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CHAPTER 17 PROBLEM SOLUTIONS

SOLUTION PROBLEM 17.11. Casel: suppose R; > R,. From example 17.3, page 696, if L
and C are connected as indicated in part (a), then Z; can be made real and larger than R,. This

means we can solve the problem at least for Z;. Specificaly, consider the figure below

& ET &

From example 17.3, at a specified frequency, w,, for which Z, isreal, then L, C, and R, must

satisfy,
1 B
Wy =4[— - 1
r LC T_Z (1)
Further from example 17,3, at w,,
L
Zy(jwy ) =
1(jwp ) = R2C

Weregquirethat Z;(jw, )= R inwhich case

R =€ @

It is necessary to solve equations (1) and (2) simultaneously for L and C. From (2), L = RR,C.
Substituting into the square of (1) yields

l
RlRZC Rl % C
Hence
1 R-R
) wrRy R

It follows that
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L= Rle%wrPir m

Observethat sinceR; > R,, both Cand L areredl, i.e., exist. Please note that this connection would

not result in real valuesof C and L had R; < R,. If we can now show that Z, = R,, then parts (a)

and (b) arevalid for this case.
By direct computation

. . 1 . R . R
Z(jwy) = jWe L+ ———- = JWrL+W— iR (Ri- Rp) +

jw, C+= j /'Dl‘_Rz 1
Ro
- JRl" R R

Ry

ifR(R- Rp) + = jJR(R- R)+R- R R

Thus, (8) and (b) aretruefor thecase R; > R,.

We can aso arrive at the conclusion that Z, = R, using maximum power transfer concepts.
Since Z; isconstructed so that Z; = Ry, we have set up the conditions for maximum power transfer
of aV-sourcein series with R; to the "load" Z;. Since the LC coupling network is lossless,
whatever average power is received by the network to the right of Ry, will be dissipated by R,.
Therefore maximum power is transferred to the load R,. Looking back from R,, it must be that R,

sees a Thevenin resistance Z, = R, since it isknown that there isanon-zero R;.

Case 2, R; <R,. Now consider the configuration
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Interchanging the subscripts of 1 and 2 in case 1 produces the derivation for this case.

Combining cases 1 and 2 using the text notation produces

C= 1 \/Harge' Rsmall

WRiarge

SOLUTION PROBLEM 17.16.
@

»C =0.1e-6;

»R =510;

»Wr = 2*pi* 1.56€e3;

Romall

L= V—lv\/Rsman(Rarge - Psmall)

»%oFrom equation 17.4 in example 17.3 which analyzes

»Yothis particular circuit,
»%L must satisfy
»% wrh2*L"2 - L/IC+ RM2=0.
»% Therefore
»
»L =roots([wr*2 -1/C R"2])
L=
5.3133e-02
5.0952e-02

(b) From HW problem 17.9,

Hence, in MATLAB,

»Linv = C*(wr*2 + 1/(R"2*C"2))
Linv =
4.8054e+01
»L =1/Linv
L = 2.0810e-02
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SOLUTION PROBLEM 17.22. (Correction: change R in figure P17.22to R.) We solvethis

problem using phasors rather than the Laplace transform approach asit issimpler. Consider

.
+ +

i, () R v L{t}l E: it
I _ _

As such, since by definition wg = 1/J/LC, the resonant frequency,

Ve =V =4,(jwo)lin=Rlijn =Ry
Hence

ve(t) = v (t) = Ry cos(wgt) and iy (t) = %”Csin(wot).

