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Aufgabe 1

a)

Baum
Co-Baum

b)

Kobaum: 8 Zweige; 5 Ströme bekannt (Stromquellen) ⇒ 3 unabhängige Ströme

c)

umzeichnen:

R2 R6

R7

R5

R4

I1 I2U3
R1 R3 5R0 13R0

4R0

U3
3
2
R0

3
2
I0

5R013R0
5R0 + 13R0

=
65

18
R0

4R0

U3
3
2
R0

65
18
R0

65
12
R0I0

⇒ −U3 = 65
12R0I0 ·

3
2��R0

( 65
18
+4+ 3

2
)·��R0
= 65
12R0I0 · 27

65+72+27 =
65

4 ��12
R0I0 ·��27

9

164 =
585
656R0I0 ⇒ a = −585656
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Aufgabe 2

a)

Y x = jωCk Y y =
1

R2+(jωL//R1)
= 1

R2+
jωLR1
jωL+R1

b)

ω

∞

0ω

ℑ(Y )

ℜ(Y )

ω

Y x(ω = 0) = 0

Y x(ω →∞) = j∞

ω

0ω

∞ω

1
R1

ω
1
R1
+ 1
j L

ℑ(Y )

ℜ(Y )

1
R1
+ 1
j L

ω

ω

R1

∞0ω

ω

1
ℑ(Z)

ℜ(Z)

ω ∞0ω

R2

R2+
R1 +

1
2
R2 + j

1
2
R2

R1 · jωL
R1+j Lω

ℑ(Z)

R2 +R1
ℜ(Z)

R2+
jωLR1
jωL+R1

1

ω ∞

1
R2+R1

1
R2

ωx

ℑ(Y )

ℜ(Y )
ω 0
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Y y (ω → 0) =
1

R2

Y y (ω →∞) =
1

R2 + R1

bei ωx gi lt : <(Yy ) =
1

2

(
1

R1 + R2
+
1

R2

)
=(Yy ) = −

1

2

(
1

R2
− 1

R1 + R2

)

c)

ωCk = −=(Yy ) =
1

2

(
1

R2
− 1

R1 + R1

)
Ck =

1

ωk

(
R1 + R2 − R2
R2(R1 + R2)

)
=
1

ωx
· R1
R2(R1 + R2)

Aufgabe 3

a)

T1

RE

R1 RC

U0Ic

R2U2

b)

RCIC =
U0
2
= 10UBE ⇒ IC =

10UBE
RC

U2 = REIE + UBE ≈ REIC + UBE =
��RC

��10

��10UBE

��RC
+ UBE = 2UBE

⇒ R2
R1 + R2

=
U2
U0
=
2UBE
20UBE

=
1

10

⇔ 10R2 = R1 + R2 ⇔ 9R2 = R1 ⇔ R2 = R1
1

9

c)

Rx

RE

I2

T1

R2//R1

I1

RC

U1

U2

Ua
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d)

U2 = 0;

IE =
U1

re + RE//Rx

Ua = −ICRC = −IERC = −
RC

re + RE//Rx
U1

Ua
U1

∣∣∣∣
U2=0

= − Rc
re + RE//Rx

Ua

IE = IC

gbe

U1 RE//RxR1//R2

re I ′Eβ

1
β

U1 = 0

IE =
− 1re

1
re
+ 1

RE
+ 1

Rx

· U2
Rx
=

−1
1 + re

RE
+ re

Rx

· U2
Rx

=
−1

Rx(1 +
re
RE
) + re

· U2

Ua = −ICRC =
RC

Rx(1 +
re
RE
) + re

· U2

⇒ Ua
U2

∣∣∣∣
U1=0

=
RC

Rx(1 +
re
RE
) + re

⇒ Ua = −
Rc

re + RE//Rx
U1 +

RC
Rx(1 +

re
RE
) + re

U2

Ua

IE = IC

Rx

RE U2

IEre
β

1
β

e)

RC
re + RE//Rx

!
= 1

RC
Rx(1 +

re
RE
) + re

!
= 1

⇒ RE//Rx = Rx(1 +
re
RE
) ⇒ RE

Rx + RE
= 1 +

re
RE

RE >> Rx , re ⇒ 1 = 1 X

⇒ RC = re + Rx
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Aufgabe 4

a)

I ′′1

U ′′1

U ′1U1 U2U ′2

I1 I ′2 I2I ′1

U ′′2

U01

Z1

Z2

Zb

Zb

Za

Za

I ′′2

b)

i)PPK
ii)Y -Parameter , weil

U ′1 = U
′′
1 = U1; U ′2 = U

′′
2 = U2; I1 = I

′
1 + I

′′
1; I2 = I

′
2 + I

′′
2;

