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E3.1

E3.2

E3.3

CHAPTER 3

Exercises

v(t)=g(t)/ € =10"°sin(10°#) /(2 x107°) = 0.5sin(10°#) V

i) = c% _ (2x107)(0.5 x 10°) cos(10%#) = 0.1 cos(10°#) A

Because the capacitor voltage is zero at #= 0, the charge on the

capacitor is zero at 7= 0.
t

g(r) = [i(x)a +0

103%ax =103t for0O<t<2ms

Il
ot—+ O

2E-3 t
- j1o-3¢v+ j—1o-3dv:4x1o-6_1o-3f for2ms <t <4ms
0 2E-3

vit)=qgt)/C
=10%t forO<t<2ms
=40 -10*t for2ms <t <4ms

p(t)=i(t)v(t)
=10 forO<t<2ms
=-40x103 +10t for2ms <t <4ms

W(t) = CVA (1) /2
=5t> forO<t<2ms
=0.5x107(40-10*#)? for2ms <t <4ms

in which the units of charge, electrical potential, power, and energy are
coulombs, volts, watts and joules, respectively. Plots of these quantities
are shown in Figure 3.8 in the book.

Refer to Figure 3.10 in the book. Applying KVL, we have
V=V, +V, +V,

Then using Equation 3.8 to substitute for the voltages we have
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v(t) = %I/(f)c# +1,(0) + — j i()at +v,(0) + = j i(#)dt +v,(0)

30

This can be written as

V() = (? + Ci + Cij [ (1t +1(0) + 1,0 +1,(0) ()

Now if we define

1 [i + 1 + LJ and v(0) =v,(0) +v,(0) +v,;(0)

¢, \& & ¢
we can write Equation (1) as
1 7.
v(t) = ‘. ! i(+)at +v(0)

Thus the three capacitances in series have an equivalent capacitance
given by Equation 3.25 in the book.

E3.4 (a) For series capacitances:
1 1
C., = = =2/3 uF
“"1/c +1/¢, 1/2+1/1 “

(b) For parallel capacitances:
Cu=C+C=1+2=34F

E3.5 From Table 3.1 we find that the relative dielectric constant of polyester
is 3.4. We solve Equation 3.26 for the area of each sheet:
cd  cd 10°x15x10°°

a=e_ca _ 0.4985 m?
¢ s, 34x885x107 m

Then the length of the strip is
L=A/W =0.4985/(2x107%)=24.93m

E3.6 v(H)=L af:) (10x10°) = 9 [0.1cos(10"#)]= ~10sin10%#) V

w(t) =1L (#) =5x10"° x[0.1cos(10*+)f =50 x10% cos?(10%+) T
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E3.7

F

i) = % [V +i(0) = W [

v(x)ax

.
= 6667 [ 7.5x10° xdk =25x10°#° V for 0 <t <2 sis
0

2E-6

= 6667 [7.5x10°xdx =0.1V for2us <t <4 us
0

2E-6 T
=6667( [7.5x10° xax + j(—15)dvj=o.5—1o5r V fordus<t<5us
0 4E-6

A plot of {7) versus tis shown in Figure 3.19b in the book.

E3.8 Refer to Figure 3.20a in the book. Using KVL we can write:
v(#) =vi(F) +v,(#) + v5 (1)

Using Equation 3.28 to substitute, this becomes
at), , d@) , d)
= 1
=L TP TP TR O
Then if we define L, =4 + L, + L, Equation (1) becomes:

)= 1, 2D

which shows that the series combination of the three inductances has
the same fterminal equation as the equivalent inductance.

E3.9 Refer to Figure 3.20b in the book. Using KCL we can write:
(1) = 4(1) + 5,(1) + i5(7)
Using Equation 3.32 to substitute, this becomes
t f f
i) =+ [t + 1(0) + [Pt +4,(0) + — [ V(P)ekt +4,(0)
Ly L Lo
This can be written as

V(F) = & + % + i}j V(R + i (0)+ (0)+ i (0) (1)

Now if we define
L%q _ (1 N i + ij and 7(0) = i (0) + ;,(0) + 4 (0)

we can write Equation (1) as

© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication

is protected by Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system,
or transmission in any form or by any means, electronic, mechanical, photocopying, @cording, or likewise. For information regarding permission(s), write to:
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



. 17 ]

i(+) = L l v(#)dt +i(0)
Thus, the three inductances in parallel have the equivalent inductance
shown in Figure 3.20b in the book.

E3.10 Refer to Figure 3.21 in the book.

(a) The 2-H and 3-H inductances are in series and are equivalent to a 5-
H inductance, which in turn is in parallel with the other 5-H inductance.
This combination has an equivalent inductance of 1/(1/5 +1/5) = 2.5 H.
Finally the 1-H inductance is in series with the combination of the other
inductances so the equivalent inductance is1+2.5= 3.5 H.

