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Summary table

• If x(t) is a real signal
<latexit sha1_base64="EAMN2M+sQ0IdFZzpTHntpLDry+Y=">AAACDnicbZDLSsNAFIYn9VbjrerSTbAUWiElEVE3haIblxXsBdoYJtNpO2RyYeZEWkKfwI2v4saFIm5du/NtnF4W2npgho//P4eZ83sxZxIs61vLrKyurW9kN/Wt7Z3dvdz+QUNGiSC0TiIeiZaHJeUspHVgwGkrFhQHHqdNz7+e+M0HKiSLwjsYxdQJcD9kPUYwKMnNFQrY9SsmdlPTH+uFYRFKFXNYNKGkT3ly3Z+4ubxVtqZlLIM9hzyaV83NfXW6EUkCGgLhWMq2bcXgpFgAI5yO9U4iaYyJj/u0rTDEAZVOOl1nbBSU0jV6kVAnBGOq/p5IcSDlKPBUZ4BhIBe9ifif106gd+mkLIwToCGZPdRLuAGRMcnG6DJBCfCRAkwEU381yAALTEAlqKsQ7MWVl6FxWrbPy9btWb56NY8ji47QMSoiG12gKrpBNVRHBD2iZ/SK3rQn7UV71z5mrRltPnOI/pT2+QOt3Ji1</latexit>

x(t) = x(t)⇤

<latexit sha1_base64="ENPUcaH49b4fVMoERJ2ajob872E=">AAAB/3icbVBNS8NAEN3Urxq/ooIXL8FSaA8tiYh6KRS9eKxgW6ENYbPdtEs3H+xOpCX24F/x4kERr/4Nb/4bt20O2vpg4PHeDDPzvJgzCZb1reVWVtfWN/Kb+tb2zu6esX/QklEiCG2SiEfi3sOSchbSJjDg9D4WFAcep21veD312w9USBaFdzCOqRPgfsh8RjAoyTWOitgd1rCbVoYTfVSCcm1UqkDZNQpW1ZrBXCZ2RgooQ8M1vrq9iCQBDYFwLGXHtmJwUiyAEU4nejeRNMZkiPu0o2iIAyqddHb/xCwqpWf6kVAVgjlTf0+kOJByHHiqM8AwkIveVPzP6yTgXzopC+MEaEjmi/yEmxCZ0zDMHhOUAB8rgolg6laTDLDABFRkugrBXnx5mbROq/Z51bo9K9Svsjjy6BidoBKy0QWqoxvUQE1E0CN6Rq/oTXvSXrR37WPemtOymUP0B9rnD0n8lFc=</latexit>

x(t) = x(�t)
<latexit sha1_base64="MP6cSWUJIh+tHkGT3hNuMmhg2mg=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBG8WBIR9SIUvXisYD+wDWGy3bRLNpuwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgpQzpR3n21paXlldWy9tlDe3tnd2K3v7LZVkktAmSXgiOwEqypmgTc00p51UUowDTttBdDvx209UKpaIBz1KqRfjQLCQEdRGekQ/ukY/P43GfqXq1Jwp7EXiFqQKBRp+5avXT0gWU6EJR6W6rpNqL0epGeF0XO5liqZIIhzQrqECY6q8fHrx2D42St8OE2lKaHuq/p7IMVZqFAemM0Y9VPPeRPzP62Y6vPJyJtJMU0Fmi8KM2zqxJ+/bfSYp0XxkCBLJzK02GaJEok1IZROCO//yImmd1dyLmnN/Xq3fFHGU4BCO4ARcuIQ63EEDmkBAwDO8wpulrBfr3fqYtS5ZxcwB/IH1+QMx55Cb</latexit>ak = a�k

