
Just
a
rem
inder
of
various
de�
nitions
related
to
transm
ission
lines.

�
voltage
and
current
along
a
transm
ission
line

v
(x
;t)
=
R
e[V
(x
)e
j!
t]
and
i(x
;t)
=
R
e[I
(x
)e
j!
t]

(1)

�
characteristic
(com
plex)
im
p
edance
of
the
transm
ission
line

Z
0
=

vuuuuut
R
+
j!
L

G
+
j!
C

(2)

�
uniform
trans.
lines

V
(x
)
=
A
e
�

x
+
B
e

x
and
I
(x
)
=
AZ

0 e
�

x�
BZ

0 e

x

(3)
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

�
propagation
constant


=
�
+
j�
=

r(R
+
j!
L
)(G
+
j!
C
)

�
phase
velocity:
v
p
=
!
=�

�
incident
w
ave:
e
�

x
=
e
�
�
xe
�
j�
x

�
re
ected
w
ave:
e

x
=
e
�
xe
j�
x

�
electrical
length
of
the
line:
�
x

�
re
ection
coe�
cient:

�
(x
)
=

B
e

x

A
e
�

x
=
�
0 e
2
x

w
here
�
0
=
�
(x
=
0)
=
BA

(4)
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

Input
im
p
edance

Z
in
=
V
x

I
x
=
Z
0 e

�

x
+
�
0 e

x

e
�

x�
�
0 e

x

(5)

A
t
x=
0

Z
in (0)
=
Z
L
=
Z
0 1
+
�
0

1�
�
0

or
�
0 Z
L �
Z
0

Z
L
+
Z
0

(6)

Z
in
at
input
term
inals
of
transm
.
line,
x=
d

Z
in (d
)
=
Z
0 Z
L
+
Z
0
tan
h
(
d
)

Z
0
+
Z
L
tan
h
(
d
)

(7)

(note
the
change
of
p
ositive
direction)
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

L
ossless
transm
.
line:
�
=

0;
=

j�
,
�
=

! p
L
C
,
v
p

=

1= p
L
C
,
�
=
v
p =f
,
Z
0
=

rL
=C
.
A
lso

Z
in (d
)
=
Z
0 Z
L
+
jZ
0
tan
(�
d
)

Z
0
+
jZ
L
tan
(�
d
)

(8)

F
rom
now
on:
tr.
lines
are
lossless
and
uniform
(unless
sp
eci�
ed

otherw
ise).

(V
oltage)
standing
w
ave
ratio:

V
S
W
R
=
jV
(x
)jm
a
x

jV
(x
)jm
in
=
1
+
j�
0 j

1�
j�
0 j
or
j�
0 j
=

V
S
W
R
�
1

V
S
W
R
+
1
(9)
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

M
atched
tr.
line:
�
0
=
0,
Z
in
=
Z
0 ,
V
S
W
R
=
1.

S
horted
tr.
line
(Z
L

=
0):
�
0

=

�
1,
V
S
W
R
=1
,
Z
in (d
)
=

Z
sc (d
)
=
jZ
0
tan
(�
d
)

O
p
en
circuited
tr.
line:
Z
L
=
1
:
�
0
=
1,
V
S
W
R
=1
,
Z
in (d
)
=

Z
oc (d
)
=
�
jZ
0
cot(�
d
)

Q
uarter
w
ave
tr.
line
(transform
er),
d
=
�
=4,
or
�
d
=
�
=2
(see

eq.
8))
Z
in (d
)
=
Z
in (�
=4)
=
Z
20 =Z

L

�
�
�
�
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

S
cattering
m
atrix

T
raveling
w
aves:
V
+

=
A
e
�

x,
V
�

=
B
e

x
so
that
the
total

voltage
is
V
(x
)
=
V
+
(x
)
+
V
�
(x
).

