Signal Filtering

Passive filters
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First Order Low Pass Filter

(O = Consider the following circuit

— A signal with a desired signal and an interference signal may
be supplied. The interference is at a high frequency in this
case and the desired at a low frequency:

Input L output
Signal Slgnal

Ve _ ~ BV
Ip = V—RR R dt
_C av,,, Vin " Vour — Vo
c dt R at
VR = Vin ™Ve = Vin ~ Vou V., :RCdV—‘;:U't+Vout
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First Order Low Pass Filter

(O '« Assuming deviation variables:
Vi (8) = ROV (3) + Vi ()
v,.(s_ 1 _ 1
V.. (S) RCs+1 rs+1

* First order system

— Ratio of output to input will follow ideal response for a first
order system

— Easily calculated by substituting iwfor s and computing
|IG(iw)| and L/G(iw)
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Plotting Frequency response

Frequency * tau ()
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Plotting Frequency response
O Frequency * tau (wrt)

0.01 0.1 1 10 100
0 = \

-10 \A\

-20 \

-30 \\

s AN

-60 \

0 A\
-80 \
-90 \N —A

2/1/2007 BAE 5413 5

Phase Lag (degrees)

O



Adding terms of Frequency Response

~ Giia) > Gylic) g

2010g(G, (i w)|G, (i w)) = 2010g(G, (i w) ) + 2010g(G, (i )|
0G,(i)G, (i) =06G,(ia)+0G,(iw)

We can simply add terms on the Bode Magnitude plot
and on the Bode Phase plot to get total response
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Second Order Low Pass Filter

R 2
T o o T
&8 = rlsl+1
G, (9) = 72;1 20logG(i w)| = 20log e +20log il
G(s)= rlsl+1 rzs:,L+1 HG(w) =1 rlial)+1+ - rzij)+1
G(iw) = — 1

Liw+lriw+l

Thisworks as long as the assumption of no current
flowing between R, and R, holds. Make R, >> R,
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Plotting Frequency response

Frequency * tau (¢or)
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Plotting Frequency response
O Freguency * tau (wt)
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First Order High Pass Filter

(O = Consider the following circuit

Vou — c MVe av,
R dt
| = Vou Vout _ (V B Vout)
" R R dt
. dv dv av
. =C—& RC —in Vin = RC ——out. Vout +V, .,
Tt ot ot
Ve =Vin 7VR = Vin T Vou RCsv. (s) = RCsv,_,(s) +V,, (S)
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First Order High Pass Filter

Gllw)= 11'2)6:1: ﬂa{zia;l}

2010g/G(i w) = 20log/7i ) + 20l0g

1

now+1

ulz = JO+ 7% = Tw

Freq.| |G(ia)]| | 20log|G(iw)|
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O

0G(iw)=Diw+0

noe +1

Tiw= tan"l(%)j = +90°
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Plotting Frequency response

Frequency *tau ()
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Plotting Frequency response
O Freguency * tau (wt)
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