
Lösungsvorschlag Elektronik II SS13 09.Oktober 2013

Aufgabe 1
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Abb. 1: Gegebenes Netzwerk.

a)

Graph:

1
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Baum: Co-Baum:

b)

A =




1 2 3 4 5 6

1 1 0 0 −1 −1 0

2 −1 1 0 0 0 −1

3 0 −1 1 0 1 0

4 0 0 −1 1 0 1




Bezugsknoten 1 ⇒ streiche 1. Zeile
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A =



−1 1 0 0 0 −1

0 −1 1 0 1 0

0 0 −1 1 0 1




c)

Y =




1
R4

0 0 0 0 0

0 1
R2

0 0 0 0

0 0 1
R1

0 0 0

0 0 0 1
R3

0 0

0 0 0 0 0 0

0 0 0 0 0 0




Yn = AY AT

=



−1 1 0 0 0 −1

0 −1 1 0 1 0

0 0 −1 1 0 1







1
R4

0 0 0 0 0

0 1
R2

0 0 0 0

0 0 1
R1

0 0 0

0 0 0 1
R3

0 0

0 0 0 0 0 0

0 0 0 0 0 0







−1 0 0

1 −1 0

0 1 −1

0 0 1

0 1 0

−1 0 1




=



−1 1 0 0 0 −1

0 −1 1 0 1 0

0 0 −1 1 0 1







− 1R4 0 0
1
R2

− 1R2 0

0 1
R1

− 1R1
0 0 1

R3
0 0 0

0 0 0




=



1
R4

+ 1
R2

− 1R2 0

− 1R2
1
R2

+ 1
R1

− 1R1
0 − 1R1

1
R1

+ 1
R3



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Iqn = A(Ig − Y Ug)

=



−1 1 0 0 0 −1

0 −1 1 0 1 0

0 0 −1 1 0 1







0

0

0

0

−I1
I2




=



−I2
−I1
I2




d)


1
R4

+ 1
R2

− 1R2 0

− 1R2
1
R2

+ 1
R1

− 1R1
0 − 1R1

1
R1

+ 1
R3





Un2
Un3
Un4


 =



−I2
−I1
I2




Einsetzen:
R1 = R2 = Rx
R3 = R4 = Ry



1
Rx

+ 1
Ry
− 1Rx 0

− 1Rx
2
Rx

− 1Rx
0 − 1Rx

1
Rx

+ 1
Ry






Un2
Un3
Un4


 =



−I2
−I1
I2




(I)
(
1
Rx

+ 1
Ry

)
Un2 − 1Rx Un3 = −I2

(III) − 1Rx Un3 +
(
1
Rx

+ 1
Ry

)
Un4 = I2

(I)− (III):
(
1
Rx

+ 1
Ry

)
Un2 −

(
1
Rx

+ 1
Ry

)
Un4 = −2 I2

U24 = Un2 − Un4 = −2 I2(
1
Rx
+ 1

Ry

)
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Aufgabe 2

a)

Ix
I0

=
1
R1

1
R1
+jωC1

= G1
G1+jωC1

G1 = 1
R1

Iy
I0

= jωC2
1
R2
+jωC2

= jωC2
G2+jωC2

G2 = 1
R2

b)

Ix :

ℑ{ 1
G1+jωC1

}

ω →∞ ω = 0

1
G1
= R1

ℜ{ 1
G1+jωC1

}

ℑ{Ix}

ω →∞ ω = 0
ℜ{Ix}

I0

ℑ{G1 + jωC1}

invertieren

G1

ω = 0

ω →∞

ℜ{G1 + jωC1}

·G1I0

P3 P1

P2

P1 : Ix (ω = 0) = I0

P2 : Ix

(
ω = G1

C1

)
=

I0
2 (1− j)

P3 : Ix (ω →∞) = 0
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Iy = 1

1−j G2
ωC2

I0

Iy :