(b) The 2-H and 3-H inductances are in series and have an equivalent
inductance of 5 H. This equivalent inductance is in parallel with both the
5-H and 4-H inductances. The equivalent inductance of the parallel
combination is 1/(1/5 + 1/4 + 1/5) = 1.538 H. This combination is in series
with the 1-H and 6-H inductances so the overall equivalent inductance is
1538 +1+ 6 =8.538 H.

E3.11  The MATLAB commands including some explanatory comments are:

% We avoid using i alone as a symbol for current because

% we reserve i for the square root of -1in MATLAB. Thus, we
% will use iC for the capacitor current.

syms t iC qC vC % Define t, iC, qC and vC as symbolic objects.
i€ = 0.5*sin((le4)*t);

ezplot(iC, [0 3*pi*le-4])

qC=int(iC,+,0,t); % qC equals the integral of iC.

figure % Plot the charge in a new window.

ezplot(qC, [0 3*pi*le-4])

vC = 1e7*qC;

figure % Plot the voltage in a new window.

ezplot(vC, [0 3*pi*le-4])

The plots are very similar to those of Figure 3.5 in the book. An m-file
(named Exercise_3_11) containing these commands can be found in the
MATLAB folder on the OrCAD disk.
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Problems

P3.1 Capacitors consist of two conductors separated by an insulating material.
Frequently, the conductors are sheets of metal that are separated by a
thin layer of the insulating material.

P3.2 Because we have 7 = Cal / df for a capacitance, the current is zero if the
voltage is constant. Thus, we say that capacitances act as open circuits
for constant (dc) voltages.

P3.3 A dielectric material is an electrical insulator through which virtually no
current flows, assuming normal operating voltages. Some examples of
dielectrics mentioned in the text are air, Mylar, polyester, polypropylene,
and mica. Some others are porcelain, glass, and certain types of oil.

P3.4 Charge (usually in the form of electrons) flows in and accumulates on one
plate. Meanwhile, an equal amount of charge flows out of the other plate.
Thus, current seems to flow through a capacitor.

P3.5% /'(7‘)=C'% =10 (100 sin1000#) = cos(10007)

L) A

l\ /;\ft(ns)
T =

p(t) = v(#)i(*) = 100 cos(1000+)sin(1000+) = 50 sin(2000+)
f{ *) w

ANANA
A (m
VAV
_SO-r-

w(t) = %C’[V(f)]z _ 0.05sir?(10007)
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wity T

~ » £ (ms)
v
P3.6* =-cZ
T
& 7 100x10°¢ Av 100
& _ L X _go5v/ At = - =~ _2000 s
& ¢ 2000x10° s d/dr ~ 0.05
t t
P3.7* v(t) = % [i(t)at +v(0)  w(r)=2x10*[3x10"at - 20
0 0

V(#) = 607 —20 V
p(t) = i(F(t) = 3x103(607 —20) W
Evaluating at # =0, we have p(0)=-60mW . Because the power has a

negative value, the capacitor is delivering energy.
At +=1s,we have p(1)=120 mW . Because the power is positive, we

know that the capacitor is absorbing energy.

P3.8* W =power x time =5 hp x 746 W/ hp x 3600 s
~13.4x10°J

=51.8kV

4 :\/2x13.4><106
c 0.01

It turns out that a 0.01-F capacitor rated for this voltage would be much

too large and massive for powering an automobile. Besides, to have

reasonable performance, an automobile would need much more than 5 hp

for an hour.

P3.9 The net charge on each plate is @ = €V =(5x107°)x100 =500 pC. One
plate has a net positive charge and the other has a net negative charge so
the net charge for both plates is zero.
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P3.10 v(t)= %j:/'(f)c# +v(0)= %II,,, cos(wt)dt = 0{_2' [sin(w?) - sin(0)]

I
= —"sin(of
p, in(ot)

Clearly for @ — «, the voltage becomes zero, so the capacitance
becomes the equivalent of a short circuit.

P3.11 AU
. av 100
t)=C—
-10°¢ %(moem) =+ > £ (ns)
=-0.01e" A i — l.o » 1 (ms)
—o'°| /
pr) = v(t)i(t) ™!
— _e—ZOOf W N \ )
4 T - ¥ (w2
¢£“.) 2 \e
wit)
1 , SmI
wit)= L)
=5x10° xe?®™ J I \‘} v > & (ms)

P3.12 Q=¢v=5x10°%x200=1mC

W=%C’V2 :%><5><10_6 x (200 =017

AW 0.1
pP="0 = = —100k
At 10°° w
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P3.13

V()
160Y+
2 o
: &
1 (%)
5mA
> E
AS
/7(71-)
500mW + i
.
Ls
0.5 Ttw® -
s T
s
P3.14 ()= j i(t)dt +v(0)
O

v(t)=2x10° j i(t)at

pt) =v(t)(t)

() - %Cvz(f) _ 0.25x10°¢ xV2(#)

The sketches should be similar to the following plots. The units for the
quantities in these plotsare A, V, W, J and s.
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i versus t

-0.01

-0.02

x10°

Pe versus t

vaersust

4 W, versus t
x 10 %

o N B3

Because the switch is closed prior to # =0, the initial voltage is zero, and

+ 1
#) = %j/(f)c# +1(0)=2x10°[ (3x10*)af + 0 = 600#
0 0

P3.15
we have
V(10 x103) =6V
p=vi=18t W
p(10 x1073) = 18 mW
() = %axz(r) _ 0912 T
w(10 x107%) =90 pJ
1 t
P3.16  v(t)= Cj/ #)dt +v(0) = 0.333 x10° [ /(#)dt +10
0 0

p(t) =v(t)i(t)
Wr) = 2 v (1) =15x10° xv*()
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The sketches should be similar to the following plots. The units for the
quantities in these plotsare A, V, W, J and s.

