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• Be sure you’re on the right frequency - avoid an FCC QSL

• DX spots are accurate

• Does your net complain that you're off frequency?

• Digital modes (FT-8, WSPR…) require frequency accuracy

• Drift with age

• Know your rig and be able to optimize its performance

• Participate in ARRL Frequency Measuring Test

• Science fair project!

Transceiver Calibration

But my rig has a full color digital readout!
It must be accurate!XX X



ARRL Frequency Measuring Test
• Began in 1931 – Over 90 years old!

• Measure frequencies over the air – was an Official 
Observer requirement

• Twice a year — April and November

• 100 - 130 participants worldwide  

• Goal is 1 Hz or better accuracy — measure and 
report to the nearest 0.01 Hz 

One Hundredth of a Hertz???



Minimum Setup?



What You Need

Computer

Free 
Software

Connecting Cable
Transceiver

Anyone can participate –
Equipment isn’t important!



Three Step Process

1. Load software and set it up

2. Calibrate your computer

3. Calibrate your transceiver

Total Time = One Hour



Free Software

• Spectrum Lab
• http://www.qsl.net/dl4yhf/spectra1.html

• Installation tutorial at:
• http://www.ve2azx.net/technical/FMT/SpecLabInfo.pdf

Windows

Mac/Linux/Windows
• Fldigi

• http://www.w1hkj.com/index.html
• Download, installation and help files on main webpage

• WSPR
• http://physics.princeton.edu/pulsar/K1JT/wspr.html



Spectrum Lab
• Very powerful, versatile, and accurate

• Will run in Linux/Wine or Mac/Parallels at 
reduced capability



Spectrum Lab Setup

Select sound card

Set Sample Rate to 44100

Hit Apply



Try these settings.  If 
the display freezes, 
reduce them.  Accuracy 
will decrease.

Spectrum Lab Setup



WWV



• 2-3 hour warm-up
• Tune to any WWV in AM

mode
• Measure frequency during 

600 Hz tone
• Apply correction

1
2

3

4

Computer Calibration



Computer Calibration

After calibration, we’re within 0.0077 Hz



Rig Calibration – Spectrum Lab
1. Set rig to USB
2. Tune to any WWV
3. Re-tune to WWV - 600 Hz
4. Measure the frequency of the tone
5. Adjust your rig (if possible) to center the tone 

at 600 Hz — consult manual for adjustment

Receiver generates a 
tone based on this split 

All measurements are in USB mode
Avoid sunrise/sunset



Frequency Measurement – SL
1. Set rig to USB
2. Tune rig until carrier tone is near 600 Hz
3. Record tone frequency
4. Add tone frequency to dial frequency

All measurements are in USB mode

Example:
• Dial freq = 3544.227 kHz = 3,544,227 Hz
• SL tone measurement = 600.1412 Hz
• Measured frequency = 3,544,827.1412 Hz



Fldigi

Configure Fldigi so transceiver 
frequency tracks in window



Fldigi Setup
Computer Calibration — Part I

1. Select Op Mode - WWV
2. Select View - Floating Scope (Stretch it)
3. Select Configure - Sound Card - Settings

Make 
corrections 

here



Fldigi Setup
Computer Calibration — Part II

1. Set Rig to AM — tune to any WWV
2. Apply “RX ppm” corrections to make 

the scope line vertical

-1000 ppm +1000 ppm

Left-Click on line to 
center it

Right-Click on window 
for resolution.



You’ll get a data 
file that you can 
import into a 
spreadsheet

Fldigi Transceiver Calibration
1. Set Rig to USB — tune to WWV - 600 Hz
2. Select Op Mode - Freq Analysis
3. Adjust rig so waterfall is at 600 Hz

writing csv file

Use these 
two macros 
to turn data 
collection 
on and off

Computed freq



Fldigi Macros

<CSV:on>

CSV On



Fldigi Data File

“analysis_xxxxx.csv” in the “analysis” folder



Frequency Measuring Test

• April and November
• Test announcement in QST and:

http://fmt.arrl.org
• Data entry page and previous results are 

at:
http://www.b4h.net/fmt/



Frequency Measuring Test

QST April 2023, page 73



Frequency Measuring Test

Entries are due no later than
9:00 PM, Sunday, April 23

These times are UTC!

Local start time is 
11:00 PM EDST on 
Thursday, April 20



Frequency Measuring Test

Test Procedure:
1. Measure WWV frequency
2. Measure test signal
3. Measure WWV frequency

We have to correct for 
Ionospheric Doppler Shift



Frequency Measuring Test

K5CM
Muskogee, OK

1,350 miles

WWV
Ft. Collins, CO

1,730 miles

CHU
Ottawa, ON
290 miles

Ionospheric Doppler Shift Measurements

W8RKO
Dayton, OH
690 miles



Preparations
• Warm up at least two hours – no xmit
• Climate control in shack
• Check computer calibration
• Check transceiver calibration
• Preset transceiver memories
• Prepare a written plan/log
• Fldigi: Analysis mode, “x4”, “CSV Off”, 

“analysis” folder open, floating scope

Frequency Measuring Test



Conducting the test
1. Transceiver in USB mode!
2. WWV pre-test data collection(s)*
3. Collect data from test transmission*
4. WWV post-test data collection(s)*
5. Graph data from all collections
6. Analyze data and apply WWV correction
7. Enter data in online form

Frequency Measuring Test

* Immediately re-name data files!!!!



