVgMIJneIU3J3denHfnYz5acBY7x/AHzucPF8uTWw==</latexit>

t 2 R



Signals

<latexit sha1_base64="Tntq0DlGLiOaq/IkqrB2coxoGmQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXKQhaYu6EQpuXEkF+4A2lMl00g6dTMLMRCihbvwVNy4UcetfuPNvnLZZaOuBC4dz7uXee/yYUakc59vIrayurW/kNwtb2zu7e+b+QVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uh66rceiJA04vdqHBMvRANOA4qR0lLPPOJXtm2XKlapbJVcy7Fcq2xVtNQzi47tzACXiZuRIshQ75lf3X6Ek5BwhRmSsuM6sfJSJBTFjEwK3USSGOERGpCOphyFRHrp7IMJPNVKHwaR0MUVnKm/J1IUSjkOfd0ZIjWUi95U/M/rJCq49FLK40QRjueLgoRBFcFpHLBPBcGKjTVBWFB9K8RDJBBWOrSCDsFdfHmZNMu2e25X76rF2m0WRx4cgxNwBlxwAWrgBtRBA2DwCJ7BK3gznowX4934mLfmjGzmEPyB8fkDTW2SWg==</latexit>

n = ...� 3,�2,�1, 0, 1, 2, 3...



DISCRETE Signals



DISCRETE Signals: examples



Special case:
<latexit sha1_base64="rDtmujrKHXQt84P1DMhEyB831fk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9bs8jiKcwCmcgwdXUIdbaEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AH+jjMk=</latexit>

0
<latexit sha1_base64="2ZdFdgffVvrzUr/9brfMtWXte18=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF09S0X5AG8pmu2mXbjZhdyKU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmhakUBj3v2ymsrW9sbhW3Szu7e/sH5cOjpkkyzXiDJTLR7ZAaLoXiDRQoeTvVnMah5K1wdDPzW09cG5GoRxynPIjpQIlIMIpWevDcaq9c8VxvDrJK/JxUIEe9V/7q9hOWxVwhk9SYju+lGEyoRsEkn5a6meEpZSM64B1LFY25CSbzU6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoOJkKlGXLFFouiTBJMyOxv0heaM5RjSyjTwt5K2JBqytCmU7Ih+Msvr5LmhetX3cv7y0rtLo+jCCdwCufgwxXU4Bbq0AAGA3iGV3hzpPPivDsfi9aCk88cwx84nz9hmo1B</latexit>

0.6

<latexit sha1_base64="5ke4hzbcCgjmU5Jn2cxiPk26dt0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hKUY8FL56koq2FNpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4GM4up75j0+oNE/kgxmnGMR0IHnEGTVWuvfdaq9c8VxvDrJK/JxUIEejV/7q9hOWxSgNE1Trju+lJphQZTgTOC11M40pZSM6wI6lksaog8n81Ck5s0qfRImyJQ2Zq78nJjTWehyHtjOmZqiXvZn4n9fJTHQVTLhMM4OSLRZFmSAmIbO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwV9+eZW0qq5/4dbuapX6bR5HEU7gFM7Bh0uoww00oAkMBvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AXRCNPg==</latexit>

1.2

<latexit sha1_base64="R4rZowN3vnD1PuD3dtSucTaAE0g=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKD+der1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbphJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTtCF4iy8vk+ZFxbusVO+r5dpdHkcBjuEEzsCDK6jBLdShAQxCeIZXeHNGzovz7nzMW1ecfOYI/sD5/AHqbI0B</latexit>�1

<latexit sha1_base64="nXn087zCZwyL1ja03lljSxmZCWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0qMeCF09S0X5AG8pmu2mXbjZhdyKU0p/gxYMiXv1F3vw3btsctPpg4PHeDDPzwlQKg5735RRWVtfWN4qbpa3tnd298v5B0ySZZrzBEpnodkgNl0LxBgqUvJ1qTuNQ8lY4up75rUeujUjUA45THsR0oEQkGEUr3fvuea9c8VxvDvKX+DmpQI56r/zZ7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmp07JiVX6JEq0LYVkrv6cmNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2RD8Jdf/kuaZ65/4VbvqpXabR5HEY7gGE7Bh0uowQ3UoQEMBvAEL/DqSOfZeXPeF60FJ585hF9wPr4BXpSNPw==</latexit>

1.3

<latexit sha1_base64="vcOLGVaXItG/TIaOjgqyPcTIw3Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8eAF08S0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7wlRwbTzv2ymsrK6tbxQ3S1vbO7t75f2Dhk4yxbDOEpGoVkg1Ci6xbrgR2EoV0jgU2AyHN1O/+YRK80Q+mlGKQUz7kkecUWOlB9+96JYrnuvNQJaJn5MK5Kh1y1+dXsKyGKVhgmrd9r3UBGOqDGcCJ6VOpjGlbEj72LZU0hh1MJ6dOiEnVumRKFG2pCEz9ffEmMZaj+LQdsbUDPSiNxX/89qZia6DMZdpZlCy+aIoE8QkZPo36XGFzIiRJZQpbm8lbEAVZcamU7Ih+IsvL5PGmetfuuf355XqXR5HEY7gGE7Bhyuowi3UoA4M+vAMr/DmCOfFeXc+5q0FJ585hD9wPn8AYZyNQQ==</latexit>

1.5

Is a continuous  or a discrete signals?

