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Aufgabe 1

a)

C1

R12 = R1||R2

I1

R12

R34

R34 = R3||R4

I1

L1

U1

b)

42

3

1

1

Graph Baum Co-Baum

42

3

2

3

1
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c)

Y =


1
sL1

0 0 0

0 1
R12

0 0

0 0 1
R34

0

0 0 0 sC


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d)

A =



Z

1 2 3 4

1 0 −1 0 1

K 2 −1 1 −1 0

3 0 0 1 0

4 1 0 0 −1


Knoten 2 als Bezugsknoten → Steichen 2. Zeile:

⇒ A =

0 −1 0 1

0 0 1 0

1 0 0 −1



d)

Yn = AY A
T =

0 −1 0 1

0 0 1 0

1 0 0 −1



1
sL1

0 0 0

0 1
R12

0 0

0 0 1
R34

0

0 0 0 sC



0 0 1

−1 0 0

0 1 0

1 0 −1



=

0 −1 0 1

0 0 1 0

1 0 0 −1



0 0 1

sL1
− 1
R12

0 0

0 1
R34

0

sC 0 −sC

 =
 1
R12
+ sC 0 −sC
0 1

R34
0

−sC 0 1
sL1
+ sC



Iqn = A(Ig − Y Ug) =

0 −1 0 1

0 0 1 0

1 0 0 −1




I1
0

I1
0

−

1
sL1

0 0 0

0 1
R12

0 0

0 0 1
R34

0

0 0 0 sC



0

0

0

U1




=

0 −1 0 1

0 0 1 0

1 0 0 −1




I1
0

I1
−sC · U1

 =
 −sC · U1

I1
I1 + sC · U1



Yn Un = Iqn 1
R12
+ sC 0 −sC
0 1

R34
0

−sC 0 1
sL1
+ sC

Un1Un3
Un4

 =
 −sC · U1

I1
I1 + sC · U1


Un3 ist entkoppelt ⇒ streichen 2. Zeile und 2. Spalte:( 1

R12
+ sC −sC
−sC 1

sL1
+ sC

)(
Un1
Un4

)
=

(
−sC · U1
I1 + sC · U1

)
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Ux = −Un1

Un1 =

∣∣∣∣ −sC · U −sC
I1 + sC · U 1

sL1
+ sC

∣∣∣∣∣∣∣∣ 1R12 + sC −sC
−sC 1

sL1
+ sC

∣∣∣∣

Aufgabe 2

a)

Y 1 =
1

R1+jωL1
Y 2 =

1
R2+jωL2+

1
jωC2

= 1

R2+j
(
ωL2− 1

ωC2

)

b)

∞ ω 0 ℜ(Y1)

− 1
2R1

1
2R1

ω

ℑ(Y1)
max{={Y 1}} : → <{Y 1} = 1

2R1

={Y 1} =
−ωL1

R21 + ω
2L21

<{Y 1} =
R1

R21 + ω
2L21

!
=
1

2R1

⇔ ω2L21 = R
2
1 ⇔ ω =

R1
L

=
{
Y 1

{
R1
L1

}}
=
−R1

R21 + R
2
1

= − 1
2R1

∞ ω 0 ℜ(I1)

− U0
2R1

U0
2R1

ω

ℑ(I1)

P2

P1 P1 : I1 =
U0
R1

P2 : I1 =
U0
2R1

− j U0
2R1
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∞ ℜ(I2)ω

U0
2R2

0
U0
R2ω

P5

P3

P4
ℑ(I2)

− U0
2R2

P3 : I2 =
U0
R2

P4 : I2 =
U0
2R2

+ j
U0
2R2

P5 : I2 =
U0
2R2

− j U0
2R2

c)

U0
R1

!
=
U0
R2
⇔ R1 = R2

d)

IM = I1 − I2
⇒ Verbindung muss senkrecht verlaufen, damit :

