ANU ENGN 3227

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN 3227 Analogue Electronics
Problem Set #06 Active Filters

Q1

Consider the circuit shown in Figure 1.

AssumeR; = 1kQ, R, =2kQ, Cy =1 pF.

(a) Find the s-domain transfer function of the circuit in standard form.

(b) Write the set of MTLAB commands (4 lines expected) to obtain the Bode plot.

Figure 1: The circuit for Question 1.

Q2

Consider the circuit shown in Figure 2.

AssumeR; = 1kQ,C; = 1 uF, Cy = 10 F.

(a) Find the s-domain transfer function of the circuit in standard form.

(b) Write the set of MTLAB commands (4 lines expected) to obtain the Bode plot.

Figure 2: The circuit for Question 2.

Problem Set #06 page 1



ANU
Q3

Consider the Sallen-Key low-pass filter circuit shown in Figure 3.
Find the s-domain transfer function of the circuit in standard form.

C,
1
|
R R \A
o— AW\ AA—s A Var ()
Vin(t) Ve l _ —0°
C, " R
RA

Figure 3: The circuit for Question 3.

Q4

Consider the Sallen-Key high-pass filter circuit shown in Figure 4.
Find the s-domain transfer function of the circuit in standard form.
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Figure 4: The circuit for Question 4.
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AUSTRALIAN NATIONAL UNIVERSITY
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ENGN 3227 Analogue Electronics
Problem Set #06 Solution

Q1
Complete Solution

The given circuit data iR, = 1 kQ, R, = 2kQ, C; = 1 JF.
Re-drawing the circuit in s-domain, we have

(a)
Applying KCL at -ve pin,

Vo (S) -0 Vo (S) _Vout(s) Vo (S) — Vout(s)
= + R + T

=0

Solving

1 1
Vout(8) _ sG + Ry + Ry

V_(s) sG + Ril
From circuit,Vin (s) = V4.(S). Applying op-amp assumptiol,. (s) = V_(s). Hence

1 1
Vour(s) _ SGtrtr

Vin(s) G+ g

Converting to standard form

1 1 1
Voul(s)  STE (RT + R?)

Vin(s) S+ ﬁ

(a)
Substituting the values, the transfer function is

s+ 1500
H pu—
()= 57000
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The MATLAB commands are:

>> num=[1 1500];
>> den=[1 1000];
>> H=tf(num,den);
>> bode(H);

From the shape of the magnitude bode plot, the given circuit provides 3.5 dB gain to low frequencies and
allows high frequencies to pass unchanged (0dB gain).

Q2
Partial Solution

The given circuit data i®; = 1 kQ, C; = 1 yF, C, = 10 F.
The given circuit is

(@)
In standard form

1
RG
H(s) = =
St ra

(b)

100
H(S) = 571000

The MATLAB commands are:
>> num=[100];

>> den=[1 1000];

>> H=tf(num,den);

>> bode(H);

From the shape of the magnitude bode plot, the given circuit is a low-pass filter with roll-off -20 dB/decade.

Problem Set #06 page 4



ANU
Q3

Partial Solution

Re-drawing the circuit in s-domain, we have

ENGN 3227

1sC,

I

Ry 3
Vel W v Vf) " oy
UsC, V.S Re
I .

Let

n Re _ Ra+Re
Ra Ra
Step 1:Apply KCL at -ve pin

G =1

V=(8) ~Vou(s) | V-(s) =0
Re Ra

Solving, we have

=0

el
Vout(S)

G
Applying op-amp assumptiol, (s) = V_(s). Hence

Vi(s) = Vog(S)

Step 2:Apply KCL at +ve pin
V(9 —Wls) | Vi(9)-0

= 0
1
RZ sG

ACEE (s

Substituting the valu¥, (s) = V"%(S‘) and solving, we get

Vout(S)

VX(S) = (SCsz + l)
Step 3:Apply KCL at nodex

Vi(s) -V Vi(S) —Vou Vi(S) — Vin
(s) = . (9) N (S)sél t(S) n (s) - (s)
Vi(s) = Y& \4 () —Vour(S)  Vi(S) — Vin(9)
= (CHENE SN R

1
sG
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Simplifying, we have

(SsGRiIR+ R+ R1)(sGR: + 1)

1

1
(sCl + R + R2> Vx(s)

(SClRle +Ro+ Rl)VX(S)
Vout(S)

ENGN 3227

1
Gszout(S)

R
RoVin(S) 4 SGIR1RoVout(S) + Elvout(s)

1
ﬁlvin (s) +sCGVout(s) +

R
RaVin(S) + SCIR1R2Vout(s) + Elvout(s>
GRuVin(S) + SGG R1RVout(S) + RiVout(S)

(sGR1R2 + Rz + R1) (SGR2 + 1)Vout(S) (
(SGR1R2 +R2 4 R1) (SGR2 + 1)Vout(s) — SGGR1RaVout(S) — RiVout(S) = GRaVin(S)
(SCLCoR1RS + SGIR1 R, + SGRS + Rz + SGRIR, + R1 Wout(S) — SGGR1RVout(S) — RiVou(S) = GRVin(S)
(SC1CRIRE 4 SCIR1R2 (1 — G) + SGR1R: + SGRE + Ro)Vour(S) =  GRuVin(s)
(SC1CR1R 4+ SCIRy (1 — G) 4+ SGRy + SGR2 4+ 1)Vou(S) =  GVin(9)
Hence
Vout(S) _ G
Vin (S) 82C1C2R1R2+SC1R1(1— G) +sGR; +sGRy+1
G

FC1CRIR + [C]_R]_(l —G)+CoRy + C2R2]S+ 1

Step 4:Convert transfer function to standard form.

Dividing numerator and denominator ByCoR; R,

1
Vou(s) Ceorr
Vin(s) -G, 1 L L
in(S) s2+[®+®+m}s+m
Hence
1
e Ceorr

1-G 1 1 1
£+ {Csz + CiRz + C1R1:| S+ CiCRiIR,

Q4

Solution

The given circuit is

+ Vou (1)

R

|
T

G

2 1-G 1 1 1
S+ CiRy + CiRy + Csz} S+ CiCRiIRy
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