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:
S
10.1 y 12v 2k0 l
Stepl: Vc(t) = Ky + Koe © KO < 4O K0<" 100pF Vel
Step2: t=0" I
. . _ 12v
Using voltage divider, V(t=0")= —— .2kQ =4v
6kQ
N\
12v 2kO
4k0 4kO 2kO 4v=v(t=0")
Step3:t=0"

Ve(t=07)=V(t=0")=4v

Stepd: t—>
Capacitor discharges through 2K resistance, V¢ (t—«)=0v

Step5 . @t— oo capacitor becomes open ckt.
Rth:2k O
r=R,.C=2k.100x16"° =0.2s 12V 2kO l

KO < 4kO 2k0<~  100yF

]

Step6 v, (t=0")=K, +K, =4
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Rth

-



v(t) (V)

4

V. (t—>0)=K, =0 2 \

This gives K;=0; K,=4 1.47 t———: t (ms)

B
Ve (1) = 4e°2V t=0.2's
Ve
10.2 300uF
AN
Stepl: Vo(t) =K;+Kee? 2kO
12v
Step2: t=0" 2kO 2k0 ‘VO(O
. . _ 12v
Using voltage divider, V¢(t=0")= ———— .2kQ =6V
2k + 2kQ
Step3:t=0" - ve(t)
300uF
Ve(t=0")=V(t=0")=6V
Vo(t=O+)=M.2kQ=-3v 2kO
2k + 2k
12v 2kO 2kO Vol(t)

Step4: t— o0

capacitor becomes open ckt, V¢(t—«~)=0v

300pF

Step5 Rm=2k//(2k+2k)=%kQ

; AN ——

=R, C= EKQBOO/J =0.4s 2kO
2kO 2kO [VO(t)

Step6 v, (t=0")=K, +K, =-3

V. (t>0)=K, =0

This gives K;=0; K;=-3 300pF

B AN
v, (t) =-3e%4V 2kO
2kO 2kO ‘VO(t)
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v(®) (V)
t=0.4s
11 t (ms)
-3
1kO 2kO  ip(t)
10.3 — VA
—t
Stepl : io(t)= Ky + Koe © + _
(1av Vo B0n w0
Step2: t=0" -
. 12v
h(t=0")=——=2mA
o ( )6kQ
Voltage across the capacitor, V(t=0")=2mA5kQ =10v
1kO 2kO  ig(t)
Step3:t=0" —AN\ANA —
The 3K resistor is shorted
i (=07 = 2 —5mA +
= = = —_ O
i 2kQ2 Y)12v Vo =0 3kO
Step4: t— o0
. L 12v
Capacitor becomes open circuit, ig (t—«) = =4 mA
1k + 2k
Stens 1kO 2kO  io(t)
ep5: . X
, —\V\A
Rin=1k//2k= 3 kQ
2 0.8 ) 0l 3k

=R, C= 3 kOQ.400u = 3 0.2667s

(v Vo

Step6 i,(t=0")=K, +K, =5mA
io(t —o0) = K, =4mA
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This gives K;=4mA; K,=1mA
S
_t —_—
Io(t) =4 +e%%°"mA
io(t)
SMA;
44 |\
t (ms)
t=0.2667 s
10.4
-t
Stepl : ig(t)= Ky + Ke ©
Step2: t=0"
. .. _ 12v
Using voltage divider, V¢ (t=0")= ———— .2kQ =6V
2kQ2 + 2kQ

io(t:o-):;?(—‘;2 =3mA

Step3:t=0"
V(t=0")=V(t=0")=6Vv

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

V1:6V

io (t = 0%) = ;Ti‘; - _15mA

Stepd: t—

io (t—=) =0
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Step5: .

Ri=2K//(2k+2K)= 2 kQ 20 2k0

3 . 2kO A
4 4 — 12v(

T = Rth C= g leOOIU = ? io(t)
Step6 i,(t=0") =K, +K, =-1.5mA

i,(t>0)=K, =0

This gives K;=0mA; K,=-1.50mA

_t
Iy (t) = —1.5e%13mA
i(t)
t=0.133 s
-0.55mA t
2kO 2kO
-1.5mA | 2kO
12v
10.5
@t=0.5s , switch closes again ’w_<
—(t-0,5)
Stepl: Vo(t) =K +Kpe * 2kO
2kO 2kO Vo(t)

Step2: t=0.5"

-©05)
Vo(t=05")=-3e %4 =-0.86v
Ve(t=05")=-2Vo(t=05")=1.72v
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Step3:

t=05"

Ve(t=05")=V(t=05")=172v
KVL for outside loop : -12 + 1.72 + V/, =0

Vo(t=0.5") =10.28 v
Stepd: t—>

2k
2k + 2k

=6V

Vo(t—) = 12v.

Step5:
Rin=2k//2k=1k
=R, .C=1k.300u =0.3s

Step6: Vo(t=0.5")=K, + K, =10.28v
Vot > 0) =K, =6

This gives K1=6; K,=4.28

-t
~3e%4V(0<t<0.5)
—(t-0.5)

6+4.28¢ °% (t>0.5s)

v () =

10.6

@t=0.5s , switch closes again

~t

Stepl : ig(t)= Ky + Kpe ©

Step2: t=0.5"
-05)
o (t=05")=4+e0%267 =415 mA
V(t=0.5") =1 .2k=8.3v

Step3:t=0.5"
Ve(t=05")=V (t=05")=83v
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12v 2kO 2 Vo(t)
2kO
12v kO 2kO ‘Vo(t)
i
2k0
2k0 2kO
Q
1kO k0 ioft)
+
)12v v, 3kO
1k0 20 o)
v L 83 30
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8.3v

b (t=05")= —— =166 mA
o ( ) 50

Stepd: t—> 0

Capacitor becomes open circuit, ip (t—*) =— =2 mA

Step5: .
Rin=1k//5k=0.83kQ

=R, .C = 0.83kQ.400 = 0.33s

Step6 i,(t=0")=K, +K, =1.66mA
i (t —o0) = K, = 2mA

This gives K;=2mA; K,=-0.34mA

-t

4+e°25"mMA(0 < t < 0.5)

i, (1) = (t0s)

2-0.34e %33 mA(t > 0.5s)

RL Circuits:

10.7

-t

Stepl : ig(t)= Ky + Kpe ©
Step2: t=0"

b (t=0")=0mA

At dc inductor is short ckt.( Z =joL=0)
Hence i (t=0")=20mA

Step3:t=0"

i (t=0") =i, (t=0"=20mA

io (t=0") = -20 MA
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Step4: t— oo;inductor is short ckt

Ip (t—) =0
Step5: .

Rin=1kQ
L 10mH

R, 1k

1045

Step6 i,(t=0") =K, +K, =-20mA
i,(t>0)=K, =0
This gives K;=0mA; K,=-20mA

-t

i, (t) = —20e'%mA

i)
t= 10us

-0.55m — t

-1.5mA

10.8

—t

Stepl : Ve(t) = Ky + Koe ©

Step2: t=0"

At dc inductor is short ckt., Z =joL=0

i (t=0")= % ~12mA
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Step3:t=0"
iL(t=0")=i (t=0")=12mA

Vo(t=0") =-12mA.1k=-12 v
Stepd: t—>

I (t—) OO)ZOA
Vo(t—) OO)ZOV

Step5:
Rth:4kQ

Ry, 4k

Step6 v (t=0")=K, +K, =-12
V. (t >0)=K, =0
This gives K;1=0; K5-12v

~t

v, (t) = —12e2%V

vo(t)
t=2.5 us

-4.4v

-12v
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