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What can you do with and/or learn from an impedance analyzer? 

Note:  there is no specific 
accuracy claim in the manual for 
this device.  They say that there 
might be “minor differences” 
between meters.  How much?   
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What’s with the 
imaginary number “j”? 

 
22Z = R + 2πfLRL

 
22Z = R +1/ 2πfCRC

Some Definitions 
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Anytime you have a resistor with a reactive element (inductor or capacitor) in series. The 
magnitude of the current is as shown and the reactive element causes the phase of the 
current (red)  to be different from the phase of the voltage (blue).  In the case below, the 
current leads the voltage by 45 degrees.   

45 degrees  
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Analyzing  circuits with phase shifts like this is messy and usually requires calculus to do so.  
BUT , engineers found a way to analyze “linear” circuits with single frequency voltages in a 
way that only requires algebra IF imaginary numbers are allowed.  
 

Think of an impedance as causing the phase angle between the voltage and current in the 
following way.   
 

The angle (θ) by which the sinusoidal current “leads” of “lags” the voltage is determined 
using the following  

jX = j2πfL 
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Limitation !!!! 

“Most hand-held analyzers (including the MFJ-213) lack the 
processing capability to calculate the sign for complex 
impedance (Z =R +/-  jX).  By default, the MFJ displays a plus 
sign (+j) between the resistive and reactive values, but this 
sign is merely a placeholder and not a calculated data point.  
Although the analyzer’s processor can’t calculate sign, it can 
be determined with a small adjustment of the TUNE 
control…….”   
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INDUCTIVE CAPACITIVE 

The analyzer can’t tell the difference between +j and -j.   
 

So, how might you determine the difference using TUNE? 



Note that X decreases with increasing frequency – Series Capacitance 



Another Limitation 

“The analyzer’s calibration plane is the point of reference …..   For basic 
hand-held units like the MFJ-213, the calibration plane is fixed at the 
antenna connector…” 

calibration  
plane  

The measured 
impedance is 
only valid a this 
location !!!!!! 



An Example of NOT using the calibration plane 

If you connect a resistor 
to these terminals, you 

will not (in general) get a 
pure resistive impedance 



What is going 
on here?   
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R increases due to the skin effect 
 

X increases due to lead inductance 

Note:   R less than  50 Ohms = cable characteristic impedance 

Series equivalent circuit 

expected 
behavior 
here  
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Remember the sign ambiguity  

Note:   R greater than  50 Ohms = cable characteristic impedance 
C not in series with R 

expected 
behavior 
here  



The transition starts at an even lower frequency 

Increasing the capacitance by increasing the length of cable.   

almost no expected behavior 



Look at the input impedance of a length of open circuited coax 

It appears that the λ/4 frequency is 
about 10 MHz which means that 
the “velocity factor” for this coax is  
(4.65x4x10)/300 = 0.62.  But, notice 
the lack of accuracy in the result for 
the λ/4 frequency.  If we used 10.7 
MHz, we would get 0.663. 

At λ/4 the input impedance should 
be zero!!!  But, λ is the wavelength 
inside the coax which is           less 
than the free space wavelength.  
This leads to the “velocity factor” 
which is 0.66 for polyethylene.  

r

Is it old coax with a different velocity factor or the 
“accuracy” of the analyzer?  



Measured vs. Calculated RG58U Cable Loss 

Is measured loss higher due to old coax?  Why the oscillation?    

Note:  loss is 
higher at higher 
frequencies 



50 Ohms 

Note:  This is not the ideal input impedance of the antenna -  72 Ohms 
It is measured at the end of the coax 

50+j0 (?) 

??? 



Calculation of VSWR  

Zant  
Zin  

applies to whole  
transmission line 
If it has Z0 = 50  VSWR is calculated 

Using Zin and  Z0 = 50 Ω 

Transmitter 

You would get the same result if you used Zant  



Bandwidth 

MFJ Definition of Bandwidth 



Input Impedance with Antenna Tuner 

Zant  

Zin  

not VSWR on this 
transmission line 

Here is where the  
VSWR is calculated 

Z0 = 50 Ω 

Transmitter 



Measured Zin - half wave dipole - 20 meters  - With Antenna Tuner  
Tuned to 1:1 VSWR at 14.05 MHz 

50 Ohms 



Measured VSWR - half wave dipole - 20 meters  - With Antenna Tuner  
Tuned to 1:1 VSWR at 14.05 MHz 

Bandwidth 



Questions? 
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