Each step represents a jump 
of 0.6 in a continuos line…

<latexit sha1_base64="R4rZowN3vnD1PuD3dtSucTaAE0g=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKD+der1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbphJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTtCF4iy8vk+ZFxbusVO+r5dpdHkcBjuEEzsCDK6jBLdShAQxCeIZXeHNGzovz7nzMW1ecfOYI/sD5/AHqbI0B</latexit>�1

<latexit sha1_base64="nXn087zCZwyL1ja03lljSxmZCWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0qMeCF09S0X5AG8pmu2mXbjZhdyKU0p/gxYMiXv1F3vw3btsctPpg4PHeDDPzwlQKg5735RRWVtfWN4qbpa3tnd298v5B0ySZZrzBEpnodkgNl0LxBgqUvJ1qTuNQ8lY4up75rUeujUjUA45THsR0oEQkGEUr3fvuea9c8VxvDvKX+DmpQI56r/zZ7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmp07JiVX6JEq0LYVkrv6cmNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2RD8Jdf/kuaZ65/4VbvqpXabR5HEY7gGE7Bh0uowQ3UoQEMBvAEL/DqSOfZeXPeF60FJ585hF9wPr4BXpSNPw==</latexit>

1.3

<latexit sha1_base64="vcOLGVaXItG/TIaOjgqyPcTIw3Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8eAF08S0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7wlRwbTzv2ymsrK6tbxQ3S1vbO7t75f2Dhk4yxbDOEpGoVkg1Ci6xbrgR2EoV0jgU2AyHN1O/+YRK80Q+mlGKQUz7kkecUWOlB9+96JYrnuvNQJaJn5MK5Kh1y1+dXsKyGKVhgmrd9r3UBGOqDGcCJ6VOpjGlbEj72LZU0hh1MJ6dOiEnVumRKFG2pCEz9ffEmMZaj+LQdsbUDPSiNxX/89qZia6DMZdpZlCy+aIoE8QkZPo36XGFzIiRJZQpbm8lbEAVZcamU7Ih+IsvL5PGmetfuuf355XqXR5HEY7gGE7Bhyuowi3UoA4M+vAMr/DmCOfFeXc+5q0FJ585hD9wPn8AYZyNQQ==</latexit>

1.5

<latexit sha1_base64="6Feh1pXlrykIl5mqqowwGE1tfbI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWanr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9bs8jiKcwCmcgwdXUIdbaEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AIEnjMo=</latexit>

1

<latexit sha1_base64="OD8w/wmWbEYgT023Nk3+hQdRAAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxJAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp377SdUmsfywUwS9CM6lDzkjBorNSr9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCG3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe1flaqNaqt1nceThDM7hEjy4hhrcQR2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB4KrjMs=</latexit>

2
<latexit sha1_base64="rDtmujrKHXQt84P1DMhEyB831fk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9bs8jiKcwCmcgwdXUIdbaEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AH+jjMk=</latexit>

0

<latexit sha1_base64="ULViUBSsGjpXdj/EO8+2tDigKSg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWasp+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+l0eRxFO4BTOwYMrqMMtNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AN2bjQc=</latexit>n

<latexit sha1_base64="2XOMJy4DqS9WPj+0/XDQcwy1UEU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtOu3WzC7kQoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+C8c3Mf3ji2ohY3eMk4X5Eh0qEglG0UhP75Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsazIQmjOUE0so08LeStiIasrQZlOyIXjLL6+S9kXVu6zWmrVK/S6PowgncArn4MEV1OEWGtACBhye4RXenEfnxXl3PhatBSefOYY/cD5/AOazjQ0=</latexit>

t
<latexit sha1_base64="rDtmujrKHXQt84P1DMhEyB831fk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9bs8jiKcwCmcgwdXUIdbaEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AH+jjMk=</latexit>

0
<latexit sha1_base64="2ZdFdgffVvrzUr/9brfMtWXte18=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF09S0X5AG8pmu2mXbjZhdyKU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmhakUBj3v2ymsrW9sbhW3Szu7e/sH5cOjpkkyzXiDJTLR7ZAaLoXiDRQoeTvVnMah5K1wdDPzW09cG5GoRxynPIjpQIlIMIpWevDcaq9c8VxvDrJK/JxUIEe9V/7q9hOWxVwhk9SYju+lGEyoRsEkn5a6meEpZSM64B1LFY25CSbzU6fkzCp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoOJkKlGXLFFouiTBJMyOxv0heaM5RjSyjTwt5K2JBqytCmU7Ih+Msvr5LmhetX3cv7y0rtLo+jCCdwCufgwxXU4Bbq0AAGA3iGV3hzpPPivDsfi9aCk88cwx84nz9hmo1B</latexit>

0.6

<latexit sha1_base64="5ke4hzbcCgjmU5Jn2cxiPk26dt0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hKUY8FL56koq2FNpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4GM4up75j0+oNE/kgxmnGMR0IHnEGTVWuvfdaq9c8VxvDrJK/JxUIEejV/7q9hOWxSgNE1Trju+lJphQZTgTOC11M40pZSM6wI6lksaog8n81Ck5s0qfRImyJQ2Zq78nJjTWehyHtjOmZqiXvZn4n9fJTHQVTLhMM4OSLRZFmSAmIbO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwV9+eZW0qq5/4dbuapX6bR5HEU7gFM7Bh0uoww00oAkMBvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AXRCNPg==</latexit>

1.2

<latexit sha1_base64="R4rZowN3vnD1PuD3dtSucTaAE0g=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKD+der1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbphJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTtCF4iy8vk+ZFxbusVO+r5dpdHkcBjuEEzsCDK6jBLdShAQxCeIZXeHNGzovz7nzMW1ecfOYI/sD5/AHqbI0B</latexit>�1

