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Integrating Factor Method Method for obtaining the solu-
tion of a differential equation by multiplying the eguation
by an exponential factor that makes one side of the equa-
tion a perfect derivative and then integrating both sides of
the equation.

Pulse Signal Function of time that is zero for 1 < 1y, has
magnitude M for ty < r < #;, and is equal to zero for ¢ >
f.

Matural Response The general solution of the differential
equation that represents the circuit.

Operator A symbol that represents a mathematical opera-
tion. Differential operator 5 such that s"x = d"x/dr".

Sequential Switching  Action of two or more switches ac-
tivated at different instants of time in a circuit.

Signal Real-valued function of time; waveform that con-
veys information.

Sinuscidal Signal A waveform that varies in accordance
with a sine or cosine function of time.

Stability A property of well-behaved circuits. A first-order
circuit is stable if, and only if, its time constant is not
negative, that is, 7= 0.

Steady-State Response When the input 1o the circuit is ei-
ther a constant or a sinusoid, the forced response is also
called the steady-state response,

Step Response Response of a circuit when the input is
equal to a unit step function and all the initial conditions
of the circuit are equal to zero.

Time Constant The parameter 7 in the first-order differen-

tial equation %.r{r) + EE_Q = K. The time constant T is

the time for the response of a first-order circuit to com-
plete 63 percént of the transition from initial value to fi-
nal value. ) '

Transient Response . A term sometimes referring to the
“transient part of the complete response” and at other
times to a complete response which includes a transient
part. In particular, PSpice uses the term transient response
to refer to the complete response. Since this can be con-
fusing, the term must be used carefully.

Unit Step Function Denoted as uir-,) and a function of
time that is zero for 1 << tp and unity for t > 1. At e =1y
the magnitude changes from zero to one. The unit step is
dimensionless.

Problems

Section 8.3 The Response of a First-Order Circuit to a
Constant input

P 8.3-1 A circuit containing a single inductor is at steady
state until time ¢ = 0. Before 1= 0, the inductor current is
(1) = 3 mA. The circuit is disturbed at time r = 0. Figure
P 8.3-1 shows the circuit after r = (). Find the inductor current
after time ¢ = 0. )

Answer: i (1) =5 — 2 ¢ 57 mA after r = 0, where 1 is in ms

2 ka2

10V 4 kQ 5H < i

Figure P B.3-1

P 8.3-2 A circuit containing a single capacitor is at steady
state until time ¢ = 0. Before ¢ = 0, the capacitor voltage is
vty =8 V. The circuit is disturbed at time = 0. Figure
P 8.3-2 shows the circuit after ¢ = 0. Find the capacitor volt-
age after ime r = 0. 2

Answer: vt) =4 + 4 " 55 V after r = 0, where 1 is in ms.

Figure P 8.3-2

P 8.3-3 A capacitor is connected to a voltage source at po-
sition 1 as shown in Figure P 8.3-3. The switch is moved in-
stantaneously to position 2 at 1 = 0. Determine the voliage,
(1), appearing across the capacitor, for t > 0.

12V

y (: 10V

t'{r}_ 5 uf

Figure P 8.3-3

P 8.3-4 For the circuit of Figure P 8.3-4, find vy (1).
Answer: vy (f) = 10" %%y >0
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Figure P 8.3~4

/{ 8.3-5 Determine the inductor current iy (¢) for the circuit of
Figure P 8.3-5.

Figure P 8.3-5

wé-ﬁ Determine the capacitor voltage v (f) for the circuit
of Figure P 8.3-6.

5V 100 @

Figure P 8.3-6

P 8.3-7 The circuit shown in Figure P 8.3-7 is disturbed at
time t = 0 when the switch opens. The circuit changes when
the switch opens. Before time r = 0, the circuit is excited by
a constant input. After time r = 0, the changed circuit is ex-
cited by the same constant input. This circuit has two steady-
state responses, v (f), one before 1 = 0 and one after r = 0.
Find both of these steady-state responses.

Answer: ve(t) =2V before r = 0 and v (1) = 4 V after 1 = O
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0.5 uF == velr)
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Figure P 8.3-7 | .

