Purdue University, School of Electrical and Computer Engineering Prof. DeCarlo

ECE 202 LINEAR CIircUIT ANALYSIS IT (SP’09)
Homework #17 Solution (65-68)

Problem 65
+
Leq
7 L QB Vout —> — g
C R

w, = 100rad/sec , C =0.7mF , R=2Q , L1 = Ly = 0.2H

(a) Leg, M, and k

To find the expression for the resonant frequency w,., it would be easier to find Yj,(s) instead of Z;,(s) in
this case.

1
(s) Los I B +Cs
‘ ‘ 1 R — jwL
Yin = C =
(jw) = jw *'R+jwu@<R—JwLw>
R . Leg
N <R2 + w2L§q> e <C - R? —|—w2L§q>
Re[Yin (jw)] Im[Yin(jw)]

Setting the imaginary part equal to zero and solving for w,.,

o Leg
R2 + w22

req

0=C

Plugging in the values and solving for L,,we get L., = 0.1400 and 0.0029 [H].

Derivation of the equivalent inductance of two coupled inductors:
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+ ° Py
w <3 4

—»

_ L |—2.
Zin

Writing two equations for Vi(s) and Va(s) in a matrix form of (Az = b),
Lis *Ms| || W1
+Ms Lsgs L |V,
where the positive and negative signs correspond to the dot in position A and B respectivly.
Substituting Vi (s) = Va(s) = Vi, and multiplying through by A~!, we obtain z = A~!b,

I B 1 Los q:MS V;
I _SQ(LlLQ_MQ) FMs Lis Vi

S(Ll—l-LQ:FM:FM)

L+ 1, =
1R s2(L1Ly — M?)
Zin(s) = Vi —3 M
o Il+]2 L1+L2:|:2M
Leg

where -sign for dot in A, +sign for dot in B

For each value of L., we can solve for M value from the equation we obtained above.

LiLy — M?

Lyy=—""2 "
“ Li+Ly—2M

And the coupling coefficient k£ can be calculated from
M
k=

L1Ly

Log — 0.1400 | Loy — 0.0029
M | 0.200, 0.0800 | 0.200, —0.1942
k 1,04 1, —

Eliminating k = 1 (ideal transformer) and negative mutual inductance cases, we are left with one answer
choice.

Leg = 0.1400[H] || M = 0.0800[H] |[k =0.4
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VZut(S)
Iin(s)
Using MATLAB,

(b)H(s) =

and poles and zeros

syms s R Leq C Yin Zin H Vout

Yin=s*C+1/ (Leg*s+R) ;
H=1/Yin

% >>1/(sxC+1/ (Legxs+R))

pretty (simplify (H))

o° o o

o°

Leg s + R

2
s CLeg+ s CR+ 1

R=2; C=0.7e—3; Leg=0.1400;

H=1/(s*C+1/ (Legxs+R))
pretty (simplify (H))

o°

o°

10000

o\°

o°

num=10000%[7 100];
den=[49 700 5000007 ;
z=roots (num)

o°

Z =
—14.2857

p=roots (den)

p:

1.0e+002 =

—0.0714 + 1.00761

—0.0714 — 1.00761

o\°

o o° o°

o°

H(s) = Zin(s)

7 s + 100

2
49 s + 700 s + 500000

1
Yin
1

1

Legs + R

s+ i
Leq

1

C

4+ C's

82+<

RY, 1
Leg) ' LegC

=|1428.57

s+ 14.2857
s? 4+ 14.2857s + 10204

Zeros:

|21 = —14.2857 |

Poles: ‘pm =714 ij100.76‘
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(C)Circuit Q, Qeir

_ Y
@ = 20y
w, /10204
cir ~ = = =———=|7.071

(d) B, [H7]

The transfer function we have has a pair of complex poles and a zero off the origin. As stated in the
textbook, the exact expression for the bandwidth is not available. To find the exact bandwidth, we use
MATLAB.

clear all;

num=10000%[7 1007 ;

den=[49 700 5000007 ;
w=linspace(1l,10e2, 10e4);
h=freqgs (num,den,w) ;

plot (w,abs (h), 'linewidth', 2)
axis ([0 200 0 110]); xlabel('\omega [rad/sec]'); ylabel('|H(j\omega)|');
grid on;

Hmax=abs (max (h) )
H3db=Hmax/sqgrt (2)

%$Hmax =

% 100.9951

% 71.4144

The above code will generate a plot for part (g) and give the values for H,, and the Hs;p. Using those
values, we can find the half power frequencies and eventually the exact bandwidth from the generated
plot.

