TRANSCEIVER CALIBRATION,
AND THE FREQUENCY MEASURING TEST

George, K1IG
K1lG@arrl.net
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» Be sure you're on the right frequency -

« DX spots are accurate

 Does your net complain that you're o

avold an FCC QSL

T frequency!

» Digital modes (PSK,WSPR...) require frequency accuracy

* Dnift with age

 Know your rig and be able to optimize its performance

» Participate in semi-annual ARRL Frequency Measuring lest
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ARRL FREQUENCY
MEASURING TEST

* Began in |93
* [wice a year — April and November
» Measure frequencies over the air

» Goal Is | Hz or better accuracy — measure and report
to the nearest 0.0 Hz

» |00 - |30 participants worldwide
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Audio Cable Computer

These Three Things and Some Free Software
Get You Measuring Within | Hz
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BEIREE S| EP PROCESS

|. Load software and set it up
2. Calibrate your computer

3. Calibrate your rig

Total Time = One Hour




FREE SOF T WARE

Windows
» Spectrum L ab

*  http://www.gsl.net/dl4yht/spectra | .html
* Installation tutorial at:
*  http//www.velazx.net/technical/FM T/Speclablnfo.pdf

Mac/Linux/Windows

* http://www.w | hkj.com/Fldigl.html

* Download, installation and help files on main webpage
VO PR

* http://physics.princeton.edu/pulsar/K 1| T/wspr.html
* http://physics.princeton.edu/pulsar/K 1| T/FMT_Userpdf
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B spectrum Lab v2.81 b17 =X
Fle Start/Stop Options Quick Settings Components View/Windows Help @
Freq | Time| ROF |

vfo|10 700 000 Hz
fc [601.35 Bz EEEI
sp|54.321 Hz

2]+ -] 2] ¥
—Cursor [N} j
$87.68822 Hz
-30.130 dB
11:49.40.5
Color Palette
B« 2]
Glad e
20048 0 200 |
Default seftings
Capture now
Time: 15:49:48.2

peak at 298 94 Hz I

* Very versatile and accurate

* Will run in Linux/Wine or Mac/Parallels at reduced capability
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TRX Control l Memery I Filenames | Audio Files ] Markers

spectrum(1) | .@ | @ | .® | RadioDF | FFT D AD/DA Server

20048 0 200 —Input Device / Pipe / Driver——————— | rAudio Processing = 1 wamplerate Calibrator
Io Santa Cruz(tm) Lj_]} | Soundcard Sample Rate |44100 :J Correct Frequency
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params:l | decimate input SR by |1 :J ‘
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i = Ctrll other sources >=| | Resample.. | nothing (don't resample) j ey k2
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nominal: {11025 S ||
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Output latency comp. |0 ms - Rgs.arﬁphng Ay e LI ] l
VQ input adjustment. .. (I st A I

Shown: Settings for Analyser 1, channel 1 (L)

/ Apply H Close l ? Help
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| Width of one FFT-bin: 60 6630 mHz

| Equiv. noise bandwvidth: 90.9946 mHz

| Max freq range: 351.524 Hz .. 843 476 Hz

| FFT windowy time (length): 16.48 s

| FFT windowy overlap: 96.9 % (automatic)
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Warning: Audio output device name doesn't match any A Shown: Settings for Analyser 1, channel 1 (L)
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WAVVAV,

BroadcastFormat

Viatelephone (303)499-7111 '
(NotaToll-FreeNumber) Station ID

440 Hz 1-Hour Mark
NIST Reserved

/

Storm
Information
uUTC VOICE
ANNOUNCEMENT
LOCATION
40°40'49.0"N; 105°02'27.0" W
AND RADIATED POWER
2.5 MHz - 2.5 kW 10 MHz - 10 kW | | GPS
5 MHz - 10 kW 15 MHz - 10 kW d Reports
20 MHz - 2.5 kW
NIST Reserved

FOR ADDITIONAL INFORMATION CONTACT
NIST RADIO STATION WWV

2000 EAST COUNTY RD. 58 Geoalerts
FORT COLLINS, CO 80524
Qv nist.radio @ boulder.nist.gov v e BEGINNING OF EACH HOUR IS IDENTIFIED BY 0.8
& <0 SECOND LONG, 1500 Hz TONE.

e 12BEGINNING OF EACH MINUTE IDENTIFIED
BY 0.8 SECOND LONG, 1000 Hz TONE.

e THE 29TH AND 59TH SECOND PULSES OF EACH
MINUTE ARE OMITTED.

