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S
m

it
h

C
h
a
r
t

C
onstruction:
S
tart
w
ith
p
olar
representation
of
�
.

Idea:
�
L ;�
in
on
lossless
lines
related
by
sim
ple
phase
change
)

in
p
olar
plot
going
from
�
L
to
�
in
involves
sim
ple
rotation.

j�
j
�
1
)

circle
w
ith
radius=
1
covers
all
p
ossible
�
s

S
p
ecial
p
oints
O
-C
:
�
=
1
6
0,
S
-C
:
�
=
1
6
180
�
=
�
1
6
0.

O
ther
p
oints:
take
e.g.
Z
L
=
17:7
+
j11:8

on
Z
0

=
50

line;

l
=
�
=6
)

�
L
=
(Z
L
�
Z
0 )=(Z
L
+
Z
0 )
=
0:5
6
150
�

S
ee
�
g.
3-17.
F
ind
�
in
=
�
L
6
150
�
�
2�
l
=
0:5
6
(150
�
120)
�.

P
hase
change
from
2�
l
=
2
2��
�
=6
=
2�
=3
=
120
�

�
�
�
�

M
icro
w
av
e
C
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it
D
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n
I

c
B
.
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S
m

it
h

C
h
a
r
t

)

R
otate
�
L
by
120
�
clockw
ise
to
obtain
�
in !!

�
anyw
here
b
etw
een
load
and
generator:
rotation
by
2�
d
in
clock-

w
ise
direction.
d=
distance
from
the
load
to
the
p
oint.

C
onversely,
if
�
is
know
n,
C
C
W
rotation
by
2�
d
gives
�
L
.

L
ossy
line
)

spiral;
no
need
to
trace
it,
just
adjust
the
�
nal

m
agnitude
by
e
�
2�
d.

S
im
ple
graphical
solution
for
�
transform
ation
along
tr.
line.

W
hat
ab
out
im
p
edance
transform
ation?

W
e'll
use
norm
alized

im
p
edances.

�
�
�
�

M
icro
w
av
e
C
ircu
it
D
esig
n
I

c
B
.
P
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S
m

it
h

C
h
a
r
t

D
irect
relationship
b
etw
een
�
and
�Z
:

�Z
=
1
+
�

1
�
�

and

�Y
=
1
�
�

1
+
�

(1)

S
p
ecial
p
oints:
S
-C
,
O
-C
.
W
hat
else
can
w
e
learn?

S
ince
Z
0

is
real,
if
�
has
angle
0
�
or
180
�
then
�Z
is
real
as
w
ell

)

horiz.
axis
in
�
plot
contains
real
Z
-s,
starting
w
ith
0
on
the

left
to
1

on
the
right.
F
or
�
=
0,
Z
=
1,
i.e.
Z
=
Z
0

.

O
rigin
of
�
plot
is
�Z
=
1
in
im
p
edance
plot.
F
ig.
3-18.

F
or
each
�
w
e
can
�
nd
�Z
.
Idea:
connect
the
p
oints
w
ith
sam
e

real
part
of
Z
!
sam
e
for
im
aginary
parts.
(contour
plots)

�
�
�
�

M
icro
w
av
e
C
ircu
it
D
esig
n
I

c
B
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S
m

it
h

C
h
a
r
t

C
onstant
real
parts
|

a.k.a
co
n
st.
re
sista
n
ce
c
ircle
s.
F
ig.

3{19.
�
all
pass
through
R
=
1

p
oint

�
outerm
ost
circle
is
�R
=
0
circle
(j�
j
=
1);
all
im
p
edances
on

it
are
purely
reactive
(0
to
�
j1
).

C
onstant
im
aginary
parts,
a.k.a.
co
n
st.

re
a
cta
n
ce
lin
e
s

(circle
s)

�
�X
=
0
=
horizontal
line
through
origin

�
upp
er
half
)

p
ostive
reactance
X
)

inductive
com
p
onents

�
low
er
half
)

negative
reactance
)

capacitive
com
p
onents

�
�
�
�

M
icro
w
av
e
C
ircu
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D
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n
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c
B
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S
m

it
h

C
h
a
r
t

C
om
bine
p
olar
j�
j
w
ith
R
e(Z
)
and
Im
(Z
)
contours
)
S
m
ith
chart

(S
-chart).
D
rop
the
p
olar
circles
and
calculate
j�
j
via
S
W
R
or
the

scale
at
b
ottom

S
W
R
=
1
+
j�
j

1
�
j�
j
or
j�
j
=
S
W
R
�
1

S
W
R
+
1

(2)

S
W
R
read
of
from
the
right
part
of
horizontal
axis
(b
etw
een
Z
=
1

and
Z
=
1
).
N
ote:
purely
resistive
loads
have
S
W
R
=
�R
.

show
S
-chart.
W
e
need
com
pass
and
ruler.

