(C) 2021




yht choice.

No one wants
Vhich Rig Should |

® But does this I¢ ceiver?

® The ARRL or RSGB don’t recommend spe transceivers. But both publish bench tests of selected rigs.

Rob Sherwood NCOB has published a table of his suite of bench tests for receiving. The popular website,
® eHam.net, has crowd-sourced, volunteered satisfaction ratings and narratives of amateur radio products.
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o oy talks!

[

® But how much ¢

® This can be somewhat like a dog-tail chasing exercise although it’s not those sources per
A se that are challenging. It's putting them together in a coherent way.
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duct

Ne workbench

assessn aaks his mind as an RF

[

engineer.

* This dataset is used to investigate the relationships among price, performance and satisfaction
. for individual rigs. This is the first time anyone has reported such a study to my knowledge.
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* A few 1am.net. These were

omitted fro e | “second” measurements due to

a key upgrade or some other modification. The first review (stock rig) was
A used to keep measurements consistent. A final count of 126 rigs were used.
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it by
t rig-to-

magazine. However,

some vini acturer’s catalogs for the

year of release, oth o Magazine, Monitoring Times, etc.)

or rig-tracking websites. Because the dollar values over a 50 year period change

substantially, | transformed the rig price data into 2019 dollar values using the BLS CPI.
O
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Price in 2019 Dollars

507

A e dashed curve
(distribution) ¢

Frequency

The median price is just over $3,00C ,177. The
modal category around $3,000 helps identify the
$3,000 mark as the central price point over the 50

: Mean = $4,254
" Median = $3,177
: SD = $3,925

T lfl  — —

year period, with inflation held constant.
0
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y, on the
s website!l
s his table in

order o nic fange in dB. His

rationale is that, afte yle criterion for the CW contest

operator, which he is. | have no doubt about NCOB'’s rationale. But not every ham is a CW

operator or contest participant so another aspect of the receiver’s performance might be
@ more relevant.
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http://www.sherweng.com/table.html

i b @)
Receiver Test Data
O (Terms Explained: DOC PDF) /
w O Sorted by Third-Order Dynamic Range Narrow Spaced - or- ARRL RMDR (Reciprocal Mixing Dynamic Range) if Phase Noise Limited A
Y O Note: The term blocking only applies to a superhet radio. For a direct sampling radio the value in the blocking column is the ADC overload point reference receiver noise floor.
° Updated 1 November 2019. Added Kenwood TS-2000X 2m data. 70cm and 23cm available in long form report.
O Device Robe 36C 100kHz 1O Spacing Front End Hilice D£21g11eiC Dlg:lgneic

Floor Thrshld Blocking Sensitivity ~ Noise

Ultimate
Under Test (dBm) @v) (dB) (uV) | (dBc/Hz)

Selectivity (B)

Wide Spaced kHz Narrow Spaced kHz
(dB) (dB)

dB
LO Noise Corrected 05/10/19 . 154
Yaesu : 3 >147 155 A Trk Presel >115 110 20 110 2
FTdx-101D
Added 9/29/14

FlexRadio Systems 3.0 130 preamp : 145
6700 Lob2 Var Off 155 B Band Pass 115 20&2

Hardware Updated

O—~

This screenshot is from his website for Receiver Test Data. If | used each performance

O measurement, they would likely give varying results which would amount to a judgment by the

reader on which measurement should s/he use? Yet, it’s challenging to make that judgment,

especially when it’s not necessary. So | used a statistical procedure to combine ALL of
\ O Sherwood's measurements into a single index of receive performance.
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PRINCIPAL
COMPONENTS
ANALYSIS

PCA is often used to create a linear composite from
several measurements. The Scree Plot has a
superimposed over the number of linear components
extracted from the 9 Sherwood Table measurements.
This is an eyeball test and is subjective but those above

the line are most important.

The 1% component appears to be very distinguishable
from the remainder so that one component score was
retained. It contains about 40% of all rig differences

on these 9 bench measurements.