<latexit sha1_base64="nXn087zCZwyL1ja03lljSxmZCWI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0qMeCF09S0X5AG8pmu2mXbjZhdyKU0p/gxYMiXv1F3vw3btsctPpg4PHeDDPzwlQKg5735RRWVtfWN4qbpa3tnd298v5B0ySZZrzBEpnodkgNl0LxBgqUvJ1qTuNQ8lY4up75rUeujUjUA45THsR0oEQkGEUr3fvuea9c8VxvDvKX+DmpQI56r/zZ7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmp07JiVX6JEq0LYVkrv6cmNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2RD8Jdf/kuaZ65/4VbvqpXabR5HEY7gGE7Bh0uowQ3UoQEMBvAEL/DqSOfZeXPeF60FJ585hF9wPr4BXpSNPw==</latexit>

1.3

<latexit sha1_base64="vcOLGVaXItG/TIaOjgqyPcTIw3Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8eAF08S0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7wlRwbTzv2ymsrK6tbxQ3S1vbO7t75f2Dhk4yxbDOEpGoVkg1Ci6xbrgR2EoV0jgU2AyHN1O/+YRK80Q+mlGKQUz7kkecUWOlB9+96JYrnuvNQJaJn5MK5Kh1y1+dXsKyGKVhgmrd9r3UBGOqDGcCJ6VOpjGlbEj72LZU0hh1MJ6dOiEnVumRKFG2pCEz9ffEmMZaj+LQdsbUDPSiNxX/89qZia6DMZdpZlCy+aIoE8QkZPo36XGFzIiRJZQpbm8lbEAVZcamU7Ih+IsvL5PGmetfuuf355XqXR5HEY7gGE7Bhyuowi3UoA4M+vAMr/DmCOfFeXc+5q0FJ585hD9wPn8AYZyNQQ==</latexit>

1.5Considering the signal zero  
in these regions in the middle…



Signals

Signals 

continuous discrete
(mainly in this course)

We look the x-axis !!!



Signals

We look the y-axis !!!
(Both)  

continuous signals



Signals

Signals 

Digital Analog
(in this course)

We look the y-axis !!!



Signals

Can you plot a discrete and digital signal ?



Signals

(and discrete)



Signals

Signals 

Real Complex
(in this course)

We look the y-axis !!!

…and we have already saw: 



Complex signals
<latexit sha1_base64="hu3fgODtiWYmu7EiZPZ39O62qB4=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIFaHMSFE3QtGNywr2Ae1QMmmmjc1khiQj1qFf4saFIm79FHf+jWk7C60eyOVwzr3cm+PHnCntOF9Wbml5ZXUtv17Y2NzaLto7u00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aOrqd+6p1KxSNzqcUy9EA8ECxjB2kg9u/hQ1kcX2JTjO9/Unl1yKs4M6C9xM1KCDPWe/dntRyQJqdCEY6U6rhNrL8VSM8LppNBNFI0xGeEB7RgqcEiVl84On6BDo/RREEnzhEYz9edEikOlxqFvOkOsh2rRm4r/eZ1EB+deykScaCrIfFGQcKQjNE0B9ZmkRPOxIZhIZm5FZIglJtpkVTAhuItf/kuaJxX3tFK9qZZql1kcediHAyiDC2dQg2uoQwMIJPAEL/BqPVrP1pv1Pm/NWdnMHvyC9fENa4KRpg==</latexit>

x(t) = a(t) + jb(t)
<latexit sha1_base64="4JXkQxYTgE6LUSk+cQilje8eGHE=">AAACEHicbVDLSsNAFJ3UV42vqEs3wVKsCCWRom6EohuXVewDmlAm00k7dpIJMxNpCfkEN/6KGxeKuHXpzr9xknah1QNzOZxzL3fu8SJKhLSsL62wsLi0vFJc1dfWNza3jO2dlmAxR7iJGGW840GBKQlxUxJJcSfiGAYexW1vdJn57XvMBWHhrZxE2A3gICQ+QVAqqWcclMcVeXgOVTm681TVncBj4+QGp06SWU6amz2jZFWtHOZfYs9ICczQ6BmfTp+hOMChRBQK0bWtSLoJ5JIgilPdiQWOIBrBAe4qGsIACzfJD0rNslL6ps+4eqE0c/XnRAIDISaBpzoDKIdi3svE/7xuLP0zNyFhFEscoukiP6amZGaWjtknHCNJJ4pAxIn6q4mGkEMkVYa6CsGeP/kvaR1X7ZNq7bpWql/M4iiCPbAPKsAGp6AOrkADNAECD+AJvIBX7VF71t6092lrQZvN7IJf0D6+ATCMmtY=</latexit>

Re{x(t)} = a(t)
<latexit sha1_base64="UhqWx+PS1PWQhJrkq7cPkrf1Cm0=">AAACEHicbVDLSsNAFJ3UV42vqEs3wVKsCCWRom4KBTd2V8E+oAllMp22Y2eSMDORlpBPcOOvuHGhiFuX7vwbJ20W2npgLodz7uXOPV5IiZCW9a3lVlbX1jfym/rW9s7unrF/0BJBxBFuooAGvONBgSnxcVMSSXEn5Bgyj+K2N75O/fYD5oIE/p2chthlcOiTAUFQKqlnnBQnJXlahaqc3Xuq6g7zgklcZ4kTp5aTVFO5ZxSssjWDuUzsjBRAhkbP+HL6AYoY9iWiUIiubYXSjSGXBFGc6E4kcAjRGA5xV1EfMizceHZQYhaV0jcHAVfPl+ZM/T0RQybElHmqk0E5EoteKv7ndSM5uHJj4oeRxD6aLxpE1JSBmaZj9gnHSNKpIhBxov5qohHkEEmVoa5CsBdPXiat87J9Ua7cVgq1ehZHHhyBY1ACNrgENXADGqAJEHgEz+AVvGlP2ov2rn3MW3NaNnMI/kD7/AEyk5rd</latexit>