P 8.3-8 The circuit shown in Figure P 8.3-8 is disturbed at
time r = 0 when the switch closes. The circuit changes when
the switch closes. Before time ¢ = 0, the circuit is excited by
a constant input. After time ¢ = 0, the changed circuit is ex-
cited by the same constant'input. This circuit has two steady-

© state responses, ir (1),one before ¢ = 0 and one after ¢ = 0. Find

both of these steady-state responses.
Answer: i (t) = 2 mA before ¢ = 0 and i (t) = 4 mA after

t=10

2 kQ

5H

8V 4KQ | a0

2 k)

Figure P 8.3-8

P 8.3-9 The circuit shown in Figure P 8.3-9 is disturbed at
time t = O when the switch closes. The circuit changes when
the switch closes. Before time ¢ = 0, the circuit is excited by
a constant input. After time ¢ = 0, the changed circuit is ex-
cited by the same constant input. This circuit has two steady-
state responses, iy (f),one before t = 0 and one after 7 = 0. Find
both of these steady-state responses.

Answer: i (t) = 2 mA before t = 0 and i (1) = 2 mA after
t=190

D2

Figure P 8.3-9
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P 8.3-10 The circuit shown in Figure P 8.3-10 is disturbed
at time ¢ = 0 when the switch opens. The circuit changes when
the switch opens. Before time ¢ = 0, the circuit is excited by
a constant input. After time z = 0, the changed circuit is ex-
cited by the same constant input. This circuit has two steady-
state responses, vc(1),one before t = 0 and one after t = 0. Find
both of these steady-state responses.

Answer: vc(t) =533V before t = 0 and ve(t) = 4 V after
t=0

=0
2 kG2 |
+
BV 4 kQ 0.5 uF == veln
2 ke N
AMAN—=

Figure P 8.3-10

P 8.3-11 Figure P 8.3-11a shows astronaut Dale Gardner us-
ing the manned maneuvering unit to dock with the spinning
Westar VI satellite on November 14, 1984, Gardner used a
large tool called the apogee capture device (ACD) to stabilize
the satellite and capture it for recovery, as shown in Figure
P 8.3-11a. The ACD can be modeled by the circuit of Figure
P 8.3-11b. Find the inductor current i; for¢ > 0.

Answer: i (1) = 6e " A

P 8.3-12 An electronic flash of a camera uses a small bat-
tery to charge a capacitor. Then, when the flash is activated,
the capacitor is switched across the flashbulb. Assume that the
battery is a 6-V battery that should not be operated with a cur-
rent above 100 pA. The capacitor is to be selected. (a) Draw
a circuit model that will represent the charging and discharg-
ing action. (b) It is desired to charge the capacitor within 5 s
and to discharge it within 1/2 s. Select the appropriate values
for the elements in the circuit. Assume that the value of the
bulb resistance is 10 k(). Assume that the capacitor is charged
or discharged in five time constants.

P 8.3-13 A security alarm for an office building door is mod-
eled by the circuit of Figure P 8.3-13. The switch represents
the door interlock, and v is the alarm indicator voltage. Find
v(r) for 1 = 0 for the circuit of Figure P 8.3-13. The switch
has been closed for a long time att = 0.

P 8.3-14 Find i(t) for 1 > 0 for the circuit of Figure P 8.3-14.
The circuit is in steady state at t = 0,
Answer: i(f) = —143¢ 75 A

P 8.3-15 Find i(¢) for t = 0 if v(0) = 12 V for the circuit of
Figure P 8.3-15.

s H

NO(

(b)
Figure P 8.3=11 (a) Astronaut Dale Gardner using the

‘manned maneuvering unit to dock with the Westar VI satellite.

Courtesy of NASA. (b) Model of the apogee capture device.
Assume that the switch has been in position for a long time at
tr=0".

40 90
AN AW\~
v
20V 120 9 A 30 Y

okc +
=0

Figure P 8.3=13 A security alarm circuit.
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Figure P 8.3~14
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P 8.3-16 Consider the circuit shown in Figure P 8.3-16. The
switch is moved from A to B at ¢t = 0 after being at A for a
long time. Let v,(07) = 0 V., Find v,(07), v,(0), v2(0), vg(0),
vel(®), i), v,(r), and vy(7) for 1 > 0.