(a) By direct computation
we(t) = —;Cvé (t) = % CR12 cos?(wot)

(b) By direct computation
1 .0 RIZ . >
w (t)==Lif(t) = sin”(wqt
L(1) > L(®) 2L (Wot)
(c) Also by direct computation, since w% =JLC,

1 R12 .
we (t) +w (t) = 5 CR12 cos?(wot) + EZmL sin?(wgt)
0

1 228 2 1 .2 0 1502
= — R +Ccos” (Wpt) + sn Wt;:—R2|C
5 m %C (wot) W_Z_OLC (O)Q 5 m

(d) Theenergy dissipated in the resistance in one period is

T T T
WR(0,T) = RGA() dt = RGA(t) dt = RIZ ¢pos?(wt) dit
0 0 0



5/15/01 P17-5 R.A. DeCarlo & P.M. Lin
2T 2T 2 2
_ le(\)dt+ le(‘)cos(ZWOt)dt= Rlm + _ RlmpP
2 2 2 Wo
0 0
(e) Finaly
maximum energy stored 0.5R%I anC
p — =2p——>—— =WoRC=Q
total energy lost per period Rimp
Wo
by equation 17.13.
SOLUTION PROBLEM 17.27.
15
I 1 1 L
(@) M9 =1F=5—== =
Vs Zin(9) R+ Ls+i 52+Bs+_1
Cs L LC
s, 1 1
! 16_Mc__ L GCs 1C
Hy(s) = Hy(S)” — =— — V== =
9= 5 et cs?Tv, @2, R 1 T o R, T
L LC L LC

(b) Hq(s) isprecisely of the form of equation 17.18 with asingle zero at the origin. It follows

s 1 R . 1 . 1
that wy; =— and 2s , = — . Hence, from equation 17.19, w., =W, = —, H{(jw)=—,
T PTT €q m p e 1(JWm) R

R wp 1 L 1\/T
=2s :—,a‘]d .= =—rr =" — == [—
B P L Quir = Qp 2s, JLC R R\C

(c) Withs=jw,

el o
eLco 1

.2 L2 2
el 26 &R0 (1- Low?) +(Row)?

IHo(w)° =

eLc g e o

Instead of maximizing |H2(jw)|2 we minimize its reciproca, through differentiation. Let
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f(C) :—12 :(1- LCV\IZ)2 +(RCW)2

|Ha(jw)|
Then
1(C) =2C(wR)? +2(W2LC - Iw?L =0
impliesthat
é u é u
é u é U
co L2:12§, 1 U=12§ 1
WL’ Lw’é R pd w gjl_ﬂﬂ
W2 0 eQoil 0
If the coil has high Q, then
1
Ca@—
Lw
inwhich case
. |Vcl Lw
[Ha(jw) :V @— = Qi
Therefore
I\/Clmax @QCO”lVSl
SOLUTION PROBLEM 17.31. Here
- 2 2 2
.2 a+t |w 2 ac +w 2 2
H(iw¢ =|K =K ° K”flw
IH(jw)| (B WD)+ 25 W2 w7 +45 207 ( )

(a) Differentiating with respect to w? and setti ng the derivative equal to zero yields

_df(wz) d & a2 +w?2 0

0= = =
dw®  dw? (é(wlzo - w2)2 +4s %Wzg
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) 1 (a2 +W2)(-2(W% - w2)+4s%)
-T2 2\ 2 22" 2
(Wp- W) +4sw [(W%-W2)2+4S%W2]

Given that the denominator of the first term is non-zero, thisis equivaent to
0= (W%J - W2)2 +4s|20vv2 - (a2 +W2)(-2(W% - w2) +4s%)

4 2.2
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2
=(W2) +W - 2W W +4sf,w2+2(a2 +W2)(W%-W2)- 4(a2 +W2)s|2O

p p

2 2
= (WZ) +wh - 2wdw? +4s2w? + 232w - 282w2 + 2wAwP - 2(w2) - 48252 - 4s2w?

2
=- (W2) - 2a%w? +w§1 + ZaZW% - 4azs%
Hence
2
(W2) +2a°w? +a* =WA|5 + ZaZW% - 4azs% +at

where we have added a* to produce perfect squares, i.e.,

Thisimpliesthat

Thus, to achieve areal positive solution we obtain,

= - 22 + w2+ 2 - (2as o

(b) Here, asin part (a), the arithmetic is ssimpler if we deal with 1/H(s) rather than H(s).