The favorite measurement by NCOB, “close in” dynamic
range, the filter’s ultimate dB, and the local oscillator’s
noise spacing were the most dominant measurements

whereas noise floor was the least (see “Loadings”).
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Pattern Matrix

Sherwood Measurement:
Noise Floor (dBm)
AGC Threshold (uV)
100kHz Blocking (dB)
Sensitivity (uV)
LO Noise Spacing
FE Selectivity Ranking
Filter: Ultimate dB
Dynamic Range: Wide (dB)
Dynamic Range: Narrow (dB)

]
2
m
H
c
@
=3
|

Loading:

.278

A1
451
.518
-.817
.578
.843

.830

Communality:

.077
169
.203
.268
.668
.334
710
.558
.689

Initial Eigenvalues
Component: Total % of Variance Cumulative %
3.676 40.849 40.849
1.468 16.307 57.156
978 10.868 68.023
.938 10.417 78.440
662 7.353 85.793
.485 5.385 91.178
.388 4.310 95.488
.248 2.757 98.245
158 1.755 100.000

VOoONOU LA WN=

KMO and Bartlett's Test
KMO Measure of Sampling Adequacy
Bartlett's Test of Approx. Chi-5quare

Sphericity s?f
g.

Scree Plot

4 5 6
Component Number

Figure 1. Summary of Principal Components Analysis Results of Sherwood Table Measurements
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SHERWOOD
PERFORMANCE INDEX

| took the PCA’s 1" component score which
has a z-score metric (mean of O, SD of 1.0)
and used a common T-Score transformation
so that the resulting Sherwood Performance
Index (SPI) has a mean of 100 and a

standard deviation of 15, much like IQ tests.

The distribution of the SPI is nearly normal in
comparison to the dashed shown at
right. Rigs scored as low as in the 60s and as
high as over 140 on this composite of all

Sherwood Tests.
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Sherwood Performance Index

Mean = 100
Median = 99.53
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Sherwood Performance Index
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g, the

* Note that it is f| e life of the rig’s existence in

the market place and is not measured only just after release.
@
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Consumer Satisfaction

25

T
'

Mean = 4.64
Median = 4.7
SD = .284

(=
w
1

=

performan

Frequency

While this may reflect ¢
product line, we do not observe the

reviews of a specific rig. Work is underway to scrape the entire

(=
(=]
1

corpus of individual reviews and narratives for all amateur

products an services.

1 1 1
4.2 4.4 4.6
Avg eHam Score
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Year of Review
2014
2008
2016
2007
2014
2008
2015
1991
2007
2010

1981
2000
1974
1980

I 1973

1999
2002
@) 1976
1984
1971

Release Price $
$17,500.00
$13,500.00
$13,499.95
$10,600.00

$7,999.00
$7,000.00
$6,999.00
$6,850.00
$6,000.00
$5,500.00

$550.00
$549.00
$500.00
$500.00
$499.95
$499.00
$495.00
$490.00
$399.95
$320.00

Top 10 Rigs
Hilberling PT-8000A
Icom R9500
lcom IC-7851
Icom IC-7800
Kenwood TS-990S
Ilcom IC-7700
Flex Radio Systems 6700
JRC NRD-93
Icom IC-781
Yaesu Ftdx-5000D

Bottom 10 Rigs
Yaesu FRG-7700
Elecraft K2
Drake R-4C Stock
Kenwood R-1000
Drake R-4C/CF-600/6
Lowe HF-150
Palstar R-30
Heath SB-104
Kenwood R-600
Heath SB-303

Retail Price on Market Entry
Year of Review
1954
2014
1979
2008
2016
1966
2007
1991
1982
1990

TOP AND BOTTOM 10 RIGS IN PRICE

Price in 2019 $
$23,763.94
$18,904.73
$17,610.19
$16,033.21
$14,383.07
$14,382.14
$13,074.87
$12,860.10
$11,923.83
$11,738.33

$1,091.94

$1,042.26

$1,028.23
$984.29
$815.21
$782.44
$765.87
$737.88
$729.23
$703.57

Top 10 Rigs
Collins R-390A
Hilberling PT-8000A
Racal 6790 GM
Ilcom R9500
Ilcom IC-7851
Collins 51S1
Icom IC-7800
JRC NRD-93
Collins KWM-380
Ilcom IC-781

Bottom 10 Rigs
Ten-Tec Argonaut VI
Ilcom IC-703+
Drake SW8
Kenwood R-600
Elecraft K2
Elecraft KX2
Lowe HF-150
Flex Radio Systems FLEX-1500
Yaesu FT-891
Palstar R-30
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\ 0

‘A )

