Antennas for Receiving and Transmitting

Antennas

[ Home] [ Balun and Transformer Core Selection ] [ Crossfire Phasing | [ Detuning Towers ]
[ Combiner and Splitters] [ E-H Antenna] [ Omega and Gama Matching ] [ Radiation Resistance |
[ Receiving ] [ Transmitting ] [ Transmitting Baluns|] [ toroid balun winding ] [ Traps]
[ Loading Inductors] [ Inductors and L oading Coil Current (Mobile and L oaded Antennas) |
[ Mobile Antenna FS Comparisons] [ Phasing Systems | [ Sleeve Baluns ]
[ Baluns on Log Periodic Antennas ] [ Snap on core material data] [ Short dipoles and problems ]
[ End-fed vertical |-pole and horizontal zepp ] [ Ground resistance measurements |

Multiple Articles at:

Receiving: Containsinformation in many articles. Recelving antennas including Beverages and

Beverage Antenna Construction, Loops, K9AY, Pennant, Flag, EWE, Slinky Beverage Antennas,
vertical arrays, magnetic loop antenna, and terminated |oop arrays

Transmitting: Contains information on various transmitting antennas

Single articles:

Balun and Cor e Selection: Contains information on core selection for transformers and baluns

Baluns, Sleeve balun: How they work

Baluns, transmitting: What they do, how they do it, and how to test them

Balun, Toroid: Winding style, debunking split-winding will improve performance

Crossfire Phasing: Contains information on cross fire phasing and why it is superior for broad
bandwidth arrays

Combiner and Splitters: Contains information on Magic-T splitters and combiners, how they
work and what they do
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Antennas for Receiving and Transmitting

Detuning Towers: A quick explanation of how it works and the incorrect idea that you adjust for
minimum current! Passthisalong, it isamajor error to tune for minimum current!

EH antenna: the E-H and CFA antennas. How they work.

Inductors, Loading: A brief tutorial on loading inductors

Mobile and L oaded Antennas. Small loaded antenna systems

(Related page: Inductor spice model)

Omega and Gamma M atching: Contains technical information on Omega and Gamma matches
and matching, impedance limits, component selection, component failures

Radiation and Fields: What the terms we use actually describe

Radiation Resistance: A revised (as of Feb 14, 03) tutorial on radiation resistance and how it is
used and misused

Traps: Measurements and operation of traps and trap antennas. Including trap antennaloss.

m since May 2004
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waJl.COM

[ Home] [ 160 meter History ] [ Antennas] [ Amplifiers] [ Amplifier and Radio Relay Sequencing ]
[ Balun Test ] [ Checking bandwidth with receiver ] [ Building a Current Meter |
[ Coaxial line and shielded wires] [ diversity receiver and transmission ] [ DX sound files ]
[ How to Check Signals] [ Keyclicks] [ MFEJ-259B Calibration ] [ RF Noise Powerstroke Diesdl |
[ My Shack | [ Noise] [ Radiation and Fields ] [ Receivers] [ Skin depth and Conductors |
[ stacking broadside collinear ] [ Transmitter Splatter | [ Verticals and Baluns] [ W4AN ]

E-ham

FT1000D Click Mod FT1000D NB mod

WA4AN Trust Fund. Bill Fisher contributed a great deal to amateur radio. | hope we can give
something back to help hisfamily.

Welcome to W8JI's Home Page

Search:

GO L }glem Google Search

O www ® wsJi.com

All contents of this site are the property of W8JI, but | welcome all links from other sites. Please, if
you copy something from here (and even if you rewrite it) add areference link here! Thisis entirely
to protect technical content, because | refine and update things routinely as errors are called to my
attention. Like you, | also learn new things every day. As my knowledge improves, | revise
technical articles. I'll note revision dates on articles with changes (if the changes affect technical
content).

The most important thing any of us can do to make the web an asset is to help each other with
review to insure technical accuracy | MPROVES with time! Let's work to make | nternet a
reliable source of information instead of a collection of folklore!!
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Other Recommended Technical Info Sites:

http://www.eznec.com/index.shtml

http://fermi.la.asu.edu/w9cf/

http://www.seed-sol utions.com/gregordy/A mateur%20Radi o/ \W8WWV %20Experimentati on.htm

http://www.ifwtech.co.uk/g3sek/

QRN USA Lightning Storm Map

For an instant check on USA mainland QRN click on thislink or thislink to a weather map of
thunderstorms,

Some of this site's (W8Jl.com) contents are
listed below:

New Page Cebik Dipole and other short
dipoles. Feedline and tuner analysis!!

Amplifiers

SB-221 Tank Voltages and the parasitic oscillation myth. The real explanations behind
amplifier parasitic oscillations and alleged damage by HF amplifier parasitic oscillations. Look at
voltage throughout the tank at frequencies between 1 and 300MHz, and decide for yourself. Related
article at Arcs, what makes an amplifier arc?

Preamplifiersfor receiving. Measurements of receiving preamps. Compare your favorite pre-amp
(text corrections 4/27/03)

Arcs, what makesan HF amplifier arc? This explains causes of amplifier arcing in any
amplifier, including the TL-922 amp, Ameritron amps, Heathkit SB220 amplifier, and any other HF
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power amplifier for amateur or commercia service. Simple failures and design or operating
shortfalls are often explained as parasitic oscillations

Bandswitch failuresthe real causes and cures of bandswitch arcing and failuresin HF power
amplifiersthat are often attributed to poor parasitic suppression causing oscillation

How to load or tune your HF amplifier and why an amplifier arcs when tuned incorrectly

I nductor s deals with antennaloading coils but also appliesto amplifiers

Related page: |nductor spice model

Relays how to speed and sequence amplifier T/R relays and how antenna transfer relays affect
amplifier failures

Tank Circuits two models showing tank voltages, currents, loss, and phase shift

Vacuum Tubes how they work in RF power amplifiers and why vacuum tubes arc in amplifiers
Includes details on 3-500Z and 8877 3CX 1500 A7 tubes. Learn reasons tubes fail in amps

Vacuum tubes, how they convert d-c to RF how RF amplifier tubes convert dc to RF power

VHF Parasitics and general stability. Isyour amplifier unstable? If you own a TL922, SB220

series, 30L 1, or other amps with grid "negative-feedback” you will want to read this! (rev 5PM
Feb23/03) Spice models. The resistor think might be non-inductive might not be what you think.
Includes internal photos of various resistors.

ANTENNAS and antenna related topics

New Page Cebik Dipole and other short dipoles.
Feedline and tuner analysis!!

EH antenna: the E-H and CFA antennas. How they work. See how

my early theoretical predictions and descriptions compare to
actual field measurements of this most recent antenna theory
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hoax! For measurements click here.

If you think baluns at the inputs of tuners are a good
Idea, go to thisW7EL link and read the section on current baluns. Y ou might be surprised!

Another suggested tuner link is WOCF.

Balun and Core Selection: (mostly receiving) Contains information on core selection for
transformers and baluns (it isn't a balum)

Balun, sleeve baluns. How a sleeve balun works and what is important

Balun, transmitting: Testing transmitting baluns and untrue folklore about choke, voltage, and
current baluns. Dispelling myth that grabbing coax adequately tests a balun

Baluns. winding methods with toroid cores and debunking myth that a split winding improves
performance

Baluns. Common-mode noise. How baluns can help reduce receiving system noise

BAL U N TEST New!!! Test data on transmitting baluns.

Beverages: Construction, Endfire Beverages, Broadside Beverages, Beverage Arrays for low band

DX and other low noise receiving antenna arrays for 160 meters and other low frequency bands.
Also see balun and core selection for Beverage transformers.

Combiner and Splitters: Containsinformation on Magic-T splitters and combiners, how they
work and what they do

Detuning Towers: A tutorial with an important correction of the common error that we adjust for
minimum current!! (revised slightly Feb 17, 2003)

Gain. Stacking (Broadside) and end-to-end (Collinear) gain. How it works, dispelling the 3dB
myth.

L oading Inductors. A brief tutorial on loading coils (inductors) and inductor Q

http://www.w8ji.com/ (4 of 7) [9/6/2004 9:18:23 PM]


http://www.home.earthlink.net/~calvinf15/_technical/
http://fermi.la.asu.edu/w9cf/tuner/tuner.html

Antennas Radios Amplifiers Baluns and Receiving Systems for HF

Magnetic Loop Antennas. receiving

Mobile and L oaded Antennas. L oading coils, ground losses, and currents
IN the system. Related page: Inductor spice model

Power Stroke Diesel RF Noise: Power Stroke Diesal noise and how |
corrected the problem in my 2003 F-250

Noise and common mode noise. How it gets into the receiving system Power line and other noise
sources

Omega and Gamma M atching: Contains technical information on Omega and Gamma matches,
Impedance limits, component selection, component failures

Phasing, Crossfire: Contains information on cross-fire phasing and why cross fire phasing is
superior for broad bandwidth low-band receiving arrays

Phasing Systems. A quick discussion of phasing methods

Polarization and diversity: Think you can have the best of the two worlds of vertical and
horizontal ? Think again!

Radiation and Fields. Electric field, magnetic field, Fresnel zone What the terms we use actually
describe

Radiation Resistance: A revised (as of Feb 14, 03) tutorial on radiation resistance and how it is
used and misused

Receiving and receiving antenna pages: Relative ranking of antennas for Topband DX plus
various articles on low-band DX recelving antennas...including low band receiving antennas such as
Beverage antenna and Beverage antenna construction. Elongated L oops and other loop receiving

antennas such as K9AY, EWE, and flag antennas, small Topband or HF low noise receiving
Verticals, my receiving antennas (with a demo), end-fire or cross-fire Beverages, common-mode

noise in low noise receiving systems, and more.

SKkin depth: The best explanation | have found

Transmitting: Contains information on my various transmitting antennas, including my eight

http://www.w8ji.com/ (5 of 7) [9/6/2004 9:18:23 PM]



Antennas Radios Amplifiers Baluns and Receiving Systems for HF

direction four-square

Traps. Measurements and models of traps, including Coaxial and Tribander Antenna traps

Recelvers

Diversity reception "diversity" receiving using stereo along with some sound file examples

How | test receivers

Receiver Tests of some transceivers and receivers. Newly added 756PRO FT1000 MK V Kenwood
TS870 (modified)

Receiver IM improvement mods for FT 1000 FT1000D

DX Sound files: What some signals sound like here

1000M P MK V....mods for FT1000MKYV receiver IM and transmitter clicks

Key Clicks

Includes sound files of signals with excessive bandwidth, atechnical description of what causes
clicks, and mods for the FT1000(D) and FT1000MP.

What Causes Clicks....The technical cause and what we can do about clicks.

Keyclick-MP.... An analysis and patch for the FT1000MP 's infamous key clicks

Keyclicks 1000D.... An easy and cheap patch for the FT1000 and FT1000D

Keyclicks 1000MP MK V....mods for FT1000MKYV receiver IM and transmitter clicks

Also see Radios.

Noise
Technical article about noise and receiving/ receiving antennas
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Power Stroke Diesel RF Noise: Power Stroke Diesal noise and how |
corrected the problem in my 2003 F-250

MFJ-1025/1026 Technica Information

Common-Mode Noise issues with feedlines, and how to avoid problems

MFJ-259B Alignment instructions and some technical
iInformation MFJ259B.

MFJ-1025 and 1026 phasing unit technical information.

Local ARES activitieswill be included later. We have alocal repeater that covers agood bit of I-75
between Macon and Atlanta. Please give acall on 147.225(+600) if you are passing by.

Specia thanks to my friend Bill Fisher, W4AN, who is now asilent key. It was Bill's
encouragement and generosity that made this site available.

73,

Tom W8JI

This page has been viewed m times since March 2003. Overall site hits are over
1.5 million for the past year!

©2003,2004 W38JI
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160 meter History

[ Home]

Welcome to a new page that will have archives of 160 meter history. First on this page, a download
of W1BB's papers. These papers were contributed by Rolf PY 1RO and converted to .pdf files by
Ron PY 2FUS. Information on this page isintended for private viewing. Publication without
permission is prohibited.

History of 160 (about 15mb)

Newsd etters

Feb 1962 Bulletin
April 1962 Bulletin

October 1962 Bulletin

December 1962 Bulletin

Dec 62 to Feb 63 Letter

1963? L etter (off screen at edges and incompl ete)

m since May 2004
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HISTORY
of
160 METER DX
by
Wibs

This HISTORY 1s presented to you, by V1BB, in the hope that
it will be found useful, and interesting, in connsction with
your 160 meter sctivities.

Please advise of zny correctlions, errors, or omissions noted.
Your help in thls respect will be very much appreciated.

Best of luck, and HAPPY HAMMING to you alwaysll
B.C. N. U, on 160 1!
731

de
W1BB
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160 METER DX TESTS
IDx vs &

(The following data for the pericd froo 1G31 to 1;#5}1g
taken largely from =n article by Austin Fgrgﬁtha’ G5F0,

Editor, in SHORT WAVE MAGAZINE, for Aprll 19

DECEMBER

JAN-MAR
DECEMBER

FEBRUARY

FEBRUARY
JaR-MAR

JAN-MAR

JAN-MAR

FEBRUARY

JAN - FEB

6.)

G to European Continent contacts. Up to 10 watts power.
OK3SK wade it with & w%tja pover.
=

G to European Continent, Almoat as good as Tme.

Gs organized tests -- W1DBM with 450 watts, dirvectlional
360° antenna on tip of Jape Cod -- Heerd s5 to s7 up to
o800 GMT. Pesk period 0530-0730.

GOFO using 9 watts and 66' sntenna with counterpoise, worked
W1DBM 0600-0715 for FIRST Transatlantic Crossing. GWSWU
also heard in USA i

Several more Os worked Across.

GEF0-G2PL~-G211-G0YQ, and OWSWU worked serfies. VEL1EA worked
G211 and GWHWD first time he ever tried 160 D=x.

No scheduled 160 meter Dx tests -- However, FIRSY USA/AFRICA
160 meter QSO made by W1BB/FABBG on 2/23/36. ?E%EA vorked
G2II -~ G2DQ and GOUJ

No scheduled 160 meter Dx tests -~ However G2FPL/WI1BB made
FIRST 5-B.T.0.C. within 24 hours, vorking on 160-80-430-20-10.
VE1EA worked across on 160 to G2FL W2EQS hesrd in Wales with
30 watts,

GOFO0 - Short Wsve Magazine, arranged seriecs of tests. Heard
W1BB but could not work scross to W/VE - Conditions poor.

Band c¢_acked wide open Jan. 8-15-22 and Feb 4 & 16 between
0500-0830. Fifty stations worked across ineluding G-GI-QGW-HB-
F-FA~SM-02-W1-Wh=W8. W phones weref heard and also identified,
but not worked. Interest mounted high. W1BB outstanding ¥ v
station. Gs across were: GZ2DQ-2PL-2RC-2CF-2MI-2A0-3GH-3JU-5MP-5RI-
5J0-5XH~5QY-6MK ~6WY~6GH-60H-65Q- 6% 1L-F8Z P-GW2I P-GWSHI-FASEC .

WAR ~-- Band Closed
WAR ==~ Band Closed
WAR --= BandgClosed

WAR --= Band Closed

WAR ==~ Band Closed
WAR =~~~ Band Closad

Bend opened up in "G" land 1800-2000 ke. Locadk working.
No Dx. Loran QRM. Band closed ia U3A




Ly

{ the following data from the year 1947 on from the notes

LR : : w
of W1BB, other interested bx Hams , and SWis.)
1947 Local G working -- no Lx. Band closed in USA.
19L8 Local G working -- No Lx. Band Closed in USA.

1949 CAN-FAR

DECE7BER

1950 JAN-ITAR

1951 JAK-UAR

Gs heard across again. --- April 9th 1949 W band opened
up again by “CU 1800-1825 Kc and 1875-1900 nc. -= Alsc other
bands for Western USA - See FCC notice.

VE1ZA heard G68Q and G5JU 12/17/49 11.19F. EST -0415 GLT.
G3PU and WLKNHN made First Post War crossing 12/18/4,9 with
QS0. GL3UB and VE1EA made second post war crossing 12/19/47

~Unorganized tests by leading G and W/vi stations, indicating
that band had potentialities for D.x.

~G2PL and G3PU outstanding Dx stations. Other Dx stations
working across were; G3FAB-GOBQ-G6GI=GENF~GUIUB~KV,AL-G2YS.
Heard across were Gi18UN and EKI1AC

-Of special interest - W1BB repeatedly heard very weak liqnal -
almost but not quite identified- called WQRZ QRZ QRZ G67.
G6GIN G6G?H G6GIN - a number of times -- this was later
identified as GO6ZN with only 3 watts powerfitlt

-VELEA - W1BD - WLNNN outstanding W/VE stations. Other W/VE
stations working across were 10E-3IU-3LII and W2WFZ.

-0f special importance was first Gf/W two way phone contact
on 160 meters between G2PL and W1EB

~W1BB-WLNKN-VELEA sifnals heard by FA8SBG and EK1AQ in Africa.
-FIHST 3 element 160 meter beam tested by W2WFZ with G3PU and
with excellent results.

-Zighteen Gs worked EK1AQ Jan. 22 -- KVLAA heard by GLLY --
ZBlAR worked several Gs -- HZ1KE worked Gli2HIK-GD3UG~G6AB-CHBY
-WLENN (liow WENWK) worked HCIPK during 1950 ARRL LX contest:
for FIRST USA/South America 160 CW QSO. (Per QST July 1953)

-HZ1KE QS0'd by G. First G-HZ777 First Asiatic??

~TA3FAS Q350'd by G2pl - FIRST G-TA on CW and PHOKE.

-Organized tests -- by G6FO Short Wave Nagazine - and W1BB
announcements by QS5T.

-This was a very successful season, summerized the following
"Outstanding events"™ from W1BB's report as follbws:

#1-First crossing this seasonby VElEA working G63Q on Dec.
31, 1950. G6BQ 349 and VE1EA 449

i2~First N.N./Africa Postwar QSU VE1EA/EK1AQ Jan 7 - boSh
RST 449

i#3-FISTi111 Contact between Asia and N.A. on record.
between VE1EA and HZ1KE Jan. 14 1951 - 229 both ways.

i#h=VELEA has worked J, continents - 8 countries Post War -

, total of 10 countries all time.

75-W1BB also worked L Continents - 8 Countries post war
total of 11 Countries all time.

#6-W1BB worked South America HC1lJW Jan.Z2l '51 BB was 469
and HClJW was 567

#7-W2UKS QS50'd K.A./S.A. same date 349 - WEBKH also.“/hc1TW

#8=W1BB and WOCVQ both heard in NEW 2ZELAND by ZL1AH Lx
G6AH and ZL1NP Ex GWAAA-Ex G2II of early 160 meter DX
fame. These resports confirmed. Also an unconfirmed regar
of W2QHH being heard by ZL1HN. Howy using 20 watts an
12* high antenna.




1952

1953

JAN-FEB

JAL-FEB

#9=A number of Phonefphone and CW/Ptha”EUS were made.
G2PL/W1BB p/p F8PJ/WEFLS pfp W1LYV/GW3ZV p/p WILYV/G2PL
Cw/ p i

ﬁlD-UUTST&EDEEG and iost Consistent DX station £K1AO - 300 Watt

#1l=Also EXCEPTIONALLY OUTSTAKDING for 10 Wattsilit GW3ZV
using mifles of wire for an antennai! Signals up to 589 at

_ times!! This performance deserves a lot of credit.

#l2- Hore US districts worked than ever beforelll W-l-2-
3=L=8~9> VE=1~3

-DX working across were: G2PL-YS-ili-ACV-FLK-DA G3PU-SU-DIY
ERN GSHB=RI-UB=-Kii=JU=~GU-VB GO6G~QB~EY-LE C8Jil-iF GL3UB
EK1AC HZ1KE GW3ZV=-FSP HClJw FEPJd KV4LAA,

Heard but not worked were the following stations: G2UPV,kP and
G3GGN

-W/VEs working across were: WLBB,EFk,PLO,OiP,ZE, LYV, KU, SAN,
SS,KDX,DVS,RQR , BEU, NRE, AXA, QB —-- W2PTV,ES0.UKS BFA,BLA,
PED -~ W3LII,TuF, bic,LOE, EIS --- WLKFC "wee WOMEV,FES o=
WOFIL,CVQ,PkE, -~ VE1EA == VE3AAZ, Heard also were the
following ~ WLAW - W2WC - W2KZX W3O0KU,AAA,JAA -- W8FIi,FLH,
FLV and W@TQD.

~FIRSTILI1l WOCVQ worked ZL1AH Lecember 31, 1951 RST 229 both
ways - after a series of tries and schedules, making FIRST
W/ZL 160 meter QSO on recordll!!

~This was an outstanding year -- But??? The SUNSPOT cycle in
cn the down grade - lets see what happens next ynlrlg

_Band was very much poorer than last year -- Due to Sunspot

cycle being on downgrade??7?
-Ogtatanding events were gs followsz

if1~-VELlEA made first crossing working G3PU Nov. 25. 1951
i#2-W1BB,WONH,W2QHH and KVLAA heard in New Zeland by
ZL1AH and ZL1HY during tests. SPECIAL NOTE!Y! W2QHH
using 616, 17 watts, 270'wire 12' highat one end and
3' at the other heard by ZL1HI and CONFIRMEDILL
#3-W1LYV was heard in RUSSIA - received SWL card!!
i%-VE1EA worked HZIKE for second N.A./AFRICA 160 QSO.
#5-FIRST!!  W9/G QSO on record when WOCVQ worked
G5JU and GW3FSP December 23rd. 1951 -- but included
~in 1952 "Season™ report here
i6-W2QHH made FIRST VP, QSO w/VP4LLZ on February 23. (Again
using only 17 watts.}
#7-W2ES0, Cene Black put weekly reports of test results on
Voive Of America broadcasts with special nofe of
FIRST W/ZL QS0 :

-Ix stations working across were: GR2PL,AJ. - G3PU,ERK,COJ,DIY.
G5JU - G6G,BQ- GW3ZV,FSP. - EKICW - KVLAA - ZL1AH - VP4lZ.
ALL Dx heard was worked expegt (30l who was heard and not Wkd.
-W/VEs working across were -~ W1BB,LYV,S8S. - W2TRK,EQS,K2USA -
W2RGO - WOCVQ,KH - VEl1EBA and VE2WW
-1t will be noted that while there were several outstanding
events, contacts to Hurcpe wese way down, and it was seriously
considered giving up the tests for 1953. It was W1BBs suggestio
that they be continued tc see what would happen.

-In spite of poor conditions, there was a lot of activity and
interest and good contacts were made. 1his was due in some
measure to better antennas, beter receivers and MOHE ACTIVI1Y.

-The QUTSTAKDING EVENTS for 1953, were as followst:---




AFR-3EF

7=WlL¥V made first crpedsing for season hov.9th 1952
. working G65Q, GW3PSP, G3HYG and G3GGK.
72=-FIRSTEIl W5/G QS0 between W5EKE and G5JU January Lth.
lere also heard by WSLKS8.
73-FIRST11S HOERWAY/USA QSO between OH3NY and W1B3 JAN.
11th 0600G-T. W1liiB using KYTOON (Balloon) antenna 2687
. vertical BB/4LY9 NY/339
wh=iEW COUETRY, EI9J on for the first time - Thanks to
W2dhH - with outstanding signal and worked many W/VEs -
Had special permit from his government for operation
during the lgﬁ meter DX tests.
#5-%1BB,W3KIS heard in South Africa by ZS3K
#76-W1BE,EFK-W2EQS-W3EIS-WIPLE-WPLWX all heard by ZL1AH
 varying R3Ts 229/259 - and various dates during tests.
¥ 7-WLEE experimenting with 260" vertical KYTOON - (Helium
Eallnonﬂ supported antenna - slightly better than
horIZONTAL ANTERNA _ BUT KOT OUTSTARDILNG . WEATHER
too much of a factor to make it practical. Hope to run
further tests for confirmation.
#8=-FIRST §1t ASIAfUSA QS0 on record - W18B worked ZCLXP
~on Harch 8th.
#9~VE1lEA worked ZCLXP for his third ASIAN QSO - having
previously worked HZ1KE twice.
rl0-Several QHP contacts of note were made:
(a) GOZN with 3 watts worked K2ANH
(b} W2QHH and W1L{U with 17 watts each worked across
#11-A number of phone stations were heard and worked across
#12-First Post War W/EI contact - W2WWB/EI9J Jan llth.
#13~First Post War VE/EI contact VELYW/EI9J
#1lh- WOIH completed FIHST 160 meter "WASY" -¢Worked all
USA 8tates® - on record. !t

~Dx working across were: G2HDT,*¥GD,SU,JF-G3PU ,GGIi , BKF ,FGT ,GZK
ATU, GLW,~G5RI, JU, TH=-G6GI,CJ,LB-GEKP, JR. Other countries working
across were EI9J - GIZARS-KPLUV-KPLKD-VPLLZ-GW3FSP-OH3ILY-KVLAA

-Heard across were G2PL-G3GKQ-G3US-G5VB-G3HVI-G3FEW.

-W/VEs working across were:- WLBB,LYV LU, AHYX-W2EQS ,WWF,QHH, WC .
W3EIS - WHEKhZ - WIPLE - VEIEA -VEIHJ - VELlYW.

-W/VEs heard only were - W1QJIi,HSC,AYG,SS,TCK,0d0,FYS,QCA,RQR,
IWO,AW,0E - W2KiZ,JPW,HCW,ESO,ANC, KC~W3HL,AVL,TBG -~ W4VFL,Lal
WENJC,HFG,GDQ -~ WYNH,FV,FIL,CZT,80Q - VE2AIE.

~January 1llth was the outstanding dsy of the tests - Dx was
g06D _ QRN was low -- later tests were QRIN'd out with terriffic
QRL, coinciding with the great hurricane and floods in Britain
and Holland.

-SPECINL HOTICE!ILl

-in April W2WYP received word from ZL1WW via ZL2ACY on LO Cw
that 160 meter faint signals were being heard, and asking
for schedules. '

-On Jiay 3rd W2WWP 1899 Kc QS0'd f%11 ZL1WW 1904Kc RSTs WWP/349
Ww/239, for SECOND ZL/US%HIEﬁmheter QS0 on Record!i(See
WICVQ Dec, 1951 for FIRST ZL Q30}) -- This was FIRST WEfZL
Q50t - Times were 0900-1030 GIT -- Sunrise this end -- early
evening ZL time.

Thereafter W2WWP worked ZL1WW a2 number of times.

~WZWWFP invited W1uB and WHilH to join in on further tries.

~W3kH heard first 2L on July lst 119rst :

-WOKH next worked ZL1WW on July 29th 1022 G-T - EH/L49, WW363

-Cn the same date W2WWP also worked ZL3RB.

~-W188 worked ZL1AH Sunday August 16th at a different time
0605 for a short "Contact®™ type QS0. (Sked suggested by ZL1AH)
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-Wlgll worked ZLIWW,ZL3Ru and ZL1AH all om the following

Wednesday August 19%ha 0945-1030. ZL1WW was a solid gSO.
0 and AH short "Contact®™ report QS0Os.
~WZWWF the same morning, as signals were unusually good, almost
had a phone QS0 with ZL1WW when signals peaked - they heard
each others modulation but no phone QS0 -- CW QSO again OK..
-WloB exchanged reports with ZL1NX on August 23rd - also Wkd Wy
-Tests|are continuing (At the time of this typingd during the
sumrey months and fall of 1953 to see if enough can be learned
to esbtablish regular tests in which it would be worth while
for all Hams to participate - lots of lost motion this summer.
-iiany Many thanks to ZL1WW, ZL2AU¥ and W2WWP for starting this
thing off. ZLAACY
~FIRST 31t 180 meter "WAC™ on record made when W1EB Q30%d

ZLIAH, ZL1WW,ZL3RB,2L1NX.
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~WaWHP the same worning, &s signals were unusually geood, almost

had a phone (80 with ZL1VW when signals peaked - they hesrd each
o others modulation, but no phone QS0 resulted. C¥ gso azsin OK.

-W1§§wezchanged reports with ZL1INX on August 23rd - also worked
ZL1W

-Many Many thanks to ZL1VW,ZL2ACVand W2YVP for sterting this ZL wi

-~Thus the FIRST!'''!' 160 meter "WACF-(¥orked =ll Continents on 160)
on record was made vwhen WLBB,CS0'd ZL1AH,ZL1VV,ZL3EBend ZL1NX.

1953 OCI-DEC ~This "SEASON™, the organized tests were held per G6F0, Short Wave

1854 JEN-MAR  Magszine, and WiBBwith announcements in QST/CW and "Breek-in'",
~-There was mora activity than ever on 160 - more C oumtries, and
all 6 Continents heard from.

-Much DX was worked in between the "Orgenlzed®™ tests, and 1t looks
now es though, through these "orgenized” tests, that the band 1s
being opened up mere and more to generzl operetion, snd yesr/zem
round DX efforts.

~Bummary of this seasons OUTSTANDING EVENTS from W1BB's log followm

#1WORGQ arrenged speclsl tests starting October, and the FIRST
CROSSING this season was on Oct 4th when W3RGCQ worked GJPU.
WLLYV Contacted G3PU later the seme evening/ Signals 233/443
#E‘FIHSTéII ZL/G QS0i! - 12,000 Miles, October 10th 13953
0640GMT. ZLIAE worked GOGM. AH339,GM338 Half Hour Q80. On the
following night, OCT 11lth another QS0 was made, this time 5589
both ways. On Oct 21st G6GM QS0'd ZL3RB - RB439/0M448 -ZL1AH
Q50'd G&GM egain also.
— #3.FIRST ®/HB QS0 on record -when W1BB vorked HBSCM Dec 20 1532

W1BB 449 HBSCM459 0637 GuMT.

#4. FIRST GHEWEWNEE Canal Zone/V¥ Q80 on record!!! Vhen V3RGO
worked KZ5DE, Janusry 16th 1958

#5.LOWEST POWERED G QSO thls season. G2HKU, 5 watts worked W1BB
Jan 3rd. 0640GNT -~ Isle of Eheppy. HKG/328 BB 579

#6.FIRST Hawaiian/New Zelamd QS0. ZHEMG/ZL1VW Mzrch 24th 1000 G

#7.50me FIRST KP4KD Q80s. - EI9J Jan &lst. G6BQ,Jandlst. VP4LZ
Feb 21st -VPBER Jen 31, -~ VP7NM Jen 31 -~ VP3BDA, Feb 28th -
KZ5DE Feb Tth VE 1EA Feb 1l4th.

-In general, the first part of the TESTS had better conditions tim
than the last.

-An unusual phenomoncn was observed in thet the peth seeméd to
shift from good E -V¥ conditlons sarly, to a more NE -SW path, as
evidenced by Canal Zone QS0s wilth W =nd C stations

#8. FIRST G/C anal Zone (80 when 032U worked KZSDE on Jan 16thl

-We hed TVQ0 FAKES this season VR2BJ and LU4DM who focled several.

-DX VORKING W/VE, were:-G3PU,ERN - G5JU,EM,RI - G6GM,QB,BQ,68J -
G2HKU - JR ~ GC3EML - QW3ZV - EI9J-HBSCM-HB3T-KZS5DE-KV4AA-
KVABB-KP4KD-VP4LZ-VPYNM-VPSBDA.

-DX HEARD were G3HVI znd G3BKF.

-¥i/VE LOEKING DX were:- W1BB,DBE,LYV,TMA,VDB,EFHN, AQE,UJP, 2L —-
W2CGL, EQS, AMC,VC,K2ANR, B¥R,QHH, ¥H, PP, UKS ~ W3RGQ,EIS-W4KFC-WIPNE

~ VENWE-VELEA-VESATEOVESTN.

-W/VEs HEARD only by DX were:-- W1AHX,LMU,QCA-W2JIL,MCU,TRK,AMC
HH’ K‘f i | WEEWF, TBG ] HLg P-‘-E*--i "'F&BRB, FDE’ ]‘UJS—‘."E.P.PIU--?BGDQ, HQ’ IKI'I, EJL —
W9EWC,CZT,NH.

~EBWLs!lllll} - Bpecisl Mention should be made of the splendid wom
done by the SVLs. To 1ist a few of the most consistent cnes, --
(next page) :
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1355 JAN-APE

d

-Norman Swlth, BRS520601 -- ROBERT IBALL BSUL 4648 —-- Ceorge
Allen BSVIL 4588 -- C.L. Bradbrook (3692 --- Villiam Iball,
BRS-20410 -- Mike Birch ISVWL/DL2-4832 --- Jack Burgess, ISVL
2581 ~- E.M. Hsinsworth --- John Whitington ISVI-G271S.BRS
19771 -- Gerald Heslop FESGB Al187/ISYLG4555 --- Ian S Davies
RSCGB/A1182 --- John L Hell, BSVL/2833. There were others.

~-These very factual and accurste reports assisted greatly and
edded mush zest to the 160 meter TESTE. Many many thanks to thase
cocoperative, and fine fellows - the "SWLs" (1!

#3. FIRET!!! - GC/¥W QSO on record, when CC3EML mede contact with
W1BEB Deceuber 17th, 1953. GC 3EML rst 229 - W1BB rst 459,

-Thls "SEASON!" there was =2 veriety of DX, with the North/South
rpeth predominsting.

-LORAN became more of a problem, with s new station moving in
permanently on 1900Kes, =nd an intermittant statidén on 1850,
This causes considereble CRU, =nd gives a high artificial noise
level that many weak statlions cannot get through.

~Summary, of the OUISTANDING EVENTS from W1BB's log, follow:-

#l.Season's FIRST USA/Oceania (SO when VBANO worked ZL3ZRB Sept.
5th

#2. On Sept 5th G3PU heard VW3RGQ 239-349 - and then on Sept.
19th ¥5RGQ a2lmost worked GIZPU for a first sezsonts QS50 -
when they heard each other briefly through ststic Crashes,
but did not eall it a @S0.

#3. First Transatlantic QSO of the 1954/1955 secson when ¥2EQ8
and GG6GM worked each other October 10th 05520uT. Second
Q50 of the seazson - same date - when W1BB worked GBGM 0607zt

#4. GBGM and GECJ worked ZL3FB again in Mid-October

#5. FIRST VO/¥ QS 0!!! Yhen V3RGQ hooked W4KVM/VOE. .
#8. FIRST LU/V 050!!! Vhen ¥1BB rorked LU3EL MNovember 28th
at QY07 GMT. EL/559 BB/562. This was followed by LU QSO0s

with W8GDQ,V9PNE,VOCVQ,WgNVX,»¥47Q and W3FBX.

#1. FIRST YV/W 0S0!!! - Vas between YVS5DE and VW9FIM November 2
1954/ - en followed QS50s with ¥WBGDQ,¥WIPNE,W1lBB in order,
the next day Nov. 21st. Ve are greatful to ®Mieck" for (S0s.

4#8. First HB9/KP4 QSO vhen "Ev® 0S0'd HBSCH on 2/20/55 - this
makes 17 Countries for "Ev"W

#9. FIRST (So far as we know) USA/S.A. Phone (SO, when WgNVX
worked YVS5FH ¥arch 13th.

#10, DXPE DITION!!1! TISMHB, provided a thrill on 160 and ancother
First, when opening up from COCOS ISLLNDS 2/20/51 0500-0800
CKT, the following were worked. A new Country, with FgNVX
for a FIRST!!! - He alsc worked in order -- W4KFC-3EIS-1BB-
aDUY¥-9NH-8ANO~-9PNE~-3KLA-2CEH-12L-TIRBX-SFIM-9CVQ-6KIP/6-
YV5DE =nd 3RGQ.

#1l. First YV/g - or YV/Europe QS0 Febbmery & €th 1955 when YVESDE
send GS5JU QS0'd.

#12. FIRST!!] USA/Columbia ¢S50, Mar h 20th when V1BB worked HK4DP
at 0540 GMT, followed by V1ZL =nd WBANO. Incidentally, this

was HK4DPs Filrst EVER QSO on 160 meters.

#13. FIRST!!! USA/HONDOURAS QS0 iM=rch 27th. W1BB/HRILV a2t 1015
GMT through terriffic (EN. Followed by V3RGQ at 0447. This
was also "Loul's (HrlL¥) First CY¥ Contsct - znd =lsoc First

: GS0 EVER on 160.

#14. FIRSTI1! USA/FAR EAST @S0, vhen WEKIP/6 worked V88CQ Aprii
rd 1855 5.05-5.25 AM PST, st DAVN. VS6CQ using only 10 watte
has been trying for USA QS0s 2 years - the only 160 meter

signals heard in that time were VS6CZ, = 71, and then RAKIP/6
1 . w W - . BL o g o 17T | - Y
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#15. FIRST T“ﬁ“ffFH“HP made by V8GDQ - F.B.!!! This is Second
180 VAS. (See No. 14 1953)
#16. SECOND C¥ "WAE"™ - and THIRD all time V'iS, Hede by V2QHH

~-%/VEs working DX were:-- V1BB,AHX,VDB,LYV,ZL,0RP,SFE/1,ERX,UXS,
YAA,ME_ BIL, %Y. -W2EQS,GCGL,VHH,VVP,X2EDL -V'3E1S,RGQ,KLA,DGM, VAN, FBY
FAVNE KFC,LQ,LIﬁ Inv, fCV - TEKIP/&,VBY ~WBODQ,ANO,KIA,NSF/9, PEY,
EUY,PFS, iCL - WBPHF,FIH cve - ?ﬁﬂwx ~VE2WVE, V¥ .

~-Other W/VEs HEAPD only hy X were;-~-"1BMY WH!E CF,LG and VZE -W2MXIF
PP, HX, SKE, K2B¥R, BVN, VH,¥Z,CF, DLO -?“LPN Kus F”Hfd,HIH - ¥5CZ - Vi8
TEPCS HHJ,SHPfl - WQCET,HH - ?EEHI - ?EEAAZ

-DX working V/VE were:- G2AJ,PL, BX,NX,NN -G3PU,®%H,GGY,J0J, JVI,BKF,
ERN, JEA nGSJU,HI - GEGH,QB,LB ZKP4KD, KP4CC - KVAAA-HBSCM-OK1HI, LM,
AJB -0K3AL,VV,DG -OK2AG --ZL3EB,HBE -ZL1BY -EI9J -GIZIOS - TIZBX -
TISMHB- LUSEL - YVSDE,FH-V03X - V4KVE/V06 - VP7NM,NG.-HKLDP -HE1LW
XE 20K-KHEIJ

-DX HEARD only by %/VE ---G3HEV, G60B,LB -0K3VV ~YULGM -TIS'R -

-SUMMER 160 meter DXI!!!! -Some of the boys belleved that they coul
dispel the myth thet DX on 1¢0 wzs not possible during the suwmer
months. (ZL schedules usd been successfully worked in the summer )

-G&J0J,G3GGN end GBERN started the ball rolling to test tiols out,
by writing several Vs for skeds during June July August.

#The ¥s responding were W1BB,KEZBVR,3RGQ,9PNE,INH.

-0n July 3rd W1BB's signals were heard by G3JVI =t 579 at Sunrise
time G land Sunday Morning. G3JVIs signels vere weakly heard.

-The followlng Tuesday morning K2BYR worked GAGGN 1830%CS for the
FIRST!!! summer crossing on record.

-0n July 12th K2BVR worked G3GGHN again.

-0n July 135th K2B"R and V3RGQ worked G3GGN
-0n Sunday morning V1BB worked G3JVI at 0325GiiT/Heard G3GGN weskly.
~-JHERRENYERY V1BB's signals were heard regularly EVERY Sunday
morning for EIGHT weeks at Strengths from 348 to 589

=G signals were heard and worked only on 35 mornings. Faint signals
on two other occasiona.

-The high static level kept the weak 10 watt Gs from comlng theu.

-Sunrist time -~ G land , as in the winter, wes found the ideal time
for signels to peek znd make (S0s

-This "SEASON® instead of "Tests" every other week end or so, it #=
declded in cooperstion with ShortWaveMagazine and V1BB to have the
"Tests™ EVERY sunday morning - then, if the in-between S unday
heonened to be &n excellent one for DX it wouldnt be missed. This

through December to Mar h 1956.
=During SEP-November, V5GCQ,VS5eCV,VE86CZ ran special tests with

V8CDQ 2nd W1BB to try and see if ¢80 could be made. Thile these
schedules were kept regularly every week, no contact or signals
were heard. VS6CQ "sparking™ these tests has nov gone back to G.




- SUMMARY of thils seasons OUTSTANDING events, follows, and is

noteworthy for the large number of FIRSTS!!!

#1

e

#5

7é

#5

#6

#7

#8

#3

#10

71l

-ZL1AH worked the

~-"FIRST!M - DL/W QSO when¥Shely® V'3RGQ worked DL1FF, (¥ho

secured special permission to operate on 160 from Dec. thru FE-
December 8th a2t 0510 GMT!! -- Followed by W3F3V, T8GD(,V1EB
same morning -- DL1FF was on whole season, with other DLs.

-TFIRSTII" - YN/W QS0, December 15th when T2CHE worked YN1AA,

loo Vatts) for FIRST Phone/CW ©S0, on 1805 Kes. YN was #59.

ong distenc e to G6CJ three times, on Oct. E
R R N R AR B T 5 1gs weak.

13,14, &15 - =

-"FIRST!I® - HE/¥ Cso on Febryary 12th when BESSErSRESRERiET
HB1CM/HE, Liechtenstein, (HBSCH on DxP:DITION) worked T1BB at

0505 GMT, after a previous unsuccessful attempt. HBLCM/HE's
signals came thru repeatedly znd unexpectedly at 0505-0600,
rst ££9-449. This was an unususzl performenc e on HBICM/HE's
part, and he is tc be congreztulsted.(See sepsrcte story, which
has been written on this for the magazines, with photos.)

-ZFIRST!I" - VW/VP2 160 meter CT0 ever with TORDOLA, British

Virgin Islands, LEEYARD Group, when Howey, VW20HE worked
FP/8AK/VP2 (W2BBK) on 1801 2t 4,40 AM EST March 5th 1956 to
receive 449 just as he was packing up to conclude DxPLDITION,

~"FIRST!!" - Barbados to USL ever S0, April 6th 1356, when
VPERG, "Ron", & high school Boy, snagged V1EB on April &th
for & report of 429x, BB being 569x. This represented & lot of
hard work, perseverence end good plenning on VPBRG's part, Of
speclal interest is the fezct that the pole supporting one end
of the long wire antemna was our in the sea, cuite g fe w feet
from shore so that quite = part of the antennz wss OVER sslt
sea water -- NICE [!I

-PFIRST!!" - Recorded USA/CUBA Qso on 160. ™1BB znd CO2BL worke
it May 21, 1856 at 0700 GHT through heavy QRN. BB,559 -BL,4483,
"Doc" very cleverly and quickly "Converted" sn 40 meter antenm
for use on 160 - end it worked out -- wekl, well enoughili!

-¥1BB's signals were hea rd, for FIEST 8L report - by E rnest

S prock, in SUFINAM, PJ2CK, South fmericz, on July 1 1956.
This is interesting news from = Country rerely heerd from.

=An unususl “FI? I" was mzde, when after a series of schecules,

the team of OM/XYL, -SZGE/ZS2KZ got =zeross to W1BB on July 1l
at 0805 GLT, also S eptember 8th 0400-0440 GYT for the very
"FIRST" Z8/W Qso on 160. (A special SULLER BULLSTIN to missssse
maga zines, covered this event in detaii)

-Another important, and R:ARE, "FIRST" !! was made by CPSEQ,

Bolivia, S.A. putting that country on the 160 Dx map, by
working W1BB, July 22nd at 0800 GYT to receive RET 113-343
on @SB, with bb at 449

~PFIRST!I™ - British Guiana/V Qso by "DLD®, VP3AD 119/238 -1"1BB
the same, on Sept. 12th. The previous week when contzct wes @@
cbout to be established "Dad"s xyl announced the expected Jr. @
Opr. would arrive, and the schedule was GRT just in time, but
fast!i! - A fine little fellow did arrive!! Congratulsticnsii!
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nese summer FIRETS by W1BB, ere the result of testing out his
theory that when it is Summer up North, 1t is VIKTER dovn South,
and conditions would be best for the Southern Countries ® it workd
out that way -~ but meant = lot of "EAR DEUX BUSTING™ by static, fa
W1BB to keep these schedules.

- In general it wzs thought that the ELST/VEST conditions were not

2s good this year &s last - believed due to sun-spot cygle -
However, 2s will be noted - & lot of DX WAS worked, end some have
the feeling thst 160 meters is the least affected band of all.

PLETICIPATION was good --Totaling 16/1s,24/2s,16/3s,17/4s,6/5s,
Efﬁs,EITS,EEIBs,lﬁﬁﬁs,Efﬁs - one esch VEL,2,:. --- Dx e&s follows:
Gs-26/1s,3/2s,5/5s,4/6s,1/8 ~--- 3/KZ,4/KP,2/T1,2/CM,2/HB,3/7L,
afvs,leI,af?P,leL,afGI,1fﬂn,9fDL,5;xE,2fYH,san,lfGD,Eva,1;5P,
1/HR,2/GC,1/HE,1/KH,1/C0/2/28,1/CP &nc one VP/3.

SCGT R

VOEKING Dx were W/VEs,,, V1BB, AHX, EPE, BAW-W2EQS, CHH, KE2BVRA"3RGO,
EIS, FBV, TBG, DGM, MSK~WOPNE-Y8IL---HEAED only by Dx -~ K2JI0, ————n

VOEKING W/VEs were - G3PU,GGN,KKP,IGY,JEQ,ERN, JVI,FPQ-GSRI,JU,CYV, I8
GEGM-GBJR-KZ5PB, DE, FA-KP1SD,KP,CC ,DH-VP7NG,4LZ, 9BM, 6FG, 22 D-
DL1FF, DA-XElA, OK-YN1/A~GD3UB-KV4.: A-HR3HH-KHBIJ-Z82GE , KZ- CP5EC -
COZBL --- HEARD only by ¥/VE were GZHVI,ILO-TIZBX-EI9J




PY1-15658/Rolf: Mar 17 1%

Here is 2all the latest on 160
- Thanks for al your fine assistance this year
If you can pilp merliqeﬂpp iﬁaxvﬁgmﬁtnat w1l;_ggq‘me

r make private schedules - would much appreciate
i R S O S S R BN i R S R SeR— -

Heppy summer and 75 de Stew/WLBB

e

ROLF - I am enclosing some PUMP
literature that may be of interestss
arparently you are in same line 0T
business that I am - eh??? CL@N
BOVBA!!!

Also am sending you ¢
calendar via slow mai

: -
PleaSe be sure not to forget to line up
some HAM who will make schedules with me
on 160 - I might even send small 160 Tx if
necessary if can Tind reliable fellow - most so
far havent been reliable - did not keep schedules etc and only wamd
wanted me to send them somethings.

r/ WARY 28 1962 "1BB -~ 160 METER IX ~-- BULLETIN 1961/1982 - No. 4

.
=

de W1BB/General Remarks jia Wellll? The last regular TRANSATLANTIC DX TEST has co
anfl kone, the CQ-CV-WW Contest is over = sc no doubt DX activity on 160 will
begin to slack off - as spring approaches!! --- 1962/1961 Season hasnt been as go
as some expected, or as bad as it could have been, This comparison, for axample,
total number of different DX stations worked by W1BB each year, might be of inter
howsver., 54/55-19, 55/56-26, 56/37-20, 58/59-4, 59/80-5, 80/81-11, 61/62-27::1 I
indicates a definite cycle, corresponding with Sun-Spot activity, and improvingi!
=== Vhile 160 DX isnt completely done for this season - more DX will be worked -
apparently we have had about the best of it for this season - or have we????77?7?
-== Dont forget the new "Format™ wherein undeklined calls indicate QS0s, without
underline, lndicates "Heard”™ only. ~--- The reports from participating stations,
SkLers are just grand!! Keep %em up and TKSi! c=c== Reference IQSY - it has not
vet been determined if 160 meterg data which might be collected, would add encugh
knowledge to Ionospherle conditions to make the venture worthe-while, as the S0Me
Data was for IGY -- More on this later., --- There will probably be ome more Bulle
this season. =--~~- Cccasionally an error, sometimes due to V1BB fault, and at oth
times not - ereeps into this bulletin --= Please exsuse the "Human-Element™ O.M.s
However on the whole, information herein is believed to be 99 and 99/100 % Pure!l!

V1BB/Summary LOG of SUNDAY MORNING 160 METER DX ties::e
' i, reoruary 4th 1862, FIFIH Scheduled TRANSATLANTIC Dx TEST --GENER
At ococoz DHIS4/2 T800K was coming chru 949, a good omen for DX, At 0500 448. Quit
2 Aot of Snow Statie - Vix Cloudy - Band,opened up to Eagt, Faeir to good - South a
W 5, Poor, —e=e=== EAST -Fairly good DX - Gs Coming thru at 0530 peaking 0730, €
ioudest signals lingered until 0820. Gs,5PU,6BQ,3ERN,CHN,5JU got aeross. Exciteme
-f the evening was new Country heard from when SV#WZ reported thru G3PU he was Hr
T1BB 0505-0570 - unfortunately no 4SO.resulted. Reports as follows --GéSWLZAllen:
] DlEBQPPNﬂfxﬁaFYTaGGL,KBT,BEVL,K&EVGeVElZZ—ZC4BPu8HBR/8 - Thalks ofll Theg_
/Smith: : VPSFH,1BB/1 ,HR3HH, 2FYT, 8NSP, 1PPN, 235 , VE2AYY-UBSWF-~VFB Norm & T’




Ril: ¢ VESBQL/SU/1803, SV#LZy 1BB/1 -’ﬁi‘-‘vi@egﬁ*ﬁEIU3mwaﬁm=1{8mggﬂgﬁ/&vmzz;i

F2AYY,-HRBHH ~eee= GEPL/Peter:: 1BB/1-HR3HH =-e-- "DUD"/GECJ, of "Shadow-Edge"

160 Dx fame, is back on 160:: VELZZ-1BB/),PPN-2FYT,KHT. Says friend ZL1AH getting
“Hot™ on 160 for SO w/HClAGI & Others --e-- G/SWL/IBALL: :1BB/1l ~==-= Ggswygavidﬁc
£ BB/1-VELZZ -=w-= VE2AYY/MIKE: : GBJU~-VP5EP,Could have wkd VP5B" except he was
ciLose to 1800k & BC Harmonie - suggests ALL Dxpeditions and DX stay away from ev
rultipliers of 10ke, 1800,1810,1820 etg = in futurel! —=e--=-= WEST: :Conditions po:

A few 68 hrd weakly - no real DX. K7HDB/Dick active, but no DX.==e==-«-SCOJTH: :HRG!
was star of the evening QSOing cuite a Tew Vs, Real excitement, when HRBHH repor
thru W1BB he was hearing G3PU - BB Notified PU - tried get them together - but ne
2S0 resulted. This is first G ever hrd by Hal/HRBHH---HC1lAGI came on at 0445 Cqi
many times - many Vs calied him-few (SOs-apparently skip conditions poor and stat
b8l === A ¥V was d olg VP2VL =-- XE20K also on --- BRAZILIAN/SWL/ROLF/ISWL/PY92:
: :WPGBV ,559/239-K8BRBI , 348 - VFB & Tox1!! New Country Tom On 11 R
WEKIP,¢CDP, 5307 all Hrd VPRZA -cwece-- NOW HEAR THIS de Z%John!!!-"ﬂtow, am
pradually readjusting my ideas.again as the sun-spot Cycie es a dive., I was
this week that you had a test this weekend so took a couple of looks at the band.
At 0809 hrd W1BB/l on 1807kc calling C,-DX until 0810 RST 339 - would have been
petter except for summer statis™ mf_.{m gohf-aggeisgladvgg?agnggk gg %.g%éi We
all be looking for you!l! =cceme-= "Don" /W s ¥ " { g WL = -
seems like the 8°'s had it!!} cee---a OTHER ARTICIDANTS - Vb wsxﬁ?fé'&ﬁqm, =9J DK-gC
VX0/9-VEIDR DX--G2IM-G3CHN,PEK,ORD,LI ,00T,NKd ,MZV ,NXV ,GGS ,BJD ,GXP ,NMF , NEE=-5JU~¢
ZC4BP=-0K1GT~GV"3C BY , PZU~ (Vi 8PG=CI3NZZ¢ -~ HC1AGI says - "Conditions Lousy" 212

20 February 1lth 1962, Non/Scheduled SUNDAY MORNING 160 Meter DX
GENERAL --- Snow Statie %h?s? at Gﬁo as sSnOw storm passed GhIu Bastern USA, cu
town DX on what otherwise might have been a real good AM - all in all this was a
rather pcor Dx morning, -==----- EAST - No Dx hrd at W1BB - Marker DHIS54/2 not hn

Gésw:@nen: ¢ 1BB/349-8FYT/239-CNBPZ-2C4BP-STPNZ-BLAA-UBSWF =Tnx Geo, --- GSWL/Sm
1 B -CN8PZ-Tnx Norm!! ---GSWL/Davison::1BB/1-CN8PZ SOing G6Bg ¢ 0516/1805
7 YTH --- HR3HH QS0°d W1BB/l altho going was ruff w/S7 (RN!! --- HCIAGI/Don, rep
Rl so heacy all reception hopeless"!!! --- VP8G, appareatly QS0°'d V & W2FY
No confirmation, -=- W9 Brice:: VP8G./1801/339-HR3HH ~--HClAGI did hear HR3HH
TP3AD/"DAD® Daly was on end <o0'd VP2VLS89 Tortolla Island, (Box #45 P.0.)="Dad"
and were both real excited for their FIR3ST EVER VP3-VP2 160 meter  SO!!{ Con
to both = "Dad"” thinks 160 good for another month at least. He also hrd, W1BB/l-
ZFYT-KSHER all 569 --- PYéS‘f-’I./Rolf»NZ_[TEROI BRaZIL!!! Hrd VP2VL/449 & VP3AD/239
sure nice to be getting SW1, reports from Brazil - not to get a 160 meter Tx goin
therefi! Tnx Rolf!! ---UEST - WEKIP/349 730'd ZL3RB/139 i 0800 - CERY FBI11!!

