PS8.3-4
Before the switch closes:

After the switch closes:

Therefore R, = =0 =30 so 7
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Finally, i(r)=i_ +(i(0)—i_ )e "=-2+ 5 e A for t>0

lfsc:z,ﬂ.



P8.3-7
Atr =0 (steady-state) ip (0)=6 A

—_—

Since the input to this circuit is constant, the
inductor will act like a short circuit when the 6A 40
circuit is at steady-state:

fort=0
i (@)
—=
N i(1) =i (0)e @ = 6™ A
40 § 0.2 H 9491
P8.3-9:

Before the switch closes, the circuit will be at steady state. Because the only input to this circuit
is the constant voltage of the voltage source, all of the element currents and voltages, including
the inductor current, will have constant values. Closing the switch disturbs the circuit by shorting
out the resistor R1. Eventually the disturbance dies out and the circuit is again at steady state. All
the element currents and voltages will again have constant values, but probably different constant
values than they had before the switch closed.

The inductor current is equal to the current in the 3 Q resistor. Consequently.

0.35¢
—~0.35
=2-e D A whent=0

?(f)zvﬂj(rj _6-3 e

3

In the absence of unbounded voltages, the current in any inductor is continuous, Consequently,
the value of the inductor current immediately before # = 0 is equal to the value immediately after
t=0.

Here is the circuit before = 0, when the
switch is open and the circuit is at steady
state. The open switch is modeled as an open
cireuit. An inductor in a steady-state de
circuit acts like a short circuit, so a short
circuit replaces the inductor. The current in
that short circuit 1s the steady state inductor
current, 1{0). Apply KVL to the loop to get

R,i(0)+R,i(0)+3i(0)-24=0

24
= i(0)=———
" R, +R,+3




The value of 1(0) can also be obtained by setting 1= 0 in the equation for (7). Do so gives

i(0)=2-¢"=1A

Consequently,

o 24
R, +R,+3

= R,+R,=21

Next, consider the circuit after the switch
closes. Here is the eircuit at r = =0, when the
switch is closed and the circuit is af steady
state. The closed switch is modeled as a
short circuit. The combination of resistor
and a short circuit connected is equivalent to
a short circuit. Consequently, a short circuit
replaces the switch and the resistor R;.

24V




An inductor in a steady-state de circuit acts like a short circuit, so a short circuit replaces the
inductor. The current in that short circuit is the steady state inductor current, i(=2). Apply KVL to
the loop to get
24
R,+3

The value of 7(=2) can also be obtained by setting ¢ = = in the equation for i(f). Doing so gives

Ryi(=)+3i(»)-24=0 = i(«=)=

i(:c)=2—e_x=2A

Consequently
24
2= = R,=9 Q
Ryi3
Then
R, =12 O
2 v g - —t/T
Finally. the exponential part of i(7) 1s known to be of the form e / where 7 = and
t
R: is the Thevenin resistance of the part of the circuit that is connected to the inductor.
'®) Here is shows the circuit that is used to determine R,.
A short circuit has replaced combination of resistor
AR5 :
Ri and the closed switch. Independent sources are set
30 to zero when calculating Ry, so the voltage source

has been replaced by an short circuit.

R,=R,+3=9+3=12 O
1 -
R

t L L
r=—=—
R, 12
From the equation for (1)
—035t=—— = 1=2857s
r
Consequently,
2 85?=£ = [L[=3428 H



P8.4-1
Replace the part of the circuit connected to the capacitor by its Thevenin equivalent circuit to
get:

g0 4 Q
+ +
10V 005 F == v 5V 0.05F == vit)
t<=0andt>1.5s 0<¢t<15s

Before the switch closes at t = 0 the circuit is at steady state so v(0) =10 V. For 0 <r < 1.5s, v,. =
SVand B;=4Qso r=4x0.05=0.2 5. Therefore

vit)=v, +(v(0)—v,.) e =515¢>"V for 0< r<15s

Att=15s v(1.5)=5+5"""=5V For1.5s<t, v,,=10VandR, =8 Qso
r=8x0.05=0.4 s. Therefore

v(t)=v, +(v(1.5)-v,) AW -5 WY o T8
Finally
_]f 5+5eV for 0< r<l15s

v(t)= o
(1) 110_ 5 3—2.5:.‘—1.31 v for 1.5s< ¢

P8.4-4
At =07 Assume that the circuit has reached steady state so that the voltage across the 100 uF
capacitor is 3 V. The charge stored by the capacitor is

q(07)=(100x107)(3)=300x10" C

0 <t < 10ms: With R negligibly small, the circuit reaches steady state almost immediately (i.e. at
t=07). The voltage across the parallel capacitors 1s determined by considering charge
conservation:

g(0")=(100 uF) v(07)+ (400 uF) v(07)