<latexit sha1_base64="VAXoR2eVeKd4bfPsQFJJirORX4k="></latexit>

ak = a⇤�k

• If x(t) is a even signal

<latexit sha1_base64="zo84oMJaPAOSG7lkDeliRIC5w1M=">AAACAXicbVBNS8NAEN3Ur1q/ql4EL8FSaA8piYh6KRS9eKxgW6ENYbPdtEs2H+xOpCXUi3/FiwdFvPovvPlv3LY5aOuDgcd7M8zMc2POJJjmt5ZbWV1b38hvFra2d3b3ivsHbRklgtAWiXgk7l0sKWchbQEDTu9jQXHgctpx/eup33mgQrIovINxTO0AD0LmMYJBSU7xCDt+3cBOaviTQnlUgWrdGFUMqDrFklkzZ9CXiZWREsrQdIpfvX5EkoCGQDiWsmuZMdgpFsAIp5NCL5E0xsTHA9pVNMQBlXY6+2Cil5XS171IqApBn6m/J1IcSDkOXNUZYBjKRW8q/ud1E/Au7ZSFcQI0JPNFXsJ1iPRpHHqfCUqAjxXBRDB1q06GWGACKrSCCsFafHmZtE9r1nnNvD0rNa6yOPLoGJ2gCrLQBWqgG9RELUTQI3pGr+hNe9JetHftY96a07KZQ/QH2ucPKfuUxQ==</latexit>ak = �a�k
<latexit sha1_base64="c4iW7WrF4T5ITpapFeJptfNFC2c=">AAACAHicbVDLSsNAFJ3UV42vqAsXboKl0C5aEhF1Uyi6cVnBPqANYTKdtEMnD2ZupCV046+4caGIWz/DnX/jtM1CWw9cOJxzL/fe48WcSbCsby23tr6xuZXf1nd29/YPjMOjlowSQWiTRDwSHQ9LyllIm8CA004sKA48Ttve6Hbmtx+pkCwKH2ASUyfAg5D5jGBQkmucFLE7qmE3rYym+rgE5VplXKpA2TUKVtWaw1wldkYKKEPDNb56/YgkAQ2BcCxl17ZicFIsgBFOp3ovkTTGZIQHtKtoiAMqnXT+wNQsKqVv+pFQFYI5V39PpDiQchJ4qjPAMJTL3kz8z+sm4F87KQvjBGhIFov8hJsQmbM0zD4TlACfKIKJYOpWkwyxwARUZroKwV5+eZW0zqv2ZdW6vyjUb7I48ugUnaESstEVqqM71EBNRNAUPaNX9KY9aS/au/axaM1p2cwx+gPt8we5n5SO</latexit>

x(t) = �x(�t)
• If x(t) is a odd signal

• hermitian

• even

• odd



Summary table

• If x(t) is a real and even signal
<latexit sha1_base64="EAMN2M+sQ0IdFZzpTHntpLDry+Y=">AAACDnicbZDLSsNAFIYn9VbjrerSTbAUWiElEVE3haIblxXsBdoYJtNpO2RyYeZEWkKfwI2v4saFIm5du/NtnF4W2npgho//P4eZ83sxZxIs61vLrKyurW9kN/Wt7Z3dvdz+QUNGiSC0TiIeiZaHJeUspHVgwGkrFhQHHqdNz7+e+M0HKiSLwjsYxdQJcD9kPUYwKMnNFQrY9SsmdlPTH+uFYRFKFXNYNKGkT3ly3Z+4ubxVtqZlLIM9hzyaV83NfXW6EUkCGgLhWMq2bcXgpFgAI5yO9U4iaYyJj/u0rTDEAZVOOl1nbBSU0jV6kVAnBGOq/p5IcSDlKPBUZ4BhIBe9ifif106gd+mkLIwToCGZPdRLuAGRMcnG6DJBCfCRAkwEU381yAALTEAlqKsQ7MWVl6FxWrbPy9btWb56NY8ji47QMSoiG12gKrpBNVRHBD2iZ/SK3rQn7UV71z5mrRltPnOI/pT2+QOt3Ji1</latexit>

x(t) = x(t)⇤
<latexit sha1_base64="ENPUcaH49b4fVMoERJ2ajob872E=">AAAB/3icbVBNS8NAEN3Urxq/ooIXL8FSaA8tiYh6KRS9eKxgW6ENYbPdtEs3H+xOpCX24F/x4kERr/4Nb/4bt20O2vpg4PHeDDPzvJgzCZb1reVWVtfWN/Kb+tb2zu6esX/QklEiCG2SiEfi3sOSchbSJjDg9D4WFAcep21veD312w9USBaFdzCOqRPgfsh8RjAoyTWOitgd1rCbVoYTfVSCcm1UqkDZNQpW1ZrBXCZ2RgooQ8M1vrq9iCQBDYFwLGXHtmJwUiyAEU4nejeRNMZkiPu0o2iIAyqddHb/xCwqpWf6kVAVgjlTf0+kOJByHHiqM8AwkIveVPzP6yTgXzopC+MEaEjmi/yEmxCZ0zDMHhOUAB8rgolg6laTDLDABFRkugrBXnx5mbROq/Z51bo9K9Svsjjy6BidoBKy0QWqoxvUQE1E0CN6Rq/oTXvSXrR37WPemtOymUP0B9rnD0n8lFc=</latexit>

x(t) = x(�t)

• a_k are real and even 
<latexit sha1_base64="+CC1DHY+hiTptKMvmlYrcHzNkNo="></latexit>

ak = a⇤k
<latexit sha1_base64="MP6cSWUJIh+tHkGT3hNuMmhg2mg=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBG8WBIR9SIUvXisYD+wDWGy3bRLNpuwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgpQzpR3n21paXlldWy9tlDe3tnd2K3v7LZVkktAmSXgiOwEqypmgTc00p51UUowDTttBdDvx209UKpaIBz1KqRfjQLCQEdRGekQ/ukY/P43GfqXq1Jwp7EXiFqQKBRp+5avXT0gWU6EJR6W6rpNqL0epGeF0XO5liqZIIhzQrqECY6q8fHrx2D42St8OE2lKaHuq/p7IMVZqFAemM0Y9VPPeRPzP62Y6vPJyJtJMU0Fmi8KM2zqxJ+/bfSYp0XxkCBLJzK02GaJEok1IZROCO//yImmd1dyLmnN/Xq3fFHGU4BCO4ARcuIQ63EEDmkBAwDO8wpulrBfr3fqYtS5ZxcwB/IH1+QMx55Cb</latexit>ak = a�k