�
�
�
�

M
icro
w
av
e
C
ircu
it
D
esig
n
I

c
B
.
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S
m

it
h

C
h
a
r
t

It
is
not
even
necessary
to
calculate
2�
l
(or
2�
d
)
since
the
scales

are
given
in
fra
ctio
n
s
o
f
w
a
v
e
le
n
g
th
�
.

O
ne
2�
(or
360
�)
rotation
corresp
onds
to
d
=
�
=2
since
in
that

case
2�
l
=
360
�

)

F
ull
circle
=
going
along
transm
ission
line
for
a
distance
equal

to
�
=2.

Im
p
edance
and
standing
w
ave
patterns
rep
eat
every
�
=2
distance.

�
�
�
�

M
icro
w
av
e
C
ircu
it
D
esig
n
I

c
B
.
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S
m

it
h

C
h
a
r
t

S
m
ith
chart
also
used
as
adm
ittance
chart.

�Y

=

1=
�Z
;
�Y

=

Y
=
Y
0

=
Y
Z
0

but
j�
j
does
not
change
w
ith
the
change
from

�Z

to
�Y
.
)

�Y
is
180
�
aw
ay
from

�Z
but
on
the
sam
e
j�
j
circle.

S
am
e
conclusion
by
looking
at
eqs.
1
|

rotation
of
�
by
180
�

transform
s
Z
to
Y
.

N
ote
on
using
S
-chart
as
Y
-chart:

�
�Y
=
0
)

O
-C
;
for
�Y
=
1

)

S
-C
.

�
resistance
coord.
)

conductance
coord.

�
reactance
coord
)

susceptance
coord.

�
p
ositvie
susceptance
)

capacitive
com
p
onents

�
negative
susceptance
)

inductive
com
p
onents
(see
chart)

�
�
�
�

M
icro
w
av
e
C
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D
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n
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c
B
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ov
ic

7

��



S
m

it
h

C
h
a
r
t

�
w
hen
in
�Y
coordinates,
angle
of
re
.
coe�
.
(�
)
scale
m
ust

b
e
rotated
by
180
�
(or,
w
e
have
to
go
back
to
�Z
chart
to
look

at
�
-s)

T
w
o
�
scales:
tow
ard
generator
and
tow
ard
load.

T
ow
ard
generator:
starting
from
load
and
m
oving
along
tr.
line

tow
ard
generator,
i.e.
getting
closer
to
the
input
)

clockw
ise

(C
W
)
rotation.

T
ow
ard
load:
starting
p
oint
�
in
and
w
e
w
ant
to
determ
ine
�
of

p
oints
closer
to
the
load
)

C
C
W
rotation.

E
xam
ple
3-6

�
�
�
�

M
icro
w
av
e
C
ircu
it
D
esig
n
I

c
B
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S
m

it
h

C
h
a
r
t

a
)
�
nd
j�
L j;�
L ;S
W
R
along
tr.
line

1.
calc.
�Z
L
=
Z
=Z
0

=
0:3
+
j0:5;
follow
the
lines
until
you

�
nd
w
here
Z
L
is.
M
ove
along
const.
resistance
circle
until

prop
er
im
aginary
com
p.
is
found.

2.
circle
through
�Z
L
w
ith
center
at
origin
)
circle
of
constant

j�
j
(S
W
R
circle).

3.
Z
L
on
this
circle
corresp
onds
to
�
L
.
j�
L j
is
obtained
from

the
radius,
and
angle
by
extending
the
line
from
origin

through
the
p
oint
all
the
w
ay
to
the
outer
circle
(j�
j
=
1)

and
reading
o�
the
angle
(�
L
=
124
�).
j�
j
read
o�
either

from
the
scale
at
the
b
ottom
or
from
S
W
R
.