30
Station ID Minutes ® 440 Hz TONE IS OMITTED DURING FIRST
HOUR OF EACH DAY.
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2-3 hour warm-up
* Tune to any W WYV in AM
mode

* Measure frequency during
600 Hz tone

* Apply correction

Avoid sunrise/sunset times

(WWY Doppler)
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Apply correction

Avoid sunrise/sunset times

TRX Control | Memory | Fienames | Audio Files
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spectrum(1) | .2 | @ | .@ | RadioDF | FFT Audio O | ADIDA Server |
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‘ Resampling quality

' I minimize latency

11025
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=
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Shown: Settings for Analyser 1, channel 1 (L)

v Apply
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535 53¢ 537 538 £33 600 601 §02 §03 e|34 GTS e»lje s‘i'r ETE s‘|3-9 |
Ll | uluulunlnuluuluu L1 |u1U1uJ.|_|.|.LL||n|uu|nu AHRTTARAATRTA AN . _ - )
""""" 5 — __ll:L by SpecLab Configuration and Display Control - [EI_]
- — — = 7‘ = 3 — |l TRX Control ] Memory I Filenames I Audio Files Markers E— l Freg-Resp l
spectum(1) | . @ | @ | .@ | RadioDF | FFT D ADIDA Server |
2_ 3 h O U r Wa rm = U p —Input Device / Pipe / Driver——— —Audio Processing : — | [ Samplerate Calibrator
Io Santa Cruz(tm) _I_l Soundcard Sample Rate |4~100 _vJ || Correct Frequency
B f W WYV in AM | | decimate input s o] ﬁ!» 600
params: | .
U n e O a’ny l n I e : || Displayed Freguency |
g le other sources == | Resample.. Inothlng (dont resample) _VJ (| e '
. ' Sample Rate Calibration Table [Hz] 1]
m O d e timeout [ms] [S00 | Nominal | Input calib | Output calib |A: Calibrate Input SR
—Output Devuce/Pnpe/Dnver — | /|16000 |16000.00C |16000.00C |
: 0 Santa Cruz(tm) vl .. 22050 |22050.000 122050000 = Calibrate Qutput SR
Measure frequency durl ng I I -_l_" 32000 SZCC;.Z‘CS 33085 ;CC I suiictslaie
sz {44100 |4424590765 54247 451638 (v

inad [ | || Conti Calib...
6OO HZ 'tone II;?"C:'“'II other destinations >>/ | = resample to nominal output S.R. ‘ rhrkaisoiam:

' [T use different sample rate for output

? about SR calib.

A | p 16 v | bits/zsample | nominal: 111025 sis ||
pp >/ Correc-tlon Zst::::t:\n::::ompl.— litireom(:utput Resampling quality medium LI;
4 A ° VQ input adjustment... [— rminrimi;e Iqteqcy |
Avoid sunrise/sunset times
Shown: Settings for Analyser 1, channel 1 (L)
Y 4 Help
(WWY Doppler) l Lo ] Bome| 24




COMPUTER CALIBRATION
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""""" 5 - |hY SpecLab Configuration and Display Control - [EI_]
; . — = 7‘ — 3 — | TRX Control ] Memery I Filenames I Audio Files Markers i — l Freg-Resp l
2 3 h spectrum(1) | .2 | @ | .@ | RadioDF | FFT D AD/DA Server |
<} OUF Warl | I—Up ~Input Device / Pipe / Driver——— —Audio Processing—— | [ Samplerate Calibrator-
Io Santa Cruz(tm) _I_l Soundcard Sample Rate |4~100 _vJ Correct Frequency

600

TU n e _to any W W \/ i n AM params;l | ; decimate input SR bl
[ 15 CtrlI other sources >>| | Resample.. Inothing |2t reeam. |
m O d e timeout [ms] 500 Sample Rate Calibrati

Displayed Freguency |
501.8912

J Nominal | Input calib t calib Calibrate Input SR
—Output Device / Pipe / Driver———— || 16000 | 16000.000 -5ccc 000
' 0 Santa Cruz(tm) | lI22050 |220s0.000 |22050.000 |=] :
Measure frequency durlng | ané — ‘:I_‘ 32000 3:335 ;cc 3:002 ;cc (s it ot
params:| 124100 |44247.40163 54247 421638 v

inad [ | || Conti Calib...
6OO HZ 'tone II;?"C:'“'II other destinations >>/ | = resample to nominal output S.R. ‘ rhrkaisoiam:

' [T use different sample rate for output

~

16 v | bits/zample

? about SR calib.