3. 18th 1962, - STXTH ANNUAL TRANSATLANTIC DX TEST

GENERAL - Nuite disappointingly poor - of & Mornings - on the last, 6th Annual
Transatlantic DX TEST - and also the ARRL Dx Contest to have the QRN "Gremlins®™
work spoiling things!ii!! SKIP, all directions, pretty good - however, S6 to 8
NEN covered most DX stations with a heavy blanket - nevertheless, a few lucky St
#id succeed in breaking thru for JERM (S08, ~=----- NORTH - VIRAN/FPSBX DxPediti
expected on ~ did not show, ~w-=-=- FAST - The Furopean Dx conducted a battle ro
with QRN, pushing thru occasionally to QS0 on "Peak" conditions. G3PU:VEIZZ --
GEBQ:VELZZ - G3BFPQ:1PPN ~G6@M:1BB/l - IERIUECORUNUCCRERQTNIBEEN ~ L SL1V:G65Q =
W1BB/1: ,BQ,GoPry = 108017 and others : Ten: W1BB/1,PPN-K1DSV-2
2515 , KiT~5 LI V-KB0R-VELZZ=-VO1F B-HC 1AGI -VE3BOL/SU-SVgVZ - rine list Geo$!!/Tnxi! -
GSWL/Smith; 1BB/1-2KHT-VPSBP & other unidentifiable signals Tnx/Norm!! ---
{4KSY/Draybon hrd only DHEI54/2 weakly at 0330 - (RN S7/8 --- GM3IAA/Jim MecIntos
Hrd w1EB - gays "1t is strange why our Northern statioms do not get asross so
on 180:!" Their strictly low CRP has something to do with it no doubt!i{! Jim use
to operate a TELEFUNKEN 5 KW Spark Tx at Assiut Egypt - some differenceilll L
¥ YILSON:1BB/1/569-1PPN/459-2FYT /449-VELZZ/559 - Tnx Henry!! c=-=--- SOUTH - VESC
fioel, Eaton, Vacationing Canadian Div. ARRL. Director broke thru as VPSBP, Gran

Caymen 1sland Yorking W1BB/l, 3RFA, 4YHD, 8HGW, and probably others for NEW COUN
150s. (On Saturday mgﬂ"iht 5074 WiPPN)s ——- DON/HCIAGI//3EIS, apparently was
having JRN problems too. Many W/Ve frantically and frustratingly calling, 0730-0

w/no Ans., However he did SO T1BB/1,2iu MSK-4KFC 9%@._&@@%@613 - JFB
ST - Practically NO Western Dx heard at all exeept W8KIP and only Por nrief
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TIONAL PARTICIPANTS - W/VE: 2BVR,SSC,G0E;0HH-3GOF ,CJ-40MW-K4KSY-8GDO %D-K@r
T T R e VPO~ CT O - ENHO  GIBIAL =
FEBRUARY 25%h 1982 - CQ-180-WW-CW-CONTEST -~- GENERAL - Hoped for A
ontest/Dx conditicns did ROt materialize - principally due %o Efﬁ'static levels.
f‘ Dx was in there but could not be copied or worked thru RN - although some, W
ui_ L All, a good TEST was hud however - everyone seemed to0 have a grand timg
2 1ot of new stations were heard froml! CQ will carry the results. ¥/VE - "l'I'XéPo:
Fo8BX ,VPVEH/ V> 9-HC1 AGT-EI 9T -HRSHH & others for score of 10,430 in 1 -Not bad-
ad had 60 cycle line noise.! -~-"1BB/Stew: VD1FB-V#VEH 9-F°83X-HRSM-HC1AGI-G
JOUB. === V2UKS %Bill - KH6IJT-EIQI™ -6365-1 3 -GDSUB-XEEOK-F"BEX Tnx B:l

Vot rso{adY -- fike:="Had a4 ball™!! 152 SOS including F8BX-EIQJ- -
'4VEH/VP9- now has 10 !Eountries on 160 - says Cdx poor to West, Frd XE20K, e .
Soobe 11,760 =e=-- ¥illie/V'8GDQ - had some fun, but snow static terrifn;ic - missed
few g00d Ones. =-=-=== EAST - A LOT of Buropeans were on for the test, but between

Riling each other, and covering up DX, they had a lot of trouble with the QRN alsc
kswl Allen:V1BB,FRR MR, PPN, TX=-2E)S, 'FYT IU-K2BWR ,DGT-3ECR , EIV=4KFC , YHD-8GDQ , HG’-m
VEZA EE-VOLFB-V@$VEHR,/VPO-HR3HH-FLAA «50ing Gs & OKs but no Ws - Nioce go:.:g Geor
ERN,says "rithrout doubt, best opening of season BUT ruined over here by lot
1o Contest calling "CNH-DX" on top of V/VEs - they were even on V1BB's Fy ev
..hen you yourself were calling Cn or working another station - 1 cant understand
some of these chapsl!! On top of that, ¥ stns did not seem to be tuning our Fys - I
*“ﬂcz:ed up after 50 Mins fruitless calling!!! Eram heard: W1BB-2FYT HUG, IU-K2DCOT-4KF
w{gmasm o HGW NSFmKBHBR/&ERiVEH/VDQJVElZZ yBAYY-VO1FB-HR3HH-FPB8BX!!{! --- G3CHN/Roge
W1BB ,ME PPN FRR«&FYT?S =& KFC ,YHD«EMA-B’ZEKeOKlZL NRaUBSVvF—VE].JX-HBQT-
THVEL/TPD 589 at Times!!! and i many others nrd - however "T'was a DIt Of a carve-up
at times” ne says but very emjoyable, bringing in-no less than 4 new onesi!!
HOLAGI -HR3HH-V.¢VEH/VP9-KH6IJ-XE20K, Score 12,792 for 152 wSOs - 3,Dx and 39 Mult.
Td no B in FEB - Al leaves for his job - sailing on the Great I.akes, shortly - T
saded ship antenna that he appropriates for 160 DX goes with him - best luck Aljl!
S SMITH:1BB/1 ,AWP-2FYT ,U¥D,IU GGI.aKZDE‘I‘=4UK=aH(Eﬂ.nKBHBR/G~VElZZ 2AYY-9PNE-VWgVEH
T.. also sent in FB list for 241511 also = tnx & Congratslf! --=-- W
AINZCALPB GEBRY BATEMAN - Vith low power and poor ent.enna - sing re
Between 0222-0430z the following: WYVEH/VP9,W1BB,PPN ME-4YHD-3

.-i.r\'ﬁ'..BHCH =K8HBR-N0 VEs hrd, Stan called Ws using 1827Ke but ND - Unfortunately - T
miilion Stan}!{! =----¥1PPN/Cliffe: G3CHN-GD3UB-G3IGV-FI9J, =wece== WEST = ‘MYC Gen
ing 235 £t IV on smal 20 lot o0'd §5f"§t"'"_‘ates, VE, KHe & XEL _E'ard
:d also HC1AGI/579 but could not g,so nim!{ —eee NORTH = Ni1£3! —mwe-= ﬂ cm
: 188, TX-K2PNF , DGT-3GOF, EIVM—BGIY xemsa ¢ m-mm-xmox-
on" aygs Bis problem hearing DX = b mropean Tisteners mall 1s terriffi
@ doesnt hear ‘em - "Two Ec&e n!.ghts without sleep - wonderful conditiona hut
"'qu 39 ,S0s!! Don corrects BULL No.3 - HC1lAGI is 11,700 Ft high - not 11'70’8 .
?-"‘*OODOOQPBI!Q Sorry!! (Don also had nice string of 23 stations GS0'd on 24th) ---
ZiW COUNTRY HEARD FR(M - PJ2AE/Stan - Vho says he cant operate on 160 - regs = but
OughAt we wou erested in signals hrd, as follows:: W1BB/1,PPN ME ElS-2FYT
/D, TU=K2DGT-3VV, GOF~=-4'YHD=8HGW-KBRRH mfaem-v*ﬁvm{/vpsadans. We certai are
nterested and Tnx millions Stan - and get after those PJ Authorities to allow 160
ITIONAL PARTICIPANTS None not already mentionedf!}

C ELLANEQUS '1'0”=BAND ITEMS eeccce= WeKIP/Alex QS07d HR3HH & HClAGI - Is disappol
Te 1S S0 11 DX o0 VWest. Has "Rec cation" Problems with his antenna tower
causing RN = sasrs "Noise here remains tremendous problem and I dont know WHAT @EE
" 73 do without noise balancing effects of receiving antennas - although it “euts do
» signals - it still gives much better signal to noise ratio, and 1 seem able to

#11 stuff fellows in (UIET spots hepar'll e—=e—==-= GENF LaSHB;-GK'! Jan 7th Harold Hr
'.’:"--;-L%IfS’?mVESKE/S'?mmzzls'?-»lﬂBB/S’?»m1AGE/35=‘E'2. ND/45= W81 /33-3NTX/33-1C

G Wf- Tnx Hall! —-=--=- Bl QM3IAA/JIM, A real 0.T. -=1914=»1915 R.E, VWireless Ass’
Y G - Heard Jan 7Tth 1BB/1-56 s 9,1TX/349., He is Ex VS1AA-2AA,2AF. In 1934
4 “*mmd WINDON antenna which is written up in RSGB handbook -- He is looking for
tactsi! Nice to have you with us Jim - Good Luck!!i! (Has Just wikd iBB & 1PPNit:

e BRA?JHmfsvmuIS?L[PYQ%V=Rolf Rasp --Checks in with Vy nice 1t & fm now
‘11 log 180 stations and 4SL - has been HBISVL 6§ yrs - also DL,PKl, PK.'.’: - ‘1&9 e

5 10 tube BC /Px Home Made, Sure nice to hear fm PY - Tkl

ot -




- Loran does not bother there (Lucky boysi] However TV puts birdies 1825
32 sing up Eu DxX-Thinks Cdx pot nearly as good this year as last (Dont unders
hat favelll} Jan22:G3CHN,HR3HH/,HC1AGI - Tnx Davel{ «=----= WBKIP/Alex sez Ruropes
ho want to work W5,6,7, MUST use 1800-1805K¢ - hopes for 160 in KL?7 someday - Try
0¥ SELAD & UOULL on 1608 ~eme==- K7HDB,JAN27 2 2FYT UWD rapid QSB ~Jam 28 1BB/l =--
Joes anyone have a "Yen" for WHALE ﬁﬁﬁ?‘? Write DioK{] ~eeeem-- t'ta*l'RsGeo -"e dont
- much time for HAM wk, but when we do, it is the OILD TOP BAND, ocugh things a
~ough at times, we enjoy 160 meters best of all!l! ece--=-K4KSY/Drayton - "Notloe
shat West Coast stations come in hr quite early of late - 3igs brea ru literall;
rerything is quiet on top band - then suddenly they appear-early as 2030est-sever
ights exceptionally good 05 low as 1980ke - Alas!! cant seem t0 wk “eml! Does thi
it with study E/W Cdx?? ==-~--- WE ARE SORRY that one of our most reliabls & wall K
160 DXers BRICE/WOPNE is plagued with ulocer trouble requiring strict diet - but wo
5 all enforoed sleep schedules that cut out much 160 Dx s tivities - better obey
'DR78 om;ﬂet it over with - and then BACK TO 180!! Best luck Brise Fm a
of USy meacoo= 1».'@1):32131116 says skeds w/ G370 ,6HB-FEL4A-DLIFF on 1999 did not wk out
“rs VPSGH well on 1827 - HC1AGI best on 1995 =~-=--- OH3NY/Mattl - Continues effor
to get FINLAND Govt allow 160 agn - Keep up the good Mattill! =w===w - HC1AGI/Do
~pts FB string 2S0s Jan 14 & 28%h --14th:1BB.ME,2KQT ,FYT,IU,WAZKVE,BGIQ, LKB81.Q
R /8,K6ZH ,KHEIT ,@RVX ,CDP ,IFH --28th:1BB/1,210,FYT,U¥D,GGL,K2LVR,3RFA ,GOF , 6KIP , 8FC
', I0SmLOF ,HRV ,NSF , HGW ,K6HBR/8 ,$EQ ,CDP , IFH, VPEGQ,, VE1ZZ ,ZL3RBI! ! VYATH/VES ~=weea-
‘ ‘/:'Ken - peports via Ham Radic "Been hvg trble w/Kw rig but expect hv fixed soon
SToo--RK7ICW/Al - has new Hy-Tower goil loaded Vert. 160 ant!l! Says DX poor this
but £S0'd KH61d-line noise teriffic - golng to hit CQ-VV-160-CT hard this yr agni!
eV 2UKS/QS0'd VP3BH/1804Kc Feb 19 - Hrd FP8EX/1827k,20th-sez (RN HIGHS! --==-
F8ANO/Waldo - has sold 180 meter Tx&Rx-gone SSBi!! He’ll be bagck - =
A7l mece===l e/V Moans that odx havent been good as expeocted this yr & w
~wer limit/line noise ete has had rough time = sorryllid
OY oh BOY/V:2UKS/Bil11:11iI1 Feb 21st truned #n an incredible 1ist Dx Hrd - UBSWF,
O Y o HROHH ,G3CHN & Others ---V1BB sed to himself - there®s something
hexe worth knowing - S0000coooc wrote Bill, asking if by chance he had real QUIET
location - end here®s the answer of 160°s UTOPIA!!! "I am Located on an island 2%
miles out in the Atlantic Ocean Fm mainlend -plenty water all sides-=plenty deep =
noise level S2-S3 normal - in Loran S5 - we have NO industry in or nearby/mot allc
‘m using Heathkit "J" Multiplier HD-11 w/SX28 & L.V, 200° long over large parking
Lot & 40° high, 4TH center cof city w/4&5 story hotels arnd - resort city/fairly qu
in winter all directions except N - Ant runs E/v-end into shack - ant coupler-Viki
11 Tx/26Ow--sure can hear "em/darned if can wk °em!! V1 keep trying (And he DIDZI{)
"id-Note"™ =V1BB also had superb reception when band was open one Sunday AM, and he
was at Summer QTH 300 miles into Maine away from noises - hearing and working UBS,
ZC, many others - Dx sounded like 20 meters - all of which goes to prove that the
nost important ingredient for 160 Dx is a quiet QTH in the clear,

SROPAGATION - ¥e 160 Meter fellers are especially interested in this - and so for
veryone's benefit we copy herewith all the latest dope - Courtesy "FLORIDA-SKIP"-
PROPAGATION CLEARED UP* ~!!79%?- Propagation charts show an easing up of the rate ¢
shich Dx is easing off, This is proof of the slowing up of the &lowdown; =--- It

should be noted that the slowing up of the slowdown is not as good as an upturn of
the downturn which is a good deal better than a speed-up of the slow-down. It does
suggest that the propagation is about right for an adjustment of the read justment !
.--Turning %o long skip, we £ind a definite decrease on the rate of the increass,
snich clearly shows a letting up of the letdown ~---~--Of course, if the slowdown sk
should speedup, the decrease in the rate of the inorease of short-skip would turn
‘nto an inorease in the rate of decrease of long skip. In other words, the decells
wp-d. be accellerated. ---The charts suggest a leveling off, followed by a gentle
54 up, rather than a faster pick-up, a slow down of the pickup, and finally a

leveling of f again of the pickup. --- At any rate THE PROPAGATION IS RIGHT FOR A

TCK-UP this winter - that is, if you have a 10 Kw rig and a 26 Element beam$??i”
“opecaster Johnny Short Skip/V4SKIP. --PS - How’s DK fellows???2??? There you ha?;g
% fellows - and this information should be VERY helpful in working 160 meter DX:.

e on 160 1!
73 de Stew/W1lB /5 afid HAPPY HAMMING to you - Especially on 180 I!!

73
{ '(4 } -
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APR 20 1969
PYswl/Rolf

o~ Here is all the latest on 160 for you with compliments W1EBB

Thanks for yourletters March 8 and 19th

The reposts were very interesteing and studied carefully and
entered in SUMWARY log here.

Do not know VP2VL QTH - suggest you write VPRVI WRYH T.W.
WINTERNITZ, Yerdley Road, Menham N,.J, - He will know or DX
, Magazine, Don Chesser, Burlington Ky - they will surely know.
“Sorry I cant help more.
-‘fﬁa’ qﬁI sincerely hope that you can get someone on 160 for schedules
o Q€}~With me next fall = or send me likely suggestions to write to.

i

‘:g\\% @6‘-‘ 5

¥g~ éaigﬁﬁﬁat SX71 is a real fine receiver - VFB - Know you will like it,

VERY VERY VERY FB on you and PYINFC -- and with 40 watts if you

can build it to cover 160 we can QS50 - and m ke HISTORY - since
there has never been a PY/W QS0 on 160 meters - and if and when you
are ready if you will make private schedules with me , you can

win the W1BB CERTIFICATE for FIRST GSOs - I will give you all the
needed information on Antennas - and help you in any way possible -
just let we know what you need - as long as you ¥ makemelre skeds
with W1BB only until a FIRST QS0. And I assure yqUgfi

sustem that will @Frk if you are faitinful and 'afﬂ~m=

() HAPPY HALNING and/7a##e” £ cvi/ LB
APn.L 16 1982 W1BB -- 160 MFTER X -- BULLETIN Igad /i8¢

de W1BB/General Remarks --~ This last 1981/1962 seaspy PULLFTIN has been delayed :
153 or unavolidable reasons, but the snclosed FILASH suyfplement wss sent to all the

Ham Magazines on time. This will be the lastBulletiypuntil the 1962/196% season
opens this fall - unless by chance there may be enlugh activity to make a summer
Sulletin neoegsafyy ==~----=- Yeos - it HAS been a GOOD season, a VERY good season
18018 with indications of possibly better nextl! We say "Season®™ because during °
winter months there is more activity and Dx worked in this latitude - the band is
quieter, nights are longer, and weather males it more coanducive to staying indoor:
at the rig. HOWEVER, we must not forget that while it is summer here, it is "Wint.
clsewhere and there could be Dx minded Hams willing to work 160. In fact, W1BB wik
7S in August, and CP in July. Most of us Northern Hemisphere people are s0 happy f
enjoy our outdoor activities in the warm summer months, that our 160 Dx, generallj
speaking will be ¢RX until asbout Oct or Nov. Another advantage however, these
periods of aetivity and rest give more ZEST to the Test when it resumes!!! S00000:
zenerally spesking WSK $ill fall and beC.nou. thefic «=----= We cannot end this
asason, (or any other), without saying many many thapks and appreciation to the
SWLe whose prompt and complete reports have added so much %o our 160 mster tests.
Oubstanding, as usual, were reports from G/SWLs, Robert Ibell-Norman Smith-George
,im;:ﬁgene t reports from SWIs ~ Ge/John Hall, Heary Davison,Jim Slelght -VK:
“herles Thorpe- rY/Rolf Rasp -- not to mention a number of others who sent in
=pot individual reports. Next year, it is hoped to meke aveileble to any W/VE Hem:
o are interested and write for them, copies of these rsports. "Cheers" to these
5 Yt = and fellows,keep up the good workll! --e----W1BB wishes to send thanks and
75 to all the 160 meter gang with apprecistion for their QS0Os, reports, cooperatl
and all matters which have led to greater enjoyment of DX hunting and testing on

/1 1BB/Summary 1OG of SUNDAY MORNING 180 Meter DX activitiesiif!

MARCH 4th 1962, Non/Scheduled SUNDAY MORNING 160 Mster Dx --- Geners

peaking this was & Ganay morning fOr DX GO JUrope - otations "in" for 2% hours!

——
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fowen 29
| /¥e-REPORTS: ~#1EB 4S0'd 11 stationsi! {MBIAA-GGM,BQ-GBOIT,IGH ,RuA,GHX,PU,FPQ, I
0T - some up to TSG58010 —~-WLPE] Topped W1EB with 13188 GE3IAA WHVER/VPQ,A3-~C3R
fi@T,KCKgmaERHﬁFPQJ@v,OIT,a 3BQ, AW A8 QSD with G3FPQ - Cliffe op AM
“oparats Cliffeill -— VELIK:: -G5JU,SCHN,IGH,FPQ -~ WBGDO/Millie: : G5FU,WGKLP, "H
%2’ hrn guys working stuff but couldnt pull ‘em through"it! ——-We 6311.1- Hrd On

VBKLP ,WHVEH/VPQ , GBFU,G6BQ ~—~-WHALH/VES QS0°A GOER —w=wmemCEAST)= Dave - G3CH
PU,FR,6Bq says "Good opening but plagued with S@ inte ant line noise and cou.
NOT make QSO through it"-Sorry Davel] —----G/swl/Smit : :1BB/1 , PPN-26GL,FYT ,IU ,TWD,
KHT-8NSF-~KSHBR/B0VEZAYY-VELIX~-"No exciting stuff,a d call a VP -Tnx Normi! -
Léemléi\ll?: :says "A very good time was had by all-best condx since I came back on
srails. Spent much time on 1.9-2.0Mc hrd nothing-though pptomistic-Willie/B86DQ doe
have the punch of old-wonder if his VERTICAL deteiorated?? -{NCI!! Power limit now
50w instead of 200 his aree) =~ anyway real nice to hear him around again" <Herd, U
1/589 ,4W /349 ,TX /449 ,PPN/559-21U/339 ,FYT/559 ,URS /449 ,GCL/349 , TR/459 ,KRT/349 ,0WD/45¢
X2BWR/ 229 ,K2HLI /239-3N0Q/239 , GQF /239 -K5THF/ 556 9-8GQ,/4 8¢ , NS T/ 339 JW /358-KEHBR/8/33
VELIX/559 ,3AYY /449-WAVEH/VPE/230 = Tnx Geol!! ~==---030J1/Jim had an exceptionall
1ist 1BB/1,PPN-VELJX-KBHBR/8,&NSF-VE2AYY-W2IU,FYT 685, »20WD TNX!§ ~eee
1BB/1,PPN,2FYT, VELIX -----_-(EPUéErn - "Without doubt best morning of season”

PPN, 2848 ,FYT, GGL,IU, UWD-8 8,8NSF ,WQV, VELIX , VEZAYY , VESABG ~-mn-=
:--:ﬁé/%és-vi:lax?s—sﬁ-ﬁv TX/449- 250-VE2AY Y /400~ 1PN /459-8NSF/539 - e ot

nd pr
his FIRS"I‘hPI{g! é L-;;--g T/Diok -/grd 1PFN ul;fégagwygg;wmévm/vm/ws cw thell: oha
50 phone e and 2/3 = also JAW, 28GDQ , 1PFN , s VEZA
VOVER/VPS o =mm== tNil —=eae ’ﬁ'o"'t 3 sNIT ewmew-=CSOUTH) - zﬁ P ,"conds
unusual, extreme siow (SB,sigs ris o medium peak skowly, dying thrt
pveriod of 5 minutes. Z1B0K hrd WEHRG/459 -We logged WEKIP,5SOT,6HRG,#CDP. It gave
ZL gang real thrill hearing Stateside clg "CQ-ZL" and we really appreciate the Ws
looking for us, Participating were ZI3I(K,Z13BC,ZI3RE,ZI3C0 and ZIL3RB"- Tnx ZIsili

Another partyerRant: bR IIRG) 23 EaATE JG_160 meter Dx --- Earl:
3 condx seecmed fairliy good and the ' y Well, ==m—= =1}
hr. BK briefly 119-239¢ 0310z ,later0335z G6BQ came thru 579 QSOing W1BB. At 050
few other Gs hrd,G3PU coming thru real well., Wp/ATH/VP9,QS0'd a number of Wy —--

3B0JT/Jim=-"Cdx rather poor-Fkease ask W2FYT N 0 send QSX 180lke as many Gs sta:

salling there and make mess of Dx band Hr - HGLAGL/VFB!! HrdlBB/569,HC1AGIL/559 .30«
139, 2FYT/569 , LPPN/339 -=~ GBFPQ/Hrd HR3HE ---Gewl/Smith:1BB/1,2FVT iU, 3G0F --- de
G3PU/Ern; 1EB , PPN, 2EQS ,FYT , TU,B04F === G¥awl uest ; 1BB/449-K2DGT/339-3G4F/ "
W r:{ce:: says his son had emergency appendectomy ni%c S0 vy . howeve;
: /229. Brice feeling betier himself - using NAVIGATOR/50w. CW Contest
105x38 --e-cswléAnen:133/1/549-301@/zaanmc/aao-xznar/&e,lsm/»zse-ams/aav ————
GMSTIAA/Tim: ,PrN , 3G4F all 349 -~ Jim is planning new antenna for next year !
WESTs ;33 No Western Dx hrd hr or being wkd by others ~-—-----(SOUTH:}::: Real excif
ment when WIBB alerted Gs to fact that HCIAGI was on 1828 - thereupon G6BO QS0°4 !
for FIRSTIf!. G/HC 160 Meter QSO ever. HCIAGI gave G6BQ 44%. Congratulationsifiii
in addition HC1AGI €S0°d a vfb string KBHBR/8,3G)F,2MSyThis one the reward of ma:
nours of trylng and a new antenma by Chas -2GGL,KSHUT,2UWD,1PPN. Don hrd & Cld G3I
several times but he did not answer. Interesting that G8BQ who was alerted could !
“e and GBPU also alerted at same time could not = proves that 1680 meter skip cam
be either ":I.n;}{gr/ "Out" becau7e of short %ﬂég;gnﬁ:g ;gpa:;atfgn bet;g;:}lﬂ rggg!iving Q1
HC1AE hrd HR 579 and W1BB/579, ===w= sig QS( \ » and me
other W8 ==e-<WOFNE;HC11GT /449 ,HR3HH/569 —==mm. O’fﬁe‘i-“PT\g'fIcIP - Wg,1TVN , 2DGT}
TR,UKS ,4KFC , MUTK/ 1, 8HUTk , GDQ ,HER /8, T¥Sk ,FW ,GDQ , A VL0, ~=GOERN , 11 Q , PGN , GMS]
OKINR, SWL/Allen,Smith.

WARCH 18th 1962 - Non/Scheduled SUNDAY MORNING 160 Meter Dx --—%
W1BB had to ®@o Gto Halne on a business trip/spent one night at o.ld Homestead
1./~ Boston in yulet QTH = took SX100 and Ranger/50w along. Too busy to spend muecl
cin.< on air but 4id SO EISJ and Hrd CG3PU,ERN=-8BQ-COK1ZL - what impresged most, was
the quletness of reception. At W1BB®s home QTH Boston, the noise levek reads arow
250 to 300 usuaslly, while at this quiet place in Maine it was only 140 to 160 - o
about HALF and DX signals sounded just GRAND!J{ Imagine what a difference this
mekes in weak signal reception - to get away from the Electronic Clifds that
surround big cities and communities, just like the "Smog" in Cslifornia - or Smok:
and haze -same idea, TPh for these Ialand and ramoht QTHs for 180 meter Dx1ilf

—
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AST) - EISJ:W1BB/1lgMaine ~G3ERE QS0'd UOGSME - Other (SOs were made. -—-=G3PU/Mra
“Heard only have hrd this season WANWX,1802kc 0610z rst229/459. Also weel
'don 1999 believe WgCDP., Recordsil™;;;lPPN,TL,2EqS,2IU,UKS,WD-3ECR, QF, - VFE
/23 /B111: 5 GEPU, XERRBC,HOLAGE & QS04 WHSOIT! ww-am Gowl ::1PPN/459, thru
sef 78 QRN —e-=~ Ogwl/Allen::K2DGT/330-gVEH/VP9/349- ~XTPER /449-303%,

210/ 529-2UKS /339 =-—w-Gewl/Smith: $:2DGTK, LPPN , TX~3MSK , ECR , GOFw20CL 1T wwweww -
UP3AD hrd 1PPN/449 0432 and W3G)F/449 0450 other signals in there but SB and

a%atlc made copy difficult o closed up early "Guess had it £
Taz Dad and bo.co.n.u. Next for surelll sw-e= - -—-m
Ga30IT-CIGTK ,VOIFB -W/¥Bs: K1TXX,8HRG,SUIR, » BIWX , TUT K ——ai ami' er

Smith. Activity and Participation dropping off as Spring/Summer approaches)!

MARCHE 24./25th 1962 Non/Schedule
@-mm elpants drépping off = QRN
skip generally quite good -W1BE QRT at 0555
sohedule with EP2BK - hrd each Other but no ¢S0. %

0220z approx. Static very heavy, W30F and W2HEiS tried for Bob also. WIBP

nim 119/229 to 000. W3GQF hrd him 349 W2EQS could not copy. ) pot as good as ol
before when W1BB not solid resulted., QRN Vy high u:? - ?tigs“ 08B0 o= .&n
with CQ QSOing W1EB,his 449/BBS5i0~-his signals at 0400 still 449 in ebd out-
JRN high. W2KJT also took part DXing 4S0°d G6BQ/Jack getting 549/449 and slvtngu“
We2IJg 6So%d getting 33/49 Giving 469 wenwe= - 22 1BB/1 N -2KJT 10, ]
“EPNF-3FBV,QF says "One or two weak unreadasble Ws a WS at 561?"!3 im

zoing to slagk off for the scasen - thanks for some wonderful reporting and assist
Norm OM, ----Ma "jppears that springtime is here" «-—%
WEST) -(NORTD er PARTICIP «2R3Q ,4 WU, 8CIN,82Q0k , §CDP-GBERN-SWL/Allen & Smit

COASTAL COMPARISON NET -[\{este ----~ E7HDB/Dick writes "There is a tremeRdous diff
COree vetween signa vels at the Northern Vs Southern stations and I would 1ike
zep—~game sort of NET of Coastal stations going to compare reports o signal lewels
dus.ag these IX tests in an effort to determine the Southern enda of zone of
shsorption or whatever it is that is oreating the relatively poor Cdx at the mors
Yortherly stations. Mainly interested in stations close to shore where Ioran is 1
UAmitiag feotor in reception rather than power lins noise”™ Those interested, write
Jiek - gounds like VFB idealld .
NTERESTING 1132 WlEAE_/Bﬂ.%eldw - of IN CW traffic NET says that on SB0CW with lower
-unspot Numbers, G skiD, and short Ground wave are setting in to such an extent
n 80 that it is virtuelly impossible t0 conduct their normal NET. Will have 8 to
stations on and NET Control can only hear 2 or 3 - they ere eyeing 160 for posaibl
iolution to their traffic NET Mestings 6.50-7.30 PM EST, Best of k Big apd bdo
7L STATIONS -WeKIP/Alex de ZL3RB/Mick, says more ZL activity. Look for ZLs 0720/0¢
% aroun - G. ¢/T0e,213C0/Garsh ,ZL30X/Jack & ZLBRE/Art — all active hc
1so ZL1AH. This one FOR THE RECORDIISE "ZL" ~-FIRST :1] ZL/MW QSO was between
'LiAH/Tohn Eightman Dec Gist 1964 and W9CVQ - the Second buwtween wm":m ZLIAH AU
i6th 1952, ZIIAG has t®o other FIRSTS!! 21/G and ZL/VS8. Following clcsely on thes
713RB/Mick became active and due to John?s absence, and his own splendid efforts ¢
quiet GQTH has been the mainstay ever since. We understand ZL1AH/John will reaotive
SROPAGATION de Rod Newkirk WOBRD- "The North Atlantie propagation path toc Europe i
[5hly succeptiblie Go Magno-ionospheric irregularities which do not significantly
fPasct South smerican & Pacifio Paths according to Termans" Guess this accounts fo
hose shmt-outs while HCs & KHSs BOOM inlé¢l Thanks m lot Rod - Most interestingll!
‘ Ches - 160 Meter Hems especially, are saddened by the death of Ci
CoNe" UTT o ¥y of us have his card confirming 160 4SO and ere proud of it,. He
ut the BAHAMAS on the 160 DX map. His presence and aobivity will be greatly misse
1p~ZL" LAND EXCITEMENT WAXED BIGH Per ZL3TB/"Mick" and WEKIP/Alex who report hat
. /ng the 0Q/aw/18C/ow/Contest, Mi ck/"There were 80 many 160 meters signals on b
srds of the band WRMing esch other from 0700-1200@L ~ I never thought I'd live t¢
ear the 160 meter band dish out signals like it. Altbough I was the only one te
.ontect WeKLP, - ZL3C0,BC,O0X all heard an earful. Stations were tog mumerous o 1c
o 1200 whep I fell aslespi! - 5 hours of Dz signals without 2 break or fade ~Wow
5K, Fed SKIP X7HB W6HG. On Sund&g._Bam} wa8 ncorer E‘i“yl h:rg‘lv » 2FIQ,W1RB/25%

A vyt hanTt at Awread IR
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50 DXPENTTION 777277 --- K4KSY/Reve Drayton writes "ondsr 1f eny of the gnag woul
- interested in a lx-pedition to oms of our Barruer Islands down off the Coast, ¥
:j:vgd there a couple of years and found conditionms absolutely i1deall!l! The place i
,;&TO Igland - 1z miles off the lower South Carolima Coas%. ---Heard Low Fy Ix
tH o that is considered practically impossible elsewhers - Buropean BC statlons
consisbeatly - "Scads™ of stuff on 160 aad 80 -- Next vinter possibly some of the
7ankee group going South might like to stop of f for a weekend - have access to an
suthentic ANTE-BELIDM Mansion just 20 feet from the salt water mmd poles already
ssh for antenna. Only power line nearby is the small cne to the house. Nearest
neighbor is 2% miles away. Perfect for anyone IXing in a 50 watt wayili"™ --—Anyone
drpoling besides WiBB?%?? Thenks a million Drayton and We'll seell (Incidentally
vateh for some 160 meter dope in "73" Magazipe in near future!!!l)
MTSCELLANEQUS TOP BAND NEWS ITHEMS ----==--K7ICW/Al, had a "Ball” in Dx Contest - wk
7L 5tns/20 sections inoluding HOLAGE & or Total 4500 Points - Hrd XE2CK,
WEATH/VES and says "These 10th wave verticals are for the birds - altho better'n K
NUTINS:S -m---—szKSzgill, in that ideal 160 meter TH on an island, bhas 2 feet ¢
ssawater all over the place during that March Northeaster -=s=we«=S
of Bx ZC4AK famel!! reports from Benghazi, Libya, hearing on Feb » e
TE3B4L/SU,ZC4APB,SVAIZ and W1BB/1 plus a lot of other Furopeans. Wonditicmsfinot toc
-ood however/ Steve is 160 meter Imwise famous for giving two DXers their mete
WAG. W1BB/ZCAXP, March 3 1953 and EXACTIY three years later (As he points out) -
V8GDQ/ZC4AK March 3 1962 -,quite a coincidenoce = thise dates eh????? Thanks Steve
vou prove that it is impossible to keep a good DX mad down and we hope €0 hear
one of these days es 54 sumpin or other!!! —-—----KndRKD/RoI «~3/10/62 heard 's
1800ke OW 579 on 2 3 band oltizens USL transceiver converting into a BC radio om
dusl conversion!!! Can you figger that one out??? e-—=ee== HCLAGL/DON/{W3EIS
Co/CW/CT QS0s on 2/24: sW2FYT ,K2BWR-3RFA , ECR ,4K¥FC , YHD,SQE-5WE=081. ", i s WABCI
7OBL , K71 OW—8HGM ~#NIX ,CDP, EWH , GIT , SON~OWJ B, YTV-KH6IT ~-=2/25: s1EB/1,TK-K3PNF -
G, % FI V-BEXEYXFY,, & AS-K6 ST T-5CDQ | I T~KBHBR/8-9YT~gGBV-INLAA-VESK E-HRIHE~XELGK, and
td  bmts Don "Calied 10 U.S., guys for each one worked - never heard so many o
in my 1ifell! -------Préaﬂ.@olt Rasp Feb 25th hrd 6KIP-KEHXT-4KFC,HYD-KIIUT-SHON-
TERRH=-9TCB=g B V-KHSIJ = - 8130 unidentified VES - excellent Roif-Tnxll -weem«-

W gf-\lg[vr@_ Rev Peul - Has new antenna ideas for 1962/1968 - hope summer VWx very
Sonaucive To Instelling samef! QSO’d KH6IJ in CW/CQ/WW/160/DX Contest - also GEEQ

z/Pdlar SWTDER
ird following Dx this season; ;VESBOL-HRSHE ; ;

i

B
%1 ACU~UBSWF~HBQOA=VELZZ~0X 6 TK=~EI 9J=W1BB-5N2GUP~-HC1AGI -- VFB Sven - and yout SWL
Aulletin also very nice -Tnxill! =eewe—- GOPU _CONGRAYULATTONS:!2! His 160 mete:
Dx Ssore at the end of the 1961/1962 season gﬁw, %7 Countriesi. Greatest
diseppointment this year -,almost but not quite QS0ing HR3HH. On Feb 18th Erm Q5(
TOLFR and Hrd VPSBP weewee- THAT 160 Meter ISTAND DIx PARADY we mentioned last M
V20KS/Bi11%s Town OCEAN CITY N.J. sure OOk a ‘—unal—'!—n%po ng in N.B. Storm in March - ¢
"We've really had it with berrible storm and excessive high Water mark - hundred:
sf cars a total 1oss =250 homes damaged beyond repair - dozens of homes washed ouf
to sea - dozens destroyed by fire =loss of life 5 including C-D worker, Chief of
Police - I have been helping with Emergency work 75 phone and CW. My own car had
£300 water damage - what a messglil" -ee-—== B DP reports 1961 C4/160/CT,,
160x43 -~ 1962 163x45 including HCLAGI ,KHELJ , gripesii! "™Ws too busy onm I
end NOT covering high end, comments, I am thinkigg of a striotly 160 meter statio
and loeation with special low noise receiver” -- Bémg pleads for boys to cover TG
8D of 180 says "Istill believe I can get signals across to Furope from We if tho
raliows will just listen - this view also shared by WSSOT,DWB,6KIP Eto. 171l be o
1998 each weekend™iil (See/(‘-’&P‘U Report rg Maregaﬂletgz)m';?i'wgﬁwEmgnégh:?& 3
W EP2BE /449 during Cq/CW Contest ¢SOing EIS®J - u e was a pira
¢l L hm - élaa!:g Coxgxtast 105x38 VFB Brice. -=~---- K7HDB/DDCK - during cy/cw/CcT
hiew H.V. Transformer, of all timesi!! quite interes ed in reporting - says
scientists find "Iight rediation belt similar %0 Aurora Borealis" Over Oregon =-
helieves that this may account for blanketing 160 there - Could Bell! This ioniz
helt goes apparently around the Globe - wtite K7HDB for further info if intereste
=Y /3WI~-ROLF RASP -Sti1l listening - no Dx lately cemmee=G30,T/Dick - 1§ GO D&
et ed op several orossings this seasom. QS0°d '-‘VlBB,UOﬁMslP%E*‘?‘UBSW
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: April 1, 1962
$1¢ -=o 160 METER FLASH de W1BB === 13§
EERTENER 0

7= _EP2BK storyl!i!
EP2BK works VEIZZ == W2IU == W1BB -- WSVEH/VPD 2152851131 IFLASHII! On 160%&!

Everyone was thrilled with the appearance of EP2BK/Bob at ABADAN, IRAN - the
FIRST time that Country has ever been heard on 180 - QS0Oing quite a few RBuropean:

§ during the Cu-160-WW-CW Contest, FEB24, a brief, not too good but
definite contact was made with VELZZ/ John, for the FIRST ENESOREEHNTRTCNBREEEE
SIUNRERNRRANARREER EP/VE -- Congratulations to both Bob and John!if! During th:
same morning EP2BK was also heard by WAKFCG/Vie, (And others) peaking 588 and

thoughg to be a "Phoney" because of his strength - however, EP2BK also heard WAK
at 589 and SWL'd : ‘

Igl%ﬁu_m_u on March 8th EP2BK arranged regular transmissioms and schedu
with W First at 0300, then 02207, to attempt a W contact and QS0 = finally

meking definite, but "Touch and Go" contacts with W1BB on March 22,24 and 26th -
but no "Solid" 100% QSO0s8.

FINAILY3!! on March 27th at 0150Z, the FIRST ever Solid 1004 S0, EPM was
made between W2IU/Sam (Ex WYNH) end EP2BK, and followed by W1BB as No.2 at 02202
their regular schedule time. Bob®s signals varied greatly frok "nil" to 449 & 53
peaks., W's maximums were W2IU/339-W1BB/449«

IN ADDITION -- Bob/EP2BK also contacted WPVEH/VP9 at 0245 for a not too soli
mertﬁeIeaa definite 9SOil! WHVEH/VPY peaked at 569 in IRANIIY

CONGRATULATIONS 11!] Go to Bob/EP2BK for his splendid operating, patience, a
perseveranceti!! And also to "Sam"/W2IU for this FIRSTII3

Dick .
CONDOLANCES and sincere regrets go to W3GQF/who indirectly mede the W2IU QSO
poss1ble, when he made this earlier than usual schedule with EP2BK, invited Walu
in on it, and then for some reason or another failed to make contact himself.
Also to Charlie/W2EQS, who came in on the opening rather late, and also failed
to make itto IRAN. This was all the more disappointing because of the fact that
this was EP2BK's last morning on the air in IRAW before closing down end leaving

the Country. 1lso to Shely/W3RGy) who was also heard to meke a 0all this last AM.
BOB accomplished this VFB feat of 160 meter DX using an 813 at 100 watts -

into & 15 meter Lazy H antenna 75 Feet high - with an AR88D receiver. He has als
worked many Europeans, and we are anticipating a complete report from him soon

giving the complete story on his 160 meter acfiviviesill

THE HCLAGI 160 Meter DXPLOITI:I!:

Apother FIRST!!! when HC1AGI and G6By @SO'd at 0610z March 1llth for the FIRS
ever HC/G QSO on 160 Meters. G6By was 449 in HC-lend. CONGRATULATIONS to both
Don/HC1AGE (WSEIS) and Jack/G6BQ VFB indeedl!

160 sure has been "places" this seasonil?ii!

- HTAA --Ken and Traut Bale expect to be on for a while longer tﬁis gseason. W1BB
has sent them crystals for 1827% and also 1803.0 Kes Wabtch for themilils

EP2BK Mailing address now 73 de Stew/W

Box 5028 - S n e ssouri.
Robsrt M. Sgyziegf - -
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OCTOBER 15 1962 W1BB - 160 METER DX - Bulletin 1962/1963 No. 1
de W1BB/General Remarks ----- Hello Fellows 1118 - WIBB checking in with you on whe
promises to be our BEST 160 meter Dx season in a long time!!$ —-"Chatter" collect e

sinee spring ended the 1961/1982 season will be found hereian. The band was more o]
shis summer than last, with VPB-ZL3-VK3-F19-G6-WB-XE-FP-GN making real news$l FIRS
TRANSATLANTIC ¢SO (W3RGN/G6BQ) was a month earlier than usual this year. Much new
with some suprises is expected!! Many stations W/VE-Dx have used the summer to &
advantage for new antenna and ground system construction. As the Sunspot Number gc
lower and lower, 180 Meter conditions get better and better, so we are apparently
for an extremely interesting and exceiting seasoniii S000000000000000c join in on i
FUN = get those antennas up high and strong for the winter storms - your SWR 1/1 -
shegk your regelvers and transmitters for best performance - mark your calendars &
store up a bit of extra rest for those "wee small hours"™ when 160 is at it"'s best.
HAPPY HAMMING - best of luck and best of Dx HUNTING on 180%i! 73 de Stew/W1BB.

ANNUAL TRANSATLANTIC AND WORLD-WIDE TOP BAND 160 METER DX TESTS ===== Will be hel
a8 usual, and this year on sunday Mornings, December £ & 16Gh ==January 6th & 20t
Febrgary 3rd and 17th, from 0500-0730 @MT. During these tests, special efforts wi
be made to contact Buropeam, Asian, Africen and other 160 meter DXers throughout
Transatlantic World, for general DXing, and particularly to alsc make observation
and to contribute to the study of propogatica conditions on these frequencies. Th
47 JAL 1.8 Mo Avtivity since 1932 has been planned as TESTS and pob Contests - as
an unusual operating activity, without competition. W/VE stations will call "(Q O
TEST™ the first 5 minutes of each hour, and each alternate 5 minute thereafter,
LISTENING the second 5 minute period, and each alternate 5 minute perioed after th
unless working or hearing IX. Dx will of course, use the opposite periods for
i;angmibting gnd receiving. Vhen IX is coming thru, the idea i3 %o work it regard
' time periods.

— . =
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Most W/VBa Fast of the Mississippie River will operste 1800-1B25ke segnent, whilse
those WEST of the River will use 1876-2000ke, clustering near 2000ks., Most DX wil
unsually be found bentween 1785-1850ks, while some will be found near 2000ke (ZL).
Di.gtations should cover 1875-2000ke carefully for unusual and choice W/VE Contac
Vi/ I stations should send their reports for these TESTS te WIBB, for tabulation,
Regording in the hooklet " THE 160 METER DX HISTORY" in the making, and especiall
for transmittal through BULLETINS t¢ ARRI-C4-SWM-Western Radio-DX-RADIO ZS and ot
G, M, GL,GW ete should report to L.H. Thomas, DX Hditor Short Wave Magazine, 18¢
'ﬂ{n@helaea Rd., Hastings Sussex, Eigland. Other IX may send their reports to eith
of the above, Please D0 report accomplishments, Happenings, Rumors and Detallf Wi
will award Certificates to all I statioms working W1BB, if requested, and to DX
SWLs who send 7 verified reports of WiBB's signals - also IF requested, Certigica
for past work on this band are available - contact W1BB for further detalls. -=-=
Working DX on 160 is indeed chillenging, and extremely interesting. Conditions su
a8 statie, BC Harmonies, QRN, CRM, ILORAN, NOISE, 0SB, all require extrame patisinc
with perseverance, a top-notsh station and A-1 operating ability. Thers are many
FIRSTS yet to be made and rafny unusual conditions $o cope with. One gets anew the
thrill of early Amateur Ploneer days, when H.ME were relegated to "IWO HUNDRED
METERS DOWN™, and Paul G«iley made the FURST Transatlantic Croseing via Amateur
Radio, thereby inauguraiing the firat of what has now becoms Yearly TESTS, enjoye
by many 160 meter enthusiasts. In addition you will maoke many friends, among the
finest end most since-ely devoted HAMS you would ever care to meetill OK?? D.o.Li.!

‘ 1860 mete
CONTESTS —w=== WtEB and many other W/VE 160 meter HAMS will give special/attentio
%o DX stations dur’ng the ARRL and CQ DX Contests and alsc the special C. 180 Met
TWTContesdt, [ whiuh will come earlier this year - wateh OR). W1BB invites any
spsocial schedule arrengements from any of the IX gang desiring to make a real try
for an extra baid multiplier. AIR/MAIL your intemtions to W1EB in this respect, i
ag‘rjan@@ if pos:ible, otherwise WLEB W2 will generally cover all 160 DX Brequenc

W1BH 160 METE. DX BULLFTIN ---=-¥ill be issued during the 160 Meter IX Season, as
material 1s o)tained, to the above/mentioned HAM magazines, via air-mail, so that
they can publlsh whatever may be of general interes® § the most important informa
on TOP BAND activities. There is no mailing list to individuals, although W1EB wi
oblige and seid copies to any W/VE stations supplying s,a.8.8, - and to any DX

station whd rapcrts regularly to WiBB on 160 Meter IX Activities - also SWls- W1RB
also will send TLASH news items To Magazines on any specisl events and happenings

FIRST lgaaélga:a TRANSATLANTIC QS08 ====- Gongatuiations to WBGLF¥/Dick/359 who on
Sepo 16th QL0d Jao 9 at 0524z one @ earliest openings on recordill
Second crossirg was made by W1BB/1/489/0405 from farm in Maine Sept. SEERESITEN

Third vas K3MBF same date. Of interest FIRST SIGNAIS were heard "Across th
Pond"” by G/oW./Norman Smith Sep 1 0423 W2EQS and WBGF/459 - Sep. 2 WaFBV/weak (X
answered by (3PU and G30LI - Sep7 0383 Ww2IU/459 - Sep8 W3GQF-Sep9® GBPU Calls 3FR
"Looks like ar excellent season shaping up with openings so earlyiiil

SUMMER I = TPB(QEL! ===== 160 Meter DXers were thrilled with the lowering SunSpeo
numbers and ohe pick-up in 160 Dx to hear VP8Gy in the South Orimey Islands comin,
thru frequently this summer . SOing a number of W/VEs alsc EI9J "Paddy™ to whom go
specinl congritulations. Credit for VPBGRS appearange and following info goes to
Dick/W3GQF who when working him on 80 June 30 asked him 0SY to 160 eamnd ¥ry = the !
was "right"™ and results immediatelil WP}&DFISBQ P8 /579 0300z/1827k for a solid
20 minute €30 = contacts followed with W3RFA & W2FYT. W3BKE almost made it but no
quite as ~ignals faded. July 1 W3GCF again and W2KCT <July 2 0300z VW2IU,KCT,TEG,
GP,I0-July 3 EI9J/0202,W1BB,W2EQT,VE3LU and W3GLF for his third SO with VPBGQ
W5 GQF valiantly but unsuccessfully tried to hook VPSR and WeKIF/Alex but he was
out of town. Finally July 9th VELZZ/VPBGQ (SO. Signal reports averaged S78 for W/
and 48 VP == these results still further confirm W1BB's often expressed views th:
the band is best open to the South summers, after having had 4SOs with CPSEQ and
otaer South Americans during prevoius summers. These latest W VE/ET ySUs confirmi
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wwther confirmation comes from PY/SWL/Rolf Rasp in R.J, Brazil S.A, who reported
TUN 18 0620 hearing WEKIP/Alex/579 4SO W6ZEH/Herb/559-568971999k. "Their signals we
; lear and loud that I did not miss a word, Never thought 180 signals could be .
_mﬁawzzg To which could be added that WEGF/Dick 4SO ZL3RB/Mick MAYS 0955 - VFBIS
P _lelmiiill ===== The VEs with their new liberties on 160 are pushing for 160 O
with W/ Ve & Dx. On Sun AM SEF2 W2FYT was suprised to heer a weak stn clg on his f
A gort of contact was established before (SB out. The station turned out to be a
call uncertain -~ believed to be VK3AMZ on 1803k st 0614 - sinece VK3AGS has been i
identified and it is believed he was the station. News spread and the 160 boys we
"HOT" after this exotic DXi! On Sep? VESDU W1EFN-Maybe others— hyrd ZL3RB 1015z on
W & A3 but no 0S0. Then the band te VK Cracked opemii! On SEP20 K3MBPF V1EFN W2FY
broke the ise for FIRSTS ySOing VK3HG. On FRI AY SEP21 W1BB/L on farm in Meine an
WEMF 4S04 VKeAKR whose signals psaked 579 staying in from 1000-1100z Steadilyiil
1350/459 S04 VKeAKR/359 SEP28 as did Chas/M2EJS for his 34th CountryliMore to co

JFPil! =w===- Dick kept the 160 band warm S0ing this summer & F
PEOR-V. VEH/ VPY=FPBCA SRB-X F10K~G6 B~ VK3 AKR=G300T- GN8PG-G3ERN=-G3PU and has had |
1lsa8t one WB(GSO every monthii! Says maybe cdx will open up DX year/round. Suggest
helpful "Markers"” - DAF/1831k- and whea WWV is off::: OMA/2500k/Prague/Czech/looo
I8EE 1000cps/A2-or FFH/Paris/300w-HEN/Swiss/300w -JJY/Tokyo/2000w-LOL/Buenos Airi
2000w-MSF/Rugby/500w-Z21LF3/NZ /30w -~ Thanks Dick - nice workli!

