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1. After being closed a long time, the switch opens at t = 0. Find i;(t) for t > 0.
t=0
% 10kQ
. NV

601A (D 10kQ § lil 3mH

Step 1: (Redraw circuit at t=0" and solve for i.. Inductor acts as a wire since it has sat for a long time)

10kQ D .
AN This circuit is a current divider:
10kQ < i iLl j, =20 10K 304
6OMAG> ;l 1 10k +10k

Step 2: Initial Value (Redraw circuit at t=0" and solve for unknown variable. Inductor acts as a current
source since the current in the inductor has to remain the same.)

10kQ
VMV Only one current in the branch:

: 0uA
60UA (D 10kQ § lll A 30u

Step 3: Final Value(Redraw circuit at t=co and solve for unknown variable. Inductor acts as a wire
since it has sat for a long time in this position.)

10kQ
dYAVAY, There are no sources connected to the final
. circuit:
60uA (D 10kQ § lll 1Ll i,=0A
10kQ . ) )
AN To find R, the inductor is removed from the
| final circuit to find path from top of inductor
i to bottom of inductor:
601A CD 10k § lll L 3m
= = =150nsec
R 10k +10k

eq

Step 4: Plug values into general equation:
il (I) =0+ [_30[u _ 0] e—t/lSOnsecA — _30ﬂe—t/150nsecA



2. After being open for a long time, the switch closes at t =0. Find Vj(t) for t> 0.
t=0

K

+ +
20V 4kQ §V1 2uF A Ve

Step 1: (Redraw circuit at t=0" and solve for V. Capacitor acts as an open since it has been a long time)
2kQ
NV

There is no source connected between V. so
Vi =Vc=0

+ +
20V 4kQ §V1 Ve

Step 2: Initial Value (Redraw circuit at t=0" and solve for unknown variable. Capacitor acts as a

voltage source since the voltage across capacitor has to remain the same.)
2kQ
aAAY

+ +
20V 4kQ §V1 oV @) Ve V=0V

Step 3: Final Value(Redraw circuit at t=0co0 and solve for unknown variable. Capacitor acts as an open
since it has sat for a long time in this position.)

2kQ
VW | V1 is found by a voltage divider:
N + 204k % B ﬂ
20V 4kQ §Vl Vo ' 2k+4k 6k 3
‘ To find R, the capacitor is removed from the

final circuit(same circuit) to find path from top to
bottom of capacitor. Independent sources are removed and the equivalent resistance is found:

rzReq-C=(4k||2k)-2ﬂ=( 1 Jlr 1 J-2,u=16?msec

Tk
Step 4: Plug values into general equation:

‘/'1 ([) = ? + |:O _?:l €—6t/16mseCV — ? (1 _ e—6t/16msec )V



3. After being open for a long time, the switch closes at t =0. Find 1;(t) for t > 0.

-9

2k -
Q 4mA  D2uH § 4Q

1kQ 4kQ lil

Step 1: (Redraw circuit at t=0" and solve for i.. Inductor acts as a wire since it has sat for a long time)

When the circuit contains a dependent
l i source, an extra step is needed to determine

gy + the value of the dependent variable:
4mA § 4kQ

2ki
KO 11T 4O lil Note: —i -4k +8—i, -4k =0=i, =§=1mA

+ Taking a current summation at the top node
® can be used to find if gives:
i, =2k-i +4m=1i, =2k -1m+4m=2.004A

Step 2: Initial Value (Redraw circuit at t=0" and solve for unknown variable. Inductor acts as a current
source since the current in the inductor has to remain the same.)

Vi
g Solve the circuit for i;. Mesh currents or
. node-voltage can be used. Node-voltage
2kiy 8V method:
4mA D 2.004A ; 4kQ
] ¢ With dependent sources: solve for
1kQ 4kQ lll dependent variable in terms of either
the mesh current or the node-voltage.

. _( W
11: E
2k i, —4m+2.004+(vl _8j+i1 =0
4k
—2k-(£j—4m+2.004+(vl _8j+(£j=0
4k 4k 4k

v 2K L U 2004+ o v——io0s [ K |iuy
4k Ak 4k 4k ~2.002k

The desired variable is 1;: i = i = i =1mA
4k 4k



Step 3: Final Value(Redraw circuit at t=co and solve for unknown variable. Inductor acts as a wire
since it has sat for a long time in this position.)