<{I1 − I2} = 0⇔ <{T1{ωx}} = <{I2{ωx}}
⇒ |=(IM(ωx))| möglichst groß⇒ in der Mitte

⇒ I1{ωx} =
U0
2R1

− j U0
2R2

; I2{ωx} =
U0
2R1

+ j
U0
2R2

⇒ IM{ωx} = −j
U0
R2
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⇒ I1 = Y 1 · U0 =
1

R0 + jωL1
U0 =

R0 − jωL1
R20 + ω

2L21
U0

<I1(ωx) = −=I1(ωx) ⇔ R0 = jωL1 ⇔ ωx =
R0
L1

I2 = Y 2 · U0 =
1

R2 + jω − xL2 + 1
jωxC2

· U0 =
jωxC2

1− ω2xC2L2 + jωR0C2
· U0

=
jωxC2(1− ω2xC2L2 + jωR0C2)
(1− ω2xC2L2)2 + (ωR0C2)

U0

<I2(ωx) = =I2(ωx) ⇔ ω�2xR0C�
2
2 =���ωxC2(1− ω2xC2L2) 1− ω2xC2L2 − ω2xR0C2 = 0

 1− R
2
0

L21
C2L2 −

R20C2
L1

= 0

⇒ L2 =
1− R20 C2

L1

R20 C2
L21

=
L21
R22C2

− L1 = L1
(

L1

R20C2
− 1
)

Aufgabe 3

a)

T2

U0

T1

R2 R1 UAus

b)

Normalaktiver Bereich für T1 :UCE,1 ≥ UBE

Uaus,min = 0 ; Uaus,max = U0 − UBE,0

Uaus,0 =
1

2
(Uaus,max + Uaus,min) =

U0 − UBE,0
2

IC1,0 =
Uaus,0
R1

=
U0 − UBE,0
2R1

c)

IC2,0 = IC1,0 ; R2IC2,0 + UBE,2 = U0 ⇒ R2 =
U0 − UBE,0

IC2,0
= 2R1
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d)

T1
UAus R1

Iein
L

Basisgrundschaltung

e)

L

Iein

UausR1

βIb

gbe

Ib Ie

1
β

β

Uaus = β · Ib · R1 =
β

β + 1
· Ie · R1

=
β

β + 1
· (−Iein) ·

jωL
1
β
1
gbe
+ jωL

· R1

= − β

β + 1
· R1 ·

jωLgm
1 + jωLgm

· Iein

⇒ |ZT | =
β

β + 1
· R1 ·

∣∣∣∣ jωLgm
1 + jωLgm

∣∣∣∣

Z

N

ω3dB |ZT |

ω3dB =
1
Lgm
= re

L =
UT
IcL

Z = jωLgm (Zähler)

N = 1 + jωLgm (Nenner)

Aufgabe 4

a)

I ′′1

U ′1U1 U ′2

I1
I01

I ′2I ′1

U ′′2

U2
I ′′2

Z1 Zb

U ′′1 Za

Za

Z2

Zb
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b)

i)PSK
ii)G-Parameter , weil:

U ′1 = U
′′
1 = U1; I2 = I

′
2 + I

′′
2;

I1 = G
′
11U

′
1 + G

′
12I
′
2 + G

′′
11U

′′
1 + G

′′
12I
′′
2 = (G

′
11 + G

′′
11)U1 + (G

′
12 + G

′′
12)I2

U2 = G
′
21U

′
1 + G

′
22I
′
2 + G

′′
21U

′′
1 + G

′′
22I
′′
2 = (G

′
21 + G

′′
21)U1 + (G

′
22 + G

′′
22)I2

⇒ G = G′ + G′′

c)

G′11 =
I ′1
U ′1

∣∣∣∣
I ′2=0
=
1

Zb
G′12 =

I ′1
I ′2

∣∣∣∣
U ′1=0

= −1

G′21 =
U ′2
U ′1

∣∣∣∣
I ′2=0
= 1 G′22 =

U ′2
I ′2

∣∣∣∣
U ′1=0

= Zb

⇒ G′ =

(
1
Zb
−1

1 Zb

)

