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Recap of frequency lecture 1
• Laplace transform

1

<latexit sha1_base64="xA3XyCOj4OB0SM9v5+cGGwxFmyg="></latexit>

F (s) = L [f(t)] =

Z 1

0�

f(t)e�stdt

<latexit sha1_base64="DNuybyjZpMbLJw42vl+Anfp9sYg="></latexit>

f(t) = L�1 [F (s)] =
1

2⇡j

Z
estF (s)ds

How to understand Laplace transform?

What’s                      ? 
<latexit sha1_base64="lXKPVoZLn1TKkqllXT7pscx8URY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahPViyItVjQRCPFewHtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F1wbjbye3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3ElOaRfDCTmHkhGUoecEqMlR71bVlXzoMyrvSLJVzFc6BV4makBBka/eJXbxDRJGTSUEG07ro4Nl5KlOFUsGmhl2gWEzomQ9a1VJKQaS+dXzxFZ1YZoCBStqRBc/X3REpCrSehbztDYkZ62ZuJ/3ndxATXXsplnBgm6WJRkAhkIjR7Hw24YtSIiSWEKm5vRXREFKHGhlSwIbjLL6+S1kXVrVXx/WWpXsviyMMJnEIZXLiCOtxBA5pAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBa/aPaA==</latexit>

sF (s)� f(0)

What’s                       ? 



Recap of frequency lecture 1
• Transfer function

2

<latexit sha1_base64="k6P+qRZHT0T4eRzsJrGl/sSkzOk=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0lEqseClx4r2A9IQ9lsJ+3S3WzY3Qgl9Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YcKZNq777Wxsbm3v7Jb2yvsHh0fHlZPTrpapotChkkvVD4kGzmLoGGY49BMFRIQceuH0Pvd7T6A0k/GjmSUQCDKOWcQoMVbyWzU2kALG5Ko8rFTdursAXideQaqoQHtY+RqMJE0FxIZyorXvuY kJMqIMoxzm5UGqISF0SsbgWxoTATrIFifP8aVVRjiSylZs8EL9PZERofVMhLZTEDPRq14u/uf5qYnugozFSWogpstFUcqxkTj/H4+YAmr4zBJCFbO3YjohilBjU8pD8FZfXifd67rXqLsPN9Vmo4ijhM7RBaohD92iJmqhNuogiiR6Rq/ozTHOi/PufCxbN5xi5gz9gfP5A+m2kFI=</latexit>

H(i!)
gain

Phase shift

<latexit sha1_base64="XBSdtADLaThWcNb/2SoyJ8Kj36Y=">AAACOXicbVDLSgMxFM34tr6qLt0Ei9AilBmR6kZQ3LisYFXolCGT3rZhksyQ3BFK9bfc+BfuBDcuFHHrD5jWCr4OBA7n3MPNPXEmhUXff/AmJqemZ2bn5gsLi0vLK8XVtXOb5oZDg6cyNZcxsyCFhgYKlHCZGWAqlnARJ8dD/+IKjBWpPsN+Bi3Fulp0BGfopKhY75exckBDm6soCa9PyiJMFXRZlFTCa3oUJc4Smpa/VIp0O8 x6wrHtkOmuBPo9UylExZJf9Uegf0kwJiUyRj0q3oftlOcKNHLJrG0GfoatATMouISbQphbyBhPWBeajmqmwLYGo8tv6JZT2rSTGvc00pH6PTFgytq+it2kYtizv72h+J/XzLGz3xoIneUImn8u6uSSYkqHNdK2MMBR9h1h3Aj3V8p7zDCOruxhCcHvk/+S851qUKv6p7ulw9q4jjmyQTZJmQRkjxySE1InDcLJLXkkz+TFu/OevFfv7XN0whtn1skPeO8fEpSqmw==</latexit>

y(t) =
X

k

kH(i!k)kAk sin(!kt+ �k + \H(i!k))



Transfer function and State space
• Transfer function provides a way to get state space representations of a system. 
• Let’s look at an example:

We want to get H: u- > y

<latexit sha1_base64="uHUJ55qseA9yLkc3ybZ5XzEG2Nw=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLgxoWLCvYBbSiT6aQdOpkJMzdCCf0MNy4UcevXuPNvnLRZaPXAwOGce5lzT5gIbtDzvpzS2vrG5lZ5u7Kzu7d/UD086hiVasraVAmleyExTHDJ2shRsF6iGYlDwbrh9Cb3u49MG67kA84SFsRkLHnEKUEr9QcxwQklIrubD6s1r+4t4P4lfkFqUKA1rH4ORoqmMZNIBTGm73sJBhnRyKlg88ogNSwhdErGrG+pJDEzQbaIPHfPrDJyI6Xtk+gu1J8bGYmNmcWhncwjmlUvF//z+ilG10HGZZIik3T5UZQKF5Wb3++OuGYUxcwSQjW3WV06IZpQtC1VbAn+6sl/Seei7jfq3v1lrdko6ijDCZzCOfhwBU24hRa0gYKCJ3iBVwedZ+fNeV+Olpxi5xh+wfn4Bn8PkVs=</latexit>

L
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Transfer function and State space
<latexit sha1_base64="G0e8S2xJMmxHmPAaS6DiGJkHf34=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahQim7ItVjtRePFawttEvJptk2NJsNSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZF0jOtHHdbye3tr6xuZXfLuzs7u0fFA+PHnWcKEJbJOax6gRYU84EbRlmOO1IRXEUcNoOxo2Z336iSrNYPJiJpH6Eh4KFjGBjpXb5pnJbaZz3iyW36s6BVomXkRJkaPaLX71BTJKICkM41rrrudL4KVaGEU6nhV6iqcRkjIe0a6nAEdV+Oj93is6sMkBhrGwJg+bq74kUR1pPosB2RtiM9LI3E//zuokJr/2UCZkYKshiUZhwZGI0+x0NmKLE8IklmChmb0VkhBUmxiZUsCF4yy+vkseLqleruveXpXotiyMPJ3AKZfDgCupwB01oAYExPMMrvDnSeXHenY9Fa87JZo7hD5zPHzyIjig=</latexit>

(A,B,C)State space Transfer function

?

Realization

(A, B, C) is a realization

A realization only exist when the transfer function is strictly casual
<latexit sha1_base64="rB796g9Q1bi3P0stcuobennSFPQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S8OIxonlAsoTZyWwyZB7LzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7SShocBDyWJGsHXSg7wR/XLFr/pzoFUS5KQCORr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOanTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jcaME2J5RNHMNHM3YrICGtMrEun5EIIll9eJa2LalCr+veXlXotj6MIJ3AK5xDAFdThDhrQBAJDeIZXePO49+K9ex+L1oKXzxzDH3ifPyNJjao=</latexit>

n > m

Then there are infinite number of realizations Why?
Using instead of x. What is z->y?  What is (u, z)-> dz/dt?
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Block diagrams
• A typical way to represent a control system

5

Open loop Closed loop

The system/operation could be described in either temporal domain or frequency domains



Linearity in block diagrams

6

The linearity exists in both time domain and frequency domain



Block in Series

7

H(s)U(s) G(s) Y(s)

What is Y(s)?

X(s)

X(s) = H(s)U(s)

Y(s) = G(s)X(s) = G(s)H(s)U(s)

T(s)=G(s)H(s)U(s) Y(s)



Block in parallel

8

What is Y(s)?

T(s)=G(s)+H(s)U(s) Y(s)



Feedback

9

What is Y(s)?

<latexit sha1_base64="7l1Wxe+I817vW3Qo7cKA/f2bggg=">AAACAXicbVC7SgNBFL3rM8bXqo1gMxiEpDDsikQbIWBhyghuEkmWMDuZTYbMPpiZFcISG3/FxkIRW//Czr9xNkmhiRfmcDjnXu7c48WcSWVZ38bS8srq2npuI7+5tb2za+7tN2SUCEIdEvFItDwsKWchdRRTnLZiQXHgcdr0hteZ33ygQrIovFOjmLoB7ofMZwQrLXXNw/uiLF3VNBQdDac3GjKp1DULVtmaFFok9owUYFb1rvnV6UUkCWioCMdStm0rVm6KhWKE03G+k0gaYzLEfdrWNMQBlW46uWCMTrTSQ34k9AsVmqi/J1IcSDkKPN0ZYDWQ814m/ue1E+VfuikL40TRkEwX+QlHKkJZHKjHBCWKjzTBRDD9V0QGWGCidGh5HYI9f/IiaZyV7UrZuj0vVCuzOHJwBMdQBBsuoAo1qIMDBB7hGV7hzXgyXox342PaumTMZg7gTxmfP5Kfk7k=</latexit>