' ﬁ nominal: {11025 Sis ||
Apply correction " it [ B0 ety [ 3]
4 A ° VQ input adjustment... [— rminrimi;e Iqteqcy |
Avoid sunrise/sunset times
Shown: Settings for Analyser 1, channel 1 (L)
Y 4 Help
(WWY Doppler) I ooy | Boese| 2




COMPUTER CALIBRATION

BEX]
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; . — = 7‘ — 3 — | TRX Control ] Memery I Filenames I Audio Files Markers i — l Freg-Resp l
2 3 h spectrum(1) | .2 | @ | .@ | RadioDF | FFT D AD/DA Server |
<} OUF Warl | I—Up ~Input Device / Pipe / Driver——— —Audio Processing—— | [ Samplerate Calibrator-
Io Santa Cruz(tm) _I_l Soundcard Sample Rate |4~100 _vJ Correct Frequency

600

TU n e _to any W W \/ i n AM params;l | ; decimate input SR bl |
(12 le other sources == | Resample.. Inothing { [21 resam 'Sz‘?);f-: :recwency ;
; || Sample Rate Calibrati EE 'H! -

m O d e timeout [ms] |S00 [l

J Nominal | Input calib t calib M
—Output Device / Pipe / Driver———— || 16000 | 16000.000 -5ccc 000
, 0 Santa Cruz(tm) | lI22050 |220s0.000 |22050.000 |=]
Measure frequency durlng | ané — ‘:I_‘ 32000 3:335 ;cc 3:002 ;cc (s it ot
params:| 124100 |44247.40163 54247 421638 v

inad [ | || Conti Calib...
6OO HZ 'tone II;?"C:'“'II other destinations >>/ | = resample to nominal output S.R. ‘ rhrkaisoiam:

' [T use different sample rate for output

~

16 v | bits/zample

? about SR calib.

' ﬁ nominal: {11025 Sis ||
Apply correction " it [ B0 ety [ 3]
4 A ° VQ input adjustment... [— rminrimi;e Iqteqcy |
Avoid sunrise/sunset times
Shown: Settings for Analyser 1, channel 1 (L)
Y 4 Help
(WWY Doppler) I ooy | Boese| 2




COMPUTER CALIBRATION

BEX]

ws Help

59¢ 597

€01 602

lUiLulJJJJ.LLLI|n|||||I||||

o

Avoid sunrise/sunset times

2-3 hour vvarm—up
Tune to any W WYV in AM
mode

Measure frequency during
600 Hz tone

Apply correction

(WWY Doppler)

04 s05
I

I uuu

[{ SpecLab Configuration and Display Control

EX)

TRX Control | Memory | Fienames | Audio Files

spectrum(1) | @ | .@
—Input Device / Pipe / Driver————

IO Santa Cruz(tm)

params:l

= CtrlI

timeout [ms]

other sources ==/

S00

‘-OutputDevuce/Pnpe/DrNer ——

IO Santa Cruz(tm) _:I_J
1 params:l
= Ctrll other destinations =/ |
16 v | bits/zsample

[v Stereo Input

Output latency comp. IO ms
VQ input adjustment...

| @

| Radio DF

—Audio Processing

_I_] Soundcard Sample Rate |4~100

decimate input SR b

| Resample.. Inothing|
' | Sample Rate Calibrati

Markers

l Freg-Resp

udio VO | )AD/DA Server

FED

— | [ Samplerate Calibrator

=]

m&

| Stereo Output

nominal:

Resampling quality
|7 minimize latency

'| I~ resample to nominal output S.R.

11025

| || Nominal | Input calib t calib
(| 16000 |16000.000C -6CCC 000
22050 |22050.000 |22050.000 |
132000 |32000.000 |32000.000
|44100  |44247.49163 44247.491638 v |

: ' [T use different sample rate for output
Sis ||

medium

|| Calibrate Output SR

'| Continuous Calib...

=

Correct Frequency
600

601.9912

Calibrate lnput SR

? about SR calib.

Displayed Freguency |

|
|

Shown: Settings for Analyser 1, channel 1 (L)

4 B close I ? Help




COMPUTER CAUBRAT\ON

ttings Components View/Windows Help @

After calibration, we're within 0.0023 Hz



RIG CALIBRATION

[ E o (o\L/5B
FRRNRE o> Mz VW WYV

3. Re-tune to 14,999.400 KHz =W WV - 600 Hz

4. Measure the frequency of the carrier
5. Adjust your rig (If possible) to center the carrier
at 600 Hz — consult manual




RIG CALIBRATION

[ E o (o\L/5B
FRRNRE o> Mz VW WYV

3. Re-tune to 14,999.400 KHz =W WV - 600 Hz

4. Measure the frequency of the carrier
5. Adjust your rig (If possible) to center the carrier
at 600 Hz — consult manual

WWV

Tuner

Freg
IR e e R

14,999.4 15,000



RIG CALIBRATION

[ E o (o\L/5B
FRRNRE o> Mz VW WYV

3. Re-tune to 14,999.400 KHz =W WV - 600 Hz

4. Measure the frequency of the carrier
5. Adjust your rig (If possible) to center the carrier
at 600 Hz — consult manual

WWV

Tuner

Freq USB Passband
_d —S

14,999.4 15,000
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RIG CALIBRATION