+ 4 { -
oo L > l.;mﬁ[: o(07)= a(07) _ (o ) _ 300410
— 7 100x107% +400x107°  500%10° 500x107°

W0%) =06V

10 ms < < 1s: Combine 100 uF & 400 uF in parallel to obtain

W(r) = v(0%) ot

500%F % v % Ru= Tk = e GIMATTEIT)

w(e) = 0.6 6 2U—0D y




P8.5-3

The Thévenin equivalent resistance of the circuit connected to the inductor is calculated as

it) . i
E’\J o Ohm’s law: i(f)=— \61'0;0}
6 kQ A | L
3 kO Bilr) vrit) ir() KCL: ;(f}+3 1(".]'+T:r{f,]' _ m
5 2 (), ()
S ti=—(B+1 __TX i T
Lo ) 600 | 3000
_(B+3)ve(t)
T 6000
_ve(r) 6000
r ir(f) B+3

The circuit 1s stable when B > -3 A/A,




P8.6-3

The value of the input is one constant, —7 V, before time 7= 0 and a different constant, 6 V, after
time ¢ = 0. The response of the first order circuit to the change in the value of the input will be

v,(f)=4+Be ™ forr>0

where the values of the three constants 4. B and a are to be determined.
The values of 4 and B are determined from the steady state responses of this circuit

before and after the input changes value.

NNy o

50
Ct IV 40 A+B\L
O—

The steady-state cireuit for t < 0.

& AV, O

5
Cf)sv 40 A\I/
O—

The steady-state circuit for t > 0.

Inductors act like short circuits when the input is
constant and the circuit is at steady state.
Consequently, the inductor 1s replaced by a short
circuit.

The value of the inductor current at time =0,
will be equal to the steady state inductor current before
the input changes. At time 7 = 0 the output current is

i,(0)=4+Be “” =4+B

Consequently, the inductor current is labeled as 4 + B.
Analysis of the circuit gives

-

—7

A+B=—=-14A
5

Inductors act like short circuits when the input is
constant and the eircuit is at steady state.
Consequently, the inductor 1s replaced by a short
circuit.

The value of the inductor current at time ¢ = =, will be

equal to the steady state inductor current after the
input changes. At time r = « the output current is

i,(=)=A4+B e ™ =4

Consequently, the inductor current is labeled as 4.
Analysis of the circuit gives

Therefore



The value of the constant @ 1s determined from the time constant, t, which 1s in turn
calculated from the values of the inductance L and of the Thevenin resistance, R,, of the circuit
connected to the inductor.

4/\/\/ e} Here is the circuit used to calculate R;.

50
(5)(4)
R, = =222 O
4 Q %Fv’! 5+4
Therefore
222
a= =1.85 -
O 1.2 5
. . 12
(The time constant is7 = =0545s.)
2.22
Putting it all together:
[ -14A forr<0
if { r} = 1857
V12226 A forez0
P8.6-8
For t < 0, the circuit is:
3kQ
+
110(0}='6 V
S

After t = 0, replace the part of the circuit connected to the capacitor by its Thevenin equivalent
circuit to get:
4 kQ

15V (i) 50 pF == v ()

v (f)=-15+ {—6 -(-15)) *1(4000<0.00005)

=-15+9¢7" V




P8.7-5

Assume that the circuit is at steady state before # = 0. There are no sources in the cireuit so 7(0) =

0 A. After = 0, we have:

10 osH i KVL :—10sin100 +i(r)+

v(1)

—

v.{t)=10 sin(100 ¢)
dv(r)

dt

Ohm's law : (1) =

+18v(1) = 160sin100¢

v, (1) = Ae™™, try v4(t) = Bcos100r + C'sin100¢, substitute into the differential equation
and equate like terms = B=-1.55 & C=0.279= v,(f)=-1.55¢c051007 + 0.279sin100¢