Y (s) = H(s)(U(s)�G(s)Y (s))

So the closed loop transfer function is 



Zero frequency gain
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What does it mean?
<latexit sha1_base64="JOlRjCi3km6CGWUag+WMQiesEZg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4KXHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZveZ33uiSrNIPpp5TH2BJ5KFjGCTSa2qez0qV9yauwTaJF5OKpCjPSp/DccRSQSVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSyUWVPvp8tYFurLKGIWRsiUNWqq/J1IstJ6LwHYKbKZ63cvE/7xBYsI7P2UyTgyVZLUoTDgyEcoeR2OmKDF8bgkmitlbEZlihYmx8ZRsCN76y5uke1PzGjX3oV5pNvI4inABl1AFD26hCS1oQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4AzyCNZA==</latexit>

H(0)Zero frequency gain: 
<latexit sha1_base64="XBSdtADLaThWcNb/2SoyJ8Kj36Y="></latexit>

y(t) =
X

k

kH(i!k)kAk sin(!kt+ �k + \H(i!k))Recap:

<latexit sha1_base64="qrBAlK/RngsFIjCaKB8O972KhkI=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWomzIRqW6EgpsuK9gHtKFMppN26GQSZiZCDMVfceNCEbf+hzv/xmmbhbYeuJfDOfcyd44fc6Y0Qt/Wyura+sZmYau4vbO7t28fHLZUlEhCmyTikez4WFHOBG1qpjntxJLi0Oe07Y9vp377gUrFInGv05h6IR4KFjCCtZH69nG9jM5veoHEJEv7aJIlpvXtEqqgGZxl4uakBDkaffurN4hIElKhCcdKdV0Uay/DUjPC6aTYSxSNMRnjIe0aKnBIlZfNrp84Z0YZOEEkTQntzNTfGxkOlUpD30yGWI/UojcV//O6iQ6uvYyJONFUkPlDQcIdHTnTKJwBk5RonhqCiWTmVoeMsElCm8CKJgR38cvLpHVRcasVdHdZqlXzOApwAqdQBheuoAZ1aEATCDzCM7zCm/VkvVjv1sd8dMXKd47gD6zPHzQ/lGY=</latexit>

H(0) =
y0

u0

The response of the constant 
component of the signal

<latexit sha1_base64="bEEEPm/u8ucU+YuEL+y6crPN87o=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqheh4MVjBfsBbQib7aZdursJu5tCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwyD0+aeskU4S2SMIT1Y2wppxJ2jLMcNpNFcUi4rQTje/nfmdClWaJfDLTlAYCDyWLGcHGSqHr3vVjhUmOQznLo1DMQrfq1bwF0DrxC1KFAs3Q/eoPEpIJKg3hWOue76UmyLEyjHA6q/QzTVNMxnhIe5ZKLKgO8sXlM3RhlQGKE2VLGrRQf0/kWGg9FZHtFNiM9Ko3F//zepmJb4OcyTQzVJLlojjjyCRoHgMaMEWJ4VNLMFHM3orICNskjA2rYkPwV19eJ+2rml+veY/X1Ua9iKMMZ3AOl+DDDTTgAZrQAgITeIZXeHNy58V5dz6WrSWnmDmFP3A+fwDa/ZPF</latexit>

=
an
bm

Why?



