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CHAPTER 18 PROBLEM SOLUTIONS

SOLUTION PROBLEM 18.34. Thereisacorrectionto thisproblem: set M = 3 H.

(a) Thestoredenergy att=0is:
W(0) = O.5L1i12(0) + O.5L2i22(0) + Mi; (0)io(0)=8J
»L1=10;L2=2,M=3;i10=1;i20=-3;
»W0 = 0.5L1*i10"2 + 0.5*L 2*i20"2 + M*i10*i20
W0o= 5

(b) Writing two differential mesh equations we obtain

diy d|2 dip _dip .
L + M—= 10— +3—=+i;1=0
17q PMYg PRS0 St
and
dl2 dll d|2 dll
L + M= +R +3—1+i,=0
27q TMg TRl =25 3y

Taking the Laplace transform of these equations yields

108l - 10i1 (0) +3slp - 32(0) + 13 = (10 +1)I1 + 38l - 10i1(0) - 3i2(0) =0
e 28l5 - 2i5(0) +3sl1 - 3i1(0) + I, =(2s+1)l5 +3sl; - 3i1(0) - 2i,(0)=0
Putting these equations in matrix form yields

g10s+1)  3s uéllu él0i1(0) +3i2(O)u_élu
§ 35 (2s+1)M8,0 &30+2,00 § &3

Solving yields

¢y g10s+1)  3s u‘lélu 1 @s+1  -3s yely
8,078 35 s+l §3l g +12s416-3s 10s+10E 3y

1 ellS+lu 1 elu
T s+1)(s+1)&33s- 3 s+1& 30

Therefore, by inspection,
i) =e'ut) A and i(t)=-3¢ u(t) A

Remark: normally, i1(t) and i2(t) would have two exponential terms present. Because of the specia
choice of initial conditions, a pole cancelled out.

(c) From equation 18.24 with the lower limit changed to zero and the upper limit changed to ¥ , we have
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¥
W(0,¥) = ¢y (Vi +Vaip) dit = 0.5L5i2(¥) + 051512 (¥) + Mig(¥)ir(¥)
- 0.5L4i(0) + 0.5L,i5(0) + Miy(0)i,(0)
From part (b) all currentsat t =¥ are zero, hence

W(0,¥) = - 0.5L4i2 (0) + 0.5L,i2(0) + Mi(0)in(0) = - 5 J

Theresult of part (a) indicates that the initia store energy is5J. Theresult of part (c) indicates that the
energy returned to the circuitisalso 5 J, i.e., thetotal energy accumulated in the inductorsover [0,¥) is
-5 J. Hence5 Jisdissipated in the resistors.

¥
Remark: theinterested student might computer the integral deif(t) + R2i22(t))dt , the actual energy

0
dissipated in the resistors over [0,¥ ), and show that thisis5 J.

SOLUTION PROBLEM 18.35.

(a)
»L1=4,L2=9, M =3
»1=2;12=-3;
»W =0.5*L1*117"2 + 0.5*L2* 1272 - M*|1*|2
W =
6.6500e+01
(b)
»K = 0.5*L1*11"2
K= 8

»% Minimize (over 12) K + 0.5%9*|2/2 - 3*2*|2
»% Take Derivative and set to zero; then solve for 12.
»% Derivativeis. 9*12—-6=0

»% Theresultis|2=2/3A.

»2=2/3;
»Wmin = 0.5*L1*11"2 + 0.5*L2*|12"2 - M*|1*|2
Wmin= 6

(c)
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(d)

»L1=4;L2=9 M =3;
»k = M/sgrt(L1¥L.2)
k= 5.0e01

SOLUTION PROBLEM 18.37.

»k =0.5;
»L1=9 L2=4L3=1;
»M = 0.5*sgrt(L1*L2)
M= 3

»Lepld=L1+L2+2*M
Lepld= 19
»Leg=Lcpld+L3

Leg= 20

»lmax = 2;

»Wmax = 0.5* Leg* Imax”"2
Wmax = 40J

SOLUTION PROBLEM 18.41.

