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Solution Set 10 (Fall 2011) 
 

Use our step-by-step approach (Irwin pp. 202-204) (do not use diff’l eq’ns) for all of the 

following: 

 

RC Circuits: 

 

10.1  

Step1 :  Vc(t) = K1 + K2e 

t

 

 

 Step2 :  t = 0   

 Using voltage divider, Vc(t = 0  ) = 
k

v

6

12
 . 2 kΩ = 4 v 

 

 

 

 

       

                                                                                                   4v=vc(t=0  ) 

 

 

 

 

Step3 : t = 0   

            Vc(t = 0  ) = Vc(t = 0  ) = 4 v 

 

Step4:  t   
          Capacitor discharges through 2K resistance,  Vc(t→∞) = 0 v 

 

Step5 :  @t   capacitor becomes open ckt. 

             Rth=2k 

             skCRth 2.016100.2. 6    

 

Step6  4)0( 21   KKtvc  
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v(t) (V)

t (ms)

4

2

1.47

t=0.2 s

300µF

vO(t)

2kO

12V 2kO2kO

vC(t)

300µF

vO(t)

2kO

12V 2kO2kO

vC(t)

300µF

vO(t)

2kO

2kO2kO

300µF

vO(t)

2kO

2kO2kO

0)( 1  Ktvc  

 

             This gives K1=0; K2=4 

 

 

 

 

 

10.2  
 

Step1 :  V0(t) = K1 + K2e 

t

 

 

 Step2 :  t = 0   

 

Using voltage divider,  Vc(t = 0  ) = 
 kk

v

22

12
 . 2 kΩ = 6 v 

 

Step3 : t = 0   

 

            Vc(t = 0  ) = Vc(t = 0  ) = 6 v 

            V0(t = 0
+
) = 



 

kk

tVc

22

)0(
 . 2 kΩ = -3 v 

 

 

Step4:  t   
 
          capacitor becomes open ckt,  Vc(t→∞) = 0 v 

 

Step5 :  Rth=2k//(2k+2k)= k
3

4
 

             skCRth 4.0300.
3

4
.    

 

Step6  3)0( 21   KKtvc  

             0)( 1  Ktvc  

 

             This gives K1=0; K2=-3 

 

Vetv

t

c
4.03)(



  

 

 

Vetv
t

c
2.04)(




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t (ms)
-1.1

t=0.4s

-3

+

Vo

-

iO(t)2kO

12V 3kO

1kO

t=0

+

Vo

-

iO(t)2kO

12V 3kO

1kO

t=0

+

Vo

-

iO(t)2kO

12V 3kO

1kO

t=0

 

 

  

 

 

 

 

 

 

 

 

10.3  

Step1 :  i0(t)= K1 + K2e 

t

                     

 

 Step2 :  t = 0   

 

                 i0 (t = 0  ) = 
k

v

6

12
 = 2 mA 

           Voltage across the capacitor ,  Vc(t = 0  ) = 2mA 5 kΩ = 10 v 

               

 

Step3 : t = 0   

            The 3K resistor is shorted 

                             i0 (t = 0
+
) = 

k

v

2

10
 = 5 mA 

 

 

Step4:  t   

 

          Capacitor becomes open circuit,  i0 (t→∞) =
kk

v

21

12


 = 4 mA 

 

Step5 :  . 

             Rth=1k//2k= k
3

2
 

             skCRth 2667.0
3

8.0
400.

3

2
.    

 

Step6  mAKKt 5)0(i 210    

             mAKt 4)(i 10   
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S
Rth

io(t)
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5mA

4.4

t=0.2667 s

iO(t)

2kO

12V

2kO2kO

Vc(t)
s

iO(t)

2kO

12V

2kO2kO

6V

1

 

 

             This gives K1=4mA; K2=1mA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.4  

Step1 :  i0(t)= K1 + K2e 

t

 

 

 Step2 :  t = 0   

               Using voltage divider,  Vc(t = 0  ) = 
 kk

v

22

12
 . 2 kΩ = 6 v 

                 i0 (t = 0  ) = 
k

v

2

6
 = 3 mA 

            

               

 

Step3 : t = 0   

            Vc(t = 0  ) = Vc(t = 0  ) = 6 v 

 

            KVL for loop 1: V1+6V-12V=0 

                                        V1=6V 

                             i0 (t = 0
+
) = 





k

v

4

6
 = -1.5 mA 

 

 

Step4:  t   

 
             i0 (t→∞) =0 

 

 

mAet

t

2667.0
0 4)(i




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vO(t)

2kO

2kO2kO

Vc(t)+ -

iO(t)

2kO

12V

2kO2kO

2kO

12V

2kO2kO

i(t) 

t -0.55mA

t=0.133 s

-1.5mA

 

 

Step5 :  . 

             Rth=2k//(2k+2k)= k
3

4
 

             
3

4.0
100.

