
1 Übung

1.1

R3
R1R2 R4 R8 R5R6R7

b b

bb

A B
C

R1 = 20
R2 = 300
R3 = 90
R4 = 10
R5 = 70
R6 = 800
R7 = 50
R8 = 200

R1234 = 11R1+R2+R3 + 1R4 = 1120+300+90 + 110 
 � 9; 762
R567 = 11R5+R6 + 1R7 = 11800+70 + 150 
 � 47; 283
R8R1234 R567b b

b

A B
C

RAB = 11R8 + 1R1234+R567 � 44; 385
RBC = 11R567 + 1R1234+R8 � 38; 585
RAC = 11R1234 + 1R567+R8 � 9; 391


1



1.2

R3
R1R2 R4 R8 R5R6

U0b b

bb

A B
C

R1 = 20
R2 = 300
R3 = 90
R4 = 10
R5 = 70
R6 = 800
R7 ! U0 = 10VR8 = 200


R3R2R1 R4
R8 I0U0 R5

R6 U0 = Rges � I0Rges = �R8 + �R4k (R1 +R2 +R3)��


�R6 +R5�I0 = U0Rges � 10V169; 012
 � 0:059A
I0 = I8 + I56 I56 = I5 = I6U0 = U56 = (R5 +R6) � I56I56 = U0R5 +R6= 10V870
 � 0; 0115A) I8 = I0 � I56 � 0; 0475A! U6 = R6 � I6 � 0; 805V

U8 = R8 � I8U0 = U8 + U4 U4 = U123U123 = U0 �R8 � I8 � 0:5V) I123 = U123R1 +R2 +R3 � 0:0012A(I123 = I1 = I2 = I3)! U1 = R1 � I1 � 0; 024V! U2 = R2 � I2 � 0; 36V! U3 = R3 � I3 � 0; 108V
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1.3

R3R2R1 R4
R8 I0U0 R5

R6 R1 = 20
R2 = 300
R3 = 90
R4 = 10
R5 = 70
R6 = 800
R7 ! I0 = 2AR8 = 200

R123k4 R8 I0U0 R5R6 I0U0 R5R6

U0 = Rges � I0� 169; 012
 � 2A � 338; 024VU5 = U0 � R5R5 +R6 � 27; 2VI5 = U5R5 � 0; 389A
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1.4

(a) U1 = Ri � Ii= 200 k
 � 100 �A = 2 � 103 � 100 � 10�6 V= 0; 2V
(b) U2 = (Ri +R1) � Ii = U1 +R1 � IiR2 = U2 � U1Ii= 1 V � 0; 2 V100 �A = 8 k
U3 = (Ri +R1 +R2) � Ii = U2 +R3 � IiR3 = U3 � U2Ii= 10 V � 1 V � 0; 2 V100 �A = 90 k
U4 = (Ri +R1 +R3 +R3) � Ii = U3 +R4 � IiR4 = U4 � U3Ii= 100 V � 10 V100 �A = 900 k
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1.5

I1U1
R1

I3 U2
R3R2I2 �U1 +R1I1 +R2I2 = 0 (1)�U2 +R3I3 +R2I2 = 0 (2)I1 + I3 � I2 = 0 (3)

(2) au
�osen na
h I3: I3 = U2 �R2I2R3einsetzen in (3): I1 + U2 �R2I2R3 � I2 = 0au
�osen na
h I2: I2 = I1R3 + U2R2 +R3einsetzen in (1): �U1 +R1I1 +R2 I1R3 + U2R2 +R3 = 0au
�osen na
h I1: I1 = �U2R2 + U1 (R2 +R3)R1R2 +R1R3 +R2R3mit (U1 = 30V; U2 = 5V; R1 = 10
; R2 = 20
; R3 = 10
) folgt:I1 = 1; 6A; I2 = 0; 7A; I3 = �0:9APi = Ui � IiP1 = 30V � 1; 6A= 48WP2 = 5V � (�0; 9)= �4; 5W
PRi = I2Ri � RiPR1 = (1; 6A)2 � 10
= 25; 6WPR2 = (0; 7A)2 � 20
= 9; 8WPR3 = (�0; 9A)2 � 10
= 8; 1W
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1.6