) Year of Review

1973
1996
1979
2019
2019
2018
1962
2001

1991
2016

/A

D

1971
1984
1981
®) 2015
1982

1979

O 2014
1985

) 1977
1993

Avg eHam Score

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

4.20
4.20
4.10
4.00
4.00
4.00
4.00
3.90
3.90
3.80

Consumer Satisfaction

Top 10 Rigs
Drake R-4C/CF-600/6
AOR 5000
Kenwood R-820S
Apache ANAN-200D
Yaesu Ftdx-101D
Apache ANAN-7000DLE
Collins 75-S3 Wing
Ten-Tec 340
JRC NRD-93
lcom IC-7851

Boftom 10 Rigs
Heath SB-303
Yaesu FT-757
Yaesu FRG-7700
Yaesu FT-991
Ilcom IC-720A
lcom IC-701
Hilberling PT-8000A
Yaesu FRG-8800
Atlas 350-XL
lcom IC-R72
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Year of Review
2019
2019
2019
2016
2019
2012
2015
2014

2016
2017

1999
1984
1974
1971
1980
1981
1976
1984
1984
1996

Performance Index
143.83
137.57
137.52
133.73
131.76
131.46
130.52
127.42

126.04
124.49

80.57
80.25
79.22
76.98
75.38
74.97
74.93
71.15
68.09
67.39

” TOP AND BOTTOM 10 RIGS IN PERFORMANCE AND
SATISFACTION

Performance

Top 10 Rigs
FlexRadio 6600M
Yaesu Ftdx-101D
FlexRadio 6400
lcom IC-7851
Kenwood TS-890S
Elecraft KX3
Flex Radio Systems 6700
Hilberling PT-8000A
Elecraft K3S
Elecraft KX2

Bottom 10 Rigs
Lowe HF-150
Kenwood TS-430S
Kenwood TS-520
Heath SB-303
Kenwood R-1000
Yaesu FRG-7700
Yaesu FT-101E
Kenwood R-600
Kenwood R-2000
AOR 5000

Figure 3. Top Ten and Bottom Ten Rigs on Price, Sherwood Table Index Performance and eHam Satisfaction Score
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Introductory Price

ollins rigs:

| ——Price circa introduction 1]
Rig Price in 2019 § (CP1) |

sive in today’s

$14,0004 |
’ FiJian Price in § (dashed green Inel

$12.0004 S || { = =
v

P

Median Price in §

| s where adjusted “real” prices have

)\4 Bl spiked: around 1990 qnd again around 2010. The price of parts
'\"/\ Y \\ and rig production in Japan and in the US post-1980s recession
period of the late 1980s and the introduction of “premium” HF

X\ T

o e ""'m\
$2.0004 A
N\ _ NS m

LT L N T . N YT T Y
%o Y. Yo. %9, Ya Yo Yo Yo Yo %o Yo o Yo o ¥, %0, Y0,

9y By "8y 0, "9, “0, Y Ny Ve

rigs infroduced around 2010 are noteworthy.

Year Circa Rig Introduced
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Sherwood Performance Index

median

A
averag

With the dawn of 2000, ri

upward trend. During the 2010s, measured receive
performance reached levels that have never been measured
previously, over 120 and a high of over 130. This is two

standard deviations above the series average!

Year Circa Rig Introduced

Median Sherwood Performance Index

FRANK K4FMH: DOES PRICE BUY PERFORMANCE OR SATISFACTIONZ2



Eham Satisfaction Rating

Boxplots of Average eHam Rating by Decade of Rig Introduction

S .04 T==r ‘,‘ —]- - l
{ ‘1 / I\' L J: { 1‘1. \\
4 ‘ A % K i { V4
'.‘ H | B ' \%J‘ f l,‘.l." : .’._‘,._- .7_. .
| J ' AT/ \— 1

\ KT W
\ | | '
N K

Pre-1970 1970s " 1980s 19302 20005 " 20105
Year and Decade of Rig Introduction
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Avg eHam Score

ance.
a line chart
plot has
median score upper and lower
wo observations

11111+, satisfaction rating has been constant for
o the market over the 50 year horizon. However,

some poorly rated rigs (note the lcom R72) occurred in the pre-

1970s era and in the 1980s. Analysis not shown verifies that
these are not due to a small number of review on eHam.