Answer: v(07) =40V, v,(0) =40 V,

va(0) =0V, ve(0) = 40V,

vp(f) = 40e™ 1%V, i(r) = 8e™'¥ A,

80 40 — 18z 80 80 —18e
n=30 420wy =22 - 22y
vy(r) 3 5 va(1) 3 3¢
30 A B a6 i
3| o—AAA~
t=s "R G
40 V 1 = Vz /= 1'#'5.;}’:
.’30"_‘:[— vy

Figure P 8.3716

P 8.3-17 A complex electronic circuit for a communication
satellite is represented by Figure P 8.3-17. Find i(s) for ¢ = 0
for the circuit shown in Figure P 8.3-17. The circuit is in steady
state at t = 0.

Answer: i = (1/6)e ™" mA

24 kQ2 éB kQ

[}
= |

11"54}.!F o UQ‘}J’.IF
16 k2
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Figure P 8.3-17 A circuit for a communication satellite.
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P 8.3-18
P 8.3-18.

Determine v(f) for ¢+ > 0 for the circuit of Figure

1 mH

Figure P 8.3~18

Section 8.4 Sequential Switching

P8.4-1 Switch 1 has been open, and switch 2 has been closed
for a long time at ¢ = 0 in the circuit of Figure P 8.4-1. At
t =0, switch 1 is closed, and then switch 2 is opened at
¢t = 3 5. Determine i(7) and plot i(f) for0 =r =8 s.

t=3s x Switch 2

Switch 1

Figure P 8.4-1

l/{ 8.4-2 The uncharged capacitor of the circuit shown in Fig-

ure P 8.4-2 is switched from position a to position b at 1 = 0
and remains there for 200 ms before being switched to posi-
tion ¢, where it remains indefinitely. Find v and plot v for
0 < t < 500 ms.

200¢1 — '),
173~ 200-02)

0<r< 200 ms

Answer: v = [ £ > 200 ms

a
1000 p S

c

+
200V et 151 o
50 Q -

L

Figure P 8.4-2
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P 8.4-3 Find i(r) for t > O for the circuit shown in Figure
P 8.4-3. The circuit is in steady state at t = 0.
Answer: i(f) = 2/3e ¥ A for 0 =t¢=51 ms

i(f) = 1.47¢ 108D A for t > 51 ms

60 i 120 20 :
AM—=AM——WA—}"
&t:ﬁlms
52\.*@) }<'=0 §1H
- 60

Figure P B.4~3

P 8.4-4 Cardiac pacemakers are used by people to maintain
regular heart thythm when they have a damaged heart. The cir-
cuit of a pacemaker can be represented as shown in Figure
P 8.4-4. The resistance of the wires, R, can be neglected since
R < 1 mf). The heart’s load resistance, Ry, is 1 k(). The first
switch is activated at f = #, and the second switch is activated
at ty = #p + 10 ms. This cycle is repeated every second. Find
v(t) for 1o = t = 1. Note that it is easiest to consider 1, = O for
this calculation. The cycle repeats by switch 1 returning to po-
sition a and switch 2 returning to its open position.

Hint: Use g = Cv to determine v(0™) for the 100-uF capac-
itor.

Switch 2

The heart

3V

Figure P 8.4"4

P 8.4-5 Determine and sketch () for the circuit shown in
Figure P 8.4-5. Calculate the time required for i(f) to reach 99
percent of its final value,

In practice, a solenoid is not directly shorted to turn it off
but is shorted through a device called a diode with a voltage
drop of 0.7 V, as this is easier to implement. Why would you
not simply open-circuit the coil to achieve zero current?

40V 16 mH

Figure P 8.4=5

P 8.4-6 An electronic flash on a camera uses the circuit
shown in Figure P 8.4-6. Harold E. Edgerton invented the elec-
tronic flash in 1930. A capacitor builds a steady-state voltage
and then discharges it as the shutter switch is pressed. The dis-
charge produces a very brief light discharge. Determine the
elapsed time 1, to reduce the capacitor voltage to-one-half of
its initial voltage. Find the current at ¢ = 1.

sv(®) §100 kQ

TlpF

Figure P 8.4=6 Electronic flash circuit.

