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FCC ASKS FOR LICENSE FEE INCREASE
SAROC DRAWS RECORD CROWD

by K6MVH
Several tho usand ama te urs surprised

Las Vegas townspeo ple (who have
learned to accept th e un usual) by show­
ing up en masse for the an nual SAROC
funfest and th ird annua l FM convention .
The turno ut th is year exceeded that o f
all previo us meet ings in spi te o f the fact
that it was held in a new hotel {the
Stardust instead of the co nve ntiona l
Saha ra}, and a record nu mber of ro oms
were occupied by co nvent io n attendees.

Highl ighting the co nvent ion were
daily "cocktail part ies" sponsored by
Ham Rad io, Ga laxy, and Swan. It was
fun to relax and watch all the o ld
co nservatives let their hai r down and sing
alo ng w ith Leo Meyerson, who kept th e
liq uid and the music flo wing.

The FM port ion of the conve ntio n
was a b it of a letdown in that fewer
repeater peop le a ttended than in pre­
vious years. The fun was marred eve n
furth er by a couple of hard cases who
go t ou t of hand and gave the hotel
managemen t a hard t ime by play ing
radio with th eir hendre. ratk tes a Irttle too
near the nerd-end-test action of the
cesmos.

The one eleme nt that tended to make
the who le affair wort hwh ile was the
" hosp itality" su ites, one for the FM'ers

Novice or Techn ician for at least two
years, and d o not now give cred it fo r
p rior ho lding o f a license issued by a
foreign gove rn me nt. The Commission
sta ted that the pu rpose of the prese nt
two-year rule is to help assure that Extra
ap plicants have acq uired pract ical ope r­
ating ex perience for a reasonab le time at
<J Cond it ional class level or above, but
that one effec t o f the rule has been to
d eny recognit ion o f opera ti ng expe rience
acqu ired under amateur licenses from
other count ries.

Three pa rt ies submit ted opposing
com men ts staling that the re are not
enough two-leiter call signs available to
satisfy all the amateur s who may request
them, and that the exa minat ion sta n­
dard s o f foreign coun tries are lower than
those of the Un ited Sta tes. The Com­
m ission rejec ted bo th co n tentio ns,
fi nding the numbe r of two-let ter call
signs available mo re tha n adeq uate. and
determin ing that the ama teur stan da rds
of fore ign gove rnments arc not relevan t.
si nce the licensee in cuch case must pass
a Commission-admlnlstcred ama teur
examination.

Foreign experience counts
as Extra Class credit

Requiremen ts for ho lding amateur
Extra license have been broade ned to
recognize the opera ting experience
req uired under a foreign ama teur license,
in an amendmen t to the ru les adop ted
by the Com mission, effective March 23,
19 70.

T hc Comm lsslon action, amend ing
Sec tions 97.5 1(a ) and 97.9(a)(I ) of the
rules, makes an ama teur Ex tra class
licensee who was first licensed at least 25
years earlier by a fore ign governme n t,
eligible for a two-letter ca ll sign (a call
sign having two letters following the
nu me ral, such as WI AA), and gives an
Extra app licant cred it fo r foreign oper­
ating expe rience towa rd the two-year
wail ing period fo r the license.

Presen t rules provide fo r issuance of a
two-letter call sign to an Extra licensee
first licensed by the Commission at least
25 yea rs prior to the date of his appltca­
tion. bu t do not recogn ize a license
issued by a fo re ign government for the
same period o f time. Exist ing ru les
'req uire that an applicant fo r the Extra
license must have he ld a Comm ission­
issued ama te ur license of o ther than

An increase in fees for licenses, appli- r:- -.;;:;------:------------;------- ------­

cations and other services, to taling $20
mill ion has been proposed by the
Federal Communications Com mission.
In a no tice of proposed rulem aking
(Docket 18802) the Commission asked
for comments on a fcc schedule that
wou ld raise approximately $2 4.5 million
dollars - the amoun t of the Commis­
sion's 197 1 budge t request. (Under
present sched ules, fees bring in abou t
$4.5 million .)

In mak ing its propo sals, the Comm is­
si on said that the Bureau of the Budget
had urged higher fees sched ules and
poi nted Qui, in addi tion , th at the Ho use
A p p ropr iati ons Subcommittee had
sla ted that fees shou ld be adjus ted to
assure that FCC ac tivities wou ld be
"more nearly self-sus taining." The
Committee had askeJ for a repor t on
ac t ion in th is respect by the time of
19 7 1 budget hearings.

Fcc increases are propo sed for the
amateu r service , for broadcast ing, corn­
mon ca rrier, and o ther safe ty and specia l
rad io services. CAT V and eq uipmen t
tes ting and approval areas which pre­
scnuy are not su bject to fees, arc
included in the proposed sched ule.

Fees in the broad cast services would
be substantially higher and wo uld be
based on market loca tion, type o f app li-
ca tion filin g service, hours of ope rat ion, l I

,



and another fo r MARS en thusiasts,
Thanks to Tom K7TDQ , Squeak
K7RBM, and a few o ther local FM cps.
the FM suite was kept open on an almost
con t inuous basis, and it was kept fu lly
stocked with all the cond iments one
comes to expect from such places .

A considerable amount of praise is
d ue Leonard Normad for the t remen­
dous amou nt of work he pu ts ou t eac h
year to make SAROC a success. And all
indications are that he is already hard at
work plann ing the next big shindig,
near ly a fu ll year away .

• QSL Cards for Belgian Stations
The UBA ask s all IARU member

societies that QSL cards fo r Belgium be
se n t t o t he on ly official QSL
bureau : UBA, QSL Bureau, Post Box
634, Brussels 1. The UBA has asked the
editor of the US Call book that th is
address be reinstated immed iately in
fu tu re editions. Its omission follows the
actio n of a small private group of Belgian
amateurs. USA asks that all member
societ ies of the IARU publish in the ir
journals the co rrect add ress of the UBA
QSL bureau.

they have been in morta l comba t with
du ring the preceding year. and decided
that they we ren' t such bad fell ows after
all. All in all it was a tremendous
turnout ; 225 people showed up and
most took rooms at the hotel. I t was a
co ld, d ry and foggy day in Fresno , but
with <ttl the ac tivit ies on the program and
especially the " happy hour" just before
the d inne r drove out all though Is except
having a good lime. The talks, the slides,
and the fine co mradeship ex pressed
between eac h o ther - coupled with an
exceptiona lly good d inner - made the 1-::"=:"-::"-,,...,-::-,.-:- -=----:------
whole thing a big success. -:

Congratu lat ions to the offi cers of the
Northern and Southern Californ ia DX
clubs. and especially Frank Cuevas
\v6AOA , who spen t ma ny hours putting
the program together and securing Bill
Rohrer W7ZFY (I k ard Island) as the
main guest speaker.

As a footnote we wou ld like to see
o ther ham groups have gct- togc thcrs
such as this to improve thei r pe rsonal
relat ionship and then to read about it in
the various publica tions aro und the
country.

OX'ERS CONGREGATE IN FRESNO

by A. F. Iverson WA6ZCQ
The big guns from we -land met in

conclave during the week end of Feb­
ruary I at the Del Webb Towne House in
l-rcsno . took a good hard look at those

VIIF FM/AM IIAMS ASSIST
IN OKLAHOMA

INOCULATION PROGRAM
by WA5JGU

Bob Cunningham, the Oklahom a City
Civil Defense Radio Officer. requested
amateur assistance for the Rubella
inoculation drive Sunday. February 1.

20 to 25 clinics were set up in
Oklahoma Coun ty . Mobiles. 6 meter A~1

and 2 meter FM stat ions were set up at
cl inics to coo rd inate ac tivities. The VH F
club and the FM repeater group covered
the ent ire coun ty.

WA 511WN and KSSKA were ne t con­
trol on 50.50 Mllz. W5GGB. the
Explorer Scout Post 5 stat ion. served as
net con trol for FM activity on 146 .94.

and authorized power. In add it ion to
increases in current fees. new fees arc
proposed for grants of cons tructio n per­
mits, assignments and tra nsfers. pay-TV
aut ho rizations and various other types of
applications. lIam fees wou ld be more
than double the present rate, the FCC
said.

Because of the high number of
licenses in the Safe ty and Special Rad io
Service, the Commission said it was
imp racticable to establish separate fi ling
and license fees. Increases arc proposed.
however, in single fees. Safe ty, local
government, emergency. and closed­
circuit ed ucat ional TV arc among ser­
vices tha t arc not now required to pay
fees and which will con t inue to be
exempt. But ham license fees would be
hiked to more than double the present
rate, the Commission said.

The Commission first adopted a
schedule of app lication fees in 1963 with
the ini tial fcc schedule taki ng effect on
March 14. 1964. The ac tion was upheld
in a court test in 1964.

Comments on the ru lemakin$ are due
on or before April 20, 1970, with reply
comments due May 11. 1970 .

From " IARU Region 1 News" :

Ham radio in Roumania
Reciprocal Proliferations:
WA2's short -call try backfires ...

In Roumania , amateur rad io is appar­
ently under the co ntro l of the nat ional
countil for physica l education and sport ,
an organ ization supported by the govern­
ment. There is a counci l of some 40
members, main ly from around the
Bucharest area but the administration is
mainly conducted by an execut ive
bu reau of eleven persons. The president
is also the minister responsib le fo r pots
and telecommun icat ions.

A paid general secretary Y03JP ,
togeth er w ith a sec retariat, is responsible
for a cent ral office. Rouman ia is sp lit up
into 40 admini strative count ries, and
each country has a paid adm inistrator
who is the secretary of the radio club in
that area.

Three classes of license exist in
Roumania. The Novice class perm its
operat ion on the 3.5 and 7 MHz bands,
w ith a maximum licensed power of 25
watts, and on the 28 MHz ba nd with a
maximum licensed power of 5 watts.
Normal class licensees are allowed to use
100 watts on the 3. 5-28 MHz bands
with all normal modes of emission and
25 watts on 2 meters and other VHF
bands.

Wi th the submission of information
on the results obtained, it is possib le to
obtain an Advanced Class lice nse, which
permit s the use o f 400 watts input
power. So me 35 operators apparent ly
have th ese facilities. The address of the
Central Radio Club is Box 1395, Bucher­
est 5, Ro umania .

DXers have been startled recently by
the appearance of some new and strange
call letters on th e bands. This is going to
do nothing but get worse . Reciprocation
has hit the Caribbean heavily and it is
now possible to obtain an operating
permit in virtually everyone of the
islands if you have along you r FCC
license and proof of cit izenship.

Sam Laine W2BKU arr ived in
Antigua shor tly after the new regu lat ions
went into effect and appl ied for a
license . S ince he was the first one to get
the new type of li cense they offe red h im
VP2AA 1. Sam threw up his hands in
horror ... imagine trying to get an
unusual call sign like that through the
QRM! Okay , says the Communicat ions

Director, if you don't like that we can
use your initials. That sounded better
and the license was duly issued . When
Sam opened it he fo und that he had
VP2AASL. He is not at all sure that this
is an improvement over VP2AA 1.

The same day Bill Wi lliams WA2GQT
applied fo r a lice nse on Antigua and
received VP2AAMW, ano ther mouthful.

The French have decided to permit
recip rocation in th eir "departments."
This means that the o ld ru le that we
could get a license to operate in France,
but not in other French possessions has
been changed and now the way is clear
fo r us to hit all those ju icy and little
used areas such as FLa, FDa, FKB, FP8,
FM7, FG7, FS7 , and even FY7.
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WABASH COUNTY FEST
Wabash County Amateur Rad io

Club's second ann ual Hamfest wi ll be
S unday, May 24, 1970. Rain or S hine.
Held at the Wabash Cou nty 4-H Falr­
grounds. Activities will include door
prizes, Bingo for th e XYLs. fleamarket, I I
technica l session on the Fo rt Wayne
VHF repeater. Tickets $ 1.00 at th e door.
For further information w rite Bob
Mitting, 700 Centenn ial S t., Wabash,
Indiana 46992.

146 .34 MHz
146 .76 MHz
lOW minimu m
15 KHz (narrowband
Initially open ; may b

tone-coded later
Minimum of two and

II as designated
njes Operating Hours: Con tinuous

Site location: To be designated
Transmissi on cu to u t :A. fte r prede termined

lUI:' interval
Automatic logging

\l'l.L UII C ...• Control point :,

r. f U l "aUIII,;II Logging:::;" .. . _._ r"' _ ' ~

e rvice area. .Con tact will be made with
other surrounding repeater groups using
th ese freq uencies so as to minimize
cochannel interference problems. Tech­
nical standards are to be as outlined

communicat ion. below:
.L.- Lome of Ed Input frequency :

.. ~970 . to Outpu t frequency:
,. :SIl U i:IL1UII Output power:

a .L0 1'!g Island Deviation:
mtcanon Sys- Tone coding:

I FOURTH ARIZONA aso PARTY
.. ¥~~b~~'~SCR~C: ~G~;;; The fourth Arizona OSO Party IS

. sponsored by the Saguaro High School
'Amateur Radio Society. The contest
I. . _. -- _ •• - - . April 25 l~u~u~'~U~U~"~,,~,~.~n~u~~::.:u~u~.,- _

1970, and ends at 2100 GMT Sun -::l ~ ~': ;­
April 26, 1970. All bands a nd modes
may be used. S tat ions may be worked
twice per band, once on CW and once on
phone. Arizona stat ions send co ntes t
number, RS/T), and coun ty . All others
send number, RSIT), and ARR L sect ion
or county. The call w ilt be CO Arizona
or CO Test de (call) Ariz K. Ar izona

g Island club makes
plans for FM reoeater

BIRMINGHAMFEST
byW4FKG

T he Birminghamfest th is yea r wi ll be
on May 3 at th e Armory o n Oporto
Avenue (just off U.S. 78 East - nea r
Eastwood Malll . For entertainment,
pr izes, contests, net meeti ngs, eyeba ll
asOs and fun fo r the enti re family, p lan

. to attend. For further info rma t ion con­
tact the Birmingham Amateur Radio

. Ctub . W4CUE Bo x 603, Birmingham
suppues rrom I AL 35201.

Licensee "Hamworthiness'
Questioned by FCC

Applications by John A. Abernethy ,
l icensee of Amateur radio station
K40KA, Hickory, North Carolina, for
renewal of General class amateur rad io
license and fo r an Advanced ama teur
radio license have been set for h earing by
th e Commission.

The Commission said th ere was a

ARRL Handbook
The 1970 ed ition of the ARRL's

" Radio Amateur's Handbook" repre­
sents a definite step forward for the
League. which has been having t rouble in
the past keep ing the book apace with the
rap idly ex panding and ever-chang ing
technologies that move and advance th e I

hobby of ham rad io. Numerous updated I
construct ion projects are included .]
among which arc power __-- -
3V to 3 kV, solid-state receivers andI ! Iium at the faircrounds. For informa tion .
transmitters, plus several new VHF and Lon
UHF converters. Two new linears are
described in th e transmitting chap ter,
and the UHF/ VHF chapters have been
blessed with a variety of new projects.

For th e first time in the history of
th e Handbook , a complete chap ter has
been devoted to VHF FM. Though ju st a
smidgen more than three pages are
devoted to this phase of the hobby, the
amateur FM ac tivity in the U.S. is
surprisingly well covered . Since the
material was prepared by a knowledge­
abl e FM'er (W6GDO) , I suspect that the
two or three technical errors in the FM
sec tion were edited in by Doug DeMaw,
the league principal responsible for
publication of th e Handbook . This
edition con tains 710 pages, including
catalog section and index. There are over
1300 illustrations, many of which have
been revised, and an inordinately large
number of tube-base diagrams. Price is
$4 .50 in the United States and Posses­
sions, $5.00 in Ca nada, and $6.00 else­
where. As always, it is also available in a
hutl. ...n " ......tI ... lothbound edition .



substantial question as to the applicant's
qualifications to hold an ama teur oper­
ator and station license due to the nature
of communications he has allegedly
transmitted over his station in the pas t.

The issues to be determined at the
hearing include: the facts concerning
comm unica t ions t r a nsmi tted over
K40KA by Aberne thy on or about
November 13, 1965; January 11, Ap ril
27, October 30 , November 4, 196 7;
January 14, 1968; October 28 and 29
and December 14 and 26, 1969 ; and
January 1, 1970 ; whether the comm uni­
cations transmitted on those dates were
consistent with the basis and purpose of
the amateur radio service as outlined in
section 97.1 of the rules; whe ther the

. communica tions were con trary to the
term s and conditions specified on the
applicant's license and otherwise con­
trary to the public interest, convenience,
and necessity; whether Abernethy tr ans­
mit ted unid entified signals and willfully
or maliciously inte rfered with radio com­
munications, in violation of section
97.123 and 97. 125 of the rules; and
whether Abernethy possesses the requi­
site qualifications to be a licensee of the
Com mission.

From "The RaRa Rag":
Two Meter FM Group Organized
The Rochester repeater group has

received the club call WA 2UWQ, which
will be used for a repeater. Charlie Mills
K2LD U is trustee. Initially, it is planned
to install a repeater at Charlie's home;
lat er, that repeater may be installed at a
remote site.

John Plumed W2KZD is heading up a
group that is hard at work installing a
repeater at a Pinnacle Hill site. When
both repeaters go into opera tion, it will
put Rochester into the FM " major
leagues" with two repeaters.

The repeater at Charlie's home will
be set to operate on 146.28 MH z in and
146.88 MHz out. The unit on Pinnacle
Hill will opera te on 146.34 MHz in and
146.94 MHz out. When both are in
operation, it will give Rochester local
and national repea ter coverage.

open input and output repeater frequen­
cies, it was decided that it would be
desirable to occupy these frequenc ies for
repeater coverage of Long Island .
W20QI indicated tha t he could also use
the 146.76 MHz ou tput freq uency in
conj unction with his repeater at Manor­
ville, N.Y. in the fu ture.

Tone Coding vs Open Repeaters
Discussion of tone coding resulted in

a decision to use open repeaters so that
visitors from out of town could operate
them. On the o the r hand, as chaotic
con d itions could arise with open
repeaters in a high-population area, some
simple type tone coding or wh istle-on
techniq ue may be desired. This is still an
open question and final resolution was
shelved pending further study.

Repeater Standards
A narrowband system will be em­

pla yed and the effec tive radiated power
will be as low as possible consistent with
adequate service within the designated

Somerville To Issue
Special Award

by K1YUB

The Somerville Mass. Amateur Radio
Club (WA 1MHN) will be operat ing fr om
th e summit of Mr. Washington , th e
highest point in the northeast, on the
weekend of May 23- 24, 1970. O per­
ati on will be on both days from
1800-2000 GMT on the following
schedule :

Band Mode Freq.
15 SSB 21. 375
10 SSB 28.650
6 AM 50. 274
2 AM 145.470

UHF FM 449.050
Any stat ion establishing two-way

contact with WA1MHN on two different
bands will be eligible for a special cern­
ficate upon receipt of a request for it
and 251i to cover print ing and mailing.
Address inqu iries to Civil Defense
Department, Somerville MA 02145.

stations score 2 points per aso mult i­
plied by the number of ARRL secnons
worked. All others score 5 points per
050 multiplied by th e number of
Arizona counties worked {ma ximum of
141 . Suggested freq uencies: (CW) 3575
7075 14075 21075 28075, (phone)
39 50 7275 14285 21375 28600,
(novice) 3735 7175 2110. Certificates
will be awarded to the top scorer in each
sect ion. When 4 or more logs are
received from one section, a second
place cert ificate will be awarded . Logs
must show date and time in GMT,
stations worked, bands, modes, and
information exchanged. Please en close
an s.a.s. e. with your logs if yo u wish to
receive a copy of the results. Send logs
to Bob Wright , WA7ISP, 4725 N. 70th
Street, Scottsdale AZ 85251 before May
25, 1970. All stat ions must submit a
statement that all regulations have been
followed and that decisions of the con ­
test committee will be accepted as final.

Alaska okays
Amateur
call plates

For a mobile amateur radio station
for which special registration plates are
issued , the applicant, in any recognition
of his service to the public, shall not pay
any additional charge for special reglstra­
tion plates, provided he annu ally files his
registration before November 1; in add i­
tion to the requirements of sec. 50 lal
(5) of this chapter, the station must be
sat isfacto rily proved capable of being
utilized 24 hours a day, must have a
transceiver capable of operating on 75
through 10 meters, must have an
antenna, and must have a power supply
and wiring as a permanent part of the
vehicle; the tra nsmitting unit may be
removed from the car for service or dry
storage; the annual license tax is $1 for
(other authorized I mobile amateur radio
station vehicles, provided th e annual
registration is fil ed before November 1.

The ninth annual Georgia QSO Party
is sponsored by the Columbus Amateur
Rad io Club, Inc. (W4CVY).

There are no time or power restric­
tion s and contac ts may be made once on
phone and once on CW on each band
with each-station.
E x chan ge :' QS O number, RS/RST
report . and .1QTH: County for Georgia
stations; Sta te, Province, or Coun try for
others. (Georgia to Georgia contacts
permitted.)
Scoring: Each complete contact counts
2 points. Georgia stations multiply their
to tal QSO points by number of di fferent
sta tes and Canadian provinces worked.
DX stations may be worked for QSO
points, bu t do not coun t as multipliers.
Out-of-state stations will..use the number
of Georgia coun ties for their multiplier
(a possible total of 159) .
Awards: Certificates to the highest scor­
ing sta tion in each state, province,
country, and Georgia coun ty. Second
and third place awards will be made in
sections where additional recognition is
deemed to be warranted. A plaqu e will
be presented to the Georgia station
submitting the highest overall score.
Plaques will also be awarded to the
highest scoring out-of-state en try, to the
Georgia club with the highest aggregate
score, and the highest scoring portable or
mobile en try from a sta tion operating
ou tside his home cou nty.
S uggested f req ue n cies: CW: 1810,
3590, 7060, 14060, 21060, 28060.
SSB , 3975, 7260, 14290, 214 10,
28600. Novices: 3725, 7175,2110.

Your log should show: date and time
of con tact in GMT, sta tion worked ,
exchange sent and received, band used,
type emission, and multipliers claimed.

Include a signed declaration that all
con test rules and opera ting regulations
have been observed and mail your entry
to Columbus Amateur Radio Club, Inc.,
Attention of John T. Laney III K4BAI ,
1905 Iris Drive, Columbus GA 31906. A
large self-addressed stamped envelope
will be appreciated.

Entry should be postmarked no later
than June 8, 1970.
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REPORTERS WANTED
Wri te fo r the 7 3 Amateur Radio

News Page u nder your o wn b yline! The
News is lo okin g for items of general
interest . . • ham rests co ming. hamfests
just happened, e xp ed itions. emergen­
cies. special even ts. a ny th in g of special
interest that m igh t have happened o n
any band. new records. moonbounce
news. FM repea ter openings. unusual
club activities. whatever turns y o u o n .

Reporters who se It ems are selected
for publication will receive a specia l
press card whic h may help them get
into pla ces closed to the general publi c.
making the re portmg o f emergenci es
and special events a lot easier.

T h e d eadline fo r all reports is t h e
15th o f the month . Reports r eceived
earlier will ge t preference as there can
only b e room for a few last-min ute
items.

Los Angeles area FM 2 meter repeater .
As a resul t, when radio teletype signals
are' fed in to the WA6ITC machine, the
local FM repeater, principally a mobile
relay facilit y with more than 100 users,
is virtually forced ou t of service.

Even though 146.70 MHz was a
"vacan t" channel when the FM repeater
was installed, the RTTY enthusiasts (S in
number) rallied to save the "nationa l"
RTIY channel from being usurped, and
eventually had put up the RTTY
repeater so the output would "capture"
the local I' M repeater. Perhaps the
FM'ers were shortsighted in putting up
the repea ter on a channel recognized
nationally as a radiote le type frequency .
And perhaps the five RTTY men were
rambuncti ous in their se lection of an
already-in-use channel for their base-to­
base communications. Certainly, there
are two sides to the issue. Since there is
no compa tibility be tween the two
modes, the FM grou p has offered to pu t
the controversy before the ARRL­
affiliated Los Angeles Area Council of
Amateur Radio Clubs for arbitration. If
the RT'TY repeater group agrees to allow
the council to act as arbite r, the nex t
few mon ths cou ld see a new repeater
forming and a shift by ei ther the RTTY
stations or the I'M crowd.

top brass military, FCC commissioners,
and on down the line . The end result
would be that the delegates sent to
Geneva wou ld be instru cted by their
super iors that amateur bands are to be
kept in tact, even if their par ticular
service suffe rs a loss. In the past we have
had large quantities of lip service paid to
the ama teurs, but when it got down to a
loss of frequencies for any service, they
looked to the nearest ama teur band for
replacement.

Foreign delegates can be reached
thro ugh high government officia ls.
Ama teu r radio is of critical importance
to every coun try for it provides one of
the best ways for them to interest
youngste rs in a technical education. No
coun try can keep pace or development
without large numbers of electronics and
communications men. Without amateu r
radio, how can the thousands needed be
inte rested in turning to thi s fie ld? 11- I

One man could have a profo und
effec t on this who le situation if he had
the time to see governme nt officials and
make them aware of the importance of
our hobby. This is needed mostly in
Africa and Asia where new na tions are
trying to bridge the gap into the modern
world of computers and satelli tes. These
same coun tries hold the criti cal votes at
the ITU.

The amount of money needed to
apply pressure at home and abroad is
minuscule to any large business or club
. . . probably a mere $SO,OOO a year
could make the difference between our.
having a healthy and expanding hobby in
the future instead of a gradually emas­
culated hobby . ARRL has the SOG to
burn, bu t has not the will to use it. No
one else has the SOG. What do we do
now? 11 -'

ITU CONFERENCE:
Who lobbies for ham radio?

by Wayne Green W2NSDIl

If the amateur shor twave allocations
are to survive the nex t lTV frequency
allocation conference in a recognizab le
form we need to have some basic
changes made in the instructions given to
the delegates - U.S. and foreign.

T his sorts itse lf out in to two projects,
getting the support of the U.S. delega­
tion and getting the support of all of the
foreign delegations. Neither of these is
going to be easy.

The U.S. delegati on can be worked
on at many levels. It is made up of
representatives of the many radio-using
services, a good proportion of them
governmen t run. The basic approach to
changing governmental thought is to
work through the mecha nism set up for
this: congress. Congress has considerable
influence since it watches over the
governmental departments with commit­
tees and it hands out the yearly allow­
ances.

Since the only legal way for any
amateu r organization to approach con­
~ress is by means of a representative who
IS registered with congress to lobby, we
have a serious problem. A tax-free organ­
ization canno t lobb y ... ARRL is tax­
free .. . thu s, unless ARRL changes its
tax-free sta tus, no employee or represen­
tative of the League can risk even talking
to a senator or representative. ARRL
cannot change to a tax-paying basis
without radical changes in its manage­
men t, so it is ex treme ly. unlikely that
this will take place.

One man with the time and money
probably could make a profound chan ge
in the attitude of the U.S. delegation to
the ITU. It would take time, to be sure,
for he would have to sit and wait to see
busy senators and representatives, see

With respect to the additional assess-­
ment for license fees, 73 feels that the
contributions of amateur radio to
society more than offset the cos t of
license processing. The electronics tech­
nologists in this country, for exam ple, in
large par t are taken from the ranks of
amateurs or former amateurs. And the
communications capability of amateurs,
so exploited during the war when oper­
ators were drafted en masse, has always
added significantly to the " peace of
mind" of the government. T his is
reinforced by the continously improving
organization of amateur groups who
provide an instan t-readiness to serve
local governments at the first hint of a
need.

It seems incongruous th at the ama­
teur rad io service should fall prey to the
FCC's revenue drive - particularly in
view of the fact that amateur radio falls
within the official cate~ory of " Public
Safe ty and Special Services," set up for
the benefit and convenience of the
nation.

What has ham radio meant to the
United States? Well, try these for
openers:

1. Every ham is a goodwill am basrsa­
dor to the otherwise unreachable
ci tizenry of foreign countries .

2. Amateur radio provides the ideal
medium for ge tting young people
interested in pursuing the vital
field of electronics and related
technologies.

3. Amateur operators provide the
only fully organized mobile com­
munications force that is always
read y to be used in any disaste r or
emergency situation.

The POints men tioned above are so
important to this nation that 73 feels a
strong case could be made for requ iring
the govern ment to actually subsidize
ham rad io - furnishing the gear and
paying the operators. Not tha t we expec t
that or want it. But it is difficul t to see
how the FCC can justi fy added fee
assessment when , by the FCC's own
admisrsion, the real worth of the hobby is
its value to the country.
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8 Barclay St.• New York City
139-20 Hillside' Jamaica. N.Y.
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CJ " HAM HEADQUARTERS, USA'"

Rte. 110 at Smith' Farmingdale, N.Y. 11735
Phone (516) 293·7990

BArclay 7·7922
HE 9·4101

OR

11240 W. Olympic Blvd., los Angeles, Calif. 90064
213/477·6701

931 N. Euclid. Anaheim, Calif. 92801 714/772·9200
Butler, Missouri 64730 816/679-3127

Only the combined resources of the world's
two largest amateur supply houses can bring
you this sensational bargain - a whopping big
$234.50 reduction from the established net
price of $529.50!

ALL BRAND NEW, LATEST PRODUCTION,
Advanced state-of-the-art

circuitry brings a new high in WITH FULL HAMMARLUND WARRANTY.
sensitivity, selectivity, and FREQUENCY RANGE: Can SELECTIVITY: Collins SSB
cool drift-free operation. cover 3.4 to 30.2 MHz in dial 2.1 KHz 2:1 shape factor me-
Sharp 1KHz calibrations on22 controlled 200 KHz seg- chanical filter supplied. Sock-
inch long dial - easily read to ments, each established by a ets for two additional filters.
within 300 Hz. Large spinner crystal. Panel switch selects Panel switchable.
knob gives smooth, velvet- up to 24 plug-in crystals. • 41 Solid State Devices.
touch tuning. Adaptable to 24 fixed f re- • Selectable USB, LSB,

Revolutionary l-bearn con- quency reception. Crystals CW, AM.
struction provides an unusu- are furnished for complete • Operates on 115/230
ally high degree of stability. ham bands 80 thru 15 meters AC, 12 VDC.

SENSITIVITY: Better than and 28.5·28.7 MHz. • 7" x 16" x 14"0 - 211bs.
0.5 microvolt for 10 db signal STABILITY: Less than 200
to noise ratio. Hz per hour, after 15 minutes.

Don't delay - they're going fast! Send $295.00 today, or as little as
10% deposit. (Credit terms available - write.) TRADE-INS ACCEPTED

,.... ORDER FROM -,/.),, _



EDITORIAL BY WA YNE GREEN

How Fast Can You Work 100 Countries?
When I first pu t in my present stat ion five

years ago it took me a good two weeks to work
LOO co un tries. By way of proving I'm not sure
jus t what , I took advantage o f the first weekend
of the ARRL DX phone con test thi s year to see
if I cou ld make WTW-l 00 all in one week end on
20 meters.

Feeli ng a bit overconfident. I sta rted over an
hour late... but , after all, it was the first night o ut
for dinner since the baby arrived a month ago, so
I did n't want to stra in family relations by ru shing
too mu ch . Wives have a hard eno ugh time ge tting
used to seeing just the back of yo ur head on your
weekend a t home wit hout starting things off
badly.

South America and Africa ca me through fine
fo r about th ree hours and then the band folded
for the night. With the exce p tion of 9N IRA and
FR7ZC, none of the 33 cou ntries con tac ted were
particularly rare. J inny has certainly been act ive
from Nepal and her signal was outstanding.

When I got up the next morning the band was
busy wit h Europeans. By afte rnoon I was lip to
73 coun tries and had hopes of getting the
hund red wit hi n 24 hours. Three hours later, with
on ly three more coun tries added, it was obvious
that this was going to take mu ch longer than I
expected. I had a leisurely dinner, watched some
television , and helped mind the baby before
going back to the band .

It was definitely hard going. I had worked just
abou t every thing in Europe exce pt the hard ones
suc h as HV, 9A, 3A, HB0 and t he like. l Iried no t
to make too man y duplicate con tac ts, bu t every
now and then a pileup would prove irresi stible
and I would plunge in for an ex tra VU2, Cf2.
11\\'9, or someth ing reasonably rare. I went to
bed with 87 worked and the band dead at
midnigh t. Thirteen more shou ld n' t be all that
hard the nex t day, right?

A 5 :30 star t ne tted me a few new o nes,
starting with my good friend Chet PJ2CC d own
at the Beachcomber Hotel in Curacao. By 9:00
a.m. I was up to 9 3. but the band was full of
noth ing but unrare Europeans, so 1 went back to
bed. Pierre F2BO/WI , his wife and twin babies
arrived at noon for a visit. I got back to th e rig
abou t 3 p.m. and , when the band fina lly opened
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to Africa again, wor ked my way up to 99. With
two hours to go that should n' t be a b ig problem.
It was, and I snagged 6Y5AV out of a horrendous
pileup with just seven minutes in the con tes t to
go, making it 100 exac tly.

t ty lo tal operating time came to on ly 17
hou rs, so I had a grea t time without gett ing too
tired. Some o f the fellows who had been chasing
OX on four or five bands, making 1500 to 2000
con tac ts, were pooped for fair . I made on ly 132
con tac ts. Three of the countries were new for
me, bu t for th e mos t part I was surprised a t the
lack of rare coun tries in the con tes t. Two of the
three new ones were not really in the con test. but
just happened to be arou nd . The act ivit}' in
Africa was extremely sparse, with less than ten
sta tions giving the con tes t mu ch effo r t. The band
was o pen to Africa qui te a bit, but all that I
cou ld hear were t hree CR6 s, a couple of ELs, a
cou ple of ZSs, and 5H3 LV. North Africa did n't
open lip much at all, with 9 111 CD com plaini ng of
sitt ing th ere hearing the Ws weakly for seven
hours before he was able to make his fir st
con tact.

One thi ng was very obv ious... the Genera l class
licensees d idn't have a chance in t he world of
seriously ge tting in to the contest. Only d uring
rare high poin ts of ac tivity would the ac tion
spread on up to 14 .275. A General might just as
well forget working DX on 20 meters.

My sta tion, for those pic turing mammoth
beams on top of a mountain, along with a room
full o f equ ip ment, consists of a five-yea r-old
transceiver, one of the least expensive made, a
Henry linear amplifi er (2K , not 4Kl. and a sim ple
three-clement beam up ' 70 ft in d owntown
Peterborough.

Leaky Lines vs Technicians
When the February LL column arrived I read

it to a Tech and he turned livid. I knew we had a
winner. Even the gent lest discussion of cheating
on the Tech exams makes most Techs figh ting
mad , with those who chea ted to get their ticket
having an edge on the degree of ferocity.

The chea ting that takes place is generally
done in friendship, though it leaves both parties
fee ling guilty afterward . We had the same prob­
lem with the Conditional license and that had a
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lot to do with the virtual elimina t ion of that
license class.

Cheating is a problem and it is no t one that
will go away if we refuse to discuss it and try and
work o ut some reasonable solut ions. It is
ex tremely diffi cult to discuss because of the
emotional fac tors. Those who were absolute ly
honest on their exam and code test are affron ted
at the suggestion that they might have been
helped. Those who were helped arc feeling guil ty
and would prefe r that some thing else be talked
about.

One solu tion that I have proposed in the past
is a little change in the rules which would make it
necessary for exams to be given by three licensed
amateurs instead of one, figuring tha t it is a
whole lot more difficu lt to ge t four people to
agree to something d isho nest than two.

Let's give some thought to the Tech license.
The Tech license differs in two qui te basic ways
from the Gene ral: There is the di fference in code
speed, 5 wpm opposed to 13: and there is th e
manner of administration of the license exam,
with the General having to face an FCC cxami­
ncr - and the Tech, his fr iendly local licensed
amateur.

In considering the ma tte r of code speed ,
the philosophical arguments about the usefulness
of code are irrelevant. T he fact is that under the
rules now existent you do have to learn to send
and receive the Morse code at 13 wpm if you are
going to get a General license.

How much of a barrier does the code present?
How much of a difference between getting the
Ge neral and the Tech licenses is due to the
problems of learn ing code'? Amate urs who have
helped thousands to get th eir Ge ne rallicense tell
me that anyone can learn the code and pass the
General exam. Some people take longer than
others, of course, bu t apparently no one can
honest ly plead an inability to learn code. Once
the decision is made that the code will be
learned, the process takes amazingly little time,
from mere days to, at worst . weeks.

On the face of it, the code wou ld not seem to
be enough of a problem to preven t anyone from
getting the Genera l license.

Which brings us to the rcc exami ner. Now, I
recognize that it is entirely possible to copy 15
wpm perfectl y the nigh t before the ex am and still
fail miserably just from the tension and panic o f
taking the FCC exam. I've no t on ly seen it
happen, I've expe rienced it myse lf. But even­
tually you do calm down enough to copy enough
lett ers to get through the code test and you arc
ready for the technical exam.

The written part of the test should be about
the same, whether you are with a friend or at the
FCC emporium. unless you need help with the
hard spots, in whic h case the FCC could be more
difficult.

Cod e Requirement : Dirty Words?
Ma ny a CB'er, SWL, and even Novice amateur

has had good cause to curse the Morse code. I
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hope you will no t turn off if I suggest that there
may be a very good reason for keep ing the code
req uirement fo r the amateur licenses.

Yes, I think I know all of the arguments
against th e code . It is an anachron ism. It is a relic
of the past. I agree with that, but I don 't agree
that that is all it is. Yes, I know th at teletype­
writer and rad io teletype have made devastating
inroads into th e commercial usc of code. I know
that the military uses it very little any more.

One of th e principal users of Morse code is
the amate ur, I suspec t. Code is sti ll alive in many
of the ham bands- and not jus t the Novice bands,
where the opera tors are limi ted by law to that
mode of emission . There is a lot of ragchewing
going on in the code-only portions of the bands,
a lo t of DXing, and a lot of traffic handling
arou nd the dozens and dozens of traffi c nets
organized by the ARRL. But even this is no t a
good reason in my mind for the insiste nce that all
amateurs know the code. I figure th at those who
like it will develop their ability to use it, and
those who don 't can just go ahead and use phone.
Whatever turns them on, I say.

The fellows who are using code tell me that it
•

is fun , that they enjoy it enormously. If t his is so.
then I'm not sure that I can agree with those
ama teurs who fee l that we must insist tha t every
newcomer learn the code to get his license
because if he can get a license without learning
the code he will never try it. I suspect that
communica tion by dots and dashes migh t just be
a whole lot more popu lar if it weren't jammed
down our th roa ts. I am pretty sure that my own
antipathy to code is a result of my havi ng to
learn it , whether I liked it or not. I resented th at
and reacted to it negatively. I enjoy things a lot
more when I do them of my own free will.

There is a basic di fference between having to
pass the written techn ical exam and the code. I
could see whe re the technical exam was
importan t as an eliminating facto r fo r those
fellows who do not have enough knowledge (0

properly operate an ama teur stat ion. That made
sense. But why code? I had no need of it if I was
going to opera te phone , so why force me to
develop a skill, as opposed to a technical under­
sta nding? An unneeded skill, a t that!

Som e amate urs argue th at in tim es of eme r­
gency code might be the on ly mode that could
get th rough. Balderdash! Forty yea rs ago, maybe.
Rut today most of the emergency rigs are mobile
phone rigs, usually sideband. And I have yet to
see many cases where sideband can 't get th rough
just about as well as code. That is a very weak
argument to me.

So what posssible reason is there left for the
excruciating and frus trating process of code­
learning be ing pa rt of the ama teu r license? And
not just a part of it, but by far the most di fficult
par t to maste r. The technical end is conside red
by most amate urs as being terribly simple.
Vi rtually any EE college grad uate can walk into
an FCC office and pass the amateur Genera l
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WHEN IT COMES TO ANTENNA SYSTEMS.. .IS YOURS
a space problem? a budget problem? an applications problem? an installation problem?

or simply a problem of where to buy?
You r o n e-stop so lu t ion is ANT EN NAS, IN C .
Exclusively sp ecia lists in ra dia ting systems, complet e syst e m s o r any componen t pa rt.
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[ , • Leavenwo rth , Kansas 66048 . . .. no charge of co urse.
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exam with just a few hours' stud y of the rules.
Why, when amateu r rad io is supposed to be a
tech nical hobby , is it in reality a skill hobby
ins tead? T he technical end seems to fade int o
insignifica nce compared to t he skill aspect.

The an swer should be gett ing obvious now.
Anyth ing easily ob tained is no t treasured o r
appreciated . I suspect that the very di fficu lty of
the code req uirement is one o f the basic reason s
for the legendary ha m sp irit ... the pr ide of
being a ham. It is most d efinitely an accomplish­
mcnt to pass this hurd le, pa rticularly in thi s day
when vir tually no one else is using the code. This
means that the code has to be learned specia lly
fo r the ham ticket by everyone.