Two, within each decade, rig-to-rig satisfaction varied widely! .



ool. Comparing

perforr the number of rigs to a

much smqlle U

®* The following analysis examines ’rhese three aspects of HF rigs as well as the “bang for the
buck” and the relative optimization of major manufacturers over the 50 year period.
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Avg eHam Score
- 5 N

lcom IC-7851]

.
Apache ANAN-TO00DLE ¥assu Ftdx-101D
Elecraft K35
- L] I
Elecraft 2] [kenwoo d T5-890S
smes esimoe

FlexRadio 6600M

Flex Radio Systems BTD[IW FlexRadio 6400

$4.806.80+

Rig Price in 2019 % (Quartiles)
® <= §1,92545
®$1,925.46 - §3,145.37
$3.145.38 - $4,806.79

T T T T
90 100 110 120 130

Sherwood Performance Index

140 150

(f FRANK K4FMH: DOES PRICE BUY PERFORMANCE OR SATISFACTIONZ2

bove
median
median

i there is the
ndex. The four
rice quartiles are

ow-satisfaction, low-performance;
on, low-performance; low-satisfaction, high-

_pérformqnce; and the optimal quad of high-satisfaction, high-

performance in the upper right. Let’s focus on that in the next slide.



. . FOCUS ON OPTIMAL QUADRANT

The rigs annotated at left are in the

lcom IC-7851| optimal Performance-Satisfaction
o0 e - .
Apache ANAN-7000DLE Yaesu Ftdx-101D quadrant.

Elecraft K3S Some are significantly more expensive
X

Elecraft KX2 [Kenwood TS-890S than similarly performing and well-liked

rigs. The top performer, Flex 6600M, is
on the bubble for Satisfaction but in the

¢

. 2"d quartile on price. The next rig on
: FlexRadio 6600M performance, Yaesu Ftds-101D, is more
o : FlexRadio 6600M | ) i

: Elecraft KX expensive but higher in average
- D = £ (4 . .

O K Flex Radio Systems 6700|  [FlexRadio 6400 satisfaction.
: Rig Price in 2019 $ (Quartiles)

O :;1=.9$215'21265'-4:3.145.37
FRANK K4FMH: DOES PRICE BUY PERFORMANCE OR SATISFACTIONZ? $3.145.38 - $4,806.79 21

= O $4,806.80+




100, SD of 15)

ike ti o-Price Ratio is the

SPI divided oy th . Higher than 1.0 means more bang

for the buck while less than 1.0 is less the case. The same Quadrant Analysis is
A used but with absolute price quartiles so the PPR at the price is revealed.
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Racal 6790 GM [Apache ANAN-7000DLE]
(& 200 O

cus on

lecraft )
A

oX 1 ) OB (X X
Kenwood TS-590SG|[Elecraft K3S|

4.9+

Collins R-390A

4.8+ @ OOmPen" @ o
“

4.7 @O--O-HC- ENe-e--0 _
v 464 ce em: @ e [FexRadioseom solid blue circles jquartile rigs in terms
o 3
& a5 0O e e e r of them have a good
5 4o “weo o gquad). But they are not well-
= i
o 4.3 OO “w o ® ® _ eviews.
< 424 e o oo ® 5 "

411 [ - e b d rigs---Racal, Collins---just don’t perform well in terms
Hilberling PT-8000A

% O e of receiving relative to their price AND are in the highest price

3.9 ° @ <= $1,925.45

® 51,975 .46 - §3.145.37 quartile. Money might not buy love but love can cost a lot! Note that

$3.145.38 - $4,806.79
>87 P 334,806, 80+ the contemporary high-priced rig offered by Hilberling is among
1 1 1 1 1 1 I 1 1 1
200 800 A0 D0 S0 LAD LI L0 LW 149159 16D the lowest rated on eHam and is below the median PPR.
Performance to Price Ratio
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i

Apache ANAN-7000DLE
D
Yaesu Ftdx-101D
Elecraft KX2
& ) G []
Kenwood TS-SQO%_g‘rE‘EIecraft K3S
fit that des "
101D) and the Apact NP S Elgcraft K'g‘l
just behind these rigs. . Elecraft KX3
) OG- e 6@ -4
Note in particular that the Kenwood TS-590G FlexRadio 6400
falls into the “sweet spot” in terms of ® 'OP - o FlexRadio 6600M

measured receive performance for the money

and is at a lower price point, too.
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N~ OPTIMAL RIG LIST