• If x(t) is a real and odd signal
<latexit sha1_base64="EAMN2M+sQ0IdFZzpTHntpLDry+Y=">AAACDnicbZDLSsNAFIYn9VbjrerSTbAUWiElEVE3haIblxXsBdoYJtNpO2RyYeZEWkKfwI2v4saFIm5du/NtnF4W2npgho//P4eZ83sxZxIs61vLrKyurW9kN/Wt7Z3dvdz+QUNGiSC0TiIeiZaHJeUspHVgwGkrFhQHHqdNz7+e+M0HKiSLwjsYxdQJcD9kPUYwKMnNFQrY9SsmdlPTH+uFYRFKFXNYNKGkT3ly3Z+4ubxVtqZlLIM9hzyaV83NfXW6EUkCGgLhWMq2bcXgpFgAI5yO9U4iaYyJj/u0rTDEAZVOOl1nbBSU0jV6kVAnBGOq/p5IcSDlKPBUZ4BhIBe9ifif106gd+mkLIwToCGZPdRLuAGRMcnG6DJBCfCRAkwEU381yAALTEAlqKsQ7MWVl6FxWrbPy9btWb56NY8ji47QMSoiG12gKrpBNVRHBD2iZ/SK3rQn7UV71z5mrRltPnOI/pT2+QOt3Ji1</latexit>

x(t) = x(t)⇤
<latexit sha1_base64="c4iW7WrF4T5ITpapFeJptfNFC2c=">AAACAHicbVDLSsNAFJ3UV42vqAsXboKl0C5aEhF1Uyi6cVnBPqANYTKdtEMnD2ZupCV046+4caGIWz/DnX/jtM1CWw9cOJxzL/fe48WcSbCsby23tr6xuZXf1nd29/YPjMOjlowSQWiTRDwSHQ9LyllIm8CA004sKA48Ttve6Hbmtx+pkCwKH2ASUyfAg5D5jGBQkmucFLE7qmE3rYym+rgE5VplXKpA2TUKVtWaw1wldkYKKEPDNb56/YgkAQ2BcCxl17ZicFIsgBFOp3ovkTTGZIQHtKtoiAMqnXT+wNQsKqVv+pFQFYI5V39PpDiQchJ4qjPAMJTL3kz8z+sm4F87KQvjBGhIFov8hJsQmbM0zD4TlACfKIKJYOpWkwyxwARUZroKwV5+eZW0zqv2ZdW6vyjUb7I48ugUnaESstEVqqM71EBNRNAUPaNX9KY9aS/au/axaM1p2cwx+gPt8we5n5SO</latexit>

x(t) = �x(�t)

• a_k are pure imaginary and odd 

<latexit sha1_base64="zo84oMJaPAOSG7lkDeliRIC5w1M=">AAACAXicbVBNS8NAEN3Ur1q/ql4EL8FSaA8piYh6KRS9eKxgW6ENYbPdtEs2H+xOpCXUi3/FiwdFvPovvPlv3LY5aOuDgcd7M8zMc2POJJjmt5ZbWV1b38hvFra2d3b3ivsHbRklgtAWiXgk7l0sKWchbQEDTu9jQXHgctpx/eup33mgQrIovINxTO0AD0LmMYJBSU7xCDt+3cBOaviTQnlUgWrdGFUMqDrFklkzZ9CXiZWREsrQdIpfvX5EkoCGQDiWsmuZMdgpFsAIp5NCL5E0xsTHA9pVNMQBlXY6+2Cil5XS171IqApBn6m/J1IcSDkOXNUZYBjKRW8q/ud1E/Au7ZSFcQI0JPNFXsJ1iPRpHHqfCUqAjxXBRDB1q06GWGACKrSCCsFafHmZtE9r1nnNvD0rNa6yOPLoGJ2gCrLQBWqgG9RELUTQI3pGr+hNe9JetHftY96a07KZQ/QH2ucPKfuUxQ==</latexit>ak = �a�k