: / Q8 ===-= who is banging away at his key on 20 and typewriter
3 11%, stirring up 160 DXers in foreign lands for this years huntingil! Report
PY2BZD-HK1 W ~HK4ADP, 1HV-GC2CNS-0A5G=VP3AD-YN1AA-YULGM ,AD-ZB1BY = OE3S E-ZE8J J ~HIBXAG
211 may be on. Some have worked 180 befors but others are new oneés. Ken/EI4A is
hoping £o0 be on 180/but not for sure/expecting new Jr/op etc. = Charlie/EGS spori
a fgﬁ\m 160 doublet which netted him the VK and intends to do his share of Dx Hunti
BAniIFR THIS YEAR/VFBGQ/Peter Hobbs {GILET) ====- opensd up one of the rarest 160
Spots on the map appearing JANZH 50ing in order HC1AGIL/569/0800-WAIFH/469/0627-
W 1133;1/459/0540&@«%%?3%655 - FEBLY? WéNCS/569/0625-W3FRV/568/0640, Peter is to
thanked s midlion times for these FIRST SOUTH ORKNEYS 160 QSOs. GSPAG, His ver
O0SL Mgr is to be thanked too for FB QSling = Peter's address 18 FALKLA
SFNDEINCI RS SURVEYS Base "H" Signed Island, South Orkneys = but SB via

SAINT PIRRRE/FPBBE/W] /"Ned®=~===Who made 160 so interesting for many of us dur
contests says "Granpd t3 on TOP=BAND . Golly could I hear Furopeansii They were
5769 apnd standinig out over Ws as early as 0130z{{ VFB NED - Nw we All like try FZ

F194 and 160 in FI land ceee="Tgfdy" says until recently licenses for 160 were no
generally granted, but now ban be had for the asking. At request of W4KFC, last

season Paddy whipped up quick final/ got on with well known FB results. EISJ wks
% mostly but found 160 refreshing after the commercial and HAM QRM on 80. During
0Q Eontest "Paddy® was disturbed by many Gs calling him when he wanted Ws & other
rarer DK & Multipliersil "EP2EK answered 2 of my 3B CQs/was so loud/ took him ¥
phony & didnt ans.-ALASYS Later wkd him howeveril Aim sure that his signals were t
most remarkable of the test%i Now that I have the gear and permit an looking forw
to being up on 160 the 1962/1963 seasoniii"™ We'll all be happy to hear you Paddy!

CUINCIDENCE S0S W/W8 11§ —==-= Stephen Gibhs/GMBEMBS/ZC4AK now SA3CI/Libya

refers to p4 WIBB DX BULL No.5 1961/1962 pointing out that ZC4XP was Sid Parks,,,
making this comment "Stew-I bet if you examine your log you will find that ZC4AK/
WTDR 0SO MAR362 and ZC4XK/W1BB 4SO MARS 53, exaetl; '8 years apart to the day,
woild be at about the same time GMT™® -=-=- And SURE EN 181 ZC4XK wkd BB 0400z
ZC4AK wkd Willie/WBGIKN 0417z - Pretty close eh??7°77 You boys who want to SO ZC n

know the right magie date and TIME{!2 Thanks for interesting observation Stevel!

Y 18B-=m=== Celebrating his 50th year of HAM Radio -~ made his 80th 160 ¢ 3
e : 1AM Rat - Country S0
Kim%""mlw The next 40 %o DXCC/160 will be the hardest - although we MAY mak

ient-Xey” timal ot oome

f s

—



ELLANEOUS TOP-BAND NEWS ITEMS -(Dating back to April 1962) (And up to date) 4.
ﬂ;_g-aem}?as Hrd WazKWH,530T ,#CDP, 21U, 1MW . George was real exci'i::agffﬁfl.ing ;QCDJP
115 furvhest WEST yet!! Still trying for W8&7 ~=---=2IU/Sem has FB 125 anbtenna Tc
S0YG EPZBK w/it & should bs ready flor more FB DX t0 comel! =—---= WHCDP/Hing

;F;e\ hrd GSFRN/129-0S04 ZIBRB/Mick 0820 339/both VFB/CongratulationSisiy --

{/Paul hd rii trble/missed most Dxtests-got real thrill however hearing FIRST/

.Ifm:w ce=== B2GHEK/Stuart (Hammarlund Co) says thru his influence their new HX50 SSB
has 160 coils available!! Expects be active 1962/1963 w/inverted"Ll” - Best of ILuck
cee=WARSF/Larry, Hoisington Kansas hopes activate 1962/1983 after streteh/army. M
hve real FB ant on 4009 tower!!f benu larryll -=---= GARY/KIKSH, fm USAF/Turner/AF
says 50/50 chance he may become rare 180 DX within & Mos-were hoping Ceryli =--=-
BHGW/Ies, (Perkview Electric Co), who started 160 1961/62-looking fwd to more act
thls season/listen fr himi! ~----Fm G3IGW/"MIKE" WHITAKER,a fine rpt FEB/10 S04
ZC4FB fr his FirstéEver w30 on 160111 FEB S0 VESBGL/SU -- On COQ /AW /DX/TEST-14
countries-16Mult-9156 Scoref!? JANP7&MAR? each 7 Ws QS0s-FEB/18VE1ZZ&VOLFB - VWishes
"3 would glve more data on gerial systewk Pwr on their (SLs also wonders why there
are no W/SWLers giving 160 reports to IX boys -- (WIBB wonders toolf!) There just
ioesnt gseem 0 be any %/VE 160 meteTr SWiersi! .lso comments "Over the years we hav
noticed a N/S skip with E/W "Cut" - ew on 166 = this happens om 80 a lot and is
nore noticeabls as greater level of activity shows up - not necessarially due to
ATOM bombs - but just normal variation on ionized layers”if Thanks Mike - fine ide
~ew=-CB1I¢/Denis, gives a liat of outstanding stations be reec’d viz, Ws8JIN,NSF,VI
:taHsR_TﬂFL"dH ~K2DGT , TU-1AW , 1BB-W6KI P, ARR222313! - HP6AKZ ,HCIAGIL HRSHH,EL4A ,CNBPZ, EP2B
51so wS04/W1BB - VFB Denis and more good nunting 62/63%! —---= G3OJI/Jim,Planning
new 160 ZEPP at new <TH/quiet unobstructed. May try vert kite antil] best/Luck Jim
‘.-ﬂ“m--;‘.-\'s"l‘.‘aI)gl)arve§E was vy active this summer on the 160 Meter "Mills Trophy Race Nel
sn Leke Erie. also participating were KBYQO Chm-KBSGH WBCUR,KBYQN WBIME RZ ,O0FG, G
© KBLFI = VFB boys but how about some 160 DX??279? ==--=-— W 70BI/Keith , Expects 2b
.otive 62/82 w/DX100,/SX71.Inverted "L Marconi- doing lots oi‘"j%f?c__"oas‘l;/SB = bopuf!
- Ww8TsD/Dave, again - says at close of RACES everything went fine and dandy -
al, /there are D00 in Toledc area and 100 on 160 & More coming - Toledo Emgay
NFT ARBG/1812Kc have around 70 sign-#n each month’s DRILL Sunday 1FM - Exzcellent w
=== WBHRG/FRZNK, reports 508 bhetween 1.8/2.0 Me Stas hve occurred each month
juring the surmer!! Frank SO0'd K4PAU/57-89 at times JUL31 A3 - WAGAJY & WABCDR of
“im on CW. WAGOT & W@RFT hv been wkd by a number of V//Coast stns during summer! Fr
halieves more results would ocourr if stns tried summertime DX morel! —eecmcmac=o=-
SORRY TO RFPORT VK4/SWL/Charlie Thorpe, 81 Dawson - Rockhampton-Cueensland-Aiustral
24 back operacion - wi B in cast fr 6 Mos from HIPS tc under arms - must stand me
naking it hard for SWiing - however will nevertheless cover 160 as well as possibl
52/6% season -Great Spir&t Charlielll Tax —-----= 8/28/82-KIKSH/Gary says "ALHOA"
Hawaii and hopes to get on 180/MARS stn soom - still expecting to "Pop=up" om 160
*m seme rare % EXOTIC DX spet one of these daysily ==--- 7¥/SWL/ROLF RASP,Hrd W6ZE
559/5689 & WE6KIP/579 JUN/16 and copied entive SO ---4 WIAUQ/"ED"-is showing inte:
in 160 & may be oni! FB/E& =wmw:tmmﬁse%9 checks in 62/63 - hrd weak ZL call !
e has

rried VKBAKR who QS07d4 WBHGW.Wil 28 Countries- sure nice to have you Willie
sne of our old reliables on 160 checking in again for the 160 ,seasoni: cmeme==(/3]

Horman Smith re orte hearing WIPPN,2EyS,FYT,IU,KHT ,K2PNF,3GRF ,8HGW SEP30 —=--=- g
AL T Ao /ISWL/G5967 also hrd same stations - except BHGW-Tnm:/ T¢

cmmee WILIIB/WBGIR, 150°d VPBG] SEP2S ——==== FIRST VK ever 430 expected to be
sredited o KIMBF ~ Nice work DAWSON$}$ SEPR0/.SO/VRGHG: .0 e WIEFN/MWalg,
sporting special new 160 ANT280° Horiz & 5789 wire in vert sectionm 90" off ground
and HP9 190w was SECOND VK (S0 on record Ww/VK3HG/SEP30 =—===== Comments also thai
63 come in frequently around 6.30EM LOcal time - sunrise sbout = with suprising
strenkths at times. 50'4 WEVEH/VP9 JUL21 FPSCB/JUL2Y - rag chews more then DX but
ep“oys DX when possible worked lots of Mobiles on 160 8his summer mostly v.a% -
-. r-= GNBPG/Gus, reporte operation from GEPG/AmGreasby SEP23 hrd W3GRTF, ‘AIBB;ﬂ =
SEPB0 a5 GVBDG "Boy what a pargy" - Wkd W3GQF and Hrd W2FYT/339-2E.S/569-2GGL/449-
L2 PNT/559-21U/569-2KHT /5569 -- Gs 4SO0ing Ws were GRPJ, FERN, Q4T & 6B =-=-0CT7 Band
{n bad shape — NO TK8%8 GeBLIQ,LLE,PGN.NEO,IYW 00T ,RBP Partisipating.
%7 VK/W,S0 CREDLIT $133¢ Does go to K3MBF - this has been confirmed by WIEFN .~
~Tofion wos VR3O0 OPP20/62 0515EST - Congratulations DAWSANEIIIS: At~
HAPFY HAMMING Fellows - and best of DL on 18G == 73 (u.—/ﬂc)"v

— —
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December 28 1962

PYswl/Rolf wll BB

Cw STEWART S. PERRY
Here is all the latest on 160 O.i.1l! 36 Pleasant Street

‘Winthrop, Mess.

4

Notning on 180 this morning - see log - sorry
Starting New Vear will make Wed anc Fri at 0600
AnG as soon as OK with you

Make it Tue and Thursday at 0600 instead Wed/Fri - CK?2?7?
CONGRATULATIONS yourfine work there on 160

K9GZK also reported to me your hearing him - VFB!!l!

Am waiting to hear frow you re crystals - tolerances

500000000000 again Rolf - HAPPY NEW YEAR Bg\st""
Ancé here's to & contachfh @ geTl NOWIl!l ‘.&.«1
75 de Stew/VFEE £ 1
DECEMBER 31 1962 W1BB - 160 MEFIR DY - Bulleti 1968/1963 No, &

de WiBB/ Romarks —---= Pallows, 1f thinge bave been a bit late, or some of
TOUr reporet abd Jevoers not acknowledged or answered as promptly as usual - Pleas
Excuse - Alice/WIDQF, and myself were called home from 12 days vacation in KbL/Kv
lends, when very reoently, Dee7th, we had the second death in our ilmmedlate Lfemily
with the passing of our Son's wife, 30, leaving two 1ittle children, which we ave
aow helping %o cave for - all of this upset us and Gur normel activities in many &
ways - however, we expect 50 be back Tom ths beoam™ egain real scon - thanks for yu
patience and understandinglil DE this fall wes good up to October lst, with
the earliest Travsatlantic erossing on Pecord. Then, rathsr suddenly from Octl to
ToEE Novdd Dz was N1l - since there bas been Dx but spolty - mo Xes aod opendngs
only & couple “fzir” cpes - Why conditions which started out so promising, have Bbe
8o much poorer than expscied, 10 obe knows ~ some foel the Pacifie Huolear and TEC
tests might have boen responsible - others that it is just the "Way the ball hounc
, pormal uapredictablenecss of 1.8 = which inoidentally makes it interesting amd al
intriguing. The First scheduled TRANSATLANTIC DK TIST Dscl weshed out - the 2Znd De
16th oaly fair although parvicipants wers not lacking on elther g8idelll - At any 2
the fragquency of openings lately has improved & wee bit, and lets hops for the bes

Dont forget the CQ/WW Contest on 160 Jan25/27 and best of luckiil This should
a (@'anﬂ eventill SO0000000c000 Best wishes $o all for a HAFFY NEW YEAR, with
il 3 '

of BAPFY HAMMING - especially if 1% is om 18088188

S et8] oo Poor morning to Buropo-fair to Scuth - medium w/ve aotivity - Wx-
viB/warno tear/ealn ~folt liks gamg just "warming-up® for the real DX aheadll Alti
a fipe performencsl?l  W/Ve p/W1BB,ME,2E0S,UWD,IU,D 'cm'mviﬁ;f

FPEGY put on ;
2600, ¥8100 ,MRB, 9PN R, CDP, RFT , GIH, VERIR 540 -~--{p/ etc stands for Part

m———




s NMNAIi=N00 2 DI U7 MELBOLD AW & FUA UUD/f aiosTW wovmas T s - o
é¥atod Lpto "Rag-Chewing". p/GSIGW ,0UK/A,0IT,MY¥I,REP,RAA/A, OAF,0QT jAGG=-6Bg |
PG/A. Tax Gusi SOUTH: ::3 VFB(R, 1800, our “Scuthern (Dx) Star® 0590»0630&
ak OSB zero/459, av 508 QOO 4 W8 ,1ME,TX-28QS,UND-#CDP-9FNE(?) ,1BB-ESMBR in order
a3 brd by Py/Swl/Rolf Respi! Says "Hré VFSGR (SOing one W after anobher, BUT the .
o™ time through I did not hear one TRACE of the Ws ~ only VP8R~ dont you think
‘bis propogation was rather strange??" Yes Sure Do Rolfi{iil For Roy/1TX his ¢SO
Aith VPBGQ was his 10th Countryli (Oof.7 VKBAKR his 9tht) ( p/ meens "Participant:
:2:: Extremely poor Dz O4x. WWV sending "W3" Wx,clear, cold, windy,FB.
| /VEB: 222 W8, LBB,ME, TX-2UN D, KHT-~8 . F-8HCR-9PNE,CUY-VESDU participated, calling and
istening for DX but Dary a peep and by 0600 most had QRTIE e
WOVA:::¢ Agaln Cax Vy poor-no Dx at all except W3GQF reported hrg DLIFF 050
Homax = HIGIAG & B5B4PB expected but no show - There seems to be some barrier, tha
;ignals of any Stremgth 40 not pemetrate, since Octl - Huoclear Tests??  W/Vei::
/W s, 188, BHY, ME, WY-K1LTM-2EQS, 10, KET ,TWD-Wa2I iR =5 (i F-4 CEW a6 CDR=BCIHE-KSRY U= UL Vo
WX, TXO-VESFF  EAST:::: No SOs but GBPG/a hrd W1BB 229-339 osscz} DIABZ , GUBFRA
NOVAl:::: Condx still gemerally Vy poor especially to Eest. W/Ve Participan
iropping & Dit also.  W/Ve:::: p/Ws,1BB,UZ;TX-K1LMO-2FYT,KEV ,J (Q~3CQF , FBV-K7DEK/
31QS, GIQ-KEWGH ,BBI ,10Q ,BoW = K9JIDK=-#1¥H, GBV-VESDU,QU. 3T:::: Cdx vy poor W
10 Eurepean markers or Dx coming thrull However GIEFPG reporte 2FYT beiefly a
1438z olg 04 IX ~- Gewl/QUEST hrd a N. African but no other DX, D GB1GN ,HRSHH , GUSF
1 93 ,DILFF , VPBCR SOUTH: : : ¢ VPBGR came thru weakly 0440z QSOing W2FYT. Our old
‘riend HRSHH/"Hal® put on bPest show of evening 0600-0700z QSOing Ws1BB-8HMW-K8IQR-~-
§IFH,VEO end others. WEST:::: K7DEK/7 provided some weloome Western IK and new
states for a few GSOing ViE300,DU-WBGDQ,H@-KBIQQ and others - Was hrd by W1BB s2/3
126CDR active QS0ing ﬁ@m’/othera%! g

NOV1B:::: Cdx still generally poor-J RN rather high-No Dx whole evening exoct
VPNY "Local-Dx® wévm ::: p/Ws 1BBy2DHR~3FBV-KSMBF-4IQU=8TSD-kERYU-9FN E-VERUQ , 5}
2FYT, WD, GGL , EQS= o :::: Gw8PG/Cus says morning a "Dead-Loss®-=Blizzard o
po v lines-begeme good cook over fireplace but no Dxiil SOUTH:::: VP7NY/Lowell
puv on a fine show wkg Ws 1BHR-2FYT,UWD, GGL,EQS-3PAP, GQF, = ~RERIU , MRB=9PNE-
VEB0U,AGK. Cdx 50 poor his sigs veried 000-589 quick QSB 2 hours mmch of time
unreadable in JRN/JSB WEST:::: A fine clean out FIRSTI!!:!] when the OM/XYL teanm
WBSAFH/MBSAFT (Ex WOVER/ROVLG) 0S0°d VR3O0 Christmas lsland on 1991k NovlB. VR30/4
83/559 . ~~==(Under call ESVIH QSO'd ZI3RB&KHAIJ Fm N. Memico early 1962 and as WEF
QS04 G=-TE-VP7-KP4-KV4-Yi4-YV5 in past years) CONCRATULATIONSI::I!! Jean and Dean
Understand VR30 will be on regularly when he gets newm Tx now being bullt by WEVBY.
Notel! WBHRG alsc worked VR30-Detalls not rec®d hr,

Hov2B:::2 AT LAST the band showed some 3igns of opening up and quite a puml
of Dx Q30Us resuited - cur best morning in some Gtimel! Willie/WBGDE says dont forg:
%o cover 1876k fr ZLs end also claims "MOONBOUNCE" QSO w/W1BU om 16031 Hisi!l
W/Ve:::: Sam/W1BU says QS0 w/W8GIA was 1st 160 QSO since coming to Mass fm Ohio
7408 - using ppSilds/rig fn 20yrs garege storage-has tilted ant 200° high NE end-n:
t0 have Sam on againit} Maybe sometime Sem and Willie will explaim this "HMoooboun
stuff on 16081111 p/VislBB,ME-2FYT,EQS ,UKS, IV, GGL~3GAF~EKI P-Wa8C DR-~EFW ,HGW , GDQ=g VX
VE7AN,. EAST:::: GBIGN hrd W2FYT,GCGL,IU and briefl contacted W1BB. UCSAA on 180.

/cus Qab/0rm bBeavy sigs weak but wkd WIBB Ist Gime & Hrd W2IU -G53 d WaFY'
' QUEST h/1BB449,3GGL348, FYT359 ~ nw hrd 19 Countries 160-logged 15 Dls
=wijomith h/1BB,ME,21U,FYT,GCL after scme blank weeksl!! -~-- GZ0IT
cet which oovered everythin? OCT & NOV seems ©0 av lifted pw-hrd W2GG.
449 ,3FYT/449 & 1BB/549-Qrm Hr Fantastiolll Msking himself an 80° vertical Beer Ca
ant wl top load it"also wonders why there are no W Swis- says Gs wld like rptsiil
Gewl/Tball h/1BB,ME "Have never known such activity/QRM over herel! p/GBOQT,PU,IG
P75 L1 O/ 80YT ,REP, IV , 02F ,NEO=-6B3~DLIF ¥, DI }JZ ,UBSCI , UBSWF ,UOSAA , OH2NB , OKIKAT ,ESO, Al
Z’ YD,KVE,2KJU,5B4PB,OY7ML  SOUTH:::: WEGDS,/Willle wikd YVSAGD as dld W1BB,W3GOF
ang others. VP2VLMAWX Bob was on Jp0ing 1BBy3GF,B8GDQ and many cthers - belleve
Bob intends retire VP2land someday and worle’IX to his heabts content alongside
next 4opr neighbor EV4AA/Dick who sure se¥s a good example - Dick an ex/166 Dxer
is washed ocur on 160 by "Regs™ while on Island few miles away VP2 can wik 1601
WaUKS/Bill Tobts wkg VPRGK/1810%k 2334z-VFBIl WEST:::: WEKIP/Alex had 17 eastern
“Without trylng" hrd HO1DC-VP2VL/S3 -Couldnt £ind YVGAGD® - Sri Alexi! Next time.

—
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Y
030
Nea3:::: WIBEB was in K™ land/unable observe conditions but understand wers
snerally poori! WSUKS/Bill rptd band vy NOISY & "Dx sure 1s soarce to dateniil I
as EQ14BX pnew/Merch '62 for sale §175.00111 VFB Cdx. 1223 GwBPG/(G8PGE)Gus |
Lipag9-has ven 300 miles this winter to try wk 160 fm ——e GEW say:
ﬂﬂ JK Hi‘d” p/mm’onawmam’mDomguq a,PQAﬂsm-wmmmg
DegP:::3 WIBB returning fm KP3-KV4 lends unable ck conditions - however fm
pts apperentiy not too badiii NOTE- the night before DECS W3GAF worked an O.T. ar
femous early 180 meter DIXer - and noted DXer all bands G2PL Peter - and hrd GE8BY,
509T,IGN~GOCM and DILFFII! W /Ve:::: WOPNE hrd DIIFF239 15 mins-G3PU359 Briefly -
EAST:::: Gswl/Allen WIME,TX-SEJS,UWD,FYT,GCL,KHT ,IU-VFEI! WITK wkd GOBR=G3PU -=-i
/a/G ""L‘ﬁi hrd SFYTA4S-2TUS229, EiS559,0GL539,IWD359 sigs weak/QSB rredawn Peak0612:
avn peck0747 ---"Harry"/G8GM 78 Yrs yound putting out VFB Sig as usualill --
Gswl/QUEST; WslME,TX-2EQS,FYT,GGL,KHT,UND says PASPN,SS-0HSYV,NB onli ~-e= 1 /5
Srith s NeEERE Wa1MB-21U,FYT,GCL says Ws 6 deep between 1806-8 & -
fones real badl] —-=GB8wl/Ib 59-2FYT569~-GGLE59-09 544 9-TU459-3GAF339 using
HC1155 Rx. ¥ug® SOUTH t S0 Gs DLs/N. %" VP3AD hrd W2FYT,
2 a

et S50 o, B 54/b ot 1,k Sy Lo S i, 2

gipants C : a

mt%ﬂzsﬁm,m.th,a -DiATF, Fi-Phdan, $5-OHeNE- GVZEPF, VP3AD. ;
Deolf:::: This Second Annual TLANTIC was much better - but

atill spobtty and with lots of snow statie = Nev less quite a few S0s

ensued between 0500-0800 with a fwir number of participants end several outstandi
2508. As a "Warm-up" W1TX on the 14th (S0°d G2PL,3ERN,6B0,6TK and 15th GOBQ,3ERN,
PQA W/VE:::: Roy/1ITX wkdC3PU -has new VFB antanna on oniv 50°* lLot - resulis are
what ooun ) ce hrd DLIFF 30 min peak 239 also G3FPU 0700z 339 rapld QSB.
NOTE?13 Dec X ce wikd VFSGY s0lid got 570 gave 459 for his 35th Countryliilll
(coincidence - VPBGR was also W2EQS/Chas?s Nr 35 Countryll) --- GRA TIONS® *
s}jdvxo/mrb for the 2nd Transatlantic ¢SO EVER from Wg when he Te
% VFB11? W/NWX hae only other Wg-EFuropean 160 (SO on record. He alsoc ¢S0°d GOFU
11 yrs agoll- Wish could print all of WFTX0%s letter/Space limited-however he hrd
DL1FF569/0730z w/Horiz Doublet & NOT AT ALL w/Vert. Could have kicked myself for
not putting up doublet sooner he sez. NOTE WAVXO & WAWX both also hrd Novil by
PY/Swl Rolf Rasp 0545z - FBiJ p/lBU-2FBA,IU,FYT,GGL, TMC-K2BWR-3GOF-4VYB, KTA-WadFJ
BAST:::2 GBPU's signal was terriffic and outstanding, staylng in fron 05000800
peakin Swaav'e'rg?.ng 550 dipping 229 with slow QSB and wkg quite few Ws 1noludin
W4TX0 & WOPNEL!!? (CONGRATULATIONS to 8rn also on his first SO with VP8GO this AV
DL1FF was next-QSOing quite a few but not up to usual stbength. G8BR,300T,IGN,8JF
5180 made 0308, (The previcus evening DeclS GRFL569 wkd W3GQF and band was quite
open half hr with falr signels) ---- Gswl/QUEST hrd 1BB ME w/30% piece wire at ¢
levelll and nite before 1'1xgm-am,xq'rwg“"—. ~——--Gowl/Allen hrd 1HB,ME,TX,VPBGR
using series tuned *LOOPSTICK" 2/short 12" screened lea one goings-eh?%? say
1t helps out QRM/N -sumpin to tryll} ---- Gswl/Iball hrd 1BB only Cdx bad Winds
above storm féroce BOUTH: ::: VEBGEL QSO0° 7z CONGRATULATIONS Peter - Wi
iistened to both sides of o081l t before = 15th GB8BR also QS0°d VPBGQ for po
FIRST - (On 15th QS0'd WOPNE and Brice’s son WICDP at 0400z ) VP8GR that is, ====--
] /" Dad®hrd 2FYT569-K2BWRSS9-W OHILYASC-WSFYT580-W1BB550-W1TX559-WEHRV459-W 2GGL4
TZ4s petween 0Z00=05102 =-~--KPAAXU on 3.5M6 works 1.8 Mc 3tns Cros8-band =
swl /Rolf Rasp sends impressive 1ist hrd 0500-0600z, VPBGR589-W1BB589-2GMLSE9-
IRLL G2V TAD B 1M 5221 U5 79=-TESAGIA 48-1TK450-K0 CZK34 9-84WIB39 Conéx cutstanding
QRM/high-QSB/strong. Alsc l4th Dec hrd WAEX569/0700,WEKIP589/0713 and 15th VPEG.
338/579 Q30 GBER-0510z WEST:::: No stations further West than Wwoligdhrd and none
veporting to W1EB NORTH: :::  VOLBD heard olg DL1FF/0435z-believe no GS0.
7 Dz-GBEORH, 04T , ERY ,NV0 , GGO ,R 04/ @ ,RKA ,RIA ,0FA,PHK ,1IQ/a,0IN KDV, MCY, PSB, FlA~ BB , T
85 R=21.2B - 0HAN Y~ CX 1M CmA BOTEIS H o GEA=MAEY@AWF=—SV&JZ«@?:SGBY NOTE ::!! During this
week the bend openedcup Dec 2fst and G3POA put in a terrif fi0,.848nal QSOing W]
W1BB,ME-2IU-UWD-8HRV. GBBQ QS0'd W1BB,TX - and W1BB @S0°4 VYPRG: ((9FNE also QS0%
Dec23::: 2 WWV sending "W-3", which 1s extremely poor Cdx - and 80
they weve- not a trace of DX end all participants QRT early. Strange when morndng
hefore G3PJA pubt on such good show. Understand terriffic storm in G/land




AR PESTING ON 1602113 Va 160 D 118 4.
roremely LnLercsting levuer rrom (sorge Jacobs/W3ASK comments on our FLASH
sullebin ¥ovell =-=% hve menticned the possibllity of A & E bomb explosicus aausi
gorpbtion in the ionosphere, with soms friends of mine in this fileld. They are of
gh?@pini@m that the enepgy contained in the many bombs expleded recently by both
shd ‘o8, and the USSR is still negligible to the amount of energy that would be
hecessary to induce a long period absorpition sffest. With Bomb-testing apparently
salted, how have conditions on 180 been? - (George, since testing stopped conditl
seem t0 be goming back to normel for this time of year, but extremely slowly and v
rery spotty - whether there 18 any correlation or not is hard to tell - but some
atill Peel thet there im, others that there might bell) Conditions hard to explain

PINLAND OF 1608$] ----- Here is another Country evailable - word from gseveral sour
JHANY , GNBPG,et0 = HO HAMS allowed 1820-1840k & 1915-1855k - 10 Watts. Our old frie
Yatti Palavo/CHENY, also OH2NB are on - Mattl says "Céx much poorer than 11 yrs ag
sige must go over Magaetic N Pole - will be active even though mew JTH hr much poo
for ant = 73 0 allil® =

PROPAGATION FORFCASTING ~---= Fm WATUT/Joo 2 most interesting comment --"Your
coincidence Of Wous Bulldl 62/63 reminds me paragraph June 62 RSGB as follows -
"SIEE procedures 3/82 e@plains new method ionospherie forecaatling being used by th
DoSoI.R. based on identifieation of “Epcchs® during which oorresponding Cdx have
prevailed past yrs, ratvher than plotling completely neow forecasting maps as previoc
Tt has been found ususlly possible identify soms peried within the previcus 10 yrs
when almest identical radio condx ccourred. The resull of this new system, is a
areat increase in acouracy of predlictions mide several months in advanes®™ - Tax Jo
Sorry ebt ur S9 line noise washing you out on 160 Dx - Joe wants info on DoF. ©O
74nd noise - can anyone help?? If so send Joo the references - Joo Check CST/ARRL,

ULTIMATE NAVICATTONAL ATBI1!Ii%--e-- Pm Boston Globe 11/8/62 -"A new Navigational
5id developed by Jobn A Pieree, Harvard Selemtisi,{who also developed LORAN }=Named
7 4 - § times betier than LORAN - Range 8000 ¥Milos (Loran only effectibe 1000 Mi
Theed OMEGAS would replacs 100 Iorens and give grester coverage -$10,000,000, cost
per installation however. Expected operailonal not less 3 yrs nor more than b ym@-
been in development 12 yrs., Funded by three Servicen through office of Navigations
Research - apparently operates on higher Fy than L4HAN (Dont koow £y yet) =50000Co0
naybe here’s relief in sight from our LORAN JRM on [80 - We HOPEL! Anycne more 4OT
EEARD OF 160 (without mentioning say nemes] BY WIBE -=we-- A TelloWw on this??%%

?an stretoh his ears -vwhen digging for Dx on 180 & um any cther band - but especia
180 -to the polnt where he THINES he hears sumpin!! Did TOU hear ever so weak a si
on 18272% I thought I 14313 - Gosh, I doubb if my cars Will ever go back into sha
? -« Now isnt 1% ths truth??v8I0] W1EB at leest knovs JUST what you mean, 0.M.333
MARKER DE:EE%X% wwaee Pep GEFLA "Has packed in and 1s replaced by DETS5S/2 which is
mich Weaker station - so if you dond hear DHEY - dont despair of Dx™- Tnx John 2
CYFRUS - Fm GRBV/Steve comes word that SBAPB is Femaguate, Cyprus & Now actdve -
usually fm 0300-0450z 1801k alternate odd numbered dayn. Stabtic high/but will TRYS

160 in FIORIDA e---- de W4ITT/Andy Florida Skip Ed. - "Yeu sald there is nothlng
keeping vg im at least listening in Fla to 160!! Ch YES there is Stew - LORANIEZ:!
194 like invite you Fla just ONE Hight - ANY night and "listen” to 1801f You proba
couldnt stand the 40 to 60 DE over S9 rackel fm our HiSwr LORAN Stns - Man it%s JU
AWFULIZ2? - lets hope however some day they®ll turn of £ those QRM makers en albow
us back on%!l? Tnx/Andvereal sympathies end hopes for a bebier futurelll
PELORIDA SKII™ Mag/Mago “Work For Joy Oply™, Frank, Advt lMgg sends extremely FB
commentS ~-" 160 Deen Cead band Fis meny yre-missed band mucho- WAEB,/W4J0 organized
8= 160 phone geng® in 1830-Frapk used 20la Mcd W/247-still kas it =(In Attlc)-
ii 1933 Mag "HARMGNICE® born d-voted 160/Phone/Hamming-Net met 82M Sundays - s0 O
868 160 is vy doar to hearits of 0.T.s arad Miami - we used Iong Wires/Low Pwr = Dx
wastanywhere out of the state’ tho I once QS0%G Burope with ¢4 201A -~ wl be lisb
Trensatlantics - If poss thru Loven -was THERE at tho very FIRST & 2nd TRANSATLANT
w/cans only * Frank 0.0.7./Tox ¥y interesting Commenis - Hope 180 back to Fla Soon
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HICAN SHORT WAVE L;.u.é.l’.mu;_a 3 CLUB ~~-=«Jim Howard, Ed, says "Thinking of offerBeag
Tards to ASWil members wio report overseas 160 meter Dz stations - might make 1%
ub Contest® - this weu.s.z‘i help Dz stas & 1@%8* Tox much Jim - Hope you do itiil

~h D aTke i : Top=Band™ in view of low M
& ﬁ;@@ sﬁurmg %u:hg S‘zmqna‘t cvefi.ae Fellowing stna ere on - ZS2CE ,CD, FP, FM, G JH KA
am CF,0L - soms Wﬁfﬁasﬁ Xtal 1850k - ZS2FM has rock for 1987 - pwr 10W, 1%%3&&

rer/Club Stabion OKIKCE ~-~--~ Says, trying hard for W contacts

' e : iaily for their "TP"“’TEST" 2nd & 4Th Mondays

160 = fm 190%31002 Exchange rphs RST plua S0 Nr ie 579013 - Call CATP. One Q50
;ts Multipbier is No. wSOs_during lst half hour 1800-198350z. Send TEST Logs within
5 days to cenwal Radio Tiud PO Fox B9 Prabw 1 Cmechslovakia - GK?7?°7 mme NG W/Ve

mu pent WLeri-dis rpts kept up all eumerﬂ Oct6 band sounded STIN
ho aotiviﬁyﬂer—m Xept at it final.u.y digging out WEHGY & VPSGY fm mud 30%th VFBII) -
GNBPQ/Gus ,Octlé h/G8BQ,3IGH 00T ,0IT,POS,NQF,GSS ,active/Nopx-CGus vy happy/Pﬁed w/ne
Priends/hotivities 160-says "More Afitenns dope & SWL rpts fm W/Ve,Pse”il! DLLFF/Ax
Per Gswl/Quest)who can be counted on to give 160 real working over, has e&m,
high towards WEST being hrd terriffically loud in Eurcpe-broke thru to W/VE 449 Ho
DLEKP,1W ,60S also active. -----EL9J/PaDDY (11/8) Hopes be on sccn - says "Regardl
your saying that Treas-Fguatorial Cdx best summer - I could agres = Over last 18 y
fung&iul kv ban $wo best months in yr - CRN rarely high hr-we gs % ho extrems - T em
particularly thinking of 80/seme goes for 180 Tax Paddy/benu =---- OT7ML/MARTT
aspel Iic operate 160 on 1825k during TRANSATLANTIC DX TESTS. First nighi
stns ine. many Gs, ELIST Dmg&%n Hrd a ¥ African,could not mise-us.ing J.OW =

Congratulations Martini..o mmcoa USAA WLAﬁfian ‘
Dx logging per GNEPG/Gus who was hrd DY him Sepsu, 2,449, Ihis 18 VFB to hove 1
SWLIL] eew<-=Gawl/QUEST rpts NEKSaSKR,lFF,EQWLQ l’&’u’i 50& aoti?e 180-also NOV7th
melo ed” on 160 wkg string Ga,D.s.f.lFF fr FIRST ever DL/OY 180 CS03!f OHZNB 3
DL+#FF Howl3 & GBMYI on CWaSSB for a lstil} SBAFH emerges fm QRN now and then-TnxTc
VP3AD/DAD wl be on regular TRANSATLANTIC TESTS only whenever posg. 1801k - can mal
no special skeds at other times/time limited - had rig trouble/now fized - Good R«
G300T/Dick says “I want to cross pond SSB - Anyone interested plesss contact me £
series skeds weekday rn»(SQ not QRM boys hr weckends/meke myself unpopular}.
OK SSB gang Write Rer.licisonlan 27 Lake Rise,Romford Essex Fang - Dick nw has new
ant bent 1/2 wave -has crossed pond 4 times since 531330’3”??3” m-ammﬁ‘%l,{%fblfl?ﬁ
doing FB listening 160 Hrd W1EB several times on *CQ DX TEST® galls & other 97277
weak signels - band bed PY land however NOV. ~---~ G2HHU/Ted has new QTH "Now actr
above sea level” wl b on S000. -----E3CHN/Rogerviatohy season So fsr-CSFF) wkd VIt
OR2TV ,NB & PAAKN oS5 active” TOX ROQET —e—-=hiiA K@ﬂ”ﬁ: dossnt look like I%11 ever
en fm 1iberia agg,’cansfmmteﬂ all gear Sapﬁsu?& be lvg spring-hope go some rare 3
Dx Goun‘t:ey naxt o ma}:a up *Pcfr logt timew Cezzgrats to Kenidffraut on VFB yl1 J» Opl!

SEUD/ Dave Wi b on startmg Jan 9 - Hlis SOW gradusted "Assboilabe=Re
f‘oélega Seiema& fechtiology & Wkg DeEaviland Alreraft - UFB Dave/Congrats-get hir
.,.n'terssuea 1501 =¢m=§i§&%ﬁm&*mmﬂ ZS“‘g.ﬁa plugging 160 in S.4, - bound to 1l
S 4 Jopn'l'l be glad make special gkeds with an;

Y} &ﬁ&swké UAZHB, DI 2KS, 0Y 7L , GD3UB,0K1AAS,
Pigis anxious ror Ws-INu? Sedil sﬁ-e{EzVSM? wl hve
new mast scon & sobive 460 agn ecmea=CECTT/Kofith wkd OHRNE,DLIFFS Others ~e---WIWY
FRAFNK regrets time doesnt permit much time on I60-heas 75.%4%@21&3 seme activity-
oiters give good CY Publicity t6 "HOT® 160 News -~ Tnx Frapnk ~----N9FIE/Brice "Newe
hrd edz 80 poor-8egB-WWV/W-3/4" for nesrly 2 Mos mw-only few timss up o No=fou |
idea hw difficult it 1s to wk 180 Dxfm out hr - Hoise level low however - testi
Juoious ants/interesting & Confusing results -Wkdé 80 sxclusively during CQ/WW DX |
after 6th Straight Certificate-Hopell! Congrats Bricell «--=E4ISY/Rev DraytonCoCpes
lMoved %o Southport N.C.~-on scon as can solve aut prcblam/lit. le space-w.i 136 new
SP-600-JX-14 Rx - beou Dray on 15018 e»-amﬁmﬁ?aMQ ex avid 180 Dzer listens 16(
on old BC/Ex but still no Tx-too baﬁ. ~-=-WBKIP/Alex moans “Out here I dout know
180 could be worseil® All I can hear is big juﬁ cy pewev leaks arnd clock” Sri/ile
75 de Stew/W1EB and H.C.nR.u. on 180 La.ll@ﬂs BAPPY NEW f}mm

azzytima" ween=GEROG/ ﬂrgesi: pluggl E
BE‘Z!KR@KB 2Ks PhghE

==




November 11, 1882
§2¢ FILASH 12!

MIDDLE NOVEMBER
{}l-- 160 METER IK report de W1BB --11

Dx in all directions sinoe October lst have been extremely poor,
although some spotty DI has broken through to W/VE, namely, VFBR (Weak) -
HR3HH good signal - and DLLFF weak and briefly for 20 minutes (No QSOs) using
his Vee beam and calling CO DX --= Buropean "MARKERS"™ have been conspicucusly
absent except for the briefest moments, ’

This raises a question as to what has happened to 180 meter Dx. Up until
October, it was our best year - with the earliest Transatlantic crossing on
record and lots of Southern Summer DX including VF8, ZL, VK etc and apparentl:
continuing to improve while the SUNSPOT Rumbers increased, as expected.

However - rather suddenly from the first of October on, it has heen
almost as though a DI. barrier had been thrown up, which even the strongest LX

"\ﬁ jignals can not pemnetrate.

Many are wondering if the Pacific NUCLEAR tests could be responsible
for upsetting the Ionosphere and casting a "blanket"” over 1807977??7%

All 160 Meter IXers are active however, and holding on Rpping for
the "Break" to come soonlilil}

Most act¢ve W/VE PARTICIPANTS are= WslBB,TX,ME,UZ,WY-K11M0-2E4S ,FYT,1U,UN]
KET ,-3GQF ;,FBV, -4 CXV-5KG ,NU,,SOT-6KI P-Wa6CDR-K7DEX /7 ,xmnfeaggc% »L QS , CIJ=KBI QR ~8F]
UKV-K9JIK , -#WX ,1FH, GBV, VX0-VE}Z2,3Q0, DU, FF DX_PARTICIPANTS are = G8BQ,G3ER]
11Q,PU,CHN,OIT,PoA, I N-EEESARE PU- GSRT-GSGM~-GEPG - GUBTAA - GMBIOS - GIBUB -
HR3HH - VP8GQ = EISJ - UBSWF and others, .

Stewar Perry/W1BB
Ny
{During Week of December 2 W1BB
will visit KV4AA "Dick™ in the
Virgin Islands --To discuss possibility

of 160 Meter DX operations from "VASME and future TWoaddsd e sega. ta -
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S Ouring these periods, Extra Spesial efforts will be made to contact Baropean,
45 i, Africam and other 160 Meter DX Amateurs throughout the worid, for general
DXing, urnd alse yo make observations, as a contrivution to the study of PROPOGATIC
conditicns on these frequensies.

Am active group of English and DX Amateurs, in Cooperation with USA Amateurs
ate pehipnd this effort in carrying on these Tests, which have been a yearly operat
activity sinse 1932. All 160 meter stations throughovt the world are iavited and
also urged to participate in us many of ¢hese TESTS as possibisil!l

Most W/VEs will operate 18500-1825 Ko Segment PAST of the Mississippie River,
while those to the WEST will use 19875-2000 Ke, Clustering near 2000 Kes Uswally.
X wili be found wmostly between 17985 and 1850 Kos, the best segment being 1800-187
Some DX will be found near 2000Kcs. DX stations should cover near 2000Kes carefull
“or unusual and choice USA Contactsit! - .

V/VE stations will call CQ DX TEST the first 5 minutes of cach hour, and eash
alternate 5 minute period thereafter, stening the seno%d 5 minute ¥_1:Lod, and
aach alternate 5 minute period of the hour, for ° ) stations course will
do just the oppesite., Thus, each station alternately calls for § Minutes, und ther
listens for 5 minutes throughout the TEST - unless working or hearing DX. Care
should be taken particularly by all participants to carefully sset thelr clocks to
VY'Y, ete. to be sure of keeping in step with these 5 minute periods, and not cause
URM by transmitting during the listening periods. These calling and listening peri
of course apply only when no DX is being heard or worked. When DX is comipng throug

thy~4dea naturally, is to QSO regardless of the periods - BUT, here again, adheran
te_ _ne 5 minute periods, even for a 9SO, would help to minimizs QRM.

¥/VE stations should send their reporéts for the TESTS,of activity and unusual
ascomplishments to WIBB, Stewart S. Perry, 36 Pleasant Street, Winthrop, Mass., US
"or recording in the booklet ™ THE 160 METER DX HISTORY", and for transmittal
through BULLETINS t0 A.RcRoLo=C=SHORT WAVE=VESTERN RADIO und other magazines, etc
for publications G,GM,GI,GW, Ets. should send their reports to G8QB, L.H. Thomas,
DX Editor, Short Vave Magazine, Turkey Road, Bexhill or Sea, Sussex, Englapd. ===
OTHFR DX, may send their reports to either of the sbove as desired. Dg REPORTI!:

Rememberiti{ --- These are "Tests", and not CONtests -- for pleasure in an

unusial operating activity, without ngZompetition®, for a change, and to develope
some propegation information as a worthwhile contribution to the art of Radio.

AcRsRolL. and CQ - DX CONTESTS

W1BB --- And many other W/VE, 160 Meter HAMS will carefully cover these contes
on tHe same operating schedule as above for the Transatlantics, WIBB invites any
special schedule arrangement® from any of the DX gang desiring to make a real try
for an extra band multiplier!! ATIR/MAIL your intentions to W1BB in this respect,
in advance if possible, otherwise W1BB will cover the same frequencies as mentione
in paragraph 3 on page 2 of this Special No. 1 Bulletin, €Q are proposing to
run another 160 Meter CW Contest early in 1961 , and it is hoped that DX stations
fli participate in this operating activity also. See CQ for further details.

. V1BE 160 METER DX BULLETIN

: VIBE --- Will isswe this BULLETIN during the 160 Meter DX Season, as material
is obtained, to the above/mentioned HAM magazines etc, via air-mail, so that they
-en publish from it, the important information on "TOP-BAND" aptivities. There is
no mailing list :!ﬁtﬁqfﬂd? vidials, although WIBB will oblige and send oopies tu !

Besf aof lmek ALL - snd agaln, 78 ¢
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At the start of another Season, WIBB sends GRTETINGS with 731, and the hope t
vout will take an importapt part in the 160 meter DX activitiesi?}

Vorking IX on 160 is chalilengine, and extremely interesting. Conditioms muoch a
tatis, BC harmonies, QRM, Loram, QSB, noise, all vequire extreme patience, with

severance, a top-potoh station, and A-1 operating ability. There are SPRCIAL,
TRANSATLANTIC and WORLDYWIDE 160 Meter IX "Tests™, and the ARRL and €0, DX Contest
o participate in. (See below in this bulletin). There are many "FIRSTS® yet to b
7 %s Many umusual conditions %o observe and sope with. One gets amew, the thrill
vk -cue early Amateur Ploneer days when HAMS were first rele gated to "200 meters d&
down", and Paul Godley made the FIRST Atlantis orossing via Amateur Radio. 1a
addition, you will many friends among ths finest and most sineerely devoted HAMS
you would ever care to mest -- theme "Top-Rerd” boys $1¢

\ 2

Your participation here will also help to promote Amateur osoupansy of the ban
nd assist in keeping this 180 meter operating priviledge. In addition;, you will
telp to develope PROPOGATION information of real value to the art.

Through these BULLETINE issued during the season by W1BB, reports on youp ‘
wtlvitiles and accomplishmenta, and all information of 180 meter interest, will b
ent fo @ST=-CQ=SHORT WAVE-DX-WESTERN RADIC-VCGM-IXing HORIZONS-FLORIDA SKIP-Radic
~opogation Editor/Co, magazines, ets., for publication. Be sure to keep V1iBB wel]
aformed of all your 160 Meter exploiis and results, eto.

£ Case you persopally asre mot particularly interested in 180 Metaer Operation,

22t” schedules, DX Contacts, or unsble to woTk this band - PLEASE pass this

N along to somecne whdé ise £iso, WiBB would a bPpreciate if you would semd #
of all HAMS in your Country whe might be interested in 160 Meter DX, and ab.
¥ this bapd. Please pos%t this BULLETIN in your Club, and give 160 meters as
ublicity as possiblel! Particularly as to DXitig THANK=YOU, very much indeed.

WiBB 160 METER DX ACTIVITY

} -== 1ll be on re—gular:gg EVERY Sunday Morning, {Baring unexpected sicknes:
e demands Or Emergenwies), from 0500-0730 @T, calling and 1listening for

» 5 Minute periods, November through March, looking for 180 Meter DX
‘: Please be sure to give WiBB a sall?! b

LB L%, Mostly on 1802} or 18073 Ko, However, 18175:and i@22
@3 depending on ecnditions, ORM. Interferan




B === Willi NOT work v/VEs during DX schedule hours - uniess something of ax
nature comes up, or band conditions are useless for DX - will Concentrate/i
. on
WIBE --- Will generally follow the regular 160 meter "Tesi™ prosedure. Vhen uc
Ui/”% being heard or worked,, VIBB will call, €0 DX TEST, the £irst 5 minute peric
o1 <very bour, and each albternate 5 minuve pericdl throughout the hour. W1BE will
listen carefully for DX stations, the second § minute pericd of each hour, and eac
2l terpate 5 minute period throughout the hour.

W1BB --- Suggests that DX statlons call WiBL on 1997% - 18023 or 18273 Kos, as
these are the most QiM/free spots, usualilys Thess SPOT frequenciss will be coverad
with EXTRIME care by W1BB at ALL times. 17he band 1800-1830 will be covered careful
o, and frequencies up to 2000Kes oheckad regu ariy,

WiBB --- Velcomes, and invites special suhedules with eny DX atati.% that
degires to make contact - at ary time of year, wnd on any spesial, (Authorized),
frequency designated by the IX station. Send ATR/MATL letter to W1BE, with
full detalls on the proposed schedules; and als¢ any schedules on HF bands that
may be necessary to make full arrangeasnts ¢’ exchamge of reports sto.

