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Ex.11:
ANALOG FILTERS

11.1 LOWPASS FILTER OF 1st Order

11.1.1 Background on the analog integrator
The relationship linking the output s (t) to the input e (t) of figure 1 is:

e(t) [~ s(t)

They are given by 1

11.1.3 Principle diagram

The H(p) function is realized by the integrator, INTEGRATE Block, whose time
constant determines the filter cut-off frequency with :

Hp) = —
p)=—
p
e From the figure 2 diagram, it demonstrates the relationship giving T(jo).
E(p) S(p)
() H(p)
fig.2
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11.2 PRACTICAL WORKS
11.2.1 Test diagram

Wire the test diagram below  figure 4.
The calculation part of the Bode diagrams (Gain and Phase) comes from the
demonstration diagram by M. Jean-Marie ORY, author of ETD410 module Primitives.

Note the Bode diagram and check the low-pass filter characteristics of the first order.

11.2.2 Bode Diagrams

They are given by figure 3.

Check the gain value in cut-off frequency and the slope when the frequency tends to
infinity.
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Filter to test

1st order Low pass: BODE DIAGRAM
fc = S00Hz Of a 1% order analog filter

Note:
15 Only use the scope for educational purposes
COPE To get a quality recording,
[@ 11 leave the scope stopped

Calculation of the average power
of the output of the filter

A cos(wt+phi)

4
W Y1 = Gain in dB
2 —ing start_in 14 start_out
) ®im  exp(-jwt) PLOTTHR
phi Y2 = Phase in degrees \j
Complex sinus generator =
u_lou

Frequency reference in geometric progression

AN

fig.3
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11.3 UNIVERSAL FILTER
11.3.1 Principle functional diagram

It is given by the figure 4.

Before the appearance of digital computers, this function was used to simulate the
differential equations, especially in Physics, in the study of systems with state variables
(described by differential equations).

The S1, S2 and S3 outputs can successively and simultaneously realize the filters: high-
pass, band-pass and low-pass; this is what gave this function, where the name is

UNIVERSAL FILTER.

The sum of the high-pass and low-pass outputs can realize the notch or band-stop filter.

E(p) S1(p) |52(p S3(p)

,]b S4(p)

11.3.2 4 outputs transfer functions

e From the transfer function H(p) = 1/1p defined in 11.1.1, determine the
relationships:

Sl(p) = fl(Sz(p);S?’(p):a: b, C)
52 = f,(S1(p))
S3(p) = f3(S2(p))

S4(p) = f2(S1(p), S3(p))
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e Derive the 4 following transfer functions:

S1 52
TG =05 12000 =05

S3 54
T3(]a)) = % T4(ja)) = %

e Set the transfer functions in their canonical form by identifying the parameters
if :

To1, Toz, Toz,, Tos, mand m :

’ n
T1(jw) = Toy L pO P2
1+2m —+ +2m 50+?0

2

1+E

) Wy
TS(IQ)):T03 2

1+2m

11.3.3 PRACTICAL WORKS

For the clarity reasons of test da

the Phase of the Bode diagrg
in fig.6.

e Determine each on

hortant characteristics.

0
Real Gain
BODE
Complex Phase
fig.5
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Reel O——

Complex Q——

in1

in2:

0

LN

~in

in—0—

7
in_re— Argument
in © @
in_im-0

fig.6

in1-A2 |

in2—0——

n

DECIBEL

J—Q Gain

@ Phase
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Complexe sinus generator

Gain and Phase calculation

7

BODE

Y2 = Phase in degrees

Fs =1e5Hz

Y1 = Gainin dB

start_out start_in

fig.7
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BODEO_GAIN

BODEO_PHASE
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fig.9
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BODEO_GAIN

BODEO_PHASE
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fig.10
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BODEO PHASE
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fig.11
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