Im{x(t)} = b(t)

<latexit sha1_base64="tdl3/OM+efzVOURrk/jx+AoGhyc="></latexit>

phase{x(t)} = arctan
b(t)

a(t)

<latexit sha1_base64="ilzUnz3VYsxiPbzKKL7C539rNY4="></latexit>

Module{x(t)} = |x(t)|2 = a(t)2 + b(t)2

<latexit sha1_base64="qo85Rf7/3n58qVj1tcevKYTmfrI="></latexit>

a(t)

<latexit sha1_base64="zXSsi1Rnzkz01NXFjPbKNz5mcBA="></latexit>

b(t)

<latexit sha1_base64="qVRS6CTVIoxGBt1SXv5pAEGDHwM="></latexit>

Real part

<latexit sha1_base64="4TDuI5LikzJ1HUI/n+iEhY7JwOw="></latexit>

Imaginary part

FOR A FIXED INSTANT t !!!
<latexit sha1_base64="sF0zOtJV7z2lqXVKnoE2IteKz3o="></latexit>

x(t)

Complex Plane



Way to plot a complex signal

<latexit sha1_base64="qo85Rf7/3n58qVj1tcevKYTmfrI="></latexit>

a(t)

<latexit sha1_base64="zXSsi1Rnzkz01NXFjPbKNz5mcBA="></latexit>

b(t)

<latexit sha1_base64="qVRS6CTVIoxGBt1SXv5pAEGDHwM="></latexit>

Real part

<latexit sha1_base64="4TDuI5LikzJ1HUI/n+iEhY7JwOw="></latexit>

Imaginary part

FOR A FIXED INSTANT t !!!
<latexit sha1_base64="sF0zOtJV7z2lqXVKnoE2IteKz3o="></latexit>

x(t)

Complex Plane

IN  THIS CASE IS A PERIODIC SIGNAL: why ?

<latexit sha1_base64="qo85Rf7/3n58qVj1tcevKYTmfrI="></latexit>

a(t)

<latexit sha1_base64="zXSsi1Rnzkz01NXFjPbKNz5mcBA="></latexit>

b(t)

<latexit sha1_base64="qVRS6CTVIoxGBt1SXv5pAEGDHwM="></latexit>

Real part

<latexit sha1_base64="4TDuI5LikzJ1HUI/n+iEhY7JwOw="></latexit>

Imaginary part

VARYING t !!!
<latexit sha1_base64="sF0zOtJV7z2lqXVKnoE2IteKz3o="></latexit>

x(t)

Complex Plane



Way to plot a complex signal

<latexit sha1_base64="9gFSUBIBBmjWvWXmJvT7hpUsdh8="></latexit>

t

<latexit sha1_base64="nGXf0in81O5xpfhaupwIEH+t360="></latexit>

Im{x(t)} = b(t)

<latexit sha1_base64="Vu0BzV0E0bA+m6WwtDKPL2UPOrc="></latexit>

Re{x(t)} = a(t)

<latexit sha1_base64="9gFSUBIBBmjWvWXmJvT7hpUsdh8="></latexit>

t

<latexit sha1_base64="yO6HhMEOBDrIFVnOABR1Vp5EEis="></latexit>

|x(t)|2 = a(t)2 + b(t)2

<latexit sha1_base64="VBOU769MbGU+Nh3oCTTJpLOWHEk="></latexit>

phase{x(t)} = arctan
b(t)

a(t)

<latexit sha1_base64="ZejDYfV51DeSbnPkpXd1f5zpQFA="></latexit>

t

<latexit sha1_base64="ZejDYfV51DeSbnPkpXd1f5zpQFA="></latexit>

t



Complex signals: conjugate, real and im. parts

MODULE 



Signals

Signals 

Odd Even
(in this course)

non-
symmetric



Examples (in continuos time)



Signals

Signals 

Hermitian Anti-hermitian

(in this course)
non-symmetry in 
complex plane



Hermitian/anti-hermitian signals (cont. time)



Hermitian/anti-hermitian signals (cont. time)



Signals



Signals

Signals 

Stochastic Deterministic
(in this course)(Random)

Considering known 
density, correlation etc.



Signals

Signals 

non-periodic
Chaotic

periodic
quasi-periodic(in this course)

(in this course)(aperiodic)



Summary - periodicity



Periodic signals (continuous time)

T is a real positive number We will come back to this point… in 
another class

We will come back to periodicity in aonther class, since the 
discrete case is quite more complicated. 



Periodic signals (continuous time)



Signals
Signals 

Power Energy 
(in this course)



1.1.2 (Motivational) Examples of signals  



“Motivational” examples



“Motivational” examples



“Motivational” examples



“Motivational” examples



“Motivational” examples

Spectra!  
Frequency response 

 




“Motivational” examples



“Motivational” examples



“Motivational” examples: in this course…



1.2 Basic operations with signals in cont. time, 
and important signals in cont. time and main 
properties 



1.2.1 Basic operations with signals in CT 



Operations with signals

Recall on the blackboard  
and in your mind…



Operations with signals
Suggested strategies: build a table !!

…and then make a plot !!!