Show til e one person, if yo u can . who is not
proud of his ability to copy code. Sure, I kn ow
thousands of hams who have n't been using code
for years, but I d on ' t know one who doesn 't
swell a bit with pr ide when talking with non ha ms
over his hav ing passed the code exam.
RM-14 56

It seemed to me that one o f th e prob lems
facing the Tcchs is their isolation from CW and
that if they had more of an op po rtu ni ty to usc it
they might be incl ined to go for their General.
The code , as I said before, is not diffi cult to learn
on ce yo u make up your mind to have at it. In
spite of the nice special CW band at the low end
o f 6 me ters. the Tech s have so far almost
complete ly avoided any contaminat ion with CW.
So, even if a Tech wan ts to gel on and try to
improve his CW ability, he is freq uent ly stuc k for
someone to work with . So I propose d that Tech s
be permitted to use all Novice bands. This
petition was sent to the FCC and given the
number R~f-1456. Nothing further has been
heard of this pe tition except one letter from
WA@L1K in support of it. If you think the idea i..
a good one you might send a letter to the FCC in
suppor t.

Phone o peration on 6 mcters is a good hobby.
I gran t. So is 2 meter FM and th e o t her pursuit s
of the Technician licensee, but it is a rea l shame
fo r the code to sta nd in the way uf the fun an d
aggravation to be had on the lower bands. I enjoy
2 me ters a lot , but I wo uld be resen tful if I were

APRIL 19 70

forced to stay the re and not permitted to ge t o n
20 meter phone.
A Solution to the Co d e Problem?

Since anyone who wants to can lea rn the
code, it seems to me tha t a who le 101 of Techs
cou ld be encouraged to become Genera ls if we
first o f all try hard to get them to improve their
code speed, and secondly make it as easy as
possible for them to do this.

How do we m ake it easy? We can ste p up the
code classes in ou r radio clubs and get every 2
and 6 me te r member to scrounge aro und the
bands looking for Techs to get in the classes.
Don't forget the coffee and doughnu ts afte r the
code sessions. Further, any operators on 2 and 6
can eas ily spend an hou r or so a week send ing
code practice sessions on the air.

What do you sen d ? I suggest that yo u loo k
into the commercially prepa red ta pes since they
are perfect code and of known speed . Move up
into the band where you won 't drown o ut regular
con tac ts and set up a schedule of code practice
sessions nightly or whatever you can handle.
Keep th em inflexibly on schedule so you d on 't
lose the aud ience that you gradually build up.
WIA\\' isn't the only sta tion that can send code
practice, you know.

Since a great man y o ps de pend a lo t more
than they sho uld on memorizing of the license
manual to pass the exa m, it won 't hu rt a t all to
begin each club meeting with a sho rt tech session
to hel p the members better un derstand the
theory. Understand ing gets you through the
exams a lo t better than memory.

Is your clu b doing every th ing it can to help its
m embers up their license grade? Is yo ur club
honestl y trying to recru it new Novice and Tech
members and he lp them? Or is it like many t hat I
have know n, run by a handful of oldt imcrs who
di scourage newcomers? Don't look to the ARRL
to suddenly star t a nat ionwide PR campa ign for
the hobby...decide that yo u and your club will
swing into action in you r area to get more hams
and move all members li p at least one license
grade.

73.
... W2NSD ·
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Last-Min ute F lash!

The FCC has prepared a "proposed rule­
making" se t of constrain ts with respect to oper-

disable the transmitter in case of failure in the
normal operational con trol circuitry . This
requirement is desirable, and it -should require
rea ctivation on ly by the licensee. Your analysis
overlooks the usc of a second timer circ uit which
is part of the operational circuitry , and set for
example at 2 minutes. It would terminate the
carrier as in the usual sense, and reactivate
automa tically when our longwinded friend finally
le t go o f the mike. The 3-minute timer would
function only as it shou ld ; to completely disable
the repeater unt il the licensee cou ld ana lyze the
cause of the malfunction , make necessary repair
or adjus tment, and return the repeater to service.
The two-t imer approach meets both the usual
opera tional interrup tion of the longwinded
channel hogger and the necessary safeguard
requiremen ts to reliably disab le a malfunction­
ing repeater,"

Since I always have a great deal to say but
very litt le space in which to say it, I try to cut
my editorial verbiage down to the barest
essent ials. As a conseq uence , I cannot always
ph ilosophize and ramble the way I'd like . And
besides. with Dave Mann's Leaky Lines, 73 has
about all the philosophy it can handle in any one
month . But it see ms to me that it is high time for
a t least a teensy bit of maundering, in defense of
my position and 73's after Dave Mann's com­
ments about the chastity of Technicians in gen­
eral (February, Leaky Lines) .

It is fir st prudent to say that I am editor
- no t a censor. Dave Mann's editorial material
does not necessarily have to coincide with my
opinions to be accep ted for pu blication. He is
entitled to speak his mind freely when he writes.
regardless of how mu ch I may disagree with th e
stateme nts he makes. Which is as it should be.

M y February editorial with respect to the
new interim regulations for Canadian ama­

teur repeaters has brought an unexpected spur t
of responses from Canadians who feel that
insufficient credit for the rules was given the
Canadian repeater organizations. This is a point I
certainly should have brought out , and I take this
opportunity to do so. The rules adopted by the
DOC (Canada's FCC) were a direct resu lt of
suggestions supplied by the Toron to FM Com­
munications Associat ion and the Ottawa Ama­
teur Radio Club (and perhaps others). The poin t
that was meant to be made in the earlier editorial
was that the ru les were based on the Buffa lo
petition - which is still a fact. The Buffalo
petition served as a foundation from which a new
draft was formulated by Paul Hudson VE3CWA
and others. The draft became the DOC in terim
req uiremen ts for repeaters.

My apologies to the Canadian ama teurs for
my neglect. And a hearty well done to them for
taking an issue and getting something done about
it. We U.S. amate urs co uld learn some thing from
this seque nce of act ivities and cooperative
effor ts, I think .

A.E. Blick VE3AI-IU writes:
". . .note that these are interim regula tions

and will not become formal regulations until they
have been assessed as to their worth. Incidentally ,
you omitted to include the first regulation, which
sta tes : 'Ap plica tions for Amateur automatic
repeaters will be considered on a case-by-case
basis, as in the past : This means that such
stations will not be automatically licensed pro­
viding they meet the other requirements. Also ,
that the DOC has already been asked to drop the
requirement that only the licensee be enabled to
reset the repeater and considera tion be given to
an automatic device suc h as you mention."

C.H. Harrison K2QPF writes:
" . . .1 feel you' re taking issue with the

Ca nad ian interim FM repeater regulations
3-minute timeout requirement without complete
analysis. The purpose of the automa tic shutdown
timer required by the regulation is obvious - to .

,

* * *
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There is a fairly co mmon myth that I am
beginning to hear more and more frequently
quoted as truth . Since the myth affects me (and
you), it's up to someone to talk abou t it . I d on 't
knovv· whe re it sta rted. but I know it is known
nationally . Worded in any of a dozen ways, it
goe s like this: Amateurs who are not members o f
the League have no right to com plain about the
A RRL, i ts workings, policies, people, tactics, or
structure.

Now, I wou ldn't worry if thi s were merel y
someonc 's misplaced ideology. I think it began as

a tion of repea te rs on the amateu r bands. and is
asking for comme nts before May 15, 1970 . The
complete text of the docket i ~ no t yet ava ilable,
but an FCC representa tive listed the major po ints
under considerat ion. They incl ude relaxed log­
ging requ irements, automa tic 10 at 3-minute
intervals, no repea ters below 50 MHz, ma ndatory
tone con trol or whistle-on activa tion - a ll of
which were recom mended in RM- 154 2, a pe t it ion
submitted in December.

But the FCC has gone a bi t fu rther by
recom mend ing that no links be allowed, no more
than one transmitter be activated from a single
receiver, no crossband operation, and no
unattended repeater opera tion. The imp lica tio ns
carried by tl-...se last items are weighty indeed.
and warrant the immediate attention of every
repeater o wner, remote con trol opera tor, and
prospective repeater/rem ote operator. If cross­
band opera t ion is d isallowed, there can be no
city-to-ci ty repea te r inte rconnects. There can be
no rem o te ly con trolled ama te ur sta tions , because
all rad io-con trolled tran smitte rs and tran sceivers
involve UHF portions to link signals to and from
the remotely con trolled equipment.

The FCC deserves credit for making the effort
to get repeater operation into the rules and
regulations. But repeater progress will come to a
complete stands till if the crossband and multip le­
output recommenda tions o f the FCC are upheld .
The May issue of 73 will ca rry the comple te text
of the FCC's recommendation along with pro­
posed al ternative ac tions. Whatever you do, don't
fail to get the May issue to sec wha t 's happe ning
with repea te rs. And if yo u have com me nts, you
will have until May 15 to ge t them in to the FCC
office. 73 also will be filing a list o f com men ts on
this docket ; these, too , will be published in the
May issue.

If you plan on making comme n ts on this
impor ta n t docket, don ' t do it ye t. Start thinking
about what yo u want to say. Discu ss it a t your
next club meeting. Make notes. But read the
FCC's recommendations before you file your
com men ts. If you're an Fl\.f'cr and you fa il to
comment on this vital issue, you'll have no o ne to
blame but you rself if the FCC do cket get s
through unscathed.

* * *

some League member 's defense of league
actions. But this month you will see it c ited in
Leaky Lines by Dave xtann , who has a reputation
for " calling 'em right."

l est the adage get perpetuated as a verisimi li­
tude , I will risk sounding anti-League by debunk­
ing it. Whether I agree with the ARRL or its
poli cies is immaterial. The fac t remains that wha t
the l eague docs, what the League decides, what
th e League recommends - it does so no t on
behalf of its membersh ip bu t on behalf of the
amateur radio comm unity as a whole. Since every
nonmember is affected by every major ARRL
decision , every amateur, member or not , has the
right - and the duty - to be concerned with and
get involved in League affairs.

l e t's take the in centive licensing thing as an
example. The League origina ted the proposal; but
did it affect only League members or did it hurt
us all? And how about the curren t Technician
spectrum gift: Does it apply on ly to ARRL
mem bers or will all amateurs have to comply
with any FCC decision based on the proposal?
And the AR R L's repeate r recommendations: Will
they end up as League-on ly rules, or will all
repeater o wne rs and operators be forced to live
with them as well?

As long as the ARRL's ac tions affec t you as
an amateur, you have an obliga tion to know what
the League is doing and when. Your responsibil­
ity is not so much to get in the League, but to
make your voice heard. As a nonmember, your
righ t is even more intrinsic than it would be if
you we re a member. A League member pays his
d ues, which serves as tha t ind ividual's approval of
the way th e League does t hings. His money (in
du es) is a vote of con fidence for "the system."
Since the member is supporting the system, he
has scan t right to comp lain when he 's knifed by
the sys tem - afte r all, he shares responsibility fo r
its existen ce.

Ah, but the nonmember is ano ther story . He
does not back the system. He does not approve
o f the system. He d oe s not believe in the system.
Who, then , has more right to co mplain about
being plowed under by the sys tem?

If anyone ever te lls you t hat you should join
the Leagu e so that you could " effect change"
from th e inside, don' t you believe it. Hams have
been trying for years withou t success. But it
doesn' t take a genius to figu re out that if every
dissatisfied ham dropped his membership , the
ARRL would either change or drop out itself.
Your most powerful voice is NOT y our ARRL
membership. Rather it is the absence of it.

Don't make the mistake of labeling me
anti-League, because I'm not. Neither d o I
appreciate the power of the Leagu e, however, to
speak for hams who don't believe in the ARRL. I
sim ply believe that all amateurs, League members
or not, shou ld have the right to vote on issues
that affect all ama te urs. Doesn ' t tha t seem
reasonable?

... K6MV H •
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A ccording to Yanke..' Lege nd . if you shou ld
encoun ter the ghost of Da niel Webster, he

would ask jus t as in life. "How goes the Un ion.
neighbor?" If there arc trul y shades and spirits.
and I am no t one 10 deny it. perhaps those which
quickened the mortal coils of ou r hobby's
pioneers might he asking. "How goes ama teur
rad io. Old ~la n '! "

Regre ttably. the answer wou ld no t ring ou t so
confident ly and affi rmatively ;IS would o ur reply
to old Dan"l. T he sta ll' of amateur radio is no t so
..oun d as the slate of the Union . despite irra tion­
ally op tim istic claims
to the con trary. O f
COUfSl', all is n ul (' O IH­

plc t el y hop el e s s :
th ings se ldo m arc. But
the re is an air of d e­
m or a l izat io n which
, ..'..-m-, to be wide­
spread. and th is is cvi­
deuce that we :.ITe d is­
turbcd and hugriddcn.
Wl' seem to be in :111

a p prehcnsivc mood.
waiting for disaster to
strike. hom who
knows what quarter.
Li k c T cnn y ... on ' ...
Ligh t Brigad e. the re
arc "guns to the r ight
of u s. guns 10 the le ft
o f us," a nd \\"1.: know
not whence will come
the vo lley and th un­
de r.

~e\dy eme rging nu non s eye our freq uen cie s
with covc tou... nc...... . Couuucrcial use rs in trud e in to
our <pcc t rurn in blatan t d e fiance of the assign­
men t regulations. T he communica tions facilit ies
of our own armed forces crea te in te rfe rence on
the ham band ... w ith imp uni ty, and ...o d o es Vo ice
of America..\I u n it·ipal it ies dcvi ...c pern icious cov­
cnauts and restrict ive codes. limiti ng or :11t0­
gcthcr prohibiting tower... and antennas. and they
sometime... even cnac t ordinance... again ... 1 our
right to operate a t all. I t ...ccms thai a lthough WI..'

arc gua ranteed the freedom 10 pursue happinc-<.
rhi... sometime-, cvcludcs the opcrurion or a ham
station!

In addi tion to ;/ 11 th i... haras...mcn t from o u t­
... id ..' vourccx. we a rc inwa rd ly di vided in to sec l ...
and contending fact ion After over fifty yea r... o f
existence \H? find our el ves cloven int o angry
splinter group .......na rling and yammering ;11 one
auc rhc r. A t n t ime when we need de...pc ra tcl y to
he u n it ed . we arc being hopclc ...... ly ...plit asun de r.

" I [ 0\\ " goc... ama te u r rad io . O ld i\t ll1 ,? " ...No t "'0
wdl. ['m afra id. \\\ , have w itne ...sed dram a t il:
dlallges ill bo th the d ired io n :lIld cha rader o f
h:lIn radio in the paq ...cvera l yea r.... T hi ... h oh h y
... ta rt ed out as till' ok prov inL'l' of till' ...eriall'"
...... ien...e·minded. I t i 110W being l.:on tende-d th:lt it
h;Js hl'l'omc the play loy of en tert:tinmen l ...l·eke-r....

14

ju st fid dl ing arou nd w ith a novel a nd int riguing
gewgaw. It is ...aid that for eve ry ham who i...
gen u ine ly mo t ivated by theore t ical and tec hn ica l
aspccts of the hob by. there are scores who
possess on ly the most meager and ske tchies t idea
of wha t it's all abouL.who a rc capable on ly of
plugging th e r ig into a wall recep tacle. tu rn ing on
a swi tch. and tal k ing into a microphone.

T h is is an abominable situa tion. if it is t rue . If
untrue. the n it is a slander and a da mnable libel.
As for my own op in ion . I tend to th in k it 's
untru e. T here arc li te rall y tho usands o f a ma te u rs

deep ly invo lved in the
d c v el o pm cn t o f
science and tcchuol­
ogy. The large labora­
tories a t Bell T ele­
pho ne . Bendi x. ITT,
Sperry , 1B,\1. CE. and
coun tle« o ther... arc
engaged in a u n iver­
sa lly burgeoning pro­
gram o f research and
scie n tifi c inquiry.
A nd in every area of
this rap id prolife ra­
t ion. on every level.
c o n sp i c uously and
mcri to ri ou ...ly recog­
nized fo r their cont ri­
bu t ion s. there arc
rad io ama te ur.... These
peo ple d o not leave
thei r kn o wled ge and
inge nu ity o u txid e th e
d o or to the ham-

shac k.
Ad va nce ... in the tech niq ue... of communicu­

tions science. a ... in most other field .... have bee n
accom plished largel y by a selec t. det ermin ed
group o f innova torv, fa r in advance of thei r
con tc mporurics. A cusc in point: single ... idc band.
Bell T ele p ho n e was involved in th is fie ld around
the t ime of the fi r... 1 world war. Excep t for a t iny
ci rcle of knowledgeable hams....ideband remained
prac tica lly unknown on the bands until the end
of the thirties an d thc beginning of the foruc .... I t
did no t become a p rac ticali tv un t il after World
War II. And even now. in 1970. it i.. not ye t
universally recognized as an acce p table fo rm o f
co m mu nica tion s. T here a rc s t ill ham s who arc
rc ... i... ti ng the mode and try ing to shoo I it down.
bccau ...c they view it as a newfangled fad which
wil l never cat ch o n. Afte r ulmo ... t fo ur gene t­
ati ons. imagine ....inglc ... idc bund is sti ll rega rded in
...omc circles " ... a pas ing fanc y. to tall y d evoid o f
mer it o r val ue! Do c Ihi ... mc un that the ell tire
ama te ur community is d ecay ing'! Not at all. It
... imply signifies thai "ome pl'Ople re ... i... t c ha ng!.?
mo re lenad o u sly tha n othe rs. II ce rt ai n ly doc ...
no t cll t it h-' tho ...e who ;'1L"L"l.?p l Ill'W iLl ea... with
eagerness and a lanilY to feci contcmpt fo r tho sc
who d o no l do "'0.

\\ \ , o fll'n hl'a r of thl' impos... ibi li ty o f ... hanging
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loss o f o ne o f o ur m ost p rized possessions ; the
wonder fu l camcradcrtc which has cha racterized
ama teur rad io from its very begi nning. And tha t
wou ld indeed be a tragedy.

As long as we are told that we arc on such
goo d terms wi th the coun tries of La t in America .
th rough the " G ood Neighbor Po licy ." and all the
o the r huge spending progra ms that arc hel p ing to
kee p the o rdina ry people o f our own lan d
impove rished . I'd like to make a proposa l.

O f course. I de no t thi nk it likel y tha t thi s
proposa l will meet with strong approva l in these
co un tries. because I do no t happen to be lieve we
arc on suc h good terms a ft er all .. .in sp ite of a ll
the fa ncy clai ms an d conten tions . I believe in
that ol d saw abou t ac t ions spea king: loude r than
words. A nd I reca ll vividly the way M r. Nixon
was spat upon in So u th Amer ica ...how the sh ips
an d property of A me rica n fi rms were seized .. .and
many other manifestations of "antigringoism" in
recent years. ,\ Ir. Rockefel ler 's recent fuc tf'inding
mission was sure ly no exception either. It is clea r
tha t our stock is pret ty low. uno fficially anyway,
south of the borde r.

Still . the re ap pears to be a ce rta in de tectable
cordia lity bet w ee n the hams of La ti n count ries
and the hams of the Uni ted States . Be cau se of
this rat her inconsistent ra y of sunlight in the
othe rwise impene trable dark ness. I shou ld like to
suggest that someone try to preva il on o ur La tin
Ame rica n ne ighbors 10 stop runmng those
ub iq u ito us pho ne pa tches on t ile low cu d of o ur
20 meter phone portion. T h is is probably the
worst single sou rce of ' Q IU I o n our bes t D X
band. And one of i ts most annoying: features
appea rs to be the cons ta nt par t icipa tion of
poorl y modulated fema le voices. wh ich fre­
qu ency-mod ulat e al l over the p lace. w hen one of
those ga ls star ts delive ring tha t rap id- f ire Espaiiol.
you might ju st as we ll forge t abo u t work ing
anyt hi ng: within at 1e;ISt fi ve kilohe rtz.

Since all Sou th a nd Cen tral A me rican s have
privileges below 14 .200. how about gett ing IT U
or ARRL to make overtures to LA BR E. ReV,
RCP. RCB . etc .. to get so me sensible phone pa tch
freq ue ncy rccommc ndutions. wh ich wi ll confine
this troubleso me a nno ya nce to a more reasonab le
portion of the band.

O f course. I' ve no tice d tha t about hal f the
patches arc ma de 10 the Mi am i are a. and tha t
rat he r complicates mat te rs. I have a swe ll idea o n
tha t si tua t ion too . hut I'm no t going to dare to
suggest it. I migh t fin d a line of bea rded pic ke ts.
wearing fati gu es. paradi ng up and down in fron t
of my house!

*****

human natu re. Whil e th is popula r cliche enjoys
wide accep tance, i t is o nly a half- lrut h. T he
human be ing has been in a sonstnn t sta te of
change throughou t h is en tire histo ry. T he
changes have been slow and all but imperceptible.
Yet they have occurred. T he re is a mighty ine rt ia.
no one can deny it. which preven ts people from
accep t ing change willingly . T hi s is a persona lity
charac terist ic . more pronounced in some tha n
others. Even the in troduct io n of inducements or
penalties does not make it any t il e easie r for
people to accep t change . In Ind ia. whe re there is
unspeakable poverty co u p led wi th tremendous
overpopulation. the government so ught a solu­
tion by o ffering a han dsome incent ive. They
offe red a signi fica nt m o ne ta ry rewa rd to a ll
married men who wo uld submit to an operation
ca lled a vasectomy. T his is usually a painless an d
ha rm less procedure. req u iring no hospital s tay .
and rel ativel y simple. Desp ite the urgency of the
situation and notwithstanding the grea t need for
the money , very few men have come in to the
public health clinics fo r vasectomies. Incen tives.
like deterrents. arc rare ly successfu l. The deat h
penal ty. invo ked fo r centuries in a ll the count ries
of the world as a de te rrent to cap ita l c rimes. has
rare ly, if ever. prevented a murde r !

T heft..' is slim likelihood that the en tire ha m
popu lation o f the Uni ted Sta tes can be tra n s­
formed in to a community of sc ient ifically mo ti­
vate d electron ics specialists. We mi gh t as wel l
demand that everybody who buys a piano m ust
learn to tunc and regulate it. O r that every d river
must learn to service an d repair h is own au to­
m o bile .

Well. wha t about this te ndency of some
amate urs to be contemptuous and d isda infu l
towa rd the so-ca lled "appliance ope rato r'?" l-irst
of all, we m ust expunge from our consciousness
the ide a that the stan da rds of amateur rad io arc
becoming degraded simply because some of us
arc not b rilliant eno ugh to homcbrcw o ur own
stations. T hose in the vangua rd of the hobby a rc
eve ry b it as creative as the ir counte rpa rts o f
yes teryear. It is me re ly that we have g rown
might ily in numbers since t hen . and the propo r­
tions have become alte re d. I t is pro pe r fo r ham s
to be made to conform to m in im um sta ndards of
compe tence. Bu t we must gua rd aga ins t the
ten dency to ra ise those standards to an unreali s­
t ic leve l. T h is road leads to the estab lishmen t o f
an elite caste: an a ristocracy. And it 's a ce rtainty
tha t no one. no t the I' CC. nor the A RR L.
believes that all hams can beco me Ex tra Class
o pe rat o rs.

In fa r too man" c ircles there is a erowmeo 0

senti me nt tha t a stigma attaches to anyone
without an Ex tru Class tic ket. It should be borne
in m ind ,tha t a licensed amateur. apart f rom the
freq uency rcstrtcuons specified by h is grade. is
j ust as goo d as 'I lly other amateu r. whether he is
an electronic gen ius or just a cha p who is in the
hobby for the shee r p leasu re o f it. If we filii to
remember this. we arc very likel y to witness the
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For pulse-type interference, there's
no subst it ute for a blan ker. Here's

one that can be built up for less
than five dollars...and it can be left in

the circuit at all times without
degrading normal receiver

performance.

APRIL 1970

F or several months now I've been experi­
m en ting with every im aginable type of

noise red uc tion ci rcu it. T he result o f exten­
sive work with audio and i-f limit ing and
clipping was a growing conviction that the
way to achieve truly effec tive noise reduc­
ti on was to develop a blanker. Audio limiters
and clippers all share one failing: they in­
troduce harmonic distortion which reduces
intelligibility and makes for ext remely fa­
tiguing listening over the long haul.

I-f limiting and clipping invariably reduce
the signal level. Apparently , the more effec­
tive this kind of circuit is, the more loss it in­
troduces. If it was to be necessary for me to
build an extra i-f stage to compensate for this
loss, why not go the route and develop a full
blanker? The extra circuitry necessary
would not amount to that much more than a
clipper and ext ra i-f stage.

I came up with the following list o f basic
requirements after analyzing present com­
mercial blankers. as well as a couple of cir­
cuits in the ARRL handbook.

I. Blanking must take place ahead of the
selective stages to reduce ringing.

2. A minimum of 30 dB of blanking is a
prerequisite, based on the performance
of current commercial blankers, and

17
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the claims made for other published
circuits.

3. Compactness, simplicity, and ease of
adjustment are obviously desirable.

4. The blanking action should not ma­
terially affect the signal.

5. The blanking action should be inver­
sely proportional to the strength of
the received signal.

All in all, five different circuits or com­
binations of ci rcuits were breadboarded and
tested . In most of them it was very difficult
to secure a sufficiently low time constant to
prevent audible "holes" from being punched
in the signals in the presence of noise. In
others, serious distortion of strong signals
resulted from the inability to secure satisfac­
tory inverse control of the blanking action,
proportional to signal strength. Of all the
circuits I built up, only one satisfied all the
requirements adequately : R. L. Drake's
blanker circuit as used in the R-4 series re­
ceivers. The purpose of this article is not to
set forth an original circuit of mine, hut to
explain how this exceptionally fine blanker
works, can be homebrewed, and integrated
into existing equipment.
How It Works

An ave controlled 6BA6 amplifies the in­
coming rf signal from the first mixer and it is
detected at D1. The ave control helps ac-

18

pulse detector 02 proportionally to the
strength of the incoming signal. 02 detects
noise pulses exceeding the amplitude of the
incoming signal, and the resultant negative
pulses are used to cut off the first section of
the 12AX7 instantaneously for the duration
of the noise pulse received . This produces a
positive pulse at the plate which in turn is
used to tum on the second sect ion.

When the second section is turned on, it
draws curren t, forward-biasing the diode
(03) in series with its cathode for the dura­
tion of the noise pulse. When the diode con­
ducts, it grounds the plate of the receiver's
fi rst i-f stage, instantaneously cutting off the
signal while the noise pulse is present. Noise
is literally chopped right out of the signal,
while the signal itself remains virtually un­
changed in its audible form , though it's
really full of infinitesimal "holes." A piece
of RG-58 is used to make the connection be­
tween the first i-f plate and the 12AX7 cath­
ode through a .00 I /IF disc ceramic.
When the blanker is off, diode 0 3 is
heavily reverse-biased, preventing blanking
or random. cl ipping. The 25 kn pot is used to
complish the desired inverse ratio between
signal strength and blanking action. More
control is derived from detection at DI ; a
portion of this voltage is used to reverse-bias
control the level at which blanking action
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begins. I have used the secondary of th e i-f
transformer in the blanker to take off the
i-f signal for a monitor sco pe.

Adjustment and Operation
There are no tricks to getting the blanker

to work properly, and , if you've wired it cor­
rectly, you should find that it works perfect­
ly as soon as three simple adjustments have
been made.

I . Make sure that the blanker is off, and
tune in a st rong carrier - - your crys·
tal calibrato r will do nicely . Repeak
th e first receiver i-f to compensate for
the connection to the blanker.

2. Remaining tuned to the carrier, adjust
th e i-f transformer in the blanker for
maximum posit ive voltage at A.

3. Now find a signal of medium strength
which is difficult to copy through
heavy noise. (Perhaps you can have
someone start your car and rev the en­
gine to create some noise, if neces­
sary). Adjust the 25 HZ pot for suf­
ficient blanking to enable you to copy
the signal easily. You may be able to
make the noise disappear entirely.
This step requires some judgment,
and you may want to repeat it several
times under various conditions to be
sure you've optimized the blanker's
performance.

Once the above steps have been accom­
plished, you should find that you have bet­
ter th an 30 dB of bla nking, probably more ­
plenty for even the worst condit ions - with­
out distorting the signal.

Now, get everything back together again,
and be prepared to copy signals that you've
never heard before. My QTH is a half block
south of some high-voltage power lines. I
guess I don't have to tell you what that does
to weak groundwave signals on 6 meters ...
it obliterat es them ! Using the blanker, how­
ever, enables me to copy just about every­
thing anyone else does, and a lot of it can­
not even be detected (let alone copied) with­
out the blanker.

The nature of this circuit is such that it
can be left on at all times, if you wish, with­
out degradation of receiver performance.
It 's only active in the presence of noise . It's
very nearly foolproof, and it shouldn't take
you more than an hour to build and install
it. On top of that , it's plenty cheap. If you
have any kind of junkbox at all, the whole
works shouldn't cost more than three or
four dollars. You'll find that this blanker
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will repay this minimal outlay of money and
time many times over - and you 'll be amazed
at what you can dig out of the "mud"
with its help.

A few afterthoughts and suggestions are
in order. I built the detect ion circuitry en­
tirely on a piece of Vectorboard which is
mounted to the chassis by a small angle brac­
ket. I recommend this approach to save
space, as well as for convenience, since this
circuitry is quite awkward to mo unt on the
usual tie-lug strips. It is important to retain
the exact values of resistance and capaci­
tance shown in the detector and blanking
circuitry. Changing them could result in an
increased time constant which might cause
audible "holes" to be punched in the signal.

The method of applying ave to the blank­
er if may vary from receiver to receiver.
This makes no difference, as long as a direct
connection is made from the grid of the re­
ceiver's first i- f stage to the grid of th e blank­
er's i-f stage . This wi ll couple both signal and
ave voltage to the blanker. Diodes DI , D2,
and D3 can be nearly any general purpose
silicon diode; but D3 must have sufficien tly
high ratings to handle the voltage drop and
current through the l 2AX7.

.. . W8RHR •
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Hot

Carrier Diode

Mixer/Converter

For 2 Meters
•

T he double-balanced diode mixer
using hot carrier diodes is enjoying

widespread acceptance in commercial and
military communicat ions equipment. When
properly applied, these mixers offer the
designer many adva ntages compared to the
conventional bipolar or field effect t ransis­
tor approaches. T he main advan tages are :

• Very good overload resistance
• Low crosstalk and in termodulation

products
• Good noise figure
• Excellent local oscillator isolation
• Construction simplicity and ease of

duplication
• Can be made into a wideband device

This article describes an easily duplicated
2 meter converter which offers 1:he latest
in design concepts.

T he detailed workings of the hot carrier
d iode and its operation in the double­
balanced mixer can be found in the refer­
ences. Briefly. the ho t carrier diode is
constructed using a PN junct ion joined to a
meta l barrier as shown in F ig. 1. This
construction technique provid es a d iode
with many advantages over t he conven­
tiona l point contact or silicon PN junction
diode. These advantages include low turn­
on voltage (4 10 rn V), high UHF rectifica­
tion efficiency, low diode noise, extremely
fast swit ching times, and excellent d iode-



William Ress WA 6NCT
Box 903
Moun tain V iew CA 94040

•

Low no ise, high gain, excell ent

overload resistance, and a high deg ree of

isolation combin e to make the hot carrier diode

particularly attract ive fo r applications in receivers and converters.

Fig. 1. Hot carrier diode junction profile.

to-diode uniformity.
The double-balanced d iode mixer uses

the variable resistance of the d iode's on
and off state to perform the mixing action,
and offers excellent port-to-port isola tion

by using elect rically balanced ce nte r tapped
transformers. The noise cont ribution due
to the local oscillator is also greatly
reduced due to the electrica l arrangement
of the transformers. Since the diodes an d
the local oscillator offer no significant
noise contribution to the mixing operation.
the mixer is essentially a noisel ess passive
device which has a conversion loss. This
conve rsion loss (typically. 5-7 dB fo r
mixers of this ty pe an d freque ncy range)
appears as a resist ive attenua tor when used
in a down-converter applicat ion. This
mixer is a broadband device: therefore , to
change the i-f outpu t frequency to sui t
your requi reme nts, only the lo cal oscillator
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Fig. 2.

2 meter
converter
block
diagram.
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frequency and the i-f amplifier center
frequency need be modified .

The block diagram of the converter is
shown in Fig. 2. It starts with a bandpass
filter centered at 146 MHz. This filter is a
critically coupled double-tuned circuit
which provides a bandwidth of 6 MHz and
an insertion loss of 1 dB. It is necessary to
use a bandpass filter ahead of the broad­
band mixer to eliminate the noise power
tha t would be con tributed by the images.
The response of the filter is shown in Fig.
3.

Following the input filter is the double­
balanced diode mixer. It uses a computer­
matched diode quad; the Hewlett Packard
HPA·5082·2805 available from your local
Hl--Neely sales office for $4.40. The quad
is composed of selected HPA·5082·2800
diodes which can he used and are available
for 994, but the matched quad will provide

\
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PRIMARY

better mixer balance and a lower conver­
sion loss, so it will be worth the extra
money. The toroids used are Indiana
General CF·120-QI's available from
Newark Electronics for $1.20 each. They
are wound with 30, 32, or 34 (AWG)
enamel wire. The windings on the toroid
are shown in Figs. 4 and s.Care should be
made to insure that the proper winding
interconnections are made.

The 30 MHz i-f amplifier following the
mixer is a low-noise FET stage. It uses the

PRIMARY

( WI RES SHOWN UNTWISTED FOR CLARITY)

Fig. 4. Toroid winding.
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Fig. 3. Response curve showing attenuation vs
frequency.

Fig. 5. Schematic of the trW/ar toroid connections.
(The three windings should be twisted together
before winding onto the core.)
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Thi s is the definitive work on the momentous and chal­
lenging subject of amateur f-m repeaters, a vital new
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RCA 40602 dual-gate FET which exhibits
high gain, low noise,and very lit tle reverse
capacitance. This low reverse capacitance
allows you to build a high-gain amplifier at
this frequency without having to neutral­
ize. The second gate provides a convenient
way of varying the stage gain so that the
converter can be properly matched to your
receiver i-f. The gain of this stage is 28 dB
with the i-f gain control at maximum and 0
dB at the minimum position. The output
of the FET is a double-tuned circuit
centered at 30 MHz. It provides a flat
response from 28 to 32 MHz with high
skirt selectivity. It should be noted that
the i-f amplifier following this type of
passive mixer must have the lowest noise
figure possible as it will directly add to the
overall converter noise figure. The use of
the FET in the i-f amplifier also allows one
to take advantage of the FET's overloa d
capabilities and low crosstalk and inter­
modulation products.

The mixer's oscillator injection is
obtained from a "no mult iplicat ion" local
oscillator. It uses a seventh overtone crystal
at 116 MHz in a common-base Colpitts

Fig. 6. PC layout (component side of. board).

oscillator circuit. The cost of the crystal is
about $7.50, but it eliminates the multipli­
cation stages and tuneup required for the
tripled 38.666 MHz approach. The "no
multiplication" approach also eliminates
many undesireable harmonics from being
fed into the mixer which would cause
unnecessary image and "birdie" problems.
This oscillator circuit is easy to get started
and it will supply the mixer with about 10
mW of drive. This circuit has been used
with crysta ls from various manufacturers

Fig. 7. PC layout (copper side of board)
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Fig. 8. 2 meter hot carrier diode converter.

and by others in their converters and it
always plays right off. So do n' t fear getting
this 116 MH z oscillator circui t to work.

The printed ci rcuit board layout is
shown in Figs. 6 and 7. By using it and the
components reco mmended , du pli ca tion o f
t his conver te r should not be a problem.
The use of a passive mixer and an i-f
amplifie r that doesn ' t req uire neutraliza­
tion ma kes tuneup very simple.

Alignment of the down converter is a
simple matter. First, get the oscilla tor
wor king and t hen peak the input filter and
the i-f amplifier with a 2 me ter signal. The
oscillator is sta rted by tuning C4 and using
a waveme te r o r the d iode positio n on a grid
dip met er as a signal indicator . Once yo u've
established tha t the oscillator is running,
fee d a 2 me ter signa l into t he converter
in put and peak the input filt er and the i-f

APRI L 1970 25

!



amplifier for a maximum S-meter reading
on your receiver. Optimum flat bandpass
characteristics can be obtained for the
input filter and the i-f amplifier if a sweep
generator is available. Once the circuits are
tuned , the i-f gain control is adjusted unt il
the converter noise just overrides the

. , .
rece iver s noise .
Noise Figure

Since we are dealing with passive
devices, which have insertion loss instead
of gain , this loss is treated like an attenua­
tor. The input filter , with insertion loss of
approximately I dB , is followed by
another device. the mixer, which .has an
insertion loss of about 6 dB (for a total of
7 dB). The noise figure of the i-f amplifier
is 2 dB and, since a total of 7 dB
attenuation appears ahead of it, the overall
noise figure of the converter is 2 dB noise
plus 7 dB attenuation ~ or 9 dB total.

The completed converter has a noise
figure of approximately 10 dB, which will
be more than adequate for local ragchew­
ing , mobiling, and FM repeater work.
Naturally, for weak-signal work it will be
necessary to put a low-noise rf preamplifier
ahead of the converter. The image rejection

26

is determined by the input filter and for
the'worst-case image band of 84 -88 MHz,
it will provide 30 dB rejection . All other
images are down better than 50 dB.
PARTS L IST
C 1, C3, C4, C8, C 10, C 1 1: 1.7 -14.1 pF; EF

JOHNSON 18 9 -5 0 5 -8 ; 60t each.
C2, C9: 1.5 pF NP.O Ceramic
C5: 2 .2 pF NPO Ceramic
C6: 3 pF Silver Mica
C7 : 15 pF Silver Mica
C 12, C13, C14, C15: 1000 p F Oisc Ceramic
R 1 : 2.2K 'AW
R2: 50K Potentiometer R 5 : 2.7K xw
R3: 47K »w R 6 : 10 K %oW
R4: 100K %oW R7: 1K xw
L 1, L2 : PR I 10 turns No. 26 on Micrometals;

sec 4 turns No. 26 on cold end.
L3, L4 : 12 turns No. 34 Tri-fi lar on Indiana

General CF -120-01.
L5 : 7 turns No. 26 on Micrometals
L6, L 7 : 24 turns No. 28 on M icrometals; L 7 has

a secondary winding of 3 turns.
L8 : 24 turns No. 28 on Micrometals; .., rimary 7

turns No. 28 on cold end.
01, 02, 03, 04 : Hewlett Packard HPA-5082 ­

2805 diodes.
0 1 : RCA 40602
02 : RCA 2N5187

The converter will form an excellent
base around which a top performing and
versatile weak signal system can be built.
You'll be pleasantly surprised by the clean
quality of .the converter. There will be a
scarcity of birdies and images and it will be
harder for strong nearby signals to overload
the converter. . .. WA6NCT •
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The Repeater Handbook has
been a sellout at radio stores from
coast to coast ... Don't take a
chance on missing it. Order yours
now.

unt to know ore
about epeater«

NOW IN STOCK

.-

FOR THE OLDTIMER
the Handbook tells . . .
how to defeat desensitization
how to calculate attenuation according to frequency

spacing, antenna separation
how to build sophisticated control systems, using

ICs, timers, relays, steppers, or Touchtone
how to build automatic logging and identification

devices
how to build automatic phone patches

FOR THE NEWCOMER
the Handbook tells . . .
how to prepare for a repeater
how to get a repeater site
how to build a repeater
how to keep a repeater on the air
how to determine a prospective repeater's range
how to get your repeater license

The Handbook contains 208 pages of
useful, hard-to-come-by information,
and it's written in an interesting,
personal view by Ken W. Sessions, Jr.
(K6MVH) former editor of FM
Journal, now managing editor of 73.

II~~- - -;OPies:;;-e Radio ~a~r's ~-I
I Repeater Handbook at $6.95 per copy. II Send to 73 Magazine, Peterborough NH 03458 I
I Name Call I
I Address IICity/State/Zip I
L: j

,



28

Robert Kelty WB6 DJT
266 1 Carol Drive
San Jose CA 95 125

I nterest in amateur FM repeaters has
grown in less th an ten years to be a

significant segme nt of VH f' activity to
which even diehard t rad itionalist s arc now
turning. Hardly a major community exists
around t he country in which t he re is not
some F M o peration; and now. equipment
suppliers are beginning to give serious
atte ntion to F~rers. Repeaters grew up
under regulations not originally envisioning
such operation, yet were recognized in

general as remotely controlled stations.
Traveling around the count ry, one readi ly
sees that each opera tes in a slightly dif­
ferent man ner, with groups ta iloring the ir
net s to their own requireme nts.