I, versus t V,, Versus t
01
0.05
0
-0.05
01
0 0.5 1 15 2 25 3 0 05 1 15 2 25 3
! X107 t x10°
;:rcversustl N 10_3 W versus t
5
0
5 .
0 0.5 1 15 2 25 3

x10°

P3.17 We can write
w :%aﬁ _5x10-v2 = 200

Solving, we find v =6325 V. Then, because the stored energy is
decreasing, the power is negative. Thus, we have

p —5H00
—7—%——79.06 mA
The minus sigh shows that the current actually flows opposite to the
passive convention. Thus, current flows out of the positive terminal of
the capacitor.

P3.18 A capacitance initially charged to 10 V has
1%,
v(t)= Z-([/(f)df +10
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P3.19

P3.20

P3.21

P3.22

However, if the capacitance is infinite, this becomes v(#)=10 Vwhich

describes a 10-V voltage source. Thus, a very large capacitance initially
charged to 10 V is an approximate 10-V voltage source.

i(t) = "W [C'(f) (r)]_ [zoo x10° +100 x 10°* sin(2007)]
i(t)=20 cos(ZOOf) mA

1 fo+AT

We can write v(t,)=V, == I i(t)dt . The integral represents the area of

the current pulse, which has UHITS of ampere seconds or coulombs and
must equal V.C . The pulse area represents the net charge transferred by

the current pulse. Because a constant-amplitude pulse has the largest
area for a given peak amplitude, we can say that the peak amplitude of
the current pulse must be at least as large as V,C'/ At.

We conclude that the area of the pulse remains constant and that
the peak amplitude approaches infinity as At approaches zero. In the
limit, this type of pulse is called an impulse.

By definition, the voltage across a short circuit must be zero. Since we
have v =R/ for a resistor, zero resistance corresponds to a short circuit.
For an initially uncharged capacitance, we have

V(F) = %j/(f)df

For the voltage to be zero for all values of current and time, the
capacitance must be infinite. Thus, an infinite initially uncharged
capacitance is equivalent o a short circuit.

For an open circuit, the current must be zero. This requires infinite
resistance. However for a capacitance, we have

av(t)
t)=C——
)= at
Thus, a capacitance of zero is equivalent to an open circuit.
av(t)
t)=C——
)= at

~20x10° % [3cos(10% )+ 2sin(10% )
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= —65in10°#)+ 4 cos(10°#)

p(t)=v(t)i(t)
= [3cos(10°#)+ 2 5in(10°#)|[- 6 5in(10> ) + 4 cos(10°¢)]

Evaluating at # =0, we have p(0)=12 W. Because p(0) is positive, we
know that the capacitor is absorbing energy at + =0.

Evaluating at #, = 7/2x107°, we have p(t,)=-12 W. Because p(t,) is
negative, we know that the capacitor is supplying energy at * =+,.

P3.23  Capacitances in parallel are combined by adding their values. Thus,
capacitances in parallel are combined as resistances in series are.
Capacitances in series are combined by taking the reciprocal of the sum
of the reciprocals of the individual capacitances. Thus, capacitances in
series are combined as resistances in parallel are.

1
2+12
(b) The two 4- uF capacitances are in series and have an equivalent

P3.24* (a) ¢, -1 2 uF

capacitance of =2 uF. This combination is a parallel with the

1
14+1/4
2- uF capacitance, giving an equivalent of 4 uF. Then the 12 uF is in

series, giving a capacitance of =3 uF. Finally, the 5 uF is in

1
V12 +1/4
parallel, giving an equivalent capacitance of €,, =3+5=8 uF .

P3.25* As shown below, the two capacitors are placed in series with the heart to
produce the output pulse.

> ) (V)
| c.lk 1 + Heert 500 f «4.90
- s
C F(t) 500n.
T _ i —n £ (7S

While the capacitors are connected, the average voltage supplied o the
heart is 4.95 V. Thus, the average currentis I =4.95/500 =9.9mA .

pulse
The charge removed from each capacitor during the pulse is
AQ=9.9mA x1ms =9.9 uC. This resultsina 0.1 V change in voltage, so

© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication

is protected by Copyright and written permission should be obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system,
or transmission in any form or by any means, electronic, mechanical, photocopying, fg&ording, or likewise. For information regarding permission(s), write to:
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



P3.26

P3.27

P3.28

P3.29

-6
% _AQ_9.9x107 99 uF . Thus, each capacitor has a

Av 01
capacitance of € =198 uF. Then as shown below, the capacitors are
placed in parallel with the 2.5-V battery to recharge them.

t LT L

—t.

g,sy—f— Ibqﬂuy Tc TC

we have €, =

The battery must supply 9.9 uC to each battery. Thus, the average

current supplied by the battery is I, _2x99pC _ 19.8 uA. The

attery 1 S

ampere-hour rating of the battery is

19.8x10°° x5 x 365 x 24 = 0.867 Ampere hours .

