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EECE301 Network Analysis 11 Dr. Charles Kim
Note09: Active Filters ---Part 3: Practical Perspectives
Note; This discussion is essential to your success in the project

6. Practical Perspective (Bass Volume Control)

Treble

Bass

1. Objective
(i) OP Amp Circuit
(i1) Amplification of an audio signal in the bass range
(iii) audio signal range: 20 - 20000 Hz
(iv) bass range: 20 - 300 Hz
(v) Bass Volume Control Circuit Analysis
2. Bass Volume Control Circuit Analysis
(i) Let's start from a circuit shown below.

(i) s-domain circuit becomes:

1/scC

Vo{s)
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(ii1) Node voltage equations:
@node a: VaVo, Vo (VaoVs
R, (l-a)R, 1/sC

Vb +Vb _Va +Vb _Vo

@node b: =0
aRr, 1/sC R,
. ] -V, -V,
@center of the variable resistor: + =0
@a- a)R oR,

-(R, +aR, +RR,Cs)

(iv) Then, the transfer function becomes: H(s) =
Rl +(1-a)R, +RR,Cs

VS
(v) The magnitude of steady-state transfer function is:
| H (_]W) |: | (Rl +aR2) + JWRlRZC | ....... (1)

|(Ri+(@-a)R,) + jwRR,C|
3. Analysis of the Bass VVolume Control Transfer Function

(i) Let's consider the equation (1) with different values of a.
(ii) 1f a=0.5, [ H (jw) |= | (FLTOSR,) + JWR,R,C|
| (R, +0.5R,) + JwR,R,C|

=1. Therefore there is no

amplification or attenuation
(ii)Volume control (Amplification or Attenuation) is controlled by the values of a.
(iv) Numerical values of Ry, Ry,and C are determined by the following 2 design decisions
(a) Passband amplification in the Bass range (w --> 0)
(b) The frequency at which the amplification is changed by 3dB (cutoff)
4. Procedures for finding the numerical values based on the design decisions
() The maximum magnitude relationship (remember it is a LPF)
R, +R,
| H(JW) |max_| H(JO)l i ——
Rl
(i))Minimum magnitude relationship
: : R
H(jw) |, = H(jO)|,,=——
| (J )lmln | (J )la—O R1+R2
(iii)Cutoff frequency relationship (Derivation of this follows)

. 1 R +R,
|H(JW)|cutoff \/—|H(J )|max_ﬁ R
1

or |H(jwc)|-[|H(10)| [R;R

(iv) The magnitude at the cutoff frequency using equation (1):
2 2
IH(jw,)], = (Rt Re) HIWRR,CI \/(RHRZ) +(W,R,R,C)

| (R, + jw.R,R,C| R,” +(W,R,R,C)?

(R, +R,)? /R +(w,R,C)?
1+(w,R,C)*

(v) Let's replace w by 1/R,C, then the equation becomes:

and it becomes: |H(jw,)|,4= \/



(R,+R,)?/R’ +1
2

IH(J'WC)I,,=1=\/

+
(vi) To simplify the above equation, let's assume that % >>1. Then the equation

1

(R,+R,)’/R? _ 1 R +R,

2 2 R

reduces to: |H(jw,)|,= \/

5. EXAMPLE PROBLEM:
Using the circuit below, design a volume control circuit to give a maximum gain of 20dB
and a gain of 17dB at a frequency of 40 Hz.

(SOLUTION)