ℑ{Iy}

ℜ{Iy}ω = 0 ω →∞
I0

ℜ{ 1

1−j G2ωC2
}1

ω →∞ω = 0

ℑ{ 1

1−j G2ωC2
}

ℑ{1− j G2ωC2}

invertieren

·I0

P4

ω = 0

ω →∞
1 ℜ{1− j G2ωC2}

P5

P6

P4 : Iy (ω = 0) = 0

P5 : Iy

(
ω = G2

C2

)
=

I0
2 (1 + j)

P6 : Iy (ω →∞) = I0

c)

i)

R1C1 = R2C2 ⇒ G1
C1

= G2
C2

Iz = Ix − Iy

ℜ{Iz}ω = 0ω →∞
I0−I0

−j I0
ω = G1

C1
= G2
C2

ℑ{Iz}

ℜ{I}

Ix

Iy

Ix − Iy

ℑ{I}

5



Lösungsvorschlag Elektronik II SS13 09.Oktober 2013

Iz (ω = 0) = I0

Iz

(
ω = G1

C1

)
= −j I0

Iz (ω →∞) = −I0

ii)

Ix(ωx) ≈ 0

Iy (ωx) ≈ 0

Iz(ωx) ≈ 0

Bei der Frequenz ωx hat Iy den Ursprung noch nicht verlassen, Ix ist aber bereits dort angelangt.

ℜ{Iz}

ℑ{Iz}

ω →∞ ω = 0ω = ωxℜ{I}

ℑ{I}

ω = ωx
ω = 0

ω > ωx

ω < ωx
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Aufgabe 3

a)

IE · RE + UBE,0 = U0
2

IE =
U0
2
−UBE,0
RE

≈ IC
gm = IC

UT
=

U0
2
−UBE,0
RE ·UT

b)

VC,min =
U0
2

VC,max = U0

IC · RC !
= U0 −

VC,min + VC,max
2

RC =
1

IC
·
(
U0 −

U0
2 + U0

2

)

=
1

IC
· U0

4

U0

VC
U0
2

c)

Basis-Grundschaltung (BGS)

RB
2 RE RC

I in

Uout
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d)

RB
2 RE

IB βIB I in

V out

βIB

1
gbe

1

β

β

RE

RB
2β

re

βIb I in

Vout = +RC · βIb
= −RC · I in ·

RE

re + RB
2β + RE

Ztrans = −RC ·
RE

re + RB
2β + RE

e)

Ztrans = −RC = −100 Ω

U0 = 4 V

Uout(t) =
(
U0 − VC,min+VC,max

2

)
− 100 Ω · Iin(t)

t/ms

1

Uout(t)/mV

Uout,min

t/ms

Iin(t)/mA

Uout,max

1

1

Uout,max = 1,2 V

Uout,min = 0,8 V
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f)

3 V − Imax · 100 Ω = U0
2 = 2 V

Imax < 10 mA
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Aufgabe 4

a)

I ′1 I2I ′2

I ′′2

I1

U ′1U1 U2U ′2

I ′′1

U ′′2U ′′1 RL

Rp

Hauptzweitor

Rückkopplungszweitor

b)

I2I ′2

I ′′2

I1

U ′1U1 U2U ′2

I ′′1

U ′′2U ′′1 RL

Rp

Rückkopplungszweitor

UBE

gmUBE

Hauptzweitor

I ′1

c)

i)

Parallel-Parallel-Kopplung (PPK)
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ii)

Y-(Admittanz-)Matrix

U1 = U ′1 = U ′′1

I1 = I ′1 + I ′′1

= Y ′11U1 + Y ′′11U1 + Y ′12U2 + Y ′′12U2

=
(
Y ′11 + Y ′′11

)
U1 +

(
Y ′12 + Y ′′12

)
U2

U2 = U ′2 = U ′′2

I2 = I ′2 + I ′′2

= Y ′21U1 + Y ′′21U1 + Y ′22U2 + Y ′′22U2

=
(
Y ′21 + Y ′′21

)
U1 +

(
Y ′22 + Y ′′22

)
U2

d)