1 1

@ Co =34 1n T2y o7
1

(®) & = Y@ +1)+1(@E+2) 2uF

We obtain the maximum capacitance of 2 uF by connecting the 1- uF
capacitors in parallel. We obtain the minimum capacitance of 1/2 uF by
connecting the 1- uF capacitors in series.

1
C,=———1—
¥ 1c +1C,
The charges stored on each capacitor and on the equivalent capacitance

are equal because the current through each is the same.
Q=C, x50V =300 uC

=6 uF

Q
=% _20
v c v
Q
=—=30V
Ve c,

As a check, we verify that v, +v, =50 V.

The equivalent capacitance is €,, =100 uF and its initial voltage is 150 V.
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The energies are w, = 1 CV;? = 1200 x10° x50 =0.25 J and w, =1.0 J.
Thus, the total energy stored in the two capacitorsis w, ., =1.25 J.

On the other hand, the energy stored in the equivalent capacitance is
w,, =+C, V2 =1100x10° x150% =1.125 J.

eqg’eq
The reason for the discrepancy is that all of the energy stored in the
original capacitances cannot be accessed as long as they are connected in
series. Net charge is trapped on the plates that are connected together.

1
P3.30 C =2+—~ 4
w2416 173 M
6 uF
|/
© I\

Coqg — T 2k —= 3 pF
O

6604 15x8.85x10? x10x1072 x30x 102
- d 0.01x10°3

P3.31* C = 0.398 uF

e.e0A4 e.8,WL

P3.32 (= A
(a) Thus if Wand L are both doubled, the capacitance is increased by a
factor of four resulting in € =400 pF.
(b) If dis halved, the capacitance is doubled resulting in £ =200 pF.
(c) The relative dielectric constant of air is approximately unity. Thus,
replacing air with oil increases ¢, by a factor of 35 increasing the
capacitance to 3500 pF.

P3.33* The charge @ remains constant because the terminals of the capacitor
are open-circuited.
Q = CV, =1000 x107? x1000 =1 uC
W = 1/2)6, (4} =500 uJ
After the distance between the plates is doubled, the capacitance
becomes ¢, =500 pF .
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-6
The voltage increases to V, = % = # = 2000 V and the stored
energy is W, = (1/2)¢, (4 ) = 1000 uJ. The force needed to pull the plates
apart supplles the additional energy.

P3.34  Using ¢ = “rfof _ &rtoll

and V., = Kd to substitute into

d  d
mezéé'l/ﬂéx,wehavew _;“;M/( c/Z—Egr s KWL .

However, the volume of the dielectric is Vol = WLd, so we have

Wi = 560K (Vol)
Thus, we conclude that the maximum energy stored is independent of W,
L, and d'if the volume is constant and if both Wand L are much larger
than d. To achieve large energy storage per unit volume, we should look
for a dielectric having a large value for the product ¢.K?. The dielectric
should have high relative dielectric constant and high breakdown
strength.

P3.35 The capacitance of the microphone is
_gA  885x10" x10x10°*
~ d  100[1+0.003 cos(10007)]10
~ 88.5 x 10 ?[1 - 0.003 cos(10007)]
The current flowing through the microphone is

i(#) = GZY) _d E‘;"] ~ 53.1x10"° sin(10007) A

P3.36 Referring to Figure P3.36 in the book, we see that the transducer
consists of two capacitors in parallel: one above the surface of the liquid
and one below. Furthermore, the capacitance of each portion is
proportional to its length and the relative dielectric constant of the
material between the plates. Thus for the portion above the liquid, the
capacitance in pF is

Cabave = 200 100 i
100

pF
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in which x is the height of the liquid in cm. For the portion of the plates
below the surface of ‘rhe liquid:

c,,,, =200(15) —

below — ( 5) 100

Then the total capacitance is:
c=¢C,, +C

above below

€ =200+28x pF

P3.37 With the tank full, we have
Wi = 3 Cfu//VfLZ/// = $x2500 %10 12 410002 =1.25 mJ

QRQ=C V. = 2500 x107% x1000 = 2.5 uC
The charge cannot change when the tank is drained, so we have

Q _ 25x10°
Vo - - = 25000 V
Y G, 100x107
Wanpy = 4 Compm V2, = 4 x100 x 1072 x 25000 = 31.25 mJ

The added energy is supplied from the gravitational potential energy of
the insulating fluid. When there is liquid between the plates, the charge
separation of the dielectric partly cancels the electrical forces of the
charges on the plates. When the dielectric fluid drains, this cancellation
effect is lost, which is why the voltage increases. The charge on the
plates creates a small force of attraction on the fluid, and it is the force
of gravity acting against this force of attraction as the fluid drains that
accounts for the added energy.

av,(t) . d 4
=10""—-]10 cos(100%)|= -10 100
& 7 [10 cos(1007)] sin(1007)

v, ()= Ri.(t) = -10 sin(1007)
v(t)=v.(t)+v.(F)
v(t) = 10 cos(100) — 10~* sin(100¢)
Thus, v(t)=v,(#) to within 1% accuracy, and the resistance can be

P3.38 i(t)=cl)

neglected.