<latexit sha1_base64="2XOMJy4DqS9WPj+0/XDQcwy1UEU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtOu3WzC7kQoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+C8c3Mf3ji2ohY3eMk4X5Eh0qEglG0UhP75Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsazIQmjOUE0so08LeStiIasrQZlOyIXjLL6+S9kXVu6zWmrVK/S6PowgncArn4MEV1OEWGtACBhye4RXenEfnxXl3PhatBSefOYY/cD5/AOazjQ0=</latexit>

t
<latexit sha1_base64="Wovqtvvc8XCWvRdZLcp2k1GTG0A=">AAACDHicbVDLSgMxFM3UV62vqks3wSJU0GFGirqsuHElFewD2qFk0kwbmnmQ3JGWoR/gxl9x40IRt36AO//GzLQLbT2QcDjnXJJ73EhwBZb1beSWlldW1/LrhY3Nre2d4u5eQ4WxpKxOQxHKlksUEzxgdeAgWCuSjPiuYE13eJ36zQcmFQ+DexhHzPFJP+AepwS01C2WrkZlOD7B+j6FrpUxkgod3w1HCQNqTnTKMq0MeJHYM1JCM9S6xa9OL6SxzwKggijVtq0InIRI4FSwSaETKxYROiR91tY0ID5TTpItM8FHWulhL5T6BIAz9fdEQnylxr6rkz6BgZr3UvE/rx2Dd+kkPIhiYAGdPuTFAkOI02Zwj0tGQYw1IVRy/VdMB0QSCrq/gi7Bnl95kTTOTPvcrNxVStXbWR15dIAOURnZ6AJV0Q2qoTqi6BE9o1f0ZjwZL8a78TGN5ozZzD76A+PzB8STmP8=</latexit>

Ax(t), x(t� t0), x(at), etc.
<latexit sha1_base64="6EfraS0gGR4gN6VykW2vbEY24z8=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRS1GXBjSupYB/QhjKZ3LRDZzJhZlIsoeDGX3HjQhG3/oQ7/8Zpm4W2Hhg4nHPvnXtPkDCqtOt+W4WV1bX1jeJmaWt7Z3fP3j9oKpFKAg0imJDtACtgNIaGpppBO5GAecCgFQyvp35rBFJREd/rcQI+x/2YRpRgbaSefdTlgXjIiJASVCLiEGLtjDBLYdKzy27FncFZJl5OyihHvWd/dUNBUm5GEIaV6nhuov0MS00Jg0mpmypIMBniPnQMjTEH5WezGybOqVFCJxLSPLPCTP3dkWGu1JgHppJjPVCL3lT8z+ukOrryMxonqYaYzD+KUuZo4UwDcUIqgWg2NgQTSc2uDhlgiYk2sZVMCN7iycukeV7xLirVu2q5dpvHUUTH6ASdIQ9dohq6QXXUQAQ9omf0it6sJ+vFerc+5qUFK+85RH9gff4ANFqYkQ==</latexit>

correspondent value
<latexit sha1_base64="6EfraS0gGR4gN6VykW2vbEY24z8=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRS1GXBjSupYB/QhjKZ3LRDZzJhZlIsoeDGX3HjQhG3/oQ7/8Zpm4W2Hhg4nHPvnXtPkDCqtOt+W4WV1bX1jeJmaWt7Z3fP3j9oKpFKAg0imJDtACtgNIaGpppBO5GAecCgFQyvp35rBFJREd/rcQI+x/2YRpRgbaSefdTlgXjIiJASVCLiEGLtjDBLYdKzy27FncFZJl5OyihHvWd/dUNBUm5GEIaV6nhuov0MS00Jg0mpmypIMBniPnQMjTEH5WezGybOqVFCJxLSPLPCTP3dkWGu1JgHppJjPVCL3lT8z+ukOrryMxonqYaYzD+KUuZo4UwDcUIqgWg2NgQTSc2uDhlgiYk2sZVMCN7iycukeV7xLirVu2q5dpvHUUTH6ASdIQ9dohq6QXXUQAQ9omf0it6sJ+vFerc+5qUFK+85RH9gff4ANFqYkQ==</latexit>

correspondent value
<latexit sha1_base64="6EfraS0gGR4gN6VykW2vbEY24z8=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRS1GXBjSupYB/QhjKZ3LRDZzJhZlIsoeDGX3HjQhG3/oQ7/8Zpm4W2Hhg4nHPvnXtPkDCqtOt+W4WV1bX1jeJmaWt7Z3fP3j9oKpFKAg0imJDtACtgNIaGpppBO5GAecCgFQyvp35rBFJREd/rcQI+x/2YRpRgbaSefdTlgXjIiJASVCLiEGLtjDBLYdKzy27FncFZJl5OyihHvWd/dUNBUm5GEIaV6nhuov0MS00Jg0mpmypIMBniPnQMjTEH5WezGybOqVFCJxLSPLPCTP3dkWGu1JgHppJjPVCL3lT8z+ukOrryMxonqYaYzD+KUuZo4UwDcUIqgWg2NgQTSc2uDhlgiYk2sZVMCN7iycukeV7xLirVu2q5dpvHUUTH6ASdIQ9dohq6QXXUQAQ9omf0it6sJ+vFerc+5qUFK+85RH9gff4ANFqYkQ==</latexit>

correspondent value
<latexit sha1_base64="6EfraS0gGR4gN6VykW2vbEY24z8=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRS1GXBjSupYB/QhjKZ3LRDZzJhZlIsoeDGX3HjQhG3/oQ7/8Zpm4W2Hhg4nHPvnXtPkDCqtOt+W4WV1bX1jeJmaWt7Z3fP3j9oKpFKAg0imJDtACtgNIaGpppBO5GAecCgFQyvp35rBFJREd/rcQI+x/2YRpRgbaSefdTlgXjIiJASVCLiEGLtjDBLYdKzy27FncFZJl5OyihHvWd/dUNBUm5GEIaV6nhuov0MS00Jg0mpmypIMBniPnQMjTEH5WezGybOqVFCJxLSPLPCTP3dkWGu1JgHppJjPVCL3lT8z+ukOrryMxonqYaYzD+KUuZo4UwDcUIqgWg2NgQTSc2uDhlgiYk2sZVMCN7iycukeV7xLirVu2q5dpvHUUTH6ASdIQ9dohq6QXXUQAQ9omf0it6sJ+vFerc+5qUFK+85RH9gff4ANFqYkQ==</latexit>