»RL = 100; Rs=300e3; R =10e3;

»m=20;n=5;

(a)

»Z2 = RL*m"2

2= 40000

»Reql = Z2*R/(Z2+R)
Regl = 8000

»Z1 = Reql*n"2
Z1= 200000

© R. A. DeCarlo & P.M. Lin
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(b) |
»%Gvl =vlivin

»%ovl =[Z1/(Rs+ Z1)]vin
»Gvl =Z1/(Rst+Z1)

Gvl = 4.0000e-01

»% Gv2=v2/vin

»% Gv2=v2/vl* vlvin = (Un)* G1
»Gv2 = Gl/n

Gv2 = 8.0000e-02

»% Gv3=v3/vin
»Gv3 =-Gv2/m
Gv3 = -4.0000e-03

(o
»% Gi2 =i2/iin
»Gi2 = n*R/I(R+Z2)

Gi2= 1

»% Gi3=i3/iin=i3/i2 * i2/iin =—M*Gi2
»Gi3=-m*Gi2

Gi3= -20

© R. A. DeCarlo & P.M. Lin

SOLUTION PROBLEM 18.55. (a) The parametersin the circuit of figure P18.55b are given by
equationsin figure 18.22b. Specifically, since k = M/ /1L, =0.16//3.5” 0.008 = 0.95618

»M =0.16; L1 =3.5; L2 =0.008;
»k=M/sgrt(L1*L2)
k —_

9.5618e-01
»La=(1-k"2)*L1
La=

3.0000e-01
»Lb=k"2* L1
Lb=

3.2000e+00
»N =M/L2
N =

20

(b)
»R = 500;
»W = 2% pi* 60;
»Vseff = 110;
»Zin=R+j*La*w + j*Lb*w
Zin=

5.0000e+02 + 1.3195e+03i
»lseff = Vseff/Zin
| seff =

2.7624e-02 - 7.2899e-02i
»Pave = R* abs(l seff)"2
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Pave =
3.0387e+00

() |
»Zin2 =R+ j*La*w
Zin2 =

5.0000e+02 + 1.1310e+02i
»lseff2 = Vseff/Zin2
|seff2 =

2.0929e-01 - 4.7341e-02i
»ls2mag = abs(lseff2)
Is2mag =

2.1458e-01

» % The current in the secondary is (in A):

»|secmag = Ismag*N
Isecmag =
4.2916e+00

(d)
»% Our first step isto compute the reflected impedance:
»Zrefl = 100* N2
Zrefl =
40000

»% We now compute the impedance of the parallel combination

»% of Lb and Zrefl denoted Zpar
»Zpar = 1/(1/Zrefl + 1/(j*w*Lb))
Zpar =

3.6350e+01 + 1.2053e+03i

»% We now compute the input impedance:

»Zin = R+tj*w*La+ Zpar
Zin=
5.3635e+02 + 1.3184e+03i

»% Now we compute the voltage across the primary of the
»% ideal transformer, by voltage division:

»Vpar = Vseff*Zpar/Zin
Vpar =
8.7342e+01 + 3.2500e+01i

»% Now we compute the voltage across the |oad:
»Vload = Vpar/N
Vload =
4.3671e+00 + 1.6250e+00i
»VIoadmag = abs(VIoad)
Vloadmag =
4.6596e+00
»|loadmag = VIoadmag/100
Iloadmag =
4.6596e-02

© R. A. DeCarlo & P.M. Lin
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SOLUTION PROBLEM 18.65. (a) Theequivalent circuit accounting for initial conditionsis given

below:
17
lﬂ |.I|:_-E::L I;I:E:L ................ I:I lq?zH ....................... "LEI:S:I "LEIIS:I
T y . Lo T
i,(07) I
C)'afsqs;. viis) 3 D (D s wiESihig
. 0.6H 0.1472H
Zero currenfs att=0"

(b) From the definition of coupled inductors

eV]_ u_é 0.6s O. l472$ue|1
8,8~ &.14725 0. 14725u@| 2@

(c) Hence
e|1 ¢ 06s 014728y 16y 15601472 -0.14720&Vy
ézg go 1472s 0147258 8u8” s§01472 06 WK