ViBB --- Appreciates REPURTS on ais sighnais, from any station, at any time of
year, with fu% particulars = whetuer you males QSO schedules or not. This imclude:
SWLs, some of whom heve submitted MOST accuraie and valuable data, Thess veporus
assist in propogation studles belug made. Plecze AIR/MAIL them weekly. Postage
gladly reimbuirsed if desired. Spesial reporting FORMS aupplied on remest., All
reports acknowledged. Please DU veportlll The more the bettexi!!

WIBB --= Will operate mosc.iy {rol the HOME ‘TH, "Winthrop by the Sea™, BOSIUN,
iI%&Z'ﬁ"&h 200 watts, a 260Y dovdlet antenna and "5A4 receiver, S operation will
L Srem VIBB/L, either at the WVINTHROP YACHT CLUZ, with quiet locafiion and spesial
anyenna entirely over salt waterl!l, or from "Vilis Mon Repos", at Harrington, Mai;
300 Miles Northeast from Bostom, a guiet country :osation, with 260° long "Vee®
antenna - 260" on a leg.

"I1BB === Will mail a handscme appropriately lette ed "AWARD" Certifisate, to &
DX Gtations working WLBD or ¢his . they reques: it. In additiom, for LK
stations where thelr VWIBE/QSO is a "FIRST' recorded ﬁlc-p=Ba9‘nd_" QS0 between that

ountry, and USA, an extremely SPECIAL and attractive iettering job, in coler wil
te done on the Certifisate by a Commersial Artisé, to Adeguately and Fspecial
ommemorate the evenf, This Certificate is in effeot a "KNG-SI(ZE" qsx,""m"‘""‘. meamrl‘?mg
10" x 14" bpeauntifully solored. on heavy durable white paper, suiltable for wall
iounting or framing., DX SWLs who sepd in 7 or mowe Verified ~eports on WiBB'e _
signals, or have in the past, may also have a Certiriscate upc. wrecuest. DX stat {os
who heve worked WIBB in past years, aud any previous "FIRSTSY may""m"‘“vg ons o the
ertificates, back dated tw cover the event, if they request 1t. Sixteem of these
speoial "FIRST®, Colorsd certifiscates have been awarded thus far. apnd in sash wase
“he resipient has written appresiatively advising that it waz fru.ed amd/or poste’
conspisucusly in the shaski]

#iRB ~-- Hopes that you will joim in on the fun, and the @nallangi_.\g work of
9S0ing DX @?‘:‘Eﬁﬁ'ﬁ and enjoy yourself and help others to maks that mac desirsd
contactl? Vrite WIBB if you need further partioulars. Keep WiBB fullr ipformed
T all 160 meter activities possible as sugpested ebove, for the BULLTIINS and
reporis on your dolngs to HAM magazines for publication, as thelr Editips dacide.

v ABB -~- Says, 73i{i) HAPPY HAMMING and bocoloUc OO 16011388 ~= d8 Stew/W1BB
ANNUAL TRANSATLANTIC and WORIDWIDE "TOF-BAND" lﬁvw 2!
— e e e ;

L » spenial "TESTS"™ will be held this Seascm on the f‘callf:m-:mg SUND ¥ Moran
m OB0T te O93¢ GMT. in ascordanse with the 1istings ziven Below:-

L
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Balun and Transformer Core Selection

Balun and Transformer Core Salection

[ Home] [ Up]

Related articles at

Balun Test contains model of "perfect” dipole currents.

Sleeve Balun shows how a sleeve adds impedance, useful for VHF and higher baluns

Receiving Common Mode Noise shows how lack of abalun can contribute to system noise (it
applies to transmitting antennas as well)

Longwires, Verticals, and Baluns shows how unbalanced antennas can have similar problems

Transmitting baluns on testing transmitting baluns

Occasionally errors are made regarding core selection. This especially includes baluns, where on
occasion some very strange ideas surface. One rather odd but somewhat popular ideais that adding
amixture of core typeswill allow both high power operation and high choking impedance in baluns
by slowly reducing current through a balun. Other misleading claims are that extreme values of core
ui, such as values in the 10,000 or higher range, are necessary on 1.8 MHz and higher. Other ideas
tend support use of excessively low permeability cores for the same application.

When | recommend a core, the material selection is aways based on actual measurements with
proper test equipment on abench aswell asin the actual end-application.

Core Material

| mainly use 73 material for receiving applicationsin LOW POWER applications between .1 and 30
MHz. 73 and similar core materials generally minimize the turns count required without inducing
excessive loss. One of the best indicators of correct core selection islooking at the turns required.
You'll notice most of the transformers | use have only one or two turns for every 100 ohms of
impedance. My 75 to 450 ohm Beverage transformers, for example, only require two-turn primary
and 5-turn secondary windings. A low " turns count” isa good indicator the correct core size and

http://www.w8ji.com/core_selection.htm (1 of 7) [9/6/2004 9:23:44 PM]



Balun and Transformer Core Selection

core material is being used.

For high power applicationsat HF it is often necessary to use lower permeability cores. There are
two reasonsfor this:

. Lower permeability cores generaly are available with higher curie temperatures. They
operate at high temperatures without losing their magnetic properties.

. Lower permeability cores have higher Q (lower loss tangent) at a given frequency. This
means alarger part of the impedance is associated with |ossless reactance rather dissipative
resistance. They turn a smaller percentage of power into heat, and that is very important at
high power levels.

Permeability changes with frequency. Asfrequency isincreased from zero eventually core
Impedance peaks. Above the frequency where impedance peaks the impedance of the core (and the
effective permeability) actually decreases.

A downward slope in permeability with increasing frequency is useful for controlling impedancein
broadband transformers, but we should be careful to avoid excessive slope. Excessiveinitia
permeability can easily move the operating areatoo far out on the downward slope of impedance.

A transformer or inductor operating on the downward slope of a high ui core requires extra turnsto
maintain critical impedance and often requires more turns than alower ui core. The upper
frequency limit will decrease, and this may reduce useful bandwidth in the desired frequency
range.

Using excessive initial permeability means winding becomes more tedious (it takes more turns).
The wire has to be smaller and more fragile to fit a given core window. Temperature stability is
often reduced while losses increase over an optimum core material selection. In addition, stray
capacitance increases needlessly, reducing bandwidth and increasing unwanted stray coupling.

Do NOT pick cores solely by considering initial mu, since that value is taken at dc. Y ou should
consider characteristics measured at the operating frequency!

Always remember this general guideline. Les wire length (aslong as winding impedance is
sufficient) resultsin better transformer bandwidth. The best designs place maximum conductor
length INSIDE the magnetic core window, and minimum conductor length OUTSIDE the core
window.

Heating

At higher power levels, it isnecessary to moveto lower losstangent and higher curie
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temperature materialslike 65, 61, or (in extreme cases) 43 materials. Even afraction of adB
loss produces significant heating in small cores when power level isin the kilowatt range. The loss
DIFFERENCE in non-resonant applications between lower and high ui ferrite coresisn't
significantly different, but heating can be much less!

We often assume heat means a core isvery lossy or is"saturating”, but this often isn't true. We must
consider the power level, duty cycle, and ability of the core to dissipate heat and look at the full
picture.

Very small cores, such as small thin .5 inch diameter cores used on bead-type choke baluns, can
only dissipate a fraction of awatt in open air. It sometimes helps to put temperature in perspective
by visualizing how hot a 60-watt light bulb runsin normal operation. When we consider the core's
size, it usually has significantly less surface area than the bulb. The core also has poor thermal
conductivity, and is often stuffed in a container preventing any type of air circulation.

Consider the construction of atypical bead balun, enclosed in PV C and heat shrink tubing. Aslittle
as 20 watts dissipated out of 1500 watts can produce damaging heat in tiny beads enclosed in a
PV C tube. 20 watts out of 1500 islessthan 0.1dB loss, yet it overhesats the core!

The problem is almost always a heating problem, and not a core-loss problem. It is almost never
core saturation, unless the core is subjected to very low average power and very high peak power
levels. It is best that we worry about heat and the number of turns we use, not actual power loss,
when selecting a core.

Core Style

Soft-iron cores (soft magnetically) increase inductance because they increase flux density near a
conductor for a given current. With only a small amount of flux "concentration”, there can not be a
large increase in inductance or impedance. We need a significant increase in flux to have a
significant increase in impedance.

The area outside the core window does NOT have a closed magnetic path surrounding the
conductor. The presence of the core has a minimal effect on impedance of any conductor area
outside the core window. Most of the flux from external wiresisin air, rather the core. With only a
portion of the flux surrounding the outer conductors cutting the outer layers of the core, the useful
impedance contribution of wire outside the core window to system impedanceis

minimal. Conductor length outside the core window mostly adds unwanted stray reactance and
leakage flux. If we MINIMIZE the wire length exposed outside the core, and we generally have a
more effective inductor, choke, or transformer.

This effect can be easily conformed in a simple experiment using an antenna analyzer. Connect a
short wire across the output of an analyzer, and measure the impedance. Lay a core against the wire,
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and observe the very small impedance increase. Now pass the same wire through the core center,
and observe the large impedance change. Thisillustrates why the winding's wire length on the
outside of the core is wasted, mostly contributing to undesired effects.

Core Dimensions

The areainside the winding-window of a soft-iron (soft magnetically, not physically) coreis cut by
all of the flux lines, and this area has a very large effect on impedance. The core concentrates the
magnetic flux surrounding a current-carrying conductor into avery small area, and the thickness of
the core moving away from the area of the conductor very rapidly has less effect.

. Theadditional impedance caused by placing a core over a conductor or conductors is almost
entirely proportional to the core's internal length (window depth) paralleling and surrounding
the conductor or conductors.

. The core diameter or radial thickness only has a small effect on impedance.

Doubling the core area par allel with a conductor roughly doubles winding impedance. The sameis
NOT true for an increase in core wall thickness, core thickness barely affects impedance.

| prefer binocular cores for most low-power applications and side-by-side stacks of cores (making a
large "binocular core™) for high power broad-band applications. Thistype of core arrangement
almost always minimizes the amount of conductor hanging "outside the window". With very little
conductor hanging "outside" the core window, there isless "needless’ wire adding undesired stray
capacitance and series resistance. For a given core material and impedance, conductor length can
often be reduced to about one-third of a similar impedance choke (or transformer) using a
conventional single-hole core or single stack!

Low Power Measurements

Phase Inversion and Choke Baluns

Some of my receiving system designs use phase-inversion transformers. Phase-inversion
transformers are identical to (and interchangeable with) choke baluns or line-isolation transformers.
For HF receiving applications, 73-material binocular cores are wound with six passes of #26
twisted-pair enameled wire. | use Fair Rite Products 2873000202 cores (about 1/2 inch square and
1/3 inch thick 73 material).
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Phase Inwersion

Here are measurements of a sample inversion transformer at 2.5MHz using accurate (and fairly
new) commercial equipment:

Phase Error
Load Value (ohms) |Loss (-dB) (degrees deviation
from 180)
100 ~0 <1
33 ~0 -1.2
10 0.2 -2

This shows inverting transformer construction is good, since even a 10-ohm impedance load works
well!

Beverage Matching Transformer
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Sometimes | use designs for along time, and forget how | decided they were OK. | recently
received an e-mail questioning the number of turnsin my Beverage transformer design, so it
seemed like a good time to re-confirm the design.

| retested a 2:5 turn ratio transformer using a single FairRite Products 2873000202 core (about 1/2
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inch square and 1/3 inch thick 73 material) two different ways on a generator/ network
analyzer/vector impedance test set.

Total loss of two back-to-back transformers was .84dB at 1 MHz increasing, not decreasing,
linearly to .98dB at 30MHz. The actual transformer loss would be .42dB at IMHz increasing to
.49dB at 30MHz.

Doubling turns increased the attenuation slope. While 1M Hz |oss decreased to .69dB per pair,
30MHz lossincreased to 1.21dB. Thiswas for a PAIR of transformers connected in series to make
al:1 transformer. Thisof course removes mismatch losses, so it istwice the real transformer loss.
Actual loss would be .35dB @1MHz increasing to .61dB at 3S0MHz.

Measuring a second way, | terminated the transformer in 470 ohms. Loss measured .65dB at 1IMHz
when mismatch loss was included. Since receivers have wide ranges of input impedance, any
mismatch error might help OR hurt actual system loss. Factoring out mismatch loss the second
measurement indicated about .53dB 1MHz loss with the original 2-to-5 turn transformer and .43dB
with twice the turns.

Every measurement has tolerances, and the two different methods do provide different losses
because measurement errors affect results differently. Still, it is safe to say doubling turns has a
negligible effect on 1IMHz loss (which is around .45dB).
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Balun Test

[ Home]

Related pages:

Sleeve baluns Balun and Transformer Core Selection

Impedance and SWR Test

This page shows measurements of various baluns and how various baluns compare.

Choke Impedance

This data shows the common mode impedance of the balun. In general, the highest impedance at
the operating frequency or over the operating frequency range is desirable. Thisimpedance isolates
the antenna from undesired signals on the feedline shield, and prevents antenna terminal voltage
from exciting the feedline with unwanted currents. Common mode impedance is directly related to
the care in design and construction.

Pay particular attention to the impedance peak in air-core baluns. For narrow-band applications they
make excellent baluns.

Unfortunately common-mode impedance is all over the place, as this Smith Chart plot shows:
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CHY 834 1 U FS 4: 33.954 ko 37.094 ko 1.3987 nH

SEARCH:
4.245 DO@ MHz OFF

TARGET

WIDTH
VALUE

HWIDTHS
on OFF

TRACKING
on OFF

RETURN
S@TART 1.000 PO@ MH=z STOP 60.000 Q0D MH=z

The air-core balun is good only for athree or four-to-one frequency range, unless you pick a
winding style and size that places unwanted series resonances outside desired bands.

In contrast a good core-type balun looks like this:
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CHL Sg 1 U FS 4: 4.488 ko -341.3 0o r0.LEB pF
Ao 6.641 875 MMz NEANENL
1: 934 g? a
: 141
MAX
€27 MARKER/4 &N ! {8l
Avs  6.641875 MH,z \ __,1" iig!"hn
. \ I A - MIN
/ Py & ! i % {3
/ ! S g \ g 30 MHZ
/ Hf: ~ K e
\,
( ! T \ TARGET
™
s HWIDTH
VALUE
g/
HIDTHS
on OFF
TRACKING
arn OFF
RETURN

START 1.000 Q0@ MH=z BTOP 60.000 Q@0 MHz

SWR

The lowest SWR is desirable, athough any mismatch can often be compensated by adjustment of
antennadimensions. This SWR mainly comes from incorrect wire impedance inside the balun. It
may be caused by excessive length of internal leads, or incorrect cable or winding impedance inside
the balun. It generally is a construction related problem.

Measured SWR and Choking Impedance

The following datais measured using a currently certified network analyzer with low capacitance
test fixture:

Centaur DXE  W2DU(1) W2DU(2) Egrce Scramble  Solenoid \\%IztAU
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Impedance
. . 169 .

RtX@L8 84129 - 378 617 - 266 - 1+1.18K ]
N B

R+X @15 g:;ﬁj - 727 -611; - ?ggj' - 62 -895i
N B

R+X @30 %;'gj' - 284 -440)j - gg?j' - 68 -168;
N B

Max Z@F 17 MHz - K/]1H62 - :A&HZ: - 4.25 MHz

SR &l mex gﬂk ' - 13K -13 - g.lz‘gj - 34K 37K |
N B

Min Z@F - - - 11.7Mhz
N B

SWR N B

F SWR=1.25 f\s/l?-lz - i/lll-|125 - i/loll-lzz - note 1

1.8MHz 1.07 - 1.03 - 1.03 -

15MHz 158 - 1.17 - 1.18 -

30MHz 216 - 1.37 - 1.39 -

note 1. SWR not measured because construction and cable type affects SWR

note 2: ThisisaW2AU voltage balun. It is only shown as a example of poor shield isolation
offered by voltage balunsif the antennais not perfectly matched to the balun with the feedline
exiting the balun at right angles. Thistype of balun is unsuitable for non-symmetrical systems such
as off-center-fed antennas, verticals, or antennas with the feedline paralleling the antenna (even at a

fairly large distance).
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The W2DU bauns were manufactured by Unidilla. (1) isaMaxi balun and 2 is a 10-40 meter
model.

The DX Engineering balun is the dipole balun type DXE-BAL050-HO5-P
The scramble-wound choke was about 20 feet of RG8X in a six-inch diameter "bundle".

The solenoid balun was about 60 feet of RG-8X on a4" PV C thin wall drain pipe coated with
rubberized roofing tar.

Power Dissipation and Feedline Common-mode
Current Estimates

Note: Thissection revised 1/2/2003 to correct model error. Pleasereport any other errorsto
mel

Balun power dissipation is estimated using Eznec to simulate a perfectly balanced dipole.
Hereisacopy of the model used:

160m balun EZ

Please be aware | made no special effort to create a " bad antenna" other than | intuitively
understand what the worse case condition of feedline length would normally be and | selected
that length. | dropped the wire representing the feedline vertically from the center of a perfectly
balanced dipole, and made that wire 1/4 wl long.

Hereis aview of the moddl with no balun:
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ELMEC

|

SWRis1.46:1 power is 1500 watts

Currents at 1500 watts are approximately:
5.65 amperesinto wire 1

2.63 amperes into wire 2

3.73 amperesinto wire 3 (coaxial cable shield)

Using this model (a 135 foot high 160-meter dipole) we can add each of the balun impedancesin
the coaxial cable shield and estimate feedline current and power dissipated in the balun:

Centaur DXE w2DU(1) W2DU(2) |Forcel2 |Scramble Solenoid |W2AU
0.90amp |0.12 amp |[.25amp A7amps |.57amps |.87amps .16 amp 4 amps
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1.3 watts
.03 watt
69 watts  [8.5watts |25 walts |51 watts |55 watts  [(26w TL |(74w TL |34 watts
loss) l0ss)

From this we can see the following:

« Adding more beadsis very inefficient. W2DU(1) has about twice the beads as W2DU(2),
yet it has 53% of the current and 49% of the power dissipation! This does increase power
rating by afactor of four, but it is still too low to prevent balun heating.

. The solenoid has (by far) the lowest choking or balancing power loss, but it is 60-feet of RG-
8X wound on a4" diameter formin asingle layer. It adds transmission line loss of 74 watts,
but since the areais so large it will not overheat.

. The scramble wound balun has inadequate impedance since wire length isonly 20 feet. It
has low loss, but it really isn't acting like abalun (at 6.5 MHz it would be super, having 42K
ohms of impedance).

. Of the baluns above, only the DXE, scramble wound, and solenoid would not be overheated
in normal operation for continuous Morse CW transmissions.

Perspective of Heat

Think about the heating this way. Imagine you had a 60-watt light bulb. Nearly all of the applied
power is turned to heat, and the surface area of the bulb and conduction through the base radiates
that heat. Would you hold a 60 watt light bulb?

Now picture a balun core with a surface area a fraction of the size of the light bulb. This core areais
enclosed in a case that often has poor thermal conductivity.

. Thelarge air-core baluns mainly produce heat from transmission line losses.
. W2DU and other style baluns mainly have CORE losses. Transmission line losses are
negligible since the transmission lines are very short.

Currents

Every ampere of current not going onto the cable shield goes to the dipol€'s shield-fed leg! The total
is not the exact sum, because of phase differences. Hereisaview of currentsin the dipole with the
DXE baun:
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EL-E

e i

Currents are:

Wirel 4.52 amperes
Wire 2 4.52 amperes
Wire3 .12 ampere

Remember power radiated increases by the square of current. The feedline shield current is now
12A compared to 3.73A without abalun! The feedline radiates about .1% of the power it radiated
without a balun. While pattern distortion on transmit may not hurt, the feedline radiation probably
aggravates RFI and allows noise to couple into the antenna when receiving.

Remember the model isworse case in the NO BALUN condition. This does not mean every
system or most systems will be this bad. This example was only intended to show how bad balance
can be and how much power baluns (even with a matched load) can dissipate!

I'll add more data as time permits.
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Sleeve Baluns

Sleeve baluns are normally used at VHF and higher. As a general rule, they are not practical at HF.

The deeve is connected like this:

LOAD
Balanced

The left hand side of the drawing, once past the sleeve
connection point, isUNBALANCED. Theright hand sideis balanced. The choking impedance of the balun is the impedance
between the outer sleeve and the outside of the shield of the coaxial cableinside.

The choking impedance represents the same type of impedance we would have from any common-mode choke, such as a coil of
cable or astring of ferrite beads would produce. A sleeve balun only works where it is¥wl electrical length, or odd multiple
thereof.

Obviously we want the highest possible choking impedance, because the balanced load terminal voltage on the shield side to
unbalanced (shorted end side) voltage and impedance sets the current though this balun (as it does with any choke balun).

We can use TLA (free with the purchase of ARRL Antenna Books) to calculate balun’s choking impedance.

Below isa calculation of sleeve balun choking impedance with 100-ohm Zo 1dB loss sleeve. | used a .5vF inside the sleeve.
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3 e e B gE Al

TLA (Transmission Line), Copyright 1993-1997, ARRL -- by NGBV

ver. 1.0, Mar 05, 1997

Oother Transmission Line

I Length of line: 35.13 fr.

I Frequency: 3.500 MHz

I Transmission 1ine characteristic impedance: 100.0 - J
Matched-1ine loss, dB per 100 ft.: 1.000 dB
velocity factor of transmission line: 0.500
Maximum voltage rating of transmission line: 10000.0 V
Matched-1ine attenuation = 0.351 dB

| Resistive part of 1mpedance at load: .00001

I Reactive part of impedance (- cap., + induct., ohms)

SWR at load: 11184810.00

SWR at |ine Input: 24.74

Additional 1ine loss due to SwR: 57.966 dB
Total 1ine loss: 58.317 d& (100.0%)

i At line input, Zin = 2474.04 - j 63.68 0 = 2474.86 0 at -1.47°
At 1500 w, max. rms voltage on line: 1927.1 v
Distance from load for peak voltage = C oo R o o
Maximum rms voltage rating of cable: 10000 v estimated

§  Impedance (Z2), Frequency (F), Main Menu (M), Antenna Tuner ([T]), Exit (X): _

Balun choking impedance 50-ohm Zo sleeve and .351dB internal sleeve loss (sleeve 35 feet long and matched loss 1dB per
hundred feet).
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5 TLA

TLA (Transmission Line), Copyright 1993-1997, ARRL -- by NGBV
ver. 1.0, Mmar 05, 1997

Other Transmission Line

Length of line: 3513 T,

Frequency: 3.500 MHz

Transmission line characteristic impedance: 50.0 - j 1.29 ohms
Matched-1ine loss, dB per 100 ft.: 1.000 dB

velocity factor of transmission 1ine: 0.500

Maximum voltage rating of transmission line: 10000.0 v
Matched-1ine attenuation = 0.351 dB

Resistive part of impedance at load: .00001
Reactive part of impedance (- cap., + induct., ohms)
SWR at load: 4793489.50

SWR at line input: 24.74

Additional line loss due to SwR: &§57.966 dB

Total l1ine loss: ©58.317 dB (100.0%)

At 1ine nput, Zin = 1237.02 - j 31.84 Q = 1237.43 Q at -1.47°
AT 1500 w, max. rms veoltage on line: 1362.6 V

Distance from lcad for peak voltage = 35.1 ft.

Maximum rms voltage rating of cable: 10000 v estimated

Impedance (Z), Frequency (F), Main Menu (M), Antenna Tuner ([T]), Exit (O:

Impedance is now 1237 ohms compared to 2474 ohms for 100-ohm sleeve Zo.

Asyou double sleeve Zo, al other things equal, choking impedance doubles. What happens if we only change loss in the 100-
ohm line? We can do this either by doubling the loss per hundred feet or doubling VT at the same loss, making the sleeve twice
as long (and twice the l0ss).
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-._: T'LA

we =] (w2l A
Transmission Line), Copyright 1993-1997, ARRL --
vVer. 1.0, Mar 05, 1997

Other Transmission Line

Length of line: 70.25 Ft.

Freguency: 3.500 MHz

Transmission line characteristic impedance: 100.0 - j 5.15 Ohms
Matched-1ine loss, dB per 100 ft,: 1.000 dB

velecity factor of transmissien Tine: 1,000

Maximum veoltage rating of transmission Tine: 10000.0 v
Matched-Tine attenuation = 0.703 dB

Resistive part of impedance at load: 00001

Redactive part of impedance (- cap., + induct., ohms)
SWR at load: 11184810.00

SwWR at line input: 12.39

Additional Tine loss due to SwrR: 60.631 ds

Total 1ine loss: 61.333 d8 (100.0%)

At 1ine input, Zin = 1239.04 - j 63.79 00 = 1240.69 O at -2.95
At 1500 W, max. rms voltage on line: 1365.1 v

Distance from load for peak voltage = 70,3 ft.

Maximum rms voltage rating of cable: 10000 v estimated

Impedance (Z), Frequency (F), Main Menu (M), Antenna Tuner ([T]), Exit (X):

Now we have 1240 ohms with a 100-ohm Zo sleeve. The reason we have less Zo is the attenuation or lossistwice as high. If
you look at Matched Line Attenuation above, it is now .703dB versus .351dB in the 0.5 Vf case.

From the above, we observe the following characteristics in a sleeve balun:

1.) The highest possible choke sleeve impedance (largest ratio of balun sleeve diameter to outside of transmission line) is
desired. We won’'t have agood balun if the choking Zo (ratio of sleeve inner diameter to coaxial shield outer diameter) is
small.

2.) Thebalun requires the lowest possible loss over the length of the sleeve. It forms atransmission line from the inside
of the sleeve to the outside of the coax. The coax jacket isadielectric, so we need to keep alot of air inside of the
choking sleeve or the coax jacket will increase loss and reduce impedance, both being very undesirable.

3.) Thevelocity factor of the sleeve, based on the dielectric between the sleeve and the shield of the coaxial cable we are
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trying to balance or choke, is very important to length of the sleeve.

The following construction guidelines apply:

The cable should have a good low-loss jacket or avery large air or low loss dielectric gap between the shield and the sleeve.
Since energy is normally confined to the inside of a coaxial cable manufacturers are not concerned about jacket losses. They use
outer materials with long life, not low RF loss. It is advisable to use afiller material with ahigh volume of air to maximize
sleeve impedance and minimize sleeve losses.

It isalso advisable to use the largest practical diameter sleeve with the smallest diameter coaxial cable inside to maximize
choking impedance.

The sleeve length has to account for velocity factor of the sleeve, since the sleeve forms a coaxial transmission line with the
outer conductor of the coaxial cableit isintended to choke or decouple.
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Common-M ode Noise

[ Home] [ Up]

Related articles at

Balun Test contains model of "perfect” dipole currents.

Sleeve Balun shows how a sleeve adds impedance, useful for VHF and higher baluns

Receiving Common Mode Noise shows how lack of abalun can contribute to system noise (it applies
to transmitting antennas as well)

Longwires, Verticals, and Baluns shows how unbalanced antennas can have similar problems

Balun and Core selection for transformers and baluns

Transmitting baluns on testing transmitting baluns

Common Mode Noise Isolation

Common-mode currents can be detrimental to antenna system noise or directional performance. A
quick look at systems using common-mode currents demonstrates how effective they are at causing
radiation. If common mode currents can radiate effectively; they can also transfer unwanted signals
and noise into our antennas when receiving.

Many antennas actually function because of common mode currents. Two popular examples are the
CFA and EH antennas. Both become significantly poorer radiators if common-mode currents on

feedlines are eliminated. Another recent example appearing in Antennex's compact antenna articles
was athick stub "vertical" with no counterpoise. You find an example on the baluns and verticals

page of how poor some large grounds can be.

A receiving example of an antennathat works because of common-mode excitation isthe "Snake"
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antenna. This system accidentally (or intentionally) induces common-mode on a cable shield in order
to receive signals. The entire shield picks up signal, the Snake is simply areverse-fed random wire
lying on the ground.

There are many examples where designers intentionally use common-mode currents. Examples are
found in textbooks, such as the " Antenna Engineering Handbook" by Jasik on and around page 22-6.

The antennas below, copied from Jasik's textbook, outline the derivation of a skirt collinear antenna
from a simple feedline with the open end terminated by a"stinger".

22—-6 VHF AND UHF COMMUNICATION ANTENNAS

Two or even three skirts may be added to the mast as shown in Fig. 22-5c, but
reduced excitation of the lower sections diminishes the effectiveness of each additic
skirt.6 Thus, while the multiple-skirt coaxial antenna reseml)lcs a collinear arra;
in-phase half-wave clements, its gain is not as great. Typu:a% galn values are tg
lated in Table 22-2, but since no test data are available for this type of antenna,

values given are merely engineering estimates.
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(a) (b} {c)
Fig. 22-5. Evolution of multiple-skirt coaxial antenna.

The relatively large diameter-to-length ratio of a practical skirt produces an
effect which requires that the exterior length of the skirt be reduced by a factor of
0.8 to 0.9 and the interior length by from 0.95 to 0.98.5 This is accomplishfﬂ
cutting the skirt to the proper exterior length and inserting a dielectric slug 1t
skirt to inecrease its electrical length.

The center conductor termination in these drawings could easily be a ground rod (in the case of a
Snake) or an antenna like a Beverage or loop. The termination does not have to be an "open circuit"
1/4 wi stinger that intentionally radiates!

Looking at (), we find by hanging any low impedance on the end of a coaxial cablethe shield is
excited by common-mode current.

The electrical equivalent isjust asif the transmitter or receiver (generator symbol in the drawings) is
located at the end of the shield. This causes the outside of the shield to act like alongwire antenna.

Unless the coaxial shield connectsto a zero resistance ground, current with flow on the shield.

Looking at (c), we find even multiple sleeves appearing as parallel tuned high-impedance circuits do
not fully decouple ashield! It takes grounding and series impedance to do a good job.

Common Mode Currents and Receiving Antennas

Analyzing our antennas, we often forget grounds are not perfect. We make assumptions that four
radials, or worse yet two radials, form a perfect groundplane. Even a groundplane antenna many
wavelengths from earth with four radials has considerable common-mode currents on the feedline.
Consider the following model of a"perfect” Ten Meter groundplane using four perfectly horizontal
1/4 wi radials spaced every 90-degrees with a 1/4 wl feedline hanging vertically and attached to the
radials. The main element current was set at 100.
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EZNEC ver. 3.0

Groundplane 12/14/02 6:20:40 PM
--------------- CURRENT DATA ---------------
Frequency = 29.95 MHz.

WireNo. 1 Main Element 100

Radial wires 19.71
Feedline shield at GP 69.96
1/4 wl from GP 2.12

1/2 wl from GP 71.3

3/4 wl from GP .70557

At ground end of feedline 71

A glance at radial current shows the bulk of ampere-feet (ampere-feet, or current over spatial distance,
determines E-M radiation levels) is on the feedline shield, not the antennal Radiation from the
feedline would be severe, yet most amateur antenna designers claim with only four radials, or worse
yet two radials, no balun is needed! The claim that four radials makes a " perfect ground" isfalse.

Why do we depend on a simple ground rod with 50 or more ohms RF resistance to clamp a coaxial
cable shield to ground?
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Receiving Systems

Admittedly the above antenna is a worse-case example of feedline length and grounding, but even the
best cases could cause problems. A best-case system might be "nearly perfect” when transmitting, but
it could be a disaster receiving when even minor amounts of conducted noise are present on the station
ground. Noise paths exist through station wiring. Only the shunting impedance of ground connections
and series impedance of the feedline shield prevent excessive unwanted noise ingress at the antenna
feedpoint.

Very small levels of conducted unwanted noise often go unnoticed in large high-level transmitting
antennas. Noise ingress would not be an issue if local noise levels on power lines are very low,
especialy if the antenna has substantial common-mode feedline noise rejection.

If afeedlineisvery long and lies directly on or isburied in the earth, ground losses can attenuate
conducted noise or unwanted common-mode signals. Unfortunately, we amost never know if the
feedline shield is contributing noise, because it is nearly impossible to measure the common-mode
noise contribution of the feedline!

Measuring Common-Mode Noise

We sometime hear suggestion that we test a system for noise ingress by disconnecting and replacing
the antenna with a dummy load. Thisidea actually has no theoretical foundation at all. The dummy
load would change system common mode greatly.

The only real test would come from a dummy load with the same connections and impedances (both
differential and common mode) as the actual antenna. In other words the test load has to be the actual
antennato keep feedline common mode ingress the same! Obvioudly thisis a useless test!

The best approach is to use preventative measures in initial system design and installation. Quite often
the cost of being safe isless than afew percent of the initial system expense.

Analyzing Systems

This circuit is simplification of typical common-mode paths in Beverage, EWE, and other similar
antenna systems:
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Cmroo
| R_Statiorignd - ¢

R_Source and V1 represent the source creating voltage across R_Station_Gnd, the station's ground
impedance.

Feedline R isthe equivalent series-impedance of the feedline shield.

Current through the feedline shield path develops a voltage across R_Ant_gnd, which represents the
earth connection ground impedance at the antenna.

V2 isavoltage source representing desired signals, while R_ant is an impedance representing the sum
of the coaxial differential input impedance presented to the antenna (from the desired signal path into
the coax) and the actual antennaimpedance.

Using the circuit below, we can find the attenuation. Assume:
R_source is 90-ohms

R station gndis 10 ohms

R3 (the coax shield) is 500 ohms

R5 is the combined series resistance of antennaimpedance and impedance presented by the feedline
matching system, is 1000 ohms

In atypical system where asingle six-foot or deeper rod (the earth's skin depth prevents deeper
ground rods from decreasing resistance substantially) is driven into typical soil, R_ ANT_GND will
typically be between 40 and 120 ohms, assume 100 ohms.

We have the following results:
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Using the model above, only ~1 volt of common-mode voltage across the station ground resultsin
152 volts driving the feedline exactly as a signal from the antenna would. Path attenuation from
station ground to the feedline's differential input at the antennais 20log 151.5/985 or 16.26dB.

Changing the ground resistance to 10-ohms results in:

19.1/982.7 or ~34dB attenuation of common-mode noise. Increasing R3 by adding beads has a
similar effect. If R3 is effectively made ten-times larger, attenuation is in the 30dB range.

Obvioudly it takes a combination of reducing ground resistance and/or adding series impedance on the
cable shield to significantly isolate any |ow-noise receiving antenna from conducted ground noise over
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the feedline's shield.

We sometimes observe much less noise on transmitting verticals after installing alarge effective
ground system. Decreasing ground impedance at the antenna reduces common-mode excitation of the
antenna feedpoint and reduces noise ingress, although adding a feedline choke would sometimes

help.

Solutions

A typical isolation scheme would be to use an isolated primary and secondary in the matching
transformer, and ground the feedline shield some distance away from the antenna's signal ground. This
will introduce several thousand ohms of reactance in the common-mode signal path, aswell as
provide another path to earth for common-mode noise.

Another method, in cases where the feedline can not be isolated through a floating primary in a
matching transformer, is the use of multiple independent ground rods with a series of choke baluns
between each. Thisforms a multi-section pi attenuator, making even modest choke impedances
effective. As an additional benefit, lightning paths are disrupted by this method.

Summary

Noise contribution can vary with time. A receiving antenna's ground connection resistance varies with
soil moisture, and sources of noise come and go. As noise levels and grounding changes noise
contribution as aratio to antenna noise will change. The fact we can not readily measure noise
contribution by substituting dummy loads further complicates the issue. Real systems are vastly more
complex than the simple analysis above.

Since we can't easily measure noise contribution, we shouldn't take chances. It makes no senseto
gamble that unwanted signals (from wrong directions) or noise are so low that they will never
contribute to noise in a specia antennainstalled to reduce noise and interference.

While isolating feedline common mode effects from the antenna and antenna's ground may not reduce
noise, isolation can generally be achieved at virtually zero time and material cost. With the low cost of
prevention in mind, it is shortsighted at best and foolish at worse to not isolate a feedline shield from
any low-noise antenna's signal ground path.

Follow theserules:
1. With small magnetic loop antennas, make surethe antennais properly balanced

2. Lay feedlineson or bury them in the ground so earth losses reduce shield current
3. Besureshield connections are good
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4. 1f noiselevels are high or antenna sensitivity isvery low, isolate the feedline from the
antenna asit approaches the antenna by using choke baluns

Ground the feedline a few dozen feet away from the antenna

Avoid autotransformers. Instead useisolated primary and secondary winding

transformers
7. Use an independent ground on the antenna. Do NOT connect it to the coaxial cable shield

o 0
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Noise

[ Home] [ MEJ-1025/1026 ] [ Common-Mode Noise] [ RADIATED and CONDUCTED NOISE |

Also see: Recelving Antenna Design

To see world QRN (delayed): Lightning world map

To see my local QRN (nearly real time): Lightning USA Map

My local noise level quiet night from NE is-127dBm, 350Hz BW, from pair of ~800ft broadside
Beverages ~375ft spaced.

The noise that limits our ability to hear aweak signal on the lower bands is almost always an
accumulation of many signal sources. Below 18 MHz, the noise we hear on our receivers ( even at
the quietest sites) comes from terrestrial sources. Receiver noise is generally a mixture of local
groundwave and ionosphere propagated noise sources, although some of us suffer with dominant
noise sources located very close to our antennas.

Our locations fall into three basic "radio” categories that may or may not be related to our actual
communities:

Note: noise levels quoted in this text are the average of three independent studies by Bell Labs,
FCC Land Mobile Advisory committee, and the Institute for Telecommunication Sciences. Rural
data are actual measurements of summer noontime and winter midnight noise at my location,
several miles from high voltage transmission lines and far from any industrial or suburban
populations.

Urban

In urban-type noise situations, noise arrives from multiple random sources through direct and
groundwave propagation from local sources. One or more sources can actually be the induction-

field zone of our antennas (in most cases the induction field dominates at distances less than 1/2)).
Urban locations are the |least desirable |ocations because typical noise floors average 16dB higher
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than suburban locations. There is often no evidence of winter night noise increase on 160 meters,
since ionosphere-propagated noises are swamped out by the combined noise power of multiple
local noise sources. Much of the noise sources are utility distribution lines, because of the large
amount of hardware required to serve multiple users. Other noise sources are switching power
supplies, arcing signs, and other unintentional man-made noise transmitters.

Suburban

Suburban locations average about 16 dB quieter than urban locations, and are about 20 dB noisier
than rural locations. Noise generally is directional, arriving mostly from areas of densest population
or the most noise-offensive power lines. Utility high-voltage transmission lines are often
problematic at distances greater than a mile, and occasionally distribution lines can be problems.
The recent influx of computers and switching power supplies has added a new dimension to
suburban noise.

There is often asmall increase in nighttime winter noise at exceptionally quiet suburban locations.
This increase occurs when propagated terrestrial noise equals or exceeds local noise sources.

Rural

Rural locations, especially those miles from any population center, offer the quietest environment
for low-band receiving. Daytime 160 meter noise levels are typically around 35-50 dB quieter than
urban, more than 20 dB quieter than suburban locations. Nighttime brings a dramatic increase in
low-band noise, as noise propagates in viathe ionosphere from multiple distant sources.

Primary local noise sources are electric fences, switching power supplies, and utility lines. | can
measure a 3 to 5dB daytime noise increase in the direction of two population centers, Barnesville
(population 7500, distance 6 miles) and Forsyth (population 10,000, distance 6 miles) Georgia.

Typica daytime noise levels, measured on a 200 foot omni-directional vertical, are around -130
dBm with a 350 Hz bandwidth (noise power is directly proportional to receiver bandwidth) . Noise
power increases about 5 to15 dB at night, when the band "opens'. Asin the case of suburban
systems, directional antennas reduce noise power.

Nighttime is the "big equalizer”, reducing the advantage of location as distant noises increase with
Improved propagation.

Polarization

Noise is generated by randomly polarized sources. Noise polarization isfiltered by the method of
propagation.
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Noise arriving from the ionosphere is randomly polarized. It arrives at whatever polarization the
ionosphere happens to favor at the moment. It has the same ratio of electric to magnetic fieldsas a
"good" signal.

Noise arriving from sources within a few wavelengths of the antennais also randomly polarized. It
has NO dominant field, it can either be electric or magnetic field dominant.

Noise arriving from ground wave sour ces some distance from the antennais vertically polarized.
Thisis because the earth "filters out" any horizontal components. Horizontal electric field
components are "short circuited" by the conductive earth as they propagate, and are eliminated.

To hear a demo of noise and directivity, go to the DX Sound page.

©2003 W8Jl
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M FJ-1025/1026

[ Home] [ Up]

Noise Phasing and MFJ-1025/1026 Data

The original concept of the 1025 is based on a bridge phasing system. Many phasing boxes, such as
the QRN Squasher, do not rotate phase. They are based on the concept that a 180-degree inversion
allows rotation of phase when mixed through a potentiometer, but that does not occur. The only
thing mixing a 180-degree shifted phase signal with another base phase signal doesis vary the
amplitude, and produce an abrupt 180-degree flip at the zero-crossing point. Some people have
copied the flawed QRN-Sqguasher concept, and offer similar products.

| recently reviewed another phasing system design (on paper) which isimplied to be the "ultimate".
It uses a simple R/C phase advance circuit, not a bridge. The maximum phase rotation of such a
system islimited to less than 90 degrees. With 180-degree or zero-degree inversion in alater stage,
that allows only a 150-160 degree dlice of phase choice. Even transposing inputs would only bring
that to 320 degrees. Not only that, dynamic range is limited by avery poor choice of operating
parameters for the FET driving the phasing system.

To have a perfect product you need 360-degree rotation with no level change. Even with perfect
design, phasing systems are tedious to adjust. Other systems rotate phase over a wide range, but
have severe level change as phase isrotated. The effect of alevel change isyou haveto "walk"
back and forth with phase an level every time you adjust phase! When level changes with phase
adjustment, phasing units are even more unpleasant to adjust than a proper systemis.

With a*well designed* bridge system, amplitude shift is minimal. The MFJ1025 series, despite
being manufactured as cheaply as possible, outperforms any other unit | have tested (by alarge
margin) over its intended frequency range of 1.8-20 MHz.

The phasing system at W8JI, used to pinpoint signal directions of transmitters or jammers more
than to actually cancel noise, isamore sophisticated version of the 1025 with higher dynamic
range. It uses tandem bridges, and is calibrated in degrees shift. Phasing is spread over awide,
linear, control range. Phase rotates a full 360-degrees with less than 1dB amplitude shift. It is
possibleto resolve as little as 1- degree directional differencein arriving signals.

A Word About Dynamic Range and Noise Floor

160-meter DX'ers have the most demanding noise floor and dynamic range requirements of anyone
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using a phasing unit. 160 ops not only must hear exceptionally weak DX stations using small
inefficient antennas and low power, they must contend with multiple 1500-watt signals (often with
excellent antennas) parked just hundreds of Hz away! CW operators often listen to CW signals with
250Hz BW systems, pushing noise floors up to 50 times lower than 10kHz filters would produce at
any location. Amplifiers and other components must also handle the large powerful window of AM
BC stations just below 160, as well as the SW BC stations above. At my house the accumulation of
signals from stations * outside* Amateur bands is enough to light asmall 12v light bulb when using
a15dB amplifier!

Obviously what works well at MW for sorting 10kHz spaced wide bandwidth signals apart is
entirely different. Here we have the strong window of stations, but we are looking in that strong
window for other stations that often are strong (compared to 100-watt transmitters with poor
antennas). Noise floor is also much higher, and so dynamic range and noise floor are of almost no
concern. The critical performance parameter is mostly adjustment range, and not dynamics.

SW BC listeners need something a bit different yet.

Everyone should be cautious assuming a device optimized for one application somehow makesiit fit
the other.

The only drawback of the higher noise floor of the MFJ-1025/1026 is you must place it after any
amplifiers used with low-level low-noise antennas. The MFJ-1025/1026 noise floor istypically
around 14dB.

The dynamic range and noise figure of my personal unit is excellent. Unfortunately such asystemis
impractical for amateurs and SWL's because of cost. Each unit has about $300 in raw material cost,
plus the assembly time. The FET's alone are 28-volt devices capable of several watts RF power
while providing a 1.5dB noise figure. But for typical operation the 1025 is almost as good. If you
want to spend several hundred dollars, | can sell you a system that works almost perfect in almost
any application!

Even with MFJs well-known QC issues and affinity for building things cheap (not good) | still
recommend the MFJ-1025 over all other mainstream units. It has the potential to be better than
anything el'se with only minor changes, and is certainly betetr than all other mainstream units like
the ANC-4 or QRN Squasher just asit is shipped. If you want a custom modified unit, and can not
make the changes yourself, | would be happy to help.

GAIN MEASUREMENTS

The following table are gain measurements for the MFJ-1025/1026. Wiltron Network Analyzer (50
ohm detectors), transmission loss mode.
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Stock Unit and Filters 50-ohm input and output

Aux Port Gain

Frequency Gain (dB)

05MHz  |-35
12MHz |-16
15MHz |-93
1.7MHz  |-6.7
1.8MHz |-54
19MHz |-5.2
20MHz |-4.8
2.5MHz

and higher “*%

From the above losses, deduct -2dB (or add 2dB!) if the input protection light bulb is bypassed or
replaced with a jumper wire. |.e. 1.8 MHz gain becomes -3.4dB with the lamp removed.

Main Port Gain

Frequency Gain (dB)

0.5MHz -34

1.2MHz -14.1

1.5MHz [-8.0

1.7MHz -5.8

1.8MHz -5.0

1.9MHz -4.2

2.0MHz -3.7

2.5MHz

and higher |2

Bypassis essentially lossless.
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Gain Compression and IM Dynamic Range

With gain controls wide open and pre-amp disabled, blocking begins at about -3dBm. Third order
intercept is about -21dBm. Thisis generally well beyond what most receivers are capabl e of
obtaining. (Click here to see the r eceiver s page on this site.)) The drawback of the 1025/1026 is the lack of
any form of filtering, other than the high pass filter. This means the MFJ-1015/1026 sees a very
wide window of signals.

With that in mind, it is questionable if removing diodes actually is worth the risk of RF or ESD
damage. It would be much better to add a simple bandpass filter system for the band you are
operating. However, there is some improvement offered by removing diodes. IM and blocking also
can be improved by increasing quiescent current in Q5 and 6, as well as Q4. The bias modification
Is generally too complex for most people to do, and adding a bandpass filter in from of the unit
would be much more effective anyway.

Removing Diodes and Lamps

IM dynamic range will improve about 6dB with this modification. The lamp will improve gain
and noise figure of the AUX port (reduce loss) by about 2dB.

If you never transmit through the unit:
1.) Remove C5

2.) Remove D1,D5 at the output, remove D12 and 13 (or D10 and 11 in 1025) and D6 and 9 at the
Inputs.

3.) Replace Lampl with a jumper wire.
NOTE: If you transmit through the unit do NOT remove C5 and D1 and D5.
Sensitivity to Load Impedance

Like any typical amplifier system, this unit is sensitive to load impedance. Since it has an emitter
follower at the output, it likes to see alow load impedance. Gain will increase about 5dB if you add
a 1:4 step up transformer at the emitter of Q4.

The following are modifications or changesto the M FJ-1025/1026.:

Gain Improvement Mod.
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Increases gain and dynamic range by approximately 5dB (assumes your receiver has a 25-ohm or
higher input Z):

1.) Cut the trace from C6 to D1/D5 near the small dip relay.
2.) Add 1:4 step-up transformer, low impedance side towards C6 and high impedance side to load.
Transformers are available, including US shipping, for $6.

Filter Modifications

The MFJ-1025/1026 contains BCB filters that roll off at about 1.9MHz. To extend operation lower
in frequency:

Remove L3, L4, L5, L6.
Short C8 and 16

Increase the value of C12 and 13 by the same factor as the decrease in frequency. For half the
frequency, double C12 and 13.

Caution: DO NOT removefiltersif you intend to use this unit for weak-signal reception on
Amateur bandsabove 1.8 MHz, unlessyou are sureyou do not have strong BC signals.

C12 and C13 modswill reduce upper frequency limit proportionally to the change.

Extending Phase Range

Phase range of the MFJ-1025/1026 is limited by the ratio of R16 to reactance of C12 or C13.
Normally phase will rotate through at least 130-degrees. SW3B inverts phase 180-degrees, and this
moves the phase shift to the other side of the circle. Typically the MFJ-1025/1026 has about 280-
degrees of phase rotation.

The remaining 80-degrees can be covered a number of ways. Y ou can swap inputs (only when
using it entirely passive), or modify the phasing network. | also have successfully added arelay that
swaps the outputs of the low-pass input filters. A second method is to add an additional capacitor in
series with the ground lead of the bottom of R16 (the wiper remains grounded) back to the junction
of C14 and R17.

I'd recommend swapping the inputs, it is easier and does not degrade amplitude response or
bandwidth.
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Receiver Tests

[ Home] [ Up] [ Sorted by IM3]

Here afew measurements of receivers, using 500Hz filters.

MDSisameasure of sensitivity. -135dBm is 10dB more sensitive than -125dBm. This number
doesn't matter very much in what you actually hear. Thereal test isif you hear a very noticeable
noise incr ease when you connect an antennato thereceiver. If you hear an obvious noise
increase when you connect an antenna instead of a dummy load, your receiver is sensitive
enough! You should check sensitivity at the quietest time with the narrowest selectivity you
use on every antenna you Use.

Contrary to folklore and hyperbole, there isn't areceiver sold today that can dig into noise more
than others on CW based on sensitivity or the use of a DSP or multiple DSP systems. The
exceptions are:

. Increased selectivity will reduce noise
. Poor AGC design or detector problems can cause mixing of signals and noise

If you read areview that claims areceiver made weak signals appear from nowhere, you better keep
awary eye on the rest of the review. It is possible for areceiver to be abnormally bad, but it is not
possible for areceiver to work better than other properly working receivers based on sensitivity.

BDR is blocking dynamic range. Thisis the point where a strong signal either 2 or 10kHz just starts
to make your receiver lose sensitivity. The bigger the number the better, ESPECIALLY at 2kHz
spacing. The number you want hereis probably around 80dB or moreif you livein a
reasonably quiet location and work weak signals on crowded bands. If you run two
transmitter s on the same band or have a neighbor who oper ates near your frequency, you
almost certainly need more dynamicrange. I'min avery quiet rural location and have very
directive antennas, and 80dB blocking DR suits my requirementsjust fine most of the time.

IMDR isintermodulation dynamic range. Thisisthe single most important
number when comparing receivers. Thisis where two or more strong close-
frequency signals mix and generate a new phantom signal or multiple tonesin
a adjacent frequency SSB signal mix with themselves and make what sounds
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like splatter. The measurement is made just at the point where the phantom
signal level is high enough to interfere with the weakest signal your receiver
can detect. IMDR is a measure of how badly your own receiver causes
problems you might blame on other people. Bigger numbers mean better
receivers. It is most important the 2kHz number be good. The 10kHz test
number doesn't mean nearly as much, because ailmost any radio is good
enough at 10kHz or wider. Some number above 80dB is enough to stay out

of trouble 99% of thetime. If you arein a noisy location, you obviously
need less performance. 85dB keeps my receivers at the point where poor
guality external signals cause nearly all off-frequency problems. With
85dB IM 3DR only a few of the strongest stations cause my receiver to
make its own internal problems.

Beawarethevery good Drakereceiversin thetest below are essentially gutted and rebuilt
receivers. They DO NOT use Drake mixersor amplifiers! Stock R4C's suffer from severe

problems. See the notes!