G′′11 =
I ′′1
U ′′1

∣∣∣∣
I ′′2=0

=
1

2Za
G′′12 =

I ′′1
I ′′2

∣∣∣∣
U ′′1=0

=
1

2

G′′21 =
U ′′2
U ′′1

∣∣∣∣
I ′′2=0

= −1
2

G′′22 =
U ′′2
I ′′2

∣∣∣∣
U ′′1=0

=
Za
2

⇒ G′′ =

(
1
2Za

1
2

−12
Za
2

)

⇒ G = G′ + G′′ =

(
1
Zb
+ 1
2Za

−12
1
2 Zb +

Za
2

)
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d)

U2 = −Z2I2 ⇔ I2 = −
U2
Z2

U2 = G21U1 + G22I2 = U1G21 −
G22
Z2

U2

⇔ U2

(
1 +

G22
Z2

)
= G21U1

⇒ FU =
U2
U1
=

G21

1 +
G22
Z2

=
1
2

1 +
Zb+

Za
2

Z2

=
Z2

2Z2 + 2Zb + Za

FU = 0 für |Za|, |Za| −→ ∞

Aufgabe 5

U1

Ri

R

ZSchw

RsIR

I1

L C

Ix
IR

a)

Z(s) =
U1
I1

U1 = (I1 + Ix) · ZSchw IR =
U1
R

Ix =
Rs IR − U1

Ri
=
Rs

U1
R − U1
Ri

=
U1
Ri

(
Rs
R
− 1
)

U1 =

(
I1 +

U1
Ri

(
Rs
R
− 1
))

ZSchw ⇔ U1 ·
(
1−

(
Rs
R − 1

)
ZSchw

Ri

)
= I1 · ZSchw

Z(s) =
U1
I1
=

I1 · ZSchw
1− (

Rs
R
−1)ZSchw
Ri

=

1
1
R
+ 1
sL
+sC

1−
(
Rs
R − 1

)
· 1Ri ·

1

( 1R+
1
sL
+sC)

=
1

1
R +

1
sL + sC −

(
Rs
R − 1

)
· 1Ri
=

sL · RiR
sL · Ri + RiR + s2 · CL · RiR − (Rs − R)sL
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b)

Spannung soll oszillieren ⇒ schließe hochomige Last an Oszillator an
⇒ I 7→ 0 U = I · Z 6= 0 für Pole von Z

c)

s2 · RiR · CL+ sL · (Ri − Rs + R) + RiR !
= 0 ⇔ s2 + s · Ri − Rs + R

RiR · C
+
1

CL
= 0

s1,2 = −
Ri − Rs + R
2RiRC

+
−
√(

Ri − Rs + R
2RiRC

)2
− 1

LC

Schwingkreis entdämpft für σ > 0

σ = −Ri − Rs + R
2RiRC

, R > 0, Ri > 0, C > 0 ⇒ σ > 0 für Rs > Ri + R

d)

jω =

√√√√√√
(
Ri − Rs + R
2RiRC

)2
− 1

LC︸ ︷︷ ︸
<0

=

√(
R − 4R + R
2R2C

)2
− 1

LC
=

√( −��2R
�2R�2C

)2
− 1

LC

=

√(
R − 4R + R
2R2C

)2
− 1

LC
=

√√√√√ 1

R2C2
− 1

LC︸ ︷︷ ︸
<0

⇒ ω =

√
1

LC
− 1

R2C2

⇒ 1

L�C
>

1

R2C�2
→ L < R2C → L

C
< R2

e)

δ(t) d t1
⇒ U1(s) = 1 · Z(s) = 1 ·

sL · R2
sL · R + R2 + s2 · CL · R2 − (4R − R)sL

= 1 · s ���
L · R2

C���
L · R2 · (s2 − 2 s

CR +
1
CL)
=
1

C
· s

(s − s1)(s − s2)

