
This is the Smith Charts ‘n More training (otherwise known as the I Hate Cookbooks 
Guide to Amateur Radio Electromagnetics) sponsored by the Chelsea Amateur Radio 
Club.
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• Prepare for the FCC upgrade license exams efficiently.

• Have fun learning what you thought was a stumbling block.

• Use SimSmith—A Practical Example

• Center lessons on explicit FCC pool questions.

This class is aimed at addressing the electromagnetics of the FCC pool questions for 
upgrading an amateur radio license to both General and Extra classes. The study 
protocol is predicated upon you already knowing much of electromagnetics, but you 
just didn’t know that you knew. With the knowledge gained in this series of classes 
you will be able to put Smith Charts to work for you. But this week we will do a deep-
dive into an example of using the Smith Chart to design a tuning stub custom 
designed for the Chelsea Repeater.
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• Borrow from an example I found on YouTube:
• #278: Smith Charts: Use SimSmith to design L Matching Networks – YouTube
• Advance the video to 1 minute and 40 seconds.

• Use SimSmith to solve
• Match 

• Transmitter ZT = 33 – j51 Ohms to
• Antenna ZA = 50 + j0

• Frequency = 14.20 MHz

• No need to think about 
normalization. SimSmith 
does it for us.
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• Activate the Windows 
spy glass.

• Type “sims…”

• If SimSmith pops up,
• Click on it.
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• Set the generator impedance 

• (Z) = 33 – j51 Ohms

• Southern hemisphere

• Capacitive reactance (-j)

• Set the load 
• Frequency = 14.2 MHz

• Zo = 50

Reactance

Resistance

Let’s talk about what we have so far. We were given an impedance of 33 – j51 Ohms. 
We entered this value into SimSmith for the source impedance. The “j” part is strictly 
for our use. SimSmith only cares that you have identified the value as reactive and 
entered it as such into the jOhms field. This placed the vector impedance dot in the 
southern hemisphere. What does it mean that the value is south of the equator? 
Upon close inspection we can see that the dot comes close to one of the red 
hyperbolic lines. The red hyperbolic lines tell us the value of the reactance. But we 
also know that all points on the Smith Chart have a real component otherwise called 
“resistance.” But the only way to figure out visually what the real component is (if 
using paper Smith Chart paper), is by using a compass and circumscribing a circle 
using home plate as the center, which intersects with that vector impedance dot. 
Once the line is circumscribed, we can follow it to where it intersects with the 
equator. Any vector impedance that falls anywhere on the line, has that same real 
component impedance.
“
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• Your addition of the shunt-L may have a 
different value of inductance. Not important.

• Click on the inductance value field (H)

• Notice the correction trajectory was that in the 
direction of a capacitive conductance.
• Moving toward the northern hemisphere.

• Following a conductance path.

• Rotate the mouse thumb wheel back and forth 
just to see the effect of increasing and 
decreasing the value of corrective inductance.
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• Dial in that value of inductance which will cause the 
vector impedance to advance to the unity RESISTANCE 
line.

• NOTE: The vector impedance is following a 
CONDUCTANCE path.

• This is STEP-1 of a two-step process.

• Now positioned to add capacitance that falls on a 
RESISTIVE path.

• SEEMS ODD: We added inductance only to have to 
cancel some of with capacitance in STEP-2 (coming 
up).

7



• Add a series-C instance
• “Series” because we want to travel in a resistive

path.

• In this example, SimSmith gave it a value of 
224pF.

• Click on the capacitance value field and rotate 
the mouse thumb wheel back and forth to see 
the effect of more and less capacitance.

• Notice different values follow a RESISTIVE path.
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• 205pF brings us home!

• The generator (transmitter) now is able to
transfer its maximum power into the load 
(antenna).

• Congratulations!

• You have just designed an L-network.

• If interested, you can reinforce your learning 
exercise by following the YouTube video to its 
conclusion.

• The author takes you through different L-
networks to accomplish the same thing.
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• Suppose that in addition to impedance matching, you also wanted to 
attenuate harmonics.

• The L-network will do that as well as impedance match.
• But little attenuation

• Better to use a Pi-L-network

• For the FCC exam you don’t need to quantify these things.

• You just need to know what 
they do.

Here is what one of the FCC Extra Class exam asks about. It asks about use of a series-
L Pi-network for the purpose of suppressing harmonics. With this arrangement we 
can not only impedance match but design a low-pass filter that will suppress those 
high-frequency harmonics. I want to stress at this point that the design of this 
network is way beyond the scope of this class and most certainly beyond the scope of 
the FCC Extra Class exam. You can use SimSmith to see the effect of networks that 
somebody else has designed but do not assume that you will be able to design them. 
I had an entire semester at Cal Poly on networks and I have forgotten much it. But it is 
nevertheless HIGHLY beneficial for you to understand qualitatively what they are 
doing.
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• Objective: 
• match antenna impedance and make it

• A low-pass filter at the same time.

• Fundamental frequency: fo = 14.2 MHz

• Second harmonic will be at 28.4 MHz

• Decide on a frequency that is between 14.2 and 28.4 MHz.

• You could get away with (14.2+28.4)/2 = 21.3 MHz (average)
• Because the two frequencies are close.

• The geometric mean would be better

Let’s look at network specifications although we won’t attempt to design one. 
Understanding the specifications will help you greatly and is not hard to do. The 
fundamental RF frequency needs to pass unattenuated and we want to have 
significant attenuation for the second harmonic. Let’s therefore pick the frequency 
that lies mid-way between the fundamental and its second harmonic. Just to 
understand terminology, the first harmonic is another name for the fundamental. 
That mid-position frequency needs to have at least 3dB attenuation which is another 
way of saying it is cut by half. In the next slide we will look at illustrations for all of this 
so don’t worry if you are getting lost. So, what is that mid-position frequency? 
Averaging them will work in this case since the frequencies are relatively close. 
Professionals would find the geometric mean but let’s keep things simple for now 
since averaging will work in this case. 
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• Presented strictly for your 
interest:

• Let the attenuation be 
• Down 3dB at

• The geometric mean: 𝑓1 =

𝑓𝑜2𝑓𝑜 = 20.0 𝑀𝐻𝑧

• Zo = 50 Ohms

• Not needed for FCC exams.

In this illustration we have attenuation represented on the Y-axis and frequency on 
the X-axis. As frequency increases, attenuation increases which is the definition for a 
low-pass filter. The lower the frequency, the less attenuation there is. Let’s talk just a 
little bit about magnitudes of attenuation. This subject matter is beyond the FCC Extra 
Class exam but I present it here because merely understanding what is going on will 
be very beneficial in understanding electromagnetics in general.
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