Y ′11 =
I ′1
U ′1

∣∣∣∣
U ′2=0

= gm

Y ′21 =
I ′2
U ′1

∣∣∣∣
U ′2=0

= −gm

Y ′12 =
I ′1
U ′2

∣∣∣∣
U ′1=0

= 0

Y ′22 =
I ′2
U ′2

∣∣∣∣
U ′1=0

= 0

Y ′′11 =
I ′′1
U ′′1

∣∣∣∣
U ′′2=0

=
1

Rp

Y ′′21 =
I ′′2
U ′′1

∣∣∣∣
U ′′2=0

= − 1

Rp

Y ′′12 =
I ′′1
U ′′2

∣∣∣∣
U ′′1=0

= − 1

Rp

Y ′′22 =
I ′′2
U ′′2

∣∣∣∣
U ′′1=0

=
1

Rp
+

1

RL

⇒ Y = Y ′ + Y ′′

=

(
gm + 1

Rp
− 1Rp

−gm − 1
Rp

1
Rp

+ 1
RL

)
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e)

I2 = 0 = Y 21U1 + Y 22U2 ⇔ U1 = −Y 22Y 21
U2

I1 = Y 11U1 + Y 12U2 =
(
Y 12 − Y 11Y 22

Y 21

)
U2

⇔ U2
I1

= 1

Y 12−
Y 11Y 22
Y 21

=
Y 21

Y 12Y 21−Y 11Y 22
= ZT

Einsetzen:

ZT =
−gm− 1

Rp

− 1
Rp

(
−gm− 1

Rp

)
−
(
gm+

1
Rp

)(
1
Rp
+ 1
RL

) = 1
− 1
Rp
+ 1
Rp
+ 1
RL

= RL

⇒ ZT ist nur abhängig von RL.
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Aufgabe 5

L I1IL

CRS · IL RGU1

Abb. 5: Zu untersuchende Schaltung.

a)

U1 =
IL+I1
1
RG
+sC

IL =
RS ·IL−U1

sL

IL

(
1− RS

sL

)
= −U1sL

U1 = −sLIL
(

1− RS
sL

)
= RSIL − sLIL

RSIL − sLIL =
IL

1
RG
+sC

+
I1

1
RG
+sC

IL

(
RS
RG

+ sCRS − sL
RG
− s2LC − 1

)
= I1

IL
I1

= 1
RS
RG
+sCRS− sL

RG
−s2LC−1

b)

Verantwortlich für Stabilität: Pole der Wirkungsfunktion
Alle Wirkungsfunktionen mit gleicher Ursache haben die gleichen Pole (Determinante der Kno-
tenadmittanzmatrix). ⇒ Untersuchung der Stabilität mit jeder Wirkungsfunktion des Netzwerkes
möglich.

c)

RS
RG
− 1 + s

(
RSC −

L

RG

)
− s2LC = 0

−RSRG + 1

LC︸ ︷︷ ︸
q

+s

(
−RS
L

+
1

RGC

)

︸ ︷︷ ︸
p

+s2 = 0

⇒ s12 = −p
2
±
√(p

2

)2
− q
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mit

p =
1

RGC
− RS

L
=
L− RGRSC
LRGC

q =
1− RS

RG

LC
=
RG − RS
LRGC

d)

aufklingend, sinusförmig ⇒ s = σ + jω, mit σ > 0

⇒ −p2 > 0
(
p
2

)2 − q < 0

− (L− RGRSC) > 0⇔ RS >
L

RGC

L2 − 2RGRSCL+ R2GR
2
SC
2

4L2R2GC
2

− RG − RS
LRGC

< 0

L2 − 2RGRSCL+ R2GR
2
SC
2 − 4LR2GC + 4LRGRSC < 0

L2 + 2RGRSCL+ R2GR
2
SC
2 − 4LR2GC < 0

(L+ RGRSC)2 − 4LR2GC < 0

L+ RGRSC < ±2RG
√
LC

RS <
±2RG

√
LC − L

RGC

RS > 0⇒ RS <
2RG
√
LC − L

RGC

RS >
L

RGC

L

RGC
< RS <

2RG
√
LC − L

RGC

e)