I1 = Y
′
11U

′
1 + Y

′′
11U

′′
1 + Y

′
12U

′
2 + Y

′′
12U

′′
2 = Y

′
11U1 + Y

′′
11U1 + Y

′
12U2 + Y

′′
12U2

= (Y ′11 + Y
′′
12)U1 + (Y

′
12 + Y

′′
12)U2

I2 = Y
′
21U

′
1 + Y

′′
21U

′′
1 + Y

′
22U

′
2 + Y

′′
22U

′′
2 = Y

′
21U1 + Y

′′
21U1 + Y

′
22U2 + Y

′′
22U2

= (Y ′21 + Y
′′
22)U1 + (Y

′
22 + Y

′′
22)U2

⇒ Y = Y ′ + Y ′′

c)

Y ′11 =
I ′1
U ′1

∣∣∣∣
U ′2=0

=
1

2Za
Y ′12 =

I ′1
U ′2

∣∣∣∣
U ′1=0

= − 1
2Za

Y ′21 =
I ′2
U ′1

∣∣∣∣
U ′2=0

= − 1
2Za

Y ′22 =
I ′2
U ′2

∣∣∣∣
U ′1=0

=
1

2Za

⇒ Y ′ = 1
Za

(
1 −1
−1 1

)
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Y ′′11 =
I ′′1
U ′′1

∣∣∣∣
U ′′2=0

=
1

2Zb
Y ′′12 =

I ′′1
U ′′2

∣∣∣∣
U ′′1=0

=
1

2Zb

Y ′′21 =
I ′′2
U ′′1

∣∣∣∣
U ′′2=0

=
1

2Zb
Y ′′22 =

I ′′2
U ′′2

∣∣∣∣
U ′′1=0

=
1

2Zb

⇒ Y ′ = 1
2Zb

(
1 1

1 1

)

⇒ Y = Y ′ + Y ′′ =

(
1
2Za
+ 1
2Zb

1
2Za
− 1
2Zb

1
2Za
− 1
2Zb

1
2Za
+ 1
2Zb

)

d)

I1 = Y 11U1 + Y 12U2 = Y 11U1 − Y 12Z2I2

I2 = Y 21U1 + Y 22U2 = Y 21U1 − Y 22Z2I2 ⇒ I2(1 + Y 22Z2) = Y 21U1

⇒ I1
I2
= Y 11

(1 + Y 22Z2)

Y 21
− Y 12Z2

⇒ F I =
I2
I1
=

1

Y 11
(1+Y 22Z2)

Y 21
− Y 12Z2

=
Y 21

Y 11(1 + Y 22Z2)− Y 21Y 12Z2

F I = 0 für Y 21 = 0⇐⇒ 1
2Zb
= 1
2Za

⇐⇒ Za = Zb
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Aufgabe 5

a)

z(s) = 1
sC+ 1

R+sL
+ 1
rx

= (R+sL)rx
sC(R+sL)rx+rx+R+sL

b)

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

c)

Z(s) =
(R + sL)rx

sC(R + sL)rx + rx + R + sL

⇒ sCRrx + s
2CLrx + rx + R + sL

!
= 0

⇒ s2CLrx + s · (CRrx + L) + rx + R = 0

⇒ s2 + s
CRrx + L

CLrx
+
rx + R

CLrx
= 0

s1/2 = −
1

2
· CRrx + L

CLrx

+
−
√(

CRrx + L

2CLrx

)2
− rx + R

CLrx

d)

konstante Amplitude wenn <(s) = 0 = σ = R
L +

1
rxC
⇒ 1

rx
= −RCL ⇒ rx = − L

RC

e)

Schwingfrequenz: s = σ + jω = 0 + j
√

rx+R
CLrx

mit rx+R
CLrx

> 0→ ω =
√
1
CL(1 +

R
rx

f)

Ux

Ix

g)

rx = − L
CR =

dU
dI

∣∣
AP
=
(1+bI2x )a−2bIxaIx

(1+bI2x )
2

⇒ (1 + bI2x )a − 2abI2x = rx(1 + 2bI2x + b2I4x )

⇒ I4x +
(
2
b +

a
brx
I2x

)
− a

b2rx

⇒ I2x = −
(
1
b +

a
2brx

) +
−
√(

1
b +

a
2brx

)2
+ a

b2rx

⇒ Ix = +

√
−
(
1
b +

a
2brx

)
+

√(
1
b +

a
2brx

)2
+ a

b2rx
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Aufgabe 6

a)