correspondent value
<latexit sha1_base64="2z3k9VyF9oBUMnxWSb4LTzNbCq0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikVI8FL56kgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pY3Nre6e8W9nbPzg8qh6fdHScKkLbJOax6oVYU84kbRtmOO0limIRctoNp7e5332iSrNYPppZQgOBx5JFjGCTS67FsFrzXG8BtE78gtSgQGtY/RqMYpIKKg3hWOu+7yUmyLAyjHA6rwxSTRNMpnhM+5ZKLKgOssWtc3RhlRGKYmVLGrRQf09kWGg9E6HtFNhM9KqXi/95/dREN0HGZJIaKslyUZRyZGKUP45GTFFi+MwSTBSztyIywQoTY+Op2BD81ZfXSefK9Rtu/aFea94XcZThDM7hEny4hibcQQvaQGACz/AKb45wXpx352PZWnKKmVP4A+fzB72YjW8=</latexit>....<latexit sha1_base64="2z3k9VyF9oBUMnxWSb4LTzNbCq0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikVI8FL56kgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pY3Nre6e8W9nbPzg8qh6fdHScKkLbJOax6oVYU84kbRtmOO0limIRctoNp7e5332iSrNYPppZQgOBx5JFjGCTS67FsFrzXG8BtE78gtSgQGtY/RqMYpIKKg3hWOu+7yUmyLAyjHA6rwxSTRNMpnhM+5ZKLKgOssWtc3RhlRGKYmVLGrRQf09kWGg9E6HtFNhM9KqXi/95/dREN0HGZJIaKslyUZRyZGKUP45GTFFi+MwSTBSztyIywQoTY+Op2BD81ZfXSefK9Rtu/aFea94XcZThDM7hEny4hibcQQvaQGACz/AKb45wXpx352PZWnKKmVP4A+fzB72YjW8=</latexit>....

<latexit sha1_base64="rDtmujrKHXQt84P1DMhEyB831fk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9bs8jiKcwCmcgwdXUIdbaEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AH+jjMk=</latexit>

0
<latexit sha1_base64="R4rZowN3vnD1PuD3dtSucTaAE0g=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKD+der1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbphJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTtCF4iy8vk+ZFxbusVO+r5dpdHkcBjuEEzsCDK6jBLdShAQxCeIZXeHNGzovz7nzMW1ecfOYI/sD5/AHqbI0B</latexit>�1

<latexit sha1_base64="vcOLGVaXItG/TIaOjgqyPcTIw3Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8eAF08S0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7wlRwbTzv2ymsrK6tbxQ3S1vbO7t75f2Dhk4yxbDOEpGoVkg1Ci6xbrgR2EoV0jgU2AyHN1O/+YRK80Q+mlGKQUz7kkecUWOlB9+96JYrnuvNQJaJn5MK5Kh1y1+dXsKyGKVhgmrd9r3UBGOqDGcCJ6VOpjGlbEj72LZU0hh1MJ6dOiEnVumRKFG2pCEz9ffEmMZaj+LQdsbUDPSiNxX/89qZia6DMZdpZlCy+aIoE8QkZPo36XGFzIiRJZQpbm8lbEAVZcamU7Ih+IsvL5PGmetfuuf355XqXR5HEY7gGE7Bhyuowi3UoA4M+vAMr/DmCOfFeXc+5q0FJ585hD9wPn8AYZyNQQ==</latexit>

1.5
<latexit sha1_base64="OD8w/wmWbEYgT023Nk3+hQdRAAg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxJAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp377SdUmsfywUwS9CM6lDzkjBorNSr9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCG3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe1flaqNaqt1nceThDM7hEjy4hhrcQR2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB4KrjMs=</latexit>

2



1.2.2 Important signals in CT 



Specific relevant signals in cont. time

Complex exponential (just imaginary part) in continuos time:



Specific relevant signals in cont. time

<latexit sha1_base64="rDtmujrKHXQt84P1DMhEyB831fk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF0/Sgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvpn5D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9bs8jiKcwCmcgwdXUIdbaEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AH+jjMk=</latexit>

0



Specific relevant signals in cont. time

Complex exponential  in continuos time: 
in general, we will consider the simpler formula

<latexit sha1_base64="rZVs3iB/t/woFNYNwRDGckmuUeo=">AAACEHicbVC7TsMwFHXKq5RXgZHFokKUpUpQBSxIFSyMRaIPqQ2R47qtqZ1E9g1QRfkEFn6FhQGEWBnZ+BvcxwCFI1k+59x7Zd/jR4JrsO0vKzM3v7C4lF3OrayurW/kN7fqOowVZTUailA1faKZ4AGrAQfBmpFiRPqCNfzB+ajeuGVK8zC4gmHEXEl6Ae9ySsBYXn7/vggHp+w60RjS0d3WvCeJEdiIG3znJXZqlJcv2CV7DPyXOFNSQFNUvfxnuxPSWLIAqCBatxw7AjchCjgVLM21Y80iQgekx1qGBkQy7SbjhVK8Z5wO7obKnADw2P05kRCp9VD6plMS6OvZ2sj8r9aKoXviJjyIYmABnTzUjQWGEI/SwR2uGAUxNIRQxc1fMe0TRSiYDHMmBGd25b+kflhyjkrly3KhcjaNI4t20C4qIgcdowq6QFVUQxQ9oCf0gl6tR+vZerPeJ60ZazqzjX7B+vgGs2KcZg==</latexit>