U1I1 U2 I2
S1 S2R1 R2R�u

l = 2000m � = 1; 78 � 10�2
 mm2m A = 1mm2
a) R0 = R1 +R2 = � xA + �l� xA = � lA= 1; 78 � 10�2
 mm2m � 2 � 103 � 1mm2= 35; 6

b) Y1 (S1 ges
hlossen, S2 o�en): U1 = 200V , I1 = 2; 5AU1 = (R1 +R�u) I1 ! R1 +R�u = 200V2; 5A = 80

c) Y2 (S1 o�en, S2 ges
hlossen): U2 = 200V , I2 = 2; 94AU2 = (R2 +R�u) I2 ! R2 +R�u = 200V2; 94A = 68; 03
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d) R1 +R�u = � xA +R�u = 80
R�u = 80
�R1R2 +R�u = �l� xA +R�u = 63; 03
R2 + 80
�R1 = 63; 03
R2 �R1 = 63; 03
� 80
 = �11; 97
�A (l� 2x) = �11; 97
�2�A x = �11; 97
� � lA = �47; 57
x = 47; 57
 � A2�= 47; 57
 � 1mm2 m2 � 1; 78 � 10�2
 mm2= 1336; 24mR1 = � xA = 23; 79
R2 = �l� xA = 11; 81
R�u = 56; 21

1.7

a) UL: Spannungsteiler RLkxR = xRRLxR+RLUL = U1 � xRRLxR+RL(1� x)R+ xRRLxR+RL = U1 � xRLx (1� x)R+RL
b) U1 = 10V ; RL = 1k
; R = 2k
; x = 0; 5PR = PR1 + PR2 = I21 � (1� x)R+ U2LxRI1 = U1Rges mit Rges = (xRkRL) + (1� x)R = R �xR+RL � x2R�xR+RLRges = 1; 5k
; UL = 103 V; I1 = 1150A ) PR = 118W � 55; 5mW
c) "Aufgrund der hohen Verlustleistung im Potentiometer"
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1.8

U1I5
R1I1

R2I2
R3 I3

R4 I4U2I6m1
m2
m3

b
A
bB
b

C
bD

Umlaufglei
hungen:m1 : U1 = R1 I1 +R2 I2m2 : U2 = �R1 I1 +R3 I3m3 : �U2 = �R2 I2 +R4 I4 Knotenglei
hungen:A : I5 = I1 + I3B : I1 = I6 + I2C : I5 = I2 + I4D : I4 = I6 + I3Au
�osen und Einsetzen liefert� I1; I2; I3 aus Umlaufglei
hungen� I4; I5; I6 aus Knotenglei
hungenI4 = I6 + I3I6 = I1 � I2I5 = I1 + I3 I1 = U1 �R2 I2R1I3 = U2 + U1 �R2 I2R3I2 = U2 R1 R3 +R4 U1 R3 +R4 R1 U2 +R4 R1 U1R2 R1 R3 +R4 R2 R3 +R4 R1 R3 +R4 R2 R18



I1 = �109 A � �1; 11AI2 = 3718A � 2; 05AI3 = 379 A � 4; 11AI4 = 1718A � 0; 94AI5 = 3AI6 = �196 A � �3; 16A
1.9

U1 Rx
R1

Ux
R2A B � UAB = 0,glei
hes potential an den Messpunkten� jedo
h kein Kurzs
hluss, IAB = 0� UR1 = UR2� UR1 = U1 � R1R1+Rx� Ux + UR2 = U1 ! Ux = U1 � UR2

a) Rx = R1 ! UR1 = U12 = 5V ) Ux = 5Vb) Ux = 7V ! Rx = R1 � U1U1�Ux � 1� = 703 k
 � 23:333k