�
�
�
�

M
icro
w
av
e
C
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D
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n
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c
B
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S
m

it
h

C
h
a
r
t

4.
Intersection
of
const.
j�
j
circle
w
ith
rig
h
t
part
of
the
horizon-

talaxis
gives
S
W
R
.
Z
is
realthere
and
w
e
know
that
S
W
R
=

�R
.
(here:
S
W
R
=
4.2
)

j�
L j
=
(S
W
R
�
1)=(S
W
R
+
1)
=

0:62)

b
)
F
inding
�
in
from
know
n
�
L
and
�
l
m
eans
rotating
along
con-

stant
j�
j
circle
by
2�
l
(lossless
line).
O
nce
�
in
is
know
,
Z
in

is
read
o�
S
-chart.

1.
P
lot
Z
L
and
S
W
R
circle
(const.
j�
j)

2.
draw
radial
line
through
Z
L
and
read
o�
the
value
of
�
-s

tow
ard
generator
(�
=
0:078;
no
particular
m
eaning)

3.
�
0

=
40cm

at
750M
H
z,
l=
5.2cm
)

l=�
=
5:2=40
=

0:130.
S
tart
from
0.078,
rotate
C
W

by
0.130
to
0.208

(=
0.078+
0.13)

�
�
�
�

M
icro
w
a
v
e
C
ircu
it
D
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n
I

c
B
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S
m

it
h

C
h
a
r
t

4.
intersection
of
radial
line
w
ith
S
W
R
circle
give
�
in
and
Z
in
.

j�
j
is
the
sam
e
as
b
efore,
only
angle
changed
to
30
�.

5.
read
Z
in
o�
the
S
-chart
(
�Z
in
=
2
+
j2,
Z
in
=
200
+
j200

.

c)
for
l=
2cm
,
l=�
=
2=40
=
0:05;
draw
a
radial
line,
�
nd
angle.

Intersection
w
ith
S
W
R
circle
gives
�
(2cm
)
and
Z
(2cm
).
�Z
=

0:47
+
j0:93,
or
Z
=
47
+
j93


S
upp
ose
Y
L

w
as
given;
procedure
is
the
sam
e:
use
S
-chart
as

adm
ittance
chart
to
�
nd
p
osition
of
Y
L
|

rest
is
the
sam
e.

F
inding
Y
L
from
Z
L
is
easy:
it's
on
the
opp
osite
side
of
the
circle

w
here
values
are
read
o�
(
�Y

L
=
0:9�
j1:47;
note
on
norm
alization

Y
0
=
1=Z
0
=
0:01;Y
L
=
0:01
�Y
L )

T
o
�
nd
�
in
from
Y
in
rotate
by
180
�
�
rst!

�
�
�
�

M
icro
w
a
v
e
C
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S
m

it
h

C
h
a
r
t

S
m
ith
chart
is
a
very
nice
visual
tool.
It
can
easily
show
w
hich

values
of
�
and
Z
can
b
e
obtained
and
w
hich
cannot.
S
ay,
Z
in
=

0:7
+
j0:4
cannot
b
e
obtained
in
this
case
since
that
im
p
edance

is
not
on
the
S
W
R
circle.

A
lso,
questions
like
�
nding
a
m
axim
um
reactive
com
p
onent
at-

tainable
for
this
load
can
b
e
answ
ered
easily.

)

Z
in
�
2:3
+
j2:0;
to
get
that
�Z
in
w
e
need
a
line
of
(0.216
-

0.078
)=
0:138�
length.

E
xam
ples
of
calculations
w
ith
S
-chart.

�
�
�
�

M
icro
w
a
v
e
C
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n
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S
m

it
h

C
h
a
r
t

ex.
3{7.
F
inding
Z
in
for
a
given
circuit.

�
S
plit
it
up
in
parts
as
w
e
m
ove
on
the
line
aw
ay
from
Z
L

tow
ards
Z
in
.

�
pt.
A
:
add
the
line
delay
(lossless)

�
A
!

B
:
add
j!
L
(j30

)
to
total
reactance;
added
in
series.

�
B
!

C
:
add
j!
C
(�
j200

)
in
shunt

�
C
!

in:
again,
phase
delay
along
the
line.

�
�
�
�

M
icro
w
a
v
e
C
ircu
it
D
esig
n
I

c
B
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o
v
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S
m

it
h

C
h
a
r
t

�
Z
L
=
2
+
j1:5;
draw
S
W
R
circle
through
that
pt.