CLICK HERE TO SEE SORTED BY CLOSE-SPACED IM3
PERFORMANCE, THE MOST IMPORTANT TEST!

Model serial MDS élBHé 10kHz BDR |2kHz IMDR |10kHz IMDR
62*

FT1000MP 5.5

- * % X%

8N370165 135 |[73.5 84 70.5* 80** notel
note 1

FT1000D -134 |68 85 72 81

FT1000D/W8J 136 173 o 89 o8

mods

Zg(lj(()OOM KV -131 (74 86 60 notelA 77 note 1A
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FT1000MK V

-131 80 89 85 90
W8Jl mods
|C-751A -140 83.5 98 79 91
|C-756 PRO -133  [N/A 78 67 77
|C-7800 -127 180 98 78 88@5kHz
RAC SN 17816 -132 |57 109 48 82 note2
stock
RAC SN 22291 -139 180 116 63 86 note3
stock
RAC 17816 med -140 96 115 92 103 noted
mod
R4C heavy mod |-143 127 131 118 119 noteb
TS-870 Inrad -139 |74 94 86 90
400Hz IF filter
mod (AIP) (-125) ((82) (98) (81) (91)
TenTec Orion -129 98 100 92 92

Note 1. The FT1000M P has the same inherent problem as the FT1000 and FT1000D. A noise-blanker FET isleft on
even when the noise blanker isturned off with front panel NB and NB-W switches. This FET connects directly to the
IF, and overloads when strong signals are present. Unlike the FT1000 and FT1000D, the front panel noise blanker
level control affects the FT1000MP IMD performance. * is with the NB gain control fully advanced, ** iswith the
NB gain control fully off. In ALL casesthe NB off-on switch is OFF!!

Note 1A: Y aesu copied the same basic NB from the FT1000D, and so this radio also has a NB problem even when
the NB is switched off. This test was with NB gain menu set for minimum gain. The radio isworse when NB gain is
increased in the NB gain menu.
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Note 2: ThisisaMOSFET 2nd mixer R4C, aligned and in good shape but with no changes. Thisreceiver is aimost
useless for weak signal CW work of any kind because of poor IM performance and filter blow-by.

Note 3: Thisisatube 2nd mixer R4C, aligned and in good shape but with no changes. This receiver is almost
useless for contesting or crowded bands because of poor IM performance and bad filter blow-by.

Note 4: Thisisthe same receiver in note 2, but with the following changes:

Increased screen voltage on RF amplifier to 130 volts.

6J6 first mixer with oscillator injection increased to 5 volts.

Diode double-balanced 2nd mixer with +10dBm injection.

10dB of gain removed from first mixer and first IF and redistributed behind the narrow filter.
Sherwood Engineering 600Hz roofing filter.

New AGC system. After narrow filter only, no AGC on front end.

oukwnE

Note 5: Gutted and rebuilt with solid-state double balanced high-level mixers. No vacuum tubesin signal path.
Sherwood 600Hz roofing filter.

This page has been viewed m times sincerevised on June 28, 2004

©2004 W38JI

http://www.w8ji.com/receiver_tests.htm (4 of 4) [9/6/2004 9:23:57 PM]



RA4C Y aesu Icom Kenwood Drake and other receivers

Recealvers

[ Home] [ Receiver Tests] [ FT-1000 Noise Blanker Mod ] [ Orion and 1C-7800 ]

Related pages. Checking signal BW FT1000 NB FT1000MK V NB External receiver preamps

My receiver Tests

Sherwood's Tests

We hear many things about R4C's (and other receivers), we love to talk about radios. Unfortunately
most information comes from hearsay, usel ess subjective opinions, or from subjective reviews.

The only commonly published sources of measurements are ARRL or RSGB reviews. While the
ARRL and RSGB do a good job of reviewing equipment, they publish somewhat useless wide-
spaced data for receivers. Even with excellent wide-spaced performance, close spaced performance
can be horrible!

Why Test at Wide Spacing?

Most manufacturers and many magazines test at wide spacing. When we have on-the-air
interference problems, it is amost always with a station afew kHz or less away. Why would most
of us care about atest or data at 20kHz or wider, when the bothersome signals are afew kHz up or
down from us? Wide-spaced tests inflate performance, and gives us meaningless numbers for real-
world performance.

Wide-spaced testing only evaluates RF amplifier and first mixer performance. Common
design problems are easily and often missed when wide spacing isused. The weakest link is
almost always downstream of the first mixer. There are several specific examples| can give:

1.) Receivers using DSP-based filtering systems for primary narrow selectivity.

2.) Receivers with poor 2nd mixer design (the R4C)

http://www.w8ji.com/receivers.htm (1 of 5) [9/6/2004 9:23:58 PM]



RA4C Y aesu Icom Kenwood Drake and other receivers

3.) Design errorsin noise blankers, such asthe Yaesu's noise amplifier design error

It's no wonder receivers have shown very little performance improvement over the years.
Manufacturers evaluate performance on nearly useless wide-spaced measurements. They obviously
only want to pass the wider test signal frequency spacing tests, because that is what we look at.
Looking at 10kHz or wider tests, we all assume things are getting better. In actual use, most of our
problems come from signals nearly on the same frequency, not 10kHz and especially not 50kHz
away!

The only truly valid performance test is one where BOTH test signals are within the roofing-filter
bandwidth. When close-spaced performance is good, wide-spaced performance is just as good or
better. Thisistrue for older radios and modern radios.

We a so need to be factual in performance assessments. Too many feelings get in the way of being
objective.

Receiver Myths

PIN Diode Mods

Save your money. PIN diode replacement never has changed performance in any receiver I've
listened to or measured. PIN diode mods don't change distortion, blocking, noise, or any other
parameter. A normal signal diode with proper biasisjust as good.

PIN diodes function as "RF switches" or "linear RF resistors' only when the carrier lifetime
exceeds the period of an RF cycle by alarge margin. Most of the diodes used in PIN mods do not
have long enough carrier lifetime to even behave like alow-distortion linear resistance, let along a
pure switch. They really aren't any better than manufacturers stock diodes, with the PIN diodes
barely being linear at 3S0MHz let alone at 455kHz. The whole "PIN diode thing" would be
laughable if it wasn't costing people money!

If you have even measured a real difference, please e-mail and tell me what radio it was and
what the test conditions were. If you are only going by emotion or feeling, don't bother reporting
that. If | spent several hours and/or afew hundred dollars changing diodes and could not A-B the
change, I'd probably think things got better also.

Drake R4C

The R4C is elevated to a status far above the redlities of its actual performance. The R4C, like many
DSP radios, has awide performance variation between close and wide spaced tests. Thisis
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especially true with the early SN MOSFET mixer R4C's. With awide-test, al R4C'slook "good".
That's because a wide test only checks the tube-type RF-amplifier and vacuum tube 1st mixer. Even
though the R4C RF amp does better with higher screen voltage and the first mixer suffers from very
low injection, the first two stages are still reasonable.

The problem isin the Drake 2nd mixer. The second mixer in the Drake ranges from poor to useless.
The MOSFET mixer versions of the R4C are identifiable by looking at the MODE switch. If the
MODE switch has CW 1.5, .5, and .25 positions the receiver has atube (6BE6) 2nd mixer. If itis
labeled CW1 and CW2, it has the horrible MOSFET mixer.

A few Drake website claimsthere is little or no difference between early serial number R4C's using
MOSFET 2nd mixers and later R4C's using vacuum tube 2nd mixers. Nothing could be further
from the truth. Worse yet, these pages steer people into awide 6- or 8-kHz roofing filter for weak
signal CW work, avery foolish choice as we will see by actual measurements. For serious CW
work, the Sherwood Engineering 600-Hz roofing filter is an absolute must! R4AC's have far too
much filter leakage to be useful on crowded bands using CW with awide roofing filter.

Roofing Filters

In order to significantly improve close-spaced performance aroofing filter has to attenuate signals
on adjacent channels. We could have strong and weak signals CW alternating every 500Hz across
the dial, assuming our transmitters were cleaned up. In the case of CW aroofing filter, to be useful,
needs to be about 500Hz wide or less.

For SSB, we could consider channel width 3kHz. A roofing filer really needs to eliminate the
adjacent channel up and/or down, and that means a roofing filter that passes only 3kHz or less.

While the typical wider roofing filters do a good job knocking down problems caused by signals up
or down the band several kHz, they don't do anything for signals within the bandwidth of the
roofing filter.

Testing Radios

TEST SETUP

My test setup uses two low-noise crystal oscillators. One oscillator is fixed on 1840-kHz, the other
oscillator is selectable at 1840.5, 1842, or 1850-kHz (note: | now use variable frequency
generators). Both oscillators use low-noise CATV transistors, and provide 20dBm output. These
oscillators each feed a 1dB per step attenuator, with atotal attenuation of 160dB available.

http://www.w8ji.com/receivers.htm (3 of 5) [9/6/2004 9:23:58 PM]



RA4C Y aesu Icom Kenwood Drake and other receivers

The attenuated outputs are fed to a"Magic T" combiner. "Magic T's", like every low-loss passive
combiner system, are |load impedance sensitive. Any mismatch reduces generator port-to-port
isolation. In many cases, marginal generator-to-generator isolation can cause IMD in the signal
sources. This generator-sourced IMD corrupts readings, changing IMD performance. To reduce
combiner mismatch, the output of the magic "T" feeds a small ~3dB attenuator.

Signal level from each individual source can be varied in 1dB steps from +20dBm to -140dBm.
+13.5dBm is the maximum level available, after combiner system losses of 6dB are added, for a
final receiver signal range of +13.5 to -146.5 dBm. Thisrange isideal because my own transmitter
istypically +15dBm on my closest receive antennas, while my daytime 250Hz bandwidth noise
floor is near -140dB. Most of my receivers have sensitivities in the -140dBm range, allowing them
to marginally get down to noise floor in the daytime. (Noise increases 10-20dB at night, on quiet
nights, because of distant noise sources that propagate via sky-wave.)

Note: Most setups use a single attenuator after the combiner, | chose not to do that. To reduce
generator IMD, | decided to attenuate each signal source with carefully matched attenuators. If a
test requires 30dB of attenuation, generator-to-generator isolation will be the sum"magic T"
isolation and each attenuator pad isolation. In this case, generator-to-generator isolation would be
well over 90dB, far more than | could obtain with the "Magic T" alone.

The Magic-T combiner also has a 3dB 50-ohm output attenuator. This pad hel ps stabilize load
impedances seen by the "Magic T", insuring return lossis at least 6dB. Total attenuation through
the "Magic T", including the internal attenuator pad, is 6.5dB. The port-to-port crosstalk of the
magic "T" can be nulled with a small trim pot. This adjustment is only necessary when doing tests
with near-zero attenuation and a mismatched receiver.

MEASUREMENTS

Since virtually every receiver overloads in stages after the attenuator or pre-amplifier, there
probably is no compelling reason to measure receivers with the attenuator on. Adding an attenuator
will not increase the dynamic range, it will simply move the raw measurement numbers higher. In
other words, we don't care what the absolute numbers are...we can always add or remove gain
external to the receiver. What we do care about is dynamic range of the system, both for blocking (a
strong signal makes the weak signal disappear or get noisy) and intermodulation products. The
lower the dynamic range numbers, the worse the receiver will be.

M easurements involve three basic procedures, all measured in dBm (dB milliwatts).
MEASURING MDS

A conventional signal generator is used to measure minimum discernable signal (MDS). This point
iIswhere the signal isjust clearly audible, about 3dB out of the noise floor.
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MEASURING BDR

Blocking Dynamic Range is measured by setting one oscillator (or the signal generator) to atest

frequency either 2 or 10 kHz above the interfering signal. Thistest is equivalent to having asingle
strong station come on a certain amount away from a very weak station you are trying to copy, and
making your receiver lose volume or have a hiss that increases compared to the weak signal's level.

To minimize generator noise, the low-noise crystal oscillators are used for the strong signal. This
creates a "perfect” zero bandwidth strong signal with virtually no broadband noise.

Thelevel of the strong signal is adjusted until the slightest detectable change in S/N ratio occurs.
The difference between the MDS and the level causing the blocking is the blocking dynamic range.
Thiswill be the ratio of the weakest to strongest signal the receiver can handle without losing a
noticeable amount of weak-signal sensitivity, if the strong signal is a perfect signal and the weak
signal isright at noise-floor.

MEASURING IMDR

Intermodulation dynamic range, or two-tone dynamic range, is measured by running two equal
strength signals (from the low-noise oscillators) into the receiver with a certain test spacing. This
test is equivalent to having two strong signals very near each other, with just the right spacing to
cause a mixing product to fall on top of a noise-floor signal you are trying to copy. When the signal
level of the mixing product isjust audible above the noise floor, the ratio of the strong signals to the
MDS (minimum discernable signal) becomes the IM dynamic range.

Poor IMDR performance shows up as splatter on SSB and as bloops, bleeps, and random musical
thumps or phantom signals on CW.

| ook at some recelver measurements!

This page has been viewed m since rewritten on June 28, 2004!

©2003,2004 W38JI
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FT-1000 Noise Blanker Mod

[Home] [ Up]

Thismod is part of a plug-in package available from me. See the Keyclick mod page.

I've tested over 15 FT-1000 and 1000D's with this mod. This modification will reduce close-signal IM in every FT1000 or
1000D by a substantial amount!

The IM problem is created because the FT1000 heavily forward-biases the noise-blanker's first FET whenever the blanker is
turned OFF. This causes the FET hanging on the IF system to have high gain. Strong signals within roofing filter BW saturate the
FET's drain, causing mixing products (IM).

These new signals feed directly back into the 8MHz IF section, creating interference to any desired weak signals. The FET's IM
creates new "phantom" signals that sound like normal CW signals. On SSB, it creates IM that sounds exactly like splatter!

This modification removes harmful forward FET bias when the noise blanker is off, and prevents the noise-blanker from creating
interference to weak signals when the blanker is turned off. The NB functions normally when on.

The Mod

1.) Remove the bottom cover.

2.) Locate the noise blanker on the left rear corner of the IF board near the first group of 8 MHz filters.
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Download Picture

3.) Locate TP-2001.

4.) Connect a small silicon switching diode (1N4148 is one example, although other silicon-type signal or switching diodes will
work) through a 10k ohm resistor to ground from TP-2001. The diode cathode (banded end) goes towards the resistor and
ground, anode towards TP-2001.

Caution: DO NOT use a high leakage germanium diodes. Use low-current silicon switching or detector diodes.
5.) Construct a pair of diodes with the cathode (banded end) tied together. Leave the leads long for now.

6.) Connect one of this diode pair's anode to pin 1 (the brown wire) of J2001.

7.) Connect the other diode anode to pin 2 of J2001.

8.) Connect the common-cathode of these two diodes to the junction of the 10K resistor and the cathode of the diode installed in
step 4.
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TP2001
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Note: | just pushed the wires down in the pin of the plug (P2001) and tacked them in place with a tiny bit of solder. You
can verify these are the correct pins by measuring the voltage when switching the NB and wide NB buttons. Turning
either or both NB switches "on" applies about 8 volts to either or both pins. Connect the common to the diode cathode
and 10k resistor junction through a short hook-up wire.

This mod removes forward AGC bias from Q2003 and 2004 when the noise blanker is off, and prevents IM distortion fed back via
C2041 and foil traces from impacting the receiver when the noise blanker is off. Other than improving IM performance when the
blanker is off, it has no effect on NB performance.
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Keyclicks 1000D

[ Home] [ Up]

Revised 1/31/04 at 0130Z

Receiver Improvement for FT1000 and 1000D

The FT-1000(D) runs an essentially unshaped CWwaveforminto the filters. This harsh signal
gener at es unnecessary key clicks. The clicks are strongest fromal nost 1 kHz bel ow to 2kHz above
the transnit frequency.

The cure:

| now have a plug-and-play 100% tested mod for the FT1000 and 1000D. Thismod just plugsin, and includes the receiver NB mod.

Neither mod requires soldering! Only a screwdriver isrequired. The price for both mods is $45.

View plugin mods.

Locate the seven-pin connector J3024 at the nmiddle-front of the AF board. (The AF board is the one
with the audio, PTT, ALC, and key jacks as well as other connectors.)

~ -
i
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e
L ]

=
=

-

Thisisapicture with a hand-wired mod in place.
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Download picture

Cut the wire going to pin 2 T CNTL). This is the second terninal fromthe right (front of radio
viewing). This is NOT the lead with 9 volts (nine volts is on pin 6). If you are unsure you counted
the correct direction, neasure the voltage!

Connect the collector of a 2N3904 to the flying harness wire you just cut.

Connect the emitter towards the jack on the wire you just cut. This transistor MJST be a 2N3904.

Connect a 1.5k resistor fromcoll ector-to-base on the transistor.

Connect a 10uF, 25-50 volt capacitor from base to ground. A non-polarized capacitor may be better
if you can find one. No one has reported problens with nornmal electrolytics as long as the positive
| ead connects to the base of the transistor.

Yy
LEM3H04

F1

L
1.4k I

The Results:

This nodification slows the waveformrise and fall tinmes at (B030 and D3009. The result is a
normal Iy sl oped CWwaveshape into the SSB filter.
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This is a nearly-perfect waveformwi th about 7nS fall and 4ns rise. The inportant thing is there
are no sharp edges that cause clicks!

Clicks beyond 1 kHz above and bel ow the transmtting frequency nove into the conposite transmtter
noi se, and there is about 50 dB reduction in clicks on some radi os above the TX frequency!

dicks 500Hz away are reduced about 20-35dB.

There is alnost no change in "keying sound" on the transnmitting frequency. The envel ope shape is
near ideal, and bandwi dth reduction is dranatic.

Oper at i ng

Warning: Thismod isNOT compatible with QSK with the full 10uF in circuit. For QSK use, | suggest adding a SPST switch from the 10uF
capacitor to ground. You can place an additional 10uF capacitor acrossthat switch, or simply add an additional 10uF in serieswith the
ground lead from C1 ( thisgives SuF total value at the base of Q1) and not switch the system. When not operating QSK, | recommend using
the full 10uF of C1 for the cleanest signal.

The ideal wave shape occurs when the ALC is at the upper area of the blue ALC line on the FT1000 meter. With full DRIVE, adjust for desired
power with the RF PWR control. After achieving desired power, back the DRIVE down until the ALC indication just starts to move away from
full blue area (half-scale). Anything from 1/3 to 1/2 scale is a normal waveform.
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For lowest clicks, adjust DRIVE until ALC until it just registers (perhaps 1/8 to 1/4 scale on ALC).
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Keyclicks

[ Home] [ FT1000MK V ] [ Keyclick MP] [ Keyclicks 1000D ] [ What Causes Clicks?]

Bandwidth rules Part 97.307

Link to WOCF. Kevin analyzes key clicks mathematically.

I noticed W2V JIN has proposed using absolute signal level at afixed test spacing for click
measurements. While | agree with George's suggestion (this link) we use an established test
method, | strongly disagree that a 15Hz BW signal level measurement of the peaks accumulated in
dozens or hundreds of scansis any more useful that listening off-frequency on a known good
receiver.

While hismod is certainly better than a stock Y aesu, clicks also can be reduced more than his
method provides without affecting ability to work weak signals. We don't need to watch output
power and keep duty cycle to 50%, a slight adjustment of weight control would do the same thing.

Thereal point is that both George and my suggestions are patches, they are not cures. Y aesu should
step up to the plate and be responsible, and set an example for others to follow.

Testing

We really need to establish a standard for measurement of transmitters on both SSB and CW, and it
should be the effective spurious power level on close adjacent frequencies using typical CW
bandwidth. Looking at one spot with slow sweep and peak storage on a spectrum analyzer is not a
good test.

It's pretty easy to see using the level (at one specific frequency) of along-time average of signal
peaks with a narrow filter sweeping by (which iswhat spectrum analyzers do) is a bad idea.

Some radios have a sharp click on one edge, and nothing on the other. This causes peak energy to
be higher in proportion to average energy. Radios can have higher peak level and actually do less
damage to adjacent channels than alower level click that hammers on both make and break, like the
FT1000MK V does.

If | look on a peak sample and storage device like my spectrum analyzer, aradio could actually
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look worse yet bother adjacent CW bandwidth channels LESS than aradio that appears to be better.

A very narrow filter swept over the frequency with average storage of peaks does not account for
attenuation slope modulation sidebands. 1'd rather have aradio next to me with asteep drop in
clicks at 500Hz than one with a single-pole gradually shaped slope even if the gradual sloped radio
had less level. A peak comparison at some specified spacing misses too much.

SSB vs. CW

CW shares the same testing problems as FM and SSB. The FCC has changed some commercial
voice tests to focus on spurious power level on adjacent channels, rather than using conventional
but somewhat useless two-tone tests. A two-tone test shows the very best aradio is likely to do, not
the typical performance. The FCC now requires norma modulation and an adjacent channel power
level measurement in some cases.

CW and SSB testing for amateur use should be the same way.

| think isis shameful that manufacturers can't manage to spend a few hours of engineering time to
select different component values, instead of sticking us with radios that have poor keying and IM
characteristics. Frankly, thereis NO excuse or justification for selecting wrong component values
in asuch asimple design area.

Is an excessively clicking radio legal?

Most of us agreeright off the bat that some radios are annoying, and MOST people actually want to
have the cleanest possible signal. Of course there are afew self-centered people who care less if
they bother other people. They generally use the excuse that since aradio was sold it must be legal.

Hereis alink that shows the exact 97.307 FCC text.

What do bad and good signals sound like?
For now, you can listen to some recordings and judge the difference.

Key clicks are off-frequency sidebands heard when there is no trace of atone. If you listen carefully
to these recordings, you will see the "hardness' of a properly filtered transmitter on frequency
sounds very little different than the hardness of awide, clicking signal.

Here are some sound files....these files are intended to be educational. Whileit isn't OUR fault
therigswereincorrectly designed, it is our legal obligation under 97.307 to correct the problems
we have been stuck with. Thisis especially true when big antennas and amplifiers are used.
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First, thisis amono recording of avirtualy click-lessradio. This station is 20dB-over-nine, and my
noise is S2. When you listen, notice the "clicks" disappear right when any trace of tone vanishes.
You'll notice the CW 4till sounds hard, and this station regularly broadcasts high-speed CW that
hundreds of people copy. Thisisthe Click-freesignal of W1AW on 160 meters.

If you own a stock FT1000, FT1000D, FT1000MP or FT1000MP MKYV (or any rig with arise and
fall faster than 4 or 5mS OR with any sharply rounded corners) you have work to do!

Notice key clicks can be heard long after the tone disappears totally, as we tune across the signal,
yet there isn't any trace of receiver desense. S-9 plus 10dB station from England, 40-meters, using
FT1000MP MKYV tuning up 2 and down 2 using 500Hz RX filters. Significant clicksin the USA

from England well after sunrise in England when signals are dropping. Imagine a40 over MKV!
This appears to be typical of all MK V's

S-9 +20dB in S-2 noise tuning from 1.5kHz below stock FT1000D (sorry, | snipped the above freq
tuning to avoid call sign) Thisistypical of all FT1000(D)'s

40-meter signal S-9 plus 15dB, background noise S-2, 500Hz filters, tuning up and down 2,
recording of FT1000MK V. Thisrig cuts a 3kHz wide swath that is S-6 or stronger.

40-meter signal S-9 plus 25dB, S-1.5 noise. Tuning up 2 and down 2, 500Hz filtersin RX. Omni-6

(Thismight or might not be typical of al Omni-6's. Ten-Tec reports an internal adjustment, when
incorrectly set, causes these clicks. I've logged several Omni-6's with this problem, and some users
continue to receive complaints after trying suggested mods. The characteristic | seem notice is key
clicks extend downwards much more than upwards in frequency.)

160-meter, S-9 plus 15 dB signal, S-1 noise, tuning up and down 2, Inrad-mod in FT1000M P

20-meter Kachina. S-1 noise, signal S9 plus 10. Which signal isthe "real signal"? A snip of aclean

signal answering him, about the same signal level, is at the end. Spurs went down 2.4 and up 2.4,
and were spaced 600Hz apart. (This might not be typical of al Kachinas)

40-meter signal, S-9 plus 10dB signal S-2 noise, tuning up and down 2kHz, 500Hz filters, stock
FT1000MP (thisistypical of all stock FT1000MP's. If you own one that has not been correctly

modified, you can be sure it has grossly excessive key clicks)

160-meter signal, S-9 plus 20dB S-1 noise, tandem 250Hz filtersin very high-dynamic range CW-
only receiver, tuning up and down 1.2 kHz, stock | C765

http://www.w8ji.com/keyclicks.htm (3 of 4) [9/6/2004 9:24:03 PM]


http://www.w8ji.com/No_clicks_mono.wav
http://www.w8ji.com/FT1KMK5.wav
http://www.w8ji.com/FT1000D_stock.wav
http://www.w8ji.com/Sound/1000MKV_USA_clicks.wav
http://www.w8ji.com/omni6.wav
http://www.w8ji.com/FT1000MP_inrad.wav
http://www.w8ji.com/Kachina_spur.wav
http://www.w8ji.com/Sound/1000mpstock.wav
http://www.w8ji.com/Sound/765.wav

Causes of CW keyclicks

©2003 W8Jl

http://www.w8ji.com/keyclicks.htm (4 of 4) [9/6/2004 9:24:03 PM]



FT1000MP MKV CW Keyclicks and Receiver Improvement

FT1000MK V

[ Home] [ Up]

Preliminary tests show very strong keyclicks +1kHz and -1kHz. The LSB clicks peak 500Hz below the TX
frequency, and the USB clicks (in the LSB mode) are very obnoxious because they are at twice the rate as
L SB clicks (strong on both make and break).

The FT1000MK V shows a 1ImS rise and a 2ms fall with sharp edges and a very poor rise and fall slope.

Keyclick and Noise Blanker Mod for FT1000MP MK V

It's great to see a manufacturer offer improved close-spaced SSB transmit performance. The MK V Y aesu
reverses other modern radio's downward spiral of transmitter SSB IM performance. Y aesu included a class-A
mode.

Unfortunately close-spaced receiver performance has been neglected, and this affects all modes. The
transmitter also has nasty CW clicks. Stock MK V's appear to be as bad as or worse than older 1000 series
radios in two important areas:

. Clicks appear to be more severe than those from the notoriously poor 1000MP's
« Thenoise blanker continues with the same circuit error as the FT1000/1000D/MP series

Since a portion of the keyclick mod requires accessing the same genera area as the noise blanker, it would be
prudent to fix the receiver and transmitter at the same time. This article offers a combined modification that
patches both problems.

Keyclick Problem

Raised- sinerises and falls would provide the fastest possible CW speeds for a given bandwidth. With
properly filtered rise and falls, we would hear little or no change or softness when listening on-frequency.
Tuning off- frequency, clicks would quickly vanish.

If you want to hear the sound of proper shaping, listen to this click-free signal recording as | tune across the
signal. Off- frequency (even afew hundred hertz), we hear no clicks at al. On- frequency the CW is "hard"

sounding, allowing copy to 60-WPM or more. When the tone disappears in the deeper receive filter's skirts,
clicks also disappear.
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In contrast, compare the MK V recording as | tune past the signal. Thissignal is from Europe on 40 meters!

There is aday-and-night difference off frequency between the no-click and loud-click signals. On-frequency
both signals sound the same.

MK V clicks are caused by excessively fast rise and fall, and very poor shape of the rise and fall.

Rumors sine-shaped waveforms impact tone or readability of signals are false, as are claims clicks rolling of
at some " X-dB-per-octave rate" beyond afew hundred Hz are a necessary part of life. Such statements are
misleading, likely being based on the incorrect assumption the receiver has very wide bandwidth and the
transmitter isfiltered through a single stage simple resistor-capacitor click filter.

Unfortunately when we patch poor CW transmitter designs, we can not make perfect corrections. Without
major modification we can not modulate the MK V ( or most other transceivers) with properly filtered
(which also means perfectly shaped) rise and falls.

This modification, like the MP and 1000D click mods, is a patch...not a cure.

Patches Vs Cures

Because mods on existing radios are patches, the radio owner must make a choice. If the user operates speeds
faster than 45 or 50 WPM, the rise and fall required for legal close- spaced operation may be less than ideal.
This does not mean the ability to work weak signals at modest speeds (up to 30 WPM) would be
compromised even the slightest amount. It means high- speed ops (speeds over 45-50 WPM) may find the
CW dlightly mushy when adequate for close-frequency operation.

If a2 or 3 millisecond rise and fall is used for operation at very high CW speeds in asingle-pole R/C filter
(thisradio uses asimple RC filter) atransmitter is almost guaranteed to interfere with less strong signals
within 1kHz or so. Transmitters with fast rise and fall times should stay at least 1.5kHz away from operators
working weak signals, especially when the CW transmitter has 1930-era transmitter CW shaping.

Operators with stock MP MK V's should always try to operate at least 4kHz away from weak or moderate
signal- level stations. Part 97 rules prohibiting keyclick emissions that interfere with adjacent frequency
operations. The specific rule is 97.307(b) "Emissions outside the necessary bandwidth must not cause splatter
or keyclick interference to operations on adjacent frequencies.”

The Click Mod

The actual click mod requires changing two stages. The first stage modified is on the IF board. The IF mod
slowstherise and fall of mixer transistors Q2033 and Q2038.

Note: This stage is easy to modify, and is located on the same board as the noise blanker. This allows the
noise blanker to be corrected at the same time.
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By itself, modification of the easy-to-reach IF board is NOT effective for substantially reducing clicks. A
later stage on the RF board also has truncated rise-and-fall times with avery poor R/C edge-shaping system.
This later stage continuesto add clicks even after earlier stages are modified.

RF amplifier stage Q1001 has the fastest rise and fall in the RF section. Q1001 must have proper gate bias
shaping and timing to reduce clicks to acceptable levels. Removing D1002 and altering components around
Q1002 slightly reduced clicking, but | concluded any effort wasn't worth the result with bias rise and fall
more rounded at Q1002.

Asdesigned, Y aesu uses a square wave very rich in harmonicsto drive asimple R/C filter. This poorly
filtered sguare wave amplitude modul ates the RF and | F sections. The poor basic filtering design, combined
with non-linear amplitude response, requires great care in component selection. It also means we never will
achieve the optimum bandwidth for any give rise and fall time and ultimate CW speed.

The NB Problem

Signalsinside the wide roofing filter BW of the MK V reach the gate of Q2009 through C2043. This point
precedes the narrow 8MHz IF filtering, allowing arather wide swath of unwanted signals to reach the gate of
Q2009. Q2009 is |eft operating even when the noise blanker is turned off, and can have substantial gain
depending on bias voltages at TP2001. Bias voltages at TP2001 can be varied by changing menu settings for
NB gain, but never fully turn off Q2009.

The accumulated level of all signals reaching the gate of Q2009 produce alarge net voltage at the drain of
Q2009. This voltage (and resulting net current) causes overload and distortion in the non-linear
characteristics of Q2009 and 2010 (my manual has very poor printing, but | believe it says 2010).

New signals created by this distortion and the resulting mixing products are fed back through C2043 to the IF
strip. The IM products appear as "phantom splatter” on SSB and " phantom signals' on CW. We can not
actually hear the distortion on frequency of strong signals. Instead the IM products appear in the form of
artificial interference when we attempt to copy weaker signals within 10kHz of a mixture of signals
containing afew moderately strong signals.

The NB Patch

The NB mod is a simple effective mod, and improves close-spaced IM3 dynamic range around 10dB. A
simple factory change of moving one foil trace would have made the MK V receiver noticeably better, but
fortunately this mod isfairly easy for owners.

The NB correction removes the surface mounted 220-ohm resistor (R2046) from the source of Q2009,

replacing it with a 220 ohm resistor connected between Q2009's source at C2027 and Q2016's (25C4047)
collector and the junction of R2049 (220-ohm also).
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Making the Mod

Thismod is alittle more complex than the FT1000M P mod because the chassis of the MK V is alittle more
complex and unfriendly. Like any service work, having a clean open bench and a spot to separately store
screws and other hardware removed in every step in order will make the job smooth and easy. (If someone
sends step-by-step text, I'll put it on this page.)

Some may wish to remove and change parts, but | prefer to wire the click-mod to a single terminal strip. This
will allow you to customize the mod, switch the mod in and out, or correct any errors without dismantling the
entire radio.

You'll need the following parts:

(1) one foot each of two small insulated wires, #20-#26 one ( preferably) green and one blue to make
connections

(1) four-lug (with ground) terminal strip
(3) .1uF 50 volt disc capacitors (C1-C3)
(1) 22k 1/Aw fixed resistor (R2)

(1) 680k 1/4w fixed resistor (R1)

(1) 220-ohm 1/4w fixed resistor

In addition you need a well-lit bench, along with some hand-tools such as soldering pencil and solder,
screwdrivers, and cutters and strippers.

Populate the terminal strip as follows:
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Remove top and bottom covers to gain accessto internal circuitry
Remove the screws holding the IF board in place, and the minimal amount of plugs to alow flipping the IF

board over. Draw aroadmap of all plugs that must be disconnected. Thiswill help you remember where
everything goes!

(click here to download expanded | F board if needed)
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Add wire for click mod

()Y B4 O

Attach one end of the blue wire to the ungrounded end of C2148, let the other end float

Remove R2046
add 220 ohm resistor

between these points

L ocate and remove R2046.

Add the 220-ohm resistor to the Q2009/C2027 source and capacitor connection point

Connect the other lead of this resistor to the junction of Q2016's collector and R2048.
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Reinstall the IF board with the flying lead exiting the closest edge of the PC board.
(Take care to avoid pinching any wires.)

Remove all hardware necessary to access the RF board

Remove the RF board

(Click here to download an expanded view of RF board if needed)
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Attach the green wire to the junction of C1004 and R1003/R1004 at the gate of Q1001
Route this wire up to the area of the |F board

Reinstall the RF board and all other hardware taking care to not pinch any wires, and to reconnect all
unplugged wiresin proper locations

Select a clear area on the IF board and mount the terminal strip under the screws
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Connect the green wire (from RF board) to C3, and the blue wire from |F board to the junction of C1 and R1.
R1isa680k resistor, and R2 is a 22k resistor

Test the radio and reinstall the covers
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Keyclick MP
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Curing FT 1000 MP CLICKS

FT-1000MP Measurements

| measured two sample FT-1000MP's (an early and alate model) by operating them into a high
power fixed 30 dB attenuator pad. The output of the 30 dB pad was connected through a 3-way
splitter to a step attenuator and conventional receiver, a spectrum analyzer, and an oscilloscope. The
receiver used a 300 Hz eight-pole filter, the spectrum analyzer used a 50 Hz filter, and the scope
was triggered from an external keying signal. Power was measured on a conventional Bird average
reading meter.

At 1kHz spacing clicks from the stock FT1000M P's were about 15 dB worse than clicks from my
old test bench radio (awell-worn ICOM IC-751A) and more than 20dB worse than the clicks from
my click-reduced FT-1000D!

Here is a spectrum display of my stock |C-751A using 30 Hz analyzer bandwidth and ten second
sweep:
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The 751A is approximately -58 dB at 1 kHz, and rolls off smoothly.

Hereisthe nicely sloped but too fast rise:
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Rise approximately 3 mS....and the slightly sharper at the corner fall:
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Now the stock 1000M P spectrum:
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The FT1000-MP is approximately -50dB at 1kHz. It is 8 dB worse than the already "hard" 751A,
and has a plateau below the carrier frequency that hovers around -55dB.

In direct comparison, hereis a"de-clicked" FT-1000MP:
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The modified FT-1000MP rivals any of the better radios | have tested, including my "de-clicked"
FT-1000(D).
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The modified FT-1000MP is around -85 dB at 1 kHz, over 30 dB improvement from the stock M P!
Risetimeis close to ARRL standards of 5mS, while fall timeisaround 3 mS. FT1000M P modified
rise:

Rise 6 mS. The upper edge isalittle sharp, but why worry....clicks are reduced 30dB or more!

Modified MP fall:
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Fall timeisaround 3mS. While it has much more rounded edges, the slope is still not very "round".
Unfortunately we are limited by what is possible to do, and this mod is already difficult enough for
laymen.

Some concerned was expressed over the "power” of dots when using long rise and fall times. One
simple solution isto turn up the weight control slightly. Keep in mind, even without ANY external
weight adjustment, the change in average dot power at 45 WPM was only afew percent! On the air
testswith VK3ZL and ZL3REX on 160 meters with fading signals and noise, revealed both could
tell absolutely no difference between having the click filter in-line and out-of-line at 40 WPM CW
speed. Thiswaveform meets FCC and CCIR specifications for 60-WPM CW modest strength
signals, and 35 WPM weak fading signals.

The best method of nulling clicksis by listening on another receiver with a narrow filter. Make sure
you are well below overload on the receiver, and set that receiver so the carrier from the MP isjust
outside the passband of the test radio filter. It is almost impossible to use any other method for
proper adjustment, including watching the envelope on an oscilloscope.
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Work in aclear uncluttered location, | like to work with the radio on a clean small carpet on awell-
lit bench, and have a container for al the hardware | remove.

Here's how to make connections to necessary points.
1.) Remove the top and bottom covers of the radio and set them aside.

2.) Invert the radio, so you have the heatsink exposed.

{ ";‘
|

_// i

Four main screws hold the heatsink mounting bracket. Two are shown above (one under the
screwdriver and one to the right of it). Two other screws are on the side of the radio chassis. You
might want to remove the long screws holding the fan bracket, although | got by without doing so.

3.) Lay the fan and PA assembly out of the way, you may have to open some of the wire harness
clipsto get more wire. Unplug the fan so it istotally free from the unit. It should look like this now:
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4.) The RF board is the green-colored board you see above. There are several screws holding that
board down, and two screws on arear panel DIN connector that is mounted on that board. The
board will freely move when you remove ALL the screws. Do NOT pry or force the board out, if
you have to pry you missed a screw!

5.) Flip the board over, you might have to unplug awire harness or two...but | managed to work
without doing that. The board should look like this:
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6.) | added the green wire you see above. | tacked it on afoil pad by laying the wire across the
point where two chip components soldered in, as shown below:
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Y ou can seethelittle black FET (Q1034) and the dlightly triangle-shaped foil trace that connectsto
Q1034. | bent an "L" in the small wire | used. The wire will route topside to aterminal strip, so it
needs to be several incheslong.

7.) The new wire routes under the RF board to an oval slot in the chassis, where if feeds to the other
side and emerges near the I F section unit. Be careful not to pinch any wires when remounting the
circuit board. The opening on theright is best for getting the added wire topside:
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8.) While re-installing the RF section, fan, and heatsink inspect the wiring carefully. Be sure
nothing is touching moving parts of the fan, and be sure no wires are pinched or left unplugged. It
might be advisable to check the radio quickly on a dummy load to be sure the transmitter section
works properly.

9.) Flip the radio over, and remove the two ribbon cables connecting to the I F section:
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: .

10.) Remove the mounting screws and flip the IF board exposing the bottom:
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Thisisthe areawhere the wire attaches to the | F board:
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Note the FET above and to the left of the pen, and the I F transformer (two can shield connections
and five electrical pin-outs, with an unused pad-set for a surface mount device in the center of the
transformer leads) below the pen. The connection point for a new small insulated wire is the chip
capacitor (C2148) pad that also connects to the center pin of the top three in-line pins of the IF
transformer.

11.) Attach a small wire to the point mentioned above. It will route to the new circuitry.

12.) Re-install the board. Be sure you do not pinch any wires. Be sure you do not forget to plug in
the ribbon cables, or any other wires you removed.

| mounted a small four lug (plus ground) terminal strip at the left front corner of this board, and

mounted the components on that strip. This allows you the ability to change or adjust the mod if
you find it too soft for high-speed operation.

Doing The Mod

Theideal CW radio would use a high-order filter with controlled group delay, and a reasonably
linear attenuator or modulator to control the envelope shape. All other stages should be fully on
just outside the output window of the CW signal. I initially hoped a CW "modulator” could be
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added on, but for now it appears modifying the 1000MP to ideal circuitry would be too involved.
My only option was to "hunt and peck” and find a modification that would be reasonable to do, and
inexpensive. Thisisthe best solution | could find, reduction of clicks was excellent. The only
drawback is two resistors need to be hand-sel ected, and the radio needs some minor disassembly to
reach a connection point on the RF board.

| mounted this mod on a separate terminal strip under a screw on the left front corner of the IF
board. This allowed me to experiment with component values while watching bandwidth and other
parameters. Thisisthe basic circuit | used:

1 j To C2148

T

To C1216

Vg\ R1 ] W

C3was a.luF disk capacitor. The value turned out to not be especially critical, it mainly seemsto
prevent rapid rise and fall of the low-level RF amplifier stage that is driven by a gate. There was no
combination of resistance across or in series with this capacitor that reduced clicks in any of the
radios | tested.

C1 and C2 are aso .1uF disc capacitors. In all units tested, | could find no better combination for
reducing clicks.

The only critical components appear to be R1 and R2. R1 ranged from 120k to 470k in the units |
tested. R2 ranged from 1k to 10k ohms. | initialy clipped in potentiometers, so | could listen to the
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output and adjust the clicks at 1kHz spacing. Both pots were adjusted for a null in click amplitude.
That null israther sharp, and turned out to be around 30 dB deep. This takes the 1000MP from
being one of the "clickiest" radios | have found to one of the cleanest!
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What creates CW key clicks?

What_Causes Clicks?

[ Home] [ Up] [ FCC 97.307 ]
Bandwidth rules Part 97.307

Clicks are often a problem on congested bands, yet with modern radios they don't need to be a
problem. In the past, engineers and designers didn't have the easy ability to generate filtered
waveforms. Radios lacked wide 2-3 kHz wide SSB filters, let alone narrow 250-500Hz filters. Op-
amps were unheard of, and L-C filters were large, bulky and expensive. Today, every radio
manufactured has the ability to be very clean.

Modern Radios

Most modern radios include 500Hz and narrower receiver filters that operate at the same IF
frequency astheir transmitter section. Transmitted signals are often routed through the SSB filters
with intentional TX switching, when they could just as easily be routed through CW filters! We will
see later in this page that TX signals could be routed through CW filters to eliminate sidebands, yet
manufacturers foolishly use the SSB filters. If you examine the bandwidth of a FT1000-series radio,
you will find the clicks disappear at the BW limits of the SSB filter. Thisis because they run an
essentially unshaped CW signal through the SSB filter, and that filter sets the bandwidth of clicks.

The sad thing is once you listen to that signal through a 500Hz filter, it sounds absolutely no
different ON FREQUENCY than it would if it were nearly click free. The only people who can
notice the difference between aclicking rig and a clean rig are the people operating on adjacent
frequencies! Claimsthat certain shapes produce certain "bell sounds" or high readability are not
correct, they are certainly not based on engineering or actual blind A-B tests.

If you examine the audio output of your radio with a500Hz filter in use, you will see ANY
waveshape transmitter has the same nearly raised-sine shape output to your ear! That includes wide
signals and narrow ones. The speed limit you can copy with a 500Hz filter is the same limit you can
transmit with. It makes no difference what end of the path the filter ison, or if thereis one at both
ends, so far as speed is concerned! (This assumes the filters have reasonably good and easy to
achieve group-delay characteristics.) We hear afew mSrise, no matter if it isasine shape or a
square, as a"tick". For demonstration, listen to the pure sine wave on WWV that "tics' every
second!
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What Could Be Done

At no cost to manufacturers, they could build aclick free radio. Every component isin the radio, the
problem all centers around poor or careless engineering.

Amplifier stages are reasonably linear (so they can amplify SSB), and virtually every radio contains
power control circuitry that could be easily modified to provide wave-shaping. Even without wave-
shaping, the transmitter could process transmitted CW though a 250Hz or 500Hz filter.

Sadly, most of the commonly used radios have as bad or worse keying characteristics than old rigs.
It's asif the manufactures either don't understand CW, or don't care. The result iswe are left with a
mess, because many top-of-the-line and very popular rigs have horrible keying sidebands.

On frequency with normal CW filters, we would not be able to tell any difference between the
sound of aclicking radio and one that is clean! Thereis no justification or reason for radiosto be
3kHz wide on CW.

How to Identify Click Problems

We hardly notice clicks, and we certainly can not tell aclean rig from adirty rig, when we are
listening right on the CW station's frequency! Even an scope won't tell us much about signal
bandwidth, or if the rig has excessive clicks.

In order to check clicks, we must:

1. Be surethe receiver is not overloading
2. Listen with the CW signal outside the receiver filter's bandwidth
3. Listen when the noiseislow, and the signal reasonably strong

If we do not follow those three guidelines, we can't tell if arigisclean or not. If you are testing
your own rig, your second receiver must have a narrow filter and be coupled to the rig-under-test
through a proper attenuator.

Why Worry About Clicks?

Clicks are most problematic when we try to copy weak signals next to moderately strong signals. If
you only operate on empty bands, run low power, and never operate within four or five kHz of
weak stations, bandwidth is probably not a concern.

If we contest, work DX, or Ragchew near other QSO's, and especially when we run more than afew
hundred watts and have large antennas, we should be mindful of our bandwidth. If you listento a
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recording of aclicking radio, you can hear how devastating clicks are to nearby weaker
signals. Thissignal isfrom Europe on 40 meters, and it is daylight over half of the path!!

For a mathematical tutorial on clicks, visit WOCF's site. Kevin'sanalysis

deals with bandwidth requirementsrelated ONLY to modulation of the
envelope. I'll explain the samethingin verbal form, as| discuss
sidebands created by rise and fall times. CW keyingisreally just 100%
AM modulation, asyou will seel

Thereareseveral INCORRECT but popular misconceptions. They are;

. A signal hasto be clicking and/or wideto send fast CW

. Clicksor sharp risesand fallsaid in weak signal work

. Your CW signal bandwidth changes with the speed you are sending
. A certain shape gives a certain on-frequency sound

What Causes Clicks?

While afast rise and fall time guarantee excessive bandwidth, a long rise and fall is no guarantee
aradiowill be" click-free" . Some radios switch into transmit while the synthesizer (V CO) circuits
are still settling to anew frequency. An IC-775DSP | owned was particularly bad about this, and
also had VVCO leakage problems. The amount of garbage varied with how | used the radio,
including "VFQO" frequency settings of unused VFO's!

Radios with VCO or synthesizer settling time problems generally produce a loud "thump" on key
closure on the second V CO frequency. That thump will be right on the DX station when the
operator isworking split. If you listen in pileups, you will hear a small percentage of rigs with this
problem. If the operator uses QSK, V CO-switching-thumps can be particularly annoying. Thumps
will occur every time the VCO moves from the receive frequency to the transmit frequency,
sounding like a leading-edge click!

Rise and fall times are also important. A long rise and fall time does not always result in narrow
CW transmitter bandwidth, even though a faster-than-needed rise and fall time almost certainly
resultsin excessive bandwidth. Many radios have rise and fall times that are much too fast.

How fast is much too fast? For now let'signore VCO switching problems, and consider envelope
shape.
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Rise and Fall

The ARRL recommends a5 mSrise and 5 mSfall time for CW, based on data in section 2.202 of
FCC rules and CCIR Radio regulations. According to professional sources, a5 msrise and fall time
is not harmful to readability at 35 wpm under marginal (fading) conditions, and 60 wpm when
signals are reasonably above noise floor. Thisrise and fall results in a occupied bandwidth of 150
Hz, although unwanted transient energy caused by the shape of the waveform slope may appear at
wider bandwidths.

What Limits Bandwidth?

When determining bandwidth of a stable signal (no oscillator problems), two things come into play
in.

. Thedlope of the envelope rise and fall at any point controls the bandwidth of the keying
sidebands

. Theamount of voltage change during the slope controls the power level of the sidebands
(clicks).

The slope (bandwidth) and the amount of change in a sloped area (level) combine to determine how
offensive the transmitted signal is. Very subtle changes in envelope shape have a profound effect
on key click amplitude and frequency dispersion. Thismakesit nearly impossible to tell if our
radios are as clean as they could be by looking at envel ope shape.

We can be certain sharp transitions will cause problems, especially if we can actually see them on a
oscilloscope. We can also be sure that arise and fall faster than 2 or 3 milliseconds will cause a
bandwidth problem.

Reference Data for Radio Engineers, in the section of Radio Noise and Interference, addresses key
clicksin amanner the ARRL Handbook does not. They give an example of multi-pole shaping of
waveform. The ARRL Handbook seems stuck with the incorrect notion that a single-pole R/C filter
provides proper shaping, something doubtless |eft over from 1940's technology when better filters
were expensive, large, and complicated.

Here are the bandwidth curves of three basic envelope shapes, one rectangular (some radios are this
bad!), one for a proper single pole R/C filter with slightly rounded shape (The ARRL suggests this
shape. Probably because it was practical in the early years and "stuck” even though it is not ideal),
and one for afiltered rise and fall (this would be a sine-shaped rise and fall from a multi-pole filter).
We can clearly see alarge difference in bandwidth in the curves bel ow:
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Most radios, through poor design, fit in the rectangular to slightly-rounded category!

What Can Manufacturers Do?

Radio manufacturers can certainly do a great deal more than they are. First, they created the
problems through poor engineering and design. Why are we stuck fixing them? Did they take our

money and run?
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All of the parts are there to make radios virtually click-free, yet the only manufacturer who has
taken an active interest in this (and who seemsto care at all about our signal quality and frequency
usage) is Ten-Tec! To date | haven't found any other manufacturer admitting a problem, or even
offering technical support for bandwidth problems.

L et me give an example of what could be done with current radios:

Virtually every radio contains a CW filter that operates at the | F frequency of the transmitter, yet
nearly every radio transmits CW through the SSB filter! Engineers actually added circuitry and
parts, in many cases, to steer the CW through the wider filter on transmit! If you listen to radios,
in particular the FT1000-series, you will notice they have an ultimate click-bandwidth of about the
same width as the SSB filter. That's because the poorly-shaped CW waveform with excessively fast
rise-and-fall isfiltered through the SSB filter.

If these same radios immediately turned on the output stages, and held them on for several mS after
the key line was opened, they could send perfect filtered CW through the CW filter. A 500Hz filter
would cause a steep roll-off in clicks, even if driven by arelatively "square" and very broad CW
signal. The resulting waveform would be a slightly modified raised-sine envelope.

Thelistener would not be ableto tell any difference between the ON FREQUENCY sound of a
500Hz CW-filtered transmitter and an unfiltered signal with excessive bandwidth, if heused a
500Hz or narrower filter in hisreceiver! Asamatter of fact, | normally transmit through a 250Hz
filter in my FT1000D, rather than the 2.4kHz SSB filter Y aesu selected. No one listening on
frequency, even DX stations copying my signal near noise level, can tell the difference when |
select 2.4KHz or 250Hz bandwidth! The only place transmitter filtering makes a differenceis up or
down the band from my operating frequency.

Thisiswhy we can not tell whether a signal has a proper rise and fall time, sharp level
transitions, or any other envel ope shape problem when we listen to the actual CW tones through
ab500Hzfilter. Even a very fast rise-time, with a spiked rise and fall, sounds good (and even
looks perfect on a scope connected after the receiver's narrow filter)!

Claim'sthat a certain shape rise and fall produce a" pleasing-sound" arenot true at all. First,
our earscan't identify a sound only 5mS long, and second...thereceiver's CW filter (assuming it
isunder several hundred Hz BW) reshapes the waveform to a proper rise and fall!

Why is any of this our concern? Why do we have to work on radios, and suffer with clicks?
Certainly not because of a cost issue! All the partsarein theradios. It isasimple lack of good
design-engineering, most likely driven by alack of concern by manufacturers for providing rigs
with good signal quality.