Unt il lat e 1968 the ARRL, ama teur­
dam 's " official voice," hardly kne w what a
repeater (or remote base) was, and Leagu e
publications carr ied little mo re tha n
occasiona l ment ion. Mean whi le grow th and
int erest has conti nued. Operation of
remotely controlled equipment for group
benefit has a certain cost reali ty ; a success­
fu l repeater ca lls for organize d support,
often in club form, to insure pe rmanency.
In California a relay council was organized
as early as 1966 to administer matters such
as frequency coordination, standa rds, an d
to do advance planning at a level that
would benefi t all repeaters. Thro ughout
the cou ntry individual groups began inter­
facing or providing means to tie to each
other and the AR RL Board of Directors
saw that repeater people were serious
about what they were doing and had the
finances and organization to continue
growth almost without limit. The publica­
tion of an FM Repeater Handbook ' in

I Radio Ama teurs F!\t Repeater Handbook. Ken
W. Sessions, Jr., Editors and Engineers. New
Augusta, Ind iana.
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1969 gives adeq uate evidence that remote
o pera tion by VHF and UHF a mat eur
o perators from rf-advantageous permanent
locations is indeed here to stay.

The importance of a large new segment
of amateur in t erest was wisely recognized
by ARRL directors almost belated ly and,
seeing tha t the " Buffalo Pctit ion" was a
serio usly cons idered necessity, they moved
in 1969 to appoin t a special comm ittee to
st udy repeater act ivit y with an eye toward
recomm end ing FCC rules changes that
would bot h correct inadequately written
sections and enhance o perat ion . In add i­
t ion, the board voted for ARRL involve­
ment at headquart ers and for inclusion of a

chapter on repeaters in the yea rly hand­
book to st imulate in terest. A separa te
League V HF hand book is still under con­
sidera tion.

In 1970 the comm ittee's fi nal report
and reco mmendat ions will be released and
hopefully rules changes will be imple­
mented to permit operat ion closer to reali­
ties whi ch have oft en been d iscussed by
"repeater people ." It is to these proposed
changes that we now turn our attention .

Getting th e License
Licensing of a remo tely cont ro lled sta­

tion has never been a majo r hangu p, the
pro cedure being almost adequately
described in sect ion 97.43 o f Regulat ions.
The applica nt conforms in part by check­
ing ce rtain blocks on his standard form
6 l 0 B and by submission of blo ck diagram
and description of proposed means of :
cont ro ll ing the installation _ to prevent
operation not in comp liance with reg ula­
tions.

For the mo st part , sys t ems run cleanly
and the in tent of regulations is no t circ um­
vented purposely to the detriment of the
service. Still , repeater o perat io n is more
closely comparab le to PSIT 2 rad io services
rather than to " ha m" ty pe activity . Fi xed ,
portable, and mobile o peration on fix ed
frequencies naturally became abbrevi ated
to the point tha t callups, logging, identify-

2 public Safety , Indust rial, Land Transporta tion,
often called "commercial" land mobile.
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ing, and cont rol methods are somewhat
different from that in which an operator
hunts for a QSO with someone he may not
know. Net o peration a lways seems to be a
cohesive that fosters good operating pro­
ced ures because of the necessity of a good
"ne t image " in the eyes of outside rs. The
occasiona l maverick soo n find s himself
unwan ted .

One of the ru le section s being carefully
conside red by the repeater advisory com­
mittee has been licensing. It has been
agreed in repeater circles that the present
"remot ely cont rolled sta tion" category has
too ma ny implied restrictions.

In essence, a remotely controlled sta tion
is no t described as a mo bile re lay (rep eat­
er), one which is used to extend mobile-to­
mobile co mmunications range. It appears
that this valuable and now very popular
application of equipment was not con­
sidered in original rulemaking and that the
aut hors only thought in terms of remote
base o peration by individuals. The Co m­
mission has nevertheless considered appli­
cations on individual merit , granti ng
licenses where the intent and presentation
was in order. Hundreds of su ch insta lla­
tions are now in operation on prime
coverage sites serving ma ny tho usands of
VHF and UHF enthusiasts.

It is difficult to imagine that there are
any licensees who don 't recognize that the
letter o f the rules under which they o per­
ate is not being complied with . Many have
tried to minimize this e nigma by li censing
as many as 38 individual co nt ro l points,"
licensing wives who are a t home most of
t he day , placi ng co ntro l sta tions at places
of busin ess whe re monitoring can be
acco mplished, rely ing on an unlisted te te­
phone which will dea ctivate t he transmitter
when dia led, or via a primary power
cont ro l switch arrangement at a 24-hour
answering service which can be turned o ff
by an unlicensed o pera tor on request. All
are honest attempts to comply as closely as
practical. All are clever interpretive a pplica­
tions.

3G rizz ly Peak VIII' Amateur Radio Club , Rich­
mond, Californ ia (WB6AAE).
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Properly licensing an d operating a
station is even more involved whe n one
considers no t on ly the VHF mobile relay
but inte rfaced UHF, int erconn ection to
other stations, exte nsio n to multiple
picku p receivers, or select ively keying
tran smi tters. Configu ratio ns take many
forms.

A workable solution and one which the
California Amateur Relay Council endorses
is to establish two additional ca tegories of
station un der Section 97 .3 , Amateur
Unattended Station and Amateur Repeater
Station, then license on a per case basis as
described under 97.43 (with cer tain mod i­
fications), submitting proposed configura­
tion as at present. Licensing procedures
would thus be preserved more realist ically.

Control Methods
Maintain ing cont rol of unattended

transmitters has been a handicap to licen­
sees because of rules rather than equip­
ment. Monitoring of the emissions of
remote tran smitters from the licensed
co ntrol point(s ) plus provision of a 220
MH z (or ab ove) control path (or wireline)
places restraints on a syste m unnecessarily .
Unattended-station users have reached a
point of profic iency and sophistication to
allow control on the VHF input channel
above 50 MH z with adequate protect ion
against st uck transmitters, deviations fr om
terms of license, or undesired radiations.
Timeout devices, ca rrier coding, or other
s im ilar devices are this protec tion.
A lth o ugh sta tion responsibility must
remain with a "trustee of license," he can
easily record individual stations who nor­
mally use the remo te sta tion in his log once
or the occasional transient at each occur­
rence.

Currently popular methods of insuring
that only authorized stations pe rfo rm the
control function (placing the remote trans­
mitter on the air) include " dial up" fo r the
period of use, number sequencing known
only by authorized stations, and "per
transmission" coding (pulse tone or con­
t inuo us subaudible). Occasionally rumb­
lings are heard concerning discrimination
against outside rs or mainta ining «closed"
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relays but trustees are merely maintaining
control while insuring that cost sharing is
in effect. Purist s new to VHF repeaters
seldom see that the co-op station is a
relatively new concept borrowed from
"business radio" until they realize dollar
investment in equipment, maintenance,
and club costs.

As for suspe nding radiation in the event
of deviation from terms of license, a means
can be provided and described in license
applications. Certainly a trustee is clever
enough to meet this requirement in his
own way when held responsible . Amateurs
are marvelously self-policing by nature and
it has been proved repeatedly that the
willful violator has no regard for rules,
ethics, or propriety no matter what con­
straints are placed on him. Responsibility
can be enforced should such need arise by
virtue of the trustee's application, license
grant, and terms of license.

Identification
Despite relaxation of identification

requirements in the past two years, many
amateurs, especially those who have
operated below 30 MHz for long, tend to
dual identify, give location, and identify
again. At one time this may have been
practical and of some value , but today
- especially when operating through
remote VHF equipment , which usually is
devoid of marginal signals - there is little
need to prolong the callsign ritual.
Operators who feel insecure or wish to
prove to listeners their superb range will
con tinue to ta ke opportunities to give
m obile locations frequently but the
prac tice seems merely for display . Rag­
chewing will still be popular but has taken
a slightly different hue and those operators
who are still yearning for a wall cert ificate
for stay ing on the air for extended periods
have found that laudatory rewards are hard
to come by on FM.

Repeater people have discussed exten­
sively the time interval that should be
required between callsigns and it is gener­
ally felt that 10 minutes is not asking too
much . Still , the operator who becomes
engrossed in multiple-party exchanges
some times lets one of these intervals slip
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The newly designed Apollo is sensibly priced for the maximum number of hams - not
outrageously beyond their reach. It is an invaluable instrument for tune up or testing
of all amateur and low powered RF devices through to 200 MHz. Scaled 10/100/300
and 1000 watts at 52 ohms, the Apollo is unique in that a solid dielectric heat sink is
used instead of the pesty liquid variety. Moreover, the large easy to read meter is zener
protected in case you apply high power to a low power range. The load itself is rated
350 watts in dry air, is made of non-inductive Carborundum and when packaged in the
Apollo can take up to 2KW on a ICAS basis. Additional protection is provided with a
thermostatically controlled warning light adjusted to operate when the internal
temperature reaches 175°F .
Additionally, this device enables a direct percentage of modulation readout on the 10
watt scale (for low powered transmitters).

One more fact, the Apollo load is flat through 40 MHz and usable with ±10%
error up through 200 MHz. With fuli instructions and carrying handle on top it
measures overall 11·5/8 x 5" wide by 7·314 in height inclusive of rubber feet.

Save money, know where you are at, and what power you are putting out. Tune up by
means of the Apollo Dummy Load only $99.95 FOB Harvard.
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by. The fluid pattern of who is talking to
whom is often difficult to confine in time
frames .

Identi ficat ion of remo te ly controlled
transmitters at intervals, in voice or electro­
mechan ically is another area describable in
shades o.f gray. A remote base can be
identified without confusion, as can a
repeater ; however, whe n several people
ope rate the station, who gives the assigned
call? Or on a remote base with a UHF "up"
and " down" link, is identification of the
down link to be made? Or for that matter
is it to be continuously monitored?
Another level of interpretation is added
when more tha n one sta tion is operated
simultaneously or inte rfaced . Most of us
just tend to throw in a series o f callsigns
and let it go at that , for better or worse .

I n " prelimina ry study committee"
discussions, three-minute ID o f repeaters
has even been proposed for ru les although
saner types still fee l little need to identify
equipment to death unless they feel
insecure among the ir listeners. The FM
Magazine petition, a year in the making, is
no w before the FCC as RM-1542. Th is
petit ion suggests a three-minute ID, too,
but on a slightly di fferent - an d more
reasonable - basis: it would have the ID take
place after each three minutes of ac tua l
on-the-air time, rather than each three
minutes of overall operation. But I think
the most practical procedure would be to
authorize "no announcement of callsign
when station is operated as a repeater or
unattended station," similarly to other
land mobile licensees who req uest this
attachment to their terms of license. We
id ent ify our ow n s tat ions d uring
exchanges, an d the remote eq uip ment ca r­
ries this int elligence along with ad equate
indication to the ear that one is listening to
a remotely controlled transmitter. Making
identification permissive rather than man­
datory, as Jay O'Brien (A RR L repeater
advisory committee member) suggests, still
leaves a group wit h the ability to advertise
who they are . Or if they really like to foo l
around wit h identifica tion, there probab ly
isn't anything wrong wit h interesting
"canned" announcements done by well
known amateur voices as some Southern
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California addicts like to do. This type of
creeping "Hollywoodism" is native to
Southern California where it somehow
seems fitting.

Station Logging
Log requirem ents for una ttended sta­

tion s are not defined in FCC Rules, Par t
97. 103 except tha t one could conte nd that
a control station sho uld comply with each
subsection an d record time of each
sequence of communications, signature of
operators using the station, and location of
stations transmitting. To anyone who has
listened to a repeater, even briefly, this is a
ta ll order. Actua l logs that might be
examined reflect a very liberalized ap plica­
tion of our outmode d ru les for this ty pe of
operat ion, whe re several mobiles might be
involved at anyone time, traveling various
routes. Hand -carried portables are becom­
ing quite popular and present another
variation. Minimizing of logging require­
ments is certainly in order.

It is close to universally agreed that
recording time of retransmission capabili ty,
technical parameters such as power, fre­
quency, and emission, date and time of
changes of it ems to be logged , and signa­
ture of operator making adjus tme nts
comprise an adequate log. Redundan cy of
items that appear in individual logs should
be eliminated. RM-1 542 would have a
"maintenance" log only, filled in during
periods when the repeater site is visited for

• •service or repair.
The AR RL study group has done a

comprehensive job of evaluating the ama­
teur repeater picture, drawing from its
members as well as from discussions wit h
repeat er groups around the co unt ry. While
this review reflect s quite closely the
interim reports of that commi ttee, final
report has not been completed and
probably won't be until early spring.

We who have been involved with
repea ters for the past decade look forward
to ru le changes by late summer of 1970
with the realiza tion that by so doing the
FCC will be forma lly recognizing the
importan ce of this dynamically growing
segment of ama teur act ivity.

... WB 6DJT •
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Get IN on the action
with a

6ALAXY
FM-210

2 meter FM
TRA.NSCEIVER

from

STELLAR
As a " barefoot " mob il e unit, the American-made Galaxy

FM-21 0 runs a ful l five watts of power. Just connect it

to your antenna and clamp it under t he dash -then p lug

in a high-impedance mike and you're off and running . ..

on three crysta l-controlled channels! The receiver sec­

tion's F ET front end gives you unmatched selectivity

and sensitivity. And the transmitter's husky signa l gets
you through even in those "dead spots."

If the nearest repeater is in the next county-or if t he
ac t iv ity in your area is a ll "direct: ' you' ll wa nt the
Galaxy AC-210 power booster . It doubles the output
power of your FM-210 transceiver and allows operat ion

from either 12 VDC o r 11 5 VAC.

•

Power Booster S39.95

SPECIFICA T IONS

Frequency : 143 -149 MH z
Channels : Three; transmit and receive

are independently co n t ro llable. giv­
ing 9 possible frequency combina­
t io ns.

Transmitter : 5W in ( l OIN w ith op tional
power booster)

Deviation : + 15 k Hz max Iwidebandl o r
+5 kHz (narrowband) , wi th adjust ­
ab le speech limi t ing for o pt imum
matching to local stand ards.

Receiver Sensitivity: 0.5 S IN A D
Power Req : 12 V D C (power booster

accessory allows operation from
ei ther 12 VDC or 115 VAC)



W. B. Kincaid WA4YND
210 Graeme Drive
Nashville TN 37214

The myriads of mechanical
contrivances that repeaters inevitably

wind up with can be replaced with
transistor equivalents...with a

resulting increase in system reliability
and decreases in headaches for

the repairman.
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A ft er operat ing an amateur repeater
for several years it became quite

apparent that ,the majority of o ur repeater
failure s were caused not by a malfunction
of either the receiver or the transmitter, but
by a failure of the carrier-operated relay
(COR) , the three-minute mechanical timer,
or the hang-in timer,

We have been using the standard Mo­
torola tube-type CO R with a Telechron
drive three-minute timer and an Agastat
dash-pot timer for hang-in. We often had
trouble with the Agastat mechanically
shaking things loose in the repeater and
middle-of-the-night wife-type complaints
about the noise. particularly when a mo­
bile was putting in a " picket fence" signa l
at 2 a.rn . It's like waking up to a machine­
gun .

In an attempt to eliminate the problem
associated with these mechanical devices
we began to work toward a solid-sta te
system. Our objective was to reliably key
the transmitter on both weak and strong
signals, without any buckshot. and to
provide carrier hang-in. automatic tone
CW identification and a three-minute timer.
We accomplished this with a Schmitt tri g-
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Fig. 1. Schema tic diagram of repeater controller circuit.

ger operat ing from the change in plate
voltage of the first audio amplifier in our
GE Progress Line receiver.

The Schmitt tri gger req uires only a 2V
change in a negative d irec tion to switch
on properly, due to the regenerative feed ­
back of the direct emitter coupling. ( Refer
to Fig. I.) Once it has switched, Q3 sees
the 8V change on the collector of Q2 and
turns on, causing series-connected relays
K I and K2 to close. This circuit and the
rela ys have the capability of switching at
speeds up 10 20 kHz. Once K2 has closed .
K3 latches itself closed through contacts
K3A. \Vhen this occurs, the transmitter is
keyed via K5 and K3C.

Since relay K3 is latc hed closed, when
the received carrier drops out it cannot
open and let the transm itter turn off; how­
ever, when relay K2 opens. voltage is
applied to the three-second timer via K3B
and K2, which causes the 100 fLF capaci­
tor to charge through the 39K resistor.
When the capacitor charges to the break­
over voltage of the 2N2 160 unijunction
transistor, it then discharges into the coil
of relay K4 causing its normally closed
contacts to open momentarily and allow
relay K3 to reset.

In the interim period afte r K2 opens.
K 1 has switched the transmitter audio
input from the receiver to the CW keyed

tone for identific ation purposes . This pro­
vides an automatic "ident" every time a
mobile releases his microphone. It also
eliminates the squelch - tail noise burst
from the reeciver since the Schm itt trigger
will reset faster than the receiver squelch.

In the event an input signal is present
in the receiver for longer than three min­
uts. another unijunction transistor timer ­
which sta rts its timing cycle as soon as the
transmitter is keyed - will time out and
latch rela y K5 closed . This shuts down the
transmitte r until such time as the input
signal is removed and the three-second
timer times out and resets relay K3. When
relay K3 opens. both timers are instan tly
reset ( no waiting for the gears to unwind
in a mechanical timer ) .

The tone oscillator frequency is set to
1800 Hz to a llow its use for actuating
other devices in the control link system on
450 M Hz. A potentiometer can be bridged
from the tone oscillator output to the
transm itter audio input to provide a 1
Hz deviation of the transmitter on top of
the receiver audio. This to ne can then be
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used to key a 450 l\1 Hz link to anothe r
sitc .

In our system we utili ze a 2 meter re­
ce iver feeding a 450 Ml-lz transmitter
(which keys a second 450-M Hz-to-2­
meter transmitter at a remote site) . The
tone gives us tone control of the remote
transmit ter as wcll as auomatic identifica­
tion of bot h tra nsmitters. We can a lso
control the remote site by usc of 450 MHz
from our control points; in fact. we occa­
sionally operate crossband to 450 Ml-lz
mobiles.

Our repeaters were bui lt by using old,
wide-drawer, GE l\1TS units and replacing
the vibra to r transformers with ac trans­
formers. T he cont ro ller mou nts whe re the
Secode was insta lled originally. It makes
a nice compact repeater that can be car­
ried in one hand .

Cons truc t io n

T he PC boa rd can be laid out by first
CUlling the board to size and then d rilling
the required holes at the proper locations.
Then, using the rub-on PC board decals ,
the proper circuit layout can be made
e<!sily right on the coppe r. If yo u have
relays which arc elect rica lly similar to the

photo of Fig. 2, simply dri ll ho les and
position the layout to fit your part s.

After layin g the board out, wipe the
board with a colton sponge soaked in min­
erai sp irits to remove the excess adhesive
(which tends to ooze out from around the
rub-on decals. This will give much sharper
lines after etching in ferric chloride. T o
remove the decals afte r completion of the
etc hing, we used a piece of steel wool
(which also clea ns the copper and makes
so ldering easy) .

T he board layout (shown full-size in
Fig. 3) was made to fit an Am phenol
1 4 3 ~Ot 5 -04 edge connector; however, the
wires to the repeater ca n be solde red
d irectly to the circui t board if desired. It
does facilitate servicing and testing the
unit if a connector is used . Figure 4 is a
reduced drawing of the component side
of the board.

T he ci rcuit di agram shows a 5K potenti­
ometer in the tone oscilla to r to adjust the
frequency; this is really not necessary
unless you are going to use a tone decoder
in the system that requires a specific fre­
quency. In our system, we used a fixed
resistor selected to produce 1800 Hz. Also,
yo u w ill note that the re a re no connec-

•
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Fig. 2. A single circui t board holds all re la y s and o ther components of repeater con troller.
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• Space age communication
equipment demands a crystal
that meets all standards of
technical advancement. Crystals
that were acceptable some
years ago do not meet present
day specifications. As a general
rule, your crystal must be
selected from the best quartz ...
(no throw off cuts). Tight
tolerances demand selected
angles of cut. The x-ray is
important in making this
selection. The crystal should be
preaged with stress cycling. It
should be checked for frequency
change VB temperature change.
It must be checked for optimum
spurious response. It should be
calibrated to frequency with the
correct oscillator. International
Crystals are manufactured to
meet today's high accuracy
requirements. That's why we
guarantee all International
crystals against defective
materials and workmanship for
an unlimited time when used in
equipment for which they were
specifically made.

WRITE FOR CATALOG

INTERNATIDNAL

"'"7tI'9
CRYSTAL MFG. CO., INC.

10 NORTH LEE
OKLAHOMA CITY. OKLA. 73102
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Fig. 3. FuJI-size layout of repeater controller
printed circuit board.
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d rive to the reed coil so that the repeater
audio will be switched to the tone oscillator
input in as short a time as possible after
the tone input is removed fro m the reed.
This wi ll prevent receiver squelch noise
from being transmitted momentari ly at the
end of each mobile transmission. This
problem is minimized if your mobiles are
equipped with a squelch-tail eliminator
circuit . which provides a short burst of
tone 180 degrees out of phase with the
normal transmitted tone at the end of each
mobile transrmssron. thus providing a
damping action on the reed relay to stop
its vibrations.

tions from section D of relay K3 to the
edge of the PC board. Since this set of
contacts switches commercial l15V power,
we found it necessary to use a two-con­
ductor shielded wire directly from the
relay to the edge connector to eliminate
hum pickup in the transmitter audio.

The co ntro ller can also be used in con­
tin uous- tone-sq uelch (CTS, Private Line) ,
repeater systems where it is desired to key
the repeater wi th the co ntinuous tone
transmitted by the mobiles, by using the
circui t shown in Fig. 5. In this operation,
When the reed contacts close, the 0.05 I'F
capacitor charges to the 24V supply,
which is then applied to the base of input
transistor QI. This transistor then oper­
ates the co ntroller and keys the transmitter.
The time constant of the RC network is
long enough to prevent the co ntroller from
following the momentary-co ntact closure
of the reed . Since some reeds have a
tendency to remain vibrating longer than
others after remova l of the input signal,
you may wish to vary the value of the
0.05 p.F capacitor as well as the input
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You will with
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new...
Galaxy GY·550
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I enclose $ : I will pay balance ( if any) I
o COO (20% deposit ) 0 Revolvi ng Charge Plan I

Ship me the following New Equipment.

r------------.
I To: AMATEUR ELECTRONIC SUPPLY 1

4828 West Fond du Lac Avenue
I Milwaukee, Wisconsin 53216 1
I I am interested in the followi ng new equi pment : I
1 - - - - - - - -1I I have the following to trade: (what's you r deal7) I
1------ - - - 1
1 1
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1
1
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1 Addres' 1
I Clty 1
1 State Z;p 1
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4828 VVest Fond du Lac Avenue
MILVVAUKEE, VVISCONSIN 53216

PHONE (414) 4424200
STORE HOURS Mon & Fri 9 to 9; Tues, Wed, Thurs 9 to 5:30; Sat 9 to 3

FULL
GALAXY LINE

IN STOCK!
Gl·SSO SO·10m Transceiver .... .$550.00
AC·4oo 110/230, AC Supply .. . . 99.95
G·IOOO DCSupply 129.95
SC-550 Speaker Conso le .. , . . . . . 29.95
RV·550 Remote VFO 95.00
RF-550 RF Console , , . . .. 75.00
PR·550 Phone Patch . .,.. 49.00
VX-35C VOX Accessory ,....... . 29.95
CAl·25 25KHz Calibrator 25.00
F·3 300Hz CW Filter 37.50
GTM Mobile Mount . . . . . . 8.95
lZM Floor Adaptor 6.00

R-530 .5-30MHz Receiver . .. 795.00
SC-530 Speaker Console . . .... 45.00
FL·5305 500Hz Filter .. 45.00
FL·53015 L 5KHz Filter ..... 45.00
FL·5306 6Hz Filter .. 45.00

FM-210 2m FM Transceiver .. 200.00
AC·210 AC/ DC "Booster " 39.95



THE
CARRIER­

OPERATED
REPEATER

The complicated repeater is not really
so complex after all... it's only a

matter of understanding the simple
operations that are taking place when

somebody transmits on the input
frequency.

Ken W. Sessions, Jr. K6MVH
Peterborough NH 03458

APR IL 1970

n spite of what the local repeater talent
would have you believe, the big machine

"'u""p~there on the hill-or on the top floor of the
city's biggest building- is really a pre tty
simple arrangement of gear. That is not to
say that it hasn't been sophisticated . with
the incorporation of perhaps a remotely
controlled telephone, some sexy cont rol
devices , or maybe an automatic input­
frequency switching and selection syste m.
But strip off all the chrome and there 's not
much dazzle left. A repea te r is something
anyone can build -and without as mu ch
effort as you might think.

A basic repeater is carrier-o perated; when
the receiver portion senses the presence of a
signal, the transmitter stage comes on . And
whatever happens to be on the incoming
carrier is retransmitted o n a frequency not
too far dist ant fro m the receiver itself­
usually just far enough so that the transmit­
ter's operation does not cause overloading of
the still-operating receiver. And when the
inco ming carrier drops o ut , the transmitter
shuts off. A simp le arrangement -but how is
it done?
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Understandably, a repeater is a bigger
mystery to the devoted AM operator. His
thinking is limited generally to the workings
of the typical AM receiver, and he finds it
difficult to see how a receiver can be easily
and cheaply made to operate next to a
transmitter on the same band without
"blocking." He may also have trouble under­
standing how the transmitter of a repeater
can be made to come on without fail when a
signal appears, yet NOT come on when noise
and garbage are present on the repeater
input channel. Which brings us to the
reasons why VHF repeaters are virtually
always FM.

It is not within the scope of this article to
get involved with AM versus FM in terms of
operational performance. There are many
convincing arguments for Fh.f on that basis
alone, but they are, after all, just that:
arguments. The prime reasons that repeaters
are made to operate in the FM mode are that
FM receivers are inherently less susceptible
to the normal interferences of the amateur
bands and FM receivers are factory-equipped
with electronic switches capable of reacting
to the presence or absence of legit imate
signals.

As it happens, the typical inte rfere nce
noises that occur on the VHF band s are
amplitude-modulated . Fortunately, FM re­
ceivers are, by their nature of operation,
deaf to AM signal components. FM receivers
have built-in limiters that reject amplitude­
modulated signals. When the AM signal is
riding on a healthy carrier, the FM receiver
filters out the audio completely and permits
only the rf to come through. If the AM
signal is weak and noisy to start with, the
FM's electronic switch doesn't even believe
it's a signal at all, so nothing gets through to
the speaker-not even the noise.

The electronic switch is a squelch. To the
wives of hams, it is perhaps the greatest
invention since earplugs. The squelch on an
FM receiver keeps the audio amplifier (and,
thus, the speaker) shut off unless a definite
signal is present. The big difference between
the squelch on an FM receiver and one on an
AM receiver is that the FM squelch can't be
fooled by noise.

The fact that FM squelches are trick­
proof makes them particularly adaptable to
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repeater applications. If the squelch is used
to trigger the transmitter when a signal is
sensed, and to turn the transmitter off when
the signal goes away, the mysteries of carrier
operation begin to disappear. An AM re­
peater operated by the squelch typically
found in AM receivers would keep the
repeater transmitter keyed every time the
noise level at the repeater site rose a bit. And
if the repeater were adjusted to compensate
for the noise, half the signals on the input
frequency wouldn't be capable of actuating
the repeater.

This can be explained on the basis of
another phenomenon : For more reasons
than those already cited, weak FM signals
are virtually noise-free while weak AM sig­
nals must compete with the noise. (This
statement is made with the assumption that
the listener is receiving on a receiver de­
signed for the mode. Many would-be FM'ers
never quite made it over from AM to FM
after comparing AM signals with those of
FM and deciding that, watt for watt, AM
was better. But they made their judgments
based on comparisons made with their AM
receivers! All the noise that was there -but
unhearable by the FM receivers-probably all
but wiped out those "band-wasting" FM
stations.)

Where repeaters are concerned, noise
works to the advantage of the FM'er, even
though to the detriment of the AM'er. The
reason: FM squelches are noise-operated; the
higher the noise level on the band, the less
apt the repeater will be to get keyed on. A
signal, regardless of its strength, has the
peculiar characteristic of quieting the noise.
And with carrier operation, when the noise
goes, the repeater transmitter comes on.,
Since noise is always present in the absence
of a signal, the transmitter of a carrier­
operated repeater cannot be keyed unless a
signal is present.

A typical FM squelch circuit is actually a
very simple device. Its formidable appear­
ance on a receiver schematic is attributable
to the Rube Goldberg manner in which it
operates. Consider the block diagram of Fig.
I , where the last four stages following the
low i-f of a General Electric Progress Line
FM receiver are pictured across the top. The
audio-carrying low i-f signal is fed from the
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$79.95
Postpaid
in the U.S.A.

•

100% MADE
IN U.S.A.

VHF FM MONITOR RECEIVER

The new VANGUARD FMR·150 is not just another frequency converter but a complete FM re­

ceiver w ith outstanding performance.

Check the following features and see why it's the best. Collins IF filter for separating those closely

spaced stations you hear together on other setse Double conversion to eliminate interference from

image trecuenctese Dual Gate MOSFET RF stage for low noise. .2 uv. sensitivity. and minimum

cross modulat ione Auto mat ic SQuelch for el iminating nctsee Self-contained soeekere Operates on

12v . D.C. negative ground- Heavy gauge anodized aluminum case 6 " x 7" x 1-3/8". Provision for

4 crystal controlled chan nels at the push of a buttone One channel of your cho ice supplied with

receiver. Add it ional channels available just by plugging in another crystal at $4.95 ea. No need to

buy another RF unit as in some other setse Factory tuned to cover any 6MHz segment from 135

to 175 MH z.

HOW TO ORDER: The VANGUARD FMR·150 is available only direct from our factory. Include

remittance in full p lus sales tax if y ou reside in N. Y . Be sure to state the 6MHz segment you will

w ant to cover and t he ex act push button frequencies to be i nclud ed.

"ANGUARD LABS Dept. H, 196·23 Jamaica Ave.,V, Hollis, N.Y. 11423

second limiter to the discriminator, which
separates the af fro m the rf , a nd feed s the
audio to t he am plifiers and speake r. By
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Fig. 1. Combination schem atic and block diagram
showing squelch arrangement in ty pical FM receiver .

elec tronically turning the aud io amplifier on
and off, the signal reaching t he speaker ca n
be controlled. And this is precisely the
function of those elements shown below the
four to p blocks.

The object of the network of components
in the sque lch tra in is to provid e a negative

voltage at point X when no signal is present.
This negative voltage keeps the audio ampli­
fier cu t off so the speaker is silenced. The
B+ applied to point X through the series
resisto r keeps the signal biased positively
unless the de amplifie r is conducting. And
the dc am plifier wiIl no t conduct unless
the re is no signal presen t. Or, sta ted more
simply, the de a mplifier does not conduct
when a signal is sensed by the receiver.

The audio signal from the discriminator,
as previously mentioned, always bears noise
unless a signa l is o n hand to quiet the audio
line. This no ise is amplified to the exten t
req uired fo r effective sq uelch act ion (ad­
justed by the sq uelch cont rol) , a nd rectified.
The positive o utput voltage is fed to the dc
amplifier along with a negative signal from
the second limiter.

The second limiter grid supplies the nega­
tive signal th rough critical balancing resis­
to rs. T he signal here is relat ively stable
because the limi te r operates in a state of
near sat uratio n eve n when no carrie r is
present. Since t he noi se rectifier supplies a
positive signal, the de amplifie r sees the
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Undoubtedly, a number of prospective
repeater bu ilders will look at the circuit and
be appalled by the fac t that it is not
solid-state. Well, there's a good reason . Solid­
state carrier-operated relays are availab le
and easy enough to build, but the amateur
world isn't quite ready for them yet. Solid­
state devices require low-voltage de: most
repeaters are tube-type . And it is a lot
simpler to build a tube-type relay circuit for
a tube-type receiver (with its already avail­
able power supply) tha n it is to build a
solid-state relay and be saddle d with the task
of building up a special power supply to
drive it. ...K6MVH •

The signa l input to the 12A U7 grid of
Fig. 2 is provided from the point marked Y
on Fig. 1. The mechanical relay in the plate
circuit of the second ha lf of the tube is a
current-sensitive relay with a coi l resistance
of 8- 10 kQ. The push-to-talk circuit of
the repeater is keyed indirectly by the
contac ts of this relay .

The 10 kU pot in the cathode circuit
should be rated for 2W and should be a
wirewound type. This pot sets the threshold
of the audio squelch.

Just one last word or two about carrier­
operated repeaters: The relay shown in Fig.
2 should never be used to perform direct
switching of push-to-talk circuits. The con­
tacts of these sensit ive relays are generally
quite delicate and are thus easily fo uled.
Regard less of a repeater's inherent sim­
plicity , the plate relay should always be
made to drive a "slave," which should be a
heavy-duty type with as many contacts,
both normally open and normally closed, as
possible.

In one way or another, a carrier-operated
relay figures into just about every automatic
operation of a repeater, for active as well as
passive applications. The normally closed
positio n allows disconnection of functions
during transmit, removal of voltages during
control selection, and operation of timers
for automatic shutdown when the repeater is
unused for predetermined periods. The nor­
mally open position allows audio and push­
to-talk switching, timer keying for auto­
matic shutdown on excessively long trans­
missions, and initiation of functions that
mus t occur during the presence of a carrier.
To be universally applicable to any possible
co ntrol function, the carrier-operated relay
slave should have several sets of unused
con tacts in addition to contacts which pro­
vide these basic logic signals:

• Ground when signal is present on re­
peater input and only then.

• Control voltage available when signal is
present and only then.

• Ground when no signal is present and
only then.

• Con tro l volt age available when no signal
is present and only then.

47K
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Fig. 2. Carrier operated relay.
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balanced sum .of the two supply points. An
imbalance exists when the noise rec ti fier
output increases to the point tha t causes the
dc amplifie r to conduct.

The capacitors along the X line are
included in most receivers to hold the
squelch ope n for a shor t time afte r the
carrier dro ps out. This prevents rapid o n-off
flu ttering of the repeater transmitter whe n a
weak station is operating on the input
frequency . The squelch "tail" can be lengt h­
ened by raising the value of these capacitors
(thus increasing the charge time), and almost
eliminated completely by removing them
altogether.

Getting a transmitter to turn o n and off in
response to an incoming signa l is simply a
matter of ap plying the squelch principle to
an additiona l stage. The ca rrier-o pera ted
relay schema tic shown in Fig. 2 is a modified
version of the type GE used on it s nont ran­
sistorized commercial repeaters, and it is
perhaps the most popular single circuit in
use by amateurs today.

B+
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The clincher which guided me to the
Standard was the 12 channel fea ture, the
three levels of power avai lable (with the
external amplifier), and its small size and
weight. The Standard SR-C 806 M appeared
to satisfy all of my requirements. There are
several repeaters function ing in the San
Francisco area and its environs. My trips
take me to other areas that have repeaters
o perating on different freq ue ncies. I also
desired to operate "simplex" o n 146.65
and 146.94 MHz and use "reversed" crys­
tals on WB6AAE, the repea ter operated by
the club to which I belong. Reversed
crystals are sometimes useful when t he
repeater is out of o rder or whe n a group is
out in t he "boonies" and out of range of
the repeater. Consequently, my window
shopping came to an end whe n Standard
announced a ham version of its marine
transceiver. (I had recently seen the Stan­
dard SR -C 80 1 SAR VHF rig developed for
the new marine band, and was impressed
with its sma ll size, workmanship, and
opera ting characteristics.')

I ordered the rig, hoping to coordinate
its arrival wit h the new car. The car arrived
a mo nth after the rig, but this gave me t he
chance to tryout my other objective;
namely, to try the rig in several vehicles. I
found that I could unpack it and its
accessories from my attache case, plug the
power cord in to the cigar light er socke t,
put t he magnetic-base an tenna on the car
roof, complete the hookup and be on the
air in less than five minutes!

I went "whole hog" by also getting the
ac power supply and the 25W rf amplifier.
T he rig ca rne with a microphone and
connecting cables. The price of the rig also
included crystals for four channels. I also
ordered crystals for the out-of-town
repeaters and had jump ers put in to pro­
vide other input/output combinations
without the need fo r additional crysta ls.
This is easy to arrange by using t he same
crystal for more than one channel " pair."

The semipermanent installatio n in t he
new car took a little longer . I had fo rgotten
that I had ordered a tape deck stereo. This
precluded mounting the rig under the dash.
The size of the rig is 2Y4"H x 6"W x 9"D

A Sha rt time ago I had a large assort­
men t of antiqua ted surplus police

and utility company wideband F M com­
munication equipment. Suddenly all of this
changed! I became t he proud possessor of a
Standard SR-C 806M 2 meter transceiver.
But I'm getting ahead of myself.

My 2 me ter FM activity was quite
varied; mobile (repeater and simplex), base
stat io n, and a Handie-Talkie to take on
fre que nt trips out of the immed iate area .
The invest ment in th is hodgepodge of
miscellaneous gear was no small amount.
Nor would the size and appearance of the
equipme nt win any beauty contests!

I was also motivated by t he fact that I
was about to take de livery on a new 1970
Buick Riviera. The available trunk space
was rid iculously small. Dash mount ing of a
control head also presented serious space
problems. Consequently, the introduction
of the new line of completely so lid state 2
meter FM t ransceivers for amateur use
prompted me to close the obsolescence
gap.

I I

Tom Nelson W6QGN
44 Mirabel Drive
Mill Valley CA 9494 1

STANDARD
SR·C-806M

SOLID .STATE
~---2 METER NBFM----}

12 CHAN NEl
TRANSCEIVER
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and weighs in at just over 4 lb . The obvious
place was under the tape deck and attached
to the "hump." The shop forema n where I
work helped build the custom mo unt
sho wn in the photo . The external power
amplifier was tucked und er the dash but
out of the direct blast from the heater
ducts. A GAM ty pe TG-2R antenna was
mounted near the lead ing edge of the trunk

APRIL 1970

lid . The deck area immediately behind the
window was not accessible because of the
rear window ventilation equipment and
duc twork. The encoder and to ne burst
contro l was placed in the mike line. Stan­
dard provided me with extra plug and
socke t which I wired into the tone box .
This permits the opt ion of plugging the
mike into either the tone box or directly
into the rig. A simple modification to the
rig provided the optional ability of auto­
matic tone burst whenever the transmit
key is depressed . T here is a fourth wire in
the mike receptacle to bring the receiver
audio out fo r the handset opt ion. Since I
do not use a handset , I used th is terminal
for the "switched on B+" necessary to
operate the au tomatic tone burst.

The internal 2Jh in. speaker is a sq uare
type with except ionally good audio . I also
have the 4 x 6 in . oval speaker for shack
use . When the latt er is plugged in, the
internal spea ker is mut ed . The small
speaker has plenty of out put to fill the ca r
with easy copy.

I have ha d so me di ffi culty with alte r­
na tor whine getting in to the t ransmitter
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and going out on the air along with the
audio . This appears to be a fu nct ion of the
car being used and how hard the alternator
is working. Standard is coming out with a
filte r to go in the supply line but I have not
seen it yet.

Standard's SR-CL25 power amplifier
has been very useful whe n opera t ing in
fringe areas. Whenever so meone report s
that m y signa l is a little "scratchy ," I boost
the power to the top and be come full
quieting. It was also interesting to see how
often I could drop t he power to the 800
mW output position and st ill be heard!

The receiver has been excellent in its
operation. The published specs on this rig
stated a 0.3 p.V threshold sensitivit y , and
the results bear th is out! Squelch act ion is
also good. If I d id not want to list en to the
ragged edge I would tigh ten it a little,
thereby raising the threshold, an d eliminate
the squelch scratch.

The operational ma nual has been a
problem because it is written in Japanese.
The phonetic characters (Katakana and
Hirugana) I could translate because I was a
"guest" of the emperor for three years
during WW2 . The Kanji or picture language
was too much for my meager knowledge o f
their language. Standard has informed me
that there will be an English t ranslation
available at about the t ime t his article
appears in print.

The control knobs are a little crowded. I
have had some difficu lty turning t he
channel selector knob because of its
proximity to the mike jack. Two sets of
pressure transfer numbers were provided to
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ident ify the channels. I prefe rred to mark
the channels wit h the large numbers I
through 12 rather than the very sma ll
numbers which post t he frequencies in
MHz. The large channel numbers can be
easily seen while mobiling whereas the
small frequency numbers are too small to
see at arm length . A quick glance while
driving is all that is needed to know what
channel is being monitored . In almost no
time I was able to remember which channel
did what. Also, if I ever change the relative
location of the crystals or add more to
work other frequencies I will never have to
touch the channel selector dial.