�
rotate
by
0:12�
to
get
to
pt.
B
,

�
add
j30=50
to
im
p
edance
at
pt.
B
looking
tow
ards
Z
L

;

done
on
a
co
n
st.
re
sista
n
ce
circle
(real
com
p.
does
not

change);
addition
is
in
series
)

use
resistances,
)

Z
B

=

1
�
j1:3
+
j0:6
=
1
�
j0:7

�
add
C
in
shunt;
im
p
edances
in
shunt
don't
add
up
)

sw
itch

to
adm
ittances;
convert
�Z

B

to
�Y

B

by
180
�
rotation;
Y

=

1=(�
j200)
=
j0:005,
or
norm
alized
�Y
=
j0:005
�
50
=
j0:25

�
�
�
�

M
icro
w
a
v
e
C
ircu
it
D
esig
n
I

c
B
.
P
ejcin
o
v
ic
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S
m

it
h

C
h
a
r
t

�
now
use
constant
conductance
circle
to
pt.
�Y

C

=
0:67
+

j0:47
+
j0:25
=
0:67
+
j0:72

�
phase
change
along
the
line:
C
W
rotation
on
S
W
R
circle
for

0:06�
)

�Y
in

=
1:3
+
j1:1;
Z
in
obtained
by
180
�
rotation

�Z
in
=
0:45
�
j0:38

�
�
nally,
de-norm
alize
your
Z
-s
and
Y
-s.

W
hat
w
ould
happ
en
if
L
and
C
w
ere
exchanged?

N
ote:
you
m
ust
rem
em
b
er
w
hat
you
are
using:
Z
or
Y
S
m
ith

chart!

�
�
�
�

M
icro
w
a
v
e
C
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S
m

it
h

C
h
a
r
t

ex.
3-8:
using
lines
w
ith
di�
erent
Z
0

�
norm
alize
Z
L
w
ith
Z
0
1
=
50

!

�Z
L
=
0:4.

�
C
W
rotation
by
l=�
=
5=20
=
0:25
!

l
=
0:25�
.

�
�
nd
�Z
on
the
input
term
inals
of
Z
0
1

tr.
line:
�Z
A

=
2:5
!

Z
A

=

125

(note
the
transform
ation
:
Z
in

=

Z
20 =Z

L

or

�Z
in
=
1=
�Z
L
)

�
norm
alize
w
ith
Z
0
2
=
90

!

��Z
Z
=
125=90
=
1:39

�
draw
new
S
W
R
circle
and
rotate
C
W

by
12:8=20
=
0:64�
.

N
ote:
0:5�
is
one
full
circle!

�
read
o�
��Z

in
=
0:9
�
j0:3
or
Z
in
=
81
�
j27

.

�
last
S
W
R
is
1.39
)

j�
j
=
0:163;
angle
from
Z
S
-chart.

�
�
�
�

M
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S
m

it
h

C
h
a
r
t

W
hat
can
w
e
do
w
ith
S
m
ith
chart?

1.
plot
�Z
or
�Y

2.
calculate
S
W
R
,
j�
j;
6
�

3.
im
p
edance
transform
ation
due
to
tr.
line

4.
Z
!

Y
and
Y
!

Z

5.
add
series
or
shunt
circuit
elem
ents
at
any
pt.
on
the
tr.
line

�
�
�
�

M
icro
w
a
v
e
C
ircu
it
D
esig
n
I

c
B
.
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o
v
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S
m

it
h

C
h
a
r
t

V
ariation
of
�Z
;
�Y
w
ith
frequency

P
urely
reactive
netw
orks
)

@
X
=@
!
;@
B
=@
!
>
0
(�
gs.
3{14,

15,
16).

T
his
translates
into
requirem
ent
that
Z
and
Y
curves
m
ust
have

a
C
W
trend
w
ith
increasing
frequency.
S
am
e
conclusion
holds
for

R
w
ith
X
,
and
G
w
ith
B
.
see
�
g.
3{23
for
qualitative
b
ehavior.

A
rrow
s
indicate
direction
of
increasing
f.

E
xam
ine
tr.
line
w
ith
series
R
L
C
circuit
(�
g.
3{24).
R
esonance

at
1
G
H
z.
L
oad
is
Z
L
=
0:5
+
j
�X
and
�X
=
(!
L
�
1=(!
C
))=50.

�
�
�
�

M
icro
w
a
v
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S
m

it
h

C
h
a
r
t

C
alculate
Z
L
at
resonance,
ab
ove,
b
elow
:
see
table
3{1.

C
W
change
w
ith
freq.
increase.
W
hat's
the
e�
ect
of
tr.
line?