P 8.4-7 Sequential switching is used repetitively to gen-
erate communication signals. For the circuit shown in Figure
P 8.4-7, switch a has been in position | and switch b has been
open for a long time. At ¢ = 0, switch a moves to position 2.
Then, 100 ms after switch a moves, switch b closes. Find the
capacitor voltage v for t = 0.

Swittha 5 i e
0>Lc AMA—2 . :)(C
(=040 +J_ ¢=100 s
50 v == 10 mF 20 Q

Figure P 8.4-7

P 8.4-8 For the circuit of Figure P 8.4-8, determine v(r) and
vy () for t > 0 when C = 0.2 F. Assume that the circuit is in
steady state when t = 0.
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Figure P 8.4-8



section 8.5 Stabiltiy of First-Order Circuits

P 8.5-1 The circuit in Figure P 8.5-1 contains a current-
controlled voltage source. What restriction must be placed on
the gain, R, of this dependent source in order to guarantee sta-
bility?

Answer: R < 4000)

100 Q

4 + 8ul) V

Figure P 8.5~

8.5-2
controlled voltage source. What restriction must be placed on
the gain, A, of this dependent source in order to guarantee
stability?

Answer: A <5

Avlt)

Bulr) mA 4 kQ 5 mH liLm

1 k2

+ vl -
Figure P 8.5-2

P 8.5-3 The circuit in Figure P 8.5-3 contains a current-
controlled current source. What restriction must be placed on
the gain, B, of this dependent source in order to guarantee

stability?
A
6 kQ
4+ 8ul) V 3kQ < Bi) 5 mH < i

Figure P 8.5-3

P 8.5-4 The circuit in Figure P 8.5-4 contains a voltage-
controlled voltage source. What restriction must be placed on
the gain, A, of this dependent source in order to guarantee
stability?

Avln)
1 ka2 Van
AN * >—2o
+\\/
4 + 8ulr) V 4 kQ 2 o) 5 mH < it

Figure P 8.5-4

The circuit in Figure P 8.5-2 contains a voltage- -

Problems 377 °
Section 8.6 The Unit Step Response

P8.6-1 The input to circuit shown in Figure P 8.6-1 changes
at time ¢t = 0. Before time 1= 0, the circuit is excited by a
constant input. After time r = 0, the circuit is excited by a dif-
ferent constant input. The response of this circuit is the in-
ductor current, i (f). This circuit has two steady-state re-
sponses, one before #= 0 and one after t = 0. Find both of
these steady-state responsés. .

Answer: i (1) = —2 mA before =0 and ip (f) = 3 mA after
t=0 f

2 k2

li]_{f)

10utd) - 4V (%)

Figure P 8.6-1

P8.6-2  The input to circuit shown in Figure P 8.6-2 changes
at time ¢ = 0. Before time 1 = 0, the circuit is excited by a
constant input. After time ¢ = 0, the circuit is excited by a dif-
ferent constant input. The response of this circuit is the in-

*ductor current, i (f). This circuit has two steady-state re-

sponses, one before ¢ = 0 and one after ¢ = 0. Find both of
these steady-state responses.

Answer: i (f) =3 mA before t = 0 and i (r) = 2 mA affer
t=10

2 k2

Bul-1) + 4ult) V 4kQ 5H Q|

Figure P 8.6-2

P8.6-3  The input to circuit shown in Figure P 8.6-3 changes
at time t = 0. Before time ¢ = 0, the circuit is excited by a
constant input. After time r = 0, the circuit is excited by a dif-
ferent constant input. The response of this circuit is the ca-
pacitor voltage, ve(1).This circuit has two steady-state re-
sponses, one before ¢ = 0 and one after + = 0. Find both of
these steady-state responses.

Answer: ve(r) = 8V before r = 0 and ve(r) = 12 V after 1 = 0

+
velt)

4 + 2ulr) mA 2 kQ D.SyF%

Figure P 8.6-3
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P8.6-4  The input to circuit shown in Figure P 8.6-4 changes
at time t = 0. Before time r = 0, the circuit is excited by a
constant input. After time z = 0, the circuit is excited by a dif-
ferent constant input. The response of this circuit is the ca-
pacitor voltage vc(#). This circuit has two steady-state re-
sponses, one before = 0 and one after t = 0. Find both of
these steady-state responses.

