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Topics 
• Equipment & usability 

– Traditional SWR bridge & use 

– Antenna analyzer 

– Network analyzer 

• VHF/UHF antenna checks  

– Pizza Pan 
• Flexible 

• Fast 

• NanoVNA 

– Vector Network Analyzer 

– Overview 

– Calibration 

– Examples of use 
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SWR Bridges 

1968 
10/7/2020 
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Simplicity 
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SWR - Standing Wave Ratio 

Or VSWR - Voltage Standing Wave Ratio 

HF through 30+ MHz (CB) 



kc7o 5 
10/7/2020 

https://www.electronics-notes.com 

M = 100 μA  
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https://www.electronics-notes.com 

1N34A Germanium Diode 

~ $ 0.25 

 

MFJ-962D 

uses the same diodes 
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https://www.electronics-notes.com 

R = 100 Ω for 72 Ω coax 

R = 160 Ω for 50 Ω coax   
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https://www.electronics-notes.com 
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New ceramic caps & shortening all component 

leads makes these devices good through 2 Meters 

This unit measured 1.3:1 into 50 ohms @ 450 MHz 

It is reversible – forward         reverse 

Unmodified 

Modified 

https://en.wikipedia.org/wiki/SWR_meter 
SWR animation 

https://en.wikipedia.org/wiki/SWR_meter
https://en.wikipedia.org/wiki/SWR_meter
https://en.wikipedia.org/wiki/SWR_meter
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February 1993 – 73 Magazine 
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SWR Bridge Review 
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http://vk5ajl.com/projects/swrmeter.php
http://vk5ajl.com/projects/swrmeter.php
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Transmitter 

Antenna 
Forward 

Reverse  

Switch 
Adjust for 

Full Scale 
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Switch in the Forward Position 

radio in transmit mode 

adjust needle for full scale 
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Switch to Reverse Position 

needle reads SWR 
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1.7:1 



N1BN Photo 

Antenna Analyzer 
Easily finds the frequency of 

Minimum SWR 

10 Meters – 1.1:1 
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15 Meters – 1.6:1 

N1BN Photo 

Test of PRC’s TH-3 after rebuild 

10/7/2020 kc7o 16 



20 Meters – 1.6:1 

N1BN Photo 
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MFJ-226 Network Analyzer 

Can sweep a range of frequencies 

from 1 to 230 MHz 
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MFJ-226 
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Ability to read Real and ± Imaginary Ω  
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Capacitive reactance 
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R 

+jXL 

-jXc 

23.7 

-25.5 

(23.7 – j25.5) 
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R 

+jXL 

-jXc 

23.7 

-25.5 

(23.7 – j25.5) Z = 34.8 Ω 



16” steel pizza pan 

Walmart  <$4 
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The AntPan 

Bring a magnet J
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NMO mag mount 

BNC to 

reverse SMA 

PL-259 

to SMA 
PL-259 

to BNC 

SO-239 

to NMO 

Ferrite – isolates coax 

from the antenna 
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A quick Diversion 
• Twin lead J-poles tend to have RF on the coax shield 

• Check by mounting the J-pole in its PVC ray dome (on a ladder or such) 

• Connect an antenna analyzer tuned to the minimum SWR point 

• Grasp the coax beneath the J-pole with your hand and slide your hand 

towards the analyzer 

 

 

 

 

 

 

 

 

 

 

 

 

• Does the reading change?  If so there should be decoupling added 

• BTW, a ferrite is like chicken soup, it can’t hurt 
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The ferrite lives 

about here 

The mast goes here 



Setup for testing 

a PL-259 antenna 
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SO-259 to NMO adapter 

& PL-259 to BNC adapter 

10/7/2020 kc7o 27 

NMO 

PL-259 

BNC 

SMA 

Rev SMA 



Using a PL-259 “Tee” 

makes a connector holder 

and handy handle 
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Wrapped up for  

storage or transport 
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Short          Open             50 Ohm 

NanoVNA 
Vector Network Analyzer 

50 KHz to 900 MHz 
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New and improved Vector Network Analyzer 

10 KHz to 1.5 GHz 
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With a 3D printed case 
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From Tektronics 

Tektronics – tech.com 
70W_60918_0_Tek_VNA_PR1.pdf 

S11 S21 

Reflection S11 

 VSWR 

Impedance 

Admittance 

 Return Loss 

Transmission S21 

 Gain/Loss 

      (Insertion loss) 

Phase 

Group delay 

     (Delay time) 
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Tektronics – tech.com 
70W_60918_0_Tek_VNA_PR1.pdf 

S11 S21 

Reflection S11 

 VSWR 

Impedance 

Admittance 

 Return Loss 

https://www.qsl.net/n4emp/animations.html 

Antenna testing 

https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf 
 

https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf
https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf
https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf
https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf
https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf
https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf
https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf
https://www.google.com/search?client=firefox-b-1-d&q=70W_60918_0_Tek_VNA_PR1.pdf
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Difficult to control and select options 
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I use the free computer software which is much easier 

Buy or print a case for the NanoVNA 
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NanoVNA-Web-Client/WebApp 
for Android - free 



Calibration 
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Calibration 
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Calibration 
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Calibrated 

Screen prints 

NanoVNA Saver 
(written in Python, running on Windows, Mac, Linux, etc.)  