(d) Writing nodal equations we obtain,
sti_é2 1ueV1u+e|1u é2 -1ueV1u+1Q1(O )U ell
S0l &1 208 &L &L 2 H8nl S@Z(O )g gzg
() Now we substitute our result of part (c):

&su_é2 1ueV1u+1e2u 1e2208 -2.2080éM
Boll &1 2U8nll sE 2l sE2208 o H8nY

which simplifiesto
s 1e2u 1625+2208 -(s+2.208)u6M

SOl s§ 275§ (s+2208)  2s+9 HALH
or equivalently

§2s+2208 -(s+2.208)peViu &Vt
&(s+2208) 2s+9 H&LHTE 2

(f) Solving these equations we obtain:
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Qi 625+2208 - (s+2.208)y tasVs+ 2y
A & (s+2208) 2s+9 H & 2 H

_ 1 & 25+9  (s+2208)06\s +20
352 +185+15s+2.208) 2s+22084% 2 |

(9) 1f vg(H) = 10u(t) V, then

Mu_ 1 6 2s+9  (s+2.208)p8l2y 1 @6s+112.42y
&Ll 37 +18s+156(s+2208) 2s+2.208182Y " 357 +18s+ 15165+ 30.912

From MATLAB
»[r,p,k]=residue([16 30.912], [3 18 15])
r=

4.0907e+00

1.2427e+00

Therefore,
vo(t) = (4.0007e % +1.2427¢ Ju(t) v

SOLUTION PROBLEM 18.67. The solution to this problem is based upon the following: (i) Leg=L4 +
L, + 2M for series aiding connection (see example 18.4) and (i) k = M/ /L L (adefinition), and (iii) k
=1 (an assumption).

(@) GivenL; =L,=Landk=1, Lgg =Ly +Lp +2M =L + L+2k\/F =4L. Hence, whenthe
number of turnsis doubled, the inductance is quadrupled.

(b) For thispart, let usfirst consider L, which has 2N turns. We can view L, as two coils of N turns
each connected in series aiding with coupling coefficient k = 1. Hence, according to part (a), the

inductance of L, isfour timesthat of L, which only has N turns. Hence,
Leg =Ly +Lp +2M =L +4L+2k/4L% = oL

Observe that the coil has 3N turnsyielding an inductance of 9L = FL.

(c) Suppose coil 1 and coil 2 consist of one turn each. Here the total number of turnsis 2N where N =
1 turn. Suppose further that L, =L. Frompart (a), Lgy =4L = (2)2 L. Now suppose coil one consists
of one turn and coil 2 consists of M turns. We assume here as an induction hypothesis that
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Leg =(M+2)°L

We must show that if coil 2 has (M+1)N turnsthen,

Leg =(M+2)°L

Our first step is to compute the equivalent inductance of coil 2. However, coil 2 consists of asingle turn
coupled to an M-turn coil, which by the induction hypothesis means that

L, =(M +1)%L

Thus coil 1inaseriesaiding connection with L2 leadsto
Leg =Ly +Lp+2M =L +(M+22L+2/(M + 2212 = L+ (M +1)2L+2(M +1)L
= L[(M +12 +2(M+1) +1] = L[(M+2)+1]° =(M+2)?L

Given thisrelationship, if coil 1 consists of N1 turns, and one turn has an inductance L, then
L = (N)?L. Similarly, Ly =(Ny)?L, and M = k JT = JTlp =y (N (N2 )22 = NgNL. 1t
immediately follows that
LiiLytM = Ni2:Ny2: (NgN)

SOLUTION PROBLEM 18.70. (a) k=M /. f4L,
»M=151L1=15/1L2=6;

»k = M/sgrt(L1*L2)

k = 5.0000e-01

(b) For thispart and the remaining parts consider the following equivalent circuit where the coupled
coils have been replaced by the model of figure 18.22(b).