Answer: ve(t) = 8 V before 1 = 0 and ve(t) = 4 V after t = 0

2 kQ
NN—1
+
6ul-1) +6V 4 k2 0.5 uF == veln)

Figure P 8.6~4,

P 8.6-5 Find i(¢) for t > 0 for the circuit of Figure P 8.6-5.

” Assume the circuit is in steady state at 1 = 0.

20 k&

16 kQ (@) 1010 ma

TlflaHF

ENO) i)

12 kQ

Figure P 8.6-5

P 8.6-6 Find the step response v (r) of the circuit shown in
Figure P 8.6-6 when v, = 20u(r) V. The initial voltage v.(0) is
ZEro.

10 k@2 5 kQ
M WV
+
-
s 10 k2 1 uF == vl

Figure P 8.6-6

P 8.6-7 Find v(p) for ¢ = 0 for the circuit shown in Figure
P 8.6-7 when v, = 15¢™[u(r) — u(r — 1)] V. The circuit has
reached steady state before ¢t = 0.

30

1, H

% ()

Figure P 8.6-7

P 8.6-8 Use step functions to represent the signal of Figure
P 8.6-8.

ve (V)
4

'll_

IR VS GO S S IS (NN WIS
6 1 20 3 4 8 ® 7 8 9

Figure P 8.6-8

8.6-9 The initial voltage of the capacitor of the circuit
shown in Figure P 8.6-9 is zero. Determine the voltage v(r)
when the source is a pulse, described by

0 gt §
v,=34V 1<1<2s
0 t>2%
500 kQ
+
Uy 2 uF v

Figure P B.6=9

P 8.6-10 Studies of an artificial insect are being used to un-
derstand the nervous system of animals (Beer 1991). A model
neuron in the nervous system of the artificial insect is shown
in Figure P 8.6-10. A series of pulses, called synapses, is the
input signal, v,. The switch generates a pulse by opening at
t =0 and closing at t = 0.5 5. Assume that the circuit is in
steady state and that v(0”) = 10 V. Determine the voltage v(r)
forO0<r<2s.

Switeh
60

Ug 30V 3Q YeF == v

Figure P 8.6-10 Neuron circuit model,

P 8.6-11 An electronic circuit can be used to replace the
springs and levers normally used to detonate a shell in a hand-
gun (Jurgen 1989). The electric trigger would eliminate the



clicking sensation, which may cause a person to misaim. The
proposed trigger uses a magnet and a solenoid with a trigger
switch. The circuit of Figure P 8.6-11 represents the trigger
circuit with i.(f) = 40[u(r) — u(t — fo)] A where fo = 1 ms. De-
termine and plot v(r) for 0 < r < 0.3 s..

_ [480¢1 — £7100%) 0<t<1ms
L {480(1 — e 1 10000~ > 1 ms, tp=1ms

50 mH

+
20Q < vln)

i 0Q

Figure P 8.6-1 Electric trigger circuit for handgun.

P 8.6-12 Determine ve(f) for t > 0 for the circuit of Figure
P 8.6-12. .

3 kQ

4 kQ
4 kQ

12uln) V 2 mA 50 _h'.F

=
ir]

— — e --

Figure P 8.6-12 :

Section 8.7 The Response of an RL or RC Circuit to a
Nonconstant Source

P 8.7-1 Find ve(2) for ¢ > 0 for the circuit shown in Figure
P 8.7-1 when v, = 8¢ >'u(r) V. Assume the circuit is in steady
state at ¢ = 0.

Answer: ve(t) = de” ¥ + 18¢ ¥V

=0
3Q

38,5V

Figure P 8.7-1

P 8.7-2 Find v(r) for ¢t > 0 for the circuit shown in Figure
P 8.7-2. Assume steady state at t = 07
Answer: v(1) = 207193 — 127V

4Q
Vv

6 e 2ul) A

Figure P 8.7-2

Problems 379 °

P 8.7-3 Find v(r) for ¢+ > 0 for the circuit shown in Figure
P 8.7-3 when vy = (25 sin 40000)u(t) V. Assume steady state
atr=0".