) U1 = 12V; Rx = R1 ! UR1 = 6V ) Ux = 6Vd) U1 = 12V; Rx = 703 k
 ! Ux = U1 �1� R1R1+Rx� = 8:4V
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1.10a) Ri = R3k (R1 +R2) = (R1 +R2)R3R1 +R2 +R3 = 37540 
 = 9:375
Ui = �I0R1 R3R1 +R2 +R3 = �7:5V ) Ii = UiRi = �0:8Ab) UL = �I0R1 R3RLR3+RLR1 +R2 + R3RLR3+RL = �I0R1 R3RL(R1 +R2) � (R3 +RL) + R3RL = �6VPL = UL � IL = U2LRL = 0:96W
) IAB = U1Ru ) UAB = (�I0 + IAB) (R1kRu) R3(R1kRu) + R2 +R3 = �4Vd) UL = (�I0 + IAB) (R1kRu) (R3kRL)(R1kRu) +R2 + (R3kRL) = �3:333VPL = UL � IL = U2LRL = 0:296W
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2 Übung

2.1

R4I4 R3I3U1 I5
R2I2 R1I1 U2I6

Superposition

1. U2 = 0

R4I 04 R3I 03U1 I 05
R2I 02 R1I 01 R0ges = (R1kR2) + (R3kR4)I 05 = U1R0ges = I 01 + I 02 = U 0R1R1 + U 0R2R2U 0R1 = U 0R2I 02 = U 0R2R2 = U1R0ges � R1R1 +R2I 05 = U1R0ges = �I 03 � I 04 = U 0R3R3 + U 0R4R4U 0R3 = U 0R4I 03 = U 0R3R3 = U1R0ges � R4R3 +R4
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2. U1 = 0
R4I 004 R3I 003
R2I 002 R1I 001 U2I 006

R00ges = (R2kR3) + (R1kR4)I 006 = I 002 + I 003= �U2R00ges = U 00R2R2 + U 00R3R3U 00R2 = U 00R3I 00R2 = U 00R2R2 = �U2R00ges � R3R2 +R3I 00R3 = U 00R3R3 = �U2R00ges � R2R2 +R3gegeben: U1 = 100V; U2 = 150V;R1 = 1k
; R2 = 1k
; R3 = 10k
; R4 = 10k
I2 = I 02 + I 002= 1110A� 340A = � 29440A� �0; 06591AI3 = I 03 + I 003= � 1110A� 3400A = � 734400A� �0:01659A
I 02 = U5 (R4 +R3 )R1R1 R2 R4 +R1 R2 R3 +R3 R4 R2 +R3 R4 R1I 002 = � U6 (R4 +R1 )R3R1 R2 R4 +R1 R2 R3 +R3 R4 R2 +R3 R4 R1I2 = U5 R1 R4 +U5 R1 R3 �U6 R3 R4 �U6 R3 R1R1 R2 R4 +R1 R2 R3 +R3 R4 R2 +R3 R4 R1I 03 = � U5 (R2 +R1 )R4R1 R2 R4 +R1 R2 R3 +R3 R4 R2 +R3 R4 R1I 003 = � U6 (R4 +R1 )R2R1 R2 R4 +R1 R2 R3 +R3 R4 R2 +R3 R4 R1I3 = �U5 R4 R2 +U5 R1 R4 +U6 R2 R4 +U6 R2 R1R1 R2 R4 +R1 R2 R3 +R3 R4 R2 +R3 R4 R1
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2.2

I0 R1
R2 U0R3 U121

2
a) Leerlaufspannung U12

I0 R1 R2R3 U 0121
2 R1R2 U0R3 U 00121

2
I0 �R1R1 +R2 R3 U 0121

2 R1 +R2 U0R3 U 00121
2U 012 = I0 � R1 � R3R1 +R2 +R3U 0012 = U1 � R1 +R2R1 +R2 +R3=U12 = I0R1R3 + U1 (R1 +R2)R1 +R2 +R3
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b) Kurzschlussstrom I12
I0 R1 R2R3 I 0121