Torpaar 1 : U3 = U4 = 0

Torpaar 2 : U1 = U2 = 0

U+12 =
U1+U2
2 U−12

U1−U2
2

U+34 =
U4+U3
2 U−43

U4−U3
2

U1

U4

U2
Ra

Rb Rb

Ra

Ra

Ra

RbRb

U3

U01

b)

betrachte Torpaar 1 ,
Gleichtakt:

Ra

U−12

2Ra

2Ra

R
b

R b

Ra Ra

U+12
U ′01

Rb
2

⇒ U ′01 =
Rb
2 + Ra
Rb
2 + 2Ra︸ ︷︷ ︸
H+12

U+12

Gegentakt:
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Ra

U−12 U ′′01

Rb
2

⇒ U ′′01 =
Rb

2Ra + Rb︸ ︷︷ ︸
H−12

U−12

betrachte Torpaar 2 ,
Gleichtakt:

Ra Ra

U+34

Rb
2

U ′′′01
⇒ U ′′′01 =

Ra
Rb
2 + 2Ra︸ ︷︷ ︸
H+34

U+34

Gegentakt:

Ra

U−34 U ′′′′01

Rb
2

⇒ U ′′′′01 = 0︸︷︷︸
H−34

⇒ U01 = H
+
12U

+
12 +H

−
12U

−
12 +12 +H

+
34U

+
34 + 0

=
H+12 +H

−
12

2
U1 +

H+12 −H−12
2

U2 +
H+34U3

2
+
H+34U4

2

=


Rb
2
+Ra

Rb
2
+2Ra

+ Rb
2Ra+Rb

2

U1 +


Rb
2
+Ra

Rb
2
+2Ra

− Rb
2Ra+Rb

2

U2 +
Ra

Rb
2
+2Ra

2
U3 +

Ra
Rb
2
+2Ra

2
U4
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Aufgabe 7

a)
Up
U1
=

Z2
Z1+Z2

Up = Ud + Ue ⇔ Ud = Up − Ue

U2 = vuUd
Ze

Ra+Ze
⇔ U2 = vu(Up − U2) Ze

Ra+Ze

⇒ U2(1 + vu
Ze

Ra+Ze
) = Upvu

Ze
Ra+Ze

U2
Up
=

vu
Ze

Ra+Ze

1+vu
Ze

Ra+Ze

⇒ F =
Up
U1

U2
Up
=

Z2
Z1+Z2

· vu
Ze

Ra+Ze

1+vu
Ze

Ra+Ze

c)

αR1 >> Ra
⇒ F k =

α2

(1+α)2
jωR2C1

(1+jωR2C1)(jωR1C2+1)

⇒ R2C1 =
10
ω0

R2C1 =
1
10ω0

b)

F k =
Z′2

Z′1+Z
′
2

v ′u
Z′e

Ra+Z′e
1+v ′u

Z′e
Ra+Z′e

· Z′′2
Z′′1+Z

′′
2

v ′′u
Z′′e

Ra+Z′′e
1+

Z′′e
Ra+Z′′e

Z′1 =
1

jωC1
;Z′2 = R2; Z

′′
1 = R1; Z

′′
2 =

1
jωC2
; |Ze | 7→ ∞;

Z′e = Z
′′
1 + Z

′′
2 = R1 +

1
jωC2
;

v ′u = v
′′
u = α ∈ R, α >> 1

F k
|Z′′e |7→∞≈ R2

R2+
1

jωC1

α
R1+

1
jωC2

Ra+R1+
1

jωC2

1+α
R1+

1
jωC2

Ra+R1+
1

jωC2

·
1

jωC2

R1+
1

jωC2

α
1+α

= jωR2C1
1+jωR2C1

α(R1+
1

jωC2
)

Ra+(1+α)(R1+
1

jωC2
)

1
1+jωR1C2

α
1+α

= jωR2C1
1+jωR2C1

α(R1+
1

jωC2
)jωC2

(1+α)[(R1+
Ra
1+α
)jωC2+1]

1
1+jωR1C2

α
1+α

= α2

(1+α)2
jωR2C1
1+jωR2C1

(((
((1+jωR1C2

[jω(R1+
Ra
1+α
)C2+1]

1
((((

(1+jωR1C2

= α2

(1+α)2
jωR2C1

(1+jωR2C1)[jω(R1+
Ra
1+α
)C2+1]
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d)

log(
ω

ω0
)

-80

-40

-20

0

40

60

log(
ω

ω0
)

20

-60

|ΦF k(jω)|dB

φ(ΦF k(jω))

0

-45

-90

-135

-180

90

45

ω0 10ω0

ω0
10

ω0

10ω0

100ω0

ω0
100

ω0
10

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

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