MR USE

5> MHz W WYV

3. Re-tune to 14,999.400 KHz =W WV - 600 Hz

4. Measure the frequency of the carrier

SR CGESE /oL g (IT possible) to center thErcarEl
at 600 Hz — consult manual

View/Mindows Help




RIG CALIBRATION

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Offset (Hz)

-0.1
-0.2

-0.3
3.33 5 7.85 10 15 20 25

Frequency (MHz)

* Measure all W WV and CHU frequencies (-600 Hz)

« Make a correction chart based on WWYV and CHU
measurements



FLDIG

File OpMode Configure View Logbook Help R¥D | 6D | TUNE|

Frq | 15000 600 On O 1510 In Out
¥ |Call Op Az
A v v &5 #)|on St Pr Loc

Ref: FLDIGI Users Manual - Operating
» Digiscope Display - W W'V mode
* Frequency Analyzer (v. 3.21)

WWv ML # SQL




FLDIG

File Configure View Logbook Help R¥D |~ TMD |/ TUNE

cw NO NNON Frg 15000.600 On Off 1310 In Out
Contesta ' AV AVIAV VAV, % call Op Az
»

DominoEX
A | Hell ’ v | 2I5]([¥]]| Qth St Pr Loc
MFSK
MTE3
Olivia
PSK
QPSK
BPSK
PSKR » I
RTTY
THOR
Throb
WEFAX

o Ref: FLDIGI Users Manual - Operating

Freq Scan

o » Digiscope Display - W W'V mode
* Frequency Analyzer (v. 3.21)

WF < | -18 > < 70 > » 4« | mn NORM “d | « 600 [ > | Store Lk R




FLDIG

File Configure View Logbook Help R¥D |~ TMD |r TUNE|

cw
Contesta
DominoEX

A | Hell , v | 2I5]([¥]]| Qth St Pr Loc

MFSK

MTE3

Qlivia

PSK

QPSK

BPSK

PSKR » I
RTTY

THOR

Throb

WEFAX

| Ref: FLDIGI Users Manual - Operating
R - Digiscope Display - W WYV mode
| * Frequency Analyzer (v. 3.21)

WF 4| -18 > 4 70 > » 4« (N NORM “d | « 600 [ > | Store Lk
W M4 30 [me e




FEDIGI SETUE

Computer Calibration — Part |
I clectOp Mode - W WV
2. SelectView - Floating Scope

3. Select Configure - Sound Card



FEDIGI SETUE

Computer Calibration — Part |
ect Op Mode - W WYV

. Se
2. Se
3. Se

cCl
cCl

L View - Floating Scope

. Configure - Sound Card




FLDIGI SETUP

Computer Calibration — Part |

ect Op Mode - W WYV
ect View - Floating Scope

ect Configure - Sound Card

Fildigi configuration
Operator | Ul | Waterfall Modems | Rig Audio | ID | Misc | Web | Autostart| IO

Devices Settings = Rightchannel Wav

Sample rate

) Converter _
Native 'wi Capture Fastest Sinc Interpolator -
Native w  Playback
Corrections
0 = RX ppm 0 s TXppm 0 'S TXoffset

Restore defaults Sawe Close

LU




FLDIGI SETUP

Computer Calibration — Part |

|
s
3

Select Op Mode - W WYV
Select View - Floating Scope

Select Configure - Sound Card

Rig - Audio | IDBl Misc | Web | Autostart| 10

Operalg gfall | Modems
Dewvi ightchannel WaN
Sample rate
) Conwerter _
Native v Capture Fastest Sinc Interpolator A 4
Native w Playback
Corrections
0 < RXppm [0 S TXppm 0 = TX offset

Restore defaults Sawe Close

~ "~
wLOU




FEDIGI SETUE

Computer Calibration — Part |
e cleclTOp Mode - VW VWV
2. SelectView - Floating Scope

3. Select Configure - Sound Card

M a|<e Samp;e rate
corrections _—

'w! Capture Fastest Sinc Interpolator v

Native w | Playback

h e re Corrections
ﬁo Srxeem 0 @m0 [gmome

Restore defaults Sawe Close




FEDIGI SETUE

Computer Calibration — Part ||
B CRRIcerANM — TUne To amy ViVavvay

2. Apply’

RX ppm’ corrections to make

the scope line vertical

REREED)
Digisco

Gl Users Manual

e Display — W WV Mode

SSSSS

‘ . ‘ ‘ \ ' . .
| | | i ' \ O
| ‘ | | | ‘ : |
| | ' | ! | . | | |
L Ll | l | , ;
! !