Repeating for v.(#) = 0.1cos(10” #), we find
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i.(+) = -0.1sin(107#)

v, (#) = —sin(107)

v(t) =v,(+)+v,(#) = 0.1cos(107 #) - sin(107#)
Thus, in this case, the voltage across the parasitic resistance is larger in
magnitude than the voltage across the capacitance.

P3.39  The required volume is
Vol = Ad = Mo _ 2x132X10° 5 g 46 s
£05,K°  8.85x1012(32 x10°)
Clearly an air dielectric capacitor is not a practical energy storage device
for an electric car!
The thickness of the dielectric is

% 10°
o = fmax _ _0.3125
nin = kT 32 %10° m

P3.40 Before the switch closes, the energies are
W, = (1/2)6,(1)" =50 mJ
W, =(12)c, ) =50mT
Thus, the total stored energy is 100 mJ. The charge on the fop plate of
¢ is Q =GV, =+1000 pC. The charge on the top plate of C,

is Q =GV, =-1000 uC. Thus, the total charge on the top plates is

zero. When the switch closes, the charges cancel, the voltage becomes
zero, and the stored energy becomes zero.

Where did the energy go? Usually, the resistance of the wires absorbs
it. If the superconductors are used so that the resistance is zero, the
energy can be accounted for by considering the inductance of the circuit.
(It is not possible to have a real circuit that is precisely modeled by
Figure P3.40; there is always resistance and inductance associated with
the wires that connect the capacitances.)

P3.41 A fluid-flow analogy for an inductor consists of an incompressible fluid
flowing through a frictionless pipe of constant diameter. The pressure
differential between the ends of the pipe is analogous to the voltage
across the inductor and the flow rate of the liquid is proportional to the
current. (If the pipe had friction, the electrical analog would have series
resistance. If the ends of the pipe had different diameters, a pressure
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differential would exist for constant flow rate, whereas an inductance
has zero voltage for constant flow rate.)

P3.42 Inductors consist of coils of wire wound on coil forms such as toroids.

A L (A
P3.43* [L=2H > 2t
R 0.1 - o.N 7* )
o.l 0.3
-2
VL(r)=Ld;§_f) AW oy
0.' 0-3 b"{ %Vt (S)
J.-(,OV

£

| M50
p(+) = v, ()i, () () /l
O\ 03 i ()
ON

4
P3.44* v, =12 —05-_ =10
v, =L 555 =10V

P3.45*
s 1
[ (F) = %IVL(f)a’f +/,(0)=20 x10° [10a# ~ 01 =2x10°¢ 0.1 A
0 0
Solving for the time that the current reaches +100 mA , we have

: _ _ 5
i,(t,)=01=2x10%#, -0.1
t,=1us
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P3.46 /'L(fl):%fva(f)o’f +17,(0)

0
6

/,(6)=1[10at +0=20 A
0

p(6)=v,(6),(6) =200 W

w(6) = 4 Li2(6) = 600 T

P3.47 Because the energy stored in an inductor is w = %L/’2 , The energy stored

in the inductor decreases when the current magnitude decreases.

Therefore, energy is flowing out of the inductor.
d, (1)

Because we have v, (1) =L , the voltage is zero when the current is

constant. Thus the power, which is the product of current and voltage, is
zero if the current is constant.

d, (1)

P3.48 Because we have v,(#)=L , the voltage is zero when the current is

constant. Thus, we say that inductors act as short circuits for steady dc
currents.

P3.49 L=01H /(#)=0.5sin10007)A

d, (t)
dt

v,(t)=L = 50 cos(1000#)V

p(t) =v,(#)i,(+) = 25 cos(1000+)sin(1000#) = 12.5 sin(2000+) W
() = %L[/’L (#)] 2= 0.0125 sir?(10007)

The sketches should be similar to the following plots. The units for the
quantities in these plotsare A, V, W, J and s.
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J’L versus t

v, Versus t

versus t 3 w, versus t
P %10 L

P3.50 L-03H
j,(F)=5e"

a,(t) _

v, ()= L4 =-300e "V

p(t) = v, ()i, () = (- 300€ 2" |Be ?®" )= —1500e " W

()= %L[/’L (#)]?=3.75¢ " T

The sketches should be similar to the following plots. The units for the
quantities in these plotsare A, V, W, J and s.
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J'L versus t v, Versus t