x(t) = est = e�tejw0t

where:
<latexit sha1_base64="bsR19TK9Fm6nl8Qts02EFvenBOI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgCCWRom6EohuXFewDmhAm00k6dmYSZiZiCf0VNy4UceuPuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqrayurW+UNytb2zu7e/Z+taOSTGLSxglLZC9EijAqSFtTzUgvlQTxkJFuOLqZ+t1HIhVNxL0ep8TnKBY0ohhpIwV2VV15isYcnT54CScxCpzArjl1Zwa4TNyC1ECBVmB/eYMEZ5wIjRlSqu86qfZzJDXFjEwqXqZIivAIxaRvqECcKD+f3T6Bx0YZwCiRpoSGM/X3RI64UmMemk6O9FAtelPxP6+f6ejSz6lIM00Eni+KMgZ1AqdBwAGVBGs2NgRhSc2tEA+RRFibuComBHfx5WXSOau75/XGXaPWvC7iKINDcAROgAsuQBPcghZoAwyewDN4BW/WxHqx3q2PeWvJKmYOwB9Ynz9tp5QO</latexit>

s = � + j!0



Specific relevant signals in cont. time

EXTREMELY IMPORTANT SLIDE:
<latexit sha1_base64="nucxB/s0apI2bNvMOYtEycmK2ak=">AAACCnicbVA9SwNBEN2L3/ErammzGoSkCXciaiOINpYKxgRyMextJsmS3dtjd04MR2ob/4qNhSK2/gI7/42bmMKvBwOP92aYmRclUlj0/Q8vNzU9Mzs3v5BfXFpeWS2srV9ZnRoOVa6lNvWIWZAihioKlFBPDDAVSahF/dORX7sBY4WOL3GQQFOxbiw6gjN0UquwdVvC8hFcZ6EVXcUoDkOubSnUCrqs5VMstwpFv+KPQf+SYEKKZILzVuE9bGueKoiRS2ZtI/ATbGbMoOAShvkwtZAw3mddaDgaMwW2mY1fGdIdp7RpRxtXMdKx+n0iY8ragYpcp2LYs7+9kfif10ixc9jMRJykCDH/WtRJJUVNR7nQtjDAUQ4cYdwIdyvlPWYYR5de3oUQ/H75L7narQT7lb2LveLxySSOebJJtkmJBOSAHJMzck6qhJM78kCeyLN37z16L97rV2vOm8xskB/w3j4BxMmZrg==</latexit>

x(t) = e�t cos(!0t)



Dirac delta or impulse function

<latexit sha1_base64="drvBP+fo7BssAbOMKx/zXRozIic="></latexit>

�(t) = lim
�!0

��(t)

Possible definition  
(no so “good” mathematically)



Properties of the Dirac delta



Heaviside function - step function

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

It can be seen as the derivative of the ramp function



Heaviside function - step function

The Dirac delta can be seen as the derivative of the step function: 

<latexit sha1_base64="LsSJ43a+r7ttqeCRGD+6rZZzv0Q=">AAACBXicbVDLSgMxFM34rPU16lIXwSLUTZmRom6EohuXFewDOkPJZDJtaOZBckcow2zc+CtuXCji1n9w59+YtrPQ1gMhJ+fcy809XiK4Asv6NpaWV1bX1ksb5c2t7Z1dc2+/reJUUtaisYhl1yOKCR6xFnAQrJtIRkJPsI43upn4nQcmFY+jexgnzA3JIOIBpwS01DePHJ8JIFU4vXICSWjm41Q/cn1D3jcrVs2aAi8SuyAVVKDZN78cP6ZpyCKggijVs60E3IxI4FSwvOykiiWEjsiA9TSNSMiUm023yPGJVnwcxFKfCPBU/d2RkVCpcejpypDAUM17E/E/r5dCcOlmPEpSYBGdDQpSgSHGk0iwzyWjIMaaECq5/iumQ6LDAB1cWYdgz6+8SNpnNfu8Vr+rVxrXRRwldIiOURXZ6AI10C1qohai6BE9o1f0ZjwZL8a78TErXTKKngP0B8bnD0xwl9I=</latexit>

�(t) =
du(t)

dt

Mathematically, we need the distribution theory….



Rectangular function 



Sinc function 



1.2.3 Some properties in CT 



Main properties (signals in cont. time) 



Main properties (signals in cont. time) 

For a periodic signal: 
POWER = mean energy in an period To 

<latexit sha1_base64="jxcphqAsh6SocTPXqCqA0yXwozI="></latexit>

P =
1

T0

Z

<T0>
|x(t)|2dt



Main properties (signals in cont. time) 



1.3 Basic operations with  signals in 
discrete time, and important signals in 
discrete time and main properties 



1.3.1 Basic operations with signals in DT 



Operations with signals in DT 



Operations with signals in DT 



Operations with signals in DT 

WARNING: 
be careful, in my opinion, the change of scale 

is NOT well-defined in DT !!!



Operations with signals in DT 

WARNING: 
 we are “inventing” samples !! 



Operations with signals in DT 



Operations with signals in DT 



1.3.2 Important signals in DT 



Important signals  

Here is well-defined !!!



Important signals  

WARNING: 
IN DISCRETE TIME 

cosine AND sine 
ARE VERY “STRANGE” 

AND COMPLICATED FUNCTIONS.