What Can We Do?
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First, we can let manufacturers know it istheir problem. Let's ask the ARRL to publish useful
reviews with bandwidth pictures showing a spectral display of CW (and SSB) bandwidth. Let's ask
them to check for VCO problems, and publish any abnormalities. Let's rate radios as poor, fair,
good, or excellent so readers don't have to be EE's to understand what they are buying (and using).

Radios are too expensive, too difficult to work on, and last too long for us to ignore this problem.
We need to stop these problems at the design phase, instead of out in the field.
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Subpart
(c) ispretty clear also. It doesn't say "when the manufacturer recalls the radios you should get yours
fixed."

Subpart (d) doesn't apply to normal modulation bandwidth issues, but if it did we would be in more
trouble. The SSB IM3 and IM5 of most radios fails this criterial Even if aradio did squeak by, as
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soon as it was operated into an amplifier it would again becomeillegal!
| actually had aradio that violated 97.307(d) when used with even a perfect class-A 400 watt

amplifier. The radio manufacturer told me "stop using an amplifier with the radio and you'll be
fine".
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Checking bandwidth with receiver

[ Home]

Bandwidth rules Part 97.307

Note: Bandwidth measurement dynamic range requirements are based on typical signal-to-
noiseratios| have observed over the past several years. They are not the extremes of what | have
seen, but rather aretypical values. Some information on my receiving system and noise floor is
availablein (NOISE) and (RECEIVING).

A receiver can be used to check BW if we understand what we are doing! The common mistakes
are:

=

Using a band-scope

2. Leaving a noise blanker on (somereceivers have a bit of this problem even with the NB
off)

Using excessive (or SSB) bandwidth while tuning to check signal bandwidth

Using an inferior receiver or areceiver with poor close-spaced strong-signal

per formance (many DSP-only radios ar e pretty poor)

Using excessive gain

Having excessive background noise or signals

Relying on an S-meter (most are not linear or accurate).

> w

N o o

1.) Bandscopes

Bandscopes or spectrum analyzers using wide filters can't be used to check signal bandwidth.
While such devices are good for monitoring band activity, they have too much bandwidth and are
too easily subjected to overload to be useful in determining signal quality or bandwidth.
Bandscopes do not have narrow filters and low internal distortion.

Y ou can prove this by looking at a pure unmodulated carrier on the display. The bandwidth of the
carrier is nearly zero (it may have some faint noise or jitter), the display should ideally show a
perfect single spike of negligible bandwidth.

Bandscopes (and spectrum analyzers with wide filter bandwidths) are al but useless for
determining bandwidth or signal defects.
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2.) Noise Blankers
Noise blankers must be OFF when checking bandwidth or working close to strong signals.

In order to remove noise, noise blankers add aform of intentional distortion to signals, They do this
by turning a switch or gate in the IF amplifiers off and on. An abrupt rise in peak input signal level
over average signa level triggers the switch, and shuts the receiver off. The bandwidth of the noise
detector is very wide, and this means a strong signal even 5-10 kHz away will activate the NB gate
and distort signals.

Some receivers (like Y aesu's) do not fully remove the effects of the NB system, even when the NB
Is off! In some receivers you have to turn the NB off plus turn the NB gain down, the FT1000M P
and FT1000MP MK V are examples of this. In others, like the FT1000D, you actually have to
modify internal wiring to correct NB problems. The mechanism is explained in the links to the
receiver mods.

3.) Bandwidth

You must select the narrowest filter possible to measure TX BW, certainly less than a 500 Hz
filter with good shape factor.

Receiver bandwidth and shape factor directly adds to the transmitter's bandwidth. This means a
perfect brick wall 2kHz bandwidth receiver tuning across a perfect 2kHz wide transmitter makes it
sound like the actual signal bandwidth is 4kHz. Theoretically it is possible to deduct the receiver
bandwidth from apparent measured bandwidth to obtain real bandwidth, but this generally means
you have also decreased the dynamic range of the receiver (or spectrum analyzer). In practice,
deducting bandwidths often produces unreliable results.

The slope of the receiver (or analyzer) filter is also important. If the receiver responseis -6dB at
4kHz and -60dB at 8kHz, you will hear stuff out 8kHz (plus transmitter bandwidth) on very strong
signalsif you arein aquiet location.

4.) Inferior Receivers

Some radios, in particular DSP only radios, have very poor strong signal performance. They
can't be trusted to give accurate BW reports.

Look at tests here, Sherwood Engineering's tests, or ARRL tests of close spaced receiver

performance. Many receiver are not all that good. Most Y aesu receivers have a built-in design
problem in the noise blanker amplifier that seriously deteriorates close spaced IM performance even
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when the noise blanker is OFF.

Even the Sherwood engineering test is too wide for some receivers. The Sherwood test, for
example, inflates performance of R4C's with the CF-600/6 filter. This happens because they
measured outside the passband (2kHz) of the filter (600Hz). The second mixer inthe R4C isa
horrible design, especially the early FET mixer. Close-spaced tests should always be done inside
the bandwidth of the roofing filter, or the roofing filter should be considered the narrowest reliably
useable selectivity.

5.) Noise

If the band isnoisy you really can't check a signal for low-level IM, clicks, or splatter. The noise
will cover up any weak signal defects. There must be at least 50dB headroom between the peak
signal level being tested and your noise floor to check bandwidth on SSB, or 80dB of signal to
noise headroom to check CW bandwidth if you operate near weak signal areas of the band. For
genera ragchewing away from weak signal areas 50-60dB headroom is generally enough.

Some bands are a special case because SSB operates near weak signal CW stations. 160 metersis
one example. Bandwidth of higher power SSB transmitters operated near weak CW stations can be
problematic. | often hear spits from Icom 756 and TS 2000 transmitters on SSB as far as 10kHz
away on 160 meters.

Receiving noise floor is probably the single most common source of false "clean signal” reports to
what actually are problem transmitters. If the noise or QRM floor is high, you won't hear spurious
signals.

Wide-audio operators are particular victims to giving each other false assurances of how narrow
and clean they are. They often use "opened-up" receivers that absorb more noise power from wide
bandwidth (remember noise power is directly proportional to receiver bandwidth) and they often
live in noisy environments. It takes a good weak signal narrow receiver in a quiet location to
properly check bandwidth.

Results

Theresult of the factors above is that some people will report a nasty signal " clean" when it
isn't, and some will report a signal " wide" when itisn't.

Understanding how to test will correct problems, and help us use our own equipment better.
Receivers make very good measurement devicesif used properly.
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Receaving
[ Home] [ Up] [ Beverage Antenna Construction ] [ Echelon-Log Beverages |
[ K9AY Flag Pennant Ewe] [ Magnetic Loop Antennas Receiving ] [ Receiving basics ]
[ Sinky and Loaded Beverages] [ Small Vertical Arrays] [ W8J _RX _ANTS]

Noise and common mode noise. Power line and other noise sources. Pre-amplifiers.

This page has top links to other receiving antennas such as Beverage, loop, and vertical antennas.
This area deals primarily with low noise antennas, and discusses effect of antenna directivity on
weak-signal reception.

Noise Floor and signal Levels at my location:

My local wintertime 350Hz BW noise (after amplifier) compared to a sample of signalson one
night was:

Noise-127dBm
9H1BM -122dBm
OMOWR -95dBm
DF2PY -88dBm
WABSOLN -78dBm
W3GH -60dBm
WA4zV -32dBm

The dynamic range between noise and W4ZV was 95dB! It also illustrates how important

antennas, location, and propagation are rather than power. The dB difference between signals
from the same area can be profound. Many DX signalsrun at or near noise floor, while others
can be 40dB out of noise floor. The data above is certainly not typical of every night, but it shows
how large the signal level variations between weak DX and strong signals can be. Over a period
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of time I've found 85 to 90 dB dynamic range about the most that is every needed. In a simple
installation with a single Beverage, 80 to 85dB | M3 and blocking DR is probably enough.
Receiverswith less than 80dB M3 and BDR probably compromise a reasonably good station's
capabilities.

Comparison or Ranking of Receiving Arrays or
Antennas

The following is aranking of receiving antennas based on noise being evenly distributed in all
directions. These rankings are most accurate in the frequency range of AM broadcast, 160 or 80
meter bands when:

1.) Thereceiving location shows a nighttime increasein noiselevel. In other words the system is
not limited by local or internally generated noise, instead being limited by skywave or distant
propagated noise.

2.) Thunderstorms or other local noise such as power line noise from specific directions does not
dominate the receive system noise floor.

There will be occasional exceptions, but as a general rule the ratio of peak response in the direction
of the signal to average response in al directionsis the dominant factor in determining how good an
antennaworks for receiving. In virtually all installations without clearly dominant direction or
directions of noise arrival, RDF (receiving directivity factor) very accurately predicts receiving
antenna performance.

RDF (directivity) will be an almost perfect indicator of what you can expect from your antenna as
long as:

. Noiseisnot from the same general direction asthe desired signal

. Noisefield strength isnot greater than theratio of peak antenna response to depth of
the pattern in the direction of noise

. Noiseisnot coming from within the antenna’'s nearfield or Fresnel zone

In the vast majority of systems, the following RDF table indicates relative performance of antennas:

20-degree forward gain

Antenna Type RDF (dB) (dBi)

Average Gain (dBi)
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1/2wl Beverage 4.52 -20.28 -24.8
Vertical Omni, 60

12wl radials 5.05 1.9 -3.15
(Ewe Flag) Pennant 7.39 -36.16 -43.55
K9AY 7.7 -26.23 -33.93
L/awl end-fire 7.94 -205 -28.44
Beverages

1-wl Beverage 8.64 -14.31 -22.95
two vertsoptimum g 1 2246 316
phasing 1/8 wl spacing

two 1wl Beverages

Echelon 1/8 wl stagger 10.21 -15.45 -25.66
Small 4-square 4wl )4 74 -15.79 -26.49

per side (opt. phase)

1-1/2 wl Beverage 10.84 -10.88 -21.72

Small 4-sguare 1/8wl

per side (opt. phase) 10.97 -30.28 -41.52

Single 1.75wl

11.16 -6.50 -17.66
Beverage

2 Broadside 1.75wl
Beverages .2 wi 11.36 -3.51 -14.87

spacing

2 Broadside 1.75wl

. 11191 -3.50 -15.41
Beverages .4wl spacing

625w x .125wl spaced

BS/EF vertical array 12.5 -19.5 -320

2 Broadside 1.75wl
Beverages 5/8 wi 12.98 -3.50 -16.48

spacing

2 Broadside 1.75wl
Beverages .75wl 13.48 -3.49 -16.97

spacing

If antennas are within two dB of each other in RDF, alesser ranked antenna may occasionally
outperform dightly higher RDF antennas. Thisis because:

1. Direction and polarization of arriving signalsand noise constantly vary, and so the
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Comparison of Beverage antenna,magnetic loop antenna,and phased vertical receiving antennas

relative relationship of each to any individual antenna’'s response will vary.
2. Through various unavoidable errors or omissions, antennasin the real-world may not
work precisely as predicted.

Gain vs. Directivity Myth

One common rumor or myth is that higher antenna gain results in improved reception. Gainisan
unreliable way to predict receiving ability on frequencies below upper UHF! A clear exampleis
Illustrated above by comparing gain of the single 1.75wl Beverage to the pair of 1.75w| phased
Beverages that are spaced .2wl apart.

In this case, the single Beverage has again of -6.5dB. The pair of Beverages has again of -3.51dB,
again of about 3 dB. Despite the gain change, antenna directivity and pattern do not change a
noticeable amount. RDF only increases 0.2dB, and undetectable difference. Pattern remains
essentially the same, so reception remains the same.

Spacing must be at least be /2 wl or more for phased Beverages to add noticeable improvement to
reception. Even at 3/4 wavelength spacing the directivity improvement falls short of 3dB!

Gain of any spaced pair is about 3dB more than a single Beverage, but reception improves and
antenna pattern changes only with relatively wide spacings.

Of nearly equal importance, end-fire arrays actually work better with closer spacing. For an example, compare the
1/8th wl four-square RDF with the 1/4-wl four-square array.

How well does the above hold true?

Over the years, | have had virtually all of the above systems. | always have multiple phase-locked
receivers on multiple antennas listening in stereo or avery fast way to "A-B" antennas. When an
antenna sits unused most of the time, | replace it with a more useful antenna. My single Beverages
are now virtually al eliminated, my last phased loops were in the 80's (when | had four end-fire
diamond terminated loops). Even on 80 meters, my large arrays with 300-350 foot spacing almost
aways beat my single long Beverages. |'ve migrated towards the bottom end of the chart with all
my antennas because they actually do receive better.

If you ask operators who visit for contests, everyone prefers the large vertical or wide-spaced
Beverage arrays. Guest operators, given a choice, almost never not use single Beverages or close-
spaced Beverages.

Y ou can listen to directivity examples on my DX Sound files page.
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Beverage Antenna Construction

[Home][Up]

Link to Beverage Antenna Components | use

| installed my first Beverage Antenna (in the early 1970's). | was delighted to find alarge improvement in weak-signal reception from such asimple,
inexpensive antenna. Over the years |'ve continued to use, compare, and refine my Beverage antennas. Despite having very large vertical arrays, Beverages
remain my primary DX receiving antennas. There just isn't any antennathat is as ssmple, as easy to construct and maintain, and as fool proof as a Beverage!

| refine my antenna systems by comparing systems against each other for extended periods of time, usually more than ayear. My station has a convenient
switching system allowing instant comparison of antenna systems. When an antenna system is almost never used, | abandon that system and try something
else. Even though | use engineering tools (books and models), | always compare and measure actual working systems. | presently have over thirty
Beverages in three different clusters of arrays, the end result filtered through years of measurements and A-B testing of systems.

A great much has been written about Beverages. Unfortunately much or most information is arepeat of previously published information (and
misinformation) from verbal discussions or from other articles or handbooks! It istime to set aside some of the myths that have been handed down and
repeated so much they have become "fact".

Types of Beverage Wire

The most commonly used wire types are single conductor hook-up or electrical, electric fence wire, and special antenna wire such as copperweld. The only
significant and easily noticed difference between these commonly used wiresisin physical properties, such as ease of soldering, strength, and life

Insulated Wire

Sporadic claims have appeared indicating insulation prevents charged droplets of water from making an antenna "noisy". I've never been able to verify that
rumor either in A-B tests of actual antennas or through planned experiments. Other reports, many from reliable sources, aso seem to discredit this rumor.

One of my experiments was to charge a stream of water (against earth) with an extremely high voltage supply, and spray the water on awire. Other than
corona noise from sharp points, the type of wire made no difference at all in "noise”. The water droplets obviously were not hitting the wire like hundreds
of random charged capacitors, they generated no noise at all. Thisisreally what we would expect, if we consider that each drop contains only avery
miniscule amount of change and also has nearly perfect insulation (distilled water is avery good insulator).
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Beverage Antenna Construction
Controlled observations also tend to support the idea corona, and not chargesin individual droplets, cause precipitation static.

In Ohio, my long Beverages stretched across open farm fields. Snow would whip across the fields, rain would pelt the wires, yet insulated and bare wire
Beverages running in the same direction always had the same noise level. Beverages that picked-up corona (or "p-static") noise were aways near or aimed
at tall towers. With corona sizzling at 40-over-nine on my tall towers, Beverages (and even small "magnetic” loop antennas) aimed at the towers would
"hear" the same precipitation noise.

The same was true for tower-mounted antennas. The largest noise problems came from antennas mounted high on towers, and generally were with
antennas that had "sharp” ends jutting out in the air. Lower antennas, even those of identical construction, were either significantly quieter or totally free of
precipitation static. This effect was reported many times by contest operators and DX'ers with stacked antennas. They universally switch to low antennasto
eliminate or reduce p-static, even though the same moistureis hitting the lower and upper antennas. This strongly indicates precipitation static is from
corona discharge, and not from chargesin each individual drop of moisture hitting the antenna.

After my move to Barnesville, Georgia my first antennas were al insulated wire. Hook-up wire was pressed into service in my first group of temporary
Beverages. As non-insulated conductors permanent antennas were added, there wasn't any observable change in inclement weather noise. As before, the
antennas nearest or aimed at tall towers picked up some p-static noise. Antennas located away from the towers remained free of precipitation static,
whether bare or insulated.

There is also some chance, if the antennawire is not under significant tension, that insulation may sometimes hide a broken conductor.

Insulated wire may reduce leakage currentsif a substantial part of the conductor isin contact with resistive paths, such as wet brush or tree branches, but
you may be better off trimming back any substantial foliage in contact with the wire.

While insulated wire has no major performance disadvantage, it also has no advantage.
Type of Conductor

Copper wireisagood choice if supports are close. Copper wire lacks the mechanical strength of steel-core wires, but is very easy to work with. It is softer,
making it easier to bend. Copper wire can be repeatedly scraped or re-soldered without worries about piercing athin copper coating and exposing a rust-
sensitive steel core, and it isreadily available and relatively inexpensive in large quantities.

Copperweld wire is much stronger and has about the same RF resistance as 100% copper. Like copper, it is easy to clean and solder after it has been
exposed to the weather aslong as you are very careful to not scrape through the thin outer coating of copper. It is considerably more difficult to work with
than normal pure copper wires, any kink or sharp bend will substantially weaken the wire.

Most fence wire I've found is cadmium plated, rather than zinc galvanized. Using RF current meters, | have measured increased |osses when using zinc or
cadmium plated steel wire. Beverages already have substantial current loss due to the close proximity with lossy earth. I've measured about 60% of feed
point current remaining (~4.4dB |oss) after passing over around 700-feet of electric fence wire, and about 10% more current (~3.1dB loss) using copper-
clad steel wire. Steel fence wire would aggravate losses that already limit the benefits of using long Beverage antennas. In a very long antenna, the small
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additional loss of steel fence wire might slightly reduce performance.

In my Beverages, the important consideration is antenna maintenance. | use copperweld wire or electric fence wire, because strength is a primary concern.
With spans exceeding 200 feet, my antennas need a large strength to weight ratio.

Don't use welding wire! It isavery poor material choice. It rusts (and as with auminum) you'll have connection problemsin no time.

Beverage Supports
Some would have us believe we need non-metallic supports for our Beverages, but there is not the slightest technical justification for such suggestions.

The only requirement for the support is it must hold the antenna up, and it can not connect the antenna to ground. A metal pole with asmall PV C stub for
an insulator is every bit as good as a full non-metallic pole. Trees make good supports, especialy if you use nail-type electric-fence insulators for use with
wooden posts.

I've never seen a problem allowing awire to contact a branch, although | do trim out the branches and avoid any contact with trees.

For end supports, | use trees, pressure treated lumber, or landscaping timbers. With alot of tension, | backstay the poles to a dead-man (generally an old
brick) buried in the ground. When | set end-posts with my power auger, | line the hole with copper flashing. That becomes part or al of the feed point (and
termination) ground connection.

| never anchor or wrap the Beverage wire around insulators, except at the ends. | always allow the wire to "float" through the insulators. When the wire
floats, you can tension the entire antenna from either end. If anything breaks the wire, you can seeit at any point! A "floating" wire is much easier to repair
if it is damaged, because you only need release tension on one end to splice the wire. Re-tension that same end, and everything is restored. It takes no more
tension to support a 1000-foot Beverage with supports every 100-feet than it does to support a 100-foot wire between two rigid supports, but it isamuch
more difficult to break the longer wire. A longer "floating" wire will often take-up enough slack to remain up after deflecting alarge tree branch, where a
shorter rigidly-anchored span will almost certainly break either the insulators or wire.

Beverage Insulators

If you expect along-lasting antenna and have along antenna, be careful when choosing insulators! Some types of electric fence insulators will not last
long. The unreliable types of post insulators have two square folds to hold the wire, a square shaped base, and nail through a small molded plastic angle.
The weak points of thisinsulator are the square retaining tabs, and the molded nail tube at the insulator base. When this type of insulator is mounted
horizontally, the wire's weight will stress both the molded nail tube and asingle tab. | typically find about 10% of the insulators fail within afew months.
After three years, the few dozen installed here have virtually all failed.

Avoid these types!
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Round yellow or back plastic insulators with the nail going through the center, like the examples below, are much more reliable post insulators
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Ceramic post insulators may look great, but they do not alow floating the wire across the insulator. Even if you do manage to find a ceramic insulator that
allows floating the wire, the ceramic will quickly wear away at the constantly moving wire. Avoid ceramic insulators, unless you are prepared to "buffer”

the wire through a UV resistant soft plastic bushing!

Good end-insulators are becoming difficult to find. | always use compression types, but the material has to be either ceramic or very thick plastic. Some
very thin plastic compression insulators will actually cold-flow and allow the wire to pass through the insulation. Thisis particularly true with thin steel
wires that are tensioned over 25 pounds. Heavy-walled egg insulators are much more reliable, and not subject to wire migration through the thin insulation.
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My favorite insulators are large these rather thick Fi-Shock yellow plastic insulators. They are slippery enough to allow the dead-end wire or rope to loop
over theinsulator, and create a 2:1 mechanical advantage when tensioning.

Height

http://www.w8ji.com/beverages.htm (6 of 16) [9/6/2004 9:24:46 PM]




Beverage Antenna Construction

I've found very little performance difference with height, unless the Beverage is more than .05WL high. As the height exceeds .05wl, performance seemsto
be reduced. Small rolling hills or ravines also seem to make any difference. Follow the contour of gradual slopes, and go straight across ditches or narrow
ravines without following the contour.

Sloping Ends

Therereally isn't alogical reason to slope the ends of a Beverage. After all, six-feet of vertical drop is six feet, no matter if the drop is over 50 feet or
straight vertical.

Consider, for example, the KOAY or Pennant antennas. Both have sloped wires, yet virtually all of the response is from the vertical slope of the wirein the
antennas. As amatter of fact, the actual shape makes very little difference in the way each antenna works. Why would anyone, knowing how a Pennant or
K9AY works, think that a Beverage somehow magically breaks tradition and stops responding to vertical signalsin the wires when we slope them a bit?
What difference would it make in noise anyway, since the entire antenna responds to vertically polarized signals?

Thereisn't any possible way, including use of shielding or additional conductors, to prevent the end-wires from having the very small effect they have.
Save yourself time and worry, and avoid a needless hazard. Just drop the end-wires vertically right down to earth.

Multiple Antennas Crossing

Crossing of Beverages has little effect if they are not parallel or nearly parallel. Try to cross at an angle of 90 degreesif possible. Even afew inches of
spacing is enough for right angle crossing. With shallow angles, assuming they can not be avoided, increase wire spacing to afew feet.

Transformers

Always use isolated transformers for feeding Beverages. It is cheap, simple, easy insurance against unwanted common-mode ingress of noise and signals
into the antenna from the feedline shield. See the Common Mode Noise page for an analysis.

| use 73-mix FairRite Products 2873000202 cores (about 1/2 inch square and 1/3 inch thick 73 material) in my transformers. These cores require a two-turn
50-75 ohm winding. The high-impedance winding is 5 turnsfor 75-ohm cables (6.25:1 Z ratio) or 6 turnsfor 50-ohm cables (9:1 Z ratio). Small insulated
hookup wireis actually better than enameled wire. The thicker insulation is much less susceptible to devel oping shorted turns in rough service.
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While my early transformers were waterproofed with Krylon and coated with insulation foam, | have finally laid out enclosed transformers and
terminations with internal lightning protection. The transformer sections have F-fittings, and all use stainless steel hardware.
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For a Reversible Beverage, | use the following:
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Multiple Antennas at One Feedpoint

Never bring multiple antennas to one feedpoint, especially when they share one common ground. |'ve noticed a definite deterioration in pattern with

multiple feedpoints arranged with only ten feet of spacing, even when they had separate ground systems. One set of Beverages installed with 5-10 foot of
feedpoint separation has noticeably poorer patterns than other identical length antennas with wide separation at the feedpoint.
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Multiple antennas actually may be the only case where a sloped feeder can make a difference, the slope will actually move the effective feedpoints further
apart. The best idea, however, isto separate the feedpoints by several times the antenna height.

Termination Value

Having precise termination values isn't necessary, but get as close as you reasonably can. There are some impedance measurement suggestions circulating
that absolutely do not work. Oneisto just use atuner to match the terminated (or unterminated) antenna, and work backwards with loads to measure tuner
impedance ratio after matching. Thiswon't tell you athing about proper termination, unless you repeat the measurements on dozens of frequencies spread
over awide range!

There are three fast, simple ways to test for proper termination:
With an Antenna SWR Analyzer
1. Connect the antenna analyzer at the Beverage feedpoint through a good matching transformer
2. Sweep the analyzer frequency from 1.8 to 7 MHz (or over a~4:1 frequency range near the frequency intended for antenna) while watching SWR
3. Adjust termination for minimum SWR variation (not minimum SWR, minimum SWR variation!)
When installation (including grounds) and termination is proper, SWR VALUE will remain nearly the same regardless of frequency
With an Antenna Impedance Meter
1. Measure the feedpoint impedance (right at the feedpoint) of aroughly terminated antenna at the frequencies of highest and lowest resistive

impedance. Y ou can do this through a known good transformer by correcting impedance for use of the transformer
2. Multiply the lowest measured impedance by the highest, and then find the square root of that number. Thiswill be the correct termination

impedance of the antenna

With a Clamp-on RF Current Meter
(This does not work well with voltage, because of measurement method error problems)

1. Apply asmall amount of power from a transmitter, do not exceed antenna system component ratings!
2. Measure current at the termination, and several points up to adistance of at least 1/2 wl from the termination
3. Adjust termination resistance so current shows a smooth current decline as you move the meter towards the termination

Note:
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In about 500-800 feet of distance, power lossin aBeverageis around 3dB. This
corresponds to a 1/3 reduction in current. If you attempt to adjust for equal currents
(or voltages) over any distance, the antennawill be M1S-terminated!

Termination Components
Identifying a Composition Resistor

We commonly assume any brown phenolic resistor is a carbon composition resistor, but that isn't true. Most of the smooth brown-colored phenolic cased
resistors manufactured after 1960-1970 have actually been carbon film resistors. There are only alimited number of manufacturers supplying carbon
composition resistors. One is Allen-Bradley. They are expensive special-order parts, and the buyer must specify composition types.

COMPOSITION TYPE  FILM-TYPE
METAL |

COMPOSITIO
TYPE CARBO

|'i.

I

8l Spiral coatina of
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carbon on
ceramic substrate

As we see from the photo, it isimpossible to identify a composition resistor by external appearance.

The only sure way to identify aresistor, short of ordering it from areputable source, is through a destructive test. We can, for example, apply alarge
momentary overload and look for aresistance change. A resistance change indicates a film-type element. We could also cut the resistor open, and ook for
anon-conductive core. A non-conductive core indicates the resistor is a film style component.

Why Composition Types?

We need composition resistors in any application where the resistor is subjected to very-large very-short overloads, or where the system demands a nearly
pure resistance at avery high frequency (F>100MHz).

Obvioudly, in the case of a Beverage at afew MHz or lower, we could get away with using many styles of wire-wound resistors or spiral-film resistors. A
small amount of inductance would not be a mgjor problem, and virtually ALL carbon or metal film resistors (constructed with resistance elements
deposited or cut in aspiral on an insulated core) would not have excessive inductance. The thing we can not tolerate is the sensitivity of non-surge rated
components to damage from lightning storms, even distant storms.

Thelife of acarbon or metal film resistor, when used as an antenna termination, is relatively short in most locations. Just a few coulombs of energy, when
applied in afew milliseconds, will cause a carbon or metal film resistor to change value. Worse yet, the resistor will not be altered in appearance. (Carbon
also has a strong tendency to change value with heat. Even modest operating temperatures, over a period of time, will cause a carbon resistor to change
value. Metal resistors are more stable.)

Unless you want to make a full-time career out of testing your antennas and replacing resistors, use a energy absorbing composition type resistor!

| install asmall lightning gap of about 1/8th inch across my antenna's ends, both at the feedpoint and the termination. This helps immensely with very close
strikes. | use either Ohmite OY -series metal compositions or A-B carbon composition resistors. Y ou can buy metal composition resistorsat DX

Engineering.

Ground Systems
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The ground system mainly provides an RF and lightning ground. Having a very low ground-resistance is not especially important, unless an
Autotransformer or Un-un is used! Autotransformers and Un-un's don't isolate the feedline for common-mode. The antenna needs a stable ground, not

necessarily alow-resistance ground.

In my tests over the years, a 3/4-inch copper pipe driven five feet or deeper into the soil typically measures between 50-150 ohms of RF resistance on 160-
meters. (DC or low frequency AC measurements will NEVER give the correct earth resistance for RF, and they certainly can not tell us ground
conductivity.) Unless you have exceptionally poor soil, going deeper than five feet will not reduce RF resistance on frequencies above 1.8 MHz. Skin
effect limits the depth of RF current in the soil, so the extra rod depth does nothing. Lower resistance values (about 55 ohms) were obtained in a wet
marshy area of NW Ohio, with avery rich black acidic sandy loam soil. The higher resistance were obtained in rocky clay soil typical of the Atlanta,
Georgia area.

My present location has rolling pastures and wet clay soils, providing under 100-ohms of RF resistance at 1.8MHz with a five-foot rod.

The general guideline | follow isto use at least two five-foot copper rods (I use 3/4" copper spaced 5 feet apart). If | can not get full depth, or if the soil is
particularly poor, | add afew 30-60 foot buried radials. Theideais to obtain a reasonably stable ground, so termination does not change.

CLICK TO LOOK AT ACTUAL MEASURED GROUND TERMINATION RESISTANCES!!!

If you are unsure if you Beverage's ground is adequate, measure the impedance of the beverage with an antenna analyzer with your operating ground
systems. Note the reading. Add two temporary radials 1/4 wl long suspended above earth at right angles to the Beverage, and re-measure the impedance. (It
isOK to have them there at right angles to the antenna and not have them connected, and them connect them while taking readings.)

Y ou can measure the impedance on the low-Z side of a good transformer. Under almost any condition, the wires would have 100 ohms or less impedance.
If you see a very noticeable change in impedance, you probably should consider improving the ground system. Impedance changes of 15% (or larger)
indicate a potential ground stability problem, because the ground resistance would be nearly 100 ohms. This test should be done when the ground is dry, or
any time you think you might be having a ground problem.

Always remember to keep the shield of the cable isolated from the Beverage ground! Never use un-un or autotransformers.
Length

For length considerations, see the directivity factor text. It is not necessary, nor doesit do any good, to go beyond 1-1/2 or 2 WL. By the time the antennais
that long, current is so low any addition length makes the pattern worse. | limit my 160-meter antennas to 800-feet, and use multiple antennas when a
sharper pattern isrequired.

Directivity can actually decrease if alongwire-type array is made too long. Thisis true with Rhombics and Vee Beams, and it is also true with Beverages.
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Zigzagging Wire

While anice clear straight wire looks great, it does more to make us feel better than hear better! Minor ups and downsin height or dips or valleys don't
really seem to have any noticeable impact.

Although it probably is a good ideato keep the wire as straight as possible, it is the overall direction and length that is most important because each small
area contributes on asimilar small portion to the overall directivity and signal reception.
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Verticals and Baluns

[ Home]

Related articles at

Balun Test contains model of "perfect” dipole currents.

Sleeve Balun shows how a sleeve adds impedance, useful for VHF and higher baluns

Receiving Common Mode Noise shows how lack of a balun can contribute to system noise (it appliesto
transmitting antennas as well)

Balun and Core selection for transformers and baluns

Transmitting baluns on testing transmitting baluns

RF in the Shack

Many people assume that RF in the shack or (worse yet) RF burns are tied to problems from poor station
grounds. With properly operating coaxia feedlines or balanced feedlines, the operating position should
have minimal RF even absent a shack ground. Only bringing alongwire or some other single wire feeder
directly into the shack should cause RF burns or RF feedback in the shack.

There is one exception to the above. Direct radiation from the antenna into station wiring could cause high
levels of RF to appear on equipment or wiring, but even in that case the station ground is not the problem

or cure!

Contrary to popular belief that only dipoles need baluns, verticals and longwires can require baluns (more
correctly called common-mode chokes or isolators in this application) also. This article shows why baluns
(or common mode chokes) might be required, and what the balun can do.

What causes common-mode current?

Current flows because there is a voltage difference between two parts of a system along with areturn path
for the current flow. The path can be "special currents without actual electrons flowing called
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"displacement currents’, or it can be actual charges moving through conductors. Displacement currents
flow through the dielectric of a capacitor, between avertical or single wire fed antenna and the "ground"
for that antenna, or currents that flow between a mobil€'s antenna and a car body.

Displacement currents commonly complete the entire current path in antennas. They are the sole reason
current in physically large coils can vary from end-to-end, and are especially problematic in mobile antenna

installations. They are the reason an open-ended antenna like a dipole, longwire, or vertical is able to have
current flow!

When we force charges up into a Marconi vertical or longwire antenna (making current flow), we have to
move an equal number of charges out of some ground system or counterpoise into the feedpoint. The
ground can be a single conductor or many dozens of wires, and it can (and often does) involve equipment in
the house and/or the coaxial feedline shield. The bottom line is we always must have the same current
coming back to the feedpoint as moves up into the antenna! There is no way around that rule.

This creates two problems:

1. Wemay not be able to handle all the char ge displacement with a few radials without having
significant voltage driving those radials

2. Thefeedline hasto connect to the antenna, the outside of the shield may be excited by this
voltage, and become part of the return path for " collecting” displacement current

Another way to view thisis the feedline has to have something to push against to force current into the
antenna. It islike pushing acar. If you have very poor footing, your feet will move and slide. The sameis
true for aground system, as feedline power "forces" current up into the antenna the other terminal of the
feedline hasto be held steady.

The Feedline

If you are not familiar with how coaxial cables work, you might want to look at asimple explanation on
this site or one of the ARRL Handbooks.

In order for a conductor like the outside of the shield to not have current flow at Radio Frequencies, it must
have the same electrical potential and phase all along the length. If it has a high series impedance or if the
potential difference along the conductor islow, very little current will flow. As seen in coaxial cable
operational descriptions, any coaxial feedline can have unwanted common mode currents.

Does avertical or longwire present common mode voltages to the feeder that can cause common mode
currents? You bet! The only vertical (or longwire) that would not cause such problemsis one with avery
good or nearly perfect ground system, and that means something that looks like alarge infinite
groundplane. Even then, the cable must exit below that groundplane to be "shield current free".
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Aren't Four Elevated Radials Perfect?
Hereisamodel of agroundplane with four radials:

EEr =

EZNEC ver. 3.0

Balun 80 vertical 1/3/04 7:19:05 PM

--------------- CURRENT DATA ---------=-----
Frequency = 3.6 MHz.

WireNo. 1.  6.700

WireNo. 2:  1.359 (Thisisyour feedline or mast)
WireNo. 3:  1.985 (These are the radials)
WireNo. 4: 1985

WireNo. 5. 1.985

WireNo. 6: 1.985

We can see significant current flows over wire 2, which would be the coax shield, a mast, or both.
Thereisatrick with Eznec. By inserting an additional source in the mast or feedline and setting current to
zero, we can observe the radial common point to earth voltage required across a balun to force current to
zero. In this case the voltage across the balun would be:

Source 2 Voltage=145.5V. at 67.97 deg.

Current =0 A. at 0.0 deg.

Impedanceisinfinite
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Amazing isn't it? At 1500 watts the ground common point for the radials actually wants to have 145.5 volts
to earth to prevent current flow and unbalance of the system!!! If we elevate the common point to 145.5
volts at 68 degrees phase angle, we now have the following currents at 1500 watts:

WireNo. 1: 6.4 A
Wire No. 2: 0 A (coax shield or mast)
Radials: 1.58 A each

Other Systems

With fewer radials the situation becomes much worse! (As a matter of fact, thisis a good reason to use as
many radials as we can even if the radials are resonant.)

Claims that four elevated radials form a "perfect ground better than 120 radials" are obvious nonsense! If it
was a perfect ground, there would be no potential difference to earth and no common mode current flowing
to "real ground" !

If the antenna has a high base impedance, it will have less current at the feed connection. (Sorry, but we
cannot do this by using afolded unipole!)

Longwire and Windom antennas really aren't much different than verticals. They are aform of Marconi
antennas, and require a counterpoise or ground of some sort. Aswith verticals, common mode current
flowing into the antenna must be balanced by current flowing into a ground system.

Instead of bringing the longwire directly to an antenna tuner, a better solution is using an RF ground system
independent of the station safety ground, and keeping that ground isolated from the station safety ground.
That can be accomplished by adding a good heavy-duty 1:1 choke or current balun afew feet from the
tuner, and connecting the RF ground to one output terminal and the antennato the other terminal. With a
two-wire feed Windom (really an OCF dipole), the two wire should connect to the choke balun.

The balun MUST be a current balun, rather than a voltage balun.

Summary

The cure for common mode problems caused by less-than-perfect groundsisinserting al:1 choke balunin
the system at the antenna feedpoint. The coax should also be kept away from the radials as it exits the area
of the radials and the antenna. An antenna with a poor ground using few radials cannot have a support mast
grounded to the radial common point (at least it shouldn't if designed properly). Thereis no exception to
this!

For comparisons of baluns see balun test.
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Transmitting Baluns

Transmitting Baluns

[ Home] [ Up]

Related articles at

Balun Test contains model of "perfect” dipole currents.

Sleeve Balun shows how a sleeve adds impedance, useful for VHF and higher baluns

Receiving Common Mode Noise shows how lack of abalun can contribute to system noise (it
applies to transmitting antennas as well)

Longwires, Verticals, and Baluns shows how unbalanced antennas can have similar problems

Balun and Core selection for transformers and baluns

Testing Transmitting Baluns

One of the most popular Ham-lore rumors is a balun's performance can be tested or evaluated by
grabbing the coax and watching for an SWR change. Thisis probably one of the worse test-rumors
circulating!

An observable SWR change when touching, grounding, or altering length of a feedline (with
the same Zo at the test meter) indicates severe common-mode current problems.

The opposite response, however, means nothing. Lack of SWR change does NOT provethe
balun adequate and the system free from common-mode currents.

| was first exposed to this wild idea when asked to evaluate a problem with a commercially
manufactured antenna. The antenna's design engineer decided a bead balun was adequate, based on
this "grab and touch test". The antenna/balun combination passed the "grab test” with flying colors,
even though the system had gross common-mode current levels. Despite extending the bead balun
from the original foot to aimost three-feet of beads, | couldn't remove common mode excitation of
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the feedline by the grossly unbalanced antenna.

If we think about it, we would never consider it likely that our hand would have significantly lower
impedance than the shield on along length of coaxial cable! We aso would never expect, just by
dumb luck, to always grab the high impedance point of arandom wire like the feedline.

A hand-grab-test will cause an SWR change only when the impedance of your hand is very low
compared to the common-mode impedance of the cable at the point where you are "grabbing" the
cable. The portion of impedance attributed to feedline radiation (compared to overall antenna
impedance) must be a significant portion of antennaterminal impedance or the SWR will not
change.

It is possible, if we alter antenna feed-cable lengths, to observe SWR changes as an indicator of
common mode currents from poor system design. But such methods are never nearly as accurate as
an absolute current measurement, and are actually only alittle bit better than the useless "hand test".
They aso can give false answers if the feedline impedance is not the same as the SWR
measurement device impedance.

An Accurate Test

The most ssimple and accurate way to test the effectiveness of abalun isto actually measure the
common mode currents on the feedline with a suitable RF current meter that does not perturb the
system. Such meters are inexpensive to purchase and are also easily manufactured at home. The
meter would consist of a closed core that snaps around the cable, a terminated winding on that core,
and a meter that measures RF voltage across that winding. The coil's load resistor should be low
enough in value that the impedance of the cable shield is not perturbed.

By dliding the meter along the feedline, we could get a good idea of the common mode currents.
The meter should be moved along at least 1/4wl of feedline. It normally would be sufficient to
sample just four points along that distance.

Feedline radiation, like antenna radiation, is a function of the linear ampere-feet of conductor. The
important distance is the spatial or linear distance, not the length of a coiled conductor. It isthe
charge acceleration over alinear distance of space that accounts for the radiation. A one foot box
packed with 500 feet of cableisstill just a one-foot antennal

There are many cases where adding a balun will actually INCREA SE common mode currents. Be
sure you either fully understand the system or have modeled the feedline and antenna correctly.

Power Testing
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A choke or current balun can be tested by inverting the ground on either end, and using a dummy
load. Actual operation may produce more stress than this test, or less stress, but such atest gives a
reasonable idea of the power rating under reasonable conditions.

Cummy_Load

The balun should not overheat or change impedance with application of full power for the expected
duty cycle in the expected maximum operating temperature (be sure to include sunlight heating).

Impedance Testing

Using the above test configuration, SWR can be measured. SWR should be flat, and should not
change when the ground by the dummy load is moved from side-to-side. This should be true at full
sustained operating power.

Testing Voltage Baluns

While voltage baluns are the least desirable types in most applications, they still have some useful
applications. Using this configuration:
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Lumrry_Load |

By moving the tap point along the dummy resistance, an idea of balance can be obtained. The balun
should show perfect performance with the tap-point at the load center, and should show an SWR
increase as the tap moves to the top or bottom.

Crossed Split Windings on Toroids

Some articles and handbooks show a Split winding method. This method is supposed to reduce
winding capacitance by moving the ends of windings further apart. The proposed theory is by
reducing shunt capacitance that "leaks RF around the balun”, balun performance is enhanced.

This method very often hurts the performance! Check this article
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toroid balun winding

[ Home] [ Up]

Related articles at
Balun Test contains model of "perfect” dipole currents.
Sleeve Balun shows how a sleeve adds impedance, useful for VHF and higher baluns

Receiving Common Mode Noise shows how lack of abalun can contribute to system noise (it applies to transmitting antennas as well)

Longwires, Verticals, and Baluns shows how unbalanced antennas can have similar problems

Balun and Core selection for transformers and baluns

Transmitting baluns on testing transmitting baluns

Toroid Chokes and Baluns

Commonly published information tells us winding a choke or 1:1 balun on atoroid with this special winding technique increases common maode impedance (choking isolation)
of an 11-turn balun on a pair of #65 material ferrite cores:
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The common maode rejection sweep, assuming a 50-ohm common mode source and load is:

(pardon the camerayjitter)
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This sweep shows the following suppression using split winding method:

15.71 MHz 37.1MHz 134.8MHz
-33dB -46dB (peak performance) -19dB

157 MHz
-3dB (minimum rejection)

The same core was rewound using a normal parallel winding:
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The sweep looked like this:

http://www.w8ji.com/toroid_balun_winding.htm (5 of 7) [9/6/2004 9:24:51 PM]



Winding style of toroid chokes and baluns

Common mode rejection, compared to the more complex winding, was:

Freguency 15.71 MHz 37.1IMHz 134.8MHz 157 MHz

'Split winding -33dB -46dB (peak performance) -19dB -3dB (minimum performance)
Normal winding -47dB (peak performance) -41dB -4.6dB (minimum rejection) -11dB

Conclusion

The ONLY change by using the more-difficult split winding is peak performance points moved higher in frequency. Performance in the HF range and lower actually
decreased, so the extra effort resulting in a poorer HF balun.

This follows what many of us have been saying, and what anyone familiar with resonant circuits already understands intuitively. Common mode impedance increases with a
slight amount of parallel capacitanceis adding. The capacitance does NOT, as some claim, reduce performance by "leaking" RF around the choke.
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Theruleis simple. With any parallel L and C (neglecting losses), impedance always increases unless the parallel capacitive reactance (in ohms) is less than half the value of the
inductance (in ohms).

With a choke winding impedance of 300j with an added parallel -150j capacitive reactance, the combined impedance would be -300j. The isolation would be the same! Any
value of capacitance reactance higher than that (less capacitance value) would actually increase choke isolation!

There are many "improvements' we just blindly accept from reading articles, because on the surface they seem to make sense. This dispels one of the myths about baluns.

Another common myth is the widely accepted claim moving a choke balun to alower common-mode impedance point of a circuit, such asthe input of a tuner, improves
balance or balun performance in the system. If you think baluns at the input of tuners are a good idea, go to this W7EL link and read the section on current baluns. Y ou might
be surprised!
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|nductors and L oading Coil Current (Mobileand L oaded
Antennas)

[ Home] [ Up] [ Independent Measurements] [ Inductor operation ]

Related pages:

Mobile antenna FS comparisons Loading Inductors  Inductor Spice Model

W7EL's Measurements and comments Constructing an RF Current M eter

Much of the data below also applies to inductors in
equipment, such as tank circuit.

If you arrived here from a link from K3BU, welcome to W8JI.com | hOpe you enj Oy your visit. it you are not

linked here from loading coil current articles on another web site, please skip the blue-text immediately below. 1t is meaningless.

If you arrived here froma link from K3BU, | want to apologize for the personal nature of that page and this response. Why is this response necessary?
None of us like to see false or out of context claims or personal attack articles. Many of the comments from below were removed from context and
quoted to mean something else in another internet article. It isimportant to read everything IN CONTEXT.

How Does an Inductor or Loading Coil Work?

The most basic answers are:

What doesthe coil do? A loading coil does not replace a missing fraction of awavelength. The coil simply inserts a seriesinductive reactance
that cancels capacitive antenna reactance. When a 150 ohm reactance inductor is inserted in series with a 150 ohm capacitive load (like an antenna),
only the resistive parts remain.

What deter mines current distribution in aloading coil? The capacitance to the outside world and the impedance above the
loading coil. The current in any inductor would be equal at each end except for displacement currents, which are "imaginary currents' that flow
through capacitance.

How much differenceistherein loading coil current entering the coil and loading coil current exiting the far

end? If the antenna beyond the coil has alow self-impedance compared to the impedance of the shunting capacitance from the coil to "ground", the
currents at each end of the coil will be essentially equal. It has NOTHING to do with electrical degrees the coil compensates for. In other words if the
portion of antenna above or beyond the loading coil islong or has alarge area compared to the physical size of the coil, current is essentially equal
throughout the coil.

What does significant current taper in the loading coil indicate? It generally indicates a poor antenna design, where the loading
coil (or any other application using an inductor) has high stray capacitance to other areas of the antenna system (like the groundplane) compared to the
capacitive reactance of the antenna beyond the inductor. Significant current taper indicates a poor loading coil or poor antenna design.

click to view typical installation measurements

The Difference Between a Loading Coil and a Normal Inductor

Thereredly isn't any difference, except the location where the coil is used. Mobile loading coils or loading coils for short antennas often have very
high reactance. They have small amounts of capacitance at the end, and so stray capacitances are more of a concern. Stray capacitance from turn-to-
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turn increases circulating currents and has the effect of increasing inductance and effective resistance at the expense of reducing bandwidth and Q.
Stray capacitance to the outside world causes the coil to behave like an L-network, and transform impedances instead of providing a series reactance.
Thisiswhy the optimum form factor of a coil becomes longer compared to the diameter with any inductor having very high reactance.

Inductors with low reactance are less critical of stray capacitances. Optimum form-factor in alow reactance inductor leans towards a short coil with the
diameter nearly equaling length. In tank circuits or loading coils used with longer antennas or with capacitance hats, an optimum inductor is shorter
and larger in diameter.

Most optimized inductors fall between 1:1 and 4:1 length to diameter ratios, the exact value depending on the terminating reactances. A coil isacail,
they behave the same way regardless if used as aloading coil or atank inductor.

Common myths about inductor behavior:

One common myth isloading coil current isreduced asit passesthrough the coil. There aretwo reasons cited for this. Oneideaisthecurrent
isreduced because the loading coil replaces a certain amount of " electrical degrees' of antenna area, likethe current taper in an antenna. The
other ideaisthat seriesloss resistance causes a current reduction.

We often find inexperienced builders of 5/8th wl antennas think the "loading coil” needs to contain 1/8th wavelength of wire in order to make a"3/4wl
antenna’ and thus cause alow feed impedance. In other cases, some claim a half-wave of wire wound on aform causes a 180-degree delay, and is
useful for phasing in acollinear array.

The basic flaw is the above ideas do not account for what happensin a coil with mutual coupling between turns. The flawed viewpoint isthat current
goesin one end, windsits way around through the physical length of wire in the coil, and after atime delay comes out the other end. Thereisa
physical mechanism that prevents this, as we might intuitively think, from actually happening . The mechanism is the magnetic field in the coil!

What Really Happens

When current flows in the transmitter-end of the coil, amagnetic field is created. This magnetic field causes chargesin the other turnsto instantly
move. This effect ripples through the cail at light-speed, just over 186,000 miles per second. Aslong as the magnetic flux coupling is high, the delay
through the coil isthe speed of light over the physical length of the coil. The electrical delay is the physical length of expressed the coil expressed in
degrees at the operating frequency.

(Another interesting effect occurs. The increasing magnetic field sets up an "opposing voltage" asit cuts across conductors. This opposing voltage,
created as the field expands, is what causes the current to rise slower than the applied voltage. If the exciting voltage is decreased the field collapses,
and now the voltage changes polarity and aids current flow! If we don't allow the current to flow, the voltage will rise until it does. Thisiswhat causes
the kick in arelay coil when we open the relay coil path, or the spark in an ignition when the points abruptly open.)

In an RF system, the physical size of the coil actually does add some "antenna effect”. For example, on 160 meters the wavelength is about 550 feet.
1.5 feet is about one electrical degree. A skinny one foot tall coil, with negligible stray capacitance, would have about 0.67 electrical degrees phase
delay. This delay occurs because to coil occupies aphysical length of .67 degrees. Current at each end would be almost perfectly equal, the taper would
be about what we would expect for a fractional-degree-long coil.

(In thereal world, all components have some stray capacitance and flux leakage, so they have a different amount of electrical length and current
taper than the " negligible capacitance” case. In good coil designs, the capacitance and leakage is small and can beignored. I'll show you
measurements later to prove this.)

Now let'slook at an extreme case. If the entire antennais "coil”, like a helically wound antenna with no top hat or stinger, current would be reduced to
nearly zero at the open end. Thisis because distributed capacitance over the length of the antennaisfairly high, the shunting capacitance has alow
impedance compared to impedance at the end of the antenna, and current is diverted to ground in the form of displacement currents.

Compact loading coils are another matter. In many cases phase delay is negligible or immeasurable by normal methods...flux coupling is nearly
perfect. A good example would be arelatively compact toroid or a compact nearly-square L/D ratio loading inductor. I've found it impossible to
measure the current taper in atoroid and very difficult to measure in a compact air-core loading coil. (The opposite extreme would be be a perfectly
straight wire with no folds or bends or the helical antenna described above.)

In the case of the toroid or compact coil, the behavior would be such that doubling the turns nearly perfectly quadruples inductance. If we doubled
turns and inductance simply doubled or increased at a much faster rate, we should know the coil isin a mode other than a pure inductor mode. Thisisa
strong indicator inductor operating Q is less than optimum, and the inductor might behave less than ideally in critical applications.
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Asamatter of fact, observing inductance change while adding turns can be an excellent test for flaws or shortfalsin system design. A linear increase
in inductance when adding conductor length indicates design problems.

A perfect impedance squaring effect indicates minimal electrical phase-delay, or "antennalength” of an inductor. Impedance squaring as turns are
doubled indicates the undesired inductor stray capacitance has a high reactance compared to the antenna system beyond the loading coil. Of course
there can be exceptions, but it is a good general rule that large current taper indicates the loading system is much less efficient than necessary.

Making a Delay Line

It's certainly possible to make adelay line from a coil without opposing flux, but doing so requires stray capacitive reactance to be significant
compared to the value of distributed inductance in the coil. Thiswould occur in avery long helice, avery large diameter helice or loop, or an inductor
near alarge metal counterpoise or ground plane.