Heavisidscher Entwicklungssatz : u1(t) =
∑
s1,s2

Z(s)

N
′
(s)
· est

∣∣∣∣∣
s=si

=
1

C

(
s1

s1 − s2
· es1t s2

s2 − s1
· es2t

)
mit s1, s2 aus Aufgabenteil c)
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Aufgabe 6

a)

Ux

Rb

Ra
RbRa

Rb

U2

I3

U1

Rb

Ra

Ra

1)

U1 = U2 = 0

I4 = I
+ + I− = 0 , I3 = I

+ − I−

I+ =
I3 + I4
2

=
I3
2

, I− =
I4 − I3
2

= − I3
2 I3

Rb
Ra

Rb

Ra

Ra Ra

Rb

Ux

I4

GT 2Rb
Ra

Ra

2Rb

Ux

I+

2Rb

U1x = 0

GGT

Ra Ra
I−

U2x = 0
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2)

I3 = 0

U1 = U
+ + U− , U2 = U

+ − U−

U+ =
U2 + U1
2

, U− =
U1 − U2
2

Ra

Rb

Ra

Ra Ra

Rb

Ux

U2U1

GT

U3x = 0

U+

GGT

Ra

Rb

U− Ux
2

Ra
Rb
2

b)

Ux
2
= U− · Ra||Ra||Rb2

Rb + (Ra||Ra||Rb2 )
(∗)
=

1
2RaRb

Rb(Ra + Rb) +
1
2RaR − b

U−

⇒ Ux =
Ra

3
2Ra + Rb

· (U1 − U2)

(∗) Ra||Ra||
Rb
2
=

Ra
2
Ra
2

Ra
2 +

Ra
2

=
1

2

RaRb
Ra + Rb

Aufgabe 7

a)

F =
U2
U1

U2 = vuUd

Ud = kFU1 − kRU2
U2
U1
=

vukF
1 + vukR

kF =
Ud
U1

∣∣∣∣
U2=0

=
z2

z1 + z2
kR = −

Ud
U2

∣∣∣∣
U1=0

= − z1
z1 + z2

⇒ U2
U1
=

vu
z2

z1+z2

1− vu z1
z1+z2
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b)

U ′2 = U
′′
1U ′1 U ′′2

U ′′2
U ′1
=
U ′2
U ′1

U ′′2
U ′2
=

α
z ′2

z ′1+z
′
2

1− α z ′1
z ′1+z

′
2

·
α

z ′′2
z ′′1+z

′′
2

1− α z ′′1
z ′′1+z

′′
2

=

α R1
R1+

1
jωC1

1− α
1

jωC1

R1+
1

jωC1

·
α

R2+
1

jωC2

R2+R2+
1

jωC2

1− α R2
R2+R2+

1
jωC2

=
αR1

(1− α) 1jωC1 + R1
·

α(R2 +
1

jωC2
)

(1− α)R2 + R2 + 1
jωC2

=
jωR1C1

( 1α − 1) +
jωR1C1
α

· 1 + jωR2C2

( 1α − 1)jωR2C2 +
1+jωR2C2

α

α→∞
= −jωR1C1 ·

1 + jωR2C2
−jωR2C2

⇒ F k = j
ω

ω1
·
1 + j ωω2
j ωω2

c)

ω1 = ω2 = ω0 ⇒ R1C1 = R2C2 ⇒ F k = 1 + j
ω

ω0
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d)

-80

-40

-20

0

40

60

log(
ω

ω0
)

20

-60

φ(ΦF k(jω))

45

0

-45

90

log(
ω

ω0
)ω0

10

ω0 10ω0
ω0
10

|ΦF k(jω)|dB

ω0 10ω0

-5 -4 -2 -1 1 2 3 4 5-3 0
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