E
ach
Z
L
has
S
W
R
circle;
rotate
according
to
table
3{1.
(S
-chart)

P
roblem
:
rotation
is
frequency
dep
endent!
l=�
=

0:1;0:133,

0:167
)
prop
ortionalto
f!
(electricallength
�
l
=
2�
l=�
=
!
l=v
)

N
ote:
Z
in
vs.
f
is
m
ore
spread
out
on
S
-chart
than
Z
L
itself!

Z
in
covers
0:151�
w
hile
Z
L
covers
only
0:084�
.
D
i�
.
of
0:067�

is
due
to
freq.
change
of
tr.
line.

L
onger
line
(large
�
f
)
)

larger
im
p
edance
spread
)

m
ore
dif-

�
cult
to
m
atch
im
p
edance
on
�
f
.

P
roblem
3.51
for
illustration.

�
�
�
�
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S
m

it
h

C
h
a
r
t

S
tanding
w
ave
patterns

U
se
S
-chart
for
this;
idea
from
^V
=
^V
+

=
1
+
�
,
^I=
^I
+

=
1
�
�

M
agnitudes:
V
=V
+

=
j1
+
�
j,
I
I
+

=
j1
�
�
j

V
;�
are
functions
of
distance;
for
lossless
lines
V
+
;I
+

are
not!

S
im
ple
vector
addition
and
subtraction
gives
the
ratios
(norm
al-

ized
rm
s
voltage
and
current).

F
ig.
3{25
for
Z
L

=
1
+
j2.
R
em
em
b
er
1
�

1
6
0
�.
V
e
cto
r

addition
(subtraction)
gives
V
=V
+

(I
=I
+
.

�
m
oves
aw
ay
from
�
L

on
tr.
line
(S
W
R
circle).
P
ick
a
few

sp
eci�
c
el.
lengths
and
do
vector
sum
m
ation
and
reconstruct
S
W

pattern.

�
�
�
�

M
icro
w
a
v
e
C
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S
m

it
h

C
h
a
r
t

M
ax.
V
w
hen
6
�
=
0;
(m
in.
I);
m
in.
V
(m
ax
I)
w
hen
6
�
=
180
�.

R
ead
p
osition
on
tr.
line
by
reading
o�
the
distance
from
\w
ave-

lengths
tow
ard
generator"
(need
freq.
and
velocity).
F
ig.
3{26.

�
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C
h
a
r
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S
um
m
ary
of
S
m
ith-chart:

�
p
olar
plot
of
�
=
(Z
�
Z
0 )=(Z
+
Z
0 ).
Z
0

is
the
tr.
line

characteristic
or
reference
(norm
alizing)
im
p
edance.

�
N
orm
alized
im
p
edances:
z
=
Z
=Z
0
)

�
=
(z
�
1)=(z
+
1)

�
N
orm
alized
adm
ittances:
y
=
Y
=
Y
0
)

�
=
(y
�
1)=(y
+
1)

�
M
oving
along
tr.
line
)

C
W
circular
m
otion
on
S
-chart
(loss-

less).

�
N
ote
the
p
ositive
and
negative
reactances/susceptances

�
C
onstant
real
and
im
aginary
im
p
edances
are
on
circles.
U
nit

�
circle
is
for
pure
reactances/susceptances.

�
conversion
from
Z
to
Y
done
by
180
�
rotation.

�
�
�
�
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C
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N
egative
resistance
results
in
j�
j
>
1.
W
here
to
put
it
on
S
-chart?

O
ne
choice
is
\com
pressed"
S
m
ith
chart
show
ing
a
fraction
of
the

negative
resistance
values
on
the
horizontal
axis.
(�
g.
2.2.4)

A
lternative:
plot
1=�
�
but
the
resistance
circles
are
now
taken

to
b
e
negative
of
w
hat
is
read
o�
the
chart,
w
hile
the
reactance

circles
are
as
lab
eled
(ex.
2.2.2).

F
or
S
-chart
calculations:
ex.
2.2.3
and
�
g.
2.2.6

Z
Y
S
m
ith
C
hart

B
asic
idea:
Y
is
obtained
by
rotating
Z
in
S
m
ith
chart
by
180

degrees.
Z
Y
chart
has
them
b
oth
on
one
piece
of
pap
er.
N
ote:

upp
er
half
is
for
negative
susceptance,
low
er
for
p
ositive
(opp
osite

of
the
Z
chart).
E
x.
2.3.2
and
�
g.
2.3.2,
3,
4.
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C
h
a
r
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Im
p
edance
m
atching
netw
orks

W
hy
m
atching?
F
or
am
pli�
ers:
to
deliver
m
ax.
p
ow
er,
ensure

stability,
m
inim
um
noise
etc.
S
ee
�
g.
2.4.1.