Warranty. So far it has been good . I
have had some problems but that is under­
standable because the serial number on my
rig is H00 I . In fact, it was somewhat of a
pro to type or engineering model. After
about 6 weeks of fairly rugged use the l OW
power leve l became inoperative. It was
quickly repaired by the local rep. Later on,
the power selector switch developed a
problem in that it would no t properly
shunt out the limi ting resisto r which was
the method used to raise the power fro m
0.8 to 10 watts. I recommend ed to the
factory rep that Standard install a " dump
rectifier" to limit arcing at t he switch
contac t in case power level was cha nged
during transmissions. So far , I can say that
the warran ty has been backed with satis­
fac tion.

Overall satisfaction. For my purposes
the rig has come up to my expectations.
With my othe r rigs I was unable to transmit
or receive from ma ny locations. These
areas are now solid copy. For example,
" Zero Microvolt Valley" just north of San
Rafae l, Calif. provided a challenge for my
rig which was clearly conquered . A large
traffic tunnel which used to be a total
blackout for me now provides good two­
way coverage; I can copy throughout its
length and be heard by the repeater except
for a few hundred feet at dead center.

This article does not take the space to
list the information on the manufacturer's
data sheets or specifications. These can be
obtained from Standard Communications
Corp. or its local representatives.

. . . W6QGN.
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Gilbert BoeJke W2EUP
505 Main S treet
West Seneca NY 14224

In the Buffalo area, this antenna has
held the FM mobile gain

record since 1967.

73 MAGAZ IN E

A few years ago, a group of the
Buffalo FM mobile enthusiasts ran

so me comparative tests with different types
of mobile anten nas. This article describes
our test ing procedures, gives the results, and
describes an improved version of the 5/8­
wave antenna.

Horizontal vs Vertical Polarization

As long as antenna polarization is
ma tched at opposite ends of a pat h, t here is
litt le to choose between horizonta l and
vertica l propagation. Although man-made
noise pickup is high er on a vertically polar­
ized receiving an tenna, t he inherent noise
rejection afforded by FM tends to offset this
disadvantage. The big advan tage in going
vertica l for mobile operation is that antennas
with substantial gain can be built with
reasonable size and neat appearance. For­
tunately, vertical polarization has been
standardized for channelized FM communi­
ca tion .

Table I shows relative antenna gain, refer­
enced against a dipole, illust rating the gain
advantage. Gain figures were obtained in the
lit erat ure cited in the first fo ur references at

,

-
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•
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Table 1. Relative gains of various antennas under ideal co nd it io ns. A ll verticals m easured
o ver a perfectly conduc ting ground plane.

TYPE POLARIZATION GAIN' GAIN 2 COMPARATIVE
POWER

sr»: dipole horizontal o dB o dB 100W
1 /4~ whip vertical 0 0 100
l In whip vertical +1.8 +3.6 44
5/8~ whip vert ical +3 +6 25
3/4~ whip ver tical -I -2 160
Big Wheel horizontal 0 0 100
Turnstile horizontal -3 -6 400
Halo horizontal -2 to -4 -4 to -8 250 to 630W
7/8~ phased vertica l +4.2 +8.4 14.5W

I Test ante nna at o ne e nd o f path.

2 Test antenna at both e n ds o f path.

the end o f this article, except for the
7/8-wave phased vertical, which was meas­
ured against a S/8-wave antenna. Just to
emphasize the effect on mobile-to-mobile
operation, the fourth co lumn in Table I
shows the relative performance when both
statio ns use the same antenna type. The last
column converts the relative gain figures to
power levels, indicating the power each
station would need to realize the same
signal-to-noise ratio for the diffe rent an­
tennas, referenced to IOOW using dipoles.

It must be recognized tha t there are gain
variations - depending upon the shape of the
car body, the position in which the antenna
is mounted. and the direction of measure­
ment. Our tests tended to verify the hand­
book figu res except in the case of the
3/4-wave ' whip. Theoret ically, the gain of
this antenna at the horizon should be about
I dB below a ~-wave whip, but in the tests it
proved to be almost the equal of the
SIB-wave whip . This anomaly is attributed to
the fact that the car body is not really a flat
infinitely conducting ground plane. It might
be inte rest ing to see how it behaves when
located at the center of the roof, a test we
did ' not conduct.

We tested 1/4-, 5/8-, and 3/4-wave
whips, two phased collinears of different
types, and the 7/8-wave p hased antenna to
be described. In the listening tests, two
antennas were mounted on the same car on
opposite sides or o n cowl and roof, etc. A
coaxial relay was used to switch between
them. Testing operators would switch an-
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tennas while in motion. saying."antenna A,"
then switching to the other antenna, saying
"antenna B" many times in rapid succession.
On the average, a clear difference could be
d iscern ed between antennas, despite the fact
that for each individual compariso n either
antenna might have shown up better.

The cars were driven in all directions
relative to the receiving sites in average
terrain in western New York.

Receiving stations were not told what
an tennas they were hearing or which was
which. Even on the same pair of antennas,
the letter designations were sometimes
scrambled to prevent any possibility of
prejudiced responses due to psychological
fixation . It was most impressive to find that
the reporting station operators could not
find any diffe rence between two ident ical
antennas tested as a control.

. Each antenna was carefully matched for a
I : I swr, and the feed lines were cut to the
same length, except in the ro of-mounted
installations. In this case S additional feet of
RG-58 /U cable were deliberately included,
since the ex tra line is needed anyway in a
practica l installation. A S ft length of
RG-58 /U coax exhibits a loss of about v., dB
(depending upon age) at 147 MHz. This
difference co uld account for the fact that
the S/8-wave antenna behaved identically on
the roof and the cowl.

Table II list s the tests and the resu lts. It
was concluded that the SIB-wave antenna
offered the best performance. It is also one
of the easiest antennas to build . The other
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Table II. Test results (in order of decreasing effectiveness).

ANTENNA TYPES COMPARED TEST
AND MOUNTING LOCATIONS CRITERION RESULTS

7/8)0.. phased o n cowl vs 5/8 o n Measurement 7/8 )0.. shows 1.2 dB
same mount more gam

5/8)0.. o n one cowl vs 5/8 other Listening test No difference
cowl

5 /8 )0.. cowl vs 5/8 o n roof Listening test No difference
5/8)0.. o n o ne cowl vs 3/4 on othe r Listening test 5/8 )0.. has slight ed ge

cowl

5/8 )0.. o n cowl vs 1/4 o n roof List ening test 5/8)0.. superior
1/4 )0.. on roof vs 1/4 on cowl Listening test Roof mount superior
5/8>" on cowl vs 3 el. collinear on Listening test 5/8)0.. better

other cowl

3 eI. collinear vs 1/4)0.. on roof Listening test Collinear bet ter

continuous 7/8-wave whip, and the modified
current distribution resulting from the in­
sertion of a series capacitance at a point 3/S

GROUND PLANE

Fig. 1. Current distributions of SIB-wave Whip (a),
and 718·wave whip (b). A series capacitance 31B
wavelength from the top changes the current dis­
tribution as shown in (c).

wavelength fro m the top. The capacitor
me thod of phasing meets the conditions of
simplicity and efficiency .

An antenna of this type was constructed
and adjusted to exhibit the current distri­
bution shown. It was found that the feed­
point impedance was little changed from the
standard SIS -wave antenna. Because of this
similarity, a different test me thod was used
to evalua te it in an effort to obtain a
quanti tat ive comparison .

A S/8-wave whip was installed in the test
position on the car. The matching L section
was adjusted to null out any reflected power
and the power level to the an tenna was
adjusted to exactly 20W. Signal strength was
noted on a meter at a sta tion abou t 7 miles
away. The S/8 -w ave antenna was removed
and the 7/8-wave antenna was substituted.
The L network was then trimmed to null out
some slight reflected power. Received signal
strength was reported to be higher! Power
was then reduced in small steps until the
received signal strength was exact ly the same
as it was wit h the SIS-wave antenna with
20W. The po wer then read 15 . IW - for a
difference of 1.2 d B. This procedure was
repeated with the car moved to another
spot. This time the power had come down
to 14.8W, for a difference of 1.3 dB .

Other tests were made to determine
whether the capacitance value was optimum,
verifying that it was. If it is assu med tha t the
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collinears had the same performance, so o nly
one co llinear is mentioned. In one case it
turned out tha t the power loss in the
collinear partly offset its gain, since it heated
up when appreciable power was applied .

The 7/8·wave phased antenna came about
as an attempt to improve on the 5/8 . It was
reasoned that the S/8-wave antenna was not
the maximum length that could be tolerated
on a car, and that making it longer must
make it better, if only the current flow
could be maintained in the same direction
throughout its length. Current distributions
are shown In Fig. I for a SIS -wave, a
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epo xy- fiberglass rod as shown in Fig. 2 . A
small metal tab is fast ened under the screw
connecting to the bottom section , and is
trimmed to obtain the proper amount of
capacitan ce between the top and bottom
sections. Epoxy is used to hold the parts
together rigidly and permanently.

The base mount consists o f a high-voltage
potentiometer-insulating fitting , made o f
epoxy-fiberglass with a ~ in. shaft bushing
on one end and a shaft lock o n the other.
Clamping the shaft lock on the base sect io n
holds the base of the antenna in place.
Removal is quick and easy by loosening the
shaft lock. Connect io n to the base section is
accomplished by attaching a short Teflon­
insulated wire to the end of the base section
by means of a #2 -56 screw tapped into the
end . This wire is stripped and tinned o n the
bottom and a small alligator clip is used to
connect into the matching network.

Impedance Matching
• •

Due to the similarity to the SIS-wave,
antenna, this antenna can be matched with a
coil at the base as indicated in previous
articles ( Ref. 5). However, for the most
accurate match, an adjustable matching net­
work at the base of the antenna inside the

published value for a SIS-wave an te nna (3
dB gain) is valid , the gain of the 7/S -wave
job must be at least 4 dB !

Construction

My antenna consists of a 39 in. length of
U. in. diameter Dural rod for the base
section, and a 29 in . length of 3/1 6 in . Dural
rod as a top sectio n. The two sections are
joined with a piece o f 3/S in . diameter
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capac itance slowly, observing the null care­
fully as you go. When the proper adjust ment
is found , epoxy the rods, the tab , and tape
up the insulator.
References:
l. Williams, " Radiat ing Characteristics of Short­

Wave Loop Aerials," I.R .E. Proceedings, Oct.
1940.

2. Kand oian. A. G., New Antenna Types and Their
Appl icat ion s," I.R .E. Proceedings 70W-75W.
Feb. t 946.

3. Foster, D., "Loop An tennas with Unifo rm
Current ," I.R .E. Proceedings. Oct 1944.

4. l.T.T. Handbook.
5. Brier, "A 5/8 Wave Vertical for 2," CO, Feb.

1964 .

the insulator with a pair of tin snips. As the
null moves down it tends to get broader and
less distinct. If doubt exists about its po­
sition , attach a paper cl ip to the tab to move
it up to where you can see it. Then reduce

A base mount w as fashioned using a high vo ltage
poten tiome ter moun t f rom an old oscilloscope.
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car offers three advantages: (I) Extra selec­
tivity is added to the antenna system,
minimizing interference problems on both
receive and transmit ; (2 ) o ther antennas may
be substituted on the same mount and
brought to a matcb with little trouble ; (3)
the system can be accurately matched to I: I
SW f.

A schemat ic and a sketch showing a
s u gge s t e d construction and mounting
method are shown in Figs. 3 and 4 . Each
trimmer is adjusted for minimum swr alter­
nat ely unt il an exact match is ob tained . If
C I reaches minimum capacitance before a
mat ch is achieved, reduce the inductance of
LI sligh tl y. If more than half the capaci­
tance of CI is used at the null point, increase
L until it tunes near minimum capacitance.

F ig. 3.

This procedure assures maximum coupling
effic iency.

Adjustment of Current Distribution

Feed at least 20 or 30W of rf to the
antenna, adjust ing for an impedance match
as out lined . Hold a neon bulb against the tip
of the antenna until it fires, then slo wly slide
it down the top sec tion. Exactly Y<& wave
from the top (1 9 in .) it should go dim or

Fig_4.

out. Co ntinuing on down , it gets brighter at
the top of the capacitor. Below the capacitor
another null should be found . The position
of this null moves up if the ca pacitance is
increased, and down if it is decreased. Point
B in Fig. Ic is the proper position for this
null. If it is too high , reduce the capacitance
in small steps by trimming the metal tab on

. .. W2EUP-
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David G. Flinn W2CFP/WB2QGK
10 Graham Rd. West
Ithaca NY 14650

- •

Stellar Industries gives a "from the horse's mouth"
rundown on the way prices are figured in the ham business.

I n a letter to the editor 'of this magazine
published in the November 1969 issue,

W4GJW suggested several topics for a rticles
for the magazine . The subject o f this article
is o ne o f those sugges te d. Some members
o f the ham fra te rnity seem to want to
know how ham equipment dealers arrive at
trade-in allo wances, and as a ham eq uip­
ment dealer myself, I will try to answer the
questi ons that arise. The procedure that is
followed in my organiza tion may no t be
precisely the same as that followed by
others, but I imagine it is fa irly typical.

First o f all, it is necessary that we make
a few assump tions. Primary amo ng these is
tha t the dealer has to have a potentia l
resa le market for the item or items. Con­
sequently , in orde r for this market to exist ,
in most cases the equipment must be in
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working order. Most reliable dealers recon­
dit io n all the use d equipme nt they take in,
in order to insure that it is working.
Occasionally , it is no t worthwhile to recon­
dition a piece of equipme nt. When that
happens, the dealer sells it at a reduced
price "as is." Naturally, if a piece of
equipment has to be so ld "as is" the
trad e-in allowance cannot be as grea t as
when the equipment need s very little
recond itioning. Of course, the cost to the
dealer to do the reco nditioning must be
tak en into account in figuring the allow­
ance, too .

Generally speaking, a given piece of
eq uipment to be traded in , if it is in
reaso nably good condition, will bring
approx ima tely the same dollar value to the
custome r in h is allo wance, no matter what
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new piece of gear is purchase d . However, in
extreme cases, pricewise, there will be
some upward or downward adjustment in
the allowance. I will cite an exa mple that,
in itse lf, is extreme, but will serve to
illustrate the point. If you have an old
receiver that is worth, on the average,
$75 .00 o n a trade-in, and you decided to
trade it fo r a complete Coll ins S line,
selling for around S2,000.00, the dealer
would probably up the allowance to
around SIOO.OO or more. On the other
hand , if you wanted to buy a SIOO. OO
power supply, the allowance would dro p
down to around $50.00. Furthermore, if
all you wanted to buy was a $60.00
preamp, it wo uldn 't be wo rt h y our while
or the deale r's to even conside r a trade.

The way my firm operates in figuri ng
trade-in allowances is to follow roughly the
procedure I am going to outline. First, we
determine the price we th ink we can sell
the unit for if it is in good condition. This
figure is arrived at by looking at our own
prior experience with the same or similar
equipment. and also ma king reference to
the prices charged for this used equipment
by other dealers. Incidentally , most of the
major suppliers who advertise in 73 have a
relative ly cur rent used eq uipment list avail­
able for the ask ing. Next, we try to
estima te the cost of reconditioning. lf this
cost is extremely high (such as in the case
of ex tremely old items with hard-to-get
parts) we usually pla n to resell the mer­
chandise "as is." Third, we make an educa­
ted guess about how lo ng the used eq uip­
men t will remain on our shelves before it is
sold . The longer it remains in the inven­
tory, the less salable it becomes and
storage costs are a part of our overhead, of
course.

Obviously , we are in business to make
money, overall. Contrary to what some
customers, who consider themselves sharp
traders, may feel, we don't make a bund le
on ham gear - new or used. In fact. in
figuring trade-ins, we calcu late all the
factors mentioned above, and make the
allowance based on a break-even figure.
Our reason for this is that we plan to make
our profi t on new equipment and give
trade-in allowances primarily as a service to
our customers. As a matter of fact, if we
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cut allowances to a point where we co uld
make a reasonable profit on used gear, we
wouldn't have any used gear to selL Our
customers wo uld find it more to the ir
advantage to sell the old equi pment on
their own and pay cash for the new
equipment. and in some cases this is the
best way for all co ncerned anyway.

To pin trade-ins down to a perce ntage
figure, I would say that. on the average,
our trade-in allowances would be 75 to 80
percent of the price for which we hope to
resell the gear. So you see , yo ur friendly
neighborhoo d ha m dea ler is neither "out to
get you," nor to lose his own shirt being
nice to you; but he is merely operating
under normal good business practices.

While we're on the subject, this might
be a good time to say a few words about
used ham gear in general. Those of you
who are oldtimers in ham radio don' t really
need to be told much , but some of the
newcomers coming along undoubtedly
wonder whether to invest their hard-earned
mo ney in used equipme nt, or wait that
much longer un til they can affor d the new.
Man y good bargains can be found if you
shop around. A wide range of equipment is
availa ble from World War II vintage "boat
anch ors" to some of the mo st up-to-da te
sideband transceivers. Of course, some of
the real old stuff won't get on SSB, but
with a bit of resu rgence in CW work that
has co rne about since incent ive licensing
went into effect, a lot of it can be quite
useful. Of course, the lower power trans­
mitters and olde r receivers are excellent
beginners' rigs for yo ung Novices with
limited financia l resources. Probably the
two cautions which should be noted most
in buying used ham gear are: First, buy
from a reputable dea ler or individual who m
you know, an d second, look over the
wiring carefully when considering used
kit-built equipme nt. Other than that, the
world of used ha m eq uipme nt ca n ope n up
all sorts 'of possibilities for you. In fact,
some people feel the same way about used
ham equipment that they or others do
ab out use d cars: Let someone else work
the bugs out and get hit with the rapid
depreciation for the first year or two .

. . . W2CFP •
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TELREX "CHALLENGER" LINE

AI your dealer -
or order direct for fast personal service.
Other CHALLENGER models from 3/.. through
80 meters available. Write lor catalog Pl70.

--Ie/rex ANTENNA LABS
Asbury Park, N. J . 07712

<, only

$1850 0
t.o.b. Asbury Park. N.J.

,

Featuring Balun Fed 5 Element TRI-BAND<e
Model TBSEC/1KWP -10-1S-20M Single Trans Line Array

EXCLUSIVE· 49 lb. of Educated Arummume gain 8.5 DB
TELREX ~~~~ied . hi-q, hi-v ceramic capacitors, resonated

CUSTOM • Custom machined, heavy wall sectionally cou-

FEATURES
pled and reinforced, 2Y.?" x 2" x 18' aluminum
boom, taper swaged elements bolted through
boom

• Separate optimum tuned reflectors, FIB 28 DB
on 3 bands

• Pate nted broad band , encapsulated balun
supplied

• Stainless steel electrical hardware. heavy duty
cadm ium plated steel tiltabfe mounting plate

• Survival rating 110 mph, power 1KW peak rain
or shine!

-~
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J. K. Bach WB2PAP
Ivy Hill Road
Wa lden NY 12586

Take another look at those tube boxes on your shelf.
Those ceramic jobs that are made with beryllia could be dynamite.

I n the near future you are going to see
ceramic-insulated vacuum tubes with the

following not ice on the carton, or on the
tube , or both: " WA RNING- BE RY LLIA­
POI SO N-DI S CARD- SAF ELY!!" What
does it mean?

It means exactly what it says. The
ceramic, or more properly refractory, is
berylliu m oxide, and it looks like any other
ceramic: white, opaque, textured like an
eggshell, not shiny, and hard enough to
scratch glass. Yes, it is poisonous- very
poisonous-but after fabricatio n is amply
safe to use.

But children have a devilish ingenuity
when it comes to smashing things, and their
own reasons for doing the un thinkab le. If a
child or an uninformed adult got his hands
on a discarded tube of this sort -! He might
fractu re it and cut himself on a shard of the
material, thu s getting particles into his blood
stream. He could be in serious trouble. Or if
he ingested the particles on his luncheon
sandwich, say, he certainly would be in
trouble. If any of it powdere d and he
inhaled even a small quantity, he very
probably would die unless he got immediate
medical help . The powder has the same
effect on the lungs as phosgene , one of the
basic war gases.

Exactly how poisonous is it? What is the
exact fatal dose? Od d as it might seem,
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nobody knows- though it is at least as
poisonous as arsenic, and perhaps much
more so. The reason is that some people are
unusually susceptible to a certa in poison,
while others are nearly immune to what
wo uld ordinarily be a fatal dose. Arsenic is a
very good example of th is-the fatal dose is
given as mo re than so much and less that
suc h-an d-such. But peasants in Tyrol and
in Syria practice arsenicophagy, which is
salting food with scrapings from their
chimney flues, which co nta in an arsenic
compound deposited there by bu rned fu el.
The practice is illegal, but they have done it
for generations and will probably continue.
Arsen ic has been prescribed from the earliest
times for sk in ail ments . And those Tyroleans
do have beautiful clear skin! The Borgias
used arsenic in their brand of politics, and it
is still used in medicine. Mountain climbers
take a tiny amount to increase their resis­
tan ce to fatigue . And at one time a Swedish
chemical plant sunk excess arsenic in the
ocean to get rid of it. Sound fam iliar?

But beryllium is a different cat alto­
gether. It is not used in medicine in any
amount or form. It finds more uses in
industry every day; airframes fo r high-speed
aircraft , moderators fo r nuclear reactors,
windows fo r X-ray tubes, as well as an
alloying element for many metals, princi­
pally but not exclusively copper. This last
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5% BONUS over highest offer,
SHIP COLLECT FOR PAYMENT.

MILITARY AIRCRAFT RADIOS: ARC 34,
38, 44, 51, 52, 55, 57, 58, 63, 65, 66, 70, 73,
74, 84, 85, 89, 90, 92, 97, 105, 108, 109,
115.134
ARN 14,21,59,65,67. etc.

TEST EOUIPMENT
SG1A/ARN TS330 UPM32
SG2A TS5050 UPM66
SG12A/ARN TS510A UPM98
SG13/ARN TS621 UPM99
SG24/ARN TS683 UPM100
M083/ARM TS6684 AN /URM25
SG66/ARM5 TS710 AN/URM26
SG376 TS723 AN /URM32
AN /ARM8 TS757 AN /URM43
AN /ARM9 TS823 AN/URM44
AN/ARM22 TS1100 AN/URM48
AN /ARM25 TV2 AN /URM52
AN/ARM26 TV7 AN/URM80
AN/ARM29 AN/URM81
AN /ARM31 AN /USM16
AN/ARM68 AN /USM26
AN /GPM 15 AN/USM44
AN /PSM4 AN /USM81
AN/PSM6 AN /USM117

RECEIVERS: R220, R274, R278. R388,
R369, R389, R390, R390A, R391. R392,
Rl051, Rl125, 51J3, 51R, 51J4, 51S1,
SP600, JX17, APR13, APR14
COMMERCIAL AI RCRAFT: 17L4, 17L6,
17L7, 51X2, 51X3, 51V. 618M, 618S, 618T,
6182, 621A, 860E, 51 R3, 51 R4, 578, 479S,
479T. etc .

All Hewlitt Packard, Tektronix , Boonton, Bird ,
General Radio , CEe , Brown, etc.

450TH
450TL
OK (all types)

TW (all types)
TWT (all types)
NL (all typesl
4000 series
5000 series
6000 series
7000 series
8000 series

75TL
8021
9C21
9C25

3-10002
3CX2500
3CX3000
3CX5000
3CX10,OOO
3E29
3K (any digits)

4CX350A
4CX 1000A/8168
4CX3000A/8169
4CX5000A/8170
4CX5000R/8170W
4CX10,OOO/8171
4X150G/8172
4PR60A or B
4PR (any digitsl

SYSTEMS PART OR ALL
AN /APN AN /FRR AN/SRR UPM
AN /APR AN /GRM AN /URA URC'
AN/APS AN /GRC' AN /URR URM
AN /ARR AN/PRC' ARN URT
AN /ARC AN /SLR MRC USM
AN /FRC AN /SRC TRC VRC '

·URGENT

Please send us your surplus inventory lists. We want to buy other tubes and
Transceivers - Receivers - Test Equipment.

TUBES PURCHASED

802

805
807
810
811A
812A
813
832A
833A
891

304TL
VA (all types)
250TH

5-125B /4E27A
5R4WGB
6BL6
6BM6 or 6A
6L6
7021

4-65
4-125/4021
4-250/5022
4-400A/8438
4-1 000A/8166
4X150A
4CX250B/8321
4CX250R17580W
4CX300

CQdeW2KUW

1P21
2K25
2K48
2K (any digits)
3-400
3-1000
3B24
3B2B

The TED DAMES Co.
308 HICKORY ST. ARLINGTON. N.J. 07032

Phone: 201 998 -4246
iq,o.<:»o.<:»o.<:»ob.<Q>~ ~~<Q><Q>«7'«7'«7'«7'«7'.~
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we all know-2% beryllium and the copper
spring never breaks. Hazard ? Not after fabri­
cation.

Beryllium is not simply an irrit ant ­
industrial safety men claim that it is a
" prote in poison" which in some way poisons
the body cells directly. It find s its way into
the bone marrow, where it affects the hemo­
globin, Once in the body, it is elimina ted
very slowly , and it causes damage to the
lym ph nodes and the liver. It produces
granulomas, which are grainy tumors.
Convinced?

Inhalation of the dust is by fa r the most
serious hazard ; introduction by ingestion or
puncture is comparatively rare . After man­
ufacture, powdering the stuff would be
fairly difficu lt, t hough children and some
adults might manage it. If you think it's
easy, try it on an ordinary porcelain insula­
tor ! So while the hazard is fearfully real, it is
remo te so long as you treat it with the same
respect afforded arsenic , cyanide, or radio­
ac tive substances. I don't like radiation
either, but I don't hesitate to wear a
luminous-dia l wrist watch. Knowledge is safe­
ty, ignorance is danger.

And speaking o f ignorance - reme mber
the warn ings about the origina l flu orescent
lamps? Did you take them seriously ? I
didn't ! Oh , I knew that the stuff was
probably irritating, but it never occurred to
me that a litt le powdered phosphor from
just one broken lamp could kill me. That
phosphor was beryl zinc Silicate, no longer
used. After lawsuits and investigations, the
maximum safe dust contamination was
de termined to be from one to two (that
spread again !) micrograms per cubic meter!
I'm sorry , but today this sounds like fresh,
pure mountain air to me.

So what is beryllium, exactly? It is a ligh t
metal , brother to aluminum, but it melts at a
much higher temperature, 1284 degrees C. It
conducts electricity about a third as well as
copper and is a good heat co nductor. It is
not duct ile and is difficult to form into
shee ts . A billet of beryllium costs from $50
to $100 per pound, and if you want the
100-proof st uff it will set you back $2700
per pound. When shipped, it must by law
bear a poison label. Che mical handbooks
warn you not to taste even the smallest
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quantity of any beryllium compound to see
if it is really sweet, but to just take their
word for it. Chemists used to do this. The
original name for the metal was glucinium,
from glucose, a sugar.

You wouldn't do anything so foolish? 1
hope not. Once I had a refrigerator that
released a q ua ntity of sulfur dioxide gas in
my apartment -smelled like a chicken house.
When I got through coughing, I moved back
in and breathed residual gas ab sorbed by
drapes, bedding and rugs. I would have done
much better camping in the st reet - I had
bowel and stomach upsets that persisted for
well over a year. But I have learned from the
experience. Now wh en a seleniu m rectifier
stack breaks down and stinks up the place,
I'm the first one out of the room. Selenium
in the ground is absorbed by growing grass
which is eaten by cattle which abort and
breed monsters ("selenism") and poisons
people who consume the meat and milk. A
bro ther to sulfur, it's poisonous enough, but
not in a class with our new friend .

So why use the damned stuff? First , it is
perfectly safe if treated intelligently. The
second reason is that it will make possible a
new breed of high-power, high-frequency,
high-performan ce tube.

Combine beryllium with oxygen, BeO,
and the conductivity for electricity drops to
zero, since there are now no unbonded
elec trons. But the heat conduc tivity which is
pretty good for a metal is utterly fa n tastic *
for a refractory, and the melting-point is
practically do ubled : 2450° C. Red heat is
only a li ttle more than JOOOoC. The low
coefficient of expansion helps too , but the
heat conductivity is the real reason that tube
men are getting ex cited over it s possibilities.
They don't care how hot the refractory gets
so long as the sea l holds, but if the heat can
be readily conducted through it (imagine")
the other electrodes will run cooler, or
dissipate larger amounts of power, or both.
At high frequencies where tube capacitances
are a vita l factor, a < hotte r," sma ller tube is
possible.

So you use an 807 or 6146? Fine! They
don't have or need berylJia. But you may

"Twen ty times th at of quartz, 62% that of co pper,
and even higher than metallic aluminum, wh ich is
only 55%. Fantastic is right!
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2 for 1.50
4 for 1.99
4 for 1."
.. for 1."

"'" 1,70o4for .99
2 for 1 .50
2 for 1.50
2 for 1.50
2 for 1.50
2 for 1.50
2 for 1 .70
2 for 1.50
2 for 1."
.. for 1.70
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P.O, BOX 942
lynnfiel d, MiSS.

01940

N~ ~~o::. 2 ~~.
UHf TRANSISTORS

[J 2N3632 23W, JA .

10¢ fOR OUR SPRING URGAIN CATALOG ON:o SOllliulnduclon 0 '01, 'aln 0 'Orfl
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PENNY SALE!

. . . WB 2PAP·

feeling dead.
Yo u have got a new tube that maybe has

bery llia insulators? Send no w to know which
types have it; if it ain' t on the carton, they
will not tell thee. Appearance means nothing
but heat conductivity does. Pu t a soldering
iron on the plate an d a finger o n the grid
ring. With glass or ceramic, you can hold it
there a long time. If you have to remove the
finger almost immediately , you have be ry llia
there . The stuff is unique-it couldn't be
anything else if it is a good in sulator and a
good hea t co nd uctor in thick sections. If
you have berylIia, t reat it with respect and
you will be perfectly safe.

Beryll iu m. Beryllia. What makes the name
so familiar? Bery llium copper? Maybe, but
nature makes a compound of beryllium :

Be3AI2(Si03)6
occurring in hexagonal crystals of almost
unlimited size, with various hues due to
trace impurities. These are called beryl and
are semiprecious stones. But if t he stone is
perfec t, and you have just the right amount
of chromium in your beryl, you have a
natural emerald!

6 1

MONEY BACK GUARANTEE!

$100,000
"EYE SEE"

HIGH VOLTAGE
SALE 1 AMP
1.00

1.35 tPO~1
1.65

~:~~ SILICON
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1000 PRV
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RECTIFIERS $1
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SALE ON ~
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COUNTING "ICs"
Guaranteed! $5.95
W it h Spec. 3 for $15

No. Description
o 9S8 Decade Counlerl'"::-=::::::=-~:.i:i:~--:o 959 8uffer-Memory
o 960 Oecoder·Driver

i AMP 800 PIV 10 149
RECTIFIERS for
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wind up in a broadcast station which does
use the new tubes, and you will then need to
know how to handle the m. Which is, with
the same care you use with any tube. The
stony stuff won't rub off on your hands; no
amount of handling or exposure could pos­
sibly affect you. It must at all costs be ke pt
out of your body in any quantity! If you
handled a broken tube as if it we re rad io­
active, that would be about it. Make sure
that all the big pieces are collected . Then get
up the smallest fragments -use a rag made
tacky with she llac, varn ish, grease, whatever
will work. If the tube was really crushed,
beware dust -turn up the airconditioning, or
open windows and doors, and stay clear
until you are sure it has dissipated . Put the
fragments together with the ta ck -rag into a
plasti c bag, and make plans to retu rn the
package to the manufacturer, or to bury it in
the back yard.

If you get a slive r in your skin , remove it
comp lete ly, make the wound bleed by
gently sq ueezing it to flush out any particles
remaining, and consult a doctor at once.
Pro bably you are in no danger, bu t why take
a chance? Feeling fool ish is better than

•



Getting lOur
E x tra Class License

STAFF

Part XV: Spurious Radiation
,

Amateur radio o perato rs operate radio
transmitters.

This may sound like an obvious observa­
tion , but it implies directly that good ama­
teur radio o perato rs o pera te their transmit­
ters well - and that means that t hey must
know how to operate them. Consequently,
the FCC examinat io n for the Extra Class
license contains a heavy proportion (1 /9 of
all the quest io ns on the study list cover this
subject) of items intended to test the appli­
can t 's knowledge of transmitter operation.

Because of t he number of questions and
the many it ems contained in them, we'll
devote no t o ne but two sect ions of th is
study course to the subject of transmitter
opera tio n. This t ime, we'll deal with the
foll owing questions from the FCC study list :

53 . How can a transmitter be tested for
self- oscilla tion? What precautions should be
o bserved during testing?

72. What radiotelephone transmitter
operating deficiencies ma y be indicated by a
decreasing antenna rf curre nt during modula­
tion o f the fina l rf amplifier?

75. What may be the cause of a decrease
in antenna current during modulation of a
class B rf amplifier?

77. How ca n parasit ic oscilla tions be
prevented?

87. How can the final amplifier of a
transmi tter be tested fo r se lf-osci llation?

As usual, we won't attempt to deal
directly with these specific questions.
Inst ead , we'll rephrase them into more
general queries, covering the same subjects
bu t in broader scope.
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These five specific questions divide into
t wo broad groups, one dealing with self­
oscillation and other spurious signals in a
transmitter and the other dealing with prob­
lems during modulation . Let's break each of
these groups up into a couple of questions to
aim at the major su bjects.

First, let's find out "What are the causes
of spurious signals?" such as self-oscillation
and parasitics. Then let's ask " How can we
find and fix spurious-signal problems?" T hat
should take care of questions 53 , 77, and 87
adequately.

Turning to modulation prob lems, le t 's
fin d out " What does an tenna current te ll us
about modulation quality?", and then move
on to ask "What causes modulation prob­
lems?" Having found out the probable
causes we can ask finally " How can modula­
tion troubles be cured?"

That should be enough to take care o f us
for one chapter. Ready to start?

Wh at Are The Causes of Spurious Signals?
Ideally , the output of a rad io transmitter
should consist of only a single signal (which
may be merely a carrier, one or two side­
bands only, or a carrier plus sidebands).
Normally, any signals in the output which
are n Ol an integral part of this single desired
signal are called " spurious" signals.

T hus the list of possible spurious signals
includes ha rmonics, modulation distort ion
p roducts, parasitics, and o ff-freq uency

signals su ch as those generated by self­
oscillat ion of one or more ampli fie rs in the
transmitter.

Since we 're going to deal with several
questions concern ing harmonics in the next
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insta llme nt of th is course, we'll leave them
out right here . Simila rly, we wo n' t concern
ourselves too much with buckshot , sp latter,
and other modulation-connected spurious
signals, since we'll meet them later in this
installment. The major types of spurious
signals left for us to examine here, then, are
those ca used by parasitics, and those caused
by self-oscillat ion.

Actually, parasit ics are only a special type
of self-oscillation, and the causes for both
are extremely similar. The major difference
between a "parasitic" oscillation and the
condition usually called "self-oscillation" is
that a paras itic occurs at a freq uency far
removed fro m the intended o perat ing
frequency of the transmitter, while "self­
oscillatiori" occurs at or near the intended
operating frequency .

- ,
" Er AMPLIFIER '00'

'-- • to-
'" FEEDBACK

F ig . 1. Oscillation criterion depends upon
both lo o p gain and p hase shift of feedback
as shown here. If q uan t ity ( l -GAINsl is
equa l t o ze ro, effective gain becomes ln fln ­
it e and c ircu it w i ll provide outpu t wi th n o
input; th is is t he d ef i n it io n of an osci llator.
Anv time that this condition is satisfied, a
circuit must oscillate. If it is not satisfied,
oscillation is not possible.

There is, of course, only one possible
cause for any kind of oscillation, if we go far
enough down toward the basics of theory,
and tha t is the fact that a closed feedback
loop exists with a phase shift around the
loo p of zero degrees and a loop gain equal to
or grea ter than one. This pai r of condi­
tio ns-unity loop gain an d zero phase shift ­
are known as "Barkhau sen's criterion" fo r
oscillation, and unless both conditions are
present oscillation cannot exist.

Unfortunately, this basic catl'se is so basic
that it doesn't help us much in many
practical insta nces. The feedback loo p in a ny
pract ica l transmitt er is almost always
accidental; it may be due to stray magnetic
coupling, to lack of shielding at some critical
location (which usually does not appear to
be critical for any obvious reaso ns), o r even

,
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due to reradiation of some of an amplifier's
outpu t th rough power-supply lead s.

If the spurious signal is near the intended
operating frequency, and so falls into the
category of "self-oscillation,' the cause is
probably directly due to an unintentional
feedback path from output to some earlier
stage. This feedback need not be from the
actual transmitter output stage; it may be
fro m the output of any earlier stage to that
same stage's input or to any lower-level
stage.

The most common causes for this type of
problem are stray coupling between resonant
circui ts in different stages, feed back through
power-supply leads, and fee dback through
the tubes or transistors themselves. If any
stage is neutralized, misadjustment of the
neutralization is always a primary suspect
should self-oscillation occur.

The stray coupling between resonant
circuits may be either elec trostatic (which
means simp ly inadequate shieldi ng) or elec­
tromagnetic (improper placement). Most
common in homebrew rigs is electro­
magnetic coupling; a commercially designed
transmitter seldom suffers self-oscillation
unless a neutralizing adjustment is off.

Feedback th ro ugh power supply leads
may occur either on the high-voltage leads
because of inadequate decoupling between
stages, or on filament leads by pickup and
reradiation.

A less common cause of self-oscillation is
existence of a "ground lo op," in which the
ground returns for a stage are mad e to
several diffe rent locations on the transmitter
chassis. The currents flowing between the
various ground points may develop enough

COMMON
GROU ND

GROUND LOOP

Fig. 2. Ground loop as contrasted with
single·point grounding. I f grid and p late
currents f low execuv as shown bv dotted
lines at left , q ro u nd lo o p causes n o t ro uble ;
h o w ever , i f bo th f low t h rou gh same portion
of c hassis, feedback may occur . For this
reason single·point grounding is recom­
mended for all construction, to prevent
possibility of ground-loop occurence.
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For any amplifier to produce gain , it
must work into a load impedance. In gen­
eral, a vacuum-tube amp lifier will produce a
gain which is directly related to the value of
the load impedance; the higher the im pe-

Fig. 3 . This simplified schematic shows how
parasitics h ap p en. Solid lines show expected
f low o f signal cu rre n t t hrough enti re reso n­
ant ci rc u i t . 4t some high trequ enc v , t hough,
inductors o f reso nant ci rcuits act as c hokes,
and self-inductance of connecting lead s
shown in dotted lines provides a substitute
for the coils so that another resonance
occurs. Circuit then acts like tune-pla te­
tuned-grid oscil lator at t his higher fre­
quency. Suppresso rs k it l pa rasi tics b y
loading down th e vhf r esonance w hile
leav ing the desi red tuned circu its alone.

dance (within limits), the greater the gain .
The designer of an rf amp lifier almost

always intends that the amp lifier be oper­
ated at only one frequency at any given
time . He designs the circuit to provide the
desired load impedance at only that fre­
quency . The amplifie r stage may still have
gain at other frequencies- part icularly fre­
quencies close to the operating frequency ­
but not as much. And at frequ encies far
removed from the operating frequency, the
load impedance is supposed to be virtually
zero, permitt ing no gain at all.

At the intended operating frequency, the
unavoidable coupling from input to output
is usually overcome by the process known as
neutralization. This amounts to introduction
of just enough deliberate feedback, in the
opposite phase to the unwa nted but
inescapable stray feedback, to cancel its
effects out so that the amplifier is essentially
feedback-free .

A properly neutralized amplifier normally
remains neutralized over approximately the
same band of frequencies at which it has
appreciable gain . The idea is that , for any
frequency at which gain is greater than
unity, the feedback be zero. If gain is less
than one, the amount of feedbac k is im ma­
terial insofar as the possibility of osc illation
is concerned, because both the gain and
phase co ndit io ns must be met for oscillation
to occur.

Unfortuna tely, the in tended operating
frequency is usually not the only frequency
at which an amplifier exhibi ts gain. While
the designer may have intended for load
impedance to be negligibly low at all other
frequencies , the fact remains that a length of
straight wire has both inductance and capaci­
ta nce, and at some frequency cannot help
behaving as if it were a tuned circuit.

In addition, the grid and plate structures
of tubes themselves also have enough Land
C to act as tuned circuits at some freq uency,
and the designer 's carefully planned output
tank circuit may ex hibit resonances at more
than the single freq uency he intended.

At any frequency for which the
impedance of these unintentional tuned cir­
cuits is sufficie ntly large, the amplifie r will
in co nsequence have greater than unity gain.
If a zero phase shift also exists at this

,.