2 R1R2 U0R3 I 00121
2U0 = 0Dur
h den Widerstand R3 wird kein Strom 
ie�en.d.h. R1kR2 und I 012 = IR2 I 012 = IR1 = I0 � R1R1 +R2I0 = 0s.o. mit IR1+R2 = 0 I 0012 = IR3 = U0R3I12 = I 012 + I 0012 I12 = I0 � R1R1 +R2 + U0R3

c) Innenwiderstand Zweige mit Stromquellen abklemmen, Spannungsquellen kurzs
hlie�en:Ri = (R1 +R2) kR3 = (R1 +R2)R3R1 +R2 +R3
d) Ersatzstrom-, -spannungsquelle

I12 Ri U12 Ri
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2.3

U R1R2R3R4 R5
R1R2R3

U R4
U R5

R1R2R3R4 R5
UR4

UR5
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2.4

R U0
R R 3R

A

B
U 0AB = U3RSpannungsteiler:U 0AB = U0 � 3R3R+ (R+R+R) = U02

� die beiden Widerst�ande paral-lel zur Stromquelle zusammen-fassen: R+R = 2R� Stromquelle zur Span-nungsquelle transformieren:U� = I0 � 2R� entstandene Reihens
haltungzusammenfassen: 2R+R = 3R� Spannungsteiler:U 00AB = I0 � R
R R R

I0 3R
A

B
16



I0
R

R
R R 3R

A

B R
I0 R

R
R

3R A
B� Der Strom ist �uber einem Zweig konstant� Stromteiler zur bere
hnung des Stromes im re
hten Zweig:I1 = I0 � 2R2R+ 4R = 13I0 R� Ohms
hes Gesetz: U 000AB = I1 3R = 13 3I0 R = I0 RDamit ergibt si
h die Spannung der Ersatzspannungsquelle zuUers = U 0AB + U 00AB + U 000AB = 12U + 2 I0 Rund der Ersatzwiderstand (Kurzs
hliessen der Spannungsquelle, Abklemmen der Stromquellen) zuRers = 3Rk3R = 9R26R = 32 R
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2.5Mit P = U � I und I = UR folgt P = U2R Umformen ergibt: U2 = P � R ) Ui;max =pPi;max �RiU1;max = p250mW � 3:6k
 = 30VU2;max = p500mW � 20k
 = 100VU3;max = p250mW � 160k
 = 200VR2 und R3 sind Parallel ges
haltet, d.h.U2 = U3 = min(U2;max; U3;max) = 100VUmax folgt dur
h umformen der Spannungsteilerglei
hung (belastet mit R3)U2 = Umax � R2kR3R2kR3 +R1 ) Umax = U2 � R2kR3 +R1R2kR3 = 120:25VEs muss zus�atzli
h U1 � U1;max gelten:Umax = U1 + U2 ) U1 = Umax � U2 = 20:25V � 30V
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3 Übung

3.1

�11�1 1 2 3 4 �11�1 1 2 3 4
i(t) = 8>>>>>><>>>>>>:0 ; t � 01 ; 0 < t � 1� 12 ; 1 < t � 2t� 2 ; 2 < t � 30 ; t > 3 u(t) = 1C 8>>>>>><>>>>>>:0 ; t � 0t ; 0 < t � 1� 12 (t� 1) + 1 ; 1 < t � 212 (t� 2)2 + 12 ; 2 < t � 31 ; t > 3

w(t) = 12Qu(t) und Q = C u(t)) w(t) = 12Cu(t)2
w(t) = 12C 8>>>>>><>>>>>>:0 ; t � 0t2 ; 0 < t � 1�� 12 (t� 1) + 1�2 ; 1 < t � 2� 12 (t� 2)2 + 12�2 ; 2 < t � 31 ; t > 3 �11�1 1 2 3 4.