101 sweep points (readings) 
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Now you don’t 

have to bring the 

equipment to the 

antenna 

 

Just calibrate 

XX feet of coax 

& hook it to the 

antenna 
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Alinco 

DJ-MD5TGP 

dual band 

DMR 

handheld 

stock antenna 
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Alinco  Stock 

DJ-MD5TGP 

3:1 
144 MHz 

446 MHz 
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Diamond 

SRJ77CA 

SMA handheld 

3:1 
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ANLI 

AT-2 NMO 

Dual Band 

Mobile 
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ANLI AT-2 NMO Dual Band Mobile 

3:1 
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135 to 155 MHz 

ANLI AT-2 NMO Dual Band Mobile 3:1 
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420 to 450 MHz 

< 2.2 SWR 

Across the band 

ANLI AT-2 NMO Dual Band Mobile 3:1 
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Other displays 

SWR 

Return Loss 

Smith Chart 

R ± jX 

22 different displays available 
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R ± jX 

R 
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R ± jX 

j 



40M Inverted Vee 

7.1190 
21.450 
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3:1 



Cushcraft R7 

7.213 10.01 13.80 17.97 21.00 24.73 28.16 
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3:1 



20M 15M 10M 

hy-gain TH-3 MK3 - Tri Band Beam 
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3:1 



6M dipole add-on TH-3 
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3:1 



USB 

NanoVNA FEATURE 
Two Port Measurement 

Unit Under Test 

UUT 
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Tektronics – tech.com 
70W_60918_0_Tek_VNA_PR1.pdf 

S11 S21 

Transmission S21 

 Gain/Loss 

      (Insertion loss) 

Phase 

Group delay 

     (Delay time) 
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Electrical characteristics of attenuation 

against frequency 
(i.e. – this case, 30 to 50 MHz of a HF low pass filter) 
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SWR ~24:1 

@ 40.5 MHz 

~70db down 

@ 46 MHz 



Electrical characteristics of attenuation 

against frequency 
(i.e. – this case, 30 to 50 MHz of a HF low pass filter) 
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SWR ~24:1 

@ 40.5 MHz 

~70db down 

@ 46 MHz 
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Another NanoVNA FEATURE 
Time Domain Reflectometry 



Summary 
• CB / old manual SWR bridges 

– One frequency at a time 

– Uses the transmitter therefore RFI 

– No external power needed 

– $10 ± at swap meets 

• Antenna analyzers 

– Portable 

– Able to manually sweep a band 
looking for minimum SWR 

– Uses batteries 
• Use external battery or DC supply 

– to prevent battery leakage 
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Sensitive to Static & High RF – Blown SMD Diodes 

MFJ-259C 
10/7/2020 kc7o 66 



Summary (continued) 

• Scanning One Port VNA (MFJ-226) 

– 1 – 230 MHz 
•  1 Hz resolution 

– Handy uses 2 AA batteries 

– Saves results for download 

– Portable 

• NanoVNA Two Port VNA 

– 50 KHz to 900 MHz (newer models) 

– Portable with rechargeable battery 

– Small but very hard to use manually 

– Easy to use with a computer 

– Measure characteristics of devices like 
filters 

– Inexpensive 
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• So, what do you need? 

• It depends 

• For the average HF / VHF user 

probably an Antenna Analyzer 

– For HF and 2 Meters 

– Adjust an antenna tuner 
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Use a coax switch with good isolation to put an antenna analyzer 

in place of the radio to tune antenna tuners 

kc7o 

Coax Switch 
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Coax Switch 

Use a coax switch with good isolation to put an antenna analyzer 

in place of the radio to tune antenna tuners 

kc7o 



• So, what do you need? 
• It depends 

• For the average HF / VHF user 
probably an Antenna Analyzer 

– For HF and 2 Meters 

– Adjust an antenna tuner 

– Cheap (used) 

 

 

• Over the years I have used all of the 
above and will keep them all in my 
tool kit 
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