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virtual ground
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Vout = Vin
Isolates loading effects
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If R1 = R2 and Rf = Rg:
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Filters
Types:
•Low pass filter
•High pass filter
•Band pass filter
•Cascading (2 or more filters connected 
together) R2
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R1

C

Low pass filter

Low pass filter Cutoff 
frequency �

Low pass filter transfer  
function�
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Half-Bridge Arrangement

Using KCL at the inverting and non-inverting 
terminals of the op amp we find that � �  ~ Vo = 2� R(Rf /R2)

R + � R Rf
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+ Vcc

- Vcc
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Rf

Vref R

R - � R

R

Op amp used to amplify 
output from strain gauge
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•Goal is to have VSET = VOUT
•Remember that  VERROR = VSET – VSENSOR
•Output Process uses VERROR from the PID controller to 
adjust Vout such that it is ~VSET

P

I

D

Output 
Process

Sensor

VERRORVSET
VOUT

VSENSOR
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Source: 
http://www.ecircuitcenter.com/Circuits/op_pid/op_pid.htm

Calculates VERROR = -(VSET + VSENSOR)

Signal conditioning allows you to 
introduce a time delay which could 

account for things like inertia

System to control

-VSENSOR
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VERR

Adjust Change

Kp RP1, RP2

K i RI, CI

Kd RD, CD

VERR PID
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