First-Order Dynamical Circuits
Typicallyan R+ Cor L
Need to find equivalent R, C, L

First order = one state variable

- storage (e.g. oint.
ge(e.g.Qp R + L Prototype (lowpass)

R + C Prototype (lowpass)
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15t-Order High-Pass Circuits
Typicallyan R+ Cor L
Need to find equivalent R, C, L

First order = one state variable
—> storage (e.g. Q) point.
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Op-Amp Basics
Vout - AV(V+ - V-)

Typical A,
300 — 1000000 => infinite
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Core Op-Amp Circuits

Voltage follow
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Non-Inverting Amplifier

Voul®)

Inverting Amplifier Configuration




Difference Configuration
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Instrumentation Amplifier

Symmetric Circuit Difference Configuration
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Invert this term
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Feedback
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Laplace Transform Table
I

Time Domain (t) : Laplace Domain (s)

I
O
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How to handle general linear differential equations f f (t) dt ! lF( 3)
with arbitrary inputs (e.g. signals)? : S
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Voltage Divider:
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Laplace Transform = Fourier Transform

F(s) = /OOO f(t)e stdt F(jw) = /_OO f(t)e I¥tdt

S =0 4+ jw c=0,58 = jw j=v-1

f(t) = F(s) F(s) = f(t)

Transform: reversible

I8t order example
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Quantum Physics:
Momentum relates to
Fourier Transform of
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Phase = tan ! (wT)



First-Order Low-Pass Filter

First-Order High-Pass Filter
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Input Voltage (V)

Output Voltage (V)
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15t Order Step Response (Op-Amp)
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Op-Amp with Capacitive Feedback
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Differential inverting capacitor-based amplifier

(R. Harrison: Front-End Neural Amplifier)

Z,=1/sC, Zy = Ryyge I/ (1/5Cy)
(input) (feedback)
Cl ST _
Vou - = V+ — V.
T = RlaTgeCQ ( < IHZ)
R age SCts biasing (no Q issues)
C
For higher frequencies: Vyur = — 61 (V.r
2