Cosine and sine: some properties in DT  

WARNING: 
IN DISCRETE TIME 

cosine AND sine 
ARE VERY “STRANGE” 

AND COMPLICATED FUNCTIONS.

just true in 
discrete time

We will come back  
on this point in 
another class



On property of sine and cosine (discrete time) 
<latexit sha1_base64="bAXzjx+swydzzDeO0/X7GWQbzpc=">AAACFnicbVDLSsNAFJ3UV62vqEs3g6VQUUtS6mMjFN24s4J9QFPDZDJth85M4sxEKKVf4cZfceNCEbfizr8xaSto64ELh3Pu5d57vJBRpS3ry0jNzS8sLqWXMyura+sb5uZWTQWRxKSKAxbIhocUYVSQqqaakUYoCeIeI3Wvd5H49XsiFQ3Eje6HpMVRR9A2xUjHkmse5pwrTjrItc7sA+jcRciHpaNbB1OJM/kfb7/ohHRPZFwzaxWsEeAssSckCyaouOan4wc44kRozJBSTdsKdWuApKaYkWHGiRQJEe6hDmnGVCBOVGswemsIc7Hiw3Yg4xIajtTfEwPElepzL+7kSHfVtJeI/3nNSLdPWwMqwkgTgceL2hGDOoBJRtCnkmDN+jFBWNL4Voi7SCKs4ySTEOzpl2dJrViwjwul61K2fD6JIw12wC7IAxucgDK4BBVQBRg8gCfwAl6NR+PZeDPex60pYzKzDf7A+PgGPB6cTQ==</latexit>

(⌦0 + 2⇡)n

Since n is an integer, it defines only a 
unique point !!!!

<latexit sha1_base64="a3jh5N41Im5asmSMef/OcnWXnzI=">AAACG3icbVDLSgMxFM3UVx1fVZdugqVQUcpMqY+NUHTjzgr2AZ1aMplMG5rJjElGKEP/w42/4saFIq4EF/6NaTuCVg9c7uGce0nucSNGpbKsTyMzN7+wuJRdNldW19Y3cptbDRnGApM6DlkoWi6ShFFO6ooqRlqRIChwGWm6g/Ox37wjQtKQX6thRDoB6nHqU4yUlrq5csG5DEgPda1T+wA6tzHyYOXwxsFUYLNQ/Db3y05E97g5bt1c3ipZE8C/xE5JHqSodXPvjhfiOCBcYYakbNtWpDoJEopiRkamE0sSITxAPdLWlKOAyE4yuW0EC1rxoB8KXVzBifpzI0GBlMPA1ZMBUn05643F/7x2rPyTTkJ5FCvC8fQhP2ZQhXAcFPSoIFixoSYIC6r/CnEfCYSVjtPUIdizJ/8ljXLJPipVrir56lkaRxbsgF1QBDY4BlVwAWqgDjC4B4/gGbwYD8aT8Wq8TUczRrqzDX7B+PgClCGeCw==</latexit>

2⇡

<latexit sha1_base64="G0cTMSha0bQ3f3AHTdNFlYaxdNM="></latexit>

n = 1 =) ⌦0 + 2⇡

<latexit sha1_base64="zh5m3jWlvKBFKH+Fix7Y/O70DWc="></latexit>

⌦0

<latexit sha1_base64="sRqBwpZJMtFpnQEyau4rXRP5/TY="></latexit>

n = 2 =) 2⌦0 + 4⇡

<latexit sha1_base64="X31MAVXhZtz/ezxG0+4072aIEqU="></latexit>

2⌦0

<latexit sha1_base64="A0S8QdRhUQO4LppRlsn/KXicros="></latexit>

4⇡

<latexit sha1_base64="hMkbqgs92sWIyYfIqeBkmPuSx1o=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISWR+NgIRTfurGIf0MQwmU7SoZMHMxOlhPyEG3/FjQtF3Aru/BunbRbaeuDC4Zx7ufceL2FUSMP41kpz8wuLS+Xlysrq2vqGvrnVEnHKMWnimMW84yFBGI1IU1LJSCfhBIUeI21vcDHy2/eECxpHt3KYECdEQUR9ipFUkqsf2FchCZBrnNk+RzizE5pnVg7tGxr0JeI8foDQOrqzMeXY1atGzRgDzhKzIFVQoOHqX3YvxmlIIokZEqJrGol0MsQlxYzkFTsVJEF4gALSVTRCIRFONv4qh3tK6UE/5qoiCcfq74kMhUIMQ091hkj2xbQ3Ev/zuqn0T52MRkkqSYQni/yUQRnDUUSwRznBkg0VQZhTdSvEfaTSkSrIigrBnH55lrQOa+Zxzbq2qvXzIo4y2AG7YB+Y4ATUwSVogCbA4BE8g1fwpj1pL9q79jFpLWnFzDb4A+3zB5dPnnc=</latexit>

⌦0 =
⇡

4
) 45�



On property of sine and cosine (discrete time) 

<latexit sha1_base64="Elf6m6XSZuELf2evUu7LIaSD+rE="></latexit>

(⌦0 + 2⇡)t

In continuos time this is NOT true !! 
due t can take any real value !!!

Try to do the plot yourself (making some 
example choosing some possible value of “t”) 

(POSSIBLE QUESTION OF EXAM)

In the plot, we generate different points….



Important signals 

VERY IMPORTANT SLIDE !!!!



Important signals 

WARNING: 
IN DISCRETE TIME 

IT CAN BE 
ALSO NON-periodic !

We will come back  
on this point in 
another class



Important signals 

VERY IMPORTANT SLIDE !!!!



1.3.3 Some properties in DT 



Some properties of signals in DT 

N must be an integer !!!!



Parameters: energy, power etc. 



Parameters: energy, power etc. 



Parameters: energy, power etc. 



Questions?