3.2 C3C1 C2 C4A B CAB = ((C1 + C2) kC3) + C4=  ��(C1)�1 + (C2)�1��1 + C3��1 + (C4)�1!�1= 0� 111C1+ 1C2 + C3 + 1C41A�1= 1:5 �FParallels
haltung: Cges =PCi 19



Qges =PQiReihens
haltung: 1Cges =P 1CiQges = Qi = Q1 = Q2 = : : :UAB = 15V f�ur t!1, mit QAB = CAB UAB und Q4 = C4 U4 folgtQAB = Q4 U4 = CABC4 UAB = 1:5 �F2 �F � 15V = 11:25VUAB = U123 + U4 ergibt U123 = 15V � 11:25V = 3:75VParallels
haltung aus C12 und C3: U123 = U12 = U3 = 3:75VReihens
haltung aus C1 und C2: Q12 = Q1 = Q2 = U123 C12U123 C12C2 = U2 = 2:5VU1 = U123 � U2 = 3:75V � 2:5V = 1:25V
3.3a) Platte P ist mit Elektrode 2 elektris
h leitend verbundenC1P = �L Axb) Platte P ist mit Elektrode 1 elektris
h leitend verbundenCPK = �0�K Ab CK2 = �0�L Ad� x� a� bCP2 = CPK � CK2CPK + CK2 = �0�L�KA�K (d� x� a� b) + �Lb
) Platte P ist elektris
h isoliert C12 = C1P � CP2C1P + CP2
3.4a) ~E = ~E1 + ~E2 = �Q4�� �a2 � x�2 � (� ~ex) + Q4�� �a2 + x�2 � ( ~ex) ,f�ur � a2 + r0 < x < a2 � r0b) ~E = ~E1 + ~E2 = Q4�� �a2 � x�2 � (� ~ex) + Q4�� �a2 + x�2 � ( ~ex) ,f�ur � a2 + r0 < x < a2 � r020



3.5a)
� ~Ex0a

�a
�Q

b) j�~Ej = �Q4��r2 mit r =qx20 + y2 ! j�~Ej = �Q4�� �x20 + y2� ; �a � y � a
) aus MuL�o:"Zu jeder Teilladung auf der positiven y-A
hse gibt es eine Teilladung auf der negativen y-A
hse,so dass si
h die y-Komponenten der Feldst�arken gerade Aufheben (Symmetrie). ) ~E = ( ~ex)"d) siehe ElCapitan
3.6Hinweis:1. die H�ull
�a
hen ums
hlie�en jeweils Platte a, bzw b (Ober- und Unterseite = 2A)2. Ladung glei
hm�a�ig verteilt ! ~D = 
onst(A)3. Ri
htung von ~D bzw ~E ist:� oberhalb jeder Platte: +~ey� unterhalb jeder Platte: �~eya) Q = IA ~D � d ~A ! Q = D �A ) D = QA~Da = 3Q2A ~DB = 2Q2A~Da ~Db ~D = ~Da + ~Dby < �d2 3Q2A � (� ~ey) QA � (� ~ey) 5Q2A � (� ~ey)�d2 < y < d2 3Q2A � (� ~ey) QA � (+ ~ey) Q2A � (� ~ey)y > d2 3Q2A � (+ ~ey) QA � (+ ~ey) 5Q2A � (+ ~ey)b) Uab = E � d ~D = ~E � � ! UAB = Q d2 A �21




) ~Fa = Qa ~Eb = Qa ~Db� = 3Q 2Q2A � = 3 Q2A �~Fb = Qb ~Ea = Qb ~Da� = 2Q 3Q2A � = 3 Q2A �
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4 Übung

4.1 F = I l B = I l � H = I2 l �0�r2 � d= 1002 � 2 � 1 � 4 � �2 � � � 0:1 � 107 N = 0:04 N[N ℄ = [AV s℄[m℄ mit [AV ℄ = [P ℄ = [Nm℄[s℄
4.2a) � = i(t) �N1 = ��Fe + ��L= �A � lFe�0�Fe + lL�0��(t) = i(t) �N1 AlFe�0�Fe + lL�0 " A m2mV sAm + mV sAm #= 0:1 � 2000 � 4 � 10�40:2 �3000�4��10�7 + 1�10�34��10�7 � sin�31:421s � t�V s= 83:122 � 10�6 � sin�31:421s � t�V sb) �(t) = Z BdA= BAB = �(t)A = 83:1224 � 10�2 � sin�31:421s � t� V sm2B̂ = 0:208 T
) u2(t) = N2 � ddt�(t)= 5000 � 83:122 � 10�6 � 31:42 
os�31:421s � t� V= 13:06 � 
os�31:421s � t� V23