,
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voltage to produce unwanted feedback? they
may also radiate enough energy to be picked
up by some lower-level stage .

Any conductor carrying a current is
surrounded by a magnetic field, and so it's
not possible to completely eliminate all rf
feedback in any ampli fier because the
magnetic fields of the vario us conductors
provide some small degree of ind uctive
coupling between inputs and outputs.

However, proper placement of wiring can
reduce this unwanted coupling to a min­
imum, and it's not usually a factor in
self-oscillation of a well-designed transmitter
or amplifier.

"Parasiti c" oscillation is another case
entirely. The unavoidable small coupling
between conductors-both the induct ive
cou pling we just mentioned and the eq ually
unavoidable capacitive coupling through the
air separating the conductors-means that
it's always possible to get a closed feedback
loop. Since the amount and type of coupling
wi ll introduce some phase shift , which will
vary with frequency, it's also always possible
to find some frequency at which the phase
shift around this closed loop is zero . And
that means that one of the two co nditions
required for oscillation can always be met. If
any thing pe rmi ts the other co nd ition to also
be met, oscillation is unavoidable-and that's
where parasitics come from.
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frequency in the unavoidable feedback
loops, oscilla tio n mu st result.

We call such oscillations "parasitic"
because they are like parasites ; they were
never planned into the scheme o f things, and
they can ex ist only when the amplifier is
operating in an otherwise normal fashion.

Frequently . a parasitic may not appear
when an amplifier is being tested under
moderate-power condit ions with a steady
signal, but will blossom forth in all its
obnoxiousness when full power and modula­
tion are applied. The change in amplifier
opera ting conditio ns increases gain just
enough (or possibly modifies the coupling
slightly) to permit the oscillat ion. A varia­
tion of this behavior is the type of parasitic
which exists only for a few dozen cycles at
the peak o f each cycle of intended­
frequency signal, and is absent a t all other
t imes.

In almost all cases, the cau se of the
parasitic is an unsuspe cted load impedance
in the amplifier's o utput stage which permits
amplification at unintended frequencies.
Normally, the fr equency of a parasitic is
much higher than that at which the am plifier
is intended to o perate. Amplifiers intended
fo r the 3-3d MHz range usually have VHF
parasitics, VHF amplifiers ex hibit UHF para­
sitics, and so fo rth .

This ru le does not always hold true. In
some cases, parasitics may occur at frequen­
cies far be/ow the intended o pera ting range.
The phenomeno n, known as "mo torboating"
in af amplifiers, is typical of a lower-than­
operating-frequency parasitic. It occurs
when the feedback loop encompasses the
ent ire chain of amplifie rs and in cludes sub­
stant ial time delays. This type of parasitic in
rf amplifiers, occurs only rarely. When it
does, the feedback path and undesired load
impedance producing the unwanted gain are
usually to be found in either the power
supply or the power wiring, rather than in
the signal circuits of any individual stage­
and when these co nditions exist , self­
oscillation is mu ch more likely than is a
lower-frequency parasit ic.

Another type of spurious signal which
afflicts only radiotelephone transmitters is
that produced by rf feedback into the audio
circ uits. This can produce sy mp toms very
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like those o f parasitics. What happens is that
some o f the modulated rf ou tput of the
transmitter is finding its way back into the
audio circuits of the modulator or preceding
audio stage, and is there being detected to
produce an audio signal which is a feedback
signal. The feedback loop is closed by a path
through the modulation process, and so both
the audio and the rf signals are affected.

In addition to the fact that their radiation
is illegal because of the uncontrolled inter­
ference which they cause , these spurio us
signals are to be avoided at all times because
they can easily result in severe damage to the
transmitter. Parasitics, in particular, can lead
to amazingly high levels of reactive volt­
amperes in even moderate-power trans­
mitters, because the signals which are gener­
ated are predominantly confined to the
tra nsmitter (they are coupled to the antenna
only by accident ). The multi-kilovolt levels
which result can pop coupling capacitors,
melt down polystyrene coil spacers, and
even vaporize tube elements by forcing the
tube to improper operating points.

How Can We Find A nd Fix Spurious­
Signal Problems? Now that we've looked at
the causes of spurious-signal problems, it 's
time to look a little deeper and di scover how. ,
to find and fix them. While there's always
o ne easy way to find out that you have a
spurious-signal problem, it's not recom­
mended -for one thing, FCC pink slips are
most upsetting to the tranquility of most of
us, and while you're waiting for o ne to come
along you may be clobbering untold QSOs
or possibly even emergency traffic!

So it's best to check o ut any new
transmitter, whether it's a homebrew rig or a
store-bought out fit, to be certain that it's
free of spurious signals, before ever putting
it o n the air.

While the checkout is a virtual necessity
in the case of home brew and kit-built
eq uipment, it's also most important in the
installat io n o f com plete ly factory-wired gear
as well . Bad design or construc tion is not the
sole reason for spurious signals, as we have
seen. Misadjustment can also cause them,
and even the most reputable rig can be
m isadjusted between the factory pre­
shipment inspection and its arrival on your
operat ing desk!
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F ig. 4 . This test setup c a n be used to test an
amplifier for b oth self-oscillat ion and para­
st uc s. E xciter is used only to provide drive
while initially tuning amplifier under test.
Output should disappear when exciter is
sw itc h e d off. a nd remain absent f or all
sett ings of amp lifier c o n t rols. Any output
in d ic a t e s spurious signals; their cause should
be traced out and eliminated .

The procedure in testing for se lf-oscllla­
tion is relatively simple. Connect the trans­
mitter to a dummy load, preferably with
some type o f power indicator (a light bulb
cou pled to the load will suffice if nothing
more exotic is available) . Remove any drive
by removing the crystal (don't use a vfo for
the checkout). Fire up the rig, but keep
plate voltage o ff until everything is warmed
up.

Now apply plate voltage briefly and swing
each tuning capacito r across its range while
plate voltage is ON. You have to be fast, if
the rig doesn 't include fixed protective bias,
to avoid tube damage due to the lack of grid
bias. Any out put indication at all must come
from self-oscillat ion, since the normal oscil­
lator stage has been disabled by removal of
the crystal.

If the transmitter has many stages, it may
be necessary to perform this test on only
one stage at a time in order to limit the
power-on time. The main thing to watch out
for is permitting excessive plate current to
flow for more than a very few seconds.
Some of the more modern screen-grid power
tubes can completely melt out their scree ns
in less than 30 seconds under zero-bias
operation!

To be absolutely safe, it's best to provide
normal o pera ting bias for eac h stage. This
bias can be supplied from one or more small
transformer-operated power supplies,
adjusted to provide the desired de output
and connec ted to the grid of each stage
through rf chokes for isolation. If this is
done, keep in mind that the added grid-bias
leads may, in themselves, introduce feedback

unless you' re extremely careful. However,
with all stages properly biased, you ca n leave
power on long enough to te st all settings of
the adjustments. Also, a change in bias
conditions may permit oscillat ion during the
test which would not occur during normal
operation.

A quick indication of self-oscillat ion is
the capability of tuning to a dip in final
plate current at two points in the tuning
range which are not harmonically rela~ed. Of
course, if you're opera ting at 3.6 MHz and
tune the fin al to 7.2 MHz you can get a d ip,
and this does not indicate self-oscillation.
But if you ge t a normal dip at 3. 6 MHz and,
without changing frequency of the oscilla­
tor, tune a little higher to the neighborhood
of 5 MHz and find another dip, this is a
pretty fair indication that you have self­
osci lla tion around eit her 2.5 or 5 MH z.
Should this happen to you, be sure to run
the full self-oscillation checkout.

Having discovered a case o f self-oscilla­
tion , how do we fix it? The first step is to
determine which stage in the transmitter is
oscillating. If it's convenient to remove plate
a nd screen voltage from individual stages,
this is the easiest way to find out. Start at
the next-to-final stage and remove both plate
and screen voltage. If the oscillation is still
there, it must be in the final stage alone.

If the oscillation disappears, restore
power to the driver stage and remove power
from the stage preceding. Reappearance of
the oscillation indicates that no stage ahead
of the driver is involved. To find out
whether it's the combination of driver and
final , o r merely the driver alone, remove
power from the final and couple some sort
of rf indicator to the driver's output. If both
stages are involved, the oscillation will
disappear. If it persists, the trouble is in the
driver stage only .

If the oscillations fail to reappear when
power is applied to the driver, move back
another stage toward the oscillator and
repeat this procedure. Keep going until the
trouble has been isolated to a single stage or
group o f stages.

CAUTION-Never remove plate voltage
from a tetrode or pentode tube without also
removing screen voltage. Otherwise the tube
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is almost certain to be destroyed by exces­
sive screen dissipation.

When the stage or stages have been
isolated, apply the things we've already
learned about the causes of self-oscillation .
Look particularly for coupling between
input and output circuits, and for misadjust­
ment of any neutraliza tion components.
Also check aU bypass capacitors to be
certain that they're doing their job. In severe
cases, it may be necessary to virtually
redesign the o ffen ding stage to elimina te
coupling from input to outpu t by relocating
components.

After each correction is made, repeat the
test procedure to determine whether the
spurious oscillat ion has been eliminated.

Detection and elimination of parasitics is
a much more bothersome business. Most
circuit designers prefe r to simply assume
that parasitics will be present unless they are
suppressed, and design in parasitic suppres­
sors to do away with them.

A parasitic suppressor consists, essent ial­
ly , of an add itional tuned circu it broadly
resonant at the frequency of the anticipated
parasit ic, and swamped down with a com­
position resistor of low value to kill any
effective load im pedance. For tubes in the
IOO-watt power outpu t class, a . 47-ohm
2-watt resistor with 3 or 4 turns of wire
wrapped around it does the job normally.
This suppressor is connec te d in the plate
circuit, as close as possible to the tube's
plate terminal (tha t is, one lead of the
resist or is soldered to the plate-cap clip with
as short a lead as physically prac tical, just as
bypass capacito rs are installed). For higher
power levels, the same idea works but highe r
power ratings are needed.
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F ig . 5. Typic a l p ara sitic su p p ressor consists
of 6 tu rns o f n u m b er 18 w ire spaced o ut to
occupy the f ull length of a 4 7 -o h m 2-watt
composition resistor . This suppressor is
adequate fo r hf r igs up to the s in g le
6 146-807 ·6005 class; for h igher powe r ri gs,
use several resi stors in para llel t o provid e
h igher p o wer capa b ili t ie s. F or v h f rigs,
redu ce co il siz e t o 3 o r 4 tu rn s, again spaced
ou t t o fu ll le ngt h of resistor .
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The parasitic suppressor works by con­
centra ting any st ray inductance or capaci­
tance which might form a parasitic's load
impedance into a known location, and then
loading that impedance down with such a
low-valued resistor that its Q is far less than
unity.

If, despite parasitic suppressors, you
suspect that parasitics are present in a rig,
perform the same test as for self-oscillation
except that normal drive signal can be
applied. Output at any except the oscillator
frequency or a harmo nic of it can be
att ributed to parasitics.

Probing with a neon tube can help locate
parasitics, also, if (as they usually are) they
happen to be VHF or UHF oscillations.

The glow of a neon tube excited by rf
pickup through its glass walls is normally
orange, just as is a normal neon glow. The
signals produced by parasitics, however,
usually make the neon glow purple rather
than orange. The change in color is not due
to the frequency , but to the amount of
power picked up. The neon will pick up
more power fro m a VHF or UHF signal than it
will from one of lower frequency, because it
is of fixe d physical size and the pickup is
governed by the tube's size in relation to the
signal wavelength. With excessive power
applied, the neon glows purple rather than
orange.

Another handy guide to pa rasitics, sur­
prisingly enough, is sta ndard equipment for
most ope rators-a pair of ears! When a
parasitic is running wild in a transmitter, it
frequently causes a high-pitched whining
sound . It 's the same phenomenon that
makes a t ransformer with a loose core
lamination "buzz" when power is applied ; in
the case of the parasitic, anything which
may be capable of being vibrated by it
is-not at the rf frequency , but at some
audio subha rmo nic o f the pa rasitic's actual
freq uency. Occasionally, too , the power
unleashed by the parasitic will cause arc-over
of a tuning capacitor, and this too can be
heard (and seen).

If parasitics occur in a rig which has
su p po se d ly been parasitic-suppressed,
suspect failure of the suppressors first. If
they are all good (check by replacement),
then check fo r prese nce of gro und loops and
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especially for co mmo n impedance in both
the grid and plate circuits. A few inches of
hookup wire is sufficient common impe­
dance to develop a quite respectable UHF
parasitic. And in the attempt to find and fix
parasitics, keep always in mind that patience
is the most important parameter!

What Does Antenna Current Tell Us
About Modulation Quality ? While many
experts will tell you -and we won't disagree
- that the only way to get a really good
measure of modulation quality is to use an
oscilloscope and either a trapezoid (for AM)
or bow-tie (for sideband) display, the fact
remains that antenna current alone, as
measured by either an rf ammeter, a sam­
pling device such as an swr meter, or even a
lamp bulb coupled to the transmission line,
can tell quite a bit about modulation. At the
very least , it can indicate the presen ce of
some troubles which may not be so apparent
in the final-amplifier plate-current readings.

The reason that the antenna current is an
indicator of modulation quality is simple.
Almost any kind of modulation except for
FM will result in a variation of the power
applied to the antenna. Since antenna
impedance is relatively constant, at any one
operatir g frequen cy, the only way in which
the power can vary is for the voltage and
current in the feed line to vary.

With normal , high-level, IOO-percent AM,
and a sine-wave modulating signal, the out­
put power with modulation should be 1-1 /2
times as great as that without modulation.
Since the power varies as the square of the
current, to obtain this 150% power variation
the current must vary about 122%. That is,
the power as indicated o n an rf ammeter
should increase by 22 percent when 100­
percent sine-wave AM is applied to the
signal.

Note that this figure is true only for one
special case of modulat ion. If modulation
percentage is less than 100 percent. the
current increase will be less. If some process
other than high-level modulation is used. the
current increase may be less (although it
should not be more). And if the modulation
is a voice signal rather than a sine wave,
anything can happen and usually does!

Because of the great variations possible
when the test signal is anything o ther than a
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sine wave, virtually all discussion of the
effects o f antenna current in modulation
assumes that only sine-wave modulation is
used. This turns out to be most confusing to
most of us, when we attempt to put it into
practice to monitor our modulation, and
that's one of the reasons that the experts
recommend scope monitoring-it's one of
the very few forms of modulation mon­
itoring which is equally effective on both
voice and sine-wave signals.

But if we do have a sine-wave signal, as
we would have if we were attempting to
check out a modulator by measuring anten­
na current, then we can confidently look for
that 22-percent increase in power when the
modulation is applied.

Should the power remain constant, or
decrease, it indicates something is not going
right in either the modulator or the mod­
ulated stage. One possible cause of lack of
power variation (constant power) might be a
power-supply deficiency which reduced
carrier power whenever the modulator was
supplying any power. This would, o f course,
cause distortion by making the modulation
percentage vary widely through the course
of a single audio cycle.

A decrease in power or antenna current
when modulation is applied, on the other
hand, indicates a misadjustrnent of the
modulated stage. Most high-level modulation

schemes operate by varying the supply
voltage available to the modulated amplifier.
When the supply voltage is raised , the
modulated stage is supposed to deliver the
additional power. If its drive is insufficient,
or if it is operating at the wrong point on its
grid-bias curve, the additional power may
not be available to be delivered. In this case,
the increased supply voltage causes an actual
decrease in power.

Either insufficient or excessive loading on
the modulated stage, also, can cause a
wrong-way power variation. We'Ulook at the
.possible causes of modulation troubles in
more detail a little later ; right now, the point
is that failure to obtain the expected
increase in antenna current does indicate
problems, and may give you an id ea as to the
approximate type of problem which exists.

So far, we've discussed only high-level
AM amplifiers. Similar reasoning applies in
the case of lin ear amplifiers , whether they be
Class A, Class AB, or Class B. When modula­
tion is present , the antenna current readings
should increase. The increase should never
exceed about 22 percent from the carrier­
only readings, however, with sine-wave
modulation (voice may provide readings as
great as twice the carrier level , in certain
circumstances).

Screen-modulated stages, and those using
other forms of "efficiency modulation,"
should also give the same normal readings.
These types of modulated amplifiers,
however, often exaggerate the "problem"
indications of the antenna-current measure­
ment. That is, any problem which would
cause a slight decrease in antenna current
with high-level modulation may cause an
extreme drop in antenna curren t with an
efficiency-modulated stage. The difference is
not due to any difference in the measure­
ment ; rather, it's because these types of
modulation are so much more sensitive to
the particular types of problems which show
up most readily in an antenna-current
measurement. The degree of misadjustment
which would be only negligibly off in a
high-level stage may easily be intolerably
out, in an efficiency modulated rig.

While the anten na current measurement
can pinpoint several kinds of trouble and
their probable causes, it is totally useless in
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Fig. 6. Principles of high-level AM are shown
here. ,6.t left, with no modulating signal,
modulator output is zero volts and full
vo lt ag e of power supply goes to modu lated
stage, providing normal output level. At
center. on negative peak for lOa-percent
modulation. modulator output exactly
cancels out power supply voltage. Mod ­
ulated stage gets zero volts and output
momentarily drops to zero. At right. on
positive peak of signal . modulator output
adds to power supply level to double voltage
to amplifier and produce four-time power
level. Failure to meet these conditions
means modulation trouble is present.
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attempting to troubleshoot many other
kinds of problems. For instance, antenna
current cannot reveal directly the presence
of distortion, nor spurious outputs such as
parasitics occuring only in the presence of
modulation. Neither can measurement of
antenna current reveal much about sideband
suppression. To spot these troubles, the
scope offers the only quick way (careful
probling with a selective receiver, used as a
spectrum analyzer as we discussed in the
previous installment, can also spot such
troubles, but is much more tedious).

It's for this very reason that the measure­
ment of antenna current has given way to
scope monitoring of output, for many hams.
But since the antenna current measurement
can tell us much, and is one of the classic
means of locating some types of modulation
problems, the FCC requires that candidates
for the Extra Class license know something
about it. After all, a little history and
tradition i~ just .as necessary as is a know­
ledge of the latest state-of-the-art techniques
and theories.

Now that we've seen what the antenna­
current measurement can tell us about
modulation quality, and what it can't, let's
move on to determine the major causes of
the modulation problems which our tests
may reveal.

What Causes Modulation Problems?
"Modulation problems" is a label covering a
multitude of symptoms. In the first place,
we have three distinct major types of mod­
ulation (amplitude, frequency-phase, and
pulse), and a number of sub-classes within
each of these types. What turns out to be a
problem for one particular sub-class of one
type may be desired operation for some
other variety.

To illustrate this point in a bit more
depth, let's look at several quick examples.
If the signal's apparent center (or carrier)
frequency changes when modulation is
applied, is this a problem? With AM, it's a
serious problem-so serious that it falls into
the class of prohibited emissions! But if
you're using FM, it's the desired result.

Another case: The "carrier" power level
increases when modulation is applied. We're
not talking about the "extra" power sup­
plied by the modulator; we're assuming that
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the measurement devices are sufficiently
selective to pick out only the carrier com­
ponent of the output signal, and this com­
ponent alone increases in strength with
modulation. Is it a problem? For high-level
AM it is, and we call it "carrier shift." Its
presence indicates that the operating point
of the modulated stage is being shifted by
application of modulation, and distortion of
the output signal is likely. But if we're using
a controUed-earrier modulation technique,
which is a common design for screen­
modulation systems, then the increase of
carrier power with modulation is again the
desired operation.

So what is a modulation problem?
Basically, it's anything connected with the
production of a modulated rf signal that
produces results other than those you
intended to achieve.

That's such a wide field that it would
take several volumes to answer our original
question in complete detail for all cases. You
would also get much more information than
you probably will ever want about modula­
tion problems. So for the purposes of this
question, we're only going to talk about the
common problems of the common types of
modulation-primarily high-level AM, since
we've looked at FM and sideband in other
installments of this course.

To know when we have a problem, we
must first find out what results we intend to
achieve when we attempt to apply high-level
AM to an rf signal. Several concepts for
describing the amplitude modulation process
exist , and all have their uses. We can look on
the process as a mixing action which trans­
lates a voice signal into the rf range, or as a
control action in which the voice signal
modifies the gain of an amplifier to produce
a signal of constant frequency but varying
strength. While the first is closer to what
actually goes on, the second is often useful
in examining modulation problems.

If we look on the desired output signal as
being a single rf signal which varies in
strength (assuming lOO-percent modulation
with a sine wave) from zero to double the
carrier-only voltage levels, we know immedi­
ately that the modulated amplifier must be
capable of putting out a voltage level at least
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twice that produced in normal operation
without a modulating signal.

In order to do this , the amplifier must
have adequate drive available to generate the
double-voltage output with no change in
driving signal, and it must be working into
an impedance level which will permit it to
develop the double-strength output. If either
of these conditions is not met, we will have a
modulation problem because the output
cannot do what it is expected to do.

With the most conventional form of
high-level modulation. the modulating audio
signal is placed in series with the dc supply
to the modulated stage. If the audio signal
exactly cancels out the dc supply on its
negative-going peak, this will take care of
reducing the output signal level to zero at
that time because without plate and screen
voltage, an amplifier cannot produce output.

Fig. 7. If modulated stage is unable for any
reason to Increase its output level above that
for no-modulation case, result is output
waveform shown here. Negatlve-going half­
cycles of audio signal are modulated nicely ,
but positive-going nert-cvcles are missing.
This problem shows up as "downward
modulat ion" or decrease In antenna current
when m odulation Is applied. It cau ses severe
d istortion, b ut often such signals show no
apparent distortion when r.celved because
action o f receivers restores m issing h alf·
cycles.

But to produce the desired results, the
modulated stage must produce double the
norma) output voltage on the positive-going
peaks. The supply power is effectively
doubled at this time, because the audio
power from the modulator is aiding rather
than bucking the dc from the power supply.
If the operating point of the modulated
stage is held constant, though, the doubled
supply voltage cannot result in doubled
output voltage-because the efficiency of the
amplifier will vary with the change in supply
voltage.

To avoid this problem, most modulated
amplifiers are made to be self-adjusting by
use of grid-leak bias. As the voltage supplied
the tube goes up. the bias will shift slightly,
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and the amplifier's efficiency will remam
approximately constant. The result will be
the desired doubled output voltage.

The zero-to-double swing we've been
talking about is, of course, in terms of
peak-to-peak values. A properly modulated
rf amplifier looks to the modulator like a
resistive load, so when the voltage goes up
the current goes up in the same ratio.
Doubled voltage and doubled current would
indicate four times the power-which is
absolutely right, except that the four-time
figure is for instantaneous peak input power.
Since rms values are only 0.707 times as
great as peak values, and 0.3535 times as
great as peak-to-peak values, the rms power
of the modulated signal is only 1.5 times as
large as that of the unmodulated carrier.

Now what are some of the common
problems with high-level AM? One of the
most frequent is that known as "downward
modulation," in which the antenna current
or output power decreases rather than
increasing with application of modulation.
"Carrier shift" is another. Simultaneous AM
and FM is a rather common complaint at vhf
and uhf, and is not unknown at lower
frequencies. And "mushy" or distorted
modulation seems, at times, to be the rule
rather than the exception-vbut it's a problem
too. Let's look for the causes of each of
these.

The basic cause for downward modula­
tion is simple enough. Something in the
modulated stage is not right, so that when
the modulator changes the supply voltage
the amplifier does not respond by increasing
its output. In many cases, a scope examina­
tion of the output signal reveals that it is
modulated only by the negative-going half­
cycles of the audio, and that the positive­
going portions of the audio signal are having
no effect. Since we are getting the less-than­
carrier-level parts of the modulation okay,
but are failing to get the greater-than­
carrier-level parts to make up for them, the
net result is a decrease in output power.

Strangely enough, such a signal may be
perfectly readable, and often has only slight
distortion. Regardless, this is still a problem,
and should be cured.

The cause can be anything which prevents
the modulated stage's output from going up.
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It may be insufficient grid drive, so that
there's just nothing left from which to
supply more output. It may be a poorly
chosen operating point (more likely too
much grid bias rather than not enough, or
too little screen voltage) for the modulated
stage, so that the tube is simply saturated
before it can reach the double-output con­

dition. And it may be improper adjustment
of the tuning and loading controls, so that
the tube is not working into a proper
impedance to permit it to develop the
increased output power. In this case, the
problem is more likely to be under-loading
under carrier conditions, rather than being
loaded too heavily .

Carrier shift is deliberately introduced
into TV signals to indicate brightness infor­
mation , but for normal audio and high-level
AM it's a problem. The effect is that of
having a dc component in the modulating
signal. That is, the carrier level when mod­
ulation is present is higher than when
modulation is absent. The normal cause of
carrier shift is simply overmodulation, which
does introduce a dc component by rectifica­
tion of the excess modulator power. A less
common reason for this problem would be
poor design of the modulated stage, so that
the changes in operating point which accom­
pany modulation would drastically change
the stage's performance.

Carrier shift is introduced into "con­
trolled carrier" systems , and is in fact the
carrier control which gives such systems
their name. The normal manner of intro­
ducing the shift is to control screen voltage
on the modulated stage with a signal
obtained from the rectified envelope of the
modulating signal rather than with the
modulating signal itself. When the modula­
ting signal is weak or absent, screen voltage
becomes low, reducing carrier level. This
action reduces the dissipation in the modula­
ted stage during no-modulation periods, and
permits smaller tubes to be used than would
otherwise be the case. It is seldom used with
high-level modulation; the most common use
of controlled-carrier techniques is with
screen modulation, where the power level is
limited primarily by tube dissipation and
anything which reduces dissipation permits
higher output power from the same tubes.
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does supply some power increase. When it
gets as far as it can, it gives up. T his flattens
out the positive peaks of the modulated
signal, which in troduces severe di stortio n.

Non-linear modulation has many causes.
One of the easiest to understand. if no t to
do some thing about, is brought about by the
use of fixed bias on the modulated stage. If
t he bias is held co nstant, and enough drive is
supplied to permit full upward modulation,
then grid current will be excessive. The
reason for this is that a large driving voltage
is required to produce full upward modula­
tion, but at the lower supply voltages
present when the mo dulating signal falls to
carrier level or even be low (the modulat ion
"trough"), this large driving voltage pro­
duces a large flow of grid current. At the
peaks, when the h igh voltage is needed,
much of it goes on through the stage and less
grid current flows.

Fig. 8. If o utp u t power o f m odlilated stage
is a b le t o increase so m e during p osit ive
half-c y cl e s, b u t not a s m uc h as it s ho u ld, th e
result is " non-line ar m odula tio n" a s shown
her• • Do t ted lines show t he d esired o p er­
atio n, w hile solid line s show w h at h a p p ens if
m o du la t ed stage output power is limited to
a maximum of 2 times carrier level ra t her
than the necessary 4 -t im e inc rease. Wave­
fo rm of modulation signal is si gnificantly
d isto rt ed. This p rob lem may b e cu red by
increasi n g d r ive o r lo ad in g , but sometimes
req u ir e s redesi gn of the modulated stage.

Unfortuna tely, the grid curren t un der
these co ndi tions is so grea t that tube damage
can easily occur. If, then, the drive is
reduced to obtain a grid-curren t reading
within reasonable limits, there's not enough
drive to supply the peaks.

It's for this reason that most high-level
modulated stages are designed to use a small
value of fixed or "protective" bias, and
obtain most of their operating b ias voltage
from grid-leak bias. Together with this, the
driver stage is deliberately designed to have
very poor output-voltage regulation . That is,
its output voltage is designed to drop off
whenever mu ch curren t is drawn.

CARR1----, "-----j

Simultaneous AM and FM is a problem in
any type of system, because it's prohibited
by FCC regulations. While a delica te adjust­
ment of modulation percentages can pro­
duce single sideband (with carrier) from
simu ltaneous AM and FM, in all other cases
the presence o f both ty pes o f modulation at
the same time simply results in excessive use
of spectru m space and often results in signals
which cannot be copied on any kin d of
receiver.

Since frequency is controlled exclusively
by the oscillator, while amplitude is con­
trolled only by the final stage or stages in
high-level AM, the only possible cause of FM
and AM at the same t ime is for the modula­
ting signal to be gett ing back to the oscilla­
tor to change it s frequency . This can happen
if the oscilla to r's su pply voltages are taken
fro m a power supply which also supplies the
final, the modulator, or any part of the
speech amplifier, and are not sufficiently
well regulated, and this is in fact the most
frequent cause of this problem.

Running a close second for the title of
most-frequent-cause is inadequate isolation
between the oscillator and the modulated
stage, so that the varying load imposed by
the modulated stage und er modulation
reflects back into the oscilla tor circuit and
changes its freq uency . The problem has been
traced to this cause in vhf transmitters
through as many as five isolating stages; it
usually won't occur with that much isolation
between oscillator and modulated stage, but
it can.

A final cause for simultaneous AM and
FM might be rf feedback from the trans­
mitter output to the oscillator. This would
be in dis tinguisha ble, in prac t ice, from
reflected loading, but would succumb to
different cures (which we'll examine a little
later).

Mushy modulation, or distortion, is a
problem which can have many causes. Over­
modulation is a frequent cause . Probably the
most common reason for modulation distor­
tion, though, is what is known as " nonlinear
modulation." It 's essentially the same prob­
lem we already met in connection with
downward modulation, but in a less severe
form. The modulated stage is unable to
supply the double-voltage output level, but

•
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Under these conditions, at modulation
peaks the driver supplies full voltage because
the modulated stage draws very little current
from it. As the modulation cycle moves on
to carrier level, the driver is required to
supply more current. It can do so only by
pulling down its voltage output. The grid­
leak bias increases bias on the modulated
stage as grid current increases, requiring a
higher voltage. The result is that the driver is
always struggling to supply the required
drive power , and just barely succeeding in
doing so. Average grid current , as indicated
on a meter , remains moderate, but actual
drive levels are great enough to provide
linear modulation.

If, however, the driver is adjusted to
supply too little drive power, full upward
modulation still cannot occur. Similarly , if
the modulated stage output circ uit s are
improperly adjusted, the full upward mod­
ulation power levels cannot be achieved in
the antenna.

Improper design of the modulator itself
can also be a source of dist ortion. Unless the
modulator can supp ly the required o utput
power levels distortion-free, it's a waste of
time trying to trouble-shoot the total
system. Possible causes of distortion in the
modulator include an improper impedance
ratio for the modulation transformer,
improper grid bias on the modulator itself,
or improper performance of the audio driver
stages ahead of the modulator.

Locating the source of distortion in a
radiotelephone transmitter is a job which
virtually requires a scope. First , the modula­
tor must be checked out to assure that it is
capable of delivering the power. Then the
modulated stage mu st be checked, and
finally the complete system.

Lacking a scope, however, it is still
possible to determine the modulation
capability of the transmitter. To do so , we
start by assuming that the modulator can
deliver at least a small part o f its audio
essentially distortio n-free, and apply a very
low percentage of modulation to the carrier.
We then use our receiver as a spe ctrum
analyzer, looking for side frequencies at
twice, three times, four times, and other
higher harmo nics, the frequency of the
modulating tone removed fro m the carrier.
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If all is working properly, these side frequen­
cies should be absent.

Next, we crank up the audio gain of the
modulator until large amounts of distortion
are present, as indicated by downward
modulation of the antenna current or flicker
of the final-stage milliammeter, and again
look for the second-harmonic side fre­
quency. This time, it should be easily detec­
tible.

Finally, leaving the receiver set on the
side frequency, we reduce the percentage of
modulation until the side-freq uency signal
disappears. We then search for other har­
monics; if the transmitter is working
properly, all other side-frequency harmonics
should be absent when the second-harmonic
side frequency disappears. All we need do
now is to determine the percentage of
modulation being applied, and that's the
maximum modulation capability. of this
transmitter.

If other side frequencies are present,
distortion within the modulator audio stages
is indicated. Non-linear modulation normally
causes second-harmo nic distortion to appear
in the envelo pe before any higher-order
distortion products show up, while inter­
modulation in the audio stages more often
results in third- or fifth-order distortion
products.

To measure the modulation percentage,
when the modulating signal is a sine wave ,
we can use a peak-to-peak indicating ac
voltmeter connected across the modulation
transformer seeondard (DANGER-high
voltage, be sure all power is off before
connecting the meterl} and compare the
peak-to-peak ac reading thus obtained with
the de voltage applied to the modulated
stage. For 100 percent modulation , the p-p
ac reading should be exactly double the dc
value. For 50 percent modulation, the two
readings will be equal. To get the percentage
for any two readings, multiply the p-p ac
reading by 50 and divide the result by the de
reading; the result will be the modulation
percentage, directly.

How Can Modulation Troubles Be Cured ?
We've met a number of modulation prob­
lems and their causes, now. The logical final
question for this installment is how to cure
them.
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In almost all cases, a cure can be effected
simply by removing the cause of the trouble.
This may, however, in the case of some
forms of distortion, amount to a complete
redesign and rebuilding of the modulator.
Let's concentrate on some o f the simpler
t roubles fo r a start, and leave redesign of the
equipmen t unt il some other tim e.

To cu re the troubles evidenced by down­
ward modulation of antenna current, or by
downward fluctuation of the final 'pla te
current meter, try first increasing drive to
the modulated stage (unless it is already
running with maximum rated drive) . Increas­
ing the grid bias on the modulated stage may
help also, especially if drive is already at
max imum. Next, check the coupling of
modulate d stage to ante nna or other load.
Increase loading as necessary to remove the
trouble. Ideall y, a modulated stage should be
loaded to the point that the plate-current
dip is barely perceptible-unless this overloads
the tubes, in which case bias should be
increased and screen voltage decreased as
necessary to keep plate current within
reasonable limits while maintaining the
loading heavy.

Be certain that the de plate voltage to the
modulated stage does not exceed ra tings for
the tubes involved; if it does, reduce it to the
rated limit and see if the trouble persists.
Also, check the final tubes for weak cath­
odes, which can cause this problem.

Insufficient modulation of the screen-grid
along with the plate can cause this trouble;
increasing the percentage of modulation to
the screen is the normal cure. If screen
voltage is taken from the plate supply via a
dropping resistor, t his cure normally is not
applicable.

Finally, the output filter capacitors in the
power supplies feedi ng either the modulated
stage, the modulator itself, or both, may be
too small, resulting in poor voltage regula­
tion and a consequent inability to supply the
necessary power peaks. Increasing the value
of these capacitors is always a good idea;
they can hardly be too large. If elect rolytic
capacitors are used (relatively common in
the IOn-watt class of rigs), they may have
aged so that actual value is much less than
the marked value. Such capacitors should be
replaced.

APR I L 1970 75



•

•

ANGUARm __ .. __ •... _........_-~~-- - -. ..

modulated
stage more

modulation. Grid-modulated t ransmitters
should be loaded so heavily that the reson­
ance dip is no t perceptible at all. When
modulatio n is absen t , the tube will be
dissipating max imum power. Application of
modulation then inc reases efficiency of the
modulated stage to produce the ad ditional
output power required.

I f the plate-current needle flickers
upward when modulation is applied , any of
several problems may be present. The prob­
lems and their cures are :

Overmodulation -cure this by turning
down the audio gain or speaking more
softly. This is applicable to any type of
modulation.

In c o m p le tely neutralized
sta te -cure by neutralizing the
completely.

Parasit ics in the modulated stage­
eliminate the parasitics.

When screen modulation is used, screen
voltage too low- cure by increasing screen
voltage.

When control-grid or suppressor modula­
tion is employed, too much grid bias- red uce
grid bias.

While all these problems an d cu res
depend largely on the indications obta ined
by an tenna current measurement or by
observation of the final-stage plate meter, a
steady plate meter or upward-modulating
ante nna current does no t necessarily indicate
good modulation. It ' s quite easy to get a set
of co nditions in which one kin d of distor­
tion on positive half-cycles of aud io balances
out an opposite kind on nega tive half-cycles,
so that the current measurement s look good
but the modulation is really mud ulatio n.
The scope provides the only cer tain check
on this. However, for any specific rig , the
scope is necessary only once; after initial
adjustment, the plate-current or antenna­
current measurements can be used to spot
minor departures from desired operating
conditions.

Next Time. We're only halfway th rough
our examination of tr.•nsmitter operating
techniques. In the next installment, we'll be
looking at the problems of control of har­
monics and of coupling transmitters to the
antenna system, amo ng other things.
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The preceding suggested cures apply to
plate-modulated AM transmitters. In addi­
tion to most of the above, the following are
also applicable to any type of grid-modula­
ted AM rig:

Too much rf drive can cause downward
modulation, just as can too little. With grid
modulation, the drive level is critical and
must be adjusted carefully to obtain opti­
mum results.

Too light loading; this is much more
critical with grid modulation than with plate

Dept. H
196·23 Jamaica A.e. , Hollis, NY 11423

to 175 MHz. S21.95 ppd.
to 300 MHz. S25.95 ppd.

DUAL GATE MOSFET

PRE-AMPS

VANGUARD LABS

76 73 MAGA Z INE



Extra pre-recorded cassettes (1 hr}
specify 8, 16, or 25 wpm .. $5.50

Johnson heavy duty key ... $6.50

-

•

/~ ., .
'~ /

WOODSIDE CS-l $48.00

The COMPLETE Code Practice System
MOST CODE PRACTICE SYSTEMS WILL HELP YOU IMPROVE YOUR RECEIVING
BUT HOW MANY OF THEM WI LL REALLY HELP YOUR SENDING ? ...

THIS ONE Will
AND IT INCLUDES A PANASONIC
PORTABLE CASSETTE RECORDER I

• Practice receiving with pre-recorded cas­
settes

• Practice sending with the built in code
practice oscillator

• By recording your own sending, you will
be able to spot flaws and errors that
would ordinarily be overlooked

• When it is not being used for code
practice, the recorder may still be used
around the shack and for general enter­
tainment purposes

• The system comes complete with a 1
hour pre-recorded cassette (specify speed),
a 1 hour blank cassette, microphone, ear-
phone, and batteries. 110 vac adaptor $7.00
PLEASE ALLOW $3.00 FOR SHIPPING - EXCESS REFUNDED

WOODSIDE RESEARCH CO.
BQX 276, YARDLEY, PA. 19067 PHONE: 215-493-5850

THE DK-l DIGITAL KEVER

is designed to allow the CW operator to transmit
morse code with a MINIMUM of hand motion. No

other keyer exceeds the DK-l in this respect.

•
01l-1_.....,.

0."'"''..- ....•
-

•

-
• Code speeds from 7 to 60 WPM with correct inter-letter and inter-word spacings
_ Mercury reed relay for transmitter keying and receiver muting _ Input for
manual key _ Keying monitor with built-in speaker _ 18 integrated circuits, 12
transistors. 5 diodes

These examples Illustrate the minimum hand motion recurred. The dot and dash keys may be closed
or released In the order Indicated within microseconds of each other,
"A"--elose dot·dash key. During the dot or dash, release dot-dash key.
"R"--elose dot-dash key. During the dash or second dot, release dash·dot key.
"P"-elose dot-dash key. During the second dash or dot, release dash-dot key.
''l''-elose dot key. During the first dot, flick the dash key. Release dot key during the last dot,
"S"-elose dash-dot key. Release dash key at any time durinR the

three dots and dot key during the last dot; or, release dash­
dot key during the last dot.

"Double Dash"---close dash-dot key, Release dot·dash key durinR $124.50
the last dot or dash.

WRITE FOR
FREE

BROCHURE

Note that In the above examples, only one deeress­
release cvcle of the dot and dash keys is required.
All letters, numbers and punctuation marks may be
generated using variations of this technique,

. -
() R I), Inc.:

-

PPD. CONT. U.S.A.

From Distributor or
Direct from Factory

3201 HANDLEY EDERVILLE RD.
FORT WORTH TEXAS 76118

817 I 268-1611
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Donald E. Chase W0 DKU
4543 S. Elizabeth
Wichita KS 6721 7

Nobody knows any better than the
repeater owner how religiously Murphy's

laws are followed by Nature...

It can happen to any repeater - suddenly
something goes screwy and range is red uced to
an unsat isfactory figure . First it goes something
like: Quick. shut it down, and turn on the
backup repeater! And then : Good Grief ! The
backup can hardly be heard!

New finals cure the backup re pea te r trouble.
Now pray for a warm weekend and ask the
weather bureau for no wind. After all, our
reasoning goes, we work with them on severe
weather watches, so maybe they can in fluence
what will happen.

Many da ys go by and the severe-wea ther
season approaches before we catch a weekend
with decent weather. The only man healthy
eno ugh climbs up. The transmitter is dead , the
receiver is dead, and it's cooool up there. Jay
Williams (WI! LU I) is up o n top and the 6-meter

a work session on
the lchita repeater



repeater is okay. but - Wow! The 2-meter
machine needs much fixing before it can
go back on the air.