' 0
-50
-100
-150
-200
-250
- -300
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
t t
b, versus t W, versus t
0 4
-200 35
-400 3
-600 23
-800 2
-1000 15
-1200 !
-1400 05
0
~1600 L L L L L L
0 0005 001 0015 002 0 0005 001 0015 002
t t

P3.561 [=2H
)= [t +1,0) =3 v et
P =V, () (#)
w(t) =2 LI, F =[]

The sketches should be similar to the following plots. The units for the
quantities in these plotsare A, V, W, J and s
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v, versus t I, versus t

0 2 4 6 8 0 2 4 6 8
t t

P, versus t W, versus t

150
100

50

-50

-100

-190

P3.52 L=10uH v,(#)=5sin10%#)
i, (#) = %EVL (F)at +7,(0) = 1o5l5 sinl0°#)a# — 0.5 = -0.5 cos(10°+) A
p(t) = v, ()i, () = 2.5 sin(10°#)cos(10°+) = —1.25 sin(2 x 10°#)
w(t) = %L[/’L ()F =1.25 cos?(10°#) uT

The sketches should be similar to the following plots. The units for the
quantities in these plotsare A, V, W, J and s
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v versus t i, versus t

L

b, versus t X 10-7 W, versus t

12
10

L= S "2 = =]

P3.53 For an inductor with an initial current of 10 A, we have

)
i(t)= %J' v(t)at +10. However for an infinite inductance, this becomes
rO

/(t)=+10 which is the specification for a 10-A current source. Thus, a

very large inductance with an initial current of 10 A is an approximation
to a 10-A current source.

P3.54 w(4)=1L}(4)=100T=|,(4)=10A
Since a reference is not specified, we can choose /,(4) = +10 A. Also,
because the stored energy is increasing, the power for the inductor
carries a plus sign. Thus p(4) =200 = v, (4)/,(4) and we have
v,(4)=20V. Finally, because the current and voltage have the same
algebraic signs, the current flows into the positive polarity.
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P3.55 Because the current through an open circuit is zero by definition, and we
t
have /(t)= %I v(t)dt (assuming zero initial current), infinite inductance
To
corresponds fo an open circuit.
Because the voltage across a short circuit is zero by definition, and

v, =L déif) , we see that L =0 corresponds to a short circuit.
P3.56
DAY 10V
; >£ a3
1s ls
f{f) W &)
50 W*r 25Jr
> L + > £
ls ls
. 17 ) 17 V. . .
P3.57  /(t)= [v(t)at +i(0)= [V, cos(wt)dt = = [sin(w?) - sin(0)]
Ly Ly wl
= Z—”Zsin(a)f)

Clearly for @ — o, the current becomes zero, so the inductance becomes

the equivalent of an open circuit.
1 fo+AT

7 IVL(f)df . The integral represents the
7‘0

area of the voltage pulse, which has units of volt seconds and must equal
I L.Because a constant-amplitude pulse has the largest area for a given

P3.58 We canwrite /,(f, +At)=1I, =

peak amplitude, we can say that the peak amplitude of the voltage pulse
must be at least as large as I,L/ At.

We conclude that the area of the pulse remains constant and that
the peak amplitude approaches infinity as At approaches zero. In the
limit, this type of pulse is called an impulse.
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P3.59  Inductances are combined in the same way as resistances. Inductances in
series are added. Inductances in parallel are combined by taking the
reciprocal of the sum of the reciprocals of the several inductances.

1

P3.60* I RSN -
3.60% (@) &y =1+ v 2)

=3H

(b) 9 H in parallel with 18 H is equivalent to 6H. Also, 20 H in parallel

with 5 H is equivalent to 4 H. Finally, we have £, = L =6H

115+1/(6+4)

P3.61 (a) The 2 H inductors and 0.5 H inductor have no effect because they
are in parallel with a short circuit. Thus, £, =1H.

(b) The two 2-H inductances in parallel are equivalent o 1 H. Also, the 1
H in parallel with the 3 H inductance is equivalent to 0.75 H. Thus,

1
= 1 == 2.1 .
b =1 1@ 078) o8N

P3.62 If all four inductors are connected in series, we obtain the maximum

inductance:
L, =12H
By connecting all three inductors in parallel, we obtain the minimum
inductance:
1
o= =0.75H
b 1/3+1/3+1/3+1/3
s 1
P3.63* i(f)= [Vt = 112 [v()at
Lez/ 0 Llé 0

()= %iv(f)df

Thus, we can write /(t)= L [:é /()= g/'(f).

) ) 1

Similarly, we have i (#) = 4 i(t)==7(t).

Y ()= =510)

This is similar to the current-division principle for resistances. Keep in
mind that these formulas assume that the initial currents are zero.
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P3.64 Ordinarily, negative inductance is not practical. Thus, adding inductance
in series always increases the equivalent inductance. However, placing
inductance in parallel results in smaller inductance. Thus, we need to

consider a parallel inductance such that
1

1/0+1/4 >
Solving, we find that L =12 H.