<latexit sha1_base64="mhtKAE+A78NvbnEVH8fiaphMo0M=">AAAB+3icbVDLSgMxFM3UVx1fY126CZZCFSwzKupGKLpxWcE+oB2HTJppQzMPkjvSMvRX3LhQxK0/4s6/MX0stHrgXg7n3Etujp8IrsC2v4zc0vLK6lp+3dzY3NresXYLDRWnkrI6jUUsWz5RTPCI1YGDYK1EMhL6gjX9wc3Ebz4yqXgc3cMoYW5IehEPOCWgJc8qlIbeaRkOTeINro51ezjyrKJdsafAf4kzJ0U0R82zPjvdmKYhi4AKolTbsRNwMyKBU8HGZidVLCF0QHqsrWlEQqbcbHr7GJe00sVBLHVFgKfqz42MhEqNQl9PhgT6atGbiP957RSCSzfjUZICi+jsoSAVGGI8CQJ3uWQUxEgTQiXXt2LaJ5JQ0HGZOgRn8ct/SeOk4pxX7LuzYvV6Hkce7aMDVEYOukBVdItqqI4oGqIn9IJejbHxbLwZ77PRnDHf2UO/YHx8A0hjkqo=</latexit>

ak = �a⇤k



Example 1

Consider a periodic signal x(t) with fundamental frequency: 
  

 and with the following NON-NULL coefficients of the Fourier Series:  

<latexit sha1_base64="so4horFy8RI/o6c/66ja0dwIz5g=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqewWUS9C0YvHCvYDukvJprNtaLJZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVRSaVHKpOiHRwFkMTcMMh06igIiQQzsc3c389hiUZjJ+NJMEAkEGMYsYJcZKgS8FDEjPvan5CeuVK27VnQOvEi8nFZSj0St/+X1JUwGxoZxo3fXcxAQZUYZRDtOSn2pICB2RAXQtjYkAHWTzo6f4zCp9HEllKzZ4rv6eyIjQeiJC2ymIGeplbyb+53VTE10HGYuT1EBMF4uilGMj8SwB3GcKqOETSwhVzN6K6ZAoQo3NqWRD8JZfXiWtWtW7rLoPF5X6bR5HEZ2gU3SOPHSF6ugeNVATUfSEntErenPGzovz7nwsWgtOPnOM/sD5/AEAuZGZ</latexit>

!0 = 2⇡

 Write the analytic formula of x(t). 
  



Example 1

Looking the non-null coefficients 
 and the fund. frequency  

we can write: 
  

<latexit sha1_base64="so4horFy8RI/o6c/66ja0dwIz5g=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqewWUS9C0YvHCvYDukvJprNtaLJZk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVRSaVHKpOiHRwFkMTcMMh06igIiQQzsc3c389hiUZjJ+NJMEAkEGMYsYJcZKgS8FDEjPvan5CeuVK27VnQOvEi8nFZSj0St/+X1JUwGxoZxo3fXcxAQZUYZRDtOSn2pICB2RAXQtjYkAHWTzo6f4zCp9HEllKzZ4rv6eyIjQeiJC2ymIGeplbyb+53VTE10HGYuT1EBMF4uilGMj8SwB3GcKqOETSwhVzN6K6ZAoQo3NqWRD8JZfXiWtWtW7rLoPF5X6bR5HEZ2gU3SOPHSF6ugeNVATUfSEntErenPGzovz7nwsWgtOPnOM/sD5/AEAuZGZ</latexit>

!0 = 2⇡



Example 1

This is already the solution 
  



Example 1

This is another way to write the solution 
  



Example 1

<latexit sha1_base64="q/P3psqojHB6TD5avwGovKhnQAg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QhDA7mU3GzO4sM71iWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYVSiGa8zJZVu+dRwKSJeR4GSt2LNaehL3vRHN1O/+ci1ESq6x3HMuyEdRCIQjKKVGk89t4ynvWLJrbgzkGXiZaQEGWq94lenr1gS8giZpMa0PTfGbko1Cib5pNBJDI8pG9EBb1sa0ZCbbjq7dkJOrNIngdK2IiQz9fdESkNjxqFvO0OKQ7PoTcX/vHaCwVU3FVGcII/YfFGQSIKKTF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVbyLint3XqpeZ3Hk4QiOoQweXEIVbqEGdWDwAM/wCm+Ocl6cd+dj3ppzsplD+APn8wepDI6H</latexit>

x0(t)
<latexit sha1_base64="6xrhP/cwIpX9GBVr4+xUK+kZxyM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QhDA7mU3GzO4sM71iWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYVSiGa8zJZVu+dRwKSJeR4GSt2LNaehL3vRHN1O/+ci1ESq6x3HMuyEdRCIQjKKVGk89r4ynvWLJrbgzkGXiZaQEGWq94lenr1gS8giZpMa0PTfGbko1Cib5pNBJDI8pG9EBb1sa0ZCbbjq7dkJOrNIngdK2IiQz9fdESkNjxqFvO0OKQ7PoTcX/vHaCwVU3FVGcII/YfFGQSIKKTF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVbyLint3XqpeZ3Hk4QiOoQweXEIVbqEGdWDwAM/wCm+Ocl6cd+dj3ppzsplD+APn8weqk46I</latexit>