New tubes are sent up via the hoisting
cable. but before long the bad news is

I ,
I

I

./
r

One thousand feet of eighth-inch aircraft
cable is permanently mounted to the tower.
This picture shows Don Patterson (KOKN),
left , and Glen Brasch (W0HYR) as they
start a load up to the top. The building on
the right houses the /0 kW output of
KEYN-FM and microwave remote con­
tra/ equipment. The building on the left
houses two low-band and two high-band
quarter-kilowatts, two low-band and re­
mote control stations, and two 450 MHz
mobile relay stations. Also inside is the
Wichita repeater identification equipment
and terminal equipment for the telephone

discovered : A 6-inch piece of wire works
better than the receiving antenna. The
equipment is in working condition, but
an antenna replacement is necessary.

We can't replace it today, but this is
the second time in three and a half years
of repealer operation we have lost an
antenna. A pair of decisions are made.
First. the replacement antenna will be
side-mounted some 6 feet below the top
of the tower. Let someone else be the
lightning rod. Second, if possible, obtain
enough low-loss feed line to bring the
equipment down to the ground.

A few days go by. On friday, the
weather bureau advises that Saturday will
be calm. warm, an ideal day for tower
work. Grab a side mount kit and a re­
placement antenna, and check who is

APRIL 1970

available. Pushover Chase is the fall guy,
as the other tower workers have to work
Saturday. Don Pryor (WA0IPB) and Vic
Thomas (WA0YBM) arc available for
ground wo rk .

Th ere is no substitute for having the
needed part in case of trouble. This is a
complete operating SPARE repeater, ready
to go, in case any or all major assemblies
need to be replaced. If the man on top
wants any part, any portion can be hoisted
up on the cable. This site, by the way, is
the location of the Wichita repeater, 6400
N orth Hillside in Wichita . In addition to
a com m ercial FM broadcast station , sev­
eral commercial two-way radio users are
on the tower along with the Wichita
2- and 6-meter amateur radio equipment.
Th e amateurs have a /2-pair Neoprene­
jacketed m essenger cable running from
the top to th e bottom of the tower. This
is used to control various fun ctions, such
as interconnecting two repeaters, carrying
6000 audio down for monitoring, etc.
When we told the local telephone once we
wanted the termination for the phone line
up on top, they informed us they would
be happy to do it as long as they could
keep one foot on solid ground . We agreed
to a termination inside the building, and
the local hams obtained and installed the
line from ground level to the top.

All meet and have a quick cup of
coffee before heading out to the tower
site. It's slow work when only one man
is on top but the new (well, almost new)
antenna is checked out on the ground
with vswr meters and sent up the cable.
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The fi rst decision is implemented by side­
mounting. The cable from the old antenna
shows signs of moisture. Fifteen feet of
repl acement cabl e and a ll is well.

Or is it? P rogram material from KEYN­
FM is suddenly showing up on the re­
pealer. Careful checks of all shields,
grounds, and antenna positions show th at
th e clearance between receiving and trans­
mitt ing antennas is only abou t 8 feet. A
quick menta l review of system calculations
comes up with a recommended minimum
sepa ration of 20 feet. Some work with
the muscles, aided by wrenches and a
quantity of words ( none of them the type
allowed on the air) and the bottom of the
transmitting antenna is now at the 380­

foot level, and the receiving antenna starts
at the 428-foot level.

It's gett ing cool, so all is given a fin al
check, the repeater is buttoned up. and
the tower jockey starts down. This takes
a little while, as my muscles are tired, and
I'm not quite as young as I pretend to be,
But Don Pryor awaits with a cup of
coffee poured and ready. As we leave the
tower we enjoy the fruits of our labor.
We talk to one of the hams in Mulha ll,
Ok lahoma, one in Enid, Oklahoma, one
in Hesston, Kansas, and one in Kingman,
Kansas. All is truly well, the tall tower is
back in service and we'll see if the weather­
man is good next weekend, \Ve now have
800 feet of foam feedline.

N ow if the weatherman will give us
anothe r good weekend ...

just opened the l-meter repeater cabinet,
getting ready 10 replace the fi nal tubes.
The antenna faste ned to the brace he is
standing on is a 450 h-f Hz business rig.
The upper left antenna (looks like it Slicks
out 0/ the beacon light) is the receiving
antenna for the repeater. A t th e lo wer
left , the transmitting antenna is a few fee t
out fro m the tower. The antennas for the
ti-meter repeater are not visible; they are
side-mount types, m ounted on the far leg.
Several 450 MHz log periodic beams are
also mounted on the far leg.

TRANSCEIVER
AUTO-MOUNT

$_5
I ~.n"'ll

Box 115 Hanford CA 9 3 23 0

*TWO·WAY*
COMMUNICATION CRYSTALS

AMERICAN CRYSTAL CD.
PO 80x 2366 Kansas City. MO 64142

(816 ·842 ·55111

-t-t~,,~. ". ARCO MFG. CO...~ ;

~ P.O. In 817. Grand f ",'-t , ,I. Oat. 58201

Jay Williams (W f) LUI) starting work on
top oj the tower. Th e brace he is standing
on is 440 fee t off of the ground. He has

a UI L D YOUR OWN TV CAMERA!!
Imagine trensmutinq ama teu r TV pictu res ove r
the air o r watching the k ids on the living
roo m T V or monitoring some remote area,
such as a driveway . swimming pool , nu rsery.
etc! Select fro m a variety of starter or complete
kits. A lso. plans available separate ly
De TA ilED CATA LOG FR EE.

ATV RESEARCH
13t h & Broadway N. Dakota Ci ty NB 6873 1

THINKING TOWERS?
30' "M Im.Mest" S120.001
"Magna M ast " - heavy d uty. self suppor ti ng

Ro tating Cran k U p Masts A nd T ow ers
Sefid [or Free Catalogue Details Quick ly

T RISTAO TOWER CO.

10_ - ---1"1
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Paul Franson WA 7KRE
7430 E. Minnezona Ave.
Scottsdale AZ 85251

Inexpensive New

Semiconductors

For The Ham,

A Whole flock of new semiconductors
that should interest the ham have

recently appeared . They include both dis­
crete devices and integra te d circuits; this
article will discuss the discre te types other
than rf power t ransistors.

While it 's obvious that no manufacturer
of semiconductors makes any devices
designed just for the amateur, t ransistors and
other parts made fo r other uses are often
perfect 'for his projects. High performance
co mbined with low prices provide the proper
co mbination for the builder.

All of the products described here have
been introduced recen tly . All are ma nufac­
tured by Motorola, t he wo rld's largest pro­
ducer, an d as such, are read ily ava ilable from
the wide network of Motorola dis tribu tors
including Allied an d Newark. The approxi­
mate single-quantity prices are listed . For
more informa tion on any device , co nsult the
Motorola Semiconductor Data Book or write
fo r a co py of the individual da ta sheet:
Technical Informa tio n Center, Motorola
Semiconductor Products Inc" Box 20924,
Phoenix AZ 85036.

The schematics are taken fro m the Motor­
ola Applicat ion Note listed. They are ava il-
ab le from the same source. IA

Dua l-Gate MOSF ETs TO·72

A real . boon to the rf designer is the
dual-gate MOSFET, unmatched fo r low
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Fig. 1. Typical VHF amplifiers using MFE3007
dual-gate MOSFET. Taken from Motorola A pp lica­
tion Note AN·478.

8 OHMS

2.1k

• •
;1; 0 I~1 J OI ~ I _I +13.5V

5.6 m
MPSUOI

MPSA10 iJ- MPAI2

O~~~f or ,
~ ~ "., 22m

39k
150~ 1

" .
ace "

,
1O ~1 1 I

'"
)

MPSU51 A ,

6,8k

'""'0'0

1...4004

Fig. 3. 2 W Audio amplifier . M otorola Application
No te AN·426A.

UHF Oscillator

A new plastic transistor, the MPSHIO , is
designed for use as a UHF and VHF oscilla­
tor in TV sets. It's also excellen t for ham use
as a free-running o r crysta l oscillato r. The
MPSHII has high rr (65 0 MHz minimum),
complete Y-parameter specs, a nd costs only
49 ¢ (TO-92 case).

Uniwatt Transistors

A new case for intermediate-power tran­
sistors is the Uniwatt plastic package (case

F ig. 2. 2~W tine-opereied amplifier. Motorola Ap­
plication Note AN-426A.

MPSAIO

A typical applicat ion is shown in Fig. 2 , a
line-operated 2.5 W amplifier using a "solid­
state 50 L6," the 300V MJE 340 silicon
power transistor ($1 .06).

Darlington Amplifiers

New plastic Darlington-connected ampli­
fying transistors offer exceptionally high
gains in single packages at low prices:
MPSA66 (PNP, at 63¢, 75000 minimum
hFE), MPSAI 2 (N PN, 67¢, 20000 hFE),
MPSAI 3 (NPN, 47¢, 5000 hFE) in TO-92
case. A 2W amplifier using an MPSA 12 as a
preamplifier is shown in Fig. 3 .

'"
'J; 1000 L2

']; 1000

· 15VOC

,,,
OP TIONAL +-_-._~

AGC v

331( 'J; 1000

so
OHM'

Typical 100 and 200 MHz am plifiers are
shown in Fig. I (TO-72 case).

Cheapies but Goodies

A new approach to inexpensive transis­
t ors is found in the NPN MPSA I 0 (29 ¢),
NPN MPSA2 0 (33¢), and PNP MPSA 70
(38¢). Instead of being fa lloffs from more
expensive t ypes, these new t ransisto rs are
pri me devices designed to be inexpensive .
They use small d ice, simp le processes, and
are specified to have optimum y ield. All of
t hese cont ribute to the low cost.

T he three transistors are ideal for all
general audio and low rf applicatio ns. They
have BVCEO of 40 V, hF E of 40 to 400 , Cob
of 4 pf maximum and minimum fT of 50
MH z (MPSA I0) or 125 MHz (MPSA20,
MPSA70). The da ta shee ts are very complete
for such inexpensive part s (TO-92 case) .

For even lower prices, the transisto rs are
offered in kits con ta ining three , five, or nine
transistors of a t ype with various hFE
selections. For ins ta nce , the MPSKl 2 costs
$2.07 and contains nine MPSA I Os : the cost
per device is only 234.

noise, high gain, low cross modulation, and
resistance to overload ing in VHF and HF
amplifie rs. The MFE3006 ($ 1.50) feat ures
25 dB typical gain at 100 MHz; it's also ideal
f or lower frequencies. T he MFE3007
($ 1.62) feat ures 2 1 d B gain, 3 dB no ise
figure at 200 MHz. The MFE3008 ( $1.29 ) is
simi lar, but specifie d for mixer use. All have
exceed ingly low fee dback capacitance (0.02
pF typical}, so don't have t o be neutralized
in normal applications. Incid entally , these
MOSF ETs, like all made by Motorola, fea­
ture silicon nit ride passivation and are not
superdelicate like most ot her MOSFETs.

/
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152 ). It is similar in construction to small­
signal plastic transistors, but is larger and the
metal tab on which the transistor chip is
mounted is extended out o f th e plastic. The
tab can be mounted on a heatsink for
dissipation of up to 8W (the value depends
on th e specific transistor) . The Uniwatt
package was developed for use in consumer
equipment such as complementary audio
amplifiers and video drivers, so the transis­
tors using it are inexpensive.

A useful compleme ntary pair of Uniwatts
are the NPN MPSUO I ($ 1.1 5) and PNP
MPSU51 ($ 1.33), suitable for audio ampli­
f iers with up to 5 W of output.

A useful general-purpose Uniwa tt is the
NPN MPSU02 (99¢), similar in characteris­
tics to the popular metal-cased 2 N22 19 . It
has a BVCEO o f 40V, hFE of 50, typical
Cob of 2 pF, and a minimum fT of 150 MHz
(typically 400 MHz) . Though it 's designed
for general-purpose use such as audio, it has
been found useful for many rf applications
as well.

Information on mounting and heatsinking
Uniwatts is found in Motorola 's application
note AN-472 .

Voltage-Variable Capacitance Diodes

182

Voltage-variable capacitance diodes (var­
actors) are very useful in FM modulators,
test equipment, afc , low-level frequency
mult ipliers and RTTY frequen cy shift. Four
new varact ors cost only 53¢. apiece:
MVn OI (6.8 pF), Mvn03 (10 pF),
MV2205 ( 15 pF) and MVn07 (33 pF). They
have Q up to 300 and tuning ratios of about
2 at voltages of I and 10 . Similar varactors
with better even specs and capacitances up
to 100 pF (MV2 10 1 through MV211 5) cost
only 90¢ (case 182 ).

The bottom of th e price list is occupied
by the 2N5223 at 21 ¢. While it does not
feature great specs, it is satisfactory for
many general-purpose applications: BVCEO
= 20 V, PD = 310 mW, hFE = 50 to 800 and
fT = 150 MHz minimum (TO-92 case). The
MPS51 72 has the same price.

power dissipa tio n of 90W and fT of 2 MHz
minimum (case 90). The MJE3055 is idea l
for general amplifying and switching use.

The Cheapest Transistors 10·92

152

~
High-Voltage Drivers and
Amplifiers

59

... WA 7KRE-

Four new silicon controlled rectifiers­
MCR40 7-1 (30V, 82¢), MCR407-2 (60V,
97<1), MC R407-3 (IOOV, $1.05) and
MCR407-4 (200V, $ 1.20)-are 4A thyristors
with small turn-on requirements (case 90).

High Voltage Rectifiers

90Thyristors

High-vo ltage silicon rectifiers have been
relatively expensive in the past , making it
necessary to use many devices in series in
most practical applications. A new family of
rectifiers o ffe rs PIV up to SOOOV at rela­
tively lo w prices. Examples are the MR990A
rated a I kV and costing o nly 35¢; and the
MR996A , 5 kV and $1.35. All are ra ted at
250 rnA forward current and are in small
plasti c packages (case 59).

Three new high-voltage transistors are
excellent for use as Nix ie or neon-tu be
drivers, scope tu be drivers, o r general­
purpose high-voltage applications . The NPN
MPSLOI (59¢, 120V BVCEO) and PNP
MPSL5 1 (6 1¢, 100V BVCEO) are small,
TO-9 2 case transistors with gai ns over 40, fT
over 60 MHz, and Cob of 8 pF maximum.
They have very co mplete data sheets.

The MPSUIO is a Uniwatt transistor (case
152) with a 300V breakdown rating, dissipa­
tion of up to 5W, hFE of 40 minimum at 10
rnA, fT of 60 MHz minimum, and a Cob o f 3
pF maximum. And it costs o nly $ L5 0 .

Power Transistors
The mo st popular silicon power transistor

is the NPN 2N3055, a metal-cased device
that costs about $2 .05 . A new plastic ver­
sion, MJ E3055 , has similar specifications,
yet cost only $1.4 1. And a PNP complement
is also available (MJE2955 , $2 .90). Both
have VCEO of 60V, hFE of 20 to 70 at 4A,
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Even tod ay , many years after World War
II and the Korean conflict , the surp lus
ma rket is fl ood ed wit h me te rs of all sha pes,
sizes, and ranges. Ma ny are calib rated in pps,
QXR /2 , or squiuer. This te rminology mea ns
so met hing to someone but doesn 't mean
much to you when you want to rea d plate
curre nt. Some surp lus dealers have been kind
enough to include the actual scale in their
advertising, while others let you take a
chance of getting something t ru ly useful for
your money.

William Turner WA0ABI
5 Chestnut Court
Saint Peters MO 63376

In either case, several steps are necessary
to convert the scale to unders tandable ter­
minology. When your bargain arrives. ar­
range a test setup to de termine exactly what
you have. Probably the easiest way to find
the full-scale calibra tion is a series circuit as
in Fig. I . The series resistance is adjusted to

IK OR DECADE

30K

KN~N UN~WN

MI M2

" ;-1.5V

A test or two, and maybe
just a dab of opaque white

. d 1paint ... an presto .

Fig. 1. Check the internal resistance of the meter
by adding a variable parallel resistance across the
unknown meter. Removal of the resistance gives
an indication of meter sensitivity.

a full -scale indica tion on the tested meter
and the va lue is read on the known meter.
This is the sensitivi ty. A resistance decad e or
pot is then added in parallel with the meter
and adjusted to half-scale indication. The
va lue of the parallel resistance is equal to t he
internal resistance of the meter. Bot h the
sensitivity and in te rnal resist an ce should be
scribed on t he case for future reference.
Obviously, it would be in the best interest of
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NOW AT THE HAM SHACK 5 Watts Power
(10 Watts with
Booster)
FET Front End
only
$199.95!

The Galaxy FM-210 2Meter FM Transceiver

$1.95

WE TAKE
TRADES

*TOP PRICES

postpaid in 48 states

..

• 50·239 feed line connector.
• low SWR • No lmpechnce bump.
• Sturdy copper lead s.
• Antenn . tie points.
• F. mous WHF·H. m Sh.ck design.

LOW LOSS ANTENNA CONNECTOR. INSUL~A~T;O:~R~__

We Handle All Major Ham Lines

THE HAM SHACK
1966 H I L LV I EW STREET. SARASOTA FL 33579

TEL , (8 131 955·7161 ANSEL E. " GRID" GRIDLEY. W4GJO

bot h meters to sta rt wit h a high series
resistan ce and a high known meter scale .

Once you know what you have you are in
a much better posit ion to put it to use. The
meter mu st now be disassembled ; com­
monly , this is done by removing three screws
around the rea r circ umfe rence of the body
or two screws on the ba ck . The holes may
have been scal ed , in whi ch case the sealing
compound mu st first be removed. Slid e the
movement on to a clean, whit e, lint-free
surface. Immed iately check fo r t he presence
of an inte rna l shun t or mult ip lier which may
have caused false readings during the earlier
tests. If a shunt is found, remove it. A
multiplie r should be shorted. In either case,
re check as previously described .

It is a relat ively simple matter to cha nge
the scale. It may be as simple as marking out
the legend with typing correct ion fluid . The
exist ing scale can often be used by re moving
the old nu mbering as above and re-marking
with decals or tra nsfers either of the stan­
dard type or ones made especially fo r
meters. For any work more elabora te than

removing a legend it would be best to
care fu lly remove the scale . This is normally
accomp lished by removing two sma ll screws,
one on each side of t he scale and usu ally in
line with the meter pivots. Use only a
jeweler's screwdriver and exerc ise caution to
slide the scale o ut without touching the
needle or hairspring.

Perha ps your me te r has only "good-bad"
mark ings and no calibrations. All is no t lost.
After the scale has been removed, paint the
scale area with a good coat of flat white
paint and allow to dry t horoughly . Measure
t he length of the needle excursion using
eith er the old scale or the ne edle itself. Cut
and apply a new set of graduation s from t he
vari ety included in the meter and panel
marking transfer set available from dealers
for Letraset tran sfers. Add what ever legend
a nd ca libra tions you need and carefully
reassemble . The cost of the t ra nsfers is
rather high for conversion o f only one meter
but when severa l are to be done the cost per
unit is quit e reasonable.

. . . \VAIIAB' -
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A Si.-nple lJias

for Linear

Shunt regulation for bias supplies offers the advantage of low constant-current

+

",PLIFIER

HS€RIES REGULATOR
BIAS

erg T:'"SUPPLY !+Of..LEV
SAY 25"''''

THAN I g

Fig. 2. Series regu lation.

the bias voltage constant (see Fig. I). The
more commonly used series regulator does
not possess this property, but must be set up
for a power supply drain greater than the
peak grid current to be catered for (see Fig.
2) .

•

Fig. 1. Shunt regu la tion.

(6) It can be used in conju nct ion with
almost any bias supply of suitable voltage,
and only a small curren t is taken fro m the
supply, regardless of the value of grid CU f ­

rent to be handled .
Bias regulation differs from the more

common use of regulators in power su pplies
in that grid current flows backwards into the
supply instead of drawing current from the
supply. The shunt type of regulator is ideal
for this application because it can be
designed to draw only a very small constant
current from the bias supply and yet
accommodate a heavy flow of grid current
from the linear amplifier while maintaining

...,
SUJ>p!.Y

S"'Y 25"''''

ith the exception of those circuits
using zero bias tubes, class AB2 a nd

class B opera tion of linea r amplifie rs appea rs
to have been largely neglected by the radio
ama teur. The reason for this is not hard to
find . The little literature which is available
on the subject invariably shows bulky and
elaborate regulated bias supplies, often
con ta in ing five or six tubes, being used to
maintain the bias voltage at a steady value
while the grid curren t surges to 10 0 rnA or
more with each transmitted sy llable. Some
for m of regulation is, of course , essential, fo r
the bias voltage would otherwise swing
wildly with eac h surge of grid curre nt. But
this regu lat ion ca n be provided so simply
using semicond uctors that it need no longer
influence the choice of amplifier t ype.

The regulator described in this article
possesses the following features: (I) It
contains only five small components, costing
approximately $3, and requiring about two
cubic inches of space. (2) It is a t wo-terminal
device which is connected to the amplifier at
the point where regulation is required. No
separate power is needed. (3) The bias
voltage may be adjusted by the turn of a
knob to any value between 40 and 100 volts
(other ranges are available by changing the
component values). (4) It can be used for
any class of amplifier, radio or audio
frequency, whether grid current Flows or
not, but as described above, it is of
particular value for class AB2 or class B
amplifiers. (5) It will hold the bias voltage
within 1.0V of the selected va lue during gr id
cur ren t excursions up to 100 mA, or within
about 4V for a current up to 400 rnA .
(Closer regu lation could be obtained with
additional components but is not necessary.)
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Ronald G. Badman, ZL2ANG
5 Brooker Grove
Newlands, Wellington,
New Zealand

Regulal:or

Amplifiers

drain, and it can be used with the neglected class Band AB2 linear amplifiers.

Fig. 3. Prac tical regulator circuit.

I have therefore based my design on the
use of shunt regulation, and evolved the
simplest possible circuit that will give
adequate regulation plus an adjustable
voltage. The practical circuit is given in Fig.
3.

Resistors RI , R2, R3 form a voltage
divider which applies a fraction of the total
voltage to the base of the transistor, while the
emitter voltage is fixed by means of the
zene r diode. The device regul ates in such a
manner that the voltage between base and the
negative terminal just exceeds the zener
voltage. Any further increase in voltage is
then opposed by the heavy increase in
transistor current which results. The voltage
at which the device regulates is changed
simply by altering the ratio of the base
dividing resistors. The base could be
connected to the moving arm of a
potentiometer, with fixed resistors from
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either side of it to the plus and minus
terminals, but if this were done, the bleeder
current would increase needlessly as the
regulated voltage was increased. With the
circuit shown, the bleeder current (through
Rl , R2, R3) remains constant as R3 is
varied. To allow for different bias supply
units, the series resistor R (Fig. I) should be
chosen so that a current of between 15 and
20 rn A flows into the regula tor when it is set

fo r maximum voltage (i. e ., R3 at
maximum). As the regulated voltage is
reduced , the voltage drop across R will
increase and cause an increase in the current
through it and through the regulator. This is
of little consequence unless the bias supply
is rated a t less than 30 rnA, in which case R
could be mad e adjustable and coupled to
R3 ; or, alte rna tively, R could be replaced
with a constant-cur re nt device. These refine­
ments, however, will not generally be neces­
sary or desirable. The bias power supply unit
itself need not possess good regulation ; in
fac t, a poorly regulated supply giving a
drooping voltage -versus-current curve is
desirable to minimize the current changes
described above .

If it is desired to substitute other
components or alter the range of the
regulator , watch the following
points :(I) The higher the zener voltage the
better the regulation, but it must be less
than the required minimum regulated
voltage . (2) The transist or must have an
adequa te voltage rating. (T he RCA 4031 3,
with a 300 V rating, is good for the highest
bias voltages likely to be req uired.) (3)
Watch the dissipa t ion - transistor and zener
both carry the full grid curre nt. (4) Deter­
mine the maximu m base current (maximum
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F ig. 4. Biasing the linear arnpJifier.

. .. ZL2A NG •

Figure 4 sho ws the regulator in a practical
circ uit for a linear radio frequency amplifier.

With the VOX relay open, maximum bias
voltage is applied to the amplifier to bias it
off. When the VOX relay operates, the bias
falls to the value set by the regulator, and
the antenna relay changes over. The diode
shunting the relay coil is to avoid damage to
the regulator, due to the "kickback" of the
relay winding. Should the "slugging" effect
of this diode cause the relay to release too
slo wly, the diode could be placed across the
regu lator unit instead. The positioning as
shown has the advantage, however, of
preventing sparking at the VOX relay
contact due to the relay inductance.

If t he antenna relay arrangement is not
required, simply omit re lay and diode from
the circuit . If the provision for biasing back
the amplifier during standby is not required,
the positive end of the regulator should be
earthed directly and the transistor case may
in fact be bolted to the transmitter chassis
without any insulating washer.

I have shown a 130V power supply, but
th is could be considera bly higher (or lower if
only a reduced voltage is req uired ). In either
case, choose the series resistor R as described
earlier.

The circuit of Fig. 4 has been designed to
handle a considerable amount of grid
current, but the same circuit without any
change whatever may be used for class ABI
or other amplifiers which do not draw grid
current.

grid curre nt divided by beta). (5) Select the
base d iv ider resistors to pass between 10
t imes the base current. -\
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" ::::;:.

."
•

~.. 2_ ~.-,
uev "'"1 IAIln:.... '+ , I!lL"'l

to' 50 V "..,- ,...n ,
.1 ~r.
1::::> "'~A

'..."

-1
,.

IIlL"'Y ~w"'n

CO~TACT

15800 Comm.rtI Part Drivi
Brook Port. Ohio 44142
Phon. 12161 267·3150

NEW-TRONICS
CORPORATION

Overa ll height is 48", Complete
with 17' RG·58/ U and PL·259.
Amateur net $34.70.
Model BBL·144-Same sp ecifi­
ca tions as BBLT·144 for installa­
tion on roof , deck or f ender in
lAir hole . Installs on roof withou t
pulli ng cars' header. Ama teur
ne t $27 .70 .

More than twice power gain is
yours for the asking-Get the
Model BBLT·l 44 with Hustle r's
proven quality and the only %
wavelengt h mobil e antenna
supplied totally ready fo r in­
stallation and operation. Easy
installation on li p of t runk.

-- - .,----- I-------- dutytures: • Heavy \
Exclusive fea t ith cable retain- \
trunk UP mOU"toWdrUi• • AU cables,
er•• No holes assembled and \
and connectors t 150 wa"s FM. \
tested.• Ra~e~n'~5S steel spring. \
• Includes 5 a .J-----------------

MOBILE

performance
at2 meters

r
I
I
I
I
\
I
I

88 73 MAGAZ IN E



J . W. Herbert Z L2BDB
3. C. Cumberland Grove
Poir iva East, New Zealand

89

Transistors and AGe Circuits

When transist ors were fir st introduced
into rf and i-f circuitry it was generally
observed by ama teurs that although high
stage gains could be read ily achieved the
ci rcu its did not offer a ve ry good age
performance. Most o f the circui ts e m ployed
si mple forwa rd- o r reverse-ac ting age ci rcu its,
offering limi ted range of gain contro l.

su ita ble for any i-f bet ween 50 kH z and 10.7

Mll z.

FOR
A

-

APRIL 1970

For CW or 55B work, you'll find this system hard to beat with its
fas t-attack/slow-decav characteristics. A wide latitude of stage gain is assured

wit h both forward- and reverse - acting agc circuit elements.

T
h iSpaper d escribes t he d esign and o per­
at ing conditions of an i-f amplifier

which is in tended to be part of a com plete
SS BjCW receiver or t ran sceiver project. It uses
modern componen ts an d tech n iq ues and has
extre mely good age characte ristics.

T he circu it also offers high gain and is
ideally suited for bot h CW and SSB applica­
tions. since a fast -attack and slow-decay age
characteristic is avai lab le. Although this
particular amplifier was designed and tested
for use at 9 MHz, the design is equally
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is required at
overall gain

Design Considerations

To Insure adequate sensitivity in a
receiver using an rf amplifier stage, it is
generally necessary to have at least 50 dB of
gain available in the i-f amplifier. The figure
may be estimated by considering the overall
receiver gain required from the antenna
input to the demodulator stage for a I JlV
input signal.

Assuming a 10mV signal
the product detector, the
required is

both forward- and reverse-acting age cir­
cuitry to obtain a wide range of stage gain
control.'c

1FT2

" 1* I "In I';?
""%.

;\:: 1* ~I; i::

-,'"

1(a). Forward-acting agc.
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This gain is shared between the receiver
front end and i-f stages and it is reasonable,
to expect about 30 dB gain from the former,
leaving 50 dB to be made up in the latter. It
should be noted that these figures include
transformer and filter losses in the circuit.
Thus, with a 1 IlV input signal the i-f
amplifier receives an input signal of about-

dB
IlV ~ antilog 20

~ antilog ~g

~ 32 IlV

The ability of a receiver to hold its audio
output level constant under conditions of
signal fading is determined by the age
characteristics. Figure 2 shows the ideal
receiver age characteristics in which the

Fig. 2. Ideal and typical agc characteristics. The
typical curve shown is that measured for the circuit
described in the text.

Figures 1a and Ib show simple forward and
reverse age circuits. It will be seen that in the
reverse-acting age circuit, the detected i-f
signal is fed back as a dc control voltage to
bias the transistor amplifier off, reducing the
collector current and hence the stage gain. In
the forward-acting age circuit, the dc control
voltage biases the transistor on, increasing
the collector current. However, due to the
presence of a resistance in the collector
circuit the collector voltage is decreased,
resulting in a reduced stage gain.

The prime disadvantages of such a sys­
tem, particularly when CW or SSB reception
is required, are -
• Limited range of stage gain control
• Excessive age attack time
• Bfo voltage introduces unwanted age

voltage.
• Detector linearity reduced by age load­

ing, introducing unwanted audio distor­
tion.
To overcome these difficulties, the circuit

described below was developed. It employs

Fig. 1. Simple agc circuits.

1(b). Reverse-acting agc.
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Fig. 3. Circuit diagram of the i-f amplifier, product detector and agc system.

audio output level should increase linearly
with increasing signal input fro m zero up to
some threshold level, whereafter the agc
becomes effective and holds the audio out­
put level constant even though the input
signal level increases. Such a characteristic,
particularly if the threshold level is correctly
chosen, makes for comfortable o peration of
the receiver and reduces listening fatigue.

The threshold voltage level is generally
chosen to be just above the level of voltage
which appears at the detector input due to
amplified band noise. Thus, with a front end
gain of 30 dB , and assuming a band noise
level equivalent to an input of, say, 1.5
j.J.V, the i-f amplifier should have a thres­
hold set to permit age action on signa l
levels of greater than, say, 2. 5 J1.V. This
re presents an input signal of 80 J1V into the
i-f amplifier, or 25 mV into the product
detector before the age system becomes
effective.

l-f Amplifier and Product Detec tor
The complete i-f amp lifier circuit with

associated product detector and age system
is shown in Fig. 3. The i-f amplifier consists
of de-coupled transist ors TI and T2, the
former o f which is an untuned amplifier
while the latter employs a tuned collector
load. Direct-coupled negative feed back is
applied over both stages from the emitter of
T2 to the base of T l , insuring stable
operation of the amplifier. The overall selec­
tivity o f the i-f amplifier is solely determined

APRIL 1970

by the preceding filter unit (FLl). The
output is capacitively coupled to the gate of
the FET product detector whose high input
impedance offers a negligible loading on the
collector tuned circuit of T2. A bfo injection
voltage of about 2V peak is fed to the drain
of the product detector. This stage will
handle input voltages up to I V peak-to-peak
before any distortion becomes evident. Since
the age system is effect ive in reducing any
received signa l to a level of less than 1V at
the product detector input, no i-f gain
control is required. The audio output is
filtered by C7 , C8, and L2 before being
applied to the audio volume control and the
age amplifie r.

The AGe System

The audio signal from the product detec­
tor is amplified by T4 and transformed to a
low-impedance source by emitter fo llower
T5 . This enables capacitors CIO and CI 1 in
the voltage doubling age rectifier circuit to
charge quickly to speech syllab les, giving a
fast age attack time. The rectified audio
appears as a positive voltage which is applied
to the base o f de amplifier T6 causing it to
conduct. Conduction in T6 reduces the base
bias applied to i-f amplifier transistor Tl
introducing, in effect , reverse-acting age
action .

Due to the direct coupling between TI
and T2 , as TI is reverse biased by the age
act ion, the collector current decreases, per­
mitting the collector voltage to rise and thus

9 1



forward bias T2 introducing, in effect, for­
ward-acting age action in the second stage.

The rectified age voltage decays across
capacitor CII , which determines the age
release time.

Circuit Construction and Adjustments

The i-f amplifier/age system is ideally
suitable for assembly on a printed wiring
board. Layout is not critical so no detailed
construction data is required. The overall
gain of the i-f amplifier may be 'altered by
changing the value of R3 , increasing the
valu e to reduce the gain and vice versa. The
age decay time may be raised by increasing
the value of capacitor CII. It is important
that the complete circu it be tested or used,
fed from a well de coupled power supply
source. It is re commended that a regulated
power supply be employed to meet this end.

Circuit Performance

When preceded by a single conversion
re ceiver front end and a crystal filter, the
complete circuit gives excellent performance
on both SSB and CW signals. AM is of
course tuned in the SSB mode by select ing
either the upper or lower sideband. Even on
the st rongest signals likely to be encoun­
tered, no overload of the product detector is
evident in the nature of a distorted output
signal, showing the effectiveness of the age
system.

The complete circuit was subject to labo­
ratory evaluation and the following table
summarizes the measured prime specifi­
cations -
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A miniature tunable oscillator
provides an ideal source for a beat­
frequency signal, and allows you to

hear code and sideband on any
selective receiver without making

modifications to your store-bought
gear.

R.E. Baird W7CSD
3740 Summers Lane
Klamath Falls OR 97601

C urrently on the market there is a large
selection of AM/FM all-wave receivers

ranging from solid-sta te portables fo r less than
$50 to some well over $200 . None of these
provide for 5SB reception. A neighbor of
mine recenlly bough t a $200 model for
listening to AM, FM, short-wave broadcast.
which he thought could be used as a ham
receiver for his teenage son. After due
experime ntation, the gen tleman comme nted,
" I paid $200 for th is set and I still can't hear
what I want to head" He was referring to
the "monkey chatter" of single sideband
without the proper system of d etection.

One solution to this problem is the
installation of a bfo oscillating at the i-f,
but this involves undesirable modification
of circuitry and interconnecting wires. This
led to development of a modification that
solves the problem at the input with no
electrical receiver connections. The circuit
shown in Fig. I is primarily a stable vfo
operating at the signal frequency of the
SSB station or on a harmonic of its low­
frequency fu ndamental.
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Fig. 1. The tiny osciltetor circuit
operates from a standard 9V ba t­
tery. A small hunk of wire provides
an antenna sufficient to assure
healthy output for several feet.
Placed close to a conventional all·
wave receiver, the unit provides
sufficient carrier injection for copy­
ing single sideband and CWo

-9V

95

maybe 5 pF, might be reset in parallel with
CL This would yield stabilization by causing
drift in the opposite direction. Capacitor C2
is any small midget available .

Opera tion
After first locating the wanted signal

without t he bfo, zero in with the bfo. You
are trying to tune to within a few hertz and,
even with a good vernier dial, this is difficult
at 7 MHz. You can easily get approximate
t uning. Now the R2 potentiometer comes
into play. It was found that drain voltage
affected the frequency to some extent, so a
100-ohm pot was placed in series with the
+9V and the drain. This seems to provide a
very handy fine-tuning device . With this
front panel knob you can tune with some
precision. If perfect tuning is in the center of
the range you will have a quarter of a turn
either way fo r the intelligibility range. With
a little practice you will learn how to set the
main control for the proper sideband and
make final adjustment with the fine tuning.

This device was tried with several all-wave
radios which ranged from a 1936 Zenith (the
one with the dinner-plate dial), to a cheap
transistor set, to a good $200 one. In the
case of the Zenith and the $200 lap job,
reception was good enough for serious ama­
teur reception. The cheap transistor set was
not too stable itself and requires a bit of
signal chasing. Certainly the outboard oscil­
lator was better than the local oscillator in
the set.

In general, very satisfactory sideband
reception is possible using this front end bfo.
And it works equally well for 7, 14, and 21
MHz. . . . W7CSD .

C:1- 6 ;0. EX7ERNAL WI RE

4 MPF 105, ;,3 I ../-0
/I 100

; ~ ~"c 2 7K ;:-01
1 2

f
,;,

L2

CI- SILVER MICA.!51 pF
C2- 3·PLATE MIDGET VAR.
C3-SILVER MICA ,27 pF

~~:~OT~~~~S } ON 1/4 In. SLUG-TUNED FORM

Since the user was principally interested
in the higher frequency amateur bands, the
oscillator is designed for the 7 MHz region.
It was found that the harmonic content on
14 and 21 MHz was sufficient to deliver the
necessary amount of carrier injection for
satisfactory reception of SSB signals. This
oscillator is designed to supply the missing
carrier to the SSB signal. so stability and ease
of tuning were of prime concern. At the
same time I naturally wished to use junkbox
parts as far as possible.

Construction Features
T he size of the unit is dictated by the size

of the vernier dial used. In my case an old
4 in. vernier dial was resurrected from
antiquity as was also the small aluminum
box. With a smaller dial the box could be
reduced in size materially.

When bui lding a stable vfo, a certain
amount of experimenting always seems to be
necessary. Cookbook directions are not very
helpful. Actually the coil used was a surplus
one from which half the turns were
removed, leaving LI . L2 was added on the
other half of the form in the same direction.
(In case t he circuit fails to oscillate, reverse
the L2 leads. I had to do this because I
wasn't sure which way the lacquered LJ was
wound.)

In any event, the combination of LJ, C J,
and the slug may need to be adjusted to
cover 7.0 to 7.3 MHz. A silver mica for CJ
gives good stability after initial warmup and
permits monitoring of SSB signals for
extended periods on a basically stable
receiver without adjustment. If even better
stability is needed, a small disc ceramic,
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Fig. 1. Front view.

How do you test a power supply? By
asking it to supply power. Put it to work,
and check its output voltage for various load
conditions, its hum characteristics, and its
overload performance. These simple, infor­
mative tests should be easy, but usually they
are not. How about something which will
make them nearly as straightforward as
testing resistors?

The very simple load box described here
uses a pair of 6GES's as variable resistors to
dissipate the supply's power. Its minimum
resistance is roughly 1000 ohms and it will
load supplies at as low as 30 or 40 volts. The
rated dissipation of 3S watts may be exceed­
ed by a factor of two or three for brief tests.

A small part of the power dissipated by
the load box goes to heat resistors in the
load circuit. Most of it appears at the 6GES
anodes and is thrown away as heat radiation.

The triode-connected 6GES's are capable
of passing very heavy currents but are
restrained to useful loads by an adjustable
negative grid bias. The grids draw no current,
so large powers can be controlled by adjust­
ing a 2-watt pot. A second pot. in series with
the first, serves as vernier and for control of
grid voltage at near-zero bias.

Two cathode resistors weaken the depen­
dence of tube currents upon grid bias by
adding a little self-bias. This also serves to
stabilize and equalize tube loads. By switch­
ing two additional resistors across the two
permanently installed ones, somewhat higher
currents may be drawn for low-voltage test
work.

A simple power supply provides heater
voltage for the 6GES's and a well-filtered
bias potential. The thorough filtering and
neon regulator guarantee that ripple ob-
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served in the loaded supply's output OrIgI­

nates in the supply rather than the load.
Ballpark accuracy is sufficient for most

amateur purposes. Two inexpensive meters
of unknown origin serve to indicate voltage
and current. The voltmeter multiplier resis­
tors were estimated from the roughly known
meter resistance, and then chosen by bench
test.

The milliammeter circuit is based upon
a 10-ohm wirewound resistor. The current is
measured as a small voltage appears across

Fig. 2. Back view.

this resistor. Multipliers were chosen to read
the voltage, a slight departure from usual
practice. A 500 rna range, which may seem a
little high, helps avoid pinning the meter
when setting up for a test.

When the grid bias is near zero at high
anode voltages, relaxation oscillations may
occur. Their cause is not apparent. The
cathode and anode resistors minimize the
nuisance value of these oscillations, which
occur only under extreme operating con­

ditions.

Construction
A 5" x T' x 2" reinforced aluminum

chassis provides just enough room for con­
struction. The 6G ES's are placed to t he rea r,
not too close together, for best ventilation.
The 4" x 7" front panel was made of .0 50
sheet aluminum by a local sheet metal shop.
It was bent square with a !h." lip at the
bottom and a 1J,4" lip at the top, bent over

APRIL 1970

again at the back. See Fig. 2. This arrange­
ment makes a very convenient hand le.
During construction the right angles were
adjusted for a rearward tilt of about S/S". A
pair of I" strips at the sides serve as panel
braces.