P3.65 Ordinarily, negative inductance is not practical. Thus, adding inductance
in series always increases the equivalent inductance. However, placing
inductance in parallel results in smaller inductance. Thus, we need to

consider a parallel inductance such that
1

1/0+1/10 °
Solving, we find that L =15 H.

P3.66

P3.67 (a) v,(t)=Ri(+)=0.1cos(10°)
d(t) _
dt

v,(+)= L2 = 100 sin(10°)

v(t) = ve(t)+v, (%)
— 0.1cos(10%#)— 100 sin(10°¢)

In this case, to obtain 1% accuracy, the resistance can be neglected.
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(b) For /(#) = 0.1cos(107), we have
v,(#)=0.1cos(107)
v, (+)=-0.01sin(107)
v(#) = 0.1cos(10#) — 0.01 sin(10¢)

Thus, in this case, the parasitic resistance cannot be neglected.

(1)
at
conclude that the inductance behaves as a short circuit for dc currents.
The capacitance acts as an open circuit for constant voltages. Thus, the

circuit simplifies to the single resistance R, , which is given

P3.68 Becausev, =L =0 for currents that are constant in time, we

400 mV
byR. = _40.
YR =100 ma
d,(t) _3 4 4 4
P3.69  v(f)= L7 ~10x10" x10°[cos(10°+)] =100 cos(10°F) V
av(t)

/C-(f) = 67 = —Sl.n(1047") A

i(t)=r.(1)+7(t)=0

w,(t) =3 Cv?(#) =5cos?(10*+) = 2.5+ 2.5cos(2 x10*#) mJ

w,(t) =L LiZ(#) =5sin(10%#) =2.5-2.5cos(2 x10*+) mJ
wt)=w,.(1)+w, (1) =5 mJ

The values in this circuit have been carefully selected so the source
current is zero. Because the source current is zero and there are no
resistances, there is no source or sink for energy in the circuit. Thus, we
would expect the total energy to be constant, as the equations show. The
total energy surges back and forth between the capacitance and the
inductance. In a real circuit, the parasitic resistances would eventually
absorb the energy. The circuit is analogous to a swinging pendulum or a

ringing bell.
| o () p | |

P3.70  i(r) = ¢ <" = 250 x10°¢ x40 x 1000[ - sin(10007)] = ~105in(10007) A
V() =L dd(:) _ _40 cos(10007) V

v(it)=v.()+v,()=0
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w, (1) = 1 Cvi(#) = 200 cos?(10007#) = 100 + 100 cos(20007) mJ

w, () = 1 L/?(#) = 200 sin® (10007) = 100 - 100 cos(2000#) mJ
w(t)=w.(1)+w,(t) =200 mJ

The values in this circuit have been carefully selected so the source
voltage is zero. Because the source voltage is zero and there are no
resistances, there is no source or sink for energy in the circuit. Thus, we
would expect the total energy to be constant, as the equations show. The
total energy surges back and forth between the capacitance and the
inductance. Ina real circuit, the parasitic resistances would eventually
absorb the energy. The circuit is analogous to a swinging pendulum or a
ringing bell.

P3.71  When a time-varying current flows in a coil, a fime-varying magnetic field
is produced. If some of this field links a second coil, voltage is induced in
it. Thus, time-varying current in one coil results in a contribution to the
voltage across a second coil.

P3.72* (a)
AW
— V4,8
+ fL: EI,'U')
i) m o Yt
L YW
As in Figure 3.23a, we can write
a, (t d,(t
4()= 1, B0 @)
V() = Md;lff)+[z 07;(‘7‘)
However, for the circuit at hand, we have /(#)=/(t)= i ().
Thus,
d(t
Vl(f): (Ll +M) a’(f)
d(t)

vV, (7‘) = (é + M)
Also, we have v(t)=v,(t)+v, (7).

at
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Substituting, we obtain v(#)= (4 +2M + Lz)d(f)

di(t)

Thus, we can write v(t)=L, g , in which
L,=L+2M+L,.
(b) Similarly, for the dot at the bottom end of L, , we have
L,=L-2M+L,

P3.73  (a) Refer to Figures 3.23 and P3.73. For the dots as shown in Figure
P3.73, we have

v(t)=4—~

v,(t)=M

o (f) mP2D) _ 40 cos(20#) - 15 5in(30#) V

0?1(7‘) dl, ()
i

= 20 cos(20t) - 45 sin(307) V

(b) With the dot moved to the bottom of L, we have
0?1 () _ yd=(t)

V() =L, 27) _ 40 cos(201) + 15 5in(307) V
v, (#) = M "/’m(f) il "/’;g) ~20 cos(20#) - 45 sin(307)
P3.74 In general, we have
W)= % m
vz(f)ziM%+4%

Substituting the given information, we have

v, (#) = —4000 sin(10007)
and

2000 sin(10007) = F2000 M sin(10007)
We deduce that M =1H. Furthermore, because the lower of the two
algebraic signs applies, we know that the currents are referenced into
unlike (i.e., one dotted and one undotted) tferminals. Similarly the positive
reference for the voltages is at unlike terminals.