FLDIGI RIG CALIBRATION

- RRc o USE — tune to W W V - 600NEIZ
2. Select Op Mode - Freg Analysis

3. Adjust rig so watertfall is exactly at 600 Hz



FLDIGI RIG CALIBRATION

- RRc o USE — tune to W W V - 600NEIZ
2. Select Op Mode - Freg Analysis

3. Adjust rig so watertfall is exactly at 600 Hz

[ ] csvon [ csvor D e e ¢
' 500 000

_ WF |« 20 [»)«q] 40 ) x4 [« [m]» ] NorRM JeJ«] 600 [»[w] asy | swre |iik | r TR I

mmmmm | 14999999.9 | -2.6,0.0071 [ writing csv file |[«|¢] 0 [»|nO saL |




FLDIGI RIG CALIBRATION

- RRc o USE — tune to W W V - 600NEIZ
2. Select Op Mode - Freg Analysis

3. Adjust rig so watertfall is exactly at 600 Hz

[ Jevon [esvor [ [ | TR
500 000

| wr J«q] 20 [»)e] 40 o] x4 [« ]m]» ] NorRM Jee]«] 600 [»]w] asy | swre ik | (M TR
ANALYSIS | 14999999.9 | -2.6,0.0071 | writing csv file |« 4] 30 [»|®O saL |

Error

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

rrrrr



FLDIGI RIG CALIBRATION

- RRc o USE — tune to W W V - 600NEIZ
2. Select Op Mode - Freg Analysis

3. Adjust rig so watertfall is exactly at 600 Hz

Need two macros — Handout

[ wr ] 20 [»[«] a0 o] w4 [« ]m]» ] NorRM Jea]«] 600 [»]w] asv | swore |k | (M TR
ANALYSIS | 14999999.9 | -2.6,0.0071 | writing csv file |« 4] 0 | saL |

Error

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

rrrrr
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SMARTPHONE RIG CAL

° Smartphones are surprisingly
accurate, but need good signals



SMARTPHONE RIG CAL

° Smartphones are surprisingly
accurate, but need good signals

* Look for “Piano Tuning’ or “Guirtar
Tuning” In your app store - several

free apps give 0. Hz readout



SMARTPHONE RIG CAL

AT&T = 11:32 AM

° Smartphones are surprisingly

Equal Temperament

accurate, but need good signals D5 600.0Hz

* Look for“Piano Tuning” or “Gurtar § 20 0 °

Tuning” In your app store - several

free apps give 0. Hz readout

CLEARTUNE MWW @



SMARTPHONE RIG CAL

AT&T = 11:32 AM

° Smartphones are surprisingly

Equal Temperament

accurate, but need good signals D5 600.0Hz

* Look for“Piano Tuning” or “Gurtar § 20 0 °

Tuning” In your app store - several

free apps give 0.1 Hz readout

* Hams have successfully
participated in the FMT with
Android tablets

CLEARTUNE MWW\ @



FREQUENCY MEASURING

Tune below frequency so sidetone Is about 600 Hz

Broadcast Frequency = 9,980 KHz



FREQUENCY MEASURING

Tune below frequency so sidetone Is about 600 Hz
O Tt

1 3 B 6 USB
11111111111 . _' ¢ ' “ ' @
SWR r L. RF 50 100 ANT1 ATU TX
AGC- F PRE L_
| XFIL
. —xm.— S Uit



FREQUENCY MEASURING

Tune below frequency so sidetone Is about 600 Hz

S1 3 8 20 40 60 5’919 ‘I USB
T i R ‘ UM ®
rrreYrm -~
SWR 2 3 RF 50 100 e ANT1 e ATU X
| — XFIL —— "-, ‘n 9 ,—' '_,
_ Rt [T S ] 1
Spectrum Lab V2.81 b17
Fle Start/Stop Options Quick Settings Components View/Windows Help .

Freq | Time| ROF |

vfo|1o 700 000 Hz
fc [590.71 Bz o_pt‘
sp [20.188 Hz

3 e B3 S il 1
Cursor [N]

$90.25880 Hz

0.0563 ¢B

15:32:16.7

Color Palette
Bl =
Cld] ]

I




FREQUENCY MEASURING

Tune below frequency so sidetone Is about 600 Hz
5.3 1SS

S1 3 8§ 7 9 20 40 60

i

r{sTYyr7 rrrrrrrrrermM

SWR 2 3 RF 50 100 ANT1 1P
AGC- F PRE

{14 b G

_mmm ¢ —oe— (1 IO

Spectrum Lab V2.81 b17

BEx)

Fle Start/Stop Options Quick Settings Components View/Windows Help @
Freq | Time| ROF |

vfollo 700 000 Hz
fc [590.71 Bz o_pt‘
sp [20.188 Hz

R B R S il

Cursor [N}
$90.25880 Hz
0.0583 dB
15:32:16.7

Color Palette
B« B
Cld] |

Il

Z, so offset Is subtracted

Offset error =




FREQUENCY MEASURING

Tune below frequency so sidetone Is about 600 Hz
S1 3 5 7 § 20l -' -' 1 usB
i .J.b { B.L‘B