It'simportant to remember unless a coil is "stretched out" or "expanded" a great deal, the phase delay will not even be close to the physical conductor
length. (The exception could be if you had so much capacitance the inductor acted like a series connected string of L/C/L networks as shown below).

In any case while this effect might be good in a collinear antenna or plate choke (assuming you do it right) it isaBAD effect in a short loaded antennal
Inductor E/I Phase shift

An inductor delays the flow of current in relationship to applied voltages as the magnetic field inside the coil expands. V oltage increases before current
starts to flow. This phase relationship between voltage and current is often confused with time-delay phase in the inductor. Say we have this simple
circuit:

) 0 )
/X B /X

1H
50V R1 0 (P

T ;
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Current and voltage at V1 will be out-of -phase by the effect of L1 "charging" with magnetic flux. Current appears AFTER voltage rises, and falls after
voltage falls. Current in R1, however, is exactly in phase with voltage across R1. That's because the voltage across R1isaways E=I*R.

Every component must follow the Laws or electrical rules established for that component.

Thecurrent in R1 isdelayed from VOLTAGE risein V1 by the voltage to current phase delay of L1. This does result in atime delay in relationship to
voltagerise at V1, but thereis NO current time delay through L1! V1, L1, and R1 al have the same peak current at the same time!!!

The notion that antenna loading coil delay current by the same time as they delay response to increased voltage is obviously nonsense.

Hereisagraph of phase delaysin the above system:

o IP(R1) < UP(R1:2) IP{L1) 2 UP{U1:+)

Current in the load, generator, and inductor al exactly track in the same relationship from dc up. Thereis no "phase delay". The generator voltageis a
straight line different than current, and this indicates the generator sees a"reactive load".

The Misplaced Notion

Proponents of the idea that coils replace "antenna length” so far have been unable to define a set of rules or logical reasons why a current reduction and
electrical-degree phase delay related to antenna area "replaced” would occur in atwo-terminal component. While along inductor with poor flux
linkage from end-to-end or an inductor with low values of stray capacitive reactance to a groundplane compared to series impedance can cause SOME
current inegualities or phase delays, the amount is normally immeasurable with normal thermal current meters with a reasonabl e coil form factor and
termination above the coil. The amount of current taper actually rivals the disturbance of the system by adding the measurement device, unlesswe are
very careful in how we construct the measurement device.

Both W7EL and myself made independent measurements that show the fact the coil or inductor isin an antenna has nothing to do with current
distribution in the coil. Some people have actually incorrectly reported W7EL's datal Here's what he had to post on rec.radio.amateur.antenna to correct
misrepresented claims.
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The Need for a Measurement

An article on E-ham claimed measurements proved a new concept about loading coil current. The E-ham article put forth an idea that
current disappearsasit movesthrough aloading inductor without a mechanism like displacement currents providing a path. This claim
conflicts with established component behavior, so it would indeed be fascinating if it weretrue! One of the claims supporting the idea that
coilsin antenna work differently than coilsin circuitswasthat a non-radiating toroid loading inductor showed a current taper when used in
an antenna.

| recently constructed a calibrated current meter that slipsover whip antennas and masts, and isfor all practical purposestotally immuneto
variationsin voltage in the system. It also is mostly plastic, and has minimal effect on stray capacitance of the antenna. The resonant
frequency and currentsare not significantly perturbed by measurementswith thismeter. When | added a similar meter used in the other
tests, resonant frequency shifted significantly! Thisisa suresign the meter's capacitance or inductance is affecting the system.

In late December 2003 and early January 2004, | made additional measur ements of loading inductor currents. Theresults clearly agree with
the analysisthat had been presented on this page since early 2003. Without displacement currents, currentsinto and out of aloading inductor
areequal. That isahard rule, it agreeswith theories defined by people much smarter than me, and | believe it isunbendable unlessthe works
of Faraday, Maxwell, Ohm, and Kirchoff wereincorrect.

A sample of measurements above and below the loading coil with various antenna above the cail (current as percent of reference) follow:

L Small 2x2" coil with 24" hat |Long 12x3" coil with 24" L
’ Toroid with hat up 24" hat up 24" Long 12x3"coil with 6' whip
|Current below |100% |1oo ]100 ]100
|Current above |1oo |94.4 ]73 ]76%

long 12x1.5" coil with 6' long 12x1.5" coil with24"  |Small 2x2" coil with 6'

Toroid with whip

whip hat whip
|Current below |100% |1oo ]100 ]100
|Current above coil |100% |79% ]75% ]96%
Current i n whip 1ft above 73%
top of coil

The most revealing thing was how noticeably small changesin stray capacitance near the middle and top of the loading coil affect current
distribution. It was quite evident hanging a large meter on each end of the coil would greatly perturb the system.

Clearly wedo NOT want:

. A large hat just above a large coil
. A long large coil and a short whip
. A colil near large sheetmetal

M or e data along with photographswill appear on a new page over the next month or so. Until then, | can assur e everyone the conventional
theories presented below are accurate, and the theory that " electrical length” the coil " replaces’ isincorrect. Loading coilsindeed behave like
any other inductor in theworld.

Independent measurements by areliable engineer have agreed with my measurements above. Anyone doubting my data need only read the following e-
mail from W7EL.

Ontotheold text in this page:
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The Incorrect Assumption

Another commonly misconception is, since voltage increases at the far end of the loading coil, current must logically decrease. After al, we have a
fixed amount of power and voltage hasincreased. The assumptionis:

1.) We multiply voltage times current to get power.
2.) If voltage increases current must decrease.

Unfortunately, thisis not correct in reactive systems! Simple P (power) = | (current) times E (voltage) only works when the system is non-reactive.
This condition only occurs at resonance, and only below the loading coil at the antenna feedpoint!

In areactive system, like in amaobile whip above aloading coil, voltage and current are no longer in phase. As a matter of fact, voltage and current can
closely approach being 90 degrees out-of-phase when the whip is electrically very short. Since the antenna area above the loading cail is highly
reactive (voltage is not in phase with current), we can not multiply voltage times current without considering phase differences.

Y ou may have heard the term "reactive power" or VAR (volt-amperes-reactive). Reactive power is voltage times current without consideration of
phase angle. We can have kilowatts of VAR power with only alow power transmitter, and that is what we actually have in the reactive part of the
small antenna.

Coil Q and Changes in Efficiency

Current taper or reduction has been cited as areason coil "Q" haslittle effect on signal level in mobile systems. Speculation is only the first few turns
of the loading coail carry significant current because the coil "leaks" magnetic fields and radiates, and thisis why the coil Q has little effect.

Another idea proposes the loading coil "makes up" a certain missing part of the antenna. It goes on to conclude the loading coil can be accounted for in
"electrical degrees’, making up the "missing difference” in antenna degrees. Thisisn't true either. The inductor doesn't know where it is and suddenly
change from "x" ohms reactance to electrical degrees! It responds to AC currents and voltages as any inductor in any circuit does. It doesn't suddenly
change measurement units.

As an example of this, try to define a 45-degree electrical length inductor at 1.8 MHz. That would mean it is a capacitor at 3.61MHz, whereit isover
90-degreeslong! How many turns at what length and diameter is a 45-degree inductor?? Where is aformulathat allows converting agiven size
inductor to electrical degrees? This shows how useless and meaningless that definition is!

The inductor adds a certain amount of series reactance, that's all. A 300uH inductor is not 20-degrees long, nor is it 80-degrees long, so far asradiation
goesunlessitisredly that long physically. It is a certain number of ohms reactance at a certain frequency, or a certain number of units called Henries.
Itisnot "electrical degrees' that it adds, it is a non-dissipative reactance (in combination with aloss resistance because of finite quality) at acertain
frequency!

A loading inductor can "insert" alarge amount of phase shift, but the phase shift is between voltage and current. The only exception to thiswould be if
the inductor had considerabl e distributed shunt capacitance to the outside world, and acted like a string of series inductors (with the antenna) and shunt
capacitors (shunting to the ground system). In that case we could expect coil Q to be extremely low, since it would be the electrical equivalent of a
lossy transmission line. That's either an awful loading coil, or it is aless-efficient helical |oaded antennal

The Correct View

Another group of people don't argue against established and proven circuit theory. They understand charges flowing into one end of the loading coil
must have someplace to branch off (avirtua third terminal), or they must flow out the other end. Without that additional "virtual" path, charges
flowing into the coil would always equal charges flowing out. Thisistrue regardless of radiation, losses, or induction fields.

This makes perfect sense when we think of any dc circuit, antenna, or RF system. Electrical rules are satisfied, the system behaves asit doesin the real
world.

Thereisvery little change in current, unless the coil is physically very long compared to the rest of the antenna above the coil or unless the coil islaid
right against "grounded" conductors and the whip above the coil is very short. Thisfits perfectly with helical verticals, where the coil is"stretched out”
over the length of the antenna.

It also agrees with base loaded antennas, which have nearly as much current into the antenna above the coil as at the feedpoint. It agrees with center
loaded antennas, where current below the coil is essentially uniform and the whip above has triangular distribution.
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Current can be different in various areas of an inductor, but only if shunting capacitances (impedances) to the outside world are significant compared
to load capacitance (impedance). Another condition where current can vary substantially is with operation near the condition of self-resonance in what
isnormally considered or defined as a "series-resonant” mode. This would be a very poor and inefficient loading inductor, such as when a 160-meter
antennais used at a secondary resonant frequency in upper HF.

Circuit Model of a Mobile Antenna

Fcaoil

5 Rr

C3 L 1
15pF

= I Cant

The above model shows what might be atypical mobile antennainstallation.

. Rgnd ground resistance of vehicle normalized to feedpoint
. V1 coaxia feedline

C2 base capacitance

Rrbase Radiation resistance of the base area of the antenna
L1 loading coil

. Rcoil coil equivalent series loss resistance

. C3coil shunt C to ground

. Rr top arearadiation resistance

. Cant equivalent antenna capacitance above coil area

© ONOU A WN R

My 160 Mobile Antenna
I've worked all continents except Africawhile 160-meter mobile. | have CW contacts at over 10,000 miles, and SSB as far as Europe (4000 miles). My
mobile antenna consists of an eight- foot antenna with a six-foot hat (made from surplus Ford or Chrysler car antennas) at the top. The loading coil is at

5 feet.

This antenna has been on the truck for thousands of miles, without mechanical failure. It is mounted at the upper |eft corner of the truck bed, about one
foot back from the cab.

The following isamodel of the current antenna system on my Ford F-250 HD long bed super cab truck:
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EZMEC

The base impedance in the mode! is:

Frequency = 1.854 MHz.

Source 1 Voltage=24V. at 2.35 deg.
Current=1A. at 0.0 deg.

Impedance = 23.98 + J 0.9853 ohms
Power = 23.98 watts

SWR (50 ohm system) = 2.087

Actual measurement at my Johnstonville, GA farm in open flat pastures on August 17 at 8AM. Wet soil 25.8 ohms 0] base impedance, pretty

close agreement to EZNEC model and earlier data! (I did have to adjust the mode! for very low ground conductivity, otherwise the resistance was far too low. It's
my belief that NEC-2 underestimates ground losses in small radial or counterpoise systems that are close to earth.) Earlier text shows a base resistance of 28 ohms, that was dry
soil with adlightly different loading coil and antenna.

The modeled current distribution for 1-ampere applied at the base (in 1-foot intervals) is:

1ft= 1.0031
2 ft= 1.0091
3ft=1.0178
4ft=1.0318
<Coil>

5ft=1.0175
6ft=.97512
Tft=.92984
8ft = .89522

Measuring the current into and out of the loading coil with asmall thermocouple RF meter, | detect no difference Thisisin close agreement with the
model.

The efficiency of this antenna knowing coil Q, radiation resistance, and base resistance calculates just under 1 percent. The model indicates about 1/3
percent efficiency. Thisis reasonably close.

http://www.w8ji.com/mobile_and_loaded_antenna.htm (8 of 13) [9/6/2004 9:24:55 PM]



Mobile antennas, short verticals, loading coil loss,and loading coil current

Removing the hat (in the model only) shows the following changes:

1ft = 1.0043
2ft=1.0133
3ft=1.0279
4 ft= 1.0566

<coil>

5 ft=.95508
6 ft=.72232
7 ft=.27813
8 ft = open

| haven't tested the above, but with the same loading coil 10ss resistance the model says efficiency is now around 3dB worse. Removing the hat, with
NO change in coil resistance, shows nearly loss nearly doubles. Of course the coil resistance would increase, because the loading coil nearly
quadruplesin size. Bandwidth isless and efficiency isless, even if | could maintain the same coil resistance.

Examples of Unequal Current

In the above models, we see that current into and out of the one-foot long coil is about the same. Thereis only about 2% changein current even
though the coil occupies 12% of antennalength in the "hat-loaded" antenna, but in fairness | couldn't resolve that change with a reasonably good RF
current meter.

The model predicts 10% change in a non-hat antenna, but | never measured that antenna to confirm it.

Clearly thereis no basisto the claim current is high only in the first few turns of an inductor, or that current tapersin relationship to "electrical
degrees'. The most accurate way to state the effect would be to say: "When the loading cail is short and the capacitance of the antenna beyond the coil
is reasonable (in this case 3000 ohms Xc or less), there is an immeasurable reduction in current in the coil. When the required loading reactance is very
high (in this case 8000 ohms), the reduction in current is about what we would expect for an equivalent length of antenna replacing the coil."

Degrees Vs Radiation Resistance

This upper four feet of this antenna resonates near 24 MHz with the hat. We can assume it is 90 degrees long at 24 MHz, which would translate to 6.9
degrees on 1.85 MHz. Following that same logic, this would mean the loading coil would be about 83 degrees long electrically. Using the incorrect
logic proposed by others where the loading coil "makes up the difference in electrical degrees", there would be almost no current past the loading coil.
Obvioudly thisis not the case, the loading coil has very little "electrical length”. Asamatter of fact, the electrical length is about equivalent to the
physical length!

This goes back to radiation theory, and my favorite saying: "Five hundred feet of wire in aone foot long tube is still one foot of antenna’. Some CB
manufactures sell antennas to consumers with the claim they use 5/8 or 3/4 wavelength of wire in an eight-foot fiberglass whip, so the antenna has
more gain. Obviously thisis not true. Let's not let such silly claims spread into amateur radio!

Related topics:

Inductors

The spice inductor model shows one example of how unequal current is created. The model demonstrates a coil having significant distributed
capacitance to the point of current return in the system compared to terminating impedance of the coil. In a monopole this return path would be to the
groundplane, or anything closer to the potential of the groundplane than the area above the loading coil's position in the antenna system.

Another Practical Antenna Example

Let's assume we have alossless 15.3 foot long 0.2 inch diameter conductor over a perfect groundplane. Eznec gives the 1.821 MHz base impedance as
.3004 -2169;. In other words, the antenna "looks like" .3004 ohms of load resistance in series with 40.32pF on 1821kHz. The return path for current is
through the .3004 ohm resistance and 40.32pF capacitance, back to the ground of the antenna (it is a Marconi antenna).

Such atermination (load) would require a series inductance of 2169j (189.57uH) to cancel feedpoint capacitive reactance. A typical 190uH inductor
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would be rather large, requiring somewhere around 53 turns when using a4" by 4" form factor. One would expect a physically large inductor to have
noticeable but very small displacement currents to the groundplane, when the small stray coil capacitance is compared to the 40.32pF termination
capacitance. This raises two very important design guidelines:

. When installing aloading coil of substantial inductancein an electrically short antenna, sheetmetal and dielectrics should be kept away
from the coil and areas of antenna above the loading coil. Thiswould include dielectrics on or near the inductor, since the presence of
dielectrics would increase undesirable capacitance.

. When inductive reactance requirements are large, as when short thin " stingers" without hats are used above a cail, the coil form factor
should lean more towards long and thin. Capacitances near the open end of the coil (high voltage end) should be minimized. Thiswould be
true even when the coil length increase resultsin a small reduction in mutual turns coupling, since the stray capacitance may resultin a
larger loss penalty than the slight increase in accumulated resistance from additional wire length.

Efficiency

Efficiency in any antenna near earth is ailmost always dominated by ground related |osses, short-height Marconi antennas are no exception. The overall
effect of loading inductor Q and matching system losses are "diluted" or "swamped-out" by ground losses. Ground |osses cause most systemsto have
greatly reduced sensitivity to inductor design.

The only consistently predictable factor in efficiency in fractional wavelength Marconi antennas with limited size ground systemsis radiation
resistance. Efficiency increases almost directly in proportion to radiation resistance.

Radiation Resistance and Power Radiated

Radiation resistance is probably the most poorly defined term used with antennas. The lack of clear definition creates errors and misjudgments when
predicting antenna performance. If you wish more detailed information, this page contains information on radiation resistance. For the purposes of this
discussion and to avoid pitfalls associated with using feedpoint impedance as radiation resistance, I'll use the same definitions Jasik, Balmain, and
others have used. This definition is based on the IRE definition of radiation resistance being equal to the net or effective current causing radiation
squared divided by the power radiated as EM energy, or Rr=Pr/I"2.

Using this definition, afolded dipole has aradiation resistance identical to a conventional dipole of the same physical dimensions ( ~70 ohms).

Radiation is caused by charge acceleration, there is no magic. The only thing affecting radiation resistance in a short vertical antenna near ground is
current distribution over the linear area occupied by the radiation portion of the antenna. The genera rules are:

Radiation resistance of a Marconi vertical in the maximum possible radiation resistance case for a given height (thisis the case where current is
uniform throughout the structure) is equal to 1580* (H/L)"2 where H equals height and L equals wavel ength and both are expressed in the same units.
Using degrees, we see a 10-degree tall antenna has a maximum possible radiation resistance of 1580* (10/360)*2 or 1580*.000772 = 1.22 ohms. This
would apply even if the antennais avertical, DDRR, Fractal, or folded unipole with considerable top loading.

If current is triangular, radiation resistance would decrease by a factor of four to 0.305 ohms.

Power radiated is given by 1"2*Rr

With 100-wetts applied to a 10-degree tall antenna, net current in alossless antenna with uniform current distribution would be 9.05 amperes. With
triangular distribution, such as appearsin asmall diameter short base loaded whip, current would be approximately 18.1 amperes. We are in serious

problems if the inductor reduces current along its length, since the only possible way to radiate 100 watts would be to have somewhere around 9
amperes of effective current integrated over the 10-degree vertical area of space for the radiator!

Ground Losses

All current flowing (or displaced) vertically into the antenna must equal current flowing out of the ground or counterpoise system. Even though ground
losses are distributed losses, we must normalize all losses to the feedpoint in order to compare systems. There are cases where thiswill not always
occur, causing usto falsely assume we have lower losses than really exist.

In thistutorial and comparison, | have normalized ground losses to the same point where radiation resistance is considered.

System Losses
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(Measured data below of actual antenna given below was from 1995 data taken at a different location near Atlanta with a dightly different loading
coil and antenna. Thereis a dight disagreement with current data. | left thisall in so you can see the departure from measurements and models
using 8 year old data.)

Base Loaded (Triangular Antenna Current Distribution) with no ground loss

Assuming we have a base-loaded antenna, and the operating frequency has a wavelength of 550 feet (around the 160-meter band), a 15.3 foot vertical
would fit the above 10-degree va ue. Interestingly enough when we compare Eznec to formulas available in older (1950 vintage) engineering
textbooks, we find radiation resistance predicted by Eznec is .3003 ohms while the triangular current estimate for the same height radiator is.305
ohms! Thisisan amazing degree of agreement, illustrating what we could do before modeling programs became available. (With perfect top loading,
both Eznec and longhand cal culations show approximately 1.2 ohms of radiation resistance.)

Assuming our 15.3 foot tall (10-degree) base-loaded antenna uses a coil Q of 200, the coil has 10.845 ohms of ESR. Total resistance with a perfect
ground would be 10.85+.3= 11.15 ohms. Current into this system with 100 watts applied would be around 3 amperes, resulting in ~2.7 watts radiated
and ~97.3 watts lost as heat in the inductor.

Doubling coil Q (400) would provide 5.73 ohms of base resistance with 4.18 amperes. Power radiated would be 5.2 wetts, power lost as heat would be
94.8 watts. Efficiency does not quite double, changing from 2.7 to 5.2%. Thisresultsin a2.8dB changein signa level.

Top Loaded (with no ground loss)

If we added afour-wire hat with 15-foot wires, current would no longer be triangular. While we wouldn't quite reach the optimum uniform distribution,
current at the top would be about 78% of current at the antenna base. Feedpoint impedance would become 0.97 -551j, and the antenna would look like
0.97 ohms in series with 159pF.

Using a coil Q of 200, we would now have 2.76 ohms of inductor loss. Current becomes 5.18 amperes. Radiated power is 26 watts, while power lost as
heat becomes 74 watts. Even in the perfect ground case, the change in efficiency caused by top loading is large. Top loading (with only the hat) results
in 9.8 dB changein signal level when compared to the base loaded case when coil Q remains 200. Efficiency is 26%. The coil remainsat ground level

for easy matching and frequency change.

In this case current at each terminal of the loading coil would be essentially the same regardless of poor coil mounting techniques. In order to have
significant current taper in the coil or in the bottom of the mast, shunt capacitance would have to be a significant compared to 160pF. The antenna's
high input capacitance relaxes inductor and antenna mounting electrical requirements.

Base Loaded (high ground loss)

My F-250HD Super Cab pickup truck, when parked over open medium quality pasture land, has a ground resistance of about 20 ohms (normalized to
the feedpoint) on 160 meters. Applying this ground loss to the base loaded antenna, the system has a feedpoint resistance of 20+.3=20.3 ohms. (Thisis
reasonably close to actual feedpoint resistances measured with asimilar operating antenna.) Adding coil losses, the system has 20.3+10.85=31.15
ohms. (NOTE: Current coil is~8 ohms ESR, 10.85 ohmsisfrom ~8 year old data) Current is sqrt (100/31.15) or 1.79 amperes.

This resultsin .96 watts radiated, and 99.04 watts lost as heat. Efficiency is now around .96%.

Substitution of a coil with a Q of 400 resultsin 25.7 ohms feed resistance, or 1.97 amperes antenna current at 100 watts. In this case efficiency is now
1.16% for 1.16 watts radiated. The change caused by doubling coil Q with high system ground losses is about 0.8dB, compared to amost 3dB in the
perfect ground case! With a poor ground (in this case typical of avery large vehicle), alarge change in coil Q produces little change in system
efficiency.

Another Top Loaded (high ground loss) System Example (made prior to the EZNEC model above)

Using alarge hat isn't practical in a moving mobile, although it could apply to fixed stations suffering with poor ground systems. When the hat is
smaller, such as a mobile requires, the loading inductor can be moved higher in the system. Such a move would produce uniform current below the
loading coil, with a current shape above the coil dictated by the construction of the upper portion of the antenna. My own mobile uses a six-foot
diameter hat manufactured from stainless steel automobile antennas arranged in a spoke. | have no problems with wind or occasional obstructions.
While unsightly, a modest hat is workable.

In order to keep the systems comparable I'll use the same radiation resistance provided by alarge hat, but intentionally add high ground loss as a
lumped resistance. This model ignores field losses near the antenna.

In this case we have 0.97 -551j as the inductor termination presented by the antenna. With ground losses normalized at 20 ohms and an inductor Q of
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200, we have 20+2.76+.97 = 23.73 ohms of feedpoint resistance. Current is 2.05 amperes, and power radiated is 4.1 watts. Power lost is 95.9 watts.

Efficiency is 4.1%, a 6.3dB increase over a base-loaded triangular current system with the same lossy ground. This systemis 8dB down from the same
"top-loaded” distribution using a perfect ground.

When the system has significant fixed losses, increasing radiation resistance four times by top loading provides asimilar dividend in system efficiency.
At the same time a substantial increase in coil Q provides only minimal change in field strength.

Current Through Coil
Related pages:

Inductor spice model

There has been some speculation that current is high only in the first few turns of aloading inductor. Radiation comes solely from charge acceleration
or current over spatia (in line) distance.

If any loading inductor shows substantial decrease in current over the length of the inductor, it is an absolute certainty that the inductor is poorly
designed and that the system above the loading inductor is not contributing to system efficiency. The reason for thisis very simple and straight
forward. Any two-terminal component (even considering wire as a " component” applies) MUST have equal charges flowing into and out of each
terminal. Voltages to other reference points can be different, but for every charge moving into one terminal alike number of charges MUST move out
of the other terminal. Radiation, induction fields, and |oss resistances have no influence on thisrule.

In order to have any changein current, there must be an additional path or paths for charges. This path can be through |eakage resistances, or through
fictitious currents called displacement currents. Whatever the path, the total charge movements must be reconcilable. We simply can not have current

"disappear”.

The normal path upsetting "unbalancing” current into and out of each terminal in an inductor is provided by displacement currents through electric
fields. Aswith any system, the amount of current flow is proportional to potential difference and impedance of the path. In order to shunt a substantial
current out of an inductor, the potential difference between the ends of the path has to be high compared to the impedance of the path. The impedance
of the stray path must also be reasonably low compared to the normal desired path.

Current diversion is problematic in very large inductors operated at (or very near) internal self resonance, when the self resonance is what we typically
refer to as a"series-resonant” condition. This condition is common in plate chokes used in vacuum tube power amplifiers, where the system operates
over many octaves of frequency range.

"Series resonances" inside components occur when distributed inductance forms a pair (or multiples of pairs) of "L" networks. The large series
inductance from each end of awinding reacts with the small stray capacitance at the center, and forms a very high impedance transformation L
network. The electrical potentia at the center of the system becomes extremely high, and even the smallest amount of capacitance to surrounding
objects will carry a substantial displacement current. The large displacement currents cause the terminal impedances to drop, and allow considerable
current to concentrate in small areas of the component. At the same time, considerable voltage can be present. The normal result is arcing or
destruction of the component, or failure of the system depending on the choke to operate.

Series resonance always occurs at a frequency higher than the self parallel resonant frequency of the component. A loading coil operating under such
conditions would be required to have serious design errors to fall into this category, since the end termination capacitances should always be
substantially higher than stray capacitance throughout the component. Failure to follow this rule would result in needless loss and reduced SWR
bandwidth in an antenna.

The speculation or supposition that the first few turns of aloading coil carry most of the current is clearly untrue. In order to shunt current off, high
series impedances would have to exist along with high stray shunting capacitance to areas removed from the radiator. Additionally, the remaining coil
area connected to the top area of the antenna above the loading coil would have to present a high impedance to the area where current reduction occurs.
Thiswould never be the case, unless the top area of the antenna and loading coil are not resonant near the operating frequency.

A reasonable test for proper inductor and system design would be to remove the antenna above the loading coil, measuring system resonance. If
resonance does not change substantially, the area above the cail is not correctly terminating the system. First-order self resonance of the inductor
(parallel resonance), when removed from the system, should also be far above the operating frequency of the system. If self-resonance comes within
three or four times the operating frequency range, the loading coil almost certainly will have needless performance shortfalls.

Conclusion
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A normally functioning inductor has essentially equal currents throughout the inductor, loading coils are no exception. Any current difference requires

asubstantial current flow through undesired stray capacitances or leakage currents. Neither radiation or induction could change this, it isabasic rule of
circuitry.

In areasonably well-designed system, current into and out of the loading inductor should be substantially equal. Differencesin current would indicate
excessive and problematic undesired stray capacitance in the loading system design, or measurement errors.

Reduced sensitivity to coil Q is primarily afunction of additional lossesin the system, not reduction of current through the coil.

This page has had m visits since February 11, 2004.
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| ndependent M easur ements

[ Home] [ Up] [ Roy's Measurements ]

Tom,

Thanks very much for sending the copy of the posting. I'd appreciate it
very much if you'd post the following on the same reflector for me:

It was brought to my attention that the following statement was recently
posted on this reflector by Y uri:

"I will leave it here, astherest of it. W7EL, author of EZNEC measured
toroid coil and found that it HAS different current at its ends, roughly
proportional to the part of antennathat it replaces.”

Thisis not true. | assume the statement was made due to careless
reading of the postings | made on rec.radio.amateur.antenna, rather than
adeliberate distortion, so I'll very briefly describe the results again

here. | made measurements of the current into and out of two different
toroids in series with an antenna at its base. The first measurement was
made using a 33 foot vertical with seven ground radias, whose feedpoint
impedance measured 35 - j185 ohms at 3.8 MHz, and atoroidal inductor
with reactance of 193 ohms and Q a bit over 300. | found that the
difference in current between input and output of the inductor was 3.1%
In magnitude and with no measurabl e phase shift, despite the short
antenna. The 3.1% current difference between input and output can be
explained simply by 6.8 pF of stray capacitance between the coil output
and ground and/or current probe, or a bit greater value distributed over
the coil. | repeated the measurement on the bench, with a series

resistor and capacitor in place of the antenna, and measured 2.3%
difference between input and output current. This is within measurement
error of being the same as when connected to the antenna. (One would
expect the stray C to be a bit different, also.) So in the one case |

did the measurement with the inductor "replacing” avery significant
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part of an antenna and in the other with the inductor replacing no
antennaat all (or an entire antenna, if you choose), and got
essentially the same result. How this can be interpreted as my having
drawn the conclusion stated by Y uri is beyond me.

Unfortunately, the fact that the antennais spaced only about 1/4" from
a4 foot mounting pipe (which atered its input impedance), in addition
to the abbreviated ground system, left a great deal of wiggle room for
people proposing alternate theories, so | did a second test with amore
idealized antenna. For thistest | constructed a vertical antennathat
was 33 feet high, made of #16 insulated wire, and strung 23 radials out
on the surface of the wet ground. The feedpoint impedance of this
antennaat 3.8 MHz was measured as 15.8 - j437 ohms. Thisis close to
the theoretical impedance, assuming about 8 ohms of ground loss
resistance. The inductor had a reactance of 387 ohms. As described in my
posting on rraa of November 11, the inductor "replaces” about 33
electrical degrees of the antenna.

The result from the second test was a current difference of 5.4%, again
with no measurable phase shift. And again, this small difference can be
explained by about the same amount of stray capacitance. It's nowhere
near the 16+% that the "cosine rule" (that the output current equals the
cosine of the "replaced" antenna) proposed by Y uri and others would
predict. In no way did my measurement validate his theory -- 5.4% isn't
even "roughly" more than 16%.

Frankly, I'm a bit embarrassed to have bothered to make these
measurements at all -- it'salot like making careful measurementsto
validate Ohm's law in order to refute someone's measurements that
"prove" it wrong. Asitis, it's turned out to be even worse than just a
waste of time, since the results are now being distorted to support the
very theory they clearly refute. | hope thiswill clarify just what
measurements | made and what they showed.

For anyone who can stomach the waffling, backpedaling, and insults which
characterized the original discussion, ook up the thread "Re: Current

in antennaloading coils controversy" and its variants in the google

archives of rec.radio.amateur.antenna. Postings describing my

measurements were made between November 8 and 11, 2003. If you read the
thread, particularly the reaction to my posting of the measurements,

you'll see why I've given up on that newsgroup as a forum for rational
communication.

Many thanksto Tom, W8JI for bringing the misleading quote to my
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attention and for posting this for me.

Roy Lewallen, W7EL
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Roy's M easur ements

[ Home] [ Up]

WYEL's Antenna current measurements:
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Thisisthe overall measurement setup described in the rec.radio.amateur.antenna newsgroup
on and about November 9, 2003, showing both traces on the oscilloscope. Signal input is
from an HP 8640B signal generator.

Thisisacloseup of the inductor and current probes. The upper pipeisthe vertical antenna.

The oneto itsleft is the mounting, which extends about four feet above ground. The two are
spaced 1/4" apart. The yellow toroid is the inductor being measured. The smaller black cores
are the current probes. One core of each probe is atransformer, with the wire carrying the
current to be measured passed through the core's hole. The second core is acommon mode
choke or "current balun", which serves two functions. Oneisto insure that no significant current
flows on the outside of the coax cables connecting the probes to the oscilloscope. The second
isto isolate the probes and reduce any possible capacitive coupling that might disturb the
measurement. The probe outputs are terminated with 50 ohms at the scope.
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| nductor operation

[ Home] [ Up] [ Mobile Antenna Current Measurements at W8J ]

Thefollowing is a copy of RRAA postings by Roy
Lewallen W7EL about inductors. | think the technical
portion of these posts are useful for understanding
current in loading coils, and how we need to cross check
theories properly. I'veincluded all of the text, even
though much text is not technical. Thisreally is
educational, so read it if you have time!!'!

| think the goal should be education, not conversation,
so | enlarged important text size and changed color to
bluein what | think are important areas.

Comments of minearein RED.

W8JI Tom

The following are verbatim copies of postings made on rec.radio.amateur.antenna, in the thread
"Re: Current in antenna loading coils controversy” (first posting), "Re: Current in antennaloading
coils controversy - new measurement” (last posting), and "Re: Current in antenna loading coils
controversy (long)" (remainder of postings). | and others made many additional postings on the
topic, which should be available at http://www.groups.google.com.

Roy Lewallen
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January 11, 2004

Posted on 11-4-03:

No, | will make one more comment. After abit of reflection, | think this might be at the core of
some peopl€e's problem in envisioning a lumped inductor.

When a current flows into an inductor, it doesn't go round and round and
round the turns, taking its time to get to the other end. An inductor wound
with 100 feet of wire behaves nothing like a 100 foot wire. Why? It's because
when the current begins flowing, it creates a magnetic field. Thisfield
couples to, or links with, the other turns. The portion of the field from one
turn that links with the others is the measurable quantity called the coefficient
of coupling. For agood HF toroid, it's commonly 99% or better; solenoids are
lower, and vary with aspect ratio. The field from the input turn creates a
voltage all along the wire in the other turns which, in turn, produce an output
current (presuming there's aload to sustain current flow). Consequently, the
current at the input appears nearly instantaneously at the output. Those who
are physics oriented can have lots of fun, I'm sure, debating just how long it
takes. The field travels at near the speed of light, but the ability of the current
to change rapidly islimited by other factors.

So please flush your minds of the image of current whirling around the coil,
turn by turn, wending its way from one end to the other. It doesn't work at all
like that. The coupling of fields from turn to turn or region to region is what
brings about the property of inductance in the first place.

That was a great explanation of how an inductor works. | often learn new or
better ways to view things when reading what Roy writes!

Radiation is another issue, and provides a path for current, via displacement current, to free space.
(I can see it now in Weekly World News: WORLD FILLING WITH COULOMBS! DISASTER
LOOMS!) For a component to fit the lumped element model, radiation has to be negligible. And,
for the same reason, it can't be allowed to interact with external fields as areceiver, either.

Thisisvery fundamental stuff. Y ou can find alot more about the topic in any elementary circuit
analysis or physicstext. If you don't believe what you read there, just killfile my postings -- you
won't believe me, either, and reading what | post will be awaste of time for both of us.

Real inductors, of course, are neither zero length nor do they have a perfect coefficient of coupling.
And they do radiate. The essence of engineering is to understand the principles well enough to
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realize which imperfections are important enough to affect the outcome in a particular situation. We
simplify the problem by putting aside the inconsequential effects, but don't oversimplify by
ignoring factors that are important for the job at hand. Those who insist on using only the simplest
model for all applications will often get invalid results. And those who use only the most complex
model for all applications (asis often done in computer circuit modeling), often lose track of what's
really going on -- they become good analysts but poor designers. |'ve seen people capable of only
those approaches struggle, and fail, to become competent design engineers.

And with that, I'm outta here. Hope my postings have been helpful.

Posted 11-8-03:
Here are some preliminary details about the inductor current measurement | made.

My antennaisn't nearly asideal asthe one Y uri described. (But if my results are different from the
ones reported at the web site Y uri referenced, I'll be eager to hear why.) It's about 33 feet high, and
has only 7 buried radials. The feedpoint impedance indicates aloss of about 25 ohmsat 7 MHz, so
I'd expect it to be abit more at 3.8. It's bolted to a galvanized fence line post which protrudes nearly
four feet from the ground, with spacing between the antenna and the post of about 1/4". This
mounting has only a minor effect on the feedpoint impedance at 7 MHz, which is the antenna's
intended frequency of use. It's quite profound at 3.8 MHz, though. The expected 370 or so ohms of
capacitive reactance is transformed to 185, while the feedpoint R is 35 ohms, not far from the
expected value. So the overall feedpoint Z is 35 - j185 ohms at 3.8 MHz, measured with a GR
1606A impedance meter. (I found that my MFJ 269 was about right with the X, but measured R as
zero -- apparently the combination of low frequency and large X isaproblem for it in resolving the
R.) So | built an inductor with measured impedance of 0.6 + j193 ohmes. It's 26 turns on a T-106-6
toroid core. Q isabit over 300. Thiswas placed in series at the antenna feedpoint.

For current measurements, | made two identical current probes. Each one consists of 10 turns
wound on an FT-37-73B ferrite core. The two leads from the winding are twisted and wound in
bifilar fashion on another FT-37-73B core, 10 turns. Thisisthen connected to an oscilloscope input
viaatwo-foot (approx.) piece of RG-58. A 50 ohm termination is also at the scope input. This gives
the probe atheoretical insertion impedance of 0.5 ohm. While making the measurements, | moved,
grabbed, and re-oriented the coax cables, with no noticeable effect. This gave me confidence that
the outsides of the coax weren't carrying any significant current.

One probe went to each channel of the scope. | left the two scope inputsin the cal position, put both
probes on the wire at the input end of the inductor, and recorded the p-p values with the scope's
digital measurement feature. Then | reversed the order of the probes and remeasured. | found a
slight pregjudice toward the probe closest to the source -- 1.2% in one ordering, and 2.1% in the
other. Averaging the two channels, though, showed them to be the same within less than 1%. (Each
probe was always connected to the same scope channel, so thisis atest of the probe-scope channel
combinations.)

Then | moved one probe to the output side of the inductor, and measured input and output current.
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And | reversed the probe positions on inductor input and output. The ratio of output to input current
in the two tests differed by only 1.4%.

When | encounter an astrologist, they invariably ask what "sign” | "am", then proceed to tell me
how my personality meets their expectations. So what | do instead is to have them tell * me* what
"sign” | "am" *first* -- which they should easily be able to do, based on my personality. Well, they
don't find that to be fair, for some reason (although | certainly find it amusing). And so, | doubt if
the following challenge will be regarded to be fair, for much the same reason. Those with
alternative rules for solving circuit problems are challenged to predict what the ratio of output
current to input current will be. I'm particularly targeting Cecil, and others who have bandied about
alot of pseudo-analysis about electrical length, reflections, and the like. And, Richard (Harrison),
who said something like "an inductor without phase shift islike". . . | don't recall. . .hot dog without
ketchup or something. Pull out your theories, and calculate it, like any competent engineer should
be able to do. For cryin' out loud, it'sa simple series circuit (except for Cecil, where it's some kind
of distributed thing).

First post your answers, then I'll post the result of my measurements.
Roy Lewallen, W7EL

Posted on 11-11-03:

It sounds like the predictions are in. Among the several people who believe that the current out of a
small inductor doesn't equal the current in, only Y uri was able to calculate a predicted value for the
test, of 2.5 - 5% reduction in current at the output compared to the input, with a phase shift of about
18 degrees.

Y ou see above Yuri "predicted” acurrent value based on a cosign formula
that relates to antenna area. One way to test atheory isto change the
conditions or parameters of the test, and see if the predictions apply in
multiple cases or if it wasjust a"guess' or dumb-luck. ThisisALWAYSa
good idea. Watch what happened when Roy changed the antenna length and
used the same formulal

What | measured was a 3.1% reduction in magnitude from input to output,
with no discernible phase shift. The 3.1% is an average of two readings, with
the input and output probes exchanged. The output was smaller than the input
In both measurements, about 2% and 4%. So | believe there's areal difference
between output and input current, although with the accuracy of my
measurements, | only have reasonable confidence it's somewhere between 1
and 5%. | can resolve about 2-3 degrees of phase shift, though, and | couldn't
discern any at al. (Y es, the scope trigger was from one channel, not
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alternating.) So | have very high confidence that Y uri's prediction of 18
degreesisincorrect.

| don't subscribe to the notion that the current out of a very small inductor should be different than
the current in due to some magical property it acquires when connected to an antenna. My working
hypothesisis that the currrent difference | did see was due to stray capacitance, either from the
probes or simply to the Earth and other objects. It would take an equivalent of 6.8 pF at the output
of the cail (that is, between the coil output and the current probe) to get 3% reduction, and only
about 1/3 that amount to see the minimum value of reduction of 1% | estimate was actually present.

Here is where Roy changed the test. Now the coil isn't in an antenna, and the
"sine rule formula" should not apply. If the sine rule was correct, the current
differential should have changed significantly.

| repeated the test on the bench, with a 36 ohm resistor in series with a 220 pF
capacitor substituting for the antenna. The result was a 2.3% output:input
reduction, again with no discernible phase shift. Thisiswithin the
measurement error of being the same result. Thisiswhat should be expected --
except for unintentional coupling to the antenna's field, the inductor's
environment is the same on the bench as at the antenna base, in these single
frequency, steady state tests. (That also contradicts what some newsgroup
participants have been claiming.)

S0, athough the small output:input current reduction was within Y uri's prediction, the phase shift
certainly wasn't. If time permits, I'll make a more idealized antenna and repeat the measurements
with alarger inductor at the base of a more reactive antenna. I'll predict in advance that if | double
the amount of loading L, I'll approximately double the amount of current magnitude attenuation --
that is, to somewhere around 6%. That's what should be expected if the cause of the attenuation is
stray C or asimilar phenomenon.

I've added a picture to the http://eznec.com/rraa/lnductor_Current._ Measurement.html page,
showing the overall setup including the scope. It gives alittle better perspective on the relative sizes
of various objects.

Roy Lewallen, W7EL

Posted on 11-11-03:
Today's project was to construct and measure a more idealized antenna.

The antennaiis 33 feet high, made of #16 insulated wire. | put out 23 radials on the surface of the
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wet ground. Radials were of various lengths, most about 30 feet long. The feedpoint impedance of
the antenna, measured with a GR bridge, was 15.8 - j437 ohms at 3.8 MHz. Allowing 3%
lengthening effect for insulation, EZNEC says a lossless vertical of that height and diameter should
have an input Z of 7.5 - j478. 8.3 ohmsloss resistance is reasonable for that number of radials, and
the somewhat lower than predicted reactance is likely due to the fact that the radial wires were
grouped together as they came up afew inches to the antenna base, and not immediately coming in
contact with the ground. That would add a bit of inductive reactance.

| wound an inductor on a T-106-6 core as before, but with more turns, for ameasured Z of 1.3 +
]387 ohms. After putting it in series with the antenna at the base, the base impedance measured 17.1
- j54 ohms. Thisis only 4 ohms from the expected reactance, and spot on the expected resistance, so
measurements are consistent.

Analyzing verticals with EZNEC, made from #16 wire at 3.8 MHz, shows that:

-- An antenna 63.2' high is resonant.
-- An antenna 35.9' high has a feedpoint reactance of -j437 ohms.,
-- An antenna 59.35' high has a feepoint reactance of -j54 ohms.

With aresonant height of 63.2', you could say that 63.2' is "90 electrical degrees’ asfar asthe
antennais concerned. So you might say that my inductor has "replaced 33.4 electrical degrees' of
the antenna.

Here again the test is modified to test Y uri's prediction.

Using Y uri's cosine rule, we should then expect the inductor output current to
be cos(33.4 deg) times the input current, or 16.5% less. Also, we should
expect to see those 33 degrees of "replaced antenna’ as phase shift from the
Input to the output of the inductor. That is, the current change from the input
to output of the inductor isthe same as it would be for the portion of the
antennait "replaces’. (I think Jim Kelley subscribes to this theory also, but
I'm not sure.)

In contrast, conventional electrical circuit theory predicts no current
difference between the input and output for a physically very small inductor
with no radiation or stray coupling. | saw about 3% in the previous
measurement, which | believe can be attributed to stray capacitance. So |
predicted that we should see about twice that amount with the higher valued
inductor used for this experiment (387 vs 192 ohms reactance). | didn't see
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any measurable phase shift between input and output before, so | didn't

expect to see it thistime.
So for thistest, there's quite a difference in predictions for output:input current --

**Yuri's method predicts a reduction of output current magnitude of 16.5%
and a phase shift of 33 degrees.

**| predict around 6% magnitude reduction (due to stray C) and no
measurable phase shift (lessthan 2 or 3 degrees).

| have very high confidence that my measurements are good enough to resolve the difference
between these two possibilities.

Would anyone care to comment before | post the measurement results? And, Y uri, please correct
me if I've misinterpreted your theory.

Roy Lewallen, W7EL

Here are the test results, still using the same formula. If the results of the Cos
theory and formula are correct, the results would be 16.5% current reduction
and 33 degrees phase shift. This showswhy it isimportant to test new
formulasin avariety of applications.

Posted on 11-11-03:
Ok,

For anyone who cares, the magnitude of the current out of the inductor in the
later test measured 5.4% less than the current in. No phase shift was
discernible. An analytical person could build on thisinformation to
Investigate the properties of longer inductors placed elsewhere in the antenna.

Thank you for the comments, Cecil, Y uri, Richards, Art, and others. I've learned a good lesson from
this -- that thisisn't an appropriate forum or appropriate audience for the sort of quantitative
analysis and reasoning |I'm familiar and comfortable with. And that the considerable time and effort
required to make careful measurementsisrealy of very little benefit -- certainly not anywhere near
enough to justify it.

With agreat sigh of relief from everyone, I'm sure, I'll now turn this thread back over to Y uri, Cecil,
et al.

My apologies to everyone for taking up so much bandwidth.

73,

Roy Lewallen, W7EL

So there we have it. The Cosine theory that states an inductor replaces part of
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the antenna and has the same or similar phase shift and current taper as that
part of the antenna proved false once the system was perturbed. It is quite
typical for aformulathat isincorrect to work at one point just by sheer luck.

When we have atheory, the test is to apply that theory to various systems and
seeif it worksin all cases. If it does not work in all cases, the theory is
Incorrect.

While | agree it should not be necessary to prove conventional circuit theory,
| think Roy's test (and my test) might shed some useful insight into how short
and heavily loaded antennas actually work. A secondary benefit is we see
how an incorrect idea or concept can actually work once in awhile just by
sheer luck, and why we need peer review.

Many people have the misplaced notion awire in an inductor replaces a
certain "electrical length" of the antenna. That isn't true. A loading inductor
simply cancels reactance (corrects power factor). Current change across the
inductor actually indicates a problem with the inductor, unlessit is
intentional.
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Mobile Antenna Current M easur ements at
W 8JI

[ Home] [ Up]

A sample of measurements above and below the loading coil with various antenna above the
cail (current as percent of reference) follow:

Small 2x2" coil Long 12x3" cail

Toroidwithhat  \with 24" hatup  |with 24" hatup | -On'9 12x3"coll

o oq" with 6' whip
Current below 100% 100 100 100
Current above 100 94.4 73 76%

Toroid with whi long 12x1.5" coil |long 12x1.5" coil |Small 2x2" coil
P lwith 6 whip with 24" hat with 6 whip
Current below 100% 100 100 100
Current above coil |100% 79% 75% 96%
Current in whip
1ft above top of 73%
coil

The most revealing thing was how noticeably small changesin stray capacitance near the
middle and top of the loading coil affect current distribution. It was quite evident hanging a
large meter on each end of the coil would greatly perturb the system.
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Mobile Antenna FS Comparisons

[Home] [Up]

The hat used in these tests was the DX _Engineering Hot Rodz system.

’Type Elgsght Top Length ’Hat dia |Field Strength |Frequency ’Rel ative FS ’

Reference | | | -185 | | best tested antenna

Large air (36" (84" | 0| -1850 | 7.2| 0.00 3"dia#12

LargeAir 360 27" 47" | -18.70| 7.2| -0.20(3" dia#12 47" hat

Small air (36" |27 ar -19.90 | 72| -1.40|1.5"dia#16 47" hat

TaHee 42" 27" 47" | -21.00| 7.2| -2.50 Tar with 47" dia

TarHeel  [43"  [84" | 0| -21.10 | 7.2| -2.60 | Tar with 7 whip

RM-20 36" |27 52" | -21.20 | 7.2| -2.70 |Hustler RM-20 on 40m

TarHeel  |43" |27 23 -22.00 | 72| -3.50 | Tar with 23" dia
] | | | | |

TarHeel I61" I84" ; 0 ; -19.80 I 35 I I

TarHeel 59" |27 47" | -19.70 | 35 47" DXE

The most striking things are:
. Therange between the best and wor se system was only 3.5dB
. Alargehat at the TOP of the antenna allows consider able shortening with no lossin efficiency
. For agiven height antenna, efficiency isincreased with a hat at thetop

Mobile and Loaded Antenna
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| nductor Spice M odel

[Home][Up]

Spice model of inductor including stray capacitances:

10uH

LR

Simulation.
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In the following SPICE plot, increasing stray capacitance shows expected departure from equal input and output currents. Distributed capacitance to ground is now at

45pF, nearly equal to the 50pF antenna capacitance:
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Again despite stray capacitance nearly equaling load capacitance, current levels at input and output are reasonably similar:

source current

Green

=|load current

Yedlow
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Red=source voltage

Blue=load voltage

If we multiply output voltage times current, the apparent power is many dozens of times the input power. The reason is simple, phase relationship between voltage and
current along the inductor changes even while current remains essentialy uniform.

Although casua experimenters often assume aloading coil "replaces’ the missing length in an antenna and has sinking voltage with rising current, thisis not the case
unless stray capacitance is extreme or the inductor is incorrectly and inefficiently operated at or near self-(series) resonance. The loading inductor really just corrects
power factor, and bringing voltage and current into phase at resonance. It does replace missing length by simulating an antenna.

Linear loading is no different, it simply behaves like a very lossy low-Q coil and does not add radiation to the system. Unless of course we are talking about heat
radiation.
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L oading Inductors

[ Home] [ Up] [ Inductor Spice Model ]

Optimizing Inductors

While intended mainly for antenna loading coils, the text below also applies to other resonant systems, such as
amplifier tank circuits.

Related pages:

I nductor spice model

Mobile and |oaded verticals

Optimum form factor of any inductor depends heavily on the actual end use of the component.
Current through and voltage across an inductor as well as the required reactance influences both
materials and form factor of an inductor. In high impedance systems, optimum form factor becomes
longer with a smaller diameter. Even the best insulation materials will have a deleterious effect on
component Q when impedances are high, and dielectric constant often becomes more important
than dissipation factor in insulating materials. With low impedances, optimum form factors become
more square and insulation has a much less noticeabl e effect.

Weight, size, and cost often require use of less-than-ideal materials and construction, but careful
design generally resultsin a compromise that doesn't noticeably compromise system performance.

As afurther complication, very simple systems might work quite differently than we intuitively
believe. Many experimenters fail to consider what the inductor does in the system, and how the
inductor behaves internally. For example many people assume, with afixed amount of applied
power, as voltage increases current must proportionally decrease. Thisisn't true in reactive systems,
where voltage and current are not exactly in-phase or 180-degrees out-of-phase.

It isrelatively common for programs and formulas to greatly overestimate maximum obtainable
inductor Q. Confirming measurements are often flawed, either being made far from the operating
frequency or with inadequate methods or equipment. Thisis especially true in high impedance high
frequency systems.
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Worse of al, antenna manufacturers and builders tend to seriously understate or estimate lossin
other forms of loading, specifically linear-loading.