S v(1) = v, (1) + v, ()= 4e”'* ~1.55 cos 1007 +0.279 sin100¢
v(0)=8i(0)=0 = v(0)=0=4-155=4=1.55
so V(1) = 1.55¢ ¥ ~1.55¢c0s100r + 0.279 sin100r V

P8.7-6
Assume that the circuit is at steady state C="+puF
before 1= 0. H
v, (t)=-v.(1) vo(t) B
ve(07 )=v(07)=-10V ¢ ANAN—
R =1k
After t =0, we have 15 kQ
. AN =
0 o U N L ) bty
15000 15000 a8 -
(:)1,:&{3}:89_53!1[1:] ¥ (f}
The circuit is represented by the differential o
dve(t) ve(t s
equation: i(r)= CLH; LH Then o

dt

&

0.533><]D_3‘ E—Sr =10.25x10 (T'1'C(Fj] o .10_3 v |T =
r‘{ )
/ J It \

dv. |t

+4000 v, (1)=4000 ™"

Thenv, (1) = 4e™™ Tryv,(f)=Be™". Substitute into the differential equation to get

d(Be™
(Be )+400{](8e_5' )= 4000 & fi 2000

dt —3995

=-1.00125=-1



ve(t) =v,(t)+v,(t)=e"" + 47

ve(0)=—10=144 = 4=-11 = v (f) = le¥ 11V

Finally
v (1) = —ve(t) =117 17" V.t 2 0
P8.7-10
AV [ dv ()]
R + KVL: —kt+R, CL[” +1.-C(r}=0
- % dr ]
v =K1 (f) &= vald L ]
. - o
-d!’— Y Lc{f} 4 1 1’C[(T)=if
dt RC RC

v ()= v, (t)+ ve(r), where v (r) =4a"HC, Try ve(f) =B, +B t

: 1 k
& plug into DE. = Bl+—|:Ba+ B—,r] =—— thus By,=—kR.C ., B =k.
- R.C TR

&

Now we have v ()= Ae™'RE +k(t—RC). Usev (0)=0toget0=4—-kRC = A= kRC.
~v,(f) = t—R.C(1-e'%%)]. Plugging in k=1000 , R =625 kQ & C=2000 pF get
v (£) =1000[t-1.25x107°(1-e*%)]

e

/o

W

T 4 6 % b

v(r) and ve(r) track well on a millisecond time scale.



DP 8-1

R,
: : EPS W . 6=——12 = R, +R,=R,.
Steady-state response when the switch is open: R,+R,+R,
. 5 R 3 3
Steady-state response when the switch 1s open: 10 = 12 = Bi=—.
R,+R, 5

RS
10ms=517=(R,[|R;)C = e

LetC=1pF. Then R3=60kQ, R1=30kQ and R, =30 kO.



DP 8-5

40 £} 40 )
—A\A\A— AMNN—0
| o)
AD Rl
(0) = x
20v(* R i 40R, 1
-) 1 .. a0, JOR " Ry +40
2 40+R,
® & e
8-45
For 40 2
t>0: M _y L _ 107
; ()= i(Me’" where r=—=
ji 10=10) R, 40+R,

MW

R, 10mH

At t<200us weneed i(¢)>60 mA and i(¢)<180 mA
First let's find a value of R, to cause i(0) < 180 mA.

1 —
Try R,=40Q . Theni(0) = . A=166.7TmA soi(r)= 0.1667 e 4

Next. we find a value of R, to cause 1(0.0002) > 60 mA.

-2

Try R, = 10Q, then 7 = 0

o

i(0.0002) = 166.7x107° """ %%2 = 166.7x107¢ "= 61.3 mA

1
=02ms=——s.
S



DP 8-6

The current waveform will look like this:

41k

S Hs)

Now find 4 so that i; R,

oowe want [r'f(ﬂ.Zij]R”

fise

=10W =

We only need to consider the rise time:

: v, -/ 4 %
i(t) = L l-e )= —(l-e
() = 2= La-e™)
where
L 02 1
R 3 15

A= ?(1—9.‘“")

> 10 Wduring 025 < ¢ < 0.75s

A —15( 25 2
?(1—9 BN 1)=10 => 4 =9.715V