Poles and zeros
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<latexit sha1_base64="bOlH2v9Rr+xLtpynTZe+L19ppto=">AAAB/3icbZDLSgMxFIbPeK31Niq4cRMsQt2UGZHqRii46bKCvUA7lEyaaUMzmSHJCGXswldx40IRt76GO9/GTDsLbT2Q8PH/55CT3485U9pxvq2V1bX1jc3CVnF7Z3dv3z44bKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99mfvuBSsUica8nMfVCPBQsYARrI/Xt43pZnd/0AolJ6hucpji7+3bJqTizQsvg5lCCvBp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTabGXKBpjMsZD2jUocEiVl872n6IzowxQEElzhEYz9fdEikOlJqFvOkOsR2rRy8T/vG6ig2svZSJONBVk/lCQcKQjlIWBBkxSovnEACaSmV0RGWGThTaRFU0I7uKXl6F1UXGrFefuslSr5nEU4AROoQwuXEEN6tCAJhB4hGd4hTfryXqx3q2PeeuKlc8cwZ+yPn8AU72U/A==</latexit>

H(s) =
b(s)

a(s)
Assuming The roots of the polynomial a(s) is called the poles of the system, and 

roots of b(s) are called zeros of the system

What will happen when s=q, while q is one of the zeros of the system?
<latexit sha1_base64="/XZlXR76EjjJpYcgDtd63JLHcR4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOpFKHjpsYL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJbWxube/kdwt7+weHR8Xjk7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLmb+50nqjST4sFMY+pHeCRYyAg2Vmo3yvry1h0US27FXQCtEy8jJcjQHBS/+kNJkogKQzjWuue5sfFTrAwjnM4K/UTTGJMJHtGepQJHVPvp4toZurDKEIVS2RIGLdTfEymOtJ5Gge2MsBnrVW8u/uf1EhPe+CkTcWKoIMtFYcKRkWj+OhoyRYnhU0swUczeisgYK0yMDahgQ/BWX14n7auKV6u499VSvZbFkYczOIcyeHANdWhAE1pA4BGe4RXeHOm8OO/Ox7I152Qzp/AHzucPJmyOKA==</latexit>

H(s) = 0
<latexit sha1_base64="b6iHOR66z/SIoq8xt9FcpM7yH80=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoRAl48RjAPSZYwO+lNhszOLjOzQgj5CC8eFPHq93jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqfVY1ufkxu0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3dKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+xMuk9SgZItFYSqIicnsd9LnCpkRY0soU9zeStiQKsqMTahgQ/CWX14lzYuKV62495elWjWLIw8ncApl8OAKanAHdWgAgxE8wyu8OYnz4rw7H4vWnJPNHMMfOJ8/l1COYw==</latexit>

Y (s) = 0

What will happen when s=p, while p is one of the poles of the system?

The output corresponding to                      is zero
<latexit sha1_base64="6cajwFz/YTGUGHcg7yP/ZvGUzUI=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoRAl48RjAPSNYwO+lNhsw+nOkNhCXf4cWDIl79GG/+jZNkD5pY0FBUddPd5cVSaLTtbyu3tr6xuZXfLuzs7u0fFA+PmjpKFIcGj2Sk2h7TIEUIDRQooR0rYIEnoeWNbmd+awxKiyh8wEkMbsAGofAFZ2gkNynjOb2h8JhqnPaKJbtiz0FXiZOREslQ7xW/uv2IJwGEyCXTuuPYMbopUyi4hGmhm2iIGR+xAXQMDVkA2k3nR0/pmVH61I+UqRDpXP09kbJA60ngmc6A4VAvezPxP6+ToH/tpiKME4SQLxb5iaQY0VkCtC8UcJQTQxhXwtxK+ZApxtHkVDAhOMsvr5LmRcWpVuz7y1KtmsWRJyfklJSJQ65IjdyROmkQTp7IM3klb9bYerHerY9Fa87KZo7JH1ifP5fHkU4=</latexit>

u(t) = est

The signal is blocked

<latexit sha1_base64="+OX17H9bD8yjFNjZ29s1opvQl6A=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXpHoRCl48VrAf0K4lm2bb0GyyJLPCsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeUEsuAHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UoilrUSWU7gbEMMElawEHwbqxZiQKBOsEk9uZ33li2nAlHyCNmR+RkeQhpwSs1EurcH7DHrMYpoNyxa25c+BV4uWkgnI0B+Wv/lDRJGISqCDG9Dw3Bj8jGjgVbFrqJ4bFhE7IiPUslSRixs/mJ0/xmVWGOFTalgQ8V39PZCQyJo0C2xkRGJtlbyb+5/USCK/9jMs4ASbpYlGYCAwKz/7HQ64ZBZFaQqjm9lZMx0QTCjalkg3BW355lbQval695t5fVhr1PI4iOkGnqIo8dIUa6A41UQtRpNAzekVvDjgvzrvzsWgtOPnMMfoD5/MH6fuQ+w==</latexit>

y(t) = ept is a solution of the differential equation when u=0 u=0, U(s)=0 for all s, 
what is Y(s)?

