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Graphical representation of I'(d) transformations:

I'(d) =Tre72P% where |I(d)|=|Tz] <1
(T'(d) = /T, —23d

As d changes, we trace out a circle of (T} unit
constant radius on the complex 1" plane: circle

=1

A full circle is traced out when
o1 = 28d = 2(27/\)d
d=\/2

Increasing d (towards generator)
corresponds to CLOCKWISE
rotation around the circle

Re{T'}




Visualize standing wave patterns in voltage and current:

V(d) o |1+ I(d)] (T}
I(d) x |1 — T(d)]

standing waves characterized by:
(1) SWR = Vmax/Vmin

(2) wavelength

(3) distance between load and

first voltage minimum Re{T'}
voltage
minimum ’
voltage
Vein <1 — (T .
e e maximum

Viaz X 1+ ‘FLl




Separate real and imaginary parts of 1" to find special cases:

T'(d) =T, +jI; =

(r+jz) —1
(r+jx)+1
r? — 1+ z?
(r4+1)% + 22 *

CASE: z(d) purely real (so x = 0)

['(d) =

r—1

=

2x

r+1)% + 22

Im{T"}

1/2

1

+ 40
1 r = 00
(open ckt)
P ? * Re{I'}
ik / \r =1
112 r=20 (matched)
0 (short ckt)




Separate real and imaginary parts of 1" to find special cases:

. (r+jx)—1
I'(d) =T, +jI'; = :
() T (r+jx)+1
=142 L 2
C (r+1)2 422 ‘7(7“—|—1)2—|—x2
CASE: z(d) purely imaginary (so r = 0) fm{I'}
2
e —1 2x
I'(d)| = ' =
D) = |5 + i
T = 00
r | LI /
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0 s /
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T = —00
o0 0
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Separate real and imaginary parts

of z to find general contours:

1+ (Fr "I’jri)

1 — T2 — T2+ 52T,

z2=r+Jr =

(1 o FT)Q + F?

contours of constant r? equate real parts of above expression

2 _
Y=

(Fr -

)*+T

147

yields the equation of a circle with

r
center at: (I',.,T";) = ,0
(0. T5) = (777:0)
radius of: 1
1+r
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Separate real and imaginary parts of z to find general contours:

1+ (T, +40;) 1-T2-T7+ 52T

A e I (A R U RS O P -
contours of constant x? equate imag. parts of above expression
1 1 1
T =P =P =7
yields the equation of a circle with J %
radius of: =
T Su=-025 [ 32




THE SMITH CHART

e Superimposes
constant r and x
circles inside unit
circle on the
complex I' plane

« By drawing the
SWR circle on the
chart, we can
quickly relate I'(d)
with the unique
line impedance
z(d) =r + jx at that
point
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The standing wave ratio
is read off of the chart

by noting the r value
where a constant I'

circle intersects the
[, axis

1) SWR =2Z_./Z,
= Zmax
= rmax

2) SWR =2y/Z.,
=1/
= 1/rn
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EXAMPLE:

If the effective reflection
coefficient on a
piece of 50 Q line

is '=0.4+]0.2, what
Is the corresponding
line impedance

at that point ?

1) Find I" on the
Smith Chart
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EXAMPLE:

If the effective reflection
coefficient on a
piece of 50 Q line

is '=0.4+]0.2, what
Is the corresponding
line impedance

at that point ?
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140
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02
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1) Find T on the o e gt s ot o
Smith Chart Lkl b

2) Read r and x 19 | Wi ] _2'0@
off of chart ¢

3) Use Z, to re-
normalize

O3a N

S333;
S3g,

Z =250 (2.0 +j1.0)
=100.0 + 50.0 Q




EXAMPLE:

Aload with Z,=50-]25 is
attached to a lossless,
100 Q T-L. Find Z(d) at
d=04M
1) Normalize Z;
z. = 0.5-j0.25
2) Find z_ on the
Smith Chart
3) Rotate along :
constant I' by =%
0.4\ 12
4) Read off new
values of z
4) Use Z,tore-
normalize

<
=

= 95477 Q
Z(d)qc = 95.29-77.0
%error ~ 0.2%

Z(d) = 100 (.95-j0.77
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Mapping between impedance and admittance:

() = 1  1-T(d) 1-Tpe2rd
AT 2@ T 110(d) 14T ei28d

= z(d+ é) since: e I20(dE3) — (=120dFi26(2)

4 |
_ 6—32Bd62|27r

Im .
— _p—J20d

admittance grid is just the
cen | impedance grid reflected
around the I",. = 0 axis

Short
Circuit

-or- can just read off values

for y(d) = g(d) + g(d) as
g(d) =r(d+ Z))\

Impedance Grid e Rofloction Cosefficient () b(d) — :E(d :|: _)

Admittance Grid = Transmission Coefficient 4

Capacitive

I




We can transform z into

y by rotating z half way

around a constant I circle

Given Z = 95+j20 on
a 50 Q line, find Y

1) Find z
z=1.9+04
2) Draw I circle

3) Draw line through!.
origin

4) Find intersection
with I circle

5) Read off y
y = 0.5-j0.1

6) Renormalize y
Y =vylZ,

=102 mS

Yeae = 10.1-j2.12 mS
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