Electromagnetics:
The Smith Chart
(9-6)



A Conformal Mapping (1)
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A Conformal Mapping (2)
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Inverse transform is possible, too!
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Transformation: r+ jx —> [, +jI, .
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For all circles:
T “Singularity”

I'(z) > I(r,x)



The Smith Chart: A Conformal Mapping (1)

Voltage reflection coefficient at the load for a lossless transmission line:
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The Smith Chart: A Conformal Mapping (2)

N ht
r-circle: (Fr ——j +I7 = (—j
1+r 1+r

2 2
X-circle: (Fr — 1)2 + (Fi _Ej — (lj
X X

e.g.
1. Let us assume that the voltage reflection
coefficientis given by: T, =T, + [,

2. Find r- and x-circles that pass through I,

3. Read the r- and x-values for the circles:
—>r=1x=0.5

In result, when the voltage reflection
coefficientis T, the normalized load
impedance is given by: 7, =r+ jx =1+ j0.5

This can also be verified:
z, -1 B 1+ j0.5-1 B 0.25+ j1
z, +1 1+ j0.5+1 4.25

I =

—> ‘F‘z <1 <« Reflection coefficient

In the Smith chart, there are many circles

already drawn for various values of “r”and “x”!
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The Smith Chart: A Conformal Mapping (3)

2 .
1 The r-circles:
1.Centred at (I ,=r/(r+1), I;=0): On the I -axis

2 1)? 2.1 = 0: Centred at the origin with a unity radius
a ; 3.r > oo Centredat (I,=1,1;=0)

4. Allr-circles: Passing through (I',=1, I;=0).

The x-circles:
1.Centredat (I,=1,1;=1/):0Onthel,=1line

SC point OC point 2.Xx=0:I;=0line, i.e, ['-axis

3.Xx—> oo:Centred at (I,=1,1;=0)

4. All x-circles: Passing through (I',=1, ;= 0).

SI=1
—>I'=-1 —> =00, X=00
—>r=0,x= , »
\ Tl A 1 | The r- and x-circles are everywhere orthogonal
i e S to one another!

1.0

D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.



Smith Chart with Polar Coordinates (1)

Voltage reflection coefficient at the load for a lossless transmission line:

Polar coordinates
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, ." \ F: i - 2. 8z Measured from the positive real axis
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Smith Chart with Polar Coordinates (2)
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Smith Chart with Polar Coordinates (3)

[ or " — plane Normalized load impedance:
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Example 9-13:

Given:
R, =50 (Q)

z, =0
z'=0.11

Solution:
1.PointP: r=X=0
2. Azimuthal shift in the CWD by
0.1 from P to P,
3.AtP, read I &X

In result:

\
\. ¢
\

Z. =R,z =50x% j0.725= j36.3 (Q)

210 i e ; 1

|El|mmmas = to, conanassse f
\ Al ALt T \
\ \ Russasausis:

r=0, x=jo725 oo

Smith chart:

D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.
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Example 9-15:

D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.

Given:
R, =50 (Q)
S=30

A=2x02=04 (m)
z/ =0.05 (m)

(First voltage minimum)

Smith chart:

Recall: ,
i¢
S = Vmax _ Imax _ 1+‘F‘ ‘F‘ _ S-1 _ 1+‘F‘e
o o o o P i¢
Vmin Imin 1_ ‘F‘ S +1 1_ ‘F‘e
2. Draw acircle for [I'| =-O'.5\ \
////’ \\\\\ |
7 S AN
3. Voltage phinimum RENG 3(ie,r=3%=0)
r (1/5 = 1/3) A
208 NP |
/
//
4.Azimuthal shift Yo
in CCWD (“Towards load”)
by 0:125to P, 5.At P, read r &x:

r+ jx=0.60— j0.80

D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.

Note: z/ [ 2 =0.05/0.4=0.125

Z, =50(0.60— j0.80) =30— j40 (Q)

I=|re 2 =-j0.5 ;



Smith-Chart Calculations for Lossy Lines

Normalized input impedance for a lossy line:

C1+Te?@e 27 14[Me %

Z' e ’ - y . e = _ 2 !
Smith chart:

Consider shrinkage
due to attenuation: e °%

F!

— ‘F‘e—Zaz'

D. K.Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.