H
ow
to
do
it?
F
or
low
er
freq.
use
lum
p
ed
elem
ents:
e
ll
cir-

cuits
(�
g.
2.4.2).
S
im
ple
procedure:
ex.
2.4.1
for
e�
ects
of

series/shunt
inductor
and
capacitor.

A
dd
series
reactance
)

m
ove
on
const.-resistance
circle
(�
g.)

A
dd
series
susceptance
)

m
ove
on
const.-conductance
circle.

M
atching
circuit
design:
m
oving
from
one
im
p
edance/adm
ittance

to
another
via
const.
resistance
and
conductance
circles.
E
x.

2.4.2,
2.4.3.

N
ot
all
e
ll
circuits
can
b
e
used
for
a
given
m
atch:
�
g.
2.4.11

�
�
�
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C
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Q
uality
factor
Q
:
loaded
Q
de�
ned
as
Q
L
=
!
0 =
B
W
.
e
ll
circuits

either
low
-
or
high-pass
�
lters.
D
e�
ne
n
o
d
e
Q
as:
Q
n
=
jX
s j=R
s

w
here
R
s
+
jX
s
is
an
equivalent
series
input
im
p
edance
at
that

node.
F
or
adm
ittance:
Q
n
=
jB
p j=G
p .
F
ig.
2.4.13
.

H
ow
to
�
nd
Q
?
N
eed
!
0

and
B
W
.
N
ot
that
sim
ple
since
-3dB

p
oints
are
not
de�
ned.
Instead,
use
\equivalent"
bandpass
�
lter

by
replacing
the
\input"
im
p
edance
Z
B

w
ith
its
shunt
equivalent

(see
�
g.)
N
ote:
these
are
the
sam
e
o
n
ly
at
frequency
!
0 !

)

resonant
circuit
loaded
w
ith
25


Q
L
=

!
0

B
W
=
!
0 R
T
C
=
jB
C
j

G
T

=

R
T

jX
C
j
=
2525

=
1

(3)

�
�
�
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C
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G
ain
of
the
\equivalent"
circuit
can
b
e
calculated
and
it
is
the

sam
e
as
the
original
one
at
the
resonant
frequency.

R
eal
question:
w
hat
is
the
relationship
b
etw
een
nodal
and
loaded

Q
?
In
this
case
Q
n
=
2
and
Q
L
=
1
)

Q
L
=
Q
n =2,
sam
e
for

all
e
ll.
S
ince
the
B
W
is
not
really
de�
ned
for
the
original
circuit,

estim
ate
it
by
using
B
W

�
f
0 =Q
L

=
500
M
H
z.
A
lternatively,

read
it
o�
the
plot
)

B
W
=
440
M
H
z,
w
hich
is
close
to
the

estim
ate.
E
xam
ple
2.4.5.

)

to
get
high
Q
L ,
high
value
of
Q
n
is
needed.
(note
on
com
plex

loads).
P
roblem
:
w
ith
e
ll
circuits
w
e
cannot
adjust
Q
!
S
olution:

use
three
elem
ents,
i.e.
T
or
�
netw
orks.

�
�
�
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P
roblem
:
Q
n
and
Q
L

not
easily
related.
N
orm
ally
w
e
just
use

the
highest
Q
in
a
T
or
�
circuit.
U
seful
tool:
constant
Q
circles

on
S
m
ith
chart
�
g.
2.4.16.
C
enter
of
circles
at
(0;�
1=Q
n )
and

radius
is
(1
+
1=Q
2n )
1=
2.

D
esign
exam
ple(s)
2.4.6,
2.4.7.
N
ote
that
the
�
nal
Q
is
deter-

m
ined
from
frequency
plot.
A
lso,
there
are
m
any
p
ossible
solu-

tions.
exam
ple
2.4.8
(w
hy?).

F
inalnote
on
am
pli�
ers:
fullcircuit,
dc
part,
ac
part
(�
g.
2.4.20).

V
arious
C
-s
and
L
-s
(R
F
C
-s)
serve
to
decouple
various
part
of
the

circuit.
I/O
m
atching
done
via
e
ll
circuits.
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