Specifically
2

1 _32+2$ps+wp :sz+25p(s+a)- 25|Oa+w2 2s +32- 25pa+w%

p:

H(s)  K(s+a) K(s+a) K

K(s+a)
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The problem asks for anon-zero value of w. For zero phase shift of H(jw), Im[H(jw)]

Im[H(jw)] > 0. This necessarily requiresthat the imaginary part of the above expression at s=jw
must be zero. Thus

é 1

o &w?-2sa+wil e( w? -ZSpa+W )(t’vl'JW)“J
Img——3=1mé _ U=Imé& u
gH(wu g K(w+a) g ¢ K(w* +a°) u
é a
_ ( w?- 2s IDa+w%,)(-w) o
K(W2+a2)
The solutionsto thisaredc, i.e., w =0, and
e = [02
w (for zero phase shift) =,/w,- 2s pa
Note that such afrequency may not exist if the quantity under the radical is negative.
SOLUTION PROBLEM 17.40. (a) Compute the transfer function:
Rs
Vout 1 1 1. S+T
H(S):I- :Y(S): 1 1:6 1 0 01
in in m+Cs+_ 82+6g+—+8+6%-+]_;—
&L RCy &R, plC

<103
—g 105 , s+1.333" 10 ,
s~ +2000s+1.0006w

where w% =1.6" 10 and w}, = 1.0006w( @.60089 " 10° and w, = 4.001" 10" rad/sec.

(b) Qp= =20 whichishigh Q. Further a=
Sp

(c) Equation 17.28,

rIV;U

=1.333" 10° <<w , =40.011109 " 10°,
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W, = \/ a’ +\/(Wf)+a2)2 - (2as p)2

givesthe exact value of w,,,. In MATLAB,

»wmsgrd = -a*2 + sgrt((wph2+a*2)"2 - (twosig* a)”'2)
wmsgrd = 1.600886670362673e+09

»wm = sgrt(wmsgrd)
wm = 4.001108184444246e+04

Clearly, w,, approximates w,,. Finally,

.1.333" 10°
Wp

jwp+1.333" 10°
2 2
-Wp +]2000w, +w'y

8 10°
2000

H(iwm)| @H(jwp)=8" 10°

@400 W

(d) From equation 17.30,

By @25 , = 2000 rad/sec, Wy @Wp, - 0.5B,, =39.011" 10° rad/sec, and

Wy @V p+ 058, =41.011" 10° rad/sec.

(e) From equation 17.30,

1 L RC_R 1 _ 1 1 _ Qoil*Qu
Qair Wo Lwo  RoCwp  Qeoil Qeap Qoit Qeap

Hence,
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Qeoil Qeap
Qe Qeoil t Qeap

SOLUTION PROBLEM 17.65. Here we consider the equivalent circuit valid for t > 0. Note that
i, (0) =i (0") = E/Rsand v(0) = vo(0") = 0. Hence

F
Ls i L;: K
R.z O3 -
It follows that
1 E 1 E
Ve(s) = =
1ilics RS 2+l L CR
R Ls LC
Complex roots occur when
2 2
elo 4 _els” 42 4

Equivaently,
1
waRC > —
0 2

aswasto be shown. Further, since VC(0+) =0, the general form of the capacitor voltage for constant

excitation is (as per chapter 10)
ve(t) = € S (Acos(wgt) + Bsin(wgt)) = Be™ S sin(wgt)

From the characteristic equation, the complex roots are

. -1 1 el -wg
SSE WY E——==x],|—"-: = * Jwp. [1-
Wd =5re J\/l_c eorce ~ 20 O\ 42

Here
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a—s—m Wq =W 1-1
2Q TN 4@

Letting B = V,,,, for the appropriate value of V,,,, we obtain the desired result.

5/15/01

(b) If Qislarge, wy @vg. The Ve A will drop to /e of its peak valuein tziijQ@jvig
0 d

2p . Therefore the number of cycles

seconds. The period of oscillation of the damped sinusoid is W
d

contained in thisinterval is