Why do we care the solution of u=0?



Poles and zeros
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b

<latexit sha1_base64="EtjHSZ3d+uR4ph8otLAf6lMd28g=">AAACG3icbZDLSsNAFIYn9VbrrerSTbAIlUJJilQ3QsGNywr2Am1aJpNJO3RyYeZELCHv4cZXceNCEVeCC9/GSRtBWw/M8PH/5zBzfjvkTIJhfGm5ldW19Y38ZmFre2d3r7h/0JZBJAhtkYAHomtjSTnzaQsYcNoNBcWezWnHnlylfueOCskC/xamIbU8PPKZywgGJQ2LNa/vCkxiZ1C7L8NpEjswqCUVO1N/tKQySfHSVdewWDKqxqz0ZTAzKKGsmsPiR98JSORRHwjHUvZMIwQrxgIY4TQp9CNJQ0wmeER7Cn3sUWnFs90S/UQpju4GQh0f9Jn6eyLGnpRTz1adHoaxXPRS8T+vF4F7YcXMDyOgPpk/5EZch0BPg9IdJigBPlWAiWDqrzoZY5UKqDgLKgRzceVlaNeqZr1q3JyVGvUsjjw6QseojEx0jhroGjVRCxH0gJ7QC3rVHrVn7U17n7fmtGzmEP0p7fMb+zigrw==</latexit>

m
d2x(t)

dt2
+ b

dx(t)

dt
+ kx(t) = f(t)

What is x(t) when f(t) = 0?

What is x(t) when f(t) = 0 + f’(t)?

The output x is a combination of a solution to f’(t) and arbitrary combination of the solution to f(t)=0.

What is x(t) when f(t) = 2 * 0 + f’(t)?

A pole p corresponds to a mode of the system with corresponding modal solution ept

The unforced motion of the system after an arbitrary excitation is a weighted sum of modes. 



Stability
• What is stability?
• Thinking of the impulse response
• There are only two possible responses

13

0

<latexit sha1_base64="rocab3iiEsgcMv3cSNF6d+sIJ80=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIVJcFNy4r2Ac0oUymk3boZBJmbpQYir/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5AIrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsE4+up37lnSvNY3kGWMD8iQ8lDTgkYqW8fAfYUH46AKBU/YI/LELK+XXVqzgx4mbgFqaICzb795Q1imkZMAhVE657rJODnRAGngk0qXqpZQuiYDFnPUEkipv18dv0EnxplgMNYmZKAZ+rviZxEWmdRYDojAiO96E3F/7xeCuGVn3OZpMAknS8KU4EhxtMo8IArRkFkhhCquLkV0xFRhIIJrGJCcBdfXibt85pbrzm3F9VGvYijjI7RCTpDLrpEDXSDmqiFKHpEz+gVvVlP1ov1bn3MW0tWMXOI/sD6/AGcf5VL</latexit>

t ! 1When

<latexit sha1_base64="Gtm6cb6HOgU7aMNs8AYtL0brS3k=">AAAB+3icbVBNSwMxEM36WevXWo9egkWol7IrUj0WvHisYD+gXUo2TdvQbLIks+qy9K948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSy4Ac/7dtbWNza3tgs7xd29/YND96jUMirRlDWpEkp3QmKY4JI1gYNgnVgzEoWCtcPJzcxvPzBtuJL3kMYsiMhI8iGnBKzUd0tpBc5xT/PRGIjW6hF7fbfsVb058Crxc1JGORp996s3UDSJmAQqiDFd34shyIgGTgWbFnuJYTGhEzJiXUsliZgJsvntU3xmlQEeKm1LAp6rvycyEhmTRqHtjAiMzbI3E//zugkMr4OMyzgBJuli0TARGBSeBYEHXDMKIrWEUM3trZiOiSYUbFxFG4K//PIqaV1U/VrVu7ss12t5HAV0gk5RBfnoCtXRLWqgJqLoCT2jV/TmTJ0X5935WLSuOfnMMfoD5/MH5lqTqw==</latexit>