? ? * This wire puts OV across 4k ohm resistor so:
. 1=
4mA § 4kQ
1kQ 4kQ lil
- V To find Req the inductor is removed from the
final circuit to find path from top of inductor
ki + to bottom of inductor(Thevenin Resistance):
1 4m v 8V . \%
‘ACT test Lo ; 4kQ Using a test source: R, =—-
1k - 1A 4kQ. lil Setting li.=1A means that only Ve
needs to be found.
. V..=V

. _( W
11: E
—2k-i1—4m—1+(vl _8j+i1 =0
4k
—2k-(£j—4m—1+(vl_8j+(£j=0
4k 4k 4k

V _—2k+ ! +— ! +4m+1+i = V,=1.006- _4k =~=2V
4k —2.002k

4k 4k 4k
tevt ‘ _2V
L 2u
=—=—=1usec
R 2 #

Step 4: Plug values into general equation:
il (t) =0+ [1]’)’1 —O] e—r/l/zsecA — 1me—r/lusecA



4.  After being open for a long time, the switch closes at t = 0. Find 1;(t) for t > 0.
L 4 L 4

omF—— tiy 5kQ
v )99,
3kQ t=0
1ov(®) S
10kQ § 1Sok0

Step 1: (Redraw circuit at t=0" and solve for V. Capacitor acts as an open since it has been a long time)

. T Solving for the dependent variable:
+ le . SkQ ib=0 which opens the dependent
Ve 991y, source => 99ib=0
- 3k Taking a V-loop to get V. value(Be Careful-
10V § It is not O when there is a path with a V src.)
+0+10+V,-0=0 = V.=-10V
10kQ 1S 20

Step 2: Initial Value (Redraw circuit at t=0" and solve for unknown variable. Capacitor acts as a

voltage source since the voltage across capacitor has to remain the same.)
Using node-voltage to solve this circuit to find 1;:

First find dependent variable in terms of node-

47 le voltage variable, V.
" V=10 ((-10) _ Y,
Vel2)-1ov ’ 10k 10k
- 3KO, Next, take current summation equation at V| node:
10V T§ Vo v v
10k 3k 2k
Current summation equation at V, node:
2k 10k Sk
Vi
Using the first equation and solving for V;: Plugging into the second equation:
v v v ﬁ_(ﬂj(ij_gg.L(ﬂ}r&:o
10k 3k 2k 2k 2k 4 2k 10k 4 Sk
6 20 30 V.
1( + - j:_z v, L+£+—99(15)+L =0 = V,=0
60k 60k 60k) 2k 2k 8k 40k 5k
_V2(60kj_—15V2 V,=0
=2 —— |=
2k\ —4 2 i =0



Step 3: Final Value(Redraw circuit at t=0c0 and solve for unknown variable. Capacitor acts as an open
since it has sat for a long time in this position.)

l T i,=0  this means that 99ib source becomes open.

+¢ 1y, 5kQ
V . .
C 991y, 1;=0

3K
10V §

10kQ 1S ok0

Since i; is always the same => 1;(t)=0.

5. Using superposition, derive an expression for V that contains no circuit quantities other than

iS,Rl,Rz,R3,R4,oc,oer. OCix

O,

+
\% § R, R3
Step 1: is=0(off), Vs=on Using mesh currents:
(X’iX il = _aix
iy =1

Using a voltage loop and then substituting above eq:
(+i—i,) R, +V; —i,R, =0

(-ai =i )R,+V,—i R, =0

i (+aR,+R,+R,) =V

i = Ys
" (+aR,+R,+R,)
aV.R
V=0oiR,= i
(+aR,+ R, +R,)
Step 1: is=on, Vs=0(off) Using mesh currents:
iy i =1,
¢ I, =—0ai,
+. 1Xl 13 = ix
HOROR IR CAN IO 1Y
+ + B
V2R, Rj3
- +




Using a voltage loop and then substituting above eq:
(+i, —i,) R, —i,R, =0
( o ) —-i R, =0
i (+aR,+R,+R,)=0
i, =0
i,=0
V =(+i,—i,)R, =iR,

The total V is the sum of both solutions:

oV(R,
(+aR,+ R, +R,)

V=iR,+

6. After being closed for a long time, the switch opens at t=0.
a) Calculate the energy stored on the inductor as t -> oo.
b) Write a numerical expression for v(¢) for t> 0. t=0

Sor'N: a) As t->, the switch is open and the L acts like a wire. The 20 kQ and the ¢ '; \
30 kQ are in parallel, (which is 12 kQ), and we use Ohm's law to find
if(t—>co);

300mV 300 mV

1 (1= ) m mV 20 pA
L) @ ike 15k O™

The stored energy is a function of the square of the current in the inductor:

Wy (1 = ) = %Li%(r )= %150.11- (20002 T =30 pJ

b) We first find the current in the inductor for ¢ = 0—. The switch is closed,
shorting out both the 20 k€2 and 30 k€2 resistors. The inductor looks like a
wire. This leaves only the 300 mV source and 3 k<2 resistor:

300 mV

!L(O-) = m—“ =100 IJ-A

At ¢ = 0%, the switch is open, the 20 k€2 and the 30 k2 are in parallel,

{which is 12 kQ). and the inductor acts like a current sonrce with the came
current as the inductor had atz = 0. The voltage, v(r = 0%), is given by the

inductor current times the parallel resistance of 12 kQ.

w(it=0") =100 pA-12kQ =12V

From earlier, we have that the inductor current as 1 approaches infinity is
10 pA. The voltage, v(i—>), is given by this inductor current times the
parallel resistance of 12 k€2.

