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ACTIVE NETWORK ANALYSIS

Problems & Solutions



PREFACE

The solutions to the problems in the text Active Network Analysis are presented in this
book. Attempt has been made to conform the notation of the text, and the approach of the
text is used in solving the problems. The book is intended as an aid for the instructors
using the textbook, not for the use of students. It contains solutions to every problem in
the text except some problems involving proofs of the identities and the verification of
solutions. The book gives only the major steps and manipulations, skipping most of the
details.

The solutions to the problems were worked out by graduate students, teaching assistants,
and visiting scholars. Most of the solutions to the first five chapters were contributed by
my doctoral students Dr. Eishi Yasui and Ms. Hui Tang. The solutions to the last four
chapters were provided by Professor Mao-Da Tong of the University of Science and
Technology of China, who was a visiting scholar at the University of Illinois at Chicago.
The material was initially typed by Messrs. Xin Shu and Chi-Kuang Chao. Professor Yi-
Sheng Zhu of Dalian Marine College proofread the first five chapters, and Professor Tong
for the remainder.

I wish to express my appreciation to all the persons mentioned above whose valuable
contributions made the project possible.

Wai-Kai Chen November 15, 1992
Department of Electrical Engineering
and Computer Science
University of Illinois at Chicago
Chicago, Illinois 60680
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Chapter 1

Characterizations of Networks

Problem 1.4 Consider a linear time-varying resistor whose resistance is characterized by
the equation
R(t) =ry+r) cos(wy+0) -

where ry 2 r; >0and @, > 0. Determine whether this device is passive or active.

SOLUTION:
!
e(r) = ftv(x)i(x) dx =f R(x)iXx) dx

—o00

!
_ rl .
= r 1+%cos(w0x+9) Ax) dx

Since rg 2 r; >0
r
1+ %cos(m0x+6) 20
showing that
€120

for all 7 and all excitations. Thus the device is passive.

Problem 1.7 For the given one-port network of Fig. 1.29, determine the regions of
passivity and activity in the closed RHS. Choose a point in the passive region and
demonstrate that this one-port has a passive equivalent one-port at the chosen point.
Choose a point in the active region and show that this one-port can be employed for energy
gain at the chosen complex frequency.

SOLUTION: The input admittance of the one-port is given by

1
y(s)=— R +Cs
On the o-axis, the passivity condition becomes
1 1
= — — > > =
y(o) R+C0_O,or0~om RC
On the jw-axis,

Rey(s)=—]]7<0



and the one-port is active for all real frequencies. For the remainder of the closed RHS, we

consider s = 0 + jow, ® # 0. When

1
O'SO'm:lT
we have
Rcy(s)=—%+COSO
So Re y(s) - |;:||y(s)|< 0, and the one-port is active.
1 1
When ¢ > Cm—ﬁ» Rey(s)-—RT+ Co > 0 and
¥(s)
c Re y(s)
R - = 1 -
e y(s) mly(S)l Re y(s) 7
c
.
l+j——
1 (6-0,)
=(-5+Co)|1- <0
K ()
1+j—
o
because B
. @ . W
0<o-g0, <o, l+jf——|>|1+j—
(6-o0,) c

all

Choose a point in the passive region, say 5o = 20,,. This one-port is equivalent to a
single resistor with resistance
) 1 1 1

r = = = =R
Y60 3o,y 1,02
1 1
Pick a point S0 =30, = 75~ in the active region. Then
1.1 1 1 1
Yoo =-g+39:C= gt T "®

Let R, be a resistor. The energy delivered to R by the current source
1
i) = Iy e2™

being connected in parallel with the resistor, is given by



!
e(r) = f R, i%(x) dx
Now connect the active one-port y(sp) in parallel with i(f) and R;. Then the terminal voltage
/(1) and current i)(t) of R; are found to be

Vi) = i(t) _ i(2)
(S ) + L L + L
YSO*RT TR YR,
2RR
- L iw
iD= RL v = 2R i)
L - RL
The energy delivered to R ; under this condition is given by
2 1
" Ry 2
efn= f () x)dx = 5] (x)dx
- 2R-Rp —~
or
e  4RR, 4R’

2 2
€ QR-R)R, @QR-R)
When 4R > R, >0,
w>1
&)