From the plot, we have

wp = 94.11[rad/s]
wo = 108.4[rad/s]

Therefore the exact bandwidth is:

Bu.cvact = 108.4 — 94.11 = 14.29[rad /s] = | 2.2743[Hz]
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110
X:101

Y: 101

80—
X:94.11 X:108.4
Y:71.43 Y:71.4

[HGw)l

100 120 140 160 180 200
o [rad/sec]

The approximate Bandwidth is:

Bu approz = 20, = 14.2857[rad /sec] = | 2.2736[Hz]

(e) approximate H,, and w,y,

4 K| 14286
H N — =
H ()l ~ 57 = 17 286

wm A wp = V10204 = 101.0149[rad /s] = | 16.0770[Hz]

= [100[0)]
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(f)w12 [Hz] and the percentage errors

Sy

wl,approx = Wm — 711} = 938720[T/S] = 1494[HZ]

Sy

W2, approz = Wm, + TW = 108.1577[r/s] = | 17.2138[Hz]

wp = 94.11r/s] = | 14.9781[Hz]

wy = 108.4[r/s] = | 17.2524[Hz]

‘wl/Q - w1/2,approx’ % 100

% error =
wWi/2

% error for wy =10.2529%
% error for wy =|0.2235%

(g) plot of |H(jw)| vs. w
Done in part (d)
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Problem 66
(a)

a:1
to +

e
Vin C) Ci— Vi(s) Cy —— Vou(s)

Z4

Cy = 0.1F, Cy = 0.001F, R = 29, v;,(t) = 6(t) — Vin(s) =1
vout(t) = 25672'51‘/“(75) = ‘/Out(s) =

s+ 2.5
Z7 seen from the left side of the ideal transformer is
1 1
71 =a’— =
! “ CQS CQ
g2
a2
and the voltages are related by
Vout(s) 1
=—-—=Vi=dVy
i a 1 = QVout
We can redraw the circuit as below:
R
VNV ¥
V() Ci9g—= Vi(s) = Cufa’
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Solving for V; using simple voltage division,

1/ (Cl +CQ/(I2) S

Vl:R+1/(Cl+CQ/a2)3 in
1
_ _R(C+ )
St R(Cy 1 Cojad)
1
s+ . .

R(Cy + Cy/a?)

Matching the coefficients,

R(C1 + CQ/CLQ)

(b)

R1

B A S R
Vin(S)C> R2 } :
®
®
B D

Ry = 250, Ry = 509, Ry = 20

For maximum power transfer, the load impedance, Z;, should match the source impedance.
(i) When the load is to the right of A-B
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R

A
Vin(s) C)

-
O

Lo oA
Diw_

N
i
__m_'_________
o

For maximum power transfer,

source impedance = load impedance
Ry =7p

1\ 2

()
n

_ RRp

" n’Ry+ Ry

Solving for n,

Ri(Rs — Ri)  [2(50 —25)
RiRy,

(ii) When the load is to the right of C-D

R

AN

Vin(s) C> Ry

we
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source impedance = load impedance

Ri||Ry = Z
RiRy 1\2
2= _(Z) R
R1 + Ry <n> L
Ry,
2

Solving for n,

2
5+5O —=10.3464 |

Rl + RQ
\/ Rl Rs

(c)Thevenin equivalent in terms of a and R

Vin(s)C) | = 1o Vou(s)

Writing two loop equations and two equations for ideal transformer, we get

Vi +Vi+R(I + 1) =0
~Vput + Vo + R(Iy + I;) = 0

V1 — CLVQ =0
I + IQ/CL =0
Writing in a matrix form,
1 0 R R Wi Vin
0 1 R R V2 _ V;)ut
1 —a 0 O L |0
0 0 1 1/a| Iy 0

To find the Thevenin equivalent circuit (Voo = Zy 1), we need to find any two of the three terms.
Using the above matrix equations in the form of Az = b, we can find Z;, and I, in the following manner.
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Thevenin Impedance, Zy, (Impedance of a dead circuit)

Zip = Vout s Vin =0

2
Solving the below matrix equation for I,

1 R R %1 0
01 R R| W% |V
1 —a 0 0 L |0
0 0 1 1/a| |I 0
2
a
I, = ou
? R(a—l)QV !
Vout R(a_1)2
- _
th ]2 CL2

Short Circuit current, I,

Iy = —1s with V,,; =0
Solving the below matrix equation for I,

1 R R | W Vin
0 1 R R||wn|l |o
1 —a O 0 Li{ |0
0O 0 1 l/a I 0
a
— 1 —-Iw-— n
2 R(a — 1)2V

The MATLAB code used:

syms V1 V2 Vin Vout I1 I2 R a Zth Isc A x1 x2 bl b2
A=[ 1 0ORR; 01 RR; 1—a00; 0011/al;

bl=[0; Vout; 0; 0];

b2=[Vin; 0; 0; 0];

x1=inv (A) bl

% x1 =

% —1/ (—1+a) *a*xVout
% —1/(—1+a) *Vout
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o°