’a ()
Introduction
Rig Name Year
() Flex 6600M 2019
Flex 6400 2019
Elecraft KX3 2012
Elecraft KX2 2017
Yaesu Ftdx-101D 2019
6 Perseus 2008
- Kenwood TS-890S 2019
8 Elecraft K3 2008
B cecare s 2016
ﬁ 10 Flex FLEX-1500 2011
- Kenwood TS-5905G 2015
12 lcom IC-7300 2016
( ) 13 Kenwood TS-590S 2011
14 lcom IC-7610 2018
Icom IC-R8600 2017
( ) Drake R-4C/CF-600/6 1973

17 Flex 6300 2015

m - Apache ANAN-7000DLE 2018

Performance-to-

Price Ratio
(Top Quartile)

1.51
1.50
1.49
1.43
1.39
1.34
1.33
1.32
1.32
1.31
1.29
1.26
1.26
1.25
1.25
1.22
1.21
1.20

Sherwood
Performance

Index
143.83
137.52
131.46
124.49
137.57
120.47
131.76
120.21
126.04
113.14
117.06
113.32
115.26
121.49
117.27
115.43
113.76
119.64

eham
Average

4.7
4.7
4.7
4.9
5.0
4.2
4.9
4.8
4.9
4.3
4.9
4.7
4.6
4.5
4.9
5.0
4.7
5.0

Introduction

Price
$2,999.00
$1,999.00

$999.95
$750.00
$3,995.00
$1,299.00
$3,900.00
$1,599.95
$2,900.00
$649.00
$1,759.00
$1,500.00
$1,800.00
$3,400.00
$2,499.00
$499.95
$2,499.00
$3995.00

Price in
2019
$2,999.00
$1,999.00
$1,113.62
$782.44
$3,995.00
$1,542.75
$3,900.00
$1,900.17
$3,089.71
$737.88
$1,897.79
$1,598.13
$2,046.51
$3,462.29
$2,607.08
$2,879.22
$2,696.18
$4,068.19

eHam
Quartile

2nd
2nd
2nd
4th
4th
1st
4th
3rd
4th
1st
4th
2nd
2nd
1st
4th
4th
2nd
4th

Price in
20195
Quartile
2nd
2nd
1st
1st
3rd
1st
3rd
1st
2nd
1st
1st
1st
2nd
3rd
2nd
2nd
2nd
3rd

Color Coding: All rigs are in the top quartile (75% and above) of Performance-to-Price Ratio and ranked in this table by
the Ratio. Three classes of rigs are highlighted based upon the quartiles of Average eHam Satisfaction Score and Price in
) 2019 dollars. Sweet Spot rigs are in the highest consumer satisfaction quartile and in the lowest half of price rankings
(i.e., cheaper). Hot Rod rigs are in the second quartile of consumer satisfaction and in the lowest half of price rankings.
Contender rigs are in the top quartile of consumer satisfaction but in the third quartile of price rankings.

FRANK K4FMH: DOES PRICE BUY PERFORMANCE OR SATISFACTION?
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This list is mildly subjective but it is based upon this
Quadrant Analysis of objective data. These rigs
are ALL in the highest quartile (75 percentile and
above) in Performance-to-Price Ratio. (The full list
is available on foxmikehotel.com)