TvI8sP! KT
SWR 2 3 RF 50 100 ANT1 ATU

AGC- F PRE

(BB BER
e e— (] YA

FL1

@

Spectrum Lab V2.81 b17 Q@\

Fle Start/Stop Options Quick Settings Components View/\Windows Help .
Freq | Time| RDF |

v.‘o|10 700 000 Hz
fc [590.71 Bz ﬂtj
sp [20.188 Hz

o B2 R I il
Cursor [N}

590.25850 Hz

0.0563 ¢B
15:32:16.7

Color Palette

Offset error = +0.14 | Hz, so offset Is subtracted

TurEr s SpEalbhnliElel s QliksEn = HisaLEcy




FREQUENCY MEASURING

Tune below frequency so sidetone Is about 600 Hz

S1 35§79 20 40 60 -'9 " USB

TITIT11111]) I ‘ L A

TvI8sP! KT N

SWR 2 3 RF 50 100 Pt ANT1 B ATU X

A < | o—
mm T  —~— ([0
e FL1 1 P B L“_l

§ Spectrum Lab V2.81 b17 MR X
r-l Start/Stop Qpnor' Q-cSemgs gmpo t \ doasﬁelpi‘ R
Freq | Time| RDF |
-,fom Hz

fc [590.71 Bz ffﬂ
sp [20.188 Hz

e Jo3 53 B el T
Cursor [N}
$90.25850 Hz
0.0563 ¢B
15:32:16.7

0.14

Offset error =

| Hz, so offset Is subtracted

TurEr s SpEeblhn

Lalp =& i

set = Frequency

9 o

RSP0 ) - 0.4

| = 9,979,770 8 EisiE




FREQUENCY MEASURING TEST

Test announcement in QST and:
http://www.arrl.org/frequency-measuring-test

Data entry page and previous results are at:
http://www.b4h.net/Tmt/

Test Format (three frequencies):
- 5> minute call-up
2 minute test (carrier or tone)

| minute sign-oft
Go to designated website and enter data to nearest .0l Hz
Perform calibrations before and after the test!



FREQUENCY MEASURING TEST

Test announcement in QST and:
http://www.arrl.org/frequency-measuring-test

Data entry page and previous results are at:

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

ARRL it April 2015 Frequency Measurement Test
AMATEUR RADIO
Results
s April 9, 2015
Data Entry Actual Radio Frequencies (Hz):
Apr 2015 Results 80m 40m 20m
KS5CM 3,598,437.38/7,055,633.92
Nov 2014 Results WAGLZTY 14,121,570.83
Apr 2014 Results Note: The requirement to be included in the green box was changed to +/- 1.5 Hz for 20 meters due to calibration issues at the transmitter that were discovered after the FMT. These issues have been

corrected and will not be a problem in subsequent FMTs.

KSCM/WABZTY All (<=1/1.5 Hz):

Nov 2013 Results

Apr 2013 Results AAGLK, AB2UW, AB4RS, AC2DE, AF9A, AG2M, K1GGI, K2LYV, K31Q, K3KO, K4BYN, K4KJQ, KATRH, KSCM, KSRKS, K6APW/7, K6IQL, K6LU, K6OQK, K7HIL, K7KMQ, KIKK, KB2MN, KB8W, KCO9DOA, KD2BD,
KG6HSQ, KISEE, KIBS, KK6ITL, KMEQX, KU4PY, NOEXM, N3CRT, N3FG, N3IZN, N4AU, NSDM, N6SKM, N7EP, NSOB, NRSON, NY7T, VE2IQ, WOCZ, WOHBK, W1KU, W2FD, W3JW, W3SA, W4ILE, W5LAC,

Nov 2012 Results WEBM, WEIHG, WEOQI, W7PUA, WSBIMA, WALABI, WA4FIC, WAGRZW, WBOLXZ, WB3AKD, WB4ALM, WBGBNQ, WBSTFV

Apr 2012 Results K5CM 80 (<=1 Hz):
AADCL, AAGLK, AB2UW, AB4RS, AC2DE, AD3Y, AF9A, AG2M, K1GGI, K2LYV, K3)Q, K3IKO, K4BYN, K4KIQ, K4TRH, KSCM, KSRKS, K6APW/7, K6IQL, K6LU, K6OQK, K7HIL, K7KMQ, KKK, KB2MN, KBSW,

