NT/FB9
GMUD

Network Theory II
(Digital Networks)

Page
1/4

Problem 3.5
Given is the system function:
HL (p1 ) =

p21 +

√

ωT2
2ωT p1 + ωT2

with p1 = σ1 + jω1

of an analogue Butterworth-Low-Pass 2nd order with the 3dB-frequency ωT . This lowpass shall be the reference system for an analogue high-pass, whos system function HLt (p)
is related to the system function HL (p1 ) over the frequency transformation
p1 = p1 (p) with p = σ + jω
3.5.1 Give the function p1 = p1 (p) for the case that the wanted analogue high-pass has a
3dB frequency ωH , which is k times (k > 0 and real) greater than ωT .
3.5.2 Determine the corresponding system function HLt (p) of the analogue high-pass.
3.5.3 Determine the related function ω1 = gω (ω), which can be derived from the function
found in 3.5.1.
3.5.4 Determine the magnitude-characteristic |HFt (ω)| = |HLt (p = jω)| of the wanted
high-pass.
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Problem 3.6
Given is an analogue Chebyshev low-pass second order.
3.6.1 Give the general equation for the approximating function A(ω) for the low-pass.
3.6.2 Develop the equation A(ω) of the Chebyshev low-pass in a polynomial.
3.6.3 Determine the poles of the function AL (p).
3.6.4 Determine the poles of the system function HL (p) of the low-pass and give HL (p).
3.6.5 Using the impulse-invariance-method, the analogue low-pass shall be transformed
in a digital low-pass with a sampling- and clock-frequency ωa = 2π/Ta . Determine
the system function Hz (z) of the related digital low-pass.
3.6.6 Sketch a canonical structure of the digital low-pass and give the multiplying coefficients.
Problem 3.7
Given is the system function:
HL (p) =

p2 +

√

ωT2
2ωT p + ωT2

of a stable analogue Butterworth-Low-Pass 2nd order with the 3dB-frequency ωT . Using
the impulse-invariance-method the analogue low-pass shall be transformed in a digital
low-pass with a sampling- and clock-frequency ωa = 2π/Ta .
3.7.1 Determine the system function Hz (z) of the related digital low-pass.
3.7.2 Determine the filter-coefficients am and bn of the related digital low-pass.
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Problem 3.8
A given realisable analogue reference system with the system function HL (pk ) can be
transformed in a digital system by the transformation Hz (z) = HL (pk (z)) with:
pk =

2 z−1
·
= pk (z)
Ta z + 1

with
pk = σk + jωk and z = epTa = e(σ+jω)Ta
3.8.1 Show that the unit-circle |z| = 1 of the z-plane is mapped in the jωk -axis of the
pk -plane.
3.8.2 Show that the jω-axis of the p-plane is mapped onto the jωk -axis of the pk -plane.
3.8.3 Determine the frequency ωk as function of ω and draw the function for 0 ≤ ω ≤ ωa .
3.8.4 Draw the coordinate systems of the p-plane, the z-plane and the pk -plane with
the nomenclature of the corresponding abscissas and ordinates and denote the jωaxis in the range 0 ≤ ω ≤ ωa of the p-plane. Input the points pn = jnωa /4 with
n = 0(1)4 and the points pm = jmωa /4 with m = 0(1)4. Input the same points at
the corresponding positions in the the z-plane and the pk -plane.
Problem 3.9
Given is a Butterworth low-pass second order with system function:
HL (p) =

p2 +

√

ωg2
2ωg p + ωg2

3.9.1 Give the system function Hz (z) of a digital filter, which has been derived from the
given analogue reference system by the method of the bilinear z-transformation.
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Problem 3.10
Given is the system function:
Hz (z) =

a1 z
b2 z + b 0 z 2

with z = epTa

of a digital filter, which has been derived from the system function HL (pk = σk + jωk ) of
an analogue reference system.
3.10.1 Determine the system function HL (pk ) of the analogue reference system.
3.10.2 Which kind of analogue filter is described by the reference system?
Problem 3.11
Given is the tolerance scheme of the magnitude characteristic
|HfaF (f )| = |Hz (z = ej2πf Ta )| of a digital IIR low-pass beneath. This low-pass has been
developed from an analogue reference system HL (pk ) applying the method of the bilinear
z-transformation. The sampling- and clock frequency of the digital system is equal to
fa = 8 kHz.

|HfaF (f )|
1.1
1

δd = 0.1

δs = 0.1
0.1
0

1

2

3

4

f / kHz

3.11.1 Draw the corresponding tolerance scheme of the magnitude characteristic |H fF (fk )| =
|HL (pk = j2πfk )| of the analogue reference system, inserting the corner-frequencies
fkd and fks .
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