L

RGC
<

2RG
√
LC − L

RGC

�2L < �2RG
√
LC

RG >

√
L

C
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Aufgabe 6

a)

R1

U+

R1

U+

U− U−
R2 R2

R3R3

U2 R4 C

Ux Uy

Ip = gmUx Iq = gmUy

Phasoren:

Ua = U+ + U−

Ub = U+ − U−

U+ =
Ua+Ub
2

U− =
Ua−Ub
2

b)

Gleichtakt:

R1

U+ R2

2R4
C
2

R3

Z

Uy
Uz

gmUx

Z = R3 +
(

2R4 || C2
)

Uz =
Z
R3
Ux

U+−Uz
R1

− gmUx − Ux
R3

= 0

⇔ U+

R1
−
(

Z
R3R1

+ gm + 1
R3

)
Ux = 0
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Ux =
1

R1

(
Z

R3R1
+ gm + 1

R3

)

︸ ︷︷ ︸
X

U+

U+2 = R2 gm X U
+

Gegentakt:

R1

U− R2 R3 Ux

gmUx

U−−Ux
R1

− gmUx − Ux
R3

= 0
U−

R1
−
(
1
R1

+ gm + 1
R3

)
Ux = 0

Ux =
1

R1

(
1
R1

+ gm + 1
R3

)

︸ ︷︷ ︸
Y

U−

U−2 = gmR2

R1

(
1
R1
+gm+

1
R3

)U− = R2 gm Y U
−

c)

U2 = U+2 + U−2
= R2 gm X U

+ + R2 gm Y U
−

= R2 gm X
Ua + Ub

2
+ R2 gm Y

Ua − Ub
2

= (X + Y )
R2gm

2
Ua + (X − Y )

R2gm
2

Ub

d)

Vorzeichenänderung im Gegentakt bei gm.

Aufgabe 7

a)
U1+Ud
R1

= I1
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U2+Ud
R2

= I2

Ud =
U2
V u

I1 + I2 = −j ω C Ud
⇒ Ud

(
1
R1

+ 1
R2

+ j ω C
)

+
U1
R1

+
U2
R2

= 0

⇔ U2

[
1
V u

(
1
R1

+ 1
R2

+ j ω C
)

+ 1
R2

]
= − 1R1U1

⇔ U2
U1

= − 1
R1
R2
+ 1
V u

(
1+

R1
R2
+j ω C R1

) = F (jω)

b)

|V u| → ∞
⇒ F (jω) = −R2R1 = 1

F 2

c)

F (jω) =

− V u

1+
R1
R2
+j ω R1 C

1+

(
−R1
R2

) (
− V u

1 + R1
R2

+ j ω R1 C

)

︸ ︷︷ ︸
F0 (Schleifenverstärkung)

F 2 = −R1R2
F a = − V u

1+
R1
R2
+j ω R1 C

= − V u(
1+

R1
R2

)(
1+j ω

R1 R2
R1 +R2

C
)

d)

V u = V0(
1+ jω

10ω0

)(
1+ jω

10000ω0

)
C = R1+R2

ω0 R1 R2

⇒ F a = −
V0 R2
R1 +R2(

1+ jω
ω0

)(
1+ jω

10ω0

)(
1+ jω

10000ω0

)
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( )

45°

ϕ

dB

20 dB

( )

−6 −5 −4 −3 −2 −1 0 1 2 3 4 5

−5 −4 −3 −2 −1 0 1 2 3 4 5−6 6

ω0

ωlog

ω0

ωlog

∣∣∣ V0R2R1+R2

∣∣∣

18