V(it—> o) =20 uA-12kQ=0.24 V
Now we use the general form of solution for RL problems:
v(t>0) = v(t — @)+ [W(0") = v(t — w)]e™ "L/ Rn)
or, with L/Rtp = 150 mH/(12 k<2 + 3 k) = 10 us:

v(t>0)=0.244+[1.2-0.24]~ /108 v 0244 0.96.7/10 85 v



7. After being open for a long time, the switch closes at r=0. /\1}\}\, . %
a) Write an expression for v.(t=0").
b) Write an expression for v.(t>0) in terms of i * R2§
iS,RI,Rz,R3,aHd C. C
|
- vet
R
NN

SOL'N: a) We first find the voltage across the capacitor for 1 = 0-. The switch is
open, eliminating Rz from consideration. The capacitor looks like an

open. This leaves only the is source driving Ry and R3 in series. The
capacitor is directly across R3 and so has the same voltage as R3:

ve(0) =igR,
At =04, the capacitor has the same voltage as at = 0.

Ve (0+) = i_s.R'_:;

b) As t—>o, the switch is closed, the C acts like an open, and we have a
current divider with R> on one side and R{ + R3 on the other side. The
current through R3 is

' R

iy ——2—

Rl + R2 + R3

The voltage, vc, as > is the same as the voltage across R3, and is given

by i times R3:

RyR3

vt >0)=j, ——= 2
c( ) SR+ Ry + Ry

For the time constant of the circuit, we take the Thevenin resistance from

the terminals where the C is attached with the switch closed for ¢ > 0.
Since we have only an independent source, we turn off the source, i, and

look into the circuit from the terminals where C is attached (but without
the C). We see R3 in parallel with R; + R;.

Ryp=R3II(R; + Ry)
Now we use the general formula for RC circuit solutions:

v(t > 0) = v(t = @) + [V(O0*) — v(r — c0) ]!/ RTC

or
RyR;

. RoRy o~/ R3R  +R2)C
Rl + R2 + R3

v(t>0)=1i;



Use the circuit below for both problem 8 and 9. 3k 0\

8.  Calculate the value of Ry that would absorb maximum
power.

Use RL = Rty for maximum power transfer. To find Ry, we turn off the

independent sources and look in from the terminals where Ry, is attached ) 24KQ

(with Ry removed). The voltage source becomes a wire, and the current

source becomes an open circuit. 2kO §
Rpp=QkQ+22 kD24 kQ+3kQ=12kQ+3 kQ=15 kQ 29K

We use this Thevenin resistance value for Ry NN ¢

Ry =15kQ
9.  Calculate that value of maximum power Ry, could absorb.

The maximum power transferred is

2
¥Th
4Ry,

Pmax =

The Thevenin equivalent voltage is the voltage across R[, without R).
Since there is no Ry, the 3 mA current must all flow through the 3 kQ2

resistance and then divide as it flows through the other resistors. It turns
out that the 3 mA (lows through Rth. and the voltage arising from the

3 mA is found using Ohm's law. To this voltage, we add the |5 V from
the voltage source to get vrp.

V=3 MA-15kQ+15V=45+15V =60V

Now we use the formula for maximum power transferred:

_ Vin__ 607
4Rrp 415k

W =60 mW

Prmax



10. Using superposition, derive an expression for i that contains no circuit quantities other than
iS’ Rl’ Rz, R3, R4, o, or VS‘

i
R, s R,
AN @ A

Rzgll (XIX R3 llx Vg

SOL'N:  First, we turn off the independent source, is. This means the current
source turns into an open circuit, separating the circuit into two pieces.
On the right, we have vg in series with R3 and R4.
Vs
R3 + Rq_

’.xl
On the left side, we have the dependent voltage source (whose voltage is

now known) and Rj in series with Rp.

. Oy | _ ave
YR +Ry (R +Ry)XR3+Ry)

Second, we turn off the independent source, vs. This turns the voltage
source into a wire, and we have a current divider for i flowing through R3
parallel R4.

i o AsRq

x= R3 + R4
On the left side, the dependent source fixes the voltage across R| and R.

Thus, we have the dependent voltage source (whose voltage is now
known) and R in series with R, just as we did before.

_ Wixy iRy
Rl + Rz (RI + Rz){R3 + R4)
We sum the two currents to find the total value of i:
a(ve +iRy)
(R + Rp)(R3 + Ryq)

iy

iﬂil+fg=

10