S
im
ilarly
for
current:
I
(x
)
=
I
+
(x
)�
I
�
(x
),
=
V
+
=Z
0 �
V
�
=Z
0

R
e
.
coe�
.:
�
(x
)
=
V
�
(x
)=V
+
(x
)

Introduce
\norm
alized"
variables:
v
(x
)
=
V
(x
)= p
Z
0 ,
i(x
)
=

p
Z
0 I
(x
),
a
(x
)
=
V
+
(x
)= p
Z
0 ,
b(x
)
=
V
�
= p
Z
0 ,
so
that

v
(x
)
=
a
(x
)
+
b(x
)

i(x
)
=
a
(x
)�
b(x
)
and
b(x
)
=
�
(x
)a
(x
)

T
his
de�
nes
a
single
p
ort
netw
ork.
W
hat
ab
out
2-p
ort?

�
�
�
�
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

2-p
ort
�
gure.
G
eneralize
eq.
:

b
1
=
S
11 a
1
+
S
12 a
2

b
2
=
S
21 a
1
+
S
22 a
2

(10)

or
in
m
atrix
form
.

E
ach
re
ected
w
ave
(b
1 ;b
2 )
has
tw
o
contributions:
one
from
the

incident
w
ave
at
the
sam
e
p
ort
and
another
from
the
incident

w
ave
at
the
other
p
ort.

S
-param
eters,
scattering
param
eters,
scattering
m
atrix.
H
ow
to

calculate
them
?

�
�
�
�
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

S
11
=
b
1

a
1 �������a
2 =
0
input
re
.
coe�
.
w
ith
output
m
atched

(11)

S
12
=
b
1

a
2 �������a
1 =
0
reverse
trans.
coe�
.
w
ith
input
m
atched
(12)

S
21
=
b
2

a
1 �������a
2 =
0
transm
ission
coe�
.
w
ith
output
m
atched
(13)

S
22
=
b
2

a
2 �������a
1 =
0
output
re
.
coe�
.
w
ith
input
m
atched

(14)

\m
atched"
=
term
ination
equal
to
the
tr.
line
ch.
im
p
edance.

F
ig.
1.4.2.

�
�
�
�

M
icrow
av
e
C
ircu
it
D
esig
n
II

c
B
.
P
ejcin
o
v
ic

8

��



C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

N
ote:
Z
ou
t
(of
2-p
ort)
need
not
b
e
m
atched
to
Z
02 !!

S
u�
cient
condition:
Z
L
=
Z
02 )
a
2
=
0.
U
sually
Z
01
=
Z
02 .

W
e
m
easure
\overall"
S
-param
eters,
i.e.
including
the
tr.
line
on

I/O
.

A
dvantage:
using
m
atched
resistive
term
inations
to
m
easure
S
-

m
atrix,
transistor
does
not
oscillate.

O
ccasional
use
for
C
hain
scattering
param
eters
or
T
-param
eters

|

m
ainly
for
cascading
netw
orks.

S
hifting
reference
planes

w
hy:
to
\de-em
b
ed"
the
2-p
ort
from
tr.
lines
on
I/O
.
R
eference

planes:
p
ositions
along
tr.
lines
(usually
b
eginning
and
end).
F
ig.

1.5.1
(eqs
by
hand).

�
�
�
�
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

R
eference
planes:
p
ositions
along
tr.
lines
(b
eginning
and
end).

F
ig.
1.5.1:

2664
b
1

b
2 3775
=

2664
S
11
S
12

S
21
S
22 3775 2664

a
1

a
2 3775
and

2664
b
01

b
02 3775
=

2664
S
011
S
012

S
021
S
022 3775 2664
a
01

a
02 3775

�
=
�
l
are
electrical
lengths
of
tr.
lines.
S
ignal
is
delayed
by
�

as
it
travels
from
x
=
0
to
x
=
l)

b
01
=
b
1 e
�
j�
1

b
02
=
b
2 e
�
j�
2

a
1
=
a
01 e
�
j�
1

a
2
=
a
02 e
�
j�
2 9>>=>>; )
b
1
=
b
01 e
j�
1

b
2
=
b
02 e
j�
2

a
1
=
a
01 e
�
j�
1

a
2
=
a
02 e
�
j�
2

T
his
is
plugged
into
�
rst
part
of
eq.
:

2664
b
01

b
02 3775
=

2664
S
11 e
�
j2�
1

S
12 e
�
j(�
1 +
�
2 )

S
21 e
�
j(�
1 +
�
2 )

S
22 e
�
j2�
2

3775 2664
a
01

a
02 3775

�
�
�
�

M
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

B
y
insp
ection,
�
rst
term
on
R
H
S
m
ust
b
e
=
[S
0]
m
atrix

R
everse
relations
obtained
by
expressing
prim
ed
variables
in
eq.

and
plugging
into
second
part
of
eqs.
)

2664
S
11
S
12

S
21
S
22 3775
=

2664
S
011 e
j2�
1

S
012 e
j(�
1 +
�
2 )

S
021 e
j(�
1 +
�
2 )

S
022 e
j2�
2

3775

P
rop
erties
of
S
-param
eters

S
tart
w
ith
�
g.
1.6.1;
assum
e
that
tr.
lines
are
lossless
and
Z
0
-s

are
real
(usually
50
O
hm
lines
w
ith
50
O
hm
term
inations).

A
t
i-th
p
ort
(here:
1
or
2):

�
�
�
�
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

V
i (x
i )
=
V
+i
(x
i )
+
V
�i
(x
i )

(15)

I
i (x
i )
=
I
+i
(x
i )�
I
�i
(x
i )
=
V
+i
(x
i )

Z
0i

�
V
�i
(x
i )

Z
0i

(16)

de�
ne
a
i (x
i )
=

V
+i
(x
i )

p
Z
0i

=
p

Z
0i I
+i
(x
i )

=

1
2 p
Z
0i [V
i (x
i )
+
Z
0i I
i (x
i )]

(17)

and
sim
ilarly
b
i (x
i )
=

V
�i
(x
i )

p
Z
0i

=
p

Z
0i I
�i
(x
i )

=

1
2 p
Z
0i [V
i (x
i )�
Z
0i I
i (x
i )]

(18)

V
-s
and
I-s
are
p
eak
values.
F
or
sin()
signal)
divide
by p
2.
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

A
verage
p
ow
er
associated
w
ith
incident
w
ave

P
+i
(x
=
0)
=

12
R
e[V
+i
(0)(I
+
(0))
�]

=

jV
+i
(0)j 2

2Z
0i

=
a
i (0)a
�i (0)

2

=
ja
i (0)j 2

2

(19)

and
for
re
ected
p
ow
er

P
�i
(x
=
0)
=
jV
�i
(0)j 2

2Z
0i

=
b
i (0)b
�i (0)

2

=
jb
i (0)j 2

2

(20)

L
ines
are
lossless)
P
+i
(0)
=
P
+i
(l)
and
P
�i
(0)
=
P
�i
(l)

)
ja
i (x
)j 2
andjb
i (x
)j 2
represent
p
ow
er
associated
w
ith
incident

and
re
ected
w
aves
anyw
here
on
tr.
lines.

�
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�
�
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

C
onsider
F
ig.
1.6.2:
(p
ort
1
0
excited
by
generator
E
1
6
0
�
and

p
orts
m
atch
term
inated.

A
t
x
2
=
0
:
V
2 (x
2
=
0)
=
�
I
2 (0)Z
02 ;
a
2 (x
2
=
0)
=
0
(21)

A
t
x
1
=
0
:
V
1 (x
1
=
0)
=
E
1 �
Z
01 I
1 (0)

(22)

R
esulting
in
(use
eq.
17)

a
1 (x
1 )
=

E
1

2 p
Z
01

or

ja
1 j 2
=
jE
1 j 2

4Z
01 )
P
+1
(0)
=
jE
1 j 2

8Z
01

(23)