x1(t)
<latexit sha1_base64="uY67MoD8fTTseC8u452Y4YipCg0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvXiMYB6QLGF2MpuMmZ1dZnrFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSKFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMY3kz95iPXRsTqHkcJ9yPaVyIUjKKVGk/dszKedoslt+LOQJaJl5ESZKh1i1+dXszSiCtkkhrT9twE/THVKJjkk0InNTyhbEj7vG2pohE3/nh27YScWKVHwljbUkhm6u+JMY2MGUWB7YwoDsyiNxX/89ophlf+WKgkRa7YfFGYSoIxmb5OekJzhnJkCWVa2FsJG1BNGdqACjYEb/HlZdI4q3gXFffuvFS9zuLIwxEcQxk8uIQq3EIN6sDgAZ7hFd6c2Hlx3p2PeWvOyWYO4Q+czx+sGo6J</latexit>

x2(t)
<latexit sha1_base64="lqjHE5ortrREQtdx72Qn4xmOC3g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRT0GvXiMYB6QLGF2MknGzM4uM71iWPIPXjwo4tX/8ebfOEn2oNGChqKqm+6uIJbCoOt+Obml5ZXVtfx6YWNza3unuLvXMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+84FrIyJ1h+OY+yEdKNEXjKKVGo/d0zIed4slt+LOQP4SLyMlyFDrFj87vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7dkKOrNIj/UjbUkhm6s+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5OekJzhnJsCWVa2FsJG1JNGdqACjYEb/Hlv6RxUvHOK+7tWal6lcWRhwM4hDJ4cAFVuIEa1IHBPTzBC7w6kfPsvDnv89ack83swy84H9+toY6K</latexit>

x3(t)

This part is not required by the problem,  
it is just for more understanding   

  



Example 1
This part is not required by the problem,  

it is just for more understanding   
  



Example 1
This part is not required by the problem,  

it is just for more understanding   
  



Example 2

Consider again periodic signal x(t)  
  

 with the following NON-NULL coefficients of the Fourier Series:  

 WITHOUT write the analytic formula of x(t), 
just looking the coefficients,  
explain how you can ensure that  
the signal x(t) is real and even.  

  



Example 2

Looking the non-null coefficients, we can see that: 
  

<latexit sha1_base64="+CC1DHY+hiTptKMvmlYrcHzNkNo="></latexit>

ak = a⇤k
<latexit sha1_base64="MP6cSWUJIh+tHkGT3hNuMmhg2mg=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBG8WBIR9SIUvXisYD+wDWGy3bRLNpuwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgpQzpR3n21paXlldWy9tlDe3tnd2K3v7LZVkktAmSXgiOwEqypmgTc00p51UUowDTttBdDvx209UKpaIBz1KqRfjQLCQEdRGekQ/ukY/P43GfqXq1Jwp7EXiFqQKBRp+5avXT0gWU6EJR6W6rpNqL0epGeF0XO5liqZIIhzQrqECY6q8fHrx2D42St8OE2lKaHuq/p7IMVZqFAemM0Y9VPPeRPzP62Y6vPJyJtJMU0Fmi8KM2zqxJ+/bfSYp0XxkCBLJzK02GaJEok1IZROCO//yImmd1dyLmnN/Xq3fFHGU4BCO4ARcuIQ63EEDmkBAwDO8wpulrBfr3fqYtS5ZxcwB/IH1+QMx55Cb</latexit>ak = a�k

i.e., they are real and even, 
so that x(t) is also real and even. 

This is the solution  
  



Example 3

Compute the coefficients of the Fourier Series  
  



Example 3



Example 3

Compare now the two formulas: 
  



Example 3

We can write then: 
  



Example 3

Summary - we get: 
  

This is the solution  
  



Example 3
This part is not required by the problem,  

it is just for more understanding   
  



Example 4

Compute the Generalized Fourier Transform (GTF)  
  



Example 4
From the previous example,  

we know: 
  



Example 4
and the GTF of a periodic signal is: 

  

<latexit sha1_base64="VXYlMjfnKplgO4CJpQAMjIVB55o="></latexit>

XG(!) = 2⇡
1X

k=�1
ak�(! � k!0)

then: 
  

<latexit sha1_base64="2wbphAS+p+5qCRistlROLTqtXQE="></latexit>

XG(!) = 2⇡
hp2

4
(1� j)�(! + 2!0) + (1 + 0.5j)�(! + !0) + �(!)