5 mA

Figure P 8.7-3

¢

\/9/8.7.4 Find vc(2) for 1 > 0 for the circuit shown in Figure
P 8.7-4 when i, = [2 cos 2f]u(f) mA.

is 5KQ Ve == Vg mF

Figure P 8.7-14

P 8.7-5 Many have witnessed the use of an electrical mega-
phone for amplification of speech to a crowd. A model of a
microphone and speaker is shown in Figure P 8.7-54, and the
circuit model is shown in Figure P 8.7-5b. Find v(r) for vs =
10(sin 1006)u(f), which could represent a person whistling or
singing a pure tone.

Diaphragm

Sound
(pressure waves)

Carbon granule
packet

v

Speaker

(b)
Figure P 8.7-5 Megaphone circuit.
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P 8.7-6 A lossy integrator is shown in Figure P 8.7-6. It can
be seen that the lossless capacitor of the ideal integrator cir-
cuit has been replaced with a model for the lossy capacitor,
namely, a lossless capacitor in parallel with a 1 k{) resistor. If
v, = 15¢”2u(t) V and v,(0) = 10V, find v (1) for ¢ > 0. As-
sume an ideal op amp.

15 ko

% v

o

Figure P 8.7-6 Integrator circuit.

P 8.7-7 Most television sets use magnetic deflection in the
cathode ray tube. To move the electron beam across the screen,

it is necessary to have a ramp of current as shown in Figure

P 8.7-7a, to flow through the deflection coil. The deflection
coil circuit is shown in Figure P 8.7-7b. Find the waveform v,
that will generate the current ramp, .

1a

________ .

131 400 mH

t(ms) —=

(a) (b)

Figure P 8.7~7 Television deflection circuit.

P 8.7-8 Determine v(r) for the circuit shown in Figure P 8.7-8.

50 20

4

/2 FT_

Figure P 8.7-8

u(t) 30V et V

P 8.7-9 (a) In the circuit of Figure P 8.7-9, given v4(0) =
10V, vs(0) = 20V, find v,(f) in terms of vy(r) and v5(r) for
t> 0. (b) If vy(f) = 10e™°%"V and v,(r) = 20"V, find
vo(n) for r = 0.

1 kQ e
VW ky
CE FSeal .l,{F

Uz C

i + ” i =,
b}
. Cl-‘jJF £ +
Ideal o
=]

: 3

—

Figure P 8.7-9

P 8.7-10 For the circuit shown in Figure P 8.7-10, find ve(r),
r=0, when ve(07) =3 V.
Answer: ve(t) =4 — e 2"V, 1=0

4 kQ

12V

Figure P 8.7-10

P 8.7-11 Determine v(r) for the circuit shown in Figure
P 8.7-11a when v, varies as shown in Figure P 8.7-11b. The
initial capacitor voltage is vc(0) =0

T Pu

10~

V)

t(s)

(b)
Figure P 8.7=n
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Figure P 8.7-12 Cathode-ray tube beam circuit.

PSpice Problems 381 *
P 8.7-12 The electron beam, which is used to “draw” signals
on an oscilloscope, is moved across the face of a cathode-ray
tube (CRT) by a force exerted on electrons in the beam. The
basic system is shown in Figure P 8.7-12a. The force is cre-
ated from a time-varying, ramp-type voltage applied across the
vertical or the horizontal plates.” As an example, consider the
simple circuit of Figure P 8.7-12b for horizontal deflection

where the capacitance between the plates is C.

(a) Derive an cxpressnmfet the voltage across the capacitance.
If v(t) = kt and R, = 625 kQ, k = 1000, and C = 2000
pF, compute v, as-a function of time. Sketch v(r) and v
on the same graph for time less than 10 ms. Does the volt-
age across the plates track the input voltage?

(b) Describe the deflection of the electron beam if the force
is F = gE, where g is the charge and E is the electric field;
E is the ratio of the voltage across the plates to the spac-
ing of the plates (E = v/§). Assume a zero initial condi-
tion for the capacitor.

el L R . T AR PR

PSpice Problems

SP 8.1 Determine and plot i(r) for the circuit of Figure SP 8.1.
=0
6
Q) 10 @ 120 1 mH
i

Figure SP 8.1

SP 8.2 An RC circuit is shown in Figure SP 8.2 with
R=1 k0 and C =20 uF Determine the time, 1, when
v(r) = 4.00V, given v(07) = 12 V.