After completing the metalwork, all parts
were cleaned in strong detergent. roughened
with wet sandpaper and spray-painted with
Rustoleum enamel. Hand lettering with
waterproof India ink was covered by a finish
coat of clea r ename l. The complete process
is described in the May issue of 73 Magazine.

Parts arra ngement is not critical, except
for one circuit. The high-impedance 6GES
grid wiring should be kept well clear of the
ac lines to avoid imposing 60 hz hum on the
load box's resistance characteristic. Five lug
strips bearing a total of 37 tie points were
mounted under the chassis, and 23 points
were used in construction.

High voltage dc is hard to turn off
without a special switch. This load box used
an ordinary rotary switch, and if this switch
were opened to break a heavy current, it
would arc. A ceramic HV switch is indicated

for this application.

Using T he Load Box

The load box is very useful for new work,
debugging, and for servicing. When initiati ng

•

Fig. 3. Bottom view.

a new project, the power supply can be
stuck together on the bench and subjected
to realistic loads and overloads. When it
finally goes into the chassis it can be trusted .
If you missed this simple step you may still
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Fig. 5. Test results taken from a regulated power
supply, showing regulator dissipation , and regula­
tion well into the anticipated overload region. A
few minutes work!

rectifier output terminal. Regulation here is
not good. The lower line shows the regular­
ing circuit output. The regulat or tube's 26
watts maximum dissipation will not be

exceeded in normal operat ion (1 50 rna ), and
there is reserve agains t aging and overload.
Looks like this supply sho uld be reliabl e for
long periods of time .

Well , now I guess I'll have to mak e up a
solid state load box !

co me out ahead if you use the load box to
seek out weaknesses in a supply already
buil t. And it's good for service work too.

If necessary. d isconnect the supply from
its normal load while the load box is
warming up . Choose meter ranges for higher
voltage .and current than the supply is
ex pected to produce. Turn both adjust
controls full anticlo ckwise , and attach the
load box to the power supply.

Turn o n the supply, and the voltmeter
sho uld indica te the supply's voltage. Turn on
the load switch and advance the coarse load
control un til t he milliammeter indicates a
current is flowing. An unregulated supply's
output voltage should fall as load increases.
Make appropriate corrections to meter ran.
ges, and proceed with the test.

If very accurate results are required . the
patch-panel input arrangement simplifies the
connec tion of outside meters. These ter­
minals are also handy fo r attaching an ac
voltmeter or an oscilloscope. .

The fine load contro l is used at very low
supply voltages. and for zero ing in on
preferred voltage or current values when
making tests with accurate instruments.

Fig. 5 shows the results o f a power supp~y

test. It wa s a good workout for the load box
too, which was used far beyond its ratings.

The upper line is the voltage found at the
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Editor's lntrodu etion
For some time now, several people have been independen tly working toward the

preparation of a complete and accurate listing of open VHF FM repealers in use
throughout the U.S. and Canada. As the recent editor of FA! Magaz ine, I have been busy
for the past year gathering information by mail f rom repeater owners who mailed news
of their accom plishments to me for incorporation in to that jo urnal's periodic direc tory .
Then, a few mon ths ago , I had the opportunity to make several trips across tile coun try
by car -which allowed me /0 personally check the status of repeaters far and wide.

Before starting on my cross country jaunt. I equipped myself with a high-power
Varitronics rig and lots of blank paper. Then I proceeded to travel fro m California,
through Nevada and Uta h, and return ing down through Colorado and o ther rou tes
through Wy oming, Utah, and Nevada. A week later, going through A rizona, Ne w
Mexico, Texas, and Oklahoma, I stopped in Oklahoma City to get a variety of crystals
from Sentry for my Varitronics unit, then proceeded through Kansas, Missouri, Ind iana,
and Illinois.

A short time later, I left the Chicago area and traveled east th rough Michigan, parts
of Canada, New York, and ma ny of the New England states. A s a result of these
ventures, I was able to glean a great deal of first -han d information about repeaters. The
culmination o[ the records I kep t on the trip is reflected in the following repeater
dire ctory, which is itself a de tailed work containing ( I) updated information from FM
Magazine, (2) the results o[ a 73 Magazine suney, and (3) the dedicated contributions
of R ick Zach WH2AEB.

Last Minute Notes:

I. The two Har tford area repeaters are off the air due to continuous malicious interference. A 450
repeater will replace the two defunct 2 meter machines . . . WI VVK.

2. Add this repeater to di rectory :
WA2UWC Grecnbrook, NJ 146 .34 to 146.94 .
Machine has sexy female voice for ID ... WB 2AEB.

3. At Po tters Peak.near, Wilkesboro, NC. a 6 meter repeater (W4DCD) is now in operation :
52 .78 input get you a 400W signal on 52.525 MH z.
A 2 me ter system is cross connec ted so that 146.42 MH z is repea ted to 52.525 and 52.525 is
repeated to 145.05. No tones required . Coverage is 125 miles, unit-to-unit .



by Rich Zach WB2AEB

a word about repeaters

The trend for the future seems to be
to use a compatible deviation of both
narrowband and wideband rigs by using
a wideband receiver and an 8 kHz
transmitter at the repeater site.

Many amateurs would like to get involved in FM repeater operation but cannot do
so due to a lack of information on local repeaters. We would like to remedy this
situation, and thus this directory of open American repeaters is being published.
Following is a list of a good number of FM repeaters in the U.S. and Canada. If you
know of any other repeaters, or have corrections or additions on the listed ones, please
send this information to the editor, to be used in the next update. When giving a
report on a repeater, please include the following information (for open repeaters only,
please ):

* Repeater call letters
* Location of repeater
* Elevation of antennas
* Whether wide or narrowband or both
* Inputs and outputs
* Coverage area
* Other features such as open dial or touch tone auto­

patch, tone burst (CTS will not be listed because this
qualifies repeater as being closed ).

Please be absolutely sure your information is correct and that the repeater is open
for use by all radio amateurs. If you see a closed repeater listed. please notify the
author immediately.

Needless to say, this directory will be useful not only to the new FM ham, but it
will be a good tool for repeater organizations. Much thought on regional and national
trends goes into the design of a repeater.

In contributing to this directory, I have found some similarities, some contrasts, and
some interesting trivia abou t FM and repeaters which is not shown on the list itself.
You will find that different areas have different repeater outputs and deviation
settings. As an example, Florida and Pennsylvania are strongly for narrowband
repeaters with .76 out; New York, New England, and mo st of the rest of the country
are st rongly for .94 out and wideband. In a metropolis like New York, a ".94 out"
repeater would not even be considered due to heavy simplex traffic in that area.
Seven-six is used here. Canada tends to favor another input frequency: 146.46 MHz.

The trend for the future seems to be to use a compatible deviation for both narrow
and wideband rigs by using a wideband receiver and an 8 kHz transmitter at the
repeater site. There is a strong trend for the use of Touchtone autopatch (automatic
phone patch ) and dial autopatch to a lesser degree. The linking up of repeaters (via
UHF "trunk lines") is gaining popularity but not as fast as autopatch. An east coast
repeater link-up is slowly growing, but it will not be completed for a few years yet.
Another popular practice is to use half-second tone bursts to activate the repeater. Due
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to geographical overlap of two repeaters' inputs, you may select which repeater you go
through by simply using different tones.

In Chicago, you can pick any of several
remote receivers for the big repeater by
switching tones. Tulsa has a number of remote
receivers for its repeaters, too. However, it
uses an automa tic receiver voting system
which selects the st rongest signal then links it
up to the transmitter site on top of the
National Bank of Tulsa. This is purely a
diversity system and tone bursts are not used
here.

In some areas, quiet hours are o bserved.
The Albany area is a case in point. It is
mutually understood that no repeater trans­
missions should be made after 2300 hours
so that 24-hour-a-day monitoring can be
achieved. Other areas use a system similar to
this but use a tone burst to open up the
monitor's receiver. Many volunteer fire depart­
ments use this type of monitor receiver in
each of their members' homes.

If you're interested in trivia, the average
trustee of a repeater holds an Advanced Class
license with Technician class running a close
second.

If you like to do things a bit out of the ordinary, take a lesson from two other
FM'ers. K2GUG' has installed a repeater in a Cessna 180 and WSDFQ has his repeater

. in a Jeep. K2GUG's is an independent
repeater while WSDFQ's can either feed into
the Tulsa system or act as a separate repeater.

When it comes to the actual makeup of a
repeater, it seems as th ough GE Progress Line
gear is used just a hair more than similar
Motorola equipment. This poin t is the subject
of a number of friendly on-the-air rivalries,
but in all honesty, this is what a recent poll
brought out. Antenna systems are almost
always the same. The bigger repeaters tend to
use either the Omni-6 by Prodelin the Super
Stationmaster by Communication Products
Company. These antennas are the undisputed
kings of 2 meters FM (with both going for
over $160, they had be tter be!). They are 20
ft omnidirectional antennas which provide 5.8
dB gain in all directions. When a repeater
group cannot afford one of these gain
antennas, generally they use an an tenna
similar to the Diplomat by Mosley. This type
of an tenna is a 5/8 wavelength qroundplane
which provides 3.5 dB gain.

Some repeaters use one antenna for
~ receiving and another for transmitting, but the

more well-to-do repeater ou tfits use the same antenna for both functions simulta­
neously. This can be achieved through the use of diplexer cavities. You guessed
it. ..diplexers aren't exactly dirt cheap!
l OST. August. 1969, Vol. llll , No.8. p. 89 (B ill Smi th 's "The Wo rld Above 50 "1Hz" )
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146.94

146.94

146.94

146.94
146.94

146.34

146.34

146.34
146.34

146.34

AMERICAN REPEATERS (OPEN)
Listings in this di rectory are alphabetical by state, area of coverage. This concept (as
opposed to a listing by actual repeater location) allows mobile operators to detennine
with ease the repeaters available for use along any cross-country route.
ALABAMA

W4RFR (wideband)
W4VO (Northeast Alabama, Northwest Georgia)

ARIZONA
Prescott area

W7AJU (wideband)
Phoen ix area and extended regions adjacent thereto

WA7CEM (wideband)
Ariz. Rptr. Assn.

Sierra Vista
WA7KYT (wideband)

Cochise Amateur Radio FM Assn. _.... ' ...

In this p ho to, a t o wer a rm 1$ being h o isted t o the top o f th e co m m e rc ial tower w h e re the
W7CEM re p e a te r (Phoen ix) is l ocated. Th e arro w shows the almost microscopi c f igu re of o n e o f
t h e b raver h am s o f th e re peater group. wh o wit l aff ix the antenna to the a rm a nd f asten the arm
brac e securely t o the t o w er . Th e Phoenix " m ac h in e" gives a range of approximately 50 mi les.
(See coverage map]

50.50
146.30

ARKANSAS
WA5SNO (Fayetteville; narrowband)
W5DI (Little Rock and vicinity ; narrowband)

•
CA LI FO RN IA

Los Angeles area
W6FNO (Radio Ranch) 146.82

Wideband. Transmissions limited by timer to one minute each .
Covers San Fernando Valley, San Gabriel Valley, Pomona
Valley, Paradise Valley, most of Los Angeles County, Orange

50.40
145.50

146 .70

T he Rad io Ranch repeater ( 146. 8 2 to
146.70) In the Los A ngeles area has a
wide range of coverage with a pattern
shaped like a wedge. Terrai n fea tures
make limits sharp. so that signals d rop
off suddenly . rega rdless of mobi le power
and antenna type.

lOS"'''lGHlS

County, parts of Riverside County, and sou thern third of San
Bernardino Coun ty. Elevation : 3000 ft. Separate receive and
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146.30 146.995

,
146.94
146.80
146.80
147.71
147.71
147.71
147.71
147.71
146.85
146.94
147.06
147.70

51.00
51.00

51.024
146.60
51.024
51.075
146.85
146.94
51.075
146.94

52.525

147.18
146.90
146.94

146.94

52.525

146.94

146.88

52.76

146.34
146.20
146.20
146.85
146.12
146.85
146.85
146.85
146. 20
146.34
147.80
146.00

51.20
51. 20

51.624
145.10
51.624

51.70
146.34
146.34

51.7
146.34

146.52
145.12
146.34

146.34

50.75

145.22

WA6YCZ (Mt. Umunhum)
W6DOO (Mt. Allison)
W6AQU (Mt. Toro)
W6AEX (Mt. Vaca)
WA6UGY
W6CX (Walnut Creek)
K6JIM (Central Valley)
WB6QEO (San Francisco, east bay)
WB6QVV (Placer County)
WB6LJR (Santa Clara and vicinity)
K6GUE (Sausalito)
No call (Solano County)
WB6NDJ (Alameda and vicinity)
WB6WLV (Narrowband. San Diego Amateur FM Radio Assn.)
WA6UGR (Alder Springs)
WB6NOJ (East Bay)
WA6UGS (Grass Valley )

Santa Barbara
WA6RYX (Narrowband)

transmit sites. 35W out. User must whistle (1750 Hz) to
activate repeater initially ; carrier-operated unless input channel
vacated for three minutes.

WA6UJS (Radio Ranch )
Narrowband ; 3 kHz in/out. Link planned for coverage from
Northern California to Mexican border.

WA6VFO
WA6MPV
WB6GUA (Lancaster-Palmdale)

Whistle·on
San Diego area

WB6DSL
Extended Southern California area

WB6WYM (Twin Peaks)
Narrowband. Transmissions limited by timer to three minutes.
Covers Lucerne Valley and all of Southern California with the
exception of areas shielded by Mt. Baldy, such as San
Fernando Valley and some parts of Los Angeles. Eleva-
tion: 6000 ft. lOOW out. Input deviation: 3 kHz ; output
deviation : 15 kHz. (Repeater temporarily inactive.)

No call yet (Tulare Co.)
San Bernardino County

WA6TLL (Bishop ) 146.34
Eastern High Sierra Amateur Radio Society. Can link with
Las Vegas and Los Angeles through WB6UGT, WB6SLR, and
W6FHF.

Northern California
WB6DGT (Humboldt)
WB6AAE (Grizzly Peak) Oakland area
WB6TSO (Central coastal region)
W6NCG (Meadow Lakes, Fresno)

CANADA
Briti sh Columbia

VE7CAP (Kimberley)"
VE7BTU (Nelson)"

*Info supplied by East Hootenay ARC
VE7MQ (Vancouver to Seattle)**

146.46 147.33
146.46 147.33

146.34 146.58
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VE7BUZ (Vancouver) 146.34 146.94
VE7AFG (Prince George) 146.58 147.33
VE7AP U (Vancouver to Seattle)** 146.33 146.58

**Univ. of British Columbia; precedence given to 146.34 input.
Quebec

VE2MT (Mt. Royal, Montreal) 146.46 147.06
146.46 14694

VE2RM (Mt. Rigeau; covers Montreal and western portions) 146 .40 147.18
VE20M (Mt. Belair) wideband 146.46 146.94
VE2AT (Mt. Carmel) wideband 146.46 146.94
VE2TA (Mt. Orford; Quebec and northern Vermont) 146 .52 147.50
VE2XW (Mt. St. Bruno; Montreal and vicini ty) 146 .70 147.60
VE2CRA (Ottawa) 146.46 146.94
VE2CTR (Trois Rivieres) 146.46 146.94
VE2FZ (Sherbrooke) 146.46 146.94
VE2CLA (Montreal) 146.10 147.30
VE2CAT (Montreal) 146.18 146.64
VE2PY (Montreal) 146.28 146.88
VE2Z0 (Montreal) 146.46 147.06
VE2CRS (Chicoutimi) 146.46 146.94
VE2CSL (Matane) 146.46 14694

146.34 14694
VE2JE (Eastern Montreal) 146.52 147.50
VE2JE (Drummondville) 146.46 146.94
VE2VD (southern Que bec) 146.52 147.50
VE2VD (Quebec City) 146.46 146.94

Ontario
VE3NPS (Niagara Falls) 146.22 147.24
VE30SH (Oshawa) 146.40 147.12
VE3RPT (Toron to and extended area) 146.46 146.94

Has secondary output on 147.06
VE3SI X (St. Catherine) 146.22 147.24
VE3SSM (Sault Sainte Marie; coverage into northern Wisconsin) 146.34 146.94
VE3KSR (Kitchener-Stratford ) 146.34 146.94
VE3DRW (Hamilton) 146.16 146.76
VE3NRS (Niagara Falls) 146.22 147.24
VE3STP (Ottawa) 146.34 147.06
VE3PBO (Peterboro) 146.34 146.94
VE3KCR (Chatham) 146.46 146.94
VE3BSQ (Kingston) 146.46 14694
VE3LCR (Grimsby) 146.52 147.42
VE3MOT (Toronto) 146.58 147.18

Manitoba
VE4XK (Winnipeg and extended area in sou thern region) 146.46 146.94

Newfoundla nd
VOIGT (Covers all of Cape) 146.46 146.94

Nova Scotia
VE1ARC (Halifax) 146.46 146.94
VEl VH (Moncton) 146.46 146.94

Saskatchewan
VE5SS (Regina) 146.46 147.33

Alberta
VE6AUY (Calgary) 146.46 147.00
VE6WQ (Edmonton) 146.46 147.33

COLORA DO
Colorado Springs

No call given (Cheyenne Mountain) 146.34 146.94
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. . . the hottest thing since sideband

the least expensi e since the spark gap!

Offer expires May I~t

SPECTRONICS
is the place
AndNOW

is the time!

M BILE UNITS
(6 meters or 450MHz)

for the price of
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Find o ut f or y ourself why
Spect ron ics received rave no­
t ices from the editor ial staff of
FM Magazine! And wh i le
y ou 're at it, t ak e advantage of
the March Surp lus Special­
Get 2 Mob ile Un its (Low­

Band or 4 50 MHz) for the
Pri ce of One !

MOTOROLA
GEAR

AT
AMATEUR

PRICES

Phone : A r e a C o d e 3 12-8 4 8 - 67 78

SPECTRONICS
H The FM People"

1009 GARFIELD AVE. OAK PARK, ILL. 60304
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Northern Colorado
W0WYX (Denver)
W0WYX (Denver)

146.34
146.88

146.94
146.94

/

_/ .",,,,,,, ~ ,

From a high peak in Colorado, the
Pueblo repeater provides mobile
coverage that transients often find
hard to believe. Mobiles have been
known to key the machine from as
far south and east as New Mexico and
Oklahoma.

52.92
146.88

52.98
146.31
146.88

146.94

146.94

146.88

146 .94

146.94
146.98

146.94

146.94

146.34

146.34

146.3 1

145.32

WAIKFX (Mt. Snow, Vermont)

FLORIDA
Northern Florida

No call given (Starke)narrowband

Western Colorado
W0PXZ (Grand Junction ) 145.32

Repeater controlled from Grand Junction. deployed at Grand
Mesa at height of 11 ,000 ft. (Highest repeater in the U.S.)
Provides coverage over western part of state and into eastern
border of Utah.

W0RRZ (Grand Valley)
Used as local backup for Grand Junction repeater;
controlled by W0PXZ.

Pueblo
WA0SNO (Extended coverage of central portion of state)

CONNECTICUT
KlIIG (Avon Mountain) 146.28
WIBNF (narrowband) 146.37

Covers Southern Massachusetts and Eastern Long Island, N.Y.,
plus much of Connecticut. .94 repea ter is tone-burst (1800 Hz).146.34

WA IJTB (Bridgeport)
Covers Southwestern Connecticut. Narrowband

WI VVK (Avon)
Coverage south to Newhaven and East Long Island, N.Y., north
to Greenfield ; serves as double repeater (prime talkback ) 146 .94

KI TKJ (Bantam, Litchfield area) 146.31
. With secondary repeater 146.88

53.10
146.31
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146.34

146.34

146.34

146.34

146.76

146.76
146.94

146.94
146.76

146.94

146.76

146.76

146.34
146.34

Central Florida
WB4HAE (Tampa; narrowband) 146.34
WB4GLK (Okeechobee) 146.34

Repeater covers central as well as eastern central portion of
state; narrowband; repeater functions as double-output,
crossed-input system.

W4CYE* (Cocoa Beach)
*Brevard Repeater Assn ., Palm Bay, Fla.

W4IKB (Chipley)
W4GGU (Panama City)

Northwestern Florida
W4UC** (Pensacola and vicinity; wideband)

**Five Flags ARS, Inc. Has secondary output on 146.94
WA4EVU (Destin)

Has secondary output on 146.76
Sou them Florida

Miami; narrowband
Trustee K4ANW Ted

GEORGIA
Northwest Georgia

W4VO (Rome; Mt. Alto) 146.34
The input and output on W4VO remains the same but because
of being almost halfway between Atlanta and Chattanooga,
repeater was experiencing a great amount of interference from
both cities on .34 , so W4VO went to a broadband decoder
with a center frequency of 1750 Hz and a bandwidth of
approximately 300 Hz. This has eliminated most of the
congestion except for an occasional voice falsing it on. Very
good coverage for the terrain in this area, about 60 to 65 miles
to mobiles in all directions except to NE Alabama where the
receiver antenna is shaded by the tower the antenna is
mounted on. Whistle-on system. (NW Georgia Amateur Rptr.
Assn.)

WB4NST (Atlanta; narrowband) 146.34

HAWAII
Diamond Head

KH6EQF (narrowband) 52.525
(wideband)

KH6EQF (AM in, wideband FM out) 147.00

146.94

146.76

53 .52
146.20
146.80

147.40 147.81
146.46 146.88

146.34 146.94
146.34 146.94
146.28 146.98

146.34 146.76

ILLINOIS
Northern Illinois

W9YRB (Aurora)
W9ZND (Waukegan)

Central Illinois
WA9GCK (Bloomington) Whistle-on system
WA9EAM (Petersburg)
WA9EAT (Joliet)

Chicago and vicinity
WA90RC (Chicago FM Club)

1800 Hz tone burst for northside receiver;
2 kHz for southside receiver. Wideband.
Timer limits transmissions to 2 min. Two receiver sites. North
side tone burst requirement is 1800 Hz. South side burst is
2000 Hz. Coverage includes Waukegan, La Porte, Indiana,
Wheaton, Chicago Heights. 60W transmitter at 400 ft level in
downtown Chicago. Member ALRA. WA9EAE.
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Chicago's CFMC repeater gives an
almost perfec t circul ar pattern,
and provides highly reliable cover­
age by virtue of selectable
receivers strategical ly placed in
Chicago loop.

•

\

_.

HOO.... OO

146.94

146.94
146.94

146 .88
52.5 25
147.75
146.94

..

146.34

146.34 146 .76
146.46 146.88
52.640 52.88

146 .46 146.88
146.94 52.525

146.34 146.94

146.34
146.34

146.46
52.760
147.45
146.34

•

""GO

.............. - "" -~~
The famed Wichita repeater is used by
local government as a qu ick-responding
emergency communications system. The
well-t rained repeater users moni tor con­
tinuously. and provide valuable tornado
warning services by strategic deployme nt
of mobiles throughout the coverage area.

WA9EAE
WA90RC (no tone required)
W9NGI (SRO CFAR)
Rock Island ; no call given

INDIAN A
Fort Wayne

WA9EAU (Member ALRA) Ft. Wayne Rptr . Assn.
WA9YJV (Member ALRA)
WA9YJV

South Bend area
WA9GOP
No call given

Schererville
W9EHZ (Midwest Repeater Assn.) 100 ft tower, 250W transmit ter

IOWA
Clinton area

K9ITW (Open system, bu t privately owned)
WA8PUD (Two-site system )

KANSAS
Northeast Kansas

WA0SNP (Topeka ; wideband repeater)."'-"

HARP'IIA

...- •
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146.34 146.76

146.34 146.94

146.54 146.85

146.46 146.94

146 .34 146.94

146 .34 146 .94

146 .82

146.94

146.94

146.94

146.94

146 .94

146.94
146.76

146.94

146.94
52.525

146 .22

146.34
52.70

146.34

146.34 146.76
52.525 146.82
146.22 52.525
146 .34 146 .76

146 .34 146. 94
146 .22 146. 94
146.25 146 .94
146.34 146.94
146.34 146.94
146.34 52.525

146 .34 146.94
53.54 50.50

146.34 146.94

146 .34

146.34

146.34
146.94

146 .34

146.34

•

No call given (Lenox; Eastern Mass.) Mass. FM Assn., Inc.
(Same system, 2100 Hz tone burst or whistle)
WI VAK (New Bedford)
W1A LE (Concord, N .H.)
Covers northeastern portion of Massachusetts;
timed for periodic duty cycles.
W1BL (Princeton)
No call given (No. Adams)

MICHIGAN
Detroit

K8PZL (Wideband; not open to base stations )
Great Lakes Repeater Assn. Member ALRA

Pontiac - Rochester
No call given

Kalamazoo
K8TIW

Grand Rapids
WA8PUD

MINNESOTA
W0PZT (Hennepin County)

MISSISSIPPI
WA5UEG (Bay Saint Louis; wideband)

MI SSO URI
Kansas City area

WA00FH (Kansas City ; wide band)
Under same call, but narrowband

Central Kansas
No call given (wideband)

Coverage from Canton extends to McPherson, Kansas.
Member ALRA

WA0CJQ (Salina)
Sou theast Kansas

W0DKU (Wichita) 146.34
Covers southeastern and south central portion of state . Input
continuously monitored. If output is not operational, a request
on the input frequency will bring activation. Narrowband.

W0IPB (Wichita)

KENT UCKY
W4MOP (Louisville, Jeffersontown)

LOUISIANA
Alexandria

K5URH
Baton Rouge

WA5RTZ
Galliano

W5MCC

MA RY LAND
Baltimore and extended ranges surrounding

WA3DZD (Hermans)
WA3DZD
No call given
W3JCN (Silver Springs)

MASSAC HUSETTS
W1ELU (Marlboro)
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VT .

N ,H .

Large shaded area shows approx i­
mate base stat ion coverage of
K 1KFX repeater at Mt. Snow.
The smaller shaded area shows
the 75% coverage limit for typi ­
cal mobiles using the repeater
1.31 to .88 1. .

N ,Y .

M A SS. (

146.34 146.94
52.70 52.525
52.88 52.525

146.34 146.94
52.70 52.525

146.34 146.94

146.94

146.94

52.525
147.84

146.34

146.34

CONN .

N.J.

P A .

WA00FH (KC, Mo. and Kansas)

K00KI
WA0AMR (KC, Mo. and east)
K0FRA (Occasionally active)

Saint Louis
WA0CJW

MONTANA
Butte ; Anaconda

No call assigned yet

NEBRASKA
Omaha

W0EQU*
"Ak-Sar-Ben Radio Club

NEVADA
W7AKE 53.175
W7AKE (9,000 ft , Angel's Peak) 147.18

All inputs and outputs are normally in an "on" state at all
times, and are automatically selec ted by keying the input
desired. No .. ..lockout .. devices are used... the machine is a
completely open repeater at all times. Elevation : 8989 f1.

•
u ....

The Las Vegas repeater provides mobile
coverage in four states, but its Catifornia
range is sharply limited by a mountain
range near the border.

....-1"
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. 146 .34

146.34
146.94

K7TDQ
W7DDB (intermittent)

Boulder City
Gradual upswinging whistle turns on; downswing whis tle turns off 146.34

Reno
K7UGT

146 .94
147.84

146.94

146.94
•

14694

146 .85
146.94

146 .76

52.525
146 .94
52.525

146.34

146.25

52.88
146.34
146.46

Covers Southern New Hampshire , Southeast Vermont,
Northeast Massachusetts. Timed for periodic duty cycles. Both
listed repeaters located at same site. (Member A LRA.)

WAINR (Derry) 14619
146 .34

Whistle on. Coverage is same as that listed for WIALE.
Wideband. New Hampshire FM Assn. (Member ALRA.)

WA IKFV (Manchester)

NEW HAMPSHIR E
Manchester

WAIKFV
Whistle on . Covers southern New Hampshire, northeast
Massachusetts, south to Boston, west to Worcester. (Member
NHFMA and ALRA.)

WA IKFV (Whistle-on. Coverage as above.)
. WIALE (Concord)

146.31
146.34
146 .34

WAIKFX (Mt. Snow) 146.34
Covers South Vermont, Southwest New Hampshire, Northwest
Massachusetts , and Albany, N.Y. Operated by Northeastern
FM Assn.

Tone- burst 1800 Hz
Tone-burst 1950 Hz
Tone-burst 2250 Hz

146.94

146.94
146.94
14688

146.70 52.64
52.56 146 .76

146.28 146 .76
146.34 146 .76
146 .34 52.64
146 .34 146.94

146.37 146 .76

NEW J ERSEY
WA2UWO

Provides coverage throughout northern area of state
Call not given (Brunswick)

Provides coverage throughout state.
W2CVT .

NEW MEXI CO
WA5KUl (Alamogordo)
WA5JDZ (Albuquerque)
WA5GFS (Portales)

146.34
14634
146.34

146 .94
146 .94
146.94

Atop 10,700 ft Sandia Crest in New
Mexico, Or . Phil Dater takes a day
off from his medical practice to hang
a 450 M Hz antenna in 20-be low
weather . The Sandia Crest repeater,
WA5JDZ, prov ides cove rage f rom
Santa Fe to Socorro and interlinks
with two other repea ters, WA5MQ
and WA5KUI. The coverages of the
three are shown In the map.
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SENTRY MANUFACTURING COMPANY
Crystal Park, Chickasha, Oklahoma 73018

PHON E: (405) 224- 6180
TWX-910-830-6425

If you haven' t

a lready received

a copy of our NEW

1970 Catalog o f Precision

Quartz Crystals & Electronics

for the Communications Industry.

IF Y OU WA N T T HE BEST.

SPECIFY SENTRY CRYSTALS.

Somewhere along the line, in v ir­
tually every ham repeater in the
wor ld, you' ll fi nd a coup le of Sent ry
crysta ls.

Repeater owners and FM " o ld­
timers" don't take chances with
frequen cy -they can' t afford to. A
lot of repeater users depend on a
receiver to be on freq uency. rock
stab le. .. in the dead of w int er or the
middle of July, The repeater crowd
took a tip from the co m mercial
"pros" a long time ago-and went
the Sentry Route.

T hat 's one of the reasons you can
depend on your local repeater to be
there (precise ly there) w hen y o u' re
ready to use it . FM'ers use the
re peate r output as a frequency stan­
dard . And for accuracy. c ryst als b y
Sentry are THE sta nd ard.

SEND FOR YOUR COpy T OD A Y!

"Ask the Hams and Pros

Who Build Repeaters! "

.-----:::::::

YOU'VE USED A
SENTRY CRYSTAL

SENTRY

IF YOU'VE
EVER
USED
A
REPEATER,
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147.06
146.50
146.94
146.94

146.46
145.50
146.34
146.34

and

•

--J "-
K5CQH (Albuquerque)
WA5DMQ (Roswell)
W5PDO (Los Alamos)
No call given (Caprock)

All New Mexico repeaters are free access (no tones)
narrowband FM.

1: New Mexico Repeater Sys tem - three repeaters linked to
give almost border-to-border coverage.
WA5JDZ, Sandia Crest (near Albuquerque); 146,34 MHz III

and 146,94 MHz out; owned by Philip H, Dater M,D"
Albuquerque,
WA5DMQ, Sierra Blanka (near Roswell) , 145,5 MHz in and
146.5 MHz out; owned by Ken Letcher, W5YFN, Roswell.

WA5KUI, Alma Peak (near Almogordo), 146.34 MHz in and
146.94 MHz out ; owned by Donald Scott, Alamogordo.

2: W5PDO, club station, Los Alamos Radio Club, 146.34 MHz
in and 146.94 MHz out ; covers 50 mi. radius of Los Alamos.

3: WA5VKY, club station, Amateur Radio Caravan Club of
New Mexico, located at Sandia Crest (10,600 ft elevation),
146.46 MHz in and 147.06 MHz out; covers presently about
50 mi. radius of Albuquerque; however, the transmitter is
copyable throughout New Mexico and into adjoining states. A
better diplexer and remote receivers should give the repeater
better ears and extend the coverage to about 200 mi . radius.
4 : K5CQH , located in the Manzano Mountains (7730 ft
elevation) about 20 miles southeast of Albuquerque, 146.46
MHz in and 147.06 MHz out backup for WA5VKY in case it
blows up. Also 147.06 MHz in and 147.72 MHz out. This one
picks up a few canyons close to Sandia Crest that the Crest
signal squirts across and not in to.
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52.525

52.525
146.90
52.525

146.94
146.94

146.82

146.94

146.94
146.94

146.94

146.94
146.94

146.76
146.94

52.72
146.76

146.94
146.94

146.94

146.94

146.98

146.76
146.76
146.76

52.76

52.76
52.525

52.78

146.46
146.46

146.25

146.34
146.34

146.22
146.34
146.34

52.80

146.34
146.34

146.34

146.37
146.34

146.37

146.31

146.22
146.34
146.37

Operated by the Burlington, Vermont Amateur Radio Club.
WIABI (Killington, Vermont) 146.34

Whistle on. Operated by the Northeast Venmont FM Rptr. Assn.
Member ALRA.

Central New York
K2GVl (Utica-Rome)
WB2NNZ (Troy )

Also covers eastern part of state. TELCO club.
W2DEG (Grafton )
WIABI (Killington; whistle on .)
WA2VNU Cross-connected system

Syracuse
W2RIL
W2YRL

Lockport
W2RUI

Buffalo
K2GUG
WB2TLJ

NORTH CAROLINA
North Central area

WA4FYS (Burlington)
Has seconda ry output on 146.98

Western area
W4WID (Lenoir)
W4DCD (N. Wilkesboro)
W4DCD (Seconda ry of cross-connected system)

NEW YORK
Long Island

W1BNF (Connecticut; narrowband)
Northern New York

No call yet (Whiteface Mountain) N.A.R.A.
W2CVT (M!. Beacon) (local)

(wide area)
Albany

W1JTB
East New York

K2AE (Schenectady) 146.46
Operates from approximately 7 a.m. until 11 p.rn. daily , under
the auspices of the Schenectady Amateur Repeater Club.

WB2NNZ (East Central N.Y.)
Operated by the TELCO Club

WIKOO (M!. Mansfield, Vt.)

T he transmitters, amplifi ers,
and power supplies of the
WA2UWO repeater are shown
in the photograph at left. The
other two-bay cabinet, pic­
tured at right, contains the
system receivers, relays, con­
trol elements, and log record­
er. T he ready-made commer­
cial cabinets have the advan­
t age of providing bu ilt-in
meters for measuring all the
important para meters of the
re peater transmitters and
re cei vers. The equ ipment
shown is 100% General E lee­
tri c.
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146.34

146.34

145.62

146.34

146.94

146.76
146.76
146.94

146.76
146.40

146.94

146.76

146.94

146.97

146.76

146.52
146.34
146.34

146.34
146.88

146.34

OHIO
Dayton (all of Montgomery County)

Delaware County
W8AIC

Has secondary output on 146.76
System is a wideband type and may be actuated with a whistle
on the input. Replaces W8LGL.

W8QLS
Civil Defense repeater; G. Cryder (W8LGL) operates.

Toledo
Call unknown (wideband)

Youngstown
W9100

Cleveland
WB8CQR
WB8CRV

Other areas of state
No call given (Lorain, tied in with WB8CRU)
WB8CRU (Newcomerstown)
No call yet (Pittsburgh)

OKLAHOMA
CentrallEastern Oklahoma

WA5LVT (Tulsa) 146.34
The repeater has its main transmitter at the National Bank of
Tulsa Building with a satellite transmitter just installed at
Bartlesville, Oklahoma operated by K5YZO. Main t ransmitter
output is 450 watts. Satellite transmitter power is 15 watts.
The system receives on 3 remote receivers located around the
area. The highest receiver site is on the Channel 6 TV tower
north of Sand Springs, Oklahoma. Other sites are Fort Gibson

(be low)
WA5QGN and WASQM Z work on the package con­
taining the control link receivers and transmitters, at
the 250 ft levelat the local television station 's tower.
T he 4 50 MH z control equipment is mounted at the
250 ft level. The gear for the 2 meter repeater is up a
breathtaking 500 ft .

( right)
Not all repeaters are fixed-site types. More and more amateurs are putting together portable repeaters
capable o f opera ting f rom emergency power sources. Not on ly does this concep t provide an attractive
"package" for loca l C iv il D efense and disaster team s, but it serves as an ideal "backup" system in the
event something goes w rong w it h t he reg ular local repea ter . This setup is the W5D FQ repeater , and
incl udes a 3 0 It crank -up tower ou t fi tted wit h d irectiona l and omni antennas fo r 6 and 2.
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146.34

146.34

146.34
52.80

146.28

lake near Wagoner and South of Tulsa on a water tower. There
IS also a standby receiver and transmitter located at the
Trustees house in southeast Tulsa. All sites are interconnected
and controlled on 440-450 MHz.

Oklahoma City
No call assigned yet

Bartlesville
WA5LDB

OREGON
W7DBS (Euqene) 146.34
W7VS (Portland) 146.34
K7UGN (Extended coverage over Portland and neighboring cities) 146.76
No call given (Newport) 146.76
No call given (Dalles area, from Mt. Livingston) 53.46
No call given (Pendleton area, Mary's Peak) 146.34
No call given (La Grande area) 146.34
W70FY (Medford area; King Mountain) 146.34

PE NNSYL VA NI A
Philadelphia

WA3BKO
WA31GS Cross-connected sys tem

146.96

146.94

146.94
146.94
146.58
146.94

52.92
146.76
146.76
146.94

146.76
52.72

146.76
Coatsville (PL required)

K3ZTP
Pittsburgh

K3UQD
Alternate system:

Other areas
K3PQZ (York)
WA31CP (Harrisburg)
WA3KUW (State College)
No call given (Sayreville) qJ ,~."

c:<'
I'

Control and deployment of
WA31CC repeater in Harrisburg, I "C" ... ,~ ~
Pennsylvan ia. All 050s are taped ,_:>< ~ ' C%
and time is automatically logged r-r- \.
from 24 hr. tape, w hich advances
every min. T ime is logged only
after 050 .
RHOD E ISLAND

Providence
WICDO

Has secondary output on 52.525
SO UTH CA RO LINA

Call not given (Central portion of state)
Call not given (Central portion of state)

TENNESSEE
Memphis

W4CV (Tri-State Am. Rptr. Assn.)
Nashville

No call given (Double repeater system)
No call given

Chattanooga
WB4KLO*

" Chat tanooqa Tri-State FM Assn., Inc.
Shelbyville

W41WV

APR IL 19 70

146.22

146.34
146.34

146.34
146.34
146.34
146.40

146 .34

52.76
146.34

146.34

146.22
146.94

146.34

146.34

146.82

146.94
146.76

146.76
146.76
146.76
146.4? I

" "" "_ . .. "C""

.._."", 0.",.,.""'" ...',".""'" o' . ...,

...t' 1,... .. .....-

146.94

52.525
146.94 ·

146.94

146.94
146.20

146.94

146.94
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TEXAS
Fort Worth and vicinity

No call given
WA5KTO (Texas VHF FM Soc.)

Lubbock
W4FXC/5

W5YUO
Dallas

No call given
No call given
No call given

Houston
WA5QLA

Austin
W5NFC

San Antonio
No call given

Amarillo
W5CBT

Other areas
WA5LDL (Tyler)
No call given (Port Arthur)
No call given (Midland)
No call given (Abilene)

UTA H
East border

W0PXZ
Provides coverage from 11,000 ft site at Grand Mesa, Co.

Salt Lake City (in termi ttent)
WA7AKI

Provides coverage over Northern Utah and Southern Idaho
K70EP (Southern Idaho)
WA7GTU (Cedar City; narrowband)

53.05 53.15
146.34 146.94
146. 16 146.76

146. 34 146.94
146.16 146.76

146.22 146.82
52.85 52.95

146.34 146.94

146.28 146.88

146.34 146.94

146.34 146.94

146.34 146.94

146.34 146.94
146.34 146.94
146.34 146. 94
146. 34 146.94

145.32 146.94

146.34 146. 94

146.34 146. 94
146. 34 146. 94

146.31

146.46
146.25

146.22
146.22

146.34
146.28
146.34

146.94
146.88
146.88

146.88

146.94

52.525
146.76

146.82
146.76

147.50
146.94

VERMONT
Central Vermont

WIABI (Killington)
1800 Hz Tone burst
Northeast FM Rptr. Assn. 2100 Hz tone burst

Southern Vermont
WA1KFX (Mt. Snow)

Provides coverage over southwestern part of state
WIALE (Concord, N.H.) 146.34

Provides coverage over south and southeast portion of state,
overlapping with other states. Repeater timed for periodic
duty use.