Nov 2011 Results KC2LNC, KC2SYK, KC9DOA, KD2BD, KDSMMM, KGOHY, KG6HSQ, KISEE, KI8S, KK6JTL, KK6KFQ, KMEQX, KN1H, KU4PY, NOEXM, N3CRT, N3FG, N3IZN, N4AU, NSDM, NSLUL, N6SKM, N7EP, NS8OB, N8SBE,
NOCIF, NRSON, NY7T, VE2IQ, WOCZ, WOHBK, WOPHD, W1KU, W2FD, W3FAY, W3IW, W3SA, W4ILE, W5A), WSLAC, W5TV, WEBM, WEIHG, WE0QI, W7KPZ, W7PUA, WBIMA, W928, WA1ABI, WAIN,

Apr 2011 Results WAAQFIC, WAGRZW, WAGZTY, WBOLXZ, WBOOEW, WB3AKD, WB4ALM, WBEBNQ, WBEHYD, WBBTFV, WCB), WX4TW

Nov 2010 Results K5CM 80 (>1 to <=5 Hz):

AC2EU, ACSP, K1IG, K9R), KASGSVR, KCSDAT, KDSHIP, KKAKAZ, KK7UQ, N8XKZ, NVSM, W3DAD, WSNZ, WSFIB, WSINE, WA7ZVY, WB2CMF

Apr 2010 Results
KSCM 80 (>5 to <=10 Hz):

Nov 2009 Results ABLIUY, KC1ANM, NY2G

Jul 2009 Results KSCM 80 (>10 Hz):
AGETW, AKEC, KGSFE, VK2CZ, WARYF, W7KBW, WSBL, WAOYCY, WB3)FS, WW3S

Nov 2008 Results KS5CM 40 (<=1 Hz):

May 2008 Results  AAGLK, AB2UW, ABARS, AC2DE, AF9A, AG2M, AK6C, K1GGI, K1IG, K2LYV, K3)Q, K3KO, K4BYN, K4K]Q, KATRH, K5CM, KSRKS, KEAPW/7, K6IQL, K6LU, K6OQK, KZHIL, K7KMQ, KIKK, K9R), KAISVR,
KB2MN, KB8W, KC2LNC, KCSDAT, KC9DOA, KD2BD, KDSMMM, KG6HSQ, KISEE, KI8S, KK6ITL, KK6KFQ, KMEQX, KU4PY, NOEXM, N3CRT, N3FG, N3IZN, N4AU, NSDM, NSLUL, N6SKM, N7EP, N8OB, NSSBE,
Nov 2007 Results NBXKZ, N9CIF, NRSON, NV5M, NY7T, SVIXV, SVBQG, VE2IQ, WOCZ, WOHBK, W1KU, W2FD, W3FAY, W3IW, W3SA, WAEDX, W4ILE, W5A), WSLAC, WSNZ, W6BM, WEIHG, WEOQI, W7CQ, W7PUA, WSBL,

WEFIB, WBIMA, WSINE, WALABI, WAA4FIC, WAGRZW, WAGZTY, WBOLXZ, WB2CMF, WB3AKD, WB4ALM, WBGBNQ, WBEHYD, WBETFV, WCB)



FREQUENCY MEASURING TEST

Test announcement in QST and:
http://www.arrl.org/frequency-measuring-test

Data entry page and previous results are at:

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

ARRL it April 2015 Frequency Measurement Test

AMATEUR RADIO
Results

s April 9, 2015

Data Entry

[T e T om Actuals to nearest 0.0 Hz

KS5CM 3,598,437.38 7,055,633.92
Nov 2014 Results WABZTY 14,121,570.83

Apr 2014 Results Note: The requirement to be included in the green box was changed to +/- 1.5 Mz for 20 meters due to calibration issues at the transmitter that were discovered after the FMT. These issues have been
corrected and will not be a problem in subsequent FMTs.

Nov 2013 Results
KSCM/WAGBZTY All (<=1/1.5 Hz):

Apr 2013 Results AAGLK, AB2UW, AB4RS, AC2DE, AF9A, AG2M, K1GGI, K2LYV, K31Q, K3KO, K4BYN, K4KJQ, KATRH, KSCM, KSRKS, K6APW/7, K6IQL, K6LU, K6OQK, K7HIL, K7KMQ, KIKK, KB2MN, KB8W, KCO9DOA, KD2BD,
KG6HSQ, KISEE, KIBS, KK6ITL, KMEQX, KU4PY, NOEXM, N3CRT, N3FG, N3IZN, N4AU, NSDM, N6SKM, N7EP, NSOB, NRSON, NY7T, VE2IQ, WOCZ, WOHBK, W1KU, W2FD, W3JW, W3SA, W4ILE, W5LAC,