)
ja
1 (x
1
=
0)j 2
represents
the
p
ow
er
available
from
the
source

at
p
ort
1
0
and
since
tr.
line
is
lossless
it
is
also
p
ow
er
available
at

p
ort
1.
C
alled
P
a
v
s .
Indep
endent
of
the
input
im
p
edance
of
the

2-p
ort
netw
ork.
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

If
Z
1 6=
Z
01 ,
after
sim
ple
derivation
(see
b
ook):

12
(ja
1 (0)j 2�
jb
1 (0)j 2)
=
12

R
e[I
i (0)V
�1
(0)]

(24)

w
hich
represents
p
ow
er
delivered
to
p
ort
1
(or
1
0).
C
all
it
P
1
so

thatjb
1 (0)j 2
=
P
a
v
s �
P
1
is
re
ected
p
ow
er
from
p
ort
1
to
p
ort

1
0.

S
im
ilarly,
P
0L
=
P
L
=
jb
2 j 2=2
=
Z
02 jI
2 (0)j 2
represents
the
p
ow
er

delivered
to
the
load
Z
02

S
um
m
ary:
G
enerator
send
available
p
ow
erja
1 (0)j 2
tow
ard
input

p
ort
1.
T
his
p
ow
er
is
indep
endent
of
input
im
p
edance
Z
1 .
If

Z
1
=
Z
01
(input
m
atched
to
tr.
line)
then
re
ected
p
ow
er
=
0.

O
therw
ise,
som
e
is
re
ected
back
to
generator
(=
jb
1 (0)j 2).
N
et

p
ow
er
delivered
to
p
ort
1
isja
1 (0)j 2�
jb
1 (0)j 2.
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

H
ow
to
use
this
to
calculate
S
-param
eters?
S
ee
�
g.
1.6.3
and

use
de�
nition
of
S
11

S
11
=
b
1 (l1 )

a
1 (l1 ) ��������a
2 (l2 )=
0

=
V
�1
(l1 )

V
+1
(l1 ) ��������V
+2

(l2 )=
0

=
Z
1 �
Z
01

Z
1
+
Z
01

(25)

S
11
is
r
e

e
c
tio
n
c
o
e
�
c
ie
n
t
o
f
p
o
r
t
1
w
h
e
n
p
o
r
t
2
is

m
a
tc
h
te
r
m
in
a
te
d
.

A
lso,
note
that

jS
11 j 2
=

�������� b
1 (l1 )

a
1 (l1 ) �������� 2a
2 (l2 )=
0

=
P
a
v
s �
P
1

P
a
v
s

(26)

i.e.
it
is
=
ratio
of
p
ow
er
re
ected
from
p
ort
1
to
p
ow
er
available

at
p
ort
1.
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

C
om
pletely
analogous
situation
for
S
22 ,
just
change
indices
(see

�
g.
1.6.4)

W
hat
ab
out
S
21
(and
S
12 )?
T
ake
the
de�
nition:

S
21
=
b
2 (l2 )

a
1 (l1 ) ��������a
2 (l2 )=
0

=
p

Z
02 I
�2
(l2 )

p
Z
01 I
+1
(l1 ��������I
+2
(l2 )=
0

(27)

T
he
total
current
at
l2
consists
only
of
I
�2

(m
atching
condition

ensures
that),
i.e.
I
2 (l2 )
=
�
I
�2
(l2 ).

S
21
=
� p
Z
02 I
2 (l2 )

p
Z
01 I
+1
(l1 ) ��������I
+2
(l2 )=
0

(28)

�
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

F
urtherm
ore,
I
+1
(l1 )
=
E
1;T
H
=(2Z
01 )

(w
hy
2?
a
1 (0)
=
E
1 =(2 p
Z
01 )

)
a
1 (l1 )
=
E
1 =(2 p
Z
01 )
exp
(�
j�
1 ).

Z
T
H

=
Z
01
(m
atched
line),
E
T
H

=
jE
1 j 6�
�
1 .
)
a
1 (l1 )
=

p
Z
01 I
+1
(l1 )
=
E
T
H
=(2 p
Z
01 ))
I
+1
(l1 )
=
E
T
H
=(2Z
01 )
)

A
lso:
V
2 (l2 )
=
�
Z
02 I
2 (l2 ).)