There are five common errors we should avoid:

. Building for excessive Q, when the reduced ESR will not noticeably improve system
efficiency

. In antennas, considering inductor ESR directly as a portion of loss resistance at the point
where radiation resistance is taken, rather than normalizing ESR to the point where radiation
resistanceis taken

. Believing programs or articles predicting Q's in the range of 1000 or more for inductors

. Thinking one optimum form factor (L to D ratio) always provides optimum performance

. Misapplying radiation or loss resistance formulas

. Believing claims that |oading reactance obtained from stub or linear-loading provides lower
loss than well-designed lumped loading

Before doing anything with information in this article or any other article related to loss and
efficiency in antennas, please read the radiation resistance article on this site!

Range of Inductor Form Factor

There are two critical form factor dimensions, diameter and length. The ratio of diameter to length
has two limits. The first limit occurs when the inductor occupies only one wire diameter as the
length. The other limit occurs when the inductor is one wire diameter in diameter. The first
condition would be met by a single layer pancake coil, the second by alinear conductor such as the
inductance of asingle wire transmission line. Optimum form factor occurs between these two
extremes, and varies with the exact application.

L ength-to-diameter ratio isimportant for two reasons:

. Shorter lengths and larger diameters increase capacitance across the inductor. Capacitance
across any inductor carrying time-varying current increases circulating currentsin the
inductor, increasing loss while simultaneously reducing system bandwidth.

. Longer lengths and smaller coil diameters reduce mutual coupling between turns and
increase leakage flux. Thisresults in use of increased conductor length for a given
inductance, increasing wire resistance.

These two situations are obviously in direct conflict, a balance must be achieved. Optimum balance
between conflicting L/D effects listed above depend heavily on external circuit capacitance and
operating frequency.

Thereis actually only one nearly constant parameter in design of high-Q RF solenoid inductors,
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turn-to-turn spacing. Optimum turn-to-turn spacing occurs when the spacing or gap between turnsis
about the same diameter as the wire. If the turn-to-turn gap isfilled (even partialy) with insulation,
optimum conductor spacing increases.

For the purposes of this article, the following terms are used:

. D=diameter
. d=turn diameter
. L=coail length

Asagenera rule, Q in aRF inductor peaks with aform factor (L/D) between 1 and 4.

The size and shape of the conductor used in the coil sets the optimum diameter, larger conductors
require larger diameters.

Lower optimum L/D ratios (near unity) appear in systems where higher amounts of external
capacitance |oad the system. Two examples would be amplifier tank circuits or large antennas with
considerable loading capacitance beyond the coil. Another way to view thisis by resonant
frequencies. Form factor moves closer to 1:1 when an inductor is operated far below its natural self-
resonant frequency.

Higher optimum L/D ratios (up to 4:1) occur when capacitance values external to the coil are
reduced. Small mobile antennas without hats, especially top-loaded antennas, require longer form
factors. Such systems operate the inductor closer to its self (parallel) resonant frequency.

The Reason Optimum Form Factors Vary

The underlying reason for change in optimum form factor with external circuit impedance rests
amost entirely on inductor stray capacitance and mutual coupling between turns.

With high external capacitance, any reasonable amount of internal stray capacitance shunting the
inductor causes avery small change in circulating current in the inductor. The external circuit, in
effect, determines circulating currents. In this case, inductor Q is set mostly by flux leakage and
conductor resistance in the inductor.

In such a system designers can place turns closer together, increasing mutual coupling or flux
linkage from turn-to-turn. Since external capacitance causes most of the circulating currents, any
increase in inductor distributed capacitance has little effect on the system. It becomes most
important to reduce wire resistance by minimizing wire length. Dielectrics around the conductors
have little effect on Q, because increases in capacitance caused by replacing air with adielectric has
little effect on the overall circulating currents.
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Asthe system's external capacitance isreduced, circulating currents inside an inductor become
increasingly influenced by stray capacitance. Thisincludes capacitance within the inductor, as well
as capacitance between the inductor and objects surrounding the inductor.

If inductor design or location is poor, and if system impedances are high, current can actually vary
significantly along the length of an inductor. In properly designed systems, this will not occur.

When external capacitance is reduced, the coil ends must be increasingly separated from each other.
The form factor chosen must reduce coil diameter while increasing length. In high impedance
(reactance) systems, reducing capacitance improves component Q in spite of the resistance penalty
resulting from increased conductor length required in long form factors.

We aso must avoid using dielectrics near or in the inductor, especially any dielectric coating or
between turns. Dielectrics other than air or vacuum, even low dissipation factor dielectrics, increase
stray capacitance. Anything that increases capacitance will reduce component Q, and ALL
dielectrics (other than air or vacuum) increase capacitance. The most noticeable effectsin high
reactance systems often come from dielectrics increasing capacitance, rather than actual dielectric
losses!

Theincrease in loss can be directly proportional to the increase in capacitance, even when required
turns are reduced. Low-loss Teflon or Polyethylene dielectrics can be nearly as detrimental as
higher dissipation factor materials like fiberglass or Delrin.

Inductor Modeling Programs
Many inductor modeling programs fail to consider two important effects:

. They ignore capacitance across the inductor
. They ignore "current pushing" or bunching caused by strong magnetic fields

Thefirst effect causes Q to peak well below the self-resonant frequency of the inductor. The second
effect causes adecreasein Q as frequency isincreased or asturns are brought closer together. The
second effect occurs because current flows in asmaller and smaller cross section of conductor with
increasing frequency.

|f a model, prediction, or estimate does not show Q dropping drastically asfirst order (parallel)
self-resonance is approached, the results almost certainly contain significant Q errors.

I've corresponded with some program writers who claim to have verifying measurements, and
found their test equipment doesn't reliably operate (or operate at all) at the operating frequency of
the inductors! Verifying inductor Q at frequencies far below the operating frequency in the model
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does NOT provide any assurance the model or predictions are correct.
Optimum Q

Thereis a strong tendency to overkill the size of inductors, in an effort to reach unrealistic Q
factors. Examples are commonly found in high-performance mobile antenna systems, where ground
loss and other system resistances dominate the system. We often find high performance inductors
with Q'sin the several hundreds (at the upper practical limit of Q) and very low ESR's used in
systems where overall loss resistances normalized to the feedpoint are very high.

Even though electrical problems are NOT created when using the highest possible Q, thereisa
point where the end improvement in signal level does not justify the physical size and cost to obtain
"excessive" Q.

One example can be found in my Trap Measurements article, where differencesin trap Rp (parallel

resistance) when #10 AWG and copper tubing are compared, with unnoticeable changesin
performance.

Another example appears in my mobile and |oaded antennas article.

Inductor Placement in Antennas

The optimum location of an inductor varies with ground resistance and overall length of the
antenna. Fortunately efficiency changes are smooth and gradual changes. Minor errors in placement
generally do not result in noticeable efficiency changes.

Radiation Resistance and Mobile and L oaded Antennas articles on this site give some perspective
of how load placement affects radiation resistance.

Q Ranges

The highest Q HF inductors | have measured, at least when operated away from self-resonance, are
copper tubing coils and edge-wound inductors, such as those commonly used in high power tank
coils. The highest Q | have measured in very large inductors of optimum form factor in the HF
range has been near 1000.

Miniductor-type coils have a surprising amount of Q for the wire size, and maintain Q better as self-
resonance is approached than larger coils.

These are the typical ranges of peak Q | have measured:
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HF Q Peak Q at 80% of self-resonant freq

Copper Tubing Coils 600-1100 400-600
Edge-wound inductors  |600-900 400-600
#8 miniductors 500-700 300-500
#12 miniductors 300-500 200-400
#16 miniductors 250-350 200-300
Large #2 mix iron on

1.8MHz 500-600

enameled wire close- 200 100
wound

As | measure inductorsin the future, I'll include pictures and impedance data here.

Final Comments
We should keep the following in mind:

« Optimum form factor varies with application.

« Q peaks at some frequency significantly lower than self-resonant frequency, at self-
resonance Q is zero (the coil appears as a pure resistance to any external circuit). Above that
frequency inductor becomes the electrical equivalent of alow-Q capacitor.

. Linear Loading isreally nothing other than a poor form-factor inductor. The radiation from
the linear loading does NOT change the radiation resistance of the antenna except as the
effective position of the load might change from the direction of fold. In all cases, a proper
form-factor inductor would have less loss, and provide the same radiation resistance.

« Most inductor Q calculation programs overestimate Q.

. Any metal around an inductor decreases Q. Copper or stedl, it often has nearly the same
effect.

. Any dielectric (even low dissipation dielectrics) decreases Q because the dielectric increases
shunt capacitance. This increases circulating currents. The effect is most pronounced as self-
resonance is approached.
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Radiation Resistance

[ Home] [ Up]

Related pages on Antennas , radiation and fields , mobile and short verticals

My 2004 Dayton Hamvention Power Point presentation on Small Verticals can be downloaded
here... DAY TON 2004.

The main points when dealing with small antennas are:

There isno magic bullet or magic cure to make a small
antenna act like alarge one. It all comes down to current
distribution over linear distance.

Small antennas require extraordinary care to obtain high
efficiency.

How do we make a small antenna as efficient as possible?

. First, we make current as uniform as possible over the length of the antenna.

. Second, we use low loss loading such as optimum form (size, length, and diameter) loading
cails.

. Third, we make the antenna as large and straight as possible in aline. We don't fold, bend,
zigzag, or curve the antenna especially in the high current areas.

. We keep the high voltage points (the open ends) away form other things (like lossy earth),
and the high current areas away from other large lossy conductors.

. Most important, we keep current as high as possible throughout the length of the antenna by
using as much capacitance as possible at the antenna ends.

What this does is maximize radiation resistance (while at the same time minimizing loss). The text
below explains how radiation resistance and loss interact.
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Small antennas and radiation resistance

Radiation Resistance

Radiation resistance is probably the most abused and misused term in antennas. The reason it is so
often misused isthe lack of clear definition. When aterm has several nebulous meanings and uses, it
isonly natural that misuses will appear. The lack of afirm well-accepted definition allows meanings
to dlip from one application into another, where atotally erroneous conclusion can be drawn from
what otherwise would be a good formulal

Common Uses

There are two commonly used "correct" meanings of radiation resistance and one totally incorrect
use. The"correct" uses are:

. Theresistive part of an antenna's feedpoint impedance that is caused by radiation from the
antenna

. Thetotal EM power radiated in all directions divided by the square of net current causing the
radiation

Neither of the above definitions include loss resistances of any type! The moment loss resistanceis
included, we have the third commonly used (but totally useless) definition. This definition, which
includes losses, must be considered incorrect because it is comprised of resistances that have nothing
to do with radiation. The misused definitionis:

. Thereal (or resistive) part of an antenna's feedpoint impedance including loss related
resistances.

The correct name for the third "radiation resistance is actually the antenna feedpoint resistance, not
radliation resistance!

Of the above good definitions, the first definition is the most commonly abused through mistake.
The second definition is an IRE definition (albeit a good one that never caught on). In every case l've
seen, it isthe second good definition that always provides the most direct and useful answer.

Examples of Misuse
Folded M onopoles

Folded monopoles probably provide the best examples of misuse of the term radiation resistance.
Quite often, in discussions of folded monopoles, claims are made that multiple drops increase the
radiation resistance and lower losses. The justification for thisincorrect claim is the folding raises
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radiation resistance, and % eff = 100 * Rrad/(Rrad + RI0ss) .

What folded monopole fanatics forget is that all losses must be normalized to the point where
radiation resistance is taken, otherwise the efficiency formulawon't mean a thing!

Let'slook at what actually happens in afolded element, and use it to understand how the poor
definition of radiation resistance causes the misunderstanding.
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Consider the unipole above. Lets assume we short the open terminals, and feed it as anormal
Marconi vertical with afeedpoint at the point where we measure 13. 13 is ALWAY S the vector sum
or in-phase combination of currents |1 and 12. With continuity through each leg, 11 and 12 share all

of the ground current. This happens regardless of where the feedpoint is located in the lower portions
of the antenna.

With /4wl height and a reasonable element diameter, the radiation resistance (fed as atraditional
monopole) would be about 36-ohms.

Assume ground loss, normalized to the point where we measure |3, could be represented by 14
ohms. Applying 500 watts would make current |3 equal 3.16 amperes. Power lossin ground
resistance would be I 2R, or 3.16"2 times 14, about 140 watts. Feedpoint resistance would be 50
ohms. Feedpoint power, as a check, would be 3.16"2 times 50 ohms or 500 watts. With equal
diameter legs, that current would divide and 1.58 amperes would flow in each upper leg.

Let's use the formula %eff = 100* Rrad/(Rrad+Rloss). We have 36/36+14 = .72 so the result is 72%
efficiency, 28% loss. 28% loss times 500 wattsis 140 wattsin ground losses. This matches the
other method just above.

Opening the terminals and feeding as a folded unipole, half of the radiator currentisin |1 while
the other half isin 12. Current is halved to 1.58 amperes at the feedpoint and power remains the
same. The feedpoint resistance now becomes 200 ohms. We can confirm thiswith | squared R, or
1.58"2 *200=500 watts. It all works out great so far!

Now let's M1S-use the same efficiency formula, like Orr does in his Handbook and othersdo in
various places. We would have 200/200+14 = .9346 or 93.46 % efficiency.

We know we still have 3.16 amperes flowing as |3, and we know ground resistance is still 14 ohms
(normalized to the point where |3 is measured). |-squared-R losses are 3.16"2 * 14 = 140 watts! We
have exactly the same power |oss.

Let's transform the ground oss value that was normalized at 14-ohms where 13 is measured to the
feedpoint by the same impedance multiplication as the feed resistance, or 1:4. We'd now think
ground resistance would be 4* 14 = 56 ohms. 56 ohms of the feedpoint resistanceisloss. Trying that
same efficiency formula, we get:

144/144+56 = .72, or 72% efficiency!!! Now everything checks out fine.

The Common Mistake

Orr and others have used the first definition of radiation resistance, the portion of the terminal
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resistance of the feedpoint responsible for radiation. Unfortunately they failed to normalize ground
losses to the same point where the radiation resistance was taken!

We can not use aformulathat is based on everything being normalized to one point, unless we
actually do that for every term in the formulal

Thereis no change in efficiency when the NET radiator current remains the same, and when ground
current remains the same. It is pathological engineering to think otherwise.

Using The Second Definition

If we use the second | RE definition of radiation resistance, where the effective current causing
radiation is compared to power radiated, we find nothing changes. A folded dipole or monopole has
the same radiation resistance as a regular dipole or monopole the same size, and a small loop has the
same radiation resistance regardless of turns.

The magic vanishes along with the incorrect definitions and perceptions.

Y ou can read about this in textbooks. The "Antenna Engineering Handbook™ by Jasik in 3-13, 19-3,
and in other sections uses correct definitions and descriptions.

Quad'sand other L oops

We find the same efficiency misconceptions in articles about small loops and large quads. Authors
sometimes assume, incorrectly, radiation resistance changesin afavorable proportion to loss
resistance as we make the feed impedance increase. What we really are doing is placing the
feedpoint in series with a smaller portion of NET current causing radiation.

With alarge full-size quad element the pattern under some conditions will slightly change, but
efficiency remains basically the same. With a small loop antenna, losses can actually increase with
more turns!

Terminated Folded Elements

Another abuse of radiation resistance is found in terminated antennas. Some manufacturers and
authors claim aresistance can be inserted in series with one leg of afolded monopole or folded
dipole, and the other leg fed. The usual arm-waving claim is the antennaisn't really resistor loaded,
and that efficiency is very good because radiation resistance is high.

That claim is absol ute nonsensel
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A large terminated Rhombic is well-known to have poor efficiency. Rhombic gain is actually low
compared to other antennas having the same sin/sin x antenna pattern, because Rhombic efficiency is
generally less than 50%. At least half of the power is consumed in termination and ground losses
below the antenna. The actual gain may be reasonably high compared to a dipole, but not to other
efficient antennas with the same half-power beam width.

The typical manufacturing buzz-word is that terminated monopole and dipole antennas are "traveling
wave antennas' and by some magic (that even large terminated Rhombic antennas can't achieve)
have broad bandwidth and high efficiency.

A Rhombic focuses energy (that is not transformed into heat) into a narrow beam that has
considerable gain, but if it sprayed the radiation around in a non-focused pattern, a regular dipole
would win hands down. Throw aresistor on that dipole to smooth SWR variations, or on avertical,
and efficiency suffers.

| listened to a station on 75 meters 600 miles away testing a Sommer T-25 vertical. He was 30 over
nine using a dipole, and dropped to S6 with the vertical. The European he was working reported a
similar change. By removing the termination resistor and base-loading the same vertical, alocal Ham
gained aimost 25dB on 80 meters!

When we abuse or misuse radiation resistance, we can invent all kinds of magical antennas. We can
have CFA's, E-H antennas, terminated dipoles, small magnetic loops, and verticals with all sorts of
magical claims. Few, if any, of the claims are ever correct. Any time we see a claim that efficiency
changes alarge amount because of feed method change, it should be ared flag.

| ncreasing Radiation Resistance

Radiation resistance, at least under the useful IRE definition, can be defined by the following
formula

I—IE2

A

Rrad = 160 70

which would trandl ate to:

I—IE:2

A

Erad := 1580

Where He is the effective height center of accel erating charges that cause radiation. In other words,
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He isthe effective height, expressed in fractions of awavelength, of the distributed common-mode
current in the structure.

(Common-mode current is the vector sum of all currents, or the effective in-phase current at any
point, or the current we would measure if we placed a giant clamp-on current probe around ALL of
the conductors at that any given height.)

Heand * must both be in the same units, either given as degrees or decimal fractions of a
wavelength.

As an example, a uniform current single conductor antenna has an actual physical height of 15.19
feet on 1.8 MHz, where one wavelength is 546.67 feet, the effective height is:

15.19/546.67= 0.0278 wl

Since charges are distributed evenly throughout the structure the full height is used. The effective
height is .027 wl, the same as the physical height. The height in electrical degreesis.0278 * 360 =
10 degrees

We have aradiation resistance of:

He = 0278 A=
2
Rrad = 16072 |2
A
Erad =122

We can express this graphically in a chart, such as one found in the Antenna Engineering Handbook
by Jasik:
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Finding 10-degree height on the graph above, and following that line until we reach the crossing for
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unity current ratio, we see the ~1.27 ohm radiation resistance is in agreement.

Notice that the number of vertical conductors does NOT enter into the equation! Thisis the absolute
maximum possi ble radiation resistance we can obtain for a given radiator height.

Non-uniform Current

Radiation resistance is purely afunction of the effective current distribution and height of the
radiator, and is limited by height (spatial length)! Current throughout the antenna will not remain
uniform if we reduce the size of the flat-top or hat.

Current will become zero at the very top with no hat, and 100% base loading. In this case, with no
change in height, radiation resistance will be approximately 1/4th the value of the uniform current
example. The result is exactly like a 50% reduction in effective element height.

If we follow the 10-degree line to the intersection point with O top current, we find radiation
resistance to be around .32 ohms. 1.27 ohms, the radiation resistance for uniform current, becomes
1.27/4 or .3175 ohms.

If we stay on the uniform current line, we find that .3175 ohms would be the radiation resistance of a
5-degree monopole with uniform current.

Efficiency
It often helpsto look at the extremes, so we can get afeel for the effect of changes.

Let'slook at the poor ground extreme and assume we have system losses, normalized to the current
maximum, that are many times the radiation resistance. This would be the case for a short 160 or 80
meter mobile antenna.

In such a system radiation resistance would dominate any change that would affect efficiency.
Current distribution would mean everything to efficiency.

Assume we have a base |oading coil, either good or poor, and a thin mobile whip above the coil.
Efficiency would increase by afactor of approximately four times by installing a capacitance hat
with several times the distributed capacitance of antenna conductors below the hat.

Moving the coil would have little or no effect on efficiency.

A six-foot antenna with alarge hat would be electrically equal to a 12-foot antenna without a hat.
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Thisiswhy very poor inductors used on antennas in mobile shootouts, with large hats, equal or beat
very large high-Q coilsin similar height antennas that do not have large hats. One case in mind was a
Hamstick lash-up in amobile. The Hamstick, a notoriously poor efficiency antennafor 75-meters,
soundly trounced Bugcatcher antennas when alarge hat was added to the Hamstick.

Moving the coil up on the antenna has the effect of making current below the coil uniform, but
without a hat current above the coil isatriangular taper that reaches zero at the element tip. The
effective height of the area above the coil is 50% of actual height.

If we add alarge hat at the bottom of the whip, current in the whip is actually reduced! At the same
time, we change nothing below the coil. The effect of adding alarge hat below the whip is to reduce
the effective height of the antenna, when considered as a percentage of physical height. Radiation
resistance and efficiency is generally reduced by adding a hat just above a cail, even if the hat allows
usto use asmaller coil!

Adding alarge hat at either end of a coil also reduces coil Q, since alarge portion of the hat
capacitance directly shunts the inductor.

Conclusion
We can reach the following conclusions:

. Radiation resistance, or at least the useful definition of radiation resistance, is limited by
gpatial area (or height in the case of a vertical) any antenna occupies.

. Radiation resistance is maximized by making current as large as possible over the entire
spatial area of the antenna.

. Surrounding objects generally reduce radiation resistance and efficiency, even when they are
NOT resonant, because they reduce effective height! Thisincludes dielectrics that increase
capacitance of the antenna to ground, since any increase in capacitance appearing well below
the top of an antenna reduces effective height.

. Radiation comes from charge acceleration, nothing else. The longer the linear spatial distance
we move charges in, the fewer charges we need to move at any point for the same amount of
EM radiation. Thisisjust another way of saying radiation resistance is higher in physically
longer structures, especially when they carry uniform current.

. Any antenna (including Linear Loading, Helical Loading, Folded Monopoles, Fractal shapes,
CFA, E-H, and so on) claiming to increase radiation resistance beyond the limits outline
above is based on misunderstandings or untrue distortions of basic antenna principles.

This page has been visited ﬂ@@ times since June 12, 2004
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Radiation and Fields
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We tend to think of electric, magnetic, and radiation fields as physical "things"...much like an element would bein
chemistry. This can cause problems!

One popular (but incorrect) assumption is we can combine, mix or blend fields into another field. After al.... we have
electric fields...we have magnetic fields...surely we can mix them and create an electromagnetic field. Thiswould
have a distinct advantage, because we all know nearfield losses are higher than farfield losses. We know the farfield
field ratio (or field impedance) is set by the media the wave propagates through. With reasonably dry air or vacuum, at
normal radio frequencies, we know the impedance is 377 ohms. Why not just mix the two fields and create the third
field without all that needless nearfield l0ss?

If, in our mind's eyes, we can mix fields the next logical step would be to conclude we can separate, filter, or sort them
out whenever handy. If we have a problem with electrical interference, we can just eliminate the electric field. If we
have a problem with field intensity (defined as volts-per-meter) causing problems with the neighbor's VCR, we can
reduce the electric field and cure the problem. After all, it is electrical interference, isn't it?

We logically might assume, just by name, we can mix the various fields and make a new field. We logically might
assume we can split the combined fields back apart if we don't like what is happening to one of them.

Unfortunately, none of the above istrue! The above conceptual problems started at the very beginning, because we
assumed fields were physical things like building blocks. They aren't.

Fields are really just mathematical descriptions of forces between charges. We have three simple conditions that
create physical forces between charges. They are electric, magnetic, and electromagnetic (radiation) forces. They are
all created by distinctly different physical actionsin a system. We can't mix the various names for effects resulting
from acertain physical condition and create a new cause! Fields describe effects, they don't create the causes of those
effects!!!

Electric Field

Electric field describes aforce created by uneven charge distribution. Nature wants charges to be evenly distributed,
she can only take so much piling up of chargesin one spot! The force between charges, caused by nature trying to
balance or even the distribution of charges, is called an electric field.

Uneven charge distribution goes hand-in-hand with a voltage difference between two physical points. We can
obviously can have adifference in charge distribution in insulators as well as conductors. A comb, "charged” by
running through our hair (if we have any left), can have an electric field. The force of thisfield can pick up tiny bits of
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paper, as nature tries to equalize the charge distribution. The terminals of a battery have an electric field between
them, and when we place a conductor in that field the charges try to equalize. Another example would be an antenna,
where a voltage difference (uneven charge distribution) between two points creates an electric field.

Any difference in charge distribution, whether the charges are "moving" or standing, causes a physical force. We
name this effect an electric field, and describe it mathematically in volts over agiven distance. Thisfield (or force)
decreases rapidly with distance.

Magnetic Field

Magnetic field describes aforce created by moving charges. When charges are moving, they exert aforce on al other
charges around them. We call this effect the magnetic field.

One example of amagnetic field is a conductor carrying current. Perhaps it is awire connected between two terminals
of a battery. Another example would be a RF-current carrying conductor in an antenna.

Any movement of charges causes a magnetic field, and somewhere rooted in the creation of that magnetic field is an
uneven distribution of charges causing an electric field! Once again, thisfield (or force) decreases rapidly with
distance.

Electromagnetic Field

An electromagnetic field is created whenever charges are accelerated. Acceleration occurs whenever acharge
changes direction or velocity. When a charge accelerates, all the other charges in the universe feel aforcetrying to
make them move. The only thing that stops that force from going on forever isif another charge (or combination of
charges) accelerate to create an equal but opposing force. We call the velocity at which this force ripples through the
universe the speed of light.

One example of electromagnetic fieldsisin an AC current carrying conductor, like a power line. The time-varying
voltage causes charges to move back and forth, and the change in velocity and direction causes the effect called
electromagnetic radiation.

It is plain to see why our antennas have al three fields, and why we can communicate so well over large distances
with low power. While the electric and magnetic induction fields drop off rapidly, the (initially) much weaker
electromagnetic radiation field goes on until something cancelsit. It isthe radiation field that allows usto
communicate, not the electric or magnetic induction fields!

Near the Antenna

Near any antennafields are a complex mixture or " soup" of various effects from charges. Charges are almost always
moving in multiple directions and over various distances, when viewed from distances close to the antenna. It isn't
aways easy to understand what actually is happening very near antennas ( where the area of the antennais large
compared to the distance from which we observe the effects of charges). Near the antenna, pattern and field
impedance is generally nothing like we might intuitively imagine!

It isthe responsein this area, generally within A/10 distance from the antenna, that small "magnetic loop" and

http://www.w8ji.com/radiation_and_fields.htm (2 of 6) [9/6/2004 9:25:12 PM]



radiation and fields

"electric dipole" antennas get their names.

Very close to the high-current area of a small loop antenna (but not near the open ends, because that is where the
electric field dominates), the magnetic field dominates. Magnetic fields are mathematical descriptions of forces
derived from moving charges, or current flow. This effect, when large compared to the electric field, is sometimes
described by saying the "field impedance” is"low".

Conversely, near asmall dipole or monopole with high voltage and little current, the electric field dominates. The
largest force is from the very high open-end voltages, and very uneven charge distribution. We might say such an
antennahasa" high field impedance" in the area where the electric field dominates any forces cause by moving
charges.

In al of these cases, if the antennais electrically small, the dominant fields apply only within approximately A/10
distance from the antennal

Aswe move out further the weaker radiation field, because it is attenuated less with distance, starts to have a
noticeable contribution to the charge forces. Because the phase of the fields (fields are away of describing effects) is
different at the antenna, the sum of the effectsis different with distance. At some distance the low field impedance of
asmall loop becomes high, and the high field impedance of a small dipole becomes low!
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Since the distance of awavelength in the above graph (thanks W7EL ) is 100 meters, we can also considered the
bottom scale as a percentage of awavelength. We can see at about 11 percent of awavelength (which would be about
50 feet on 160 meters), there is no difference in field impedance between asmall loop and asmall dipole. At distances
beyond 50 on 160 meters, the loop actually has a higher field impedance than adipole.

Losses

None of this has anything to do with losses being high or low in small antennas. Losses are directly related to the field
density, and when we are close to any antenna the fields are very intense. Losses are not afield ratio problem, they are
afield intensity related. In very small antennas, virtually ALL of the losses are related to reactance canceling and
resistive losses in the antenna and any lossy media around the antennal

We also must be mindful of the painful truth that we can not take either field to zero, or all radiation stops. By
definition, radiation is an electromagnetic wave. We can't modify the field impedance of an antenna without changing
the voltage and current distribution of the antenna.

Nearfield

The nearfield areais an area where the ultimate pattern is not fully formed, and where induction fields (from charge
distribution and charge movement) have a noticeable effect.

It is possible, with large arrays of small elements, to be out of the induction field region but still find the area called
the "nearfield" area or zone. Let's consider individual groups of elements as "cells’, and the array a combination of
small directional cells occupying avery large physical area.

Each cell hasformed aradiation field. Depending on the size and type of radiator in each cell, the induction fields that
charge distribution plays arole in may be attenuated so much as to be negligible, yet the radiation pattern of the entire
array may not be totally formed.

Thisis the case with my phased Beverages and phased verticals, where the individual antennas making up the array
are so distant that the effects of charge distribution (electric induction field, sometimes called the electrostatic field) or
steady movement (considered at one infinitely brief instant of time, or magnetic induction field) have no effect. For
example, at about 1 wavelength distance the electric and magnetic induction fields are negligible from either my circle
of eight verticals or 780-foot Beverages, yet the pattern of the overall array established by the phasing of multiple
cellsisnot fully formed. The pattern would only be fully formed several wavelengths from each array, where the
distance between cells or elementsis asmall fraction of the viewing distance.

The total pattern of two 780-foot long Beverages spaced 350 feet apart is not fully formed even at distances of several
thousand feet, yet nearfield induction effects are totally gone at much shorter distances. The field impedance is
established, yet the antenna pattern is not.

The nearfield generally refers to or includes the area where "static" or induction fields still have a noticeable
influence.

http://www.w8ji.com/radiation_and_fields.htm (4 of 6) [9/6/2004 9:25:12 PM]



radiation and fields

Fresnel Zone

The Fresnel (fre-nel, no"'S" sound) zone is the areawhere pattern is still being formed. It may or may not include
induction field areas.

Physically large arrays almost always have a physically large Fresnel zone. Even simple omni-verticals have a Fresnel
zone extending out a few wavelengths. The field impedance may or may not have already been established in the
Fresnel zone.

Y ou may have heard about Fresnel zones during discussions of vertical antennaloss at low wave angles, or Fresnel
lenses for lighthouses or other beacon lights.

Farfield

The farfield is the area where any changes in distance result in no noticeable change in pattern or field impedance.
Losses are lower in the farfield area because field density is lower, not because we call it farfield.

Summary

Therereally isn't a clear distance where certain effects just abruptly stop. Transitions are smooth and gradual, because
transitions are the result of distance....nothing else. These regions of effects are all distance related, and caused by the
three distinct effects of charges moving, charge distribution, and charge acceleration.

Even if we could somehow make the field-impedance a certain value or electric and magnetic effects aratio equal to
farfield ratio, it would not eliminate or in the slightest amount reduce nearfield |osses!

Losses are only related to the density of fields in any given media or environment, and nearfield or Fresnel zone losses
decrease with distance because of the lower field intensity in any given lossy area, or wider cross-sectional area of
lossy media carrying the same energy.

Larger antennas, in general, have larger boundary areas for electric and magnetic fields. With wider boundary areas,
the system has less-concentrated fields and charge effects. Very small antennas of any type obviously have very
concentrated fields, and the high field density or concentration of current or voltage in conductors are at the root of
increased loss. The concentration of energy in asmall areaisthe real reason losses are generally much higher in
smaller antennas, and this has little or nothing to do with field impedance!

We can not mix fields and create a different field and make a small antenna become an "artificial large antenna*, nor
can we "filter" fields and remove the electric field to reduce electric noise.

This page has been visited E]E]E] times since June 12, 2004

©2000-2004 W8JI
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Traps

[ Home] [ Up]

Thisarticleisfrom atalk | gave about antennatraps. It contains measurements of traps,
performance of trap antennas using models of traps, and ideas on how to make trap antennas
more efficient.

Try taking this Trap-Q test! Be honest.

1) Isit best to make the trap resonant close to the desired operating
frequency?

2.) Doesbandwidth decrease with increasing trap Q?
3.) Dotrapscreate noticeableloss, perhapsone dB per trap typically?

4.) Doeshigher trap operating Q always mean lower 10ss?

Coaxial Trap Designer by VEGYP (Tony Fields)
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Coaxial Trap Design

Drezagn Paramelers
Frequency: '||’ {40 mHz
Lipats -
Fom Ciameter ﬁ richas = ks
Coss Ciameter.  |0155 nchar f+ Hrlizh
Capactamce:  [25.000 | pFffosl
szﬂﬁ | Belden 5311 RGSE AN =
Calculaled: Tums: |5 42 R i wH

Collengthe [106  mcher © [i854  oF
Cosslenglh  [53 a2 riches ¥ [1E118 chire
End Sermhily.  [5847  kHzfinch
TunSensivity  [147.23  kHz/inch
Length/Diameter: [0 23 Hep | out |

Thisisa good program to
get you in the ballpark
with atrap design. It was
available asfreaware.
(Unfortunately coaxial
trapsarerelatively lossy on
the trapped frequency
compared to other types.)

The software is available at http://member s.shaw.ca./vebyp/index.html

7.04MHz  3.5inch diameter form RG58/U into the VEGY P program
yields calculated values of:

Calculated Actual M easurement
L= 3.689nH 3.116mH
C=138.5pF 164 pF

64 inches 59 inches
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Using the program TLA by N6BV (from ARRL), wewould estimate
capacitance of a 59" RG-58/U cable as:

R .22 —j143.61 or about 157 pF (Q=650)

Measuring areal-world stub, capacitance was 164pF (Q=590).

While that Q seems high, remember atypical transmitting-type air-variable capacitor has a Q of
severa thousand!

Coaxial Trap Articlesand Programs use capacitance/ft multiplied times
length....

26 pF * 4.917 feet = 127.84 pF in trap program

C164 pF measured. Thiserror, 36pF low from 164pF, occur s because the
transmission line making up the " coaxial capacitor" isnot actually treated

asatransmission linein the modeling program.

Fortunately the error isin a useful direction, because we can shorten the
cable! Coaxial capacitorsarereally open stubs, and should be treated that
way once they are more than a few degreeslong.

CONCLUSION: The difference between TLA and an actual measurement
was around 4%. Thisisvery close, but the result has significant difference
from the coaxial trap program since it only considers pF per foot asthe
capacitance. A longer cable (in fraction of a wavelength) resultsin greater
error by using pF per foot. The error comes because a coaxial cable capacitor
isreally a stub, NOT a pure capacitor!!
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Trap Measurements (at resonance)

ype FMHz R X
parallel
Coax RG-58 7.034 17,800 |0

UT-141-75semi-rigid [7.045 45330 0

100pF 7.5kV & #12 [7.040 99,850 0
WIr e

60pF 15 kV & #10 7.040 250,000 0O
WIir e

60 pF vac & Copper [7.040 (300,000 0
tubing

Coax RG-58 3.700 23,200 [0

Coaxial with fixed 7.040 21,660 |0
mica capacitor
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Highest R parallel equivalent isbest!! Lower Rp means
mor e | 0ss.

Trap Measurement summary:

. Coaxial trap poorest

. Once #10AWG wireisused, not much improvement

. Space-wound bare wire makes best inductor

. Transmitting-type capacitor s noticeably better than capacitors

made from coax

10 Meter (Tribander) Traps

Type Freg R X
parallel
Coax RG-58 29.00 [13,800 |0
Mosley TA-33 30.64 43,100 0
Mosley Pro-57 2746 166,080 |0
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Cushcraft A3

28.78

110,000

HyGain TH-3

29.6/

140,200

Traps are not al that bad when you plug them into models.

15 Meter (Tribander) Traps

Type Freg R X
parallel
Coax RG-58 21.00 13,980 0
Cushcraft A3 21.43 76,270 0O
Mosley TA-33 21.68 (79,000 0O
HyGain TH-6 22.23 142,000 0
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Trap Model

R L

Measured ValuesCoax 7 MHz Trap

Freg [Imp R Xc Q L uHCpF

7.04 (17,800 jO [1.03 |138 (134 3.114/164
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37 11 j97 |6 283 88 3.114‘152

Measured ValuesL/C 7 MHz Trap

Freq |mp R Xc Q |L |[CpF
uH

7.04 99,850)0 |36 215 465 4.92 105

3.7 0.53 | 25 409 294 4.92 105
156

SWR Bandwidth
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INF

n

SR

3.9 Freq MHz 4

Fre 3.7 MHz Source d 1
SR 1.14 In 75 ohmes

z 8354 + j 2,565 oFemsE
Refl Coaff 006754 at 1277 dey

7MHz RG-58 TRAP

80 m 75 ohm VSWR

EZNEC #12AWG dipole

Coax trap 80m 2.1 VSWR ~210kHz

Total trap loss= 0.05 dB

RG-58 TRAP, 75 ohm VSWR, 40 METERS
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VSWR BW

"‘.'JF 1 I : 1 1

Freg T 105 Witz Spixced
SR 132 In

z 9911 = 0.5849 ohms
Riefl Coaff 01385 at 1.2 degy

Coax trap 40 meter 2.1 VSWR ~80kHz

75 ohms

Total coaxial trap loss at resonance on 40m= 1.6 dB

Total coaxial trap loss 100kHz off-resonance (at 7.15 MHz)= 1.06 dB

Note that loss is maximum at trap resonance!!!

Never make atrap resonant on the desired operating frequency!!
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W2LH ARRL Handbook Trap Design

100pF #12awg Miniductor trap

INF

Freg 7075 WHz Sowced
SR 114 In 75 ohims
I 7773 +]9.703 ohimg

Refl Coaff 0DE5ET st 7064 deq.

40m 2.1 VSWR ~120 kHz

Total loss=0.24 dB

W2LH ARRL HANDBOOK TRAP 80m
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VSWR

INF

in

SWH

15t
11t
"I I L L L i L I i
35 Freq MHz 4
Freg J55 WHEZ soirce ¥ 1
SR 147 Z0 75 ohime
z 7953 -1 11 05 ofms

Refl Coati 007707 at .63 .59 dey

80m 2:1VSWR BW ~ 200 kHz

Total trap loss=0.026 dB

What happensif trap isnot in band?
VSWR Bandwidth of 6.51MHz trap in 80/40 dipole
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1

730001
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Freq MHz
0

0.324 dB

T8.32 +]1.237 ohimg

TA0D WHz
1.047

35
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Refl Coaff 002312 st 1997 deg.

Freg
SR

z

6.15 MHz Q=130 TRAP 40m VSWR

Thisisa 104-foot long antenna, with very poor Q traps, and lossislessthan .4dB! Thereason lossis

low iswe have moved the trap dlightly out-of-band.

Trap at 6.51 MHz Q=130
Lossat 7.15 MHz =0.314 dB

Lossat 3.7 MHz
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INF

T Freq MHz 7.3
Freg T MHz Sopiwced
SR 1E In 75 ohmes
z V8.7 -] 36 25 ohms

Refl Coaff 02307 at -T09 dey

7MHz2:1VSWR BANDWIDTH ~200kHz

Trap Q at resonance=130 7MHzloss~.3dB

6.15 MHz Q=130 TRAP 80m VSWR
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INF

75 ohms

Source ¥

In

Freq MHz
NO! Lossis highest when the trap is resonant at the operating frequency!

0.324 dB

Isit best to makethetrap resonant closeto the desired operating frequency?

Does bandwidth decrease with increasing trap Q?

78 - | 5387 ohifs

3075 WiHz
1084

15
NO! Bandwidth is afunction of many variables, trap Q actually has one of the smallest

influences on BW.

2)

1)
http://www.w8ji.com/traps.htm (15 of 16) [9/6/2004 9:25:19 PM]

Riefl Coaff 000026 &t -58 51 degy
Lossat 3.7 MHz

Freg

SR

z

80M 2:1 VSWR BW ~130kHz



traps antenas

3.) Dotrapscreate noticeableloss, perhapsone dB per trap typically?

NO! Even the worse traps (coaxial traps) in the worse possible condition of operation are only
1.6dB lossfor BOTH traps!

4) Doeshigher trap operating Q always mean lower 10ss?

NO! Loss depends on many factors, including trap resonant frequency.

Conclusions:

. Traploss has been greatly exaggerated by advertising hype

. Traps should not be resonant at the actual planned operating frequency

. Coaxial traps are more lossy than articles conclude

. Coaxial stubs used as capacitors can not be calculated using pF/ft unless the stub isavery
small fraction of awavelength long (less than afew electrical degrees)

. Coaxial stubs have low Q (are relatively lossy) compared to normal lumped components.
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Building a Current Meter

[ Home]

It takes a special meter to measure current accurately in the presence of strong
electric fields, and to not disturb low-capacitance high impedance systems. The
meter described below is suitable for measuring RF current accurately in high
voltage applications, such asshort antennas. It isalso accuratein normal
applications

Anather current meter project link (not suitable for mobile antenna measurements, however!)

http://www.ifwtech.co.uk/g3sek/clip-on/clip-on.htm

Low Capacitance, Voltage Immune, RF Current Meter

The meter is constructed with a 100uA all plastic case meter. The meter scaleis plastic. The movement and all
metallic areas are small. The lack of large metallic components minimizes stray capacitance added to the circuit
under test by the proximity of the current meter.

L ow capacitance ensures the meter has the least possible effect on the circuit being tested.

Thismeter hasa 1.5" toroid current transformer on the rear. Just behind the meter is a calibration pot and al the
circuitry. Thetoroid and circuitry is hot-melt glued to the meter with only the screwdriver calibration pot exposed.

| did not add a Faraday shield because the shield would increase the capacitance. Since this entire meter floats
above ground, there is no need for a shield anyway, balance is not critical.
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Building and calibrating alow capacitance RF current meter

- ot

The meter has alow threshold Schottky diode detector, a seriesresistor for calibration, and standard .1uF bypass
capacitors.

S0k 47K
T1=20t " " "
Rap— » A —e
[
1" —1n -, 100ua
g*llillil e =) Meter
F1
| L L

T1isacurrent transformer. When the single turn primary (awhip or mast) has 1 ampere, the secondary will have
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.05 amperes (inverse of the turnsratio). R1 flattens the response and limits the voltage. With 100 ohms we have
.05*100=5 volts RMS. The peak dc voltage is 1.414 times 5= ~7 volts. Cl is afilter capacitor for the RF pulses, R2
and R3 set the FS range. With 100uA meter the resistance is 10,000 ohms/volt. 7 volts requires 70K ohms, which
will be approximately midway on R2.

Dissipation in R1 is .25 watts from .05 amperes (T1 current) times 5-Vrms (secondary voltage of 5v with .05a
flowing through 100 ohms).

Calibration

The meter istracked in atest fixture for linearity. The actua fixture used is shown below.

FORWARD REFLECTED
ELEMENT
RANGE

25 .
.10 %

)

5

The test fixture consists of two UHF female connectors soldered to a sheet of PC board. Thereisasingle #16
Teflon wire running between the center pins.

Note the numbers"2" and "B3" on the meters. My elements and meters have calibration charts that correct for
linearity errorsin tracking and readings. In this case I've applied 50 watts to a precision 50 ohm load, making wire
current 1-ampere.
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The meter is calibrated and scale was tracked from 1 ampere down to .2 amperes.

FS accuracy is not required in comparison measurements, since the meter references against itself. Linearity within
afew percent isimportant.

This type of meter is much more reliable and linear than thermocouple RF ammeters, and perturbs systems much
less. Stray capacitance added to the system being tested is very small, because only the proximity of the meter and
the compact wiring area. Contrast that to actually connecting a meter in the line with the associated lead lengths
and capacitance of the meter itself, and the advantages of atransformer coupled meter become apparent.

Back to Mobile and |oaded antennas.
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RRAA post

[ Home]

| really begrudge the necessity of posting once more on this newsgroup,
and particularly on this thread. However, I'm dismayed and disgusted by
postings being made by Y uri and Cecil in other forums in which they're
claiming that measurements | made agree with theories and predictions
they allegedly made, and that my measurements therefore validate their
theories. (A quick scan of this thread shows that they even made the
false claims here, after | had quit posting.)

One of the postingsis the following, made by Y uri on the eHam TowerTalk
group, Nov. 21, topic "Trap Resonance'":

"Why don't you mention what W5DXP came up as explanation for Tom's
errors, why don't you mention what W7EL measured and that it was what |
predicted based on available information and was right on - the 5%
difference for the base loading coil ?"

and this one, posted by Y uri on the EHam.net forum topic "Re: Current in
Antenna Loading Coils" on Jan. 7:

"I will leave it here, astherest of it. W7EL, author of EZNEC measured
toroid coil and found that it HAS different current at its ends, roughly
proportional to the part of antennathat it replaces.”

and this one, posted by Cecil on that same group on Jan. 12:

"Roy's data clearly illustrates the phase shift through the cail .
ARCCOS(lout/lin) gives an estimate of the phase shift (assuming
forward current and reflected current are of equal magnitude).

In Roy's experiment, lout/lin was about 0.95. ARCCOS(0.95) equals
18 degrees, an approximation for the phase shift through the

coil."

Asyou'll see below (or by looking up the original thread), the first of

my two measurements, for an antenna shortened an equivalent of about 18
degrees, resulted in 3% current attenuation across the coil (not 5%),

and zero phase shift (not 18 degrees). The second test, where the
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antenna was shortened more than 33 degrees, measured 5% current
reduction and no phase shift. The method used in the above quote
predicts more than 16% amplitude reduction and 33 degrees of phase shift
for the second test. There'sno way my data "clearly illustrates"

Cecil's explanation. To say that it doesis a pure fabrication.

| feel compelled to respond to these fabrications, and put the record
straight. I'll do it here, since thisiswhere my measurements were
originally posted.

| made two sets of measurements of the current into and out of a

toroidal inductor at the base of a vertical antenna. The details of the
measurement method and the measurement results were posted here, on this
newsgroup, on this thread. Pictures of the setup were posted on my web
site, with alink posted here.

Before | posted each set of measurements, | asked for predictions of the
results, so that alternate theories could be tested. (I was criticized

for doing this-- it seems that the preferred method of testing a theory
Isto look at the results first, then adjust the theory to fit.) Y uri

made a prediction (actually, two different ones) for the first set of
measurements that didn't accurately predict the results. When |
calculated the predicted result for the second set of measurements using
the same method he had used for the first prediction, he retracted any
claim that the method would be valid. (Exact quotes are below.) He
didn't make any prediction at all for the second set of measurements.

Cecil made a number of vague predictions which he later contradicted or
retracted. At the time the second set of measurements were posted, he
had made no prediction at all.

Perhaps Y uri and Cecil have, after the measurements were posted,
developed theories to explain the results. As of the time the
measurements were posted, they hadn't. I highly recommend that anyone
considering their alternative theories to find where they have

calculated the results which agree with my measurements (particularly
the second one, which was designed to produce a testable difference),
and how they derived the equations used for the calculation.

Following is a summary of some of the exchanges between Y uri and me on
thisthread last November. The entire thread, "Re: Current in antenna
loading coils controversy" and variants, is available for viewing at
groups.google.com.
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Here'swhat really happened. The following quotes are directly from the
google archives of the rraathread.

| made two sets of measurements. The first had the inductor connected at
the base of a 33 foot vertical. But the vertical was mounted about 1/4"
from afour foot pipe, which reduced the base reactance.

Here, | was asking for predictions for my FIRST measurement -- the one
with the vertical mounted on the pipe.

Y uri posted on Nov. 9:

"In that case,

If the feedpoint current was at O deg of the radiator length, and coil
replaces 18 deg of wire, the cos 18 deg = 0.951 which should make
difference, drop in the coil current 5% (or half, 2.5 deg?)

Providing current maximum is exactly at the bottom end of the coil."

and later on Nov. 9:;

">Incidentally, | take it that your prediction for the setup | did measure
>includes an 18 degree phase shift of current from input to output of the
>inductor?
>

>Roy Lewallen, W7EL
>

Yes, | used Cecil estimate/calculation and taking
cos 18 = 0.951056516 which is 4.8943483%"

So now we have his prediction, using the "cosine rule". The measurement

| made showed about 3% current reduction from input to output, but with
about 2% (the same amount within measurement error) also occurring when
the antenna was replaced by a series resistor and capacitor -- that is,

no antenna at al. So the 5% prediction was wrong. His prediction of 18
degrees phase shift, which wasn't present, was also wrong. When asked

for the justification for the "cosine rule", he never offered any, so

its origin remains obscure.

However, | saw that the value was too small to be convincing, whichis
why | devised the second test. The second test used a more ideal
antenna, with more of the antenna being "replaced" by the inductor. The
"cosine rule" would predict more than 16% reduction, and more than 33
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degrees of phase shift.

Before | gave the results from the second measurement, | posted the
predictions which had been made, as | understood them. Since Y uri had
invoked the "cosine rule” for the first test, | naturally assumed it

would also apply to the second. (Thisis simply applying the equation
Yuri used in his Nov. 9 posting to the second antenna setup. It's also
the equation now being used by Cecil, as shown in his quote from the
eHam group.) So in my posting | said:

(Quote from my posting on Nov. 11):

"**Y uri's method predicts a reduction of output current magnitude of
16.5% and a phase shift of 33 degrees."

to which Y uri responded, also on Nov. 11:

"It is not my theory. My argument with W8JI and his followers: isthe
current in typical loading coil in quarter wave radiator same at both

ends or does it drop with distance from the feedpoint. | have made
temperature observations, WOUCW measured the difference, W5DXP provided
some explanation. Based on Cecils analysis of data you provided, and on
my understanding of the phenomenal guestimated drop in current in your
setup. No theory, no mathematical procedure (yet) just attempt (using
degrees replaced by coil in aradiator) at explanation of what is
happening. | will measure things myself, try to verify previous
measurements and then come up with conclusions and "theory". So far
Cecils (and ON4UN book) theory seems to be closest to the truth. . . "

So now, Y uri has disclaimed the "cosine rule". /He made no other
prediction of the results of the second test./

In summary, Y uri first stated that the "cosine rule" can be used to
calculate the current drop. That would have predicted over 16% current
reduction in the second test. Then he retracted his claim that that
theory would work, before the results from the second test were posted,
and never made any other prediction. He never predicted the 5% result
which was measured, as he's now claiming.

And if you can find anumerical prediction anywhere in the thread which
Cecil made and stayed with, my hat's off to you. $100 goes to the first
person who can point to any prediction made by either Y uri or Cecil
before the second measurement results were posted that predicted second
measurement results of 5% magnitude and zero phase shift. (In the case
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of Cecil, thiswould have to be a prediction that wasn't later modified
or retracted before the second set of results were posted.)

My measurement results are consistent with the fact that the currents

into and out of a physically small inductor are equal. The small

magnitude difference | measured can be explained by stray capacitance on
the order of 7 pF from the output to ground and/or the probe -- not an
unreasonable amount to expect. In no way do my measurements support the
odd theories being proposed by Cecil and Y uri, and any statement that

they do is completely false.

Roy Lewallen, W7EL
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Coaxial feedlines, currents in feedlines and shielded wires

Coaxial line and shielded wires

[ Home]

related pages at antennas

Concentric Transmission Lines (Coaxial Cable)

When the shield is more than several skin depths thick coaxial cables, single-wire shielded cables, or concentric lines become the
electrical equivalent of three wire concentric transmission lines. Electrical rules require the center conductor and inside of the shield
to always carry equal and opposite RF currents.

. Center Conductor s,

-

&
kA
-
w
«
-

1

TrWErREY :-\:-11-:.1.-:}

- B & " B @ E EEE@EESFTFTEFREFPE

T T T T T R R O O

«.

Outer Shield

-+
Inner Shield  a a a .)....*

Notice in the drawing above the center and inside of the shield carry equal and opposite direction RF currents. ThisALWAY Sisthe
case when the shield is several skin depthsthick. We cannot force anything else to happen!