Nov 2012 Results WEBM, WEIHG, WEOQI, W7PUA, WSBIMA, WALABI, WA4FIC, WAGRZW, WBOLXZ, WB3AKD, WB4ALM, WBGBNQ, WBSTFV

Apr 2012 Results K5CM 80 (<=1 Hz):
AADCL, AAGLK, AB2UW, AB4RS, AC2DE, AD3Y, AF9A, AG2M, K1GGI, K2LYV, K3)Q, K3IKO, K4BYN, K4KIQ, K4TRH, KSCM, KSRKS, K6APW/7, K6IQL, K6LU, K6OQK, K7HIL, K7KMQ, KKK, KB2MN, KBSW,

Nov 2011 Results KC2LNC, KC2SYK, KC9DOA, KD2BD, KDSMMM, KGOHY, KG6HSQ, KISEE, KI8S, KK6JTL, KK6KFQ, KMEQX, KN1H, KU4PY, NOEXM, N3CRT, N3FG, N3IZN, N4AU, NSDM, NSLUL, N6SKM, N7EP, NS8OB, N8SBE,
NOCIF, NRSON, NY7T, VE2IQ, WOCZ, WOHBK, WOPHD, W1KU, W2FD, W3FAY, W3IW, W3SA, W4ILE, W5A), WSLAC, W5TV, WEBM, WEIHG, WE0QI, W7KPZ, W7PUA, WBIMA, W928, WA1ABI, WAIN,

Apr 2011 Results WAAFIC, WAGRZW, WAGZTY, WBOLXZ, WBOOEW, WB3AKD, WB4ALM, WBGBNQ, WBEHYD, WBBTFV, WCB), WX4TW

Nov 2010 Results K5CM 80 (>1 to <=5 Hz):

AC2EU, ACSP, K1IG, K9R), KASGSVR, KCSDAT, KDSHIP, KKAKAZ, KK7UQ, N8XKZ, NVSM, W3DAD, WSNZ, WSFIB, WSINE, WA7ZVY, WB2CMF

Apr 2010 Results
KSCM 80 (>5 to <=10 Hz):

Nov 2009 Results ABLIUY, KC1ANM, NY2G

Jul 2009 Results KSCM 80 (>10 Hz):
AGETW, AKEC, KGSFE, VK2CZ, WARYF, W7KBW, WSBL, WAOYCY, WB3)FS, WW3S

Nov 2008 Results KS5CM 40 (<=1 Hz):

May 2008 Results AAGLK, AB2UW, ABARS, AC2DE, AF9A, AG2M, AK6C, K1GGI, K1IG, K2LYV, K31Q, K3KO, K4BYN, K4KJQ, KATRH, KSCM, KSRKS, K6APW/7, K6IQL, K6LU, K6OQK, K7HIL, K7KMQ, KIKK, K9R), KAISVR,
KB2MN, KB8W, KC2LNC, KCSDAT, KCO9DOA, KD2BD, KDSMMM, KGEHSQ, KISEE, KI8S, KK6ITL, KK6KFQ, KMEQX, KU4PY, NOEXM, N3CRT, N3FG, N3IZN, N4AU, NSDM, NSLUL, N6SKM, N7EP, NBOB, NBSBE,
Nov 2007 Results NBXKZ, N9CIF, NRSON, NV5M, NY7T, SV1XV, SVBQG, VE2IQ, WOCZ, WOHBK, W1KU, W2FD, W3FAY, W3IW, W3SA, WAEDX, W4ILE, W5A), WSLAC, WSNZ, W6BM, WEIHG, W60QI, W7CQ, W7PUA, WSBL,

WEFIB, WBIMA, WSINE, WALABI, WAA4FIC, WAGRZW, WAGZTY, WBOLXZ, WB2CMF, WB3AKD, WB4ALM, WBEBNQ, WBEHYD, WBSBTFV, WC8)
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FEC HINIQUES FOIS
THE TRULY FANATICAL*

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

a 10 MHz GPSDO (GPS Disciplined Oscillator) signal

into your receiver and computer for nanosecond accuracy

* Warm up recelver for 48 hours In a temperature
controlled blanket
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FEC HINIQUES FOIS
THE TRULY FANATICAL*

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

a 10 MHz GPSDO (GPS Disciplined Oscillator) signal

into your receiver and computer for nanosecond accuracy

* Warm up recelver for 48 hours In a temperature
controlled blanket

* No guarantee of accuracy improvement



RIG CALIBRATION

Hl Calibration the Frequency (approximate)

Ibrate the frequency of the transceiver. However, a

rough check may be performed by receiving radio sta- 25955595
tion WWV, WWVH, or other standard frequency sig- o @ @

A very accurate frequency counter is required to cal-
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nals.
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RIG CALIBRATION

|
B Calibration the Frequency (%ﬁﬁ;é)

very accurate irequency counter Is required 1o ca — OO0 E
|-—|

Ibrate the frequency of the transceiver. However, a

rough check may be performed by receiving radio sta- ;%@B
tion WWV, WWVH, or other standard frequency sig- o @ O

nals.