2057 .
AL R ML,
Ly N .\
+
C_) Wy () Ly Wy ‘ ‘ WS > 2000
»La=(1-kr2)*L1
La=
1.1250e+00

»Lb=kM"2* L1
Lb=

3.7500e-01
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»% TheturnsratioisM:L2,i.e,
»1.5/6
ans= 2.5000e-01

P18-9 © R. A. DeCarlo & P.M. Lin

»% Thereforetheturnsratiois 1:4. It follows that

»Rb = 200* (1/4)"2
Rb =
1.2500e+01

To compute Z(s) we have,
Z(s)
Hence,

j12.5w

w10

3

Z(jw) = j1.125w + 20 + ——=~

1
=20+ —+ L+
Cs

oS _ 1 1056420+ 121550 L
Lps+ R, Cs
e 0
2 +
L gps 22502 6 oy L, 41667
Cw 2 10 Cw - 107+
we +— g wé+ =
9 9 9

(c) For this part we need to make the imaginary part of Z(jw) real. Tothisend:

»K1=12.5*100/3

Kl1= 4.1667e+02

»w = 1333;

»K2 =1.125*w + K1*w/(w"2 + 1e4/9)
K2 = 1.4999e+03

»C = 1/(K2*w)

C= 5.0015e-07

Hence, wetake C =5 ntF.

(d) At resonance, we have

Z(jwy) = 2(j1333) = 20+ —=" 17 =

and
j12.5w,

125w7 325 W

w2 +10
9

j16,662

Zb(JWr)—

3
By voltage division

out(JWr) Vout - Vb -

Vs(jwy) Wb Vs
»Zh = j* 12.5*Wi(j*w + 100/3)
Zb=
1.2492e+01 + 3.1238e-01i

»ZwWr=20 + 12.5*w"2/(w"2 + 1e4/9)
ZWr =

. 100~ 3333+ (1333

4. Zp(jwy)

=12.492 +j0.31238

- =1.5379 +j0.038456
1 Z(jwy)
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3.2492e+01

»GV = 4*ZblZwr
Gv =
1.5379e+00 + 3.8456e-02i

»MagGv = abg(Gv)
MagGv =
1.5384e+00
»AngGv = angle(Gv)* 180/pi

AngGv =
1.4325e+00

SOLUTION PROBLEM 18.71.

(a) Following the hint we apply a source transformation to obtain

Writing two mesh equations we obtain the following matrix form of the mesh equations:

s+b+¥s ks uélad_ din/sy
& ks s+b+Ysiflod & 0§

Solving for |, yields

és+b+1Ys ljy/su

deta
. & ks od _ - Kip
2 G EOHYS ks U (sebe 19 - (ks)?
etg 0
& ks s+b+1s
To find H(s) we have
H(S):VOUt - _ IZIS: kIS - WS

lin  lin  (s+b+1s)- (k9? (s+ks+b+Js)(s- ks+b+Vs)

_ ks
B [(1+ k)s? +bs+1“(1- K)s® +bs + 1]
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(b) R=0.02W, b=R=0.02W, Q =50, and k = 0.01, 0.02, and 0.04.

»beta=0.02; k1 =0.01; k2 =0.02; k3 =0.04;
»pll = roots([(1+k1) betal]);
»pl2 = roots([(1-k1) betal]);
»pl =[pll;pl2]
1 —-—

p =

-9.9010e-03 + 9.9499e-01i
-9.9010e-03 - 9.9499¢e-01i
-1.0101e-02 + 1.0050e+00i
-1.0101e-02 - 1.0050e+00i

»p21 = roots([(1+k2) beta1]);
»p22 = roots([(1-k2) betal));
»p2 = [p21;p22]

2 —-—

p =

-9.8039e-03 + 9.9010e-01i
-9.8039e-03 - 9.9010e-01i
-1.0204e-02 + 1.0101e+00i
-1.0204e-02 - 1.0101e+00i

»p31 = roots([(1+k3) beta 1]);
»p32 = roots([(1-k3) betal));
»p3 = [p31;p32]