Figure SP 8.2

SP 8.3 For the circuit shown in Figure SP 8.3 find v.(1),
1= 0, when v.(0") = 5 V. Plot v.(#) for five time constants.

X
=

3 kQ 500 Q &

1uF Ve

10V 3 mA

Figure SP 8.3

SP 8.4 An RC circuit as shown in Figure SP 8.4 has v(0) =

It is desired to plot the response of the circuit for four time
constants: 2, 4, 8, and 16 ms. Select the appropriate value of
R and use a PSpice program to plot the step response for the
four time constants on one graphical plot,

4ulr) V 1 uF =

Figure SP 8.4
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T, e R

Verification Problems

VP 8.1 Figure VP 8.1 shows the transient response of a first-
order circuit, This transient response was obtained using the
computer program PSpice. A point on this transient response
has been labeled. The label indicates a time and the capacitor
voltage at that time. Placing the circuit diagram on the plot
suggests that the plot corresponds to the circuit. Verify that the
plot does indeed represent the voltage of the capacitor in this
circuit.

80V
2 kQ
7.0V i
6V 0.5 uF == el

6.0V

v l0) = B volts
50V (1.2333m, 4.5398)
4.0V | ! ! L

0s 10ms 20ms 30ms 40ms 5O0Oms
Time

Figure VP 8.1

VP 8.2 Figure VP 8.2 shows the transient response of a first-
order circuit. This transient response was obtained using the
computer program PSpice. A point on this transient response
has been labeled. The label indicates a time and the inductor
current at that time. Placing the circuit diagram on the plot
suggests that the plot corresponds to the circuit. Verify that the
plot does indeed represent the current of the inductor in this
circuit.

5.0 mA

(3.7500m, 4.7294m)
4.5 mA -

2 kQ
i (r)
4.0 mA - Ji
10V 4 kQ 5H
3.5 mA - 'S
i(0) =3 mA
3.0 mA 1 | | |
0s 2ms 4 ms & ms 8 ms 10 ms
Time

Figure VP 8.2

Figure VP 8.3 ;

VP 8.3 Figure VP 8.3 shows the transient response of a first-
order circuit. This transient response was obtained using the
computer program PSpice. A point on this transient response
has been labeled. The label indicates a time and the inductor
current at that time. Placing the circuit diagram on the plot
suggests that the plot corresponds to the circuit. Specify that
value of the inductance, L, required to cause the current of
the inductor in this cirguif‘to.be accurately represented by this

plot. - Y

5.0 mA

(3,7500 m, 4.8360 m)
4.5 mA -

2 k2
4.0 mA |- $A9

10V 4 kQd L
3.5mA-
ELEO} =3 mA
3.0 mA | 1 | |
0s 2ms 4 ms 6 ms 8 ms 10 ms

Time

VP 8.4 Figure VP 8.4 shows the transient response of a first-
order circuit, This transient response was obtained using the
computer program PSpice. A point on this transient response
has been labeled, The label indicates a time and the capacitor
voltage at that time. Assume that this circuit has reached steady
state before time t = 0. Placing the circuit diagram on the plot
suggests that the plot corresponds to the circuit. Specify val-
ues of A, B, R1, R2, and C that cause the voltage across the
capacitor in this circuit to be accurately represented by this
plot.

40V
30V (1.3304m, 3.1874)
20V Ry
1.0 1=
i R i +tr}
2 =,
oVl Bult) c
1.0
2.0V | 1 | |
Os 10ms 20ms 30ms 40ms 5.0ms
Time

Figure VP B.4
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Design Problems

DP 8.1 For the circuit shown in Figure DP 8.1, it is desired
that i(f) = 2.5 A at t = 47 ms. Determine the resistance R that
meets this specification when v, = 300 V. The initial voltage
on the capacitor is v.(0) = 100 V.

16 Q

40 Q

Vg

Figure DP 8.1

DP 8.2 For the circuit shown in Figure DP 8.2, specify the
inductance L so that the current in the inductor reaches its
steady-state value (five time constants) in 3.1 us after the
switch is closed at ¢ = 0. Determine the energy stored in the
inductor after ¢ > 3.1 us. Assume that the circuit was unex-
cited prior to ¢ = 0.