Elecraft KX2, Elecraft K3S, Kenwood TS-590SG,
lcom IC-8600, Drake R-4C

Flex 6600M, Flex 6400, Elecraft KX3

Yaesu Ftdx-101D, Kenwood TS-890S, Apache

ANAN-7000DLE
25



o‘
ance and

typical sa

® In the next slide, tt L | gression model does this. It also

Cm-—

includes the decade of release to the market, whether the rig is from one of
® the major manufacturers, and, for Satisfaction, the number of eHam reviews.
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A O Regression Model Summary for Rig Performance Index and Satisfaction
Dependent Variable: Rig Performance Index eham Satisfaction
Coe ficients COE ficients
Model parameter: B Beta B Beta
Intercept 60.203*** 3.371
(LN) Rig Price in 2019 $ 6.888*** . A10%*
Decade: Pre-1970s (1=yes) -27.910%**
Decade: 1970s (1=yes) -25.473**
Decade: 1980s (1=yes) -24.800***
Decade: 1990s (1=yes) -20.555**
W Decade: 2000s (1=yes) -13.715***
Elecraft Rig (1=yes) 17.022**+
I Flex Rig (1=yes) 12.085*
Icom Rig (1=yes) -.264ns
Kenwood Rig (1=yes) -2.808ns
m Yaesu Rig (1=yes) -3.715ns
Number of eHam Reviews NA
I Legend:
5 <001
*p<.05 R*= .688*** R*= ,199*
I ns not sig. F=30.03*** MSE=9.72 F=2.15* MSE=0.27
Note: The list of decade and major manufacturer rows are measured as 0,1 where 1 = Yes versus an omitted
category. For decade, 2010 is the reference category whereas Other manufacturer is the omitted reference for that
set of variables. These are commonly referred to as dummy or indicator variables in multiple regression models.
I Multiple Regression Models for Rig Performance Index and eHam Satisfaction Rating

FRANK K4FMH: DOES PRICE BUY PERFORMANCE OR SATISFACTION?
(©®)

/

REGRESSION MODEL RESULTS

The two models on the left are for Performance and
Satisfaction. The predictor (independent) variables are in
the first column, followed by the unstandardized (B) and
standardized (Beta) partial regression coefficients. The
model summary is at the bottom. The R? indicates the
percent of all differences in Performance or Satisfaction
associated with the set of independent variables. The
regression coefficients (B, Beta) are the unique association
to the dependent variable with other variables held
constant.

The results show that 68% of the Performance differences
are linked to these variables but only 20% of typical
Satisfaction. Price has a positive effect but much smaller
(Beta = .341, .289) than expected! Decade of introduction
and being an Elecraft or Flex rig have significant effects.

27



.~ BANG-FOR-THE-BUCK, MAJOR MANUFACTURER

1 °  AND DECADE OF RELEASE

‘o (0)
) Means Plot of Performance-to-Price Ratio by Major
Manufacturer
Major
Manufacturer
Group
====Elecraft
- Fley
o = =lcom
= == =Kenwood
o = Yaesu ’
Kenwood
.g __________________ “____p_'____
5-.- ’{_EJ‘raesu
$ P icom
0) S
c
=
E
S
0O) t
o

- o~
g # =
Pre-1970  1970s 1980s 1990s 2000s 2010s
e Decade Rig Introduced

The plot of mean scores on PPR by decade and major
manufacturer is shown on the left. Both decade and
manufacturer differences are very significant with just these
two variables explaining 63% of the rig-to-rig differences in
PPR!

All rigs got better PPR over time. This was especially the case
from the 1990s onward but particularly after 2010. This
includes rigs NOT from these major manufacturers. While the
Big Three (lcom, Kenwood, Yaesu) all improved PPR from 2000
onward, the newcomers of Elecraft and Flex entered at higher
points (one standard deviation above) and made a dramatic
leap higher by the 2010 years. The relative order is Elecraft,

Flex, Kenwood, Yaesu, lcom, and the others.
28
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eHam

Means Plot of Average eHam Score by Major Manufacturer

atisfaction

gs was quite
d around wildly. The

Elecraft
_______________________ o oKemood e

descriptive pattern for

. or or not.

L

, of decade and major manufacturer are

e noft sig ant suggesting that these fluctuations are most likely
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lam rig
ow ratings for
ave to consider what's

best for you

* But these results do help the reader to narrow down the scope of HF rigs to consider.
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shed in

e performance only
being @ ion. Features? Ergonomics?
These element observed here.

®* Major name-brands do not seem to ha wuch broad or long-term sway with overall average
satisfaction. The jury may still be out on this but my results do not detect evidence for it per se
when all of the eHam reviews are tallied and evaluated by major manufacturer.
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1bsolute price and

A typical Ives: Sweet Spot, Hot Rods,

and Contende elative to their introductory price,

and stand out for different rea . Buyers should evaluate those reasons based on their own

preferences as priorities.
O
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terms of
esults help the
oe with a high measured

receive hem very highly. But it's

always caveat e

®* More details on the Sherwood Performance Index with a complete listing by rig can be found at my

companion website, foxmikehotel.com. A two-part article on this research will be appearing in the ARRL
A National Contesting Journal in early 2021.
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