S
21
=

p
Z
02 V
2 (l2 )=Z
02

p
Z
01 E
1;T
H
=(2Z
01 )
=
2

vuuuuut
Z
01

Z
02

V
2 (l2 )

E
1;T
H

(29)

)
S
21
is
fo
r
w
a
r
d
v
o
lta
g
e
tr
a
n
sm
issio
n
c
o
e
�
c
ie
n
t
fr
o
m

p
o
r
t
1
to
p
o
r
t
2
.
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

A
lso:jS

21 j 2
=

12 jV
2 (l2 )j 2=Z
02

jE
1;T
H j 2=(8Z
01 )
=
P
delivered
to
load

P
a
v
s

(30)

i.e.jS
21 j 2
is
tr
a
n
sd
u
c
e
r
p
o
w
e
r
g
a
in
(note
the
loading
con-

ditions!).

S
12
analogous
|

change
the
indices.

D
o
exam
ple
1.6.1
for
S
-param
.
calculation
and
another
ex.

�
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

S
11
=
b
1 (l1 )=a
1 (l1 )
(a
2 (l2 )
=
0)
is
input
re
ection
coe�
.
w
ith

output
m
atch
term
inated
(tr.
line
m
atching
condition)

jS
11 j 2
=
(P
a
v
s �
P
1 )=P
a
v
s
=
ratio
of
p
ow
er
re
ected
from
p
ort
1

to
p
ow
er
available
from
source

S
21
=
2 rZ
01 =Z
02 V
2 (l2 )=E
1;T
H
is
forw
ard
transm
ission
coe�
.
from

p
ort1
to
p
ort2
w
ith
output
m
atched

jS
21 j 2
=
P
L =P
a
v
s
is
ratio
of
p
ow
er
delivered
to
load
Z
02
to
avail-

able
p
ow
er
=
transducer
p
ow
er
gain

F
or
S
22
and
S
12
just
interchange
p
orts
(term
inals).
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C
ir
c
u
it
r
e
p
r
e
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n
ta
tio
n

G
eneralized
S
-param
eters

S
o
far:
50
O
hm
tr.
lines
and
50
O
hm
term
inations.
H
ow
ab
out

n-p
ort
netw
orks
w
ith
general
term
inations?

V
i (x
i )
=
V
+i
(x
i )
+
V
�i
(x
i )

(31)

I
i (x
i )
=
I
+i
(x
i )�
I
�i
(x
i )
=
V
+i
(x
i )

Z
0i

�
V
�i
(x
i )

Z
0i

(32)

de�
ne
a
i (x
i )
=

V
+i
(x
i )

p
Z
0i

=
p

Z
0i I
+i
(x
i )

=

1
2 p
Z
0i [V
i (x
i )
+
Z
0i I
i (x
i )]

(33)

and
sim
ilarly
b
i (x
i )
=

V
�i
(x
i )

p
Z
0i

=
p

Z
0i I
�i
(x
i )

=

1
2 p
Z
0i [V
i (x
i )�
Z
0i I
i (x
i )]

(34)
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

how
to
generalize
this
for
any
im
p
edance?

[a
]
=
12 26664
1

rR
0;i 37775 ([V
]+
[Z
0;i ][I
])

(35)

[b]
=
12 26664
1

rR
0;i 37775 �[V
]�
[Z
0;i ] �
[I
] �

(36)

[Z
0;i ]
=

266666666664
Z
0;1

0

���
0

0

Z
0;2 ���
0

0

0

...

0

0

0

���
Z
0;n 377777777775
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

"R
�
1=2

0;i

#
=

2666666666664
(R
e(Z
0;1 ))
�
1=2

0

���

0

0

(R
e(Z
0;2 ))
�
1=2���

0

0

0

...