Pick another point sy= 20, + jw, = RZ—C + jw, in the active region.
( )——l+ C(l+ [0} —l+ 0,C
Yoo == gt Clpp 109 = g +/0y

Let the admittance yy(s) of a passive one-port at

s=50=20, +jo,
be given by

1.
Y p(so) = E—onc

To ensure passivity of Y p(8g) » We must have [from (1.139)]
26 _|w,C
> % o R22R,
o
Then following the same steps of Example 1.15, the maximum energy delivered to R
by the current source of the type

1
R



. 1 FR—— 1 2 = .
i) = 50" + g™ ) = §{10e‘ OtIB , F 0 ’“"9‘]
under arbitrary passive admittance yp(sg) of Fig. 1.27(b) is obtained as

![0{26200!

€,() =

- 2 [Re Yp(s0) +[§jl)’p(50)[<505 QRoy + 9)}
4o0(Re y ,(s¢) + So[Im  s0) Imd’

where 6 = 221+ Ly (sg) — L5,
If we replace yy(sq) by y(s), the energy € (1) provided to y ,(s¢) is given by

I10’2e204

40| y(s) + ¥ (50|

e D=
giving

[Re ¥ p(80) +90

3 [Re Yplsg) + I—::"”yp(xo)lcos Quy + 9)]
€ 1)

2
Im y (s y
o

Em(t) |)’(So) +)’p(50)|2
JZ

L+i —(")OC
RL RC 0)0

- 2

R

1 1
& + jo,C+ 55— jo
JO R, JO

2

12
kR (R+2R,)2
L = > 1

2 2
o (R+Ry)
RTR,

Thus the active one-port can be employed for energy gain at the chosen complex frequency.

Problem 1.8 For the two-port network considered in Example 1.4, compute the hybrid
paramelters h,{s) and h,As) , the impedance parameters z,(s) and z,s), the admittance
parameters'y | o(s) and y ,s), and the transmission parameters B(s) and D(s).



SOLUTION:
his) = OB
1 G,+(C,+Cys
_ (gm_ C}S)sz
hods) = (Ga+ CO+ F T 55y s
_ CzS
712 (s) = (G1 + C15 )Gy + Ca5 ) +(gm + G2)Cas
22 (8) =L —= i
T b (s)  (Gy+ Cis) Gy + Cos) H(gm + G2)Cos

yi2 (§) =—Cas

y22(5) = Go + Cos

B(s)= 1
C2s — gm

D(s)= G+ (C1+Cy)s
C25 — gm

Problem 1.10 Determine the condition under which the impedance matrix (1.69) is
positive real.

SOLUTION:

Z(S‘)- 1 G2+SC2 SC2
V) sCy—gm  G4s(C+Cy
q(s) = (G +sC )G+ 5Cy +5CxGo+g,)

Obviously Z(s) has no poles in the closed RHS, and Z(s) = Z(s) . So conditions 1, 2 and
3 of Theorem 1.3 are satisfied.

. 1 G+ joCy JoC,
Z(jw) = . _
qiw)|  JoCr—gn  GiH+jC+Cy
where
q(jo) = a+jB
2
= GG, —sC1C0 +j(C1G,+CrG 1+ CyGy+Cog,)
Compute

21 422

Zyjo) = 312G + 2oy = [2“ "”]

where



2
G,Gi+wCXG, +G, +g,) .
>

ap = 2
|q(iw)|
T 2(DC2B—gma—jgmB
a12=0a; = 2
2lq(jm)|
2
GG, +0CB+® C(C1G2+CoGy + Cag,)
az2= 2 > 0
lg(jw)!

) 4 . 2 1 2 2 2 2 2
|qG)| det ZyGe) = GG — z8n(@ +B )+ 0 C1CoB

+ (I(DB(C]G7_+ C261 + C2G2 + Cng)

=(G\G, - %g,z..)|q(jco)|2

or
1 2
GIGZ_ng
det Zh(j(l)) = ——2—‘ >0
| g0
We obtain
4G,G,> g

Problem 1.17 A nonlinear capacitor is characterized by the equation

dv(t)

i(1) =2v(t) a

Determine whether this capacitor is passive or active.
SOLUTION:
e =[ i@d=2"0 i v =0

This capacitor is active because (f) < 0 for some excitations v(¢) of negative values. For
example, let

0 t <0
v(t)z{—x t 20
Then