y(t) ! 0

<latexit sha1_base64="Gtm6cb6HOgU7aMNs8AYtL0brS3k=">AAAB+3icbVBNSwMxEM36WevXWo9egkWol7IrUj0WvHisYD+gXUo2TdvQbLIks+qy9K948aCIV/+IN/+NabsHbX0w8Hhvhpl5YSy4Ac/7dtbWNza3tgs7xd29/YND96jUMirRlDWpEkp3QmKY4JI1gYNgnVgzEoWCtcPJzcxvPzBtuJL3kMYsiMhI8iGnBKzUd0tpBc5xT/PRGIjW6hF7fbfsVb058Crxc1JGORp996s3UDSJmAQqiDFd34shyIgGTgWbFnuJYTGhEzJiXUsliZgJsvntU3xmlQEeKm1LAp6rvycyEhmTRqHtjAiMzbI3E//zugkMr4OMyzgBJuli0TARGBSeBYEHXDMKIrWEUM3trZiOiSYUbFxFG4K//PIqaV1U/VrVu7ss12t5HAV0gk5RBfnoCtXRLWqgJqLoCT2jV/TmTJ0X5935WLSuOfnMMfoD5/MH5lqTqw==</latexit>

y(t) ! 0

The system is asymptotically stable

The system is unstable
Why?

y(t) will explode since it’s the sum of 
infinite response to impulse input



Stability of transfer functions

• A system defined by a transfer function H(s) is stable if and only if all of the poles of H(s) 
have negative real part. Such system are said to be Hurwitz
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<latexit sha1_base64="bOlH2v9Rr+xLtpynTZe+L19ppto=">AAAB/3icbZDLSgMxFIbPeK31Niq4cRMsQt2UGZHqRii46bKCvUA7lEyaaUMzmSHJCGXswldx40IRt76GO9/GTDsLbT2Q8PH/55CT3485U9pxvq2V1bX1jc3CVnF7Z3dv3z44bKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH99mfvuBSsUica8nMfVCPBQsYARrI/Xt43pZnd/0AolJ6hucpji7+3bJqTizQsvg5lCCvBp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTabGXKBpjMsZD2jUocEiVl872n6IzowxQEElzhEYz9fdEikOlJqFvOkOsR2rRy8T/vG6ig2svZSJONBVk/lCQcKQjlIWBBkxSovnEACaSmV0RGWGThTaRFU0I7uKXl6F1UXGrFefuslSr5nEU4AROoQwuXEEN6tCAJhB4hGd4hTfryXqx3q2PeeuKlc8cwZ+yPn8AU72U/A==</latexit>

H(s) =
b(s)

a(s)

x – pole
o - zeros

<latexit sha1_base64="iMKr0DjrlQ2rH2sj77NJCTCr/NM=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVaEctMkepGaXHjsoJ9QFuHTJra0MyD5I4wDP0bN/6KG0FFdOmfmD4WtfVCyMm553BzjxsKrsCyvo3U0vLK6lp6PbOxubW9Y+7u1VUQScpqNBCBbLpEMcF9VgMOgjVDyYjnCtZwB9ejfuORScUD/w7ikHU88uDzHqcENOWYV3EejvElrjg2ZvfJaahvGOKTWSI3ZipOcfIuTgRxTjsdM2sVrHHhRWBPQRZNq+qYb+1uQCOP+UAFUaplWyF0EiKBU8GGmXakWEjogDywloY+8ZjqJOM9h/hIM13cC6Q+PuAxO+tIiKdU7Lla6RHoq/neiPyv14qgd9FJuB9GwHw6GdSLBIYAj0LDXS4ZBRFrQKjk+q+Y9okkFHS0GR2CPb/yIqgXC3apYN2eZculaRxpdIAOUR7Z6ByV0Q2qohqi6Am9oHf0YTwbr8an8TWRpoypZx/9KePnFzwYoKE=</latexit>

y(t) = A1e
�p1t +A1e

�p0
1t +A2e

�p2t + y0(t)

A1 and A2 are arbitrary numbers

What if real(pn)<0?

What if real(pn)>0?