4.3� Quers
hnitts
�a
he A ist quadratis
h: A = a2 = 4
m2 ) a = 2 
m� mittlere L�ange lm;Fe = 10
m+ 10
m+ 8
m+ 7:5
m = 35:5
m lm;L = 0:5
m� A = AL = AFe ! B = BL = BFe und HFe aus Tabellea) B = 1T ! HFe = 3 A
m� = HFe � lm;Fe +HL � lm;L= HFe � lm;Fe + BL�0 � lm;L= 3 A
m � 35:5 
m + 14 � 10�7 Am � 0:005 m� = 4085:37 Ab) �L� = 3978:874085:37 = 0:974 ! 97:4%
) B = 1:9T ! HFe = 200 A
m� = 200 � 35:5 A+ 1:9� 107 � 0:005 A= 14659:86Ad) �L� = 7559:8614659:86 = 0:516 ! 51:6%
4.4
oming soon ...
4.5a) Annahme: i1(t) sei linear )i1(t) = 3 A5 s � t(kann i
h dem text ni
ht entnehmen) 123 1 2 3 4 5
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U = �n2 d�dt mit � = Z B dA = B(t) A2= �n2 ddtB(t) A2B(t) = i1(t) � �0 n1l1�(t) = i1(t) � �0 n1 A2l1! U = � ddti(t) � �0 n1 n2 A2l1= �3 A5 s � 4� � 3500 � 80 � � � 0:0221 � 4 � 107 V s m2A m m= �6:63 � 10�5 Vb) Drehung der Feld- oder Induktionsspule ... siehe MuL�o
4.6Ges
hwindigkeitsvektor des Elektrons ~v = (vx; vy; vz)TElektron 
iegt geradlinig ! vy = vz = 0 ) j~vj = vx = vKr�afte, die auf das Elektron wirklen: ~F = ~Fm + ~FeKraft infolge Magnetfeld:~Fm = q � �~v � ~B� = qe � v � B � ~ez ,mit ~B = (0; B; 0)TKraft infolge E-Feld : ~Fe = qe � ~E = qe � Ud � (�~ez)die Ri
htungen von ~Fe und ~Fm sind genau entgegengesetzt in z-Ri
htung!keine Bewegungs�anderung ohne �au�ere Krafteinwirkung: ~Fe + ~Fm = 0j~Fej != j~Fmj ! Ud = v � B ! v = Ud � B
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5 Übung

5.1

U0 RR R Ci
u
 R Sb b

b

A B
C

I II

a) Da S o�en ist, 
ie�t du
h II kein Strom. Die Spannung an diesen Widerst�anden ist 0.F�ur den Innenwiderstand muss RAB ber�u
ksi
htigt werden.Uers = UAC = U0 � RR+R = U02 = 25 VRi = R+ (RkR) = 32R = 1:5 k
b) S ist ges
hlossen. Uers = UBC = UAC � RR+RUAC = U0 (Rk2R)R+ (Rk2R) = 25U0! Uers = 25U0 R2 R = 15U0 = 10 VRi = (R+ (RkR)) kR = 35R = 0:6 k

) �2R RR 2R��I0iC� = ��U0�uC�u
 = 15U0! i
 = U0 � 2 uC3 R = 1100A = 10 mA
26



d) 0�2R R RR 2R 2RR 2R 3R1A0�I0i
i?1A = 0��U0�u
0 1Au
 = 12U0! i
 = U0 � 5 uC3 R = �140 A = �25 mA
5.2 uL = L ddtiLU = iL � R1 + uL = iL � R1 + L ddtiLUL = R1L iL + ddt iLhomogene L�osung: ddt iL + R1L iL = 0ddt iL = �R1L iLdiiL = �R1L dtln jiLj = �R1L t+ ln jkjiL = k � e�R1L tpartikul�are L�osung: iL = A ! ddt iL = 0A � R1L = ULA = UR1Anfangswertproblem:! iL = k � e�R1L t + UR1iL(0) = 0 0 = k � e�R1L t + UR1k = � UR1) iL = UR1 �1� e�R1L t� 27