<latexit sha1_base64="L43LouNW2Q8q+H2mrkugtAUqaVw="></latexit>

+(1� 0.5j)�(! � !0) +

p
2

4
(1 + j)�(! � 2!0)

i

<latexit sha1_base64="amhKqMxmF+KCG9HVd0P/zbATklY="></latexit>

XG(!) = 2⇡ [a�2�(! + 2!0) + a�1�(! + !0) + a0�(!) + a1�(! � !0) + a2�(! � 2!0)]

This is the solution  
  



Example 5

Compute the coefficient of the Fourier Series  

<latexit sha1_base64="Bbqv47Q9ykJvhh5YAqfgtr8wfjU="></latexit>

x(t)

<latexit sha1_base64="V8YUziLBUhImPJnYK4vOs9dnJ0M="></latexit>

t

<latexit sha1_base64="V8YUziLBUhImPJnYK4vOs9dnJ0M="></latexit>

t

<latexit sha1_base64="uNb/GWju4oIoO0kFQt/K6ThtpOA="></latexit>

1
<latexit sha1_base64="WRLLxT9JhalR3eo1qD+yhRXUnVQ="></latexit>�1

<latexit sha1_base64="R+tMs3tuBDIf3rHxlgZXeZmIRcc="></latexit>

2
<latexit sha1_base64="vJwbIFcSid+UGj3F7N67vy720WA="></latexit>

3

<latexit sha1_base64="CpSm0sWUQ6fU6L8u94MX9svr8Is="></latexit>

x(t) = t � 1 < t < 1

<latexit sha1_base64="bjKlgzNfI77pPgfNejUiCi85T4I="></latexit>

T0 = 2
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By definition:  

<latexit sha1_base64="Ua1btecmM5c+50+TyDumNg1HipQ="></latexit>

ak =
1

T0

Z

T0

x(t)e�jk!0tdt

<latexit sha1_base64="rgQj6rYpPwyCiskj9PjlMuAb9kQ="></latexit>

ak =
1

2

Z 1

�1
te�jk 2⇡

2 tdt

<latexit sha1_base64="3Ge+ZusZrgVFYB1pRxRFLCvrpOo="></latexit>

ak =
1

2

Z 1

�1
te�jk⇡tdt
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About integral of this type:  

<latexit sha1_base64="ksMEfVTl6RWDHsnpOzGUQ0wkZ+Y="></latexit>Z
teatdt

Integral by parts (“lo de la vaca…”):  

<latexit sha1_base64="pxwd/hCIDhCHYt4puzu/FGyxdyY="></latexit>Z
teatdt = t

1

a
eat � 1

a

Z
eatdt

=
1

a
teat � 1

a2
eat + C

=
1

a2
[at� 1]eat + C
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We obtain:  

<latexit sha1_base64="tsrSYTtvdngqFgOd28BZb7owDQ4="></latexit>Z
teatdt =

1

a2
[at� 1]eat + C

<latexit sha1_base64="3Ge+ZusZrgVFYB1pRxRFLCvrpOo="></latexit>

ak =
1

2

Z 1

�1
te�jk⇡tdt

Apply to our definite integral:  

<latexit sha1_base64="wWRuG8JGQtFmVg3XPjkWyI8Fjpc="></latexit>

=


1

(�jk⇡)2
[(�jk⇡)t� 1]e�jk⇡t

�1

�1



Example 5
<latexit sha1_base64="3Ge+ZusZrgVFYB1pRxRFLCvrpOo="></latexit>

ak =
1

2

Z 1

�1
te�jk⇡tdt

<latexit sha1_base64="wWRuG8JGQtFmVg3XPjkWyI8Fjpc="></latexit>

=


1

(�jk⇡)2
[(�jk⇡)t� 1]e�jk⇡t

�1

�1
<latexit sha1_base64="dqP/VdhKIfBS6F9GO0kFC/ne1oI="></latexit>

=


� 1

k2⇡2
[jk⇡t+ 1]e�jk⇡t

�1

�1

<latexit sha1_base64="Gzn+NG/hf2ba905DtFXdjgFZ1Ic="></latexit>

= � 1

2k2⇡2

�
[jk⇡ + 1]e�jk⇡ � [�jk⇡ + 1]e+jk⇡

�

<latexit sha1_base64="rSqF9wfgNgE1uHew0OsecZ/0fyw="></latexit>

=
1

2

<latexit sha1_base64="rSqF9wfgNgE1uHew0OsecZ/0fyw="></latexit>

=
1

2

This is already the solution  
  



Example 5
<latexit sha1_base64="Gzn+NG/hf2ba905DtFXdjgFZ1Ic="></latexit>

= � 1

2k2⇡2

�
[jk⇡ + 1]e�jk⇡ � [�jk⇡ + 1]e+jk⇡

�

<latexit sha1_base64="w5zPogkIKdsDZhKBU2YENFZv4Zo="></latexit>

ak = � 1

2k2⇡2

⇥
jk⇡(e�jk⇡ + e+jk⇡) + (e+jk⇡ � e+jk⇡)

⇤
<latexit sha1_base64="9KvPgOD0ViTpWMzboyHR6iaTGCg="></latexit>

2 cos(⇡k)
<latexit sha1_base64="YgOIhGa6okndDYLc469JeP3EyMI="></latexit>

2j sin(⇡k)