14 kQ

50 kQ

100V

Figure DP 8.2

DP 8.3 For the circuit shown in Figure DP 8.3, select the in-
ductance L so that the inductor current i(f) = 3 A att = 14 ms.
What is i(r) when t = 1 s?

14 Q

s0v ()

20V ,'I

modate more turns of wire on the coil. It is important that
a solenoid selected for a particular application have a rated
force as close to the lead requirements as possible. Too much
force reduces solenoid life because the unit must absorb the
excess energy. If the force is too low, the result will be unsat-
isfactory perfonnaqcé ‘bécause the plunger will not pull in or
seatl properly. .

The circuit model of a simple solenoid is shown in Figure
DP 8.4. The source is a 12-V dc battery with a resistance
R, =1 €. Select the required R and L of-the solenoid and
v, = Vou(s) so that the solenoid will close in 100 ms while re-
stricting the force to less than 0.5 N. The force-developed re-
lationship is measured as f = i(f) N.

Source | Solenoid
Ry | R

Us

Figure DP 8.4 Model of solenoid circuit.

DP 8.5 The switch in the circuit shown in Figure DP 8.5 is
at position 1 for a long time and is switched to position 2 at
t = 0. The output voltage, v(z), is to be changed from the ini-
tial voltage v(0) to within 1 percent of its final value within
0.2 s. Determine the required C and sketch v(r) for r = 0.

2ka

1 7.5k

sov(®)

Figure DP 8.5

= DP 8.6 A laser trigger circuit is shown in Figure DP 8.6. In
order to trigger the laser, we require 60 mA < lil < 180 mA
for 0 < r < 200 ps. Determine a suitable value for Ry and R;.

Figure DP 8.3

DP 8.4 Solenoids are electromechanical components that
convert electrical energy into mechanical work and move a
plunger. Current passing through a helical coil winding of
closely spaced turns of copper magnet wire produces a mag-
netic field that surrounds the coil. All solenoids develop mag-
netizing force, which has a relationship to the current and num-
ber of turns in the coil. Solenoid size determines the amount
of work a solenoid can perform. A large unit will develop more
force at a given stroke than a small solenoid (with the same
coil current) because its greater physical volume will accom-

40 Q

20V

Figure DP 8.6 Laser trigger circuit.
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DP 8.7 The initial voltage of the capacitor in the circuit of
Figure DP 8.7 is —10 V. Select C'so that v(f) = 0 att =4.0s
when v, = 20 V. Sketch v(r) for 0 < r < 5 5.

Figure DP 8.7

DP 8.8 Fuses are used to open a circuit when excessive cur-
rent flows (Wright 1990). One fuse is designed to open when
the power absorbed by R exceeds 10 W for 0.5 s. The source
represents the turn-on condition for the load where v, =
Alu(t) — u(r — 0.75)] V. Assume that 7 (07) = 0. The goal is
to achieve the maximum current while not opening the fuse.
Determine an appropriate value of A and sketch the current
waveform. The circuit 15 shown in Figure DP 8.8,

Fuse
J____'I
| R |
—o—+—AM——o
I 1@ ]' e
e 1'29 ,
v.l1) j) : !Luad

:U.ZH :
(B S |

Figure DP 8.8 Fuse circuit.

DP 8.9 An RL circuit as shown in Figure DP 8.9 is used 1o
provide an actuating pulse for a power laser. The circuit is a
steady state at ¢ = 07 and i(0™) = 0. The voltage source v, =
Voe ¥ Vis connected at r = 0. Select V,, and b so that the peak
magnitude of the current pulse is greater than 0.6 A. Deter-
mine i(f) and plot the current pulse.

2H
o R

4 T
k=0 i
P 1.

vy ' 4Q

[§

Figure DP 8.9 Laser pulse circuit.

DP 8.10 The adjustable valve in an oil refinery is actuated -
by a control voltage v, that consists of a pulse signal. The
model of the actuator circuit is shown in Figure DP 8.10 where
v is the voltage across the valve actuator and the actuator load
is R = 20). Determine the circuit L and select the required pulse
when it is desired that

10(1 — e~y v [}<r<-;—s
= i
8.65¢ ¥V 1> s
L
Y Y Y\
+
vg RSV
ik e

Figure DP 8.10 The circuit for actuating an oil refinery valve,