P3.75 With a short circuit across the terminals of the second coil, we have
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45)-4, 20y %)
(=0 m A 1 &0

Solving the second equation for dof,(t)/ df and substituting into the first

equation, we have
di(t) _M® di(t) _LL -M* di(t)

Vl(r) = Ll df é df - é df
from which we can see that
L, - M?
L, = —Lz

P3.76  Because of the parallel connection, we have v;(t) =v,(#) =v(#)and the

equations for the mutually coupled inductors become
d (7‘) y =)

v(t) =L — — g
_ 091 (t) , , du(t)
v(t)=-M P L g
Using determinants to solve for the derivatives, we have
v(t) - M L v(t)
di(t)y v L| L+M d,(t) |-M v()  L+M
# (o M- & L M e
-M L -M L

Then, we have
(1) =6(1)+ i (1)

d(r)_di(r) i) L+l +2M
af ar ar LL, — M?
from which we conclude that

v(7)

; . bbL~ M?
L+ -2M
o, d .
P3.77 v, = LE = o.zg [exp(—21) sin(4xt)]

v, = 0.87 exp(—2t) cos(4~t)— 0.4 exp(—2t) sin(4rt)
A sequence of MATLAB commands that produces the desired plots is
symsiL vL T
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iL = exp(-2*t)*sin(4*pi*t);
vL = 0.2*diff(iL 1);
ezplot(iL, [0 2])

hold on
ezplot(vL, [0 2])
The result is:
3 .
......... i(H (A)
. — V() V) |

_2 1 1 1
0 0.5 1 15 2
7 (s)

P3.78 Using either tables or integration by parts, we have

)= [V )t +,0)= L [ exp(-)et =7 [ expl-r)r + D,

i, (1) =1~ texp(-1) — exp(-7)

A sequence of MATLAB commands to verify our result for /(7) and obtain
the desired plots is

symsiL vL T

vL = t*exp(-t);

iL = int(vL,t,0,1)
ezplot(vL, [0 10])
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hold on
ezplot(iL, [0 10])

The result is:

—v(HV)
----- (7 (A)

Practice Test

* f
T3.1 v (#)= % [Pt +v.(0) = 10° [ 0.3exp(~20007)ct
0 0

V,5(*) = — 15 exp(~20001)[,
v,,(*) =15 —15exp(—20007) V

W, (00) = %a/g(oo) _ %105(15)2 1125 m]
T3.2 The 6-uF and 3-4F capacitances are in series and have an equivalent
capacitance of

1

c -
@ =1/6+1/3 oM
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Ceqt is in parallel with the 4-4F capacitance, and the combination has an
equivalent capacitance of
C .=C_+4=6pF

eg2 egl
Ceqz iS in series with the 12-4F and the combination, has an equivalent

capacitance of
1

C = =
*®1/12+1/6
Finally, Ceq3 is in parallel with the 1-4F capacitance, and the equivalent
capacitance is

4 uF

C,=C,+1=54F
A 80x885x10%x2x102x3x107?
T3.3 =557 : — 4248
d 01x107 PF
afab

=2 x107° x 0.3 x 2000 cos(20007#) = 1.2 cos(20007#) V

T34 v, (=L

The maximum value of sin(20007) is unity. Thus the peak current is 0.3 A,

and the peak energy stored is
2 =t 2.410(0.37 =90 47

P peak = 2

1

==L
w eak 2
T3.5 The 2-H and 4-H inductances are in parallel and the combination has an

equivalent inductance of
1
=—————=1333
beg 1/2+1/4 H
Also, the 3-H and 5-H inductances are in parallel, and the combination
has an equivalent inductance of
1
=————=1875 H

beg 1/3+1/5
Finally, Leqand Leg2 are in series. The equivalent inductance between
terminals aand bis
Ly=L,+L

2gl zg2

=3.208 H

T3.6 For these mutually coupled inductances, we have
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Vz(f):_Md/;lf‘f)jLéa?;(‘f)

in which the currents are referenced into the positive polarities. Thus
the currents are
(1) =2cos(500t) and /(1) = —2exp(—400t)

Substituting the inductance values and the current expressions we have

v,(#) = —40 x 10~ x 1000 sin(5007) — 20 x 10~* x 800 exp(—400+)
v, (1) = —405sin(5007) — 16 exp(—4007) V

v,(#) = 20 x 107* x 1000 sin(500#) — 30 x 10~* x 800 exp(—400+)
v,(1) = 20sin(5007) — 24 exp(—4007) V

T3.7 One set of commands is
syms vab iab t
iab = 3*(1075)*(+"2)*exp(-2000*t);
vab = (1/20e-6)*int(iab,t,0,1)
subplot(2,1,1)
ezplot(iab, [0 5e-3]), title('\iti_a_b\rm (A) versus \itt\rm (s)")
subplot(2,1,2)
ezplot(vab, [0 5e-3]), title('\itv_a_b\rm (V) versus \itt\rm (s)")

The results are

B 1—5exp( —20007) — 7500 exp(-20007#) — 7.5 x 10°#2 exp(—2000+)

Vab_ 4 4
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