3

4
.   kCRth  

 

Step6  mAKKt 5.1)0(i 210    

             0)(i 10  Kt  

 

             This gives K1=0mA; K2=-1.50mA 

 

mAet

t

133.0
0 5.1)(i



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.5  
@t=0.5s , switch closes again                                      

Step1 :  V0(t) = K1 + K2e 

)5,0(  t

 

 

 Step2 :  t = 0.5   

 

V0(t = 0.5  ) = - 3e 4.0

)5,0(

 = -0.86v 

Vc(t = 0.5  ) = -2 V0(t = 0.5  )= 1.72 v 
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Rth

iO(t)2kO
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1kO

Vc
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- 

8.3v

iO(t)2kO

12V 3kO

1kO

DC

 

Step3 : t = 0.5   

 

            Vc(t = 0.5  ) = Vc(t = 0,5  ) = 1.72 v 

            KVL for outside loop : -12 + 1.72 + V0 =0 

             V0(t = 0.5
+
) = 10.28 v         

 

Step4:  t   
 

          Vo(t→∞) = 12v.
kk

k

22

2


=6v 

 

Step5 :   

             Rth=2k//2k=1k 

             skCRth 3.0300.1.    

 

Step6:  V0(t = 0.5
+
) vKK 28.1021   

             6)( 10  Ktv  

 

             This gives K1=6; K2=4.28 

 

 

 























ste

tVe
tv

t

t

c

5.028.46

5.003
)(

3.0

)5.0(

4.0

 

 

 

 

10.6  
 

@t=0.5s , switch closes again 

 

Step1 :  i0(t)= K1 + K2e 

t

 

 

 Step2 :  t = 0.5   

               i0 (t = 0.5  ) = 267.0

)5.0

4



 e  = 4.15 mA 

               Vc(t = 0.5  ) = i0 .2k=8.3v 

 

            

               

 

Step3 : t = 0.5   

            Vc(t = 0.5  ) = Vc(t = 0.5  ) = 8.3 v 
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iO(t)2kO

12V 3kO

1kO

iO(t)2kO

3kO

1kO

Rth

1kO

i(t)

20mA
10mH

10kO

t=0

iL

1kO

i(t)

20mA 10kO iL

S

 

            i0 (t = 0.5
+
) = 

k

v

5

3.8
 = 1.66 mA 

 

 

Step4:  t   

             

             Capacitor becomes open circuit,  i0 (t→∞) =
k

v

6

12
 = 2 mA  

 

Step5 :  . 

             Rth=1k//5k=0.83kΩ 

             skCRth 33.0400.83.0.    

 

Step6  mAKKt 66.1)0(i 210    

             mAKt 2)(i 10   

 

             This gives K1=2mA; K2=-0.34mA 

 

 

 























stmAe

tmAe
ti

t

t

o

5.034.02

5.004
)(

33.0

)5.0(

2667.0

 

 

 

 

RL Circuits: 

 

10.7  
 

Step1 :  i0(t)= K1 + K2e 

t

 

 

 Step2 :  t = 0   

                

                 i0 (t = 0  ) = 0 mA 

                At dc inductor is short ckt.( ZL=jωL=0) 

                Hence  iL (t = 0  ) = 20 mA 

 

               

 

Step3 : t = 0   

            iL (t = 0  ) = iL (t = 0
+
) = 20 mA 

            i0 (t = 0
+
) = -20 mA 
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1kO10kO Rth

vO(t)10mH

12V

2kO1kO

t=0

1kOiL

i(t) 

t -0.55mA

t= 10s

-1.5mA

 

 

Step4:  t  ;inductor is short ckt 
 
             i0 (t→∞) =0 

Step5 :  . 

             Rth=1kΩ 

             s
k

mH

R

L

th

 10
1

10
  

 

Step6  mAKKt 20)0(i 210    

             0)(i 10  Kt  

 

             This gives K1=0mA; K2=-20mA 

 

mAet

t

10

0 20)(i



  

 

 

 

 

 

 

 

 

 

 

 

 

 

10.8  

Step1 :  Vc(t) = K1 + K2e 

t

 

 

 Step2 :  t = 0   

             At dc inductor is short ckt., ZL=jωL=0 

 

                        iL (t = 0  ) = 
k

v

1

12
 =12mA 
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vO(t)

12V

2kO1kO

1kOiL

S

vo(t) 

t (us)-4.4v

t=2.5 s

-12v

 

Step3 : t = 0   

             iL (t = 0  ) = iL (t = 0
+
) = 12 mA 

 

            V0(t = 0  ) =-12mA.1k= -12 v 

 

Step4:  t   

          iL (t  )=0A 

           V0(t  )=0v 
           
 

Step5 :   

             Rth=4kΩ 

             s
k

mH

R

L

th

 5.2
4

10
  

 

Step6  12)0( 21   KKtvc  

             0)( 1  Ktvc  

 

             This gives K1=0; K2-12v 

 

Vetv

t

c

5.212)(



  

 

 

 

 

 

 