Fldigi Data File

“analysis_xxxxx.csv” in the “analysis” folder



Frequency Measuring Test

K5CM #1 run: 40-meters near 7064 kHz
• 10:55 PM: WWV at 10 and 5 MHz
• 11:00 PM: Call up
• 11:03 PM: Key Down
• 11:04 PM: End 40 meter run
• 11:04 PM: WWV at 10 and 5 MHz

W8RKO #1 run: 40-meters near 7065 kHz
• 11:10 PM WWV at 10 MHz and 5 MHz
• 11:15 PM: Call up
• 11:18 PM: Key Down
• 11:19 PM: End 40 meter run
• 11:19 PM: WWV at 10 MHz and 5 MHz

K5CM #2 run: 80-meters near 3598 kHz
• 11:25 PM WWV at 5 MHz and 2.5 MHz
• 11:30 PM: Call up
• 11:33 PM: Key Down
• 11:34 PM: End 80 meter run
• 11:34 PM: WWV at 5 MHz and 2.5 MHz

W8RKO #2 run: 40-meters near 3599 kHz
• 11:40 PM WWV at 5 MHz and 2.5 MHz
• 11:45 PM: Call up
• 11:48 PM: Key Down
• 11:49 PM: End 80 meter run
• 11:49 PM: WWV at 5 MHz and 2.5 MHz

Data Collection Schedule

Five Data Collections for Each Run



Frequency Measuring Test

Keep a written 
log as a sanity 
check and 
fallback if the 
computer 
logging fails



Fldigi Frequency Measurement

Start tuning at 
7063.4 kHz

Analysis 
Mode

Fldigi computes 
the carrier freq

“Fldigi Estimate”

Hit CSV On to start data collection 
– verify “Writing csv file”

Tune rig to put 
signal near 600 Hz

Use mouse to put waterfall 
cursor on the signal* 

When test ends, hit “CSV 
Off” to write data file

*When waterfall cursor is moved, 
data collection starts automatically. 

Hit “CSV Off” to stop it.
Rename data file at the end of each measurement!



Fldigi Floating Scope

2 Hz

2 Minutes



Fldigi Frequency Analysis

Open the data file with 
your spreadsheet.  
Select the “RF” column 
data and draw a line 
graph.



Fldigi Frequency Analysis

Throw out the first few seconds of data.  
Look for areas of stability. Eyeball an 
average value. Use spreadsheet to 
calculate average over stable areas.

7064256

7064256.2

7064256.4

7064256.6

7064256.8

7064257

7064257.2

7064257.4

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100 103 106 109 112 115 118 121

40 Meter FMT



Fldigi Frequency Analysis

14121963.540
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FMT 80 Meters
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Post 20 Meter WWV
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Pre 40 Meter WWV



Frequency Calculation
• Take the before and after WWV data and average 

them to compute a correction value. The WWV 
correction will normally be less than 0.5 Hz.

• Apply the correction to your measured frequency.

Example:
• WWV before: 5,000,000,000.103 Hz
• WWV after: 5,000,000,000.119 Hz
• Average: 5,000,000,000.111 Hz
• WWV Correction = - 0.111 Hz

Check the sign!



Frequency Calculation

Example:
• Fldigi measurement = 7,064,108.483 Hz
• WWV correction = - 0.111 Hz
• Frequency = 7,064,108.372 Hz

Final frequency = 7064108.37 Hz



Data Entry



Data Entry

Data MUST be entered by 9:00 PM Sunday night. Results will be published a 
few seconds later.  If you make an error in your data entry, you can bring up
a new form and re-enter everything.

Enter data in Hz to nearest 0.01

Describe your method

Comment on the test

Hit “Submit”



Data Results



Data Results

Green Box!



Data Results
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April 2016 FMT
Entrants with average error less than 30 parts per billion 

Average Error < 30 PPB
80M ~ 0.1 Hz
40M ~ 0.2 Hz
20M ~ 0.4 Hz



Techniques for the Truly SeriousFANATICAL*

• Record the test as a WAV file and play it back on 
other computers for analysis

• Feed a 10 MHz GPSDO (GPS Disciplined Oscillator) 
signal into your receiver and computer for 
nanosecond accuracy

• Warm up receiver for 48 hours in a temperature 
controlled blanket

* No guarantee of accuracy improvement



Smartphone Rig Calibration

• Smartphones are surprisingly 
accurate, but need good signals

• Look for “Piano Tuning” or 
“Guitar Tuning” in your app 
store - several free apps give 
0.1 Hz readout

• Hams have successfully 
participated in the FMT with 
Android tablets



Lessons Learned
• Test equipment is not required
• Dumb errors ruin many scores
• USB mode
• Sign of WWV & rig corrections
• Check spreadsheet numbers against 

your log
• You’ll improve with practice
• With a little experience, rig calibration is 

easy



Resources

• Groups.io: FMT-Nuts
• http://www.k5cm.com/
• QST April 2015, p. 37
• http://www.ka7oei.com/fmt.html
• http://www.febo.com/time-freq/fmt/
• http://fmt.arrl.org



Rig Calibration

EXAC
T!


