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theory (II)



4. THE SMITH CHART SMITHEI BRI fERETT A ?

The Smith chart is a graphical aid that can be very useful for solving transmission line
problems. It was developed in 1939 by P. Smith at the Bell Telephone Laboratories.

It Is based on a polar plot of the voltage reflection coefficient,
Let the reflection coefficient be expressed in magnitude and phase (polar) form as
[ =|Te/?.

the magnitude is plotted as a radius (Il < 1)  from the center of the chart,

the angle ¢ (=180 << ¢ < 180°) is measured counterclockwise from the
right-hand side of the horizontal diameter.

It can be used to convert from reflection coefficients to normalized impedances (or
admittances) and vice versa by using the impedance (or admittance) circles printed
on the chart.



normalized quantities are generally
used in Smith chart.
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For example, the r, = 1 circle hasits centerat r, =05 1;=0. andhasa
radius of 0.5, and so it passes through the center of the Smith chart.



Resistance circles
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All of the resistance circles have centers on
the horizontal T". =0 axis and pass through

| r |the (1,0) pointon the right-hand side of
o " |the chart.

H— AR —H AT SO (1, 0) KR YIREER.

For example, the r, = 1 circle has itscenterat r, =0.5 r; =0, ,and has a radius of 0.5,
and so it passes through the center of the Smith chart.



Reactance circles
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The centers of all of the reactance circles lie on the
vertical T. =1 line (off the chart), and these
circles also pass through the (1,0) point.

The resistance and reactance circles are orthogonal.
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The Smith chart can also be used to graphically solve the transmission line impedance
equation since this can be written in terms of the generalized reflection coefficient as

, _ Vo VI 4T ) 14 Te
UTI(—0) T Vi (elft —TesBt) " T 1 -Te 2Bt

1+ |T|e/*

= =[P Z;, and Z; have the similar form.

Z]

If we have plotted the reflection coefficient at the load, the normalized input
Impedance seen looking into a length | of transmission line terminated with z,
can be found by rotating the point clockwise by an amount 2 A1 ( ¢ -2 £1)
from around the center of the chart. The radius stays the same since the
magnitude of does not change with position along the line (assuming a lossless

line).



EXAMPLE 2.2 BASIC SMITH CHART OPERATIONS

A load impedance of 40 + j70 terminates a 100ohm transmission line thatis 0. 3 4 long.
Find the reflection coefficient at the load, the reflection coefficient at the input to the line,
the input impedance, the standing wave ratio on the line, and the return loss.

Solution : Z,
The normalized load impedanceis  z; = - = 0.4 + 0.7,
0

It is the cross point of the resistance circle r,=0.4 and the reactance circle x, =0.7.
It is also the point in the reflection circle, |[]=0.59 and the phase=104- .

Then the VSWR=3.87, and the return loss RL=4.6 dB.
Reading the reference position of the load on the wavelengths-toward-generator

(WTG) scale gives a value of 0.106A. Moving down the line 0.3\ toward the
generator brings us to 0.406\ on the WTG scale.
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The Combined Impedance-Admittance Smith Chart

The Smith chart can be used for normalized admittance in the same way
the input impedance of a load z, connectedtoa 4 /4 lineis,
zZin = 1/z1 ,
converting a normalized impedance to a normalized admittance.

a A /4 transformation is equivalent to a 180¢ rotation;
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EXAMPLE 2.3 SMITH CHART OPERATIONS USING ADMITTANCES

Aload of Z, = 100 + j50 terminatesa 50 line. What are the load admittance
and input admittance if the line is 0.15 4 long?

Solution:

The normalized load impedance isz, = 2 + j 1. A standard Smith chart can be used for this
problem by initially considering it as an impedance chart and plotting z, and the SWR circle.
Conversion to admittance can be accomplished with a 4 /4 rotation of z; (easily obtained
by drawing a straight line through z, and the center of the chart to intersect the other side of
the SWR circle). The chart can now be considered as an admittance chart, and the input
admittance can be found by rotating 0. 15 4 fromy, .



Alternatively, we can use the combined zy chart, where conversion between impedance
and admittance is accomplished merely by reading the appropriate scales. Plotting z,
on the impedance scales and reading the admittance scales at this same point gives

y. = 0.40 —;0.20. The actual load admittance is then

Yi=wlk= Z = 0.0080 — j0.0040 S.
0

Then, on the WTG scale, the load admittance is seen to have a reference position
of 0.214 4. Moving 0.15 4 past this point brings us to 0.364 4. A radial line at
this point on the WTG scale intersects the SWR circle at an admittance of

y = 0.61 + JO. 66. The actual input admittance is then Y = 0. 0122 + j0. 0132 S.
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Homework

2.8 A lossless transmission line of electrical length = 0.34 is terminated with a complex
load impedance as shown in the accompanying figure. Find the reflection coefficient at
the load, the SWR on the line, the reflection coefficient at the input of the line, and the
Input Impedance to the line.

- [=0.3A >

Zin—> Z,=75Q Z; | Z;=30—7200Q

2.9 A 75 €l coaxial transmission line has a length of 2.0 cm and 15 termunated with a load impedance
of 37.5 4 j75 €2. If the relative permuttivity of the line 1s 2.56 and the frequency 1s 3.0 GHz, find

the input impedance to the line, the reflection coefficient at the load, the reflection coefficient at the
input, and the SWR on the line.