—1/R/ (—1+a) "2xaxVout
$ a"2/R/(—1l+a) "2xVout
pretty(simplify(a”2/R/(—1+a) "2xVout))
2
a Vout

o° o° o° o o?
o]
N

-1 + a)
x2=1inv (A) xb2

o\°

1/ (—1+a) xaxVin

1/ (—1+a)*Vin

1/R/ (—1+a) "2%Vin

—1/R/ (—1+a) "2xa*Vin
pretty (simplify(—1/R/ (—1+a) "2%a%xVin))

o o

o\°

o\°

a Vin

o\°

o°
N

o\°

R (-1 + a)

Using the relationship Vi, = Zi s we find Vi, to be,

R(a —1)? a 1
Vih = Zinlse = Vin = —Vin
th th a>  R(a—1)? a

The Thevenin Equivalent Circuit is:

Zm

Vin ()

R(a—1)?

1
Vin = =Vin | and | Zy, =
a
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Maximum instantaneous steady state power

Problem 67

Ly = 0.8H, Ly = 0.45H, M = 0.175H, Rg = R = 129

vs(t) = Vi coswt = 30 cos 10t

2
UR,maac

R

Maximum instantaneous steady state power of the resistor would be Pg ma: =

Writing a loop equation,

Vs(s) =I(LisF Ms+ R+ Las F Ms)
R

—~ Vi =IR= g
r (Rs + R) + (L1 + Ly F 2M)s
Vi R
= H(s) = -8 —
(5) =, (Rs + R) + (L1 + La ¥ 2M)s

where minus and plus signs in front of Ms corresponds to dot position in A and B respectively.

Dot A
12
Ha(s) -
12+ 12 4 (0.8 4+ 0.45 — 2(0.175))
12
VRr(s) = Ho(8)Vs = 57—~ Vs
R(s) Vs = 51509)
40/3
A i
s+80/3 °

For v4(t) = 30 cos 10t,
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vr(t) = 30|H,(j10)| cos(10t + Z(H (j10)))

4
=30 ) cos(10t + 6) = (30)(0.4682) cos (10t + 0)
VRmaz = 14.0449 [V]
2
P (140449)
' 12
— [16.4383[W]
Dot B
12
Hy(s)

T 12+ 12+ (081 0.45 + 2(0.175))

12
= H =
Vi(s) = Hp(s)Vs 24+s(1.6)v'°’
_15/2
s+15°

For v4(t) = 30 cos 10t,

vr(t) = 30|Hyp(j10)| cos(10t + Z(H (j10)))
= 30(0.4160) cos 10t + 0

VR,max = 12.480 [V]

(12.480)2
12

=|12.9792[W]

PR,maax —
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Problem 68
I Ro |
| b:1
Rs ° ° °
| 200V, | R
Vo) |
lnput | output loudspeaker
phono transformer Amplifier transformer
cartridge
Rs = 25Q, Ry = 1.6kQ, Ry = 2000, Ry = 4
vs(t) = 0.1v/2 cos(wt) [V] = vs pms = 0.1 [V]
(a)

Following the condition for the maximum power transfer, we can match the impedances at input and
output transformers.

Ro
+ 1 J\/\/\/ + b-1
Rs ® ® ®
—  Va 5200V, —> Vs R
Vs Y
Z, Zy

At the input transformer, the maximum power transfer occurs when
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At the output transformer, the maximum power transfer occurs when

b 2
RQ—Z{,—<I> Ry,

Ry
Ry

" /200
Y . R e N W
- R. 1

and b=+/50 = 7.07

The voltages of the transformer are:

= b =

V.
V.
‘/g e CLVa = a%
200V, v
V, = 5 ¢ =100(aV,) = 100a S’;ms = 50a Vs rms
8
Vour = 50 \/ﬁ ‘/;s,rms
~ 40
50
V2 40 \?1
P _ Yout _ [ T — = | &8W
max,4Q RL 50> 4 [ ]

(b)

R; = 1692
This will change the voltage values of the right half of the circuit (output transformer).
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Zy = bRy, = (V/50)%(16) = 8009

v, = %200% where
_ %200 (5 Varms) = 80Vsms
x@n:%wﬁ:m%%ﬂm
8 64
= 80\/—5_00.1 = \/ﬁ

V2 64 \? 1
Pmaac - out =\ —F— — =|5.12|W
160 = 5 ( /—50> 5 = 512W]]
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