3 —_—

p =

-9.6154e-03 + 9.8053e-01i
-9.6154e-03 - 9.8053e-01i
-1.0417e-02 + 1.0206e+00i
-1.0417e-02 - 1.0206e+00i

(c)

»f = 0.14:.0001:.18;

»nl = [kY/(1-k1)"*2 O];

n2 = [k2/(1-k2)"2 0];

n3 = [k3/(1-k3)"2 0O];

»hl = fregs(nl, poly(pl), 2* pi*f);
»h2 = fregs(n2, poly(p2), 2* pi*f);
»h3 = fregs(n3, poly(p3), 2* pi*f);
»plot(f, abs(hl), f, abs(h2), f, abs(h3))
»grid
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(d) Aninspection of [f, abs(h2)] (i.e., atabulation of the values) in part () indicates that ey = 0.15865

Hz and H .4 = 26.148 W. The frequency scale factor Kf is defined according to:
»Kf = 455e3/fpeak
Kf = 2.8679e+06

Further,

»Km = Kf*2.35e-3
Km= 6.7397e+03

»Lnew = Km* U/Kf
Lnew =

2.3500e-03
»Cnew = 1/(Km*Kf)
Chew =

5.1736e-11
»Rnew = Km*0.02
Rnew =

1.3479e+02

The 3 dB down value of h2 is Hpeak/sgrt(2). Hence
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»Hmax = max(abs(h2))
Hmax =

2.6148e+01
»H3db = Hmax/sgrt(2)
H3db =

1.8490e+01

Again, ingpecting the tabul ated val ues indicates that the 3 dB frequenciesare: f; = 0.1569 Hz and

f, =0.1614 Hz. Finally
»Bf =f2-f1

Bf = 4.5000e-03 Hz
»Bfnew = Kf*Bf

Bfnew = 1.2906e+04 Hz

(e) For thispart weredo part (a) with R, L, and C asliterals.

Writing two mesh equations we obtain the following matrix form of the mesh equations:

ds+R+YCs kLs veliu_ éin/Csi
& kis Ls+ R+ycCsHa,H & o |

Solving for |, yields

4 s+ R+1Cs |;,/CsU
detg_ ¥ in/ U

. & kLs o4 e )
2 detéLS+ R+1/Cs kLs [,] (LS+ R+]/CS)2 _ (kLS)2 In
& ks Ls+ R+1/CsH
To find H(s) we have
HY = Vout _ - 12/Cs _ kL/C%s _ kL/ C?s
lin lin  (Ls+R+¥Cs)*- (kLs)® (Ls+kLs+R+JCs)(Ls- kLs+R+1/Cs)
k
kLs 7 LC?

(Lo+ ks + CRs+1|LC(1- K)s” +CRs+1)  B1419s2 + Rg Lo@y g2 4 Rgy 16
e L~ Lcee L

LCY
2
kwy
_ ¢

1+ K)s2 + 0 5 4w 291 12 + Yot
g )S stoﬂg )S st

20
0%

Evaluating this expression at s = jw, yields
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L3
JkW/
%c

.2 - . 2 1

jwg 20% I\ 20

- (1+ k)W2 +—+wg..- (1- k)W2 +— +Wj-
0 Q 0 8 0 Q Og

Swg D,

PR

H(jwo) =

O, 8

Qo Q
Therefore
. 1, k
H(Jjwg) =
| (i o)| Cwo k2+—12
Q
(f) Tosolvethispart we differentiate and set equal to zero asfollows:
é u
e 0 é G
dHGwo) _ 1 , d¢ k =+_ 1 ,& 1 2k? a_
= — o= & - 0=
dk C\NO dk(ék2+%_ CVVO g(2+iz %(2-'- 102@
e 2 é 7+
© g 9 & Q%
It follows that
2
22k =1
ke +
&
Hence
> 1
ke =
&
or k = 1/Q. With thisvalue of k,
. 1 .1Q Q
H(jw = =
IH(3WoN e Cwg 2 2Cwp
@

Atw,, the magnitude of the transfer function increases with increasing k, reaching a peak at k = 1/Q and
then decreases with afurther increase in k as born out in the plots of part ().