<latexit sha1_base64="g14pv/p5UbHkW67ma9S6iF8561E="></latexit>

ak = � 1

2k2⇡2
[2jk⇡ cos(⇡k) + 2j sin(⇡k)]



Example 5
<latexit sha1_base64="g14pv/p5UbHkW67ma9S6iF8561E="></latexit>

ak = � 1

2k2⇡2
[2jk⇡ cos(⇡k) + 2j sin(⇡k)]

<latexit sha1_base64="p3OSPR6j5Oo/A/+lguZzMtyg7ac="></latexit>

cos(⇡k) = (�1)k

sin(⇡k) = 0



Example 5
<latexit sha1_base64="kwkSFgzBr+41Ges6otEDsj9Mm4s="></latexit>

ak = � j

k⇡
(�1)k

Other form of the solution;  
from this form we see that is indeterminate at k=0  

  

<latexit sha1_base64="kwkSFgzBr+41Ges6otEDsj9Mm4s="></latexit>

ak = � j

k⇡
(�1)k

<latexit sha1_base64="Riu8IP0wGbnzeXIpgYTPBPjotKI="> gdwNb5TDVJvWxpY6UIsFVg2tMra4ah1aG9dwEtiJh31quyiOh5oaUjNFESW2izMeJjEOke2gGR4y00cejs20uOUyIDDPBEyDiD3s/y28TUaKvDi+8sYs0kP0PO5iufMmbJjQ6XszJX6YUOzbZaJp4gIagPzKBBMSYZu6V8xAdkSYVmCfI9Yuyi5WnjVB65a8apzoA+3tQP28s7W3X7VjnXvBveRETuPecXvcJ+6QO+bs3tfe997P3nX/W/9H/1f/dxl6Z63iPOdaq//3Hzgl/Bk=</latexit>

k 6= 0



Example 5

For k=0 we can do the following:  
  

<latexit sha1_base64="kwkSFgzBr+41Ges6otEDsj9Mm4s="></latexit>

ak = � j

k⇡
(�1)k

<latexit sha1_base64="Riu8IP0wGbnzeXIpgYTPBPjotKI="> gdwNb5TDVJvWxpY6UIsFVg2tMra4ah1aG9dwEtiJh31quyiOh5oaUjNFESW2izMeJjEOke2gGR4y00cejs20uOUyIDDPBEyDiD3s/y28TUaKvDi+8sYs0kP0PO5iufMmbJjQ6XszJX6YUOzbZaJp4gIagPzKBBMSYZu6V8xAdkSYVmCfI9Yuyi5WnjVB65a8apzoA+3tQP28s7W3X7VjnXvBveRETuPecXvcJ+6QO+bs3tfe997P3nX/W/9H/1f/dxl6Z63iPOdaq//3Hzgl/Bk=</latexit>

k 6= 0

<latexit sha1_base64="cRuVEk8PJJSfHAJ7iPRFHEKuu+k=">AAAGJXichVRLb9NAEHYhgWJeLRy5rKhcOViObFMeErVUtQc4FqkvKetYG2eTbvxK7Q1qZfnPcOGvcOFAhZA48VdYrzeJ7bRiJVuz88238814vINpQFJqGH/W7txtte/dX38gP3z0+MnTjc1nJ2k8Szx87MVBnJwNUIoDEuFjSmiAz6YJRuEgwKcD/6DAT7/gJCVxdESvptgJ0TgiI+IhylzuZuuDcum+VmlHVi7Z26YAXszQEOjmLt01ZeXINWxLVpDr23CUIC8z84z5ckgi6nKroOF+pk98AOMQj5FrAJqDIW2wLMHRzbxvAjqncNiCU1JECOL/eSx+nqRAAQXMj7hH2bbpgozy0q+DioszFvEAQplxKjhP0iD1LXES0A44w65hoIeobjrLkGqAlcuKBb04VQvZPmu1NYEpiRbbol59Ge73i </latexit>

ak =
1

2

Z 1

�1
te�jk⇡tdt

<latexit sha1_base64="DCCI0Aahyv+MWDCJoffhcytR5xU="></latexit>

a0 =
1

2

Z 1

�1
tdt

<latexit sha1_base64="wPD1G2LgH8fHjZsMuOTNLpw6tEU="></latexit>

a0 =
1

2


1

2
t2
�1

�1

= 0



Example 6
<latexit sha1_base64="WzeoIuEeUC0hCrqP5fFk0XEfXRM="></latexit>

x(t) =
+1X

k=�1
� (t� kT )

Compute the coefficient of the Fourier Series  



Example 6

This is the solution  
  



Example 7

Compute the coefficient of the Fourier Series of g(t)  



Example 7
we could use the definition,  

but here we use another methodology    

We use the relationship with the following signal:    