0

0

0

���
(R
e(Z
0;n ))
�
1=2 3777777777775

a
1
=
12

R
�
1=2

0;1

(V
1
+
Z
0;1 I
1 )

(37)

b
1
=
12

R
�
1=2

0;1

(V
1 �
Z
�0;1 I

1 )

(38)

A
s
b
efore,
expressing
V
1
gives

V
1
=
E
1 �
Z
G
1 I
1 )
a
1
=

E
1

2R
1=2

0;1 )
ja
1 j 2
=
jE
1 j 2

4R
0;1

(39)

�
�
�
�

M
icrow
a
v
e
C
ircu
it
D
esig
n
II

c
B
.
P
ejcin
o
v
ic

2
3

��



C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

=
p
ow
er
available
from
source
at
p
ort
1.

A
lso
(as
b
efore)

ja
1 j 2�
jb
1 j 2
=
R
e(V
�1
I
1 )

(40)

=
p
ow
er
delivered
to
p
ort
1.

If
p
ort
1
is
m
atched
(so
that
Z
1
=
V
1 =I
1
=
Z
�0;1 ),
p
ow
erja
1 j 2
is

com
pletely
absorb
ed
by
Z
1 .
If
not
m
atched,
then
p
ow
er
absorb
ed

isja
1 j 2�
jb
1 j 2.

G
eneralized
scattering
m
atrix

D
e�
ne
it
via
[b]
=
[S
][a
].
S
-m
atrix
dep
ends
on
the
choice
of

norm
alizing
im
p
edance.
U
sually
50
O
hm
s,
but
can
b
e
anything

and
can
even
b
e
com
plex.
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

C
alculating
S
ij :

S
ii
=
b
i

a
i �������a
k =
0;k
6=
i;k
=
1;:::;n
=
V
i �
Z
�0;i I

i

V
i +
Z
�0;i I

i
=
Z
i �
Z
�0;i

Z
i +
Z
0;i

(41)

w
hich
is
input
re
ection
coe�
.
w
ith
all
other
p
orts
m
atched.

S
k
i
=
b
k

a
i �������a
k =
0;k
6=
i;k
=
1;:::;n

(42)

=
transducer
p
ow
er
gain
from
i
to
k
w
ith
p
orts
other
than
i

m
atched.

P
aram
eter
conversions:
see
tables.
T
hey
all
describ
e
the
sam
e

thing!
N
ote
that
conversion
to
and
from
S
-param
eters
is
dep
en-

dent
on
choice
of
Z
0
.
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

S
-param
eters
for
transistors

M
ost
com
m
on
w
ay
of
sp
ecifying
transistor
p
erform
ance.
U
sually

C
E
but
can
b
e
converted
to
C
B
.
C
E
!
C
B
conversion
of
S
-

param
eters
has
to
go
through
y
or
z-param
eters.
S
C
E !
Y
C
E !

Y
C
B !
S
C
B

S
im
ple
R
-C
circuit
S
-chart
in
�
g
1.9.1

F
or
S
-chart
presentation
see
�
g.
1.9.2.
S
11
and
S
22
typically

b
ehave
as
R
L
C
circuits
(�
g.
1.9.3).

S
21
and
S
12
usually
presented
on
p
olar
plot.
Interesting
to
see

the
m
agnitudes
vs.
freq.
in
�
g.
1.9.7.
jS
21 j
usually
exhibits
6

db/octave
fall-o�
.
f
s
is
its
cut-o�
frequency.

S
12
exhibits
opp
osite
b
ehavior
(w
hy?).
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C
ir
c
u
it
r
e
p
r
e
se
n
ta
tio
n

If
no
choice
of
ground
term
inal
has
b
een
m
ade)
inde�
nite
scat-

tering
m
atrix.
T
ransistor
treated
as
3-p
ort.
T
his
is
a
di�
erent

m
atrix
than
the
one
discussed
b
efore,
e.g.:

S
11
=
b
1

a
1 �������a
2 =
0;a
3 =
0

(43)

N
ote:
sum
of
the
row
s
and
colum
ns
in
inde�
nite
S
-m
atrix
is
unity!

)
no
need
to
m
easure
the
third
one.
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