CT Convolution (1B)

Young Won Lim
1/29/15



Copyright (c) 2010 - 2014 Young W. Lim.

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free Documentation License,
Version 1.2 or any later version published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no
Back-Cover Texts. A copy of the license is included in the section entitled "GNU Free Documentation License".

Please send corrections (or suggestions) to youngwlim@hotmail.com.

This document was produced by using OpenOffice and Octave.

Young Won Lim

1/29/15


mailto:youngwlim@hotmail.com
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Integration & Differentiation of e®
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Definite Integration of e*
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u(t) and e
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Graphic Convolution of u(t) and e™
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Convolution of u(t) and e#
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Convolution Examples (1) First Order Systems

x(t) =§(t) h(t) Impulse Response  y(t) 4 =h(t)

x(t) =u(t) h(t) Step Response y(t) = s(t)
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Convolution Examples (2) First Order Systems

x(t) =§(t) h(t) Impulse Response  y(t) 4 =h(t)
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Convolution Examples (3) First Order Systems

x(t) =§(t) h(t) Impulse Response  y(t) 4 =h(t)

x(t) =u(t) h(t) Step Response y(t) = s(t)
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Convolution Examples (4) First Order Systems
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s(t) from h(t) = cle't + cze'3t
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Linearity - Overdamped Case
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Linearity - Underdamped Case
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Complex Exponentials
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Complex Exponentials
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Basis of the Complex Plane

Basis : a set of linear independent spanning vectors
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Real Coefficients C1 & C2

ce e + ce e c,e “'cos(wt) + c,e “'sin(wt)
real number C1 = (CS_C4i)/2 C3:(C1+C2) real number
real number c, = (C3+C4i)/2 C4:i(C1—C2) complex number
(c,e™®, c,e” ")
—imt
e
1-e %™ 4 0.0 0o ot 1-e ®cos(wt) + 1li-e 'sin(wt)
. . e+iwt R
e e + et V2-e™°tcos(wt) + 0i-e °'sin(wt)
0-e Clet®t 4 (.o Clp ivt 1-e cos(wt) — 1li-e 'sin(wt)
—T;.e—ote+i()0t + %'B_Gte_iwt O.e_Otcos((Dt) — \/Ei.e_otsin(wt)
—1-e %" + 0-e e isin(wt) —1-e°‘cos(wt) — 1li-e 'sin(wt)
%.e—ofe+iwt + _Tzl-e_‘”e_“’” —\/E-e_‘”cos(u)t) — Oi-e “'sin(wt)
0-e Cleti® _ {.pCtpTivt - > o —1-e°'cos(mwt) + 1i-e_0tsin(oot)
cos(mt
1 —ot ,+iot -1 —ot ,—imt 0 —ot ( ) + 2 ( )
—-e e + e e e °'cos(mt i-e”°'sin(wt
y
(coe™, c,e” )
. Young Won Lim
Convolution (1B) 21 1/29/15



Complex Plane Basis
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Real Coefficients C3 & C4
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Real Coefficients C3 & C4

c,e" + c,e c,cos(wt) + c¢,sin(wt)
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C! and R? Spaces
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Signal Spaces and Phasors
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c, = (C3+ C4l)/2 complex number
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+2 *real part

—2x*ximag part
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Causality
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Convolution Properties
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System Response to standard signals
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Frequency Response

x(t) = Ael® el I h(t) ) y(t) = H(jw)-Ael® e’
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Frequency Response

A ej(b eju)t
single frequency single frequency
component : ® component : o
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Transfer Function
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Block Diagram of Differential Equation

Convolution (1B) 33 Young Won Lim



Zero State Response & Convolution
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Green's Function & Convolution
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Green's Function

" Y Y,

the same Green's function

.V1(t)Y2(X) — Y1(X).V2(t)

G(x, t) = W)
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ZSR and Green's Function
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Impulse Response —» Zero Input Response
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