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1.1 a
T

ransfer function ( in Sw
edish: överföringsfunktion): 

Frequency response ( in Sw
edish: frekvenssvar): 

M
agnitude function ( in Sw

edish: beloppsfunktion): 

Phase response ( in Sw
edish: fasvridning): 

b)
  

c)
T

he inverse of 
, w

here X
(s) =

1, is not included in the L
aplace tables. U

se the fact, see

T
able and Form

ulas for A
nalog and D

igital Filters, that

 
 for 

 

k

 

 =
 1, i.e., 

. W
e get

from
 entry 11: 

 and 

 N
ote there is an im

pulse 

 

δ

 

(

 

t

 

) at 

 

t

 

 =
 0 that is not visible

in the diagram
.
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c)
 

. It is a low
pass filter.

 

d)
See Figures above. 

e)
 and 

 See figures above.

f)
 and 

 w
here 

a =
 1/R

C
 See the figures above.

1.4 a)a)A
 pole at 

 and a zero at s =
 0, i.e., a H

P filter.

 See the figures above.

b)
 and  

c)
h(t) and s(t). See the figures above.

1.5 ab)

1.6b)

1.7
G

ain =
 0.75/0.5 =

 1.5  and Phase =
 5.2 – 0.4 =

 4.8 rad

1.8
T

ransfer function: 

b)
Frequency response: 

M
agnitude function: 
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Phase response: 
 

G
roup delay (in Sw

edish: grupplöptid)

: 
 

c)

d) Im
pulse response (in Sw

edish: im
pulssvar)

: 

 and 

 
 or use the function

[h, dirac0, t_axis] = PZ_2_IM
PULSE_RESPONSE_S(G, Z, P, t_axis)

 
T

here is an im
pulse at t =

 0 that is not visible in the diagram
.

d)
Step response (stegsvar): 

 N
ote that s(0) =

 1

or use the function [s_of_t, t_axis] = PZ_2_STEP_RESPONSE_S(G, Z, P, t_axis)
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41.9 a) 
 and 

b)
In order to retain the w

ave form
 of the input signal. C

onstant group delay im
plies that the envelop,

i.e., the w
ave form

 is retained. O
f course, the w

ave form
 is affected if significant frequency

com
ponents are attenuated. It is im

portant to have sm
all variations in the group delay in application

w
here the interesting inform

ation is in the w
ave form

, e.g., E
E

G
, E

C
G

 and im
ages.

c)
 and 

W
e get w

ith R
 =

 1 Ω
, L =

 2 H
, and C

 =
 3 F.

 

1.10

1.11

1.12 a)

b)
Φ

(0) is alw
ays a m

ultiple of π and Φ
(∞

) is alw
ays a m

ultiple of π/2. T
he area is therefore a m

ultiple
of π/2 and depend on the poles and zeros. E

ach pole contribute w
ith the area π/2 and it is m

ainly
concentrated in the frequency range around the pole frequency, ω

p . If the pole is close to the jω
-axis,

the m
ain part of the area is concentrated at the pole frequency, w

hile for poles far w
ay for the j ω

-axis,
that area in distributed over a larger frequency range. Z

eros in the L
H

P contribute in the sam
e w

ay to
the area, but zeros in the R

H
P contribute w

ith a negative area. Z
eros on the j ω

-axis do not contribute
the any area.

1.13)
 and 

G
roup delay:  
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b)c)
T

he step response is obtained for the input:  
 

=
>

 

T
he im

pulse response is 

1.14 a) Φ
(ωω ωω

) =
 arg{H

(j ω
)} =

 arg(jω
)  

 =
 π/2 

 

G
roup delay: 
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6
 

c)
T

he step response is obtained w
ith: X

(s) =
 1/s.

T
he im

pulse response is

1.15

1.16)
 

b)
A

 com
plex conjugate pole pair at 

 and tw
o zeros at s =

 0, 

G
 =

 1, i.e., a H
P filter. T

he pole-zero configuration in the

s-plane is, if 
, according the figure to the right,

or as in the left figure, i.e., tw
o real poles and tw

o zeros

at s =
 0 if 

. 
c)d)

F
igures

1.17)
A

 filter that has the sm
allest phase, i.e., all zeros 

are in the left half of the s-plane or on the jω
-axis. 

For exam
ple, tw

o filter w
ith the transfer functions

H
m

infas (s) =
 (s+

a)/(s+
b) and H

m
axfas (s) =

 (s–a)/
(s+

b) w
here a >

 0.
b)

1.18 a) M
inim

um
-phase =

>
 all pole and zeros in the L

H
P or on the jω

-axis =
>

 2, 4 and 6.
b)

A
llpass =

>
 every pole have a zero sym

m
etrically on the other side of the j ω

-axis =
>

 1 and 3.
c)

Stable =
>

 no poles in the R
H

P or on the jω
-axis =

>
 1, 2, 4 and 6.
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1.19
a)b)c)d)

A
llpass filter

e)
C

orrect the group delay of a filter w
ith the desired m

agnitude function but w
ith too large

variation in the group delay.
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