Alternate system
KIMNS (Derry)

Southeast and south part of state
Northern Vermont

VE2TA (Quebec repeater) 146.52
WIKOO (Mt. Mansfield) 146.34

2400 Hz tone-burst entry. Covers northern portions of
Vermont and northeastern regions of New York. Operated by
Burlington Amateur Repeater Club.

No call assigned yet (Northern Vermont)
No call assigned yet (Northwestern Vermont)
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146.94

146.76
146.76

53.290
147.21

146.76

52.525
146.76
52.640

147.42

146.94

146.34

146.34

52.525
146.26

146.34 146.58

147.33 146.58

146.34 146.58
146.76 146.58
146.34 146.76

52.525 53.290
146.58 146.76

146.34 146.76

146.76 43.290

146.76
52.525

52.72

146.22

146.34

146.34
146.16

Casper Mt.;

•

N.H.

•
• MASS.

N,Y.
o

\
PA .

W7PUG (Seattle)
*Seatt le repeaters interlinked with precedence to 146.34 input.

K7KSZ
W7AJF (Upper state)

Eastern Washington
W7AAG (Spokane)

Other areas
W7DAQ (Longview)

Intermittent operation ; precedence given to 146.76 input ;
double repeater

No call given (Richland)
No call given (Yakima)

WASHINGTON . D.C.
WA3DZD

WISCONSIN
W9ROM (Milwaukee)
K7SDD (Sherman Hill)

Linked to WA7EGK and Denver's W0WYX on
includes Touchtone autopatch.

W7LVU (Casper MI.)

VIRGINIA
Lynchburg

WB4HCX (Lynchburg ARC; GE employees)
Repeater operates wideband input, narrowband output.

W4GCE
Has secondary in/out on .941.76)

Other areas
K8SXO (Ridgeley)
Cross-connected double repeater
W4DXC (Richmond)

WASHINGTON (STATE)
Northern Washington

VE7MQ (British Columbia repeater)
Provides extended coverage in northwest part of state

VE7APU (British Columbia)
Provides coverage in northwest, Seattle to Vancouver

No call given (Seattle)"

_--1 - --(

75% Mobile coverage limit for
Killington repeater.

Base station coverage for W1ABI

(Killington) repeater, .28 and .34 ...--..--..--..--: :
to .9 4 and .88,

75% Mobile coverage limit for __--==:::-_....,
W2CVT repeater, .37 to .76.



eaters

under fire from

An FCC move feared by all EM'ers
since it was first publicized in F M Magazine
back in March 1968 has finally happened:
The FCC has docketed a set of repeate r
rulcmaking recommendations that are so
constric ting as to destroy ha lf the repea ters
in the country. What are these earthshaking
comments?

J . No crossband operation. Period. This
means t hat no one will be able to
opera te through his repeater fro m
4 50 MHz. T his means th at remote
opera tion of transceivers w ill be ille­
gal. This means th at site -to-site links
will be illegal, unless t hey are inter­
connec ted via a wire line .

2. Only one transmitter can be ener­
gized per receiver , and signals canno t
he re-repeat ed. Thi s means no
multi ple-output repeaters ; no links,
no cross-connected repeaters, and no
cross-coun try systems.

3. T ran s mitt ers and receive rs of
re peaters will be authorized on
specific subbands only . Here are the
catastrophic subbands proposed:

• 6-meter repeate rs mu st receive
between 52.5 and 52.7, and must
retransmi t the signals between
53.0 and 53.2 .

• 2-meter repeaters must receive
bel ween 146.3 an d 146.6, and
retransmit the signals on the fre­
quency range of 146.9 - 147.2 .

• UHF repeaters must receive in the
range of 447.7 - 4 47.9, and
retransmit in the range of
449 .1 -449.3.

The implications of the foregoing are
obvious. Prime repeaters are okay on .94,
but all the .76 systems wil l be defunct.
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Talkback repeaters will be completely
wiped out. The UHF transmit -receive
spread is only two megahertz, which will
all but eliminate all but multiple-site, wire­
line interconnected repeaters .

.
There are a number of other restric­

tions, such as a 600W power limit,
manda to ry tone access, relaxed logging.
Most of the other restrict ions ca n be lived
wit h, but repeaters cannot survive wit h the
restrict ions as noted above.

The FCC will accept comments from
individuals int erested in repeat er rule ­
making until May 15. l et no grass grow
und er your fee t. If you ha ven't already
made in issue of this , do it now. Call your
club togeth er for an eme rgenc y meeting
and start putting together your com me nts
form ally. Mail them (and 14 additional
copies ) to the FCC in Washingt on, D.C.

Urge the FCC 10 accept RM- 1542 with­
ou t change. It is reasona ble constricti ng,
but in the best interest of ama teur rad io.
It , too , requires mandatory tone control,
fo r example, but on ly as an alt ern ative to
con tinuous monitoring from the UHF
control frequency . RM-1 542 , submitted in
December 1969, asks tha t the FCC relax
logging in favor of a "technical log ." It asks
that control of t he repeater be permitted
by tones from the frequencies of usc
INST EAD of requiring a UHF monitor at a
fixed control point. RM-1 54 2 is a good
proposal and it is in the best in terest of the
public and the amateurs. If the FCC would
accept RM- 1542 without change, and
reje ct the recommendations offered in
Docket 18803, repeater operation would
grow and th rive, and optimum use of the
spect rum would be assured.

... K6MVH·
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Richard J, Zach WB2AEB
22 Pike Place
Mahopac NY 10541

the
fine

points
of

Another installment In a cont inuing series of FM "beginner" articles.

A ft er you get se t up on FM, you'll find
that you will be doing a lo t of moni­

toring. T o the seasoned HF o perator this
may seem quite futile. However, with simul­
taneous signals FM receivers have a property
of receiving the stronger and almost com­
pletely rejecting the weaker one with little
o r no heterodyne. Also , all F M communica­
tions receivers (except for a few pocket
pager types) have a rather sophisticated
squelch circuit. When it comes to receiving a
weak F M signal, the modulation does not
stea dily decrease with t he signal st rength,
but is nearly "a rmchair copy" to a crit ical
point. Once t he signa l ge ts below th is point,
it drops completely out of the picture and

the squelch will close . Roll all these proper­
ties into one receiver and mo nito r ing will be
a joy. When a signal is received, cha nces arc
that it will be just one clear, fu lly modulated
voice. When there is no signal you will hear
nothing but silence .. . no QRM or static,
just silence.

T his all sounds like an ideal situation, and
it is. However, the t ransmitt ing station must
do his part too. His signal must conform to
certain standards. His center frequency must
not be far above o r below the accepted
channel ; deviat ion must not be fa r above or
below the accepte d value in that area, as well
as o ther criteria. The only way t ha t we can
keep the operating channels clean is to
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continuously monitor each other's transmis­
sions and give constructive criticism. Actual­
ly, this is not very different from other
modes.

The equipment used to analyze FM trans­
missions is either superexpensive or ex­
tremely cheap. If you have ever priced
digital frequency meters or deviation meters,
it is not hard to tell which method is the
expensive one . The inexpensive method is
quite simple and accurate and I claim no
originality for it. The equipment described
(except for the oscilloscope feature) is in
operation in about 90% of all the metro­
politan New York base stations. As you can
see in Fig. I, it is nothing but a switchable
meter to read limiter current (signal
strength) and discriminator current (frequen­
cy).

If the discriminator reads zero, the re­
ceived signal is exactly on your frequency.
The meter can be calibrated in kHz off
frequency by experimentation. For the
initial setup you should use a good frequen-

," LIIoI

meter you might think that his deviation is
too high due to distortion on the peaks.

The limiter current reading is only a
reading of relative signal strength and should
not be compared with other receivers. As an
example, a typical GE Pre-Progress Line
(Pre-Prog) receiver may give a reading in the
teens for an excellent signal. A Progress Line
receiver may show a 100 J1.A reading for the
same signal. These readings vary even in
identical receivers. In other words, become
familiar with your receiver's meter and
express the signal's figure of merit accord­
ingly. When receiving a strong signal, check
to see if the limiter current changes with the
modulation. If it does, this is a sign of
AM'ing and should be looked into.

Walt Guderian (WB2RAA) showed me a
nice little trick using the oscilloscope. Al­
most any inexpensive scope will work . Con­
nect the vertical input to the discriminator
jack and put a slow (under 100 Hz) sweep
on the horizontal plates. When no signal is
received, you will see a pattern like in Fig.

STRENGTH

FREQ

t :SO-O·5O,.'

18K !I%

TO VERT

'IoIOTOROL' IoIETER SOCKET CONTACT ~ UON SCoP£
IGE SOCKETS ARE LABELED TEST POINTSl

"'" .
OISCR

PIN 4'

."
PIN II '

'"

Fig. 1. A aero-centered, sensitive meter can be
switched from discriminator to limiter test points
to monitor frequency and signal strength. Scope
output monitors discriminator continuously.

•
cy meter or a station that is the frequency
standard for your area (usually a repeater) .
However, make sure you know that your
frequency standard is actually on frequency.
Also, when giving off-frequency reports,
make sure that you are on frequency, too. If
the discriminator-meter needle wiggles, the
received station's modulation is asymmetri­
cal (swings more in one direction than the
other) and should be corrected. Without the
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Fig. 2. Swept scope traces show discriminator noise
(a), low-frequency products, such as PL, on a
signal (b), and a fully modulated, strong signal (c).

2a. This is just noise on the discriminator.
Receive a full-quieting carrier and you will
see a flat line. If you see sine waves like that
of Fig. 2b, this can be a low frequency MeW
ID on a repeater or hum in a transmitter.
Through Lissajous figures you can also try to
determine the frequency of the audio signal.
Its most important function, however, is to
he lp locals to roughly set their deviation
level. Again, a standard for calibrating your
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scope could be a fully modulated repeater
output signal. Knowing that a repea te r has
bee n set up for J2 kHz deviation , for
examp le, you would adjust your ver tica l gain
so that 12 kHz would rea d 3 em (4 kHz/em)
on the CRT white a fully modulated signal is
being received . It should be noted that by

"fully modulated " we mean modulated to
the deviation limits acceptable b y the re­
peater. By approximation, you can estima te
the unknown deviation bring transmitted. A

,

The complete VHF-FM base station in use at
WB2AEB. Note added muting switch on side of
control head and external metering jacks.

fu U-quieting signal with good modulation
should look something like Fig. 2e.

Ano ther gadget which quite a few FM
hams employ is a remo te con trol unit. Many
a non-FM ham at one time or another has
thought of doing this, but abandoned the
whole idea due to receiver drift and the need
fo r many controls. To remo te an FM rig by
wire, it is simply a rna tter o f bringing out t he
mike. PTT, and speaker leads. Wit h Motorola
and GE. this is a "no holes" modification if
it can even be called a modificat ion . I
remo ted my GE Progress Line t hrough the
microphone jack. The basic modification to
the 4EC29A front -mount control head is to
connect a 2.2 kn half-watt resistor from pin
4 on the microphone jack to pin lI on
P701.

As an optional convenience, install a
sma ll SPDT swi tch on the side of the control
head . In case you want to hear only the
remote speaker and no t the lo cal , this switch
disconnects the loc-al speaker and puts a
resistor load across the output t ransformer.

A PRIL 19 70
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Since I had an abandoned rotor wire already
going from the rig to the shack, I used that.
The 100 ft length did not cause any loss or
hum problems. The connec tions on t he GE
microphone jack are t he fo llowing:

Pin I - mike lo w (grounded in transmit-
ter), voice coil low

Pin 2 - mike high
Pin 3 - PTT high
Pin 4 - voice coil high
Socket - ground

The remote unit can be tucked into even the most
crowded shack. Note remote speaker muting switch
(quite handy).

To transmi t, ground pin 3. To remote a
Motorola rig, the procedure is the same but
the leads can also be brought out from the
power and metering jacks. (These migh t vary
from rig to rig so consult a schematic fo r
connections.} As you may have guessed, the
squelch and channel selection must be made
at the rig itself, but with work these ca n be
re moted too.

In your own area, a special or unique
feature might be in operation . Some groups
have a system where when a special audio
tone is received, an alarm is set off denoting
a communications emergency. Other outfits
have an automatic phone patch (called auto­
pa tch) built into their repeate r. Many auto­
patch-equipped repea ters are now converting
to Touchtone because of its versatility for
dialing and control. As you can see, the
needed accessories can vary widely .

Alt hough not usua lly considered acces­
sories, manuals, schema tic digests, and other
literature are vital to the FM ham . Since
these rigs were designed for business usage,
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If you want a Progress Line ma nual, it will
cost less than $2 and is written for your
specific rig. General Elec tric also publishes
"Datufile" bulle tins. These are excellen t
booklets on such topics as "Fundamentals of
Solid -State Logic Circuits." " VHF and UHF
Propagation ," , " Radio-Frequency Interfer­
ence in Two-Way FM Rad io ," and othe rs. I
would heartily recommend getting Da tafile
Bulletin 10006-6 . " I·F Align men t of Two­
Way Radio FM Receivers." This book takes
the "twiddling" out of the ticklish job of
FM i-f alignment. Undercoupled, crit ically
coupled, and overcoupled i-f filter alignmen t
are discussed . Of the Data file series, this is
the most expensive volu me, wit h a price tag
of S1.50.

For a complete listing of all GE publica­
tions of interest to the ha m, write fo r list
ECP-22 7. It ' s free .

Howard Sams puts out the Communica­
tions Equipment Schematic Manual . This
covers mos tly late mod el transistorized rigs,
and is divided int o five sections: Basic The­
ory, FM Transmitters, Double Super­
heterodyne Receivers, Power Supplies, and
Align me nt Procedures. The S3.50 book is
obtainable from your local rad io store . For
those of you who are getting serious about
putting up a repeater, Ken Sessions
(K6M VH), edi tor of 73, has written t he
R adio Amateur's FM R epeater Hand book.

Until recently there was also a magazine
which specialized in F~t operation (called
FAl Journal.) . This magazine is no longer in
busin ess, but the edi to r and publisher have
joine d the 73 staff - a fact which should
serve to keep this magazine in the forefront
of the F M activity. . . . WB 2AEB •

EL 340 1A/54

203·875·5 198

3320 Belt Line Road
Dallas TX 75234
214-241 -2 15 1

Lake Mirror Road
Forest Park GA 30050
8 10-751 -3 185

P.O. BOX 85. LONGV IE W ST.

AT A NEW LOW PRICE OF $585
This VTA will accept any composite video signa l (random, 2; 1 or EIA)
f ed fr o m a single coaxial cable, T V came ra, e tc. These un it s are brand
n ew , comp lete w it h h ead , a nd instruction ma n ual in o rigi nal fa ctory
cartons & u se 'l" t ap e. Original li st price w as in excess of $30 0 0. Limi t ed
qua ntity _ shipped by truck o r REA, tra n sp ort a tion c harges coll ect,
approx . wt. 10 0 Ib s. C h ec k with o rder o n ly . $ 585 net. For additional
information, request ou r free f lyer 970J2 .

15-00 Pollitt Drive
Fair Lawn NJ 07410
201 -791 -1700

187 5 Greenleaf Ave.
Elk Grove IL 60007
312-439-7 150

many different versions of the same rig can
exist. Without a schema tic digest , even t he
seasoned FM ham can get lost in a rig.
Generally speaking, these manuals are of
excellent quality and are quite reasonably
priced. One such book is the FM Schematic
Digest by Two-Way Radio Engineers, a 73
advertiser. This contains Motorola schema t­
ics, crystal information, pict ures , block dia­
grams, FM theory lessons, align ment infor­
mation , and more. The information con­
tained is for older-vintage Motorola rigs. If
your Motorola rig is a comparatively recent
model, try writing to your local Motorola
Parts Depot. There are six depots :
11 70 Chess Drive 2333 Utah Ave .
San Mateo CA 94404 EI Segu ndo CA 90245
415-349-3111 213-644-1101
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If you own a GE rig of t he Pre-Prog era
(1 949 to 19 55) , Genera l Electric has two
books avai lable which were written especially
for the amateur. Volume I covers low-band
(25 to 50 MH z) and mid-band (72 to 76
MHz) rigs. Containi ng info rma tion akin to
the Motorola book, this publication has the
GE number L B I-3 8 8 3 . Volume II
(LB I-3884) has information on high-band
(I SO to 174 MHz) and UHF (405 to 4 75
MH z) rigs. Both boo ks are $4.50 each and
are obtainable directly from General Electric
Company, Box 4197, Lynchburg VA 24502 .
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eggering of an tenna arrays and rf
transmission lines is a proced ure

frequent ly performed by com me rcial and
military act ivit ies during t he const ru ction or
preventive maintenan ce cycles. It is rarely
done by amateurs, and yet the proced ure
and equip me nt are relatively simple and the
test can reveal a grea t deal about the
con dition of an install at ion . It is not a
simple ohmmeter check as it may appear to
be at first glan ce. This article explores what
function a "megger" check acc omplish es,
how to perform the check , and the details of
so me equipment which can be used.

Insulation Resistance and Cable Qualit y

Rarely does any ama teur have a station
installa tion where the transmitter output (or
receiver input) is d irect ly wired to the
antenna transmission line which , in tu rn, is
directly wired to the antenna . More typically
an installation will look somewhat like F ig. 1
if one traces in detail the signal flow
throughout. Obviously, a great ma ny more
connecto rs, swit ches, and accessory items
are involved tha n is readily appa re nt. Also,
in any rea l installa tion, t he ca bl ing goes
through ma ny bends, and o utdoors, is
exposed to a variety of environmental fac­
to rs.

Most amateurs re ly upon an swr meter
to give them an indication of how the overall

A'4TE'4'4A I A'4TE'4'4A 2

CO'4'4£CTOR \
.- BALUN S ,

I f , IF USED

OUTDOOR

SE LE CTOR
EXPOS ED
CABLE

SWITCH

POSSIBLY S WR

• METER I'4SE RTEO
WITH CON'4ECTOIlS

LOW-PASS
Fl llEf! -7 00 N'4 ECTORS

XM TR COAX RCVIl

V
S WITCH

CONNEC TOf!S

F ig. 1. A ctual trensnussron path in usual installa·
tion can involve going th rough a number of
conn ectors and accessory devices.
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ANTE NNA

COtolN[CTOR
TO TRANSlIllTTER

\\ ,{

mission at the transmitter. The antenna end
of the transmission line must not present a
closed circle. This is no problem if a dipole
an te nna is use d; no t hing must be done; it is
simply left connected. ff a loo p type of
an tenna is used , one of the two transmission
line connections must be broken to effect an
open dc loop.

IiIlEGOHUWE TE FI

At first glance, the procedure used may
seem to be that of a simple ohmmeter check
(Fig. 2), and indeed that would be the case if
an ohmmeter were used. The megohmmeter
differs from an ohmmeter in several respects,
alt hough it is basically also a simple instru­
ment. The ma ximum resistance range on the
usual ohmmeter is a few megohms. The
ohmmeter impresses a relatively low voltage
across the resistance to be measured (per­
haps l -3V when used to measure a meg­
oh m) . The rnegohmmeter , on the other
hand, reads resistance ranges higher than 1
Gn (I gigohm, or 1000 megohms), and
impresses a voltage across the circuit being
tested eq ual to or above the voltage at which
the circuit actua lly operates.

In practice, megohmmeters which place
SO-SOQV across the output terminals are
used to test rf transmission lines. Various
leakage resistance effects can be present
which will not be apparent un less at least
such a value of voltage is used. No harm can
usually be done using these voltage levels
since eve n small cables such as RG-58/U are
rated at 1.9 kV. However , one must also take
into consideration the maximum voltage
rating of the relays, filters, etc. present in
the ent ire transmission line system. Usually,
these voltage rat ings will be found to be the

F ig. 2. Megohmmeter check is performed as simply
as an ohmmeter check, but its meaning should not
be confused with that of a simple ohmmerer check.

Megohmmeter Usage

The megohm meter is simply connected
between the two te rmi na ls of t he tra ns-

antenna system is performing and whether
any damage to the system has taken place.
On a day-to-day basis, the use of the swr
meter for this purpose is probably valid.
Ideally , one should also have a method for
constan tly checking the overall signal atten­
uation throughout the an tenna system. It
must be remembered that an swr meter,
depending upon its method of operation,
measures only the impedance ra tio or
current /voltage phase relationship in a trans­
mission line. Atte nuat ion ca n build up'
th rough cable deterioration, connec tor
losses, lea kage resistance , and componen t
deterioration in accessory or switching

• devices-and this buildup will never be appar­
ent on the swr meter reading. More than o ne
amateur operator (and even quite a few pro­
fessiona ls) have read a I: I swr at the trans­
mit ter and gone ha ppily, but often unsu ccess­
fully , opera ti ng when the swr at the antenna
was quite high .

To measure attenuat ion correctly, one
should inject a signal of known amplitude in
the transmission line system and then mea­
sure the output at the terminated end of the
system. Such a measurement is ge nerally
made when a commercial ins talla tion is
in itially put in to operation, and it would be
a good idea for amateurs to fo llow t he same
pract ice.

Unfortunate ly, such measurements are
no t convenient to make and one hardly
wants to be continually faced with the
problem of gaining access to the antenna end
of t he transmissio n line to connect a signa l
genera tor or terminated volt meter to it.
There is no simple in-line fo rm of meter ,
such as a swr mete r, which will check
attenuation. The megohm meter (or "meg­
ger" as it is incorrect ly but commonly
called), however, is commonly used to
detect the change in insulation resistance in
a transmission line system. Decreasing insula­
tion resistance is a positive sign t hat leakage
resistances and o ther dissipative effec ts are
develo ping which can increase the attenua­
tion in the system.
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$219.95 plu s sh'pp,ng
Complet e w ilh le ns.

limiting factor, although rarely will they not
allow the use o f up to a SOOV megohm­
meter.

What insulation resistance or megohm­
meter reading should a good tra nsmission
lin e syste m present? Ideally, o ne should
"rnegger" a system when it is initially
insta lled and when actual atten ua tion mea­
sure ments are made. With a good dry sys­
te m, insulation resistance readings of at least
100 - 200 MQ should be possible. Then, if
readings are taken periodically - monthly or
whenever some problem is ex pected-one
has a reference reading to compare subse­
quent readings aga inst. If no attenua tion
readings are taken, the minimum insulation
resistance which should be considered satis­
factory is 50 - 100 MQ. During wet weather
or damp conditions, resistance readings may
dro p to the lo w end of this range. However,
readings much below 50 MQ or, especially, a
continuing series o f decreasing readings
which are taken under similar cond itions
indicate that some component in the trans­
mission line system is going bad o r that some
connections were poorly made and moisture
is entering the line.
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~
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Dept. B. 925 Sherwood Dr ive
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e QSL Managers Around th e
World!

• Census of Rad io Amateurs
throughout the world !

e Radio Amateurs' License
Cla ss!

e World Prefix Map!
e International Rad io

Amateur Pr~'=fi~"~':"" ,:,,::,:::~:::;;::,::::::,:::,,, _
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inc luded in both eurno ns t

WN"~ r'OR
flifE

B~OCHII~E!

I
I' ....

I" WIDE F O IL OR

COPPER STRAP

SHIELD : t==:::::::'-<;;;;-i
~---GROU NO

LINE

SHIELD

Fig. 3. Megohmmetel' connections as set up {or
accura te insula tion resistance measurement on
coaxial cable. For most amateur purposes, shield
connection is not necessary.

"Megohmmeier Construction

A megohmmeter presents a potential of
50-S00V across the circuit to be tested, but
its internal resistance is in the order of
megohms and little current flows in the
circuit under test. Aside from this, a meg­
ohmmeter operates on the same principle as
a regular o hmme ter.
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be used but the meter scale will then require
recalibration by using resistors of known
value. The meter itself may be any conven­
tional 100 IJ..A type or even a similar range
on an exist ing YOM. Some init ial difficulty
may be found in obtaining the one 500 Mn
resistor called for in the circuit. The resistor
can be built up from a series group of lower
value units, but ordinarily resistors up to
22 Mn are available . With some diligence,
however, resistors with values of 100-300
Mn can be found, especially from the larger
supply houses. Some suitable types are
Aerovox CE500 series, Caddock MG780
series, and Dale MC-2 series.

A shield terminal can be brought out, if
desired, fro m the negative meter terminal as
shown in Fig. 4. As explained before, how­
ever. such a connection only has value if one
wants accurate readings above 100 Mn.
Generally, relat ive readings and particularly
noting their change as periodic tests are
performed will suffice. If the unit is con­
structed in a metal enclosure, the test
terminal must be a good quality feed­
through; otherwise its leakage resistance will
parallel that of the circuit being tested . A
Teflon insulator is preferred.

Lastly, one should never hold the test
prods, if such are used, across the circuit
tested ; they should be clipped on. Not only
is this a safety precaution, but body resis­
tance can drastically affect readings when
one is performing measurements in the
high-megohm range.

There are both mechanical and electronic
megohm meters. The former type uses a hand
crank to turn a dc generator and it incor­
porates a special differential meter move­
ment. New instruments of this type are
somewhat expensive but if one can be found
on the surplus market, it would certainly
prove to be a complete, self-contained test
unit. Three terminals will be found on these
instru ments , labeled ground, line, and shield,
as shown in Fig. 3. Normally, the ground
connector is simply joined to the shield of a
coaxial cable and the inner conductor of the
cable to the "line" terminal. If , however,
accurate readings over 100 M!1 are desired, a
leakage shie ld must be placed around the
cable end as shown. This shield is insulated
from both conductors of the cable under
test and connected to the shield te rminal on
the megohm meter. It prevents surface leak­
age at the end of a cable that influences the
taking of accurate readings above 100 Mn.

Many forms of electronic megohmmeters
are available and utilize ordinary me ters
rather than special differential types. One
such megohmmeter, manufactured by
Reiner Electronics (which also may be avail­
able on the surplus market), type CALN­
60089, is schematically shown in Fig. 4. The
circuit is relatively simple, the batteries
make the unit portable, and the 50V test
voltage level is suitable for most amateur
needs.

A 67.5V battery supplies the curren t to
the circuit under test into the grid of the
amplifier tube. The meter responds to the
total cathode current which flows in the
tube. Since the tube is operated in a positive
grid curre nt region, the meter response to
the current flow will follow a logarithmic
response. Thus, the following meter readings
in microamperes will correspond to the
fo llowing resistance values: 0 J.1.A to infin ity ,
3 J.lA to 10 GD, 20 J.lA to I GD, 27 J.lA to
100 MD, 50 J.lA to 10 MD, 70 J.lA to I MD
and 100 J.lA to 0.0n.

Operation is simple : The ground and test
terminals are shorted direc tly toge ther and
the zero adjust potentiometer is used to set
the meter at 100 J.lA or OD. The switch in
series with the battery may be a pushbutton
type if desired since the tube is an instant
heating type. Other high-gain tub es may also
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Apollo 12 Special Certificate

Here is a copy of the Apollo 12 specia l
cer tifica te which our club sta tion is issuing to all
ama teur sta tio ns con tac ted during launch day. A
total of 1285 QSOs were made o n the 80, 40, 20
and 15 me ter bands. Seven transmitters were
utilized in the CW and SSB modes.

Our club station is located approximate ly 10
miles sou th of the Apollo launch pad. This
affords us an exce llent view of the liftoff.
Transmissions from the club station start shortly
thereaft er. This ac tivity sta rted with the launch
of Apollo 7 and we have mailed out th ousand s o f
similar cer tifica tes. It is the club's wa y of sharing
with other "hams" the even ts of that day .

Operators at this sta tion consist of NAS A, Air
Force, and con tractor person nel. This stat ion is
often activated on weekends and can be found at
app roximately 21.340 MHz.

Roy J. Durso K4DJN /W2KTG
Box 21073

Kennedy Space Center FL
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Bob Malmquist WA9TTS
605 Vin e Street

MOnis IL

Advanced Class Course

1 want to add my thanks to you fo r the
excellent series of ar ticles you have had in the
past two years on advanced radio theory . I got
started in ham radio as a Novice wi th my
high-school age son in January 1967. In
December 1968, hav ing stud ied your ar ticles, I
mad e the Advanced. Last December I passed the
Ex tra.

With your ar ticles, anyo ne can pass th e th eory
for these higher class licenses. They not only will
get a better (?) license, but they will know theory
that they can apply in the fascina ting aspec t of
building and repairing ham gear.

In addition to using you r articles for the
li cense exams, I have used th em as a basic text
for the course in advanced theory I have been
teaching for our rad io club.

.T.he ~ igh er code speed caI1)e easy through my
activity In the Army MARS program. Once again,
thanks!

. A Sorry W9

Death o f a Friend

I have a homebrew linear amplifie r th at runs 3
kY on th e pla.tes of the finals. Last night I left
the back cabinet door open to make a bias
adjustmen t. What I didn 't know was that the
con tac ts o n the plate supply relay welded shu t.
Abou t an hour before I came d own to adjust th e
80 meter tank, I hea rd a tremend ous commotion
down.stairs. My fa.ther ran down, saw my rig
smoking and popping horribly . He ran into the
u tili ty roo m and popped the 220 breaker to the
B+ supply. I ran to the linear , looked inside, and
saw my cat splatte red all over th e inside of the
cabinet. The whole house was pervaded with a
sickening sme ll for days. That ca t loo ked like she
had been napalmed; she was really roasted. It
took th ree hours of nauseating work to clean the
rig ou t. Burn t hair and flesh don't clean off well.

Wh at would have happened if I had grabbed
the plate caps working on the rig? A q uick word :
Don't use a toggle switc h to con trol the plate
supply ! Use interl ock s! Use some kind of high
voltage ind icator!

With several thousand volts, you don 't get a
second chance!

advi~ed by my lqwyers that

I insist that you print cv
should be boiled in oil ov

There should be standards for Touch tone as well
as tone-burst en try. The TBE standards are
already reasonably well established. See, for
example, "A Look at Amateur FM Standards,"
by Robert Kelty WB6DJT, 73 Magazine, March
1970.

Toned Repeaters

I enjoyed the article Encoding and Decoding
in FM R epeaters in the February issue of 73. In
areas with overlapping coverage from one or
more repeaters some sort of tone coding certainly
w~:lUl~ be desirable, but I fear we mi~ht end up
with incompatible systems if we don t agree on
some master tone system soon. What good are
repeater crystals without the proper entry tones?

Touch tone is cer tainly going to become even
more of a standard than it is today. Why not use
the four tones from the Touchtone high group
for tone-burst syste ms. Anybody traveling from
area to area wou ld then need only his Touchtone
pad rather than an audio VFO!

For your repeater list the only machine
operating in the greater Vancouver area is
YE7ACS 146.34 to 146. 94 .

Danell Wi ck WB6MAY /VE7
President B.C. F.M.

Communications Assoc.

I have wri tte n a letter to Robert Booth, J r . of
AR R L, as fo llows:

" Please be advised that I am no t a member
of the ARRL for specific reasons. Conse­
quently, I wish to specifically poin t ou t
that any inference that I am represen ted
by t he ARRL in pe ti tions to the FCC for
rule changes is no t in order.

" I believe it would be appropr iate for the
A R R L to specify the number o f
LICENSED MEMBERS represented by the
ARRL in each petition tendered to the
FCC."

This was brought about by the latest id iocy of
the ARRL, to open all of the 2 meter band to the
Technician, as well as a part of the 10 meter
band. What kind of th inking is this? In centive
licensing to upgrade the ama te ur and now a
program to reve rse the process and made even the
General license of red uced value. Looks like the
ARRL circulation has fallen off badly.

Of course I have written to the FCC to
this latest ARRL petition. but the way things
have been railroaded I suppose it is too late to d o
anything about it.

I have poin ted out to the FCC that petitions
presen ted b y ARR L should specify the curre nt
number of licensed members represen ted by
them. The number should not includ e lib raries,
business corporations, SWL and other clien ts who
do not have an interest in the matter.

William J. LaHiff W21VT



The Truth Hurts
Once again 73 magazine has set a new

standard for an amateur or iented magazine : truth
in advertising! !! I refer to the " 30 Back Issue
Bonanza." When you said the issues were packed
in sloppy bundles, you certainly weren't foo ling!
I got my bundle today, the box was split down
the seams, and wrapped in old bailing wire. The
bo x (?) was also marked " Received Damaged ­
Kansas City, Mo." I have received numerous
packages that have been promised to arrive in
good condition and haven't -but th is is th e first
time I have been told to expect a bundle in bad
cond it ion. 73 , I salute you for truth in adver­
tising! By the way , J think the mags. are great.
They're worth their weight in gold!

Russ Williams WA 6 M WY
131 2 Lawrence St.

E l Cerrito CA

A Political Approach

Have you li stened to th e 7200 - 7300 kHz
area of the forty meter band lately at abou t 0300
or 0400Z, especially on a weekend? It has
become an international shortwave broadcast
band at times in the evening hours.

Allow me to introduce my self. I'm one of
those terrible young whippersnappers wh o think

, the y know everything. Seriously , I'm 16 years
old and fed up with that mess on the upper end
of the 7 MHz band. It has fewer and fewer
amateurs and more and more broadcasters alm ost
every week, whi ch is no way to run an airline, or
to convince the next ITU conference on alloca­
tions that we really need those freq uencies either.

It is rapid ly becoming apparent that the
ARRL Intruder Watch, while it proved that these
schnoo ks were beaming at the U.S. and lying
through their collective teeth when they said
they weren't , d id next to or absol utely no thing
towards convincing officials to do anything about
it. Doubtless most officials have forgotten about
it (albeit with effort) to take some decisive action
towards getting a few bureaucratic types to stand
up and maybe even do something, for the fir st
time in their lives. Decisive action must be taken
if we are to be able to really use th is part of the
forty meter band.

Political action has more effect on govern­
ment-involved people (including FCC and the
international organization known as International
Telegraphy Union) than any othe r kind . And of
the most effec tive of political action is to indulge
in the freedom of the individual in this country,
which, if I may add, happens to be the best on
this earth, bar none. This method is simply
writing. If every other amateu r in the country
wrote lTV and FCC, each would rece ive about
150 ,000 letters. Imagine the impact of that! Or
write Barry Goldwater. He would appreciate the
situa tion. being a ham.

But a massive write-in program needs publi­
city. So, why don't 73, CQ, Ham Radio, and QST
publicize it? No reason against it at all. In fact,
Mr. Green, if you used "de W2NSD" and Mr.
Huntoon used his editorial column, a great deal
of publicity could be obtained, as both columns
are controversial and tend to be widely read.

An all-ou t effo rt by all these magazines
providing a united front o f amateu r radio to the
world , and a vast write-in campaign such as I
suggested would lend quite a bit to the appear­
ance of ama teur radio in the world. It certainly
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would promote a lot more respect of amateur
radio. And isn't it simply for a lack of respect for
the amateur bands that these broadcasters can do
this?

Mark Hinton WA31VW
2404 Stratton Drive

Rockville MD

CB vs Hams

As I'm writ ing this letter. several people are
out in the damp, foggy night and are hunting for
a th ree year old boy. It is I :30 a.m. The child has
been missing since 4 p.m. yesterday . The follow­
ing is an actual acc ount of what happened only a
few hours ago.

As you can see from this letterhead, I attend
Lehigh University in Bethlehem, Pa. I was study­
ing calculus (we all don't get d runk .on Saturday
nigh t) when one of my schoolma tes knocked on
my door and asked me if I knew where the
Lehigh Valley Shopping Cente r is. He told me
that a three-year-old had been lost there, and he
and another fellow were going to see if they
cou ld be of any assistance to the search party. I
voluntee red to go with them.

Since we were all strangers in town, we had to
call the police to determine where the shopping
center is (we all don't hate cops, either). It
turned out to be four miles away, and since we
couldn't find anyone with a car, we decided to
walk.

After about an hour and a half, we reached
the shopping cente r. The first thing I noticed was
the abundance of CBers. The CB-ham rivalry
never actually hit me because I was concerned
with the ch il d 's being lost.

The police had just finished searching the
department store the child was last seen in and
they gave out the gene ral areas to be searched.
Our group took one area and we combed several
sq uare blocks. Abou t I o'clock the walking
search was given up . All the area with in a 1% mile
radius of the shopping cen ter was searched with
no luck, so the search was to be resumed at
dawn.

Since it was past one in the morning, and we
had a fou r-mile walk back to the dorm , we
bummed a ride with someone high up in the
CAP. While riding back, the CAP official made
use of his radio , a converted CB rig.

I can' t he lp thinking that if there had been
better organiza tion , the child would have been
found . There was no radio communication with
the majority of walking groups. The CAP seemed
to have the most effec tive communications. The
only other groups were the police and CB. If
someone could have coordinated th ese different
services th ere would have been a good chance of
finding the child.

By now you are probably wondering what
role ham radio played in this. As far as I can tell,
there were no hams present. What good does all
that operating skill do with no hams there to use
it? The ham magazines print plenty of stories
telling how hams help in emergencies. What
about his instance?

What I am proposing is two different types of
emergency nets. The first is a long distance net
on or near 20 mete rs ( I say near because the
FCC might give us a few channels above 14.5
MHz if we can prove we have an effec tive
emergency system) . The second would be a local
net in the 10 meter band . This net would provide
mobile and most especially portable equipment,
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COMPUTER GRADE

ELECTROLYTIC SALE
LARGE QUANTITIES AVAILABLE

M inimum Order 10 pes.
All Sizes-5OC ea.

PANTRONICSOF VIRGINIA, INC.
6608 Edsall Rd.

Alexandria, Virginia 22312
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for Electron Tubes & Semiconductors
Immediate Payment on Unused Tubes
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3,500 MFD - 7 5 V D C 2" 1I4Y.. '
5,0 00 M F D · 36 V DC 2" 1I 4W'
5,500 M F D · 45 V DC 2" ",4 W '

11 ,000 M F O · 19 VDC 2 " ", 4W'
11 ,500 M FO· 18 V D C 2" 1I 4Yt"
12,500 M FO · 16 V DC 2" 11 4Yt"
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14,000 MFD· 13 VDC 2' · ", 4Yt"
15 ,000 MFD- 12 VDC 2 " ",4 %"
15 ,500 MF D · 10 V DC 2" 1I 4%"
15.000 MFO· 10 V D C 2" 114 Y,, ·
25 ,000 MF D · 6 V D C 2" ",4y,,"
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60,000 MFD · 5 V DC 3" ", 4y,,"
20,000 MFD· 15 VDC 2y,, "x4W '
15 ,000 MFD- 15 V DC 2 Y" 'x 4y,"
35,000 MFD · 12 V DC 2" II 6 "

7 ,0 00 MFD · 13 vDC 1~'x 4Y. "
3 ,0 00 MFO- 25 VDC 1 J/i' x4 Y. "
2 ,500 M FD- 4 5 V DC 1 J/i·x4 Y."
3 ,750 M F D · 75 VDC 2" 1il. 4y,,"

No C.O .D. Include necessary postage.
• JUST BOUGHT OUT O RI GINA L C A SE FOR

C B R ADIO. I nclud es m tg bracket for mob i le
use & snce-tn ch assis. H oles p re-p u nched for
pow er supply transistor & power co rd. M ay be
used for m obil e power supp lies, P,A. system or
speaker bo x or many other uses. Size - 3 y,, " H x
7" W x 8 y,," D . Weight 3 Ibs. Origi nal co st
$9,9 5. Our pr ice . . . . • , , • , , , .. , . . . . . $1.95

MIN O R D E R $5.00 FOB B inghamton

5pea,list in the nWntenmce and calibration of .ebooI', .ltetronic
a.bonotory equipment, tlSt equipment and...",te\lI equipment. Prompt
semce by bolden of VlWt.1lt aad eommen::W FCC Iiom... Write for
shippin9 imtructions.

Jim M cC ullough V E3CSO
T'reas, Toronto FM

Com m u n icat io ns Assoc.

Neglecting the con tribu tions of the Toronto
group - an d part icu larly the efforts of Paul
Hudson - was my error. 1 knew that Paul had
formulated the original petition , but 1 also knew
that he d id it in conjunction with Gil Boelke, and
the work was based on the afready-submirred
Buffalo petition . Ju st so you wiJI know my
position , Paul Hudson is one of my dearest
friends, and he is the one who informed me of
the petition's formulation, as far back as January
of 1969. He spent a few days with my family in
Californ ia a t the time and gave me a comp lete
rundown on what was happening in Canada . (See
Mr. Virgo H im self, th is i ssue.)

Cred its

In you r February ed itorial you sta ted that the
Department of Communica tions used the Buffalo
petition as a foundation for Canad ian repeater
regulations. This is not true, and yo u gave
Buffalo all the cred it, comp letely ignoring the
fact that it was th e Toronto FM Communications
Association, especia lly Paul Hudson , YE3CWA,
who drew up a brief, using some of the informa­
tion in the Buffa lo pe tition , and submitted it
through the Radio Society of Ontario and