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LHP: RHP: LHZ: RHZ:

1 1 l+s/m, 1-s/m,
1+5/m, -5/, 1+ j(w/ w,) - j(w/ w,)
1 1
1+ j(w/ w,) [-j(o/w,)
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s —I TR KB IE K ss (first-order passive low-pass filter)

0dB

1
1+ JwRC

Pole p is on the
negative real axis
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s —N RSB RS (first-order passive high-pass filter)
0dB

JWRC
1+ JwRC
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s TR PR EEES (first-order passive band-stop filter)

Bode Diagram

Magnitude (dB)

Phase (deq)
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1+R (ﬂms: 1+ RC,s 1+RC€
l . 1 ‘ l
I+s/w,, 1+s/w, l+s/w,

=1-A A,
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Non-Linear Amplifier Non-linear curve

as saturation is .
* Xx=input approached Non-linear

Sl W
* y=output y=ax Kh.x? +c.x3 0 .. Output wave
— L g

(J;"“y
y=a.x+b.x*+C)x®+ ..

Linear
* Generally c<0

X —» low

Linear -
Input wave _ .
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e Sensor signals are often too weak or too noisy
« Hinl: LDUE @ W SISO E S
o« Hir2: R Eelisie %

Transducer Signal processor Recorder
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. %B’T—:é’ GH>>1EITJ_ Gain = G Gain = 1 X =

GEVEI AFEIRIER /) 1+GH H 1+GH
Loop gainis not GH. Loop gain is -GH.
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General amplifier circuit symbol Differential amplifier
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Feedback loop

Closed Loop Transfer Function

\ H(s)= A/ (1 + AF)
e % When AF >>1...
out
;///// ~ H(s)=1/F
Where: A = Op Amp Open Loop Gain

F = Feedback Loop Gain
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* Current through R, is I, =V, /R,

* the current through R, must go
through R,

* Voltage drop across R, is then
lfR = inX(RZ/Rl)

o =0 -V, %(R,/R,)

* Amplify V. by factor —R,/R,

. negatlve sign =2 “inverting”
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* Current through R is I, =V, /R,
(to left, into ground)

* Voltage drop across R, is
IR, = V. x(R,/R,)

=V, + V. x(R,/R,)

e The gainis (1 + R,/R,), and is
positive (non-inverting)
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* inverting input still held
at virtual ground

* /,and /, are added
together to run through
R;

e Get the (inverted) sum:

* XA E R EHAYEL IR E
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Vioge = V*R,/ (R + R)

node

* T Tl

* If = (V node)/R
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= Vin/R

e Cdv_ /dt =V, /R

cap

1
out — — Eﬂdt
Vout RC Vi
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° lcap — dQ/dt = CdV/dt
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R,. R,, C and L are specially chosen so that:
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w, = 1/(CR,) =R,/L.

V R,
H (jo=)-2"(jo)=-
V, | R( 1+ jo/ o )

k

=0 Above o, H, 1s reduced by a factor of 100 for a ten fold
increase in o (40dB drop per decade)

© First-order filter: H, 1s reduced by a factor of 10 for a
ten fold increase in @ (20dB drop per decade)
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Third- Order Low pass Butterworth Filter Circuit
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FIRST-ORDER LOW PASS FILTER
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SECOND-ORDER LOW PASS FILTER 4>|