The coefficients are in this case:



Example 7
Looking the figures, We can write:    

<latexit sha1_base64="wRntShbyl4HPZ5R1JeOYBwkqbm4="></latexit>

T1 = 1With:   
<latexit sha1_base64="qFrA4BRlIhgmFs3ew2rbmRg8Ge4="></latexit>

T = 4
<latexit sha1_base64="1UlvnnwamXb3TKbNOYfPZ2sg8EE="></latexit>

for x(t)



Example 7



Example 7

This is the solution  
  



Example 8

Compute the coefficient of the Fourier Series of x(t)  



Example 8

We can use the direct 
definition, but here we can 
use other method. The 
derivative of this signal x(t) is 
the g(t) of the previous 
example    



Example 8

This is the solution  
  



Example 9

Let us consider the periodic signal with To=2:  

<latexit sha1_base64="CW3oNXi9Jvv6JrePbneY70QkMNY=">AAACGXicbVDLTgIxFO3gC/GFunTTSEwgBDKDRt2YEN24xEQeCSDplAKFziPtHSOZ8Btu/BU3LjTGpa78G8swCwVP0uTcc+7N7T22L7gC0/w2EkvLK6tryfXUxubW9k56d6+mvEBSVqWe8GTDJooJ7rIqcBCs4UtGHFuwuj26mvr1eyYV99xbGPus7ZC+y3ucEtBSJ20+ZCF3YeXZXVgYtnyOYZLPWvlhTgtxXTiOzNKs6qQzZtGMgBeJFZMMilHppD9bXY8GDnOBCqJU0zJ9aIdEAqeCTVKtQDGf0BHps6amLnGYaofRZRN8pJUu7nlSPxdwpP6eCImj1NixdadDYKDmvan4n9cMoHfeDrnrB8BcOlvUCwQGD09jwl0uGQUx1oRQyfVfMR0QSSjoMFM6BGv+5EVSKxWt06J5c5IpX8ZxJNEBOkRZZKEzVEbXqIKqiKJH9Ixe0ZvxZLwY78bHrDVhxDP76A+Mrx/ZKJ5e</latexit>

x(t) = 1 + e�j⇡t + (1 + j)ej⇡t � 3e�j2⇡t

Compute the coefficient of the Fourier Series of x(t)  



Example 9

The fundamental frequency is:  
  

<latexit sha1_base64="CW3oNXi9Jvv6JrePbneY70QkMNY=">AAACGXicbVDLTgIxFO3gC/GFunTTSEwgBDKDRt2YEN24xEQeCSDplAKFziPtHSOZ8Btu/BU3LjTGpa78G8swCwVP0uTcc+7N7T22L7gC0/w2EkvLK6tryfXUxubW9k56d6+mvEBSVqWe8GTDJooJ7rIqcBCs4UtGHFuwuj26mvr1eyYV99xbGPus7ZC+y3ucEtBSJ20+ZCF3YeXZXVgYtnyOYZLPWvlhTgtxXTiOzNKs6qQzZtGMgBeJFZMMilHppD9bXY8GDnOBCqJU0zJ9aIdEAqeCTVKtQDGf0BHps6amLnGYaofRZRN8pJUu7nlSPxdwpP6eCImj1NixdadDYKDmvan4n9cMoHfeDrnrB8BcOlvUCwQGD09jwl0uGQUx1oRQyfVfMR0QSSjoMFM6BGv+5EVSKxWt06J5c5IpX8ZxJNEBOkRZZKEzVEbXqIKqiKJH9Ixe0ZvxZLwY78bHrDVhxDP76A+Mrx/ZKJ5e</latexit>

x(t) = 1 + e�j⇡t + (1 + j)ej⇡t � 3e�j2⇡t

<latexit sha1_base64="B3g2rSsly0TuvTWsgAausq8u6x4="></latexit>

!0 =
2⇡

T0
=

2⇡

2
= ⇡

<latexit sha1_base64="ZUU2b3wUPm1ltHKzj68OPNL2gko="></latexit>

x(t) = 1 + e�j!0t + (1 + j)ej!0t � 3e�j2!0t
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<latexit sha1_base64="ZUU2b3wUPm1ltHKzj68OPNL2gko="></latexit>

x(t) = 1 + e�j!0t + (1 + j)ej!0t � 3e�j2!0t

Compare now the two formulas: 
  

<latexit sha1_base64="bUVz+tBJjsenzMFRYpLqMAImxc8="></latexit>

a0 = 1, a�1 = 1, a1 = 1 + j, a�2 = �3

<latexit sha1_base64="49NszS5by55zKOu7WKhlSkV8gJg="></latexit>

The rest of ak are zero, ak = 0 This is the solution  
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 With this information, write the analytical form x(t)  



Example 10

 With this information, write the analytical form x(t)  
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Example 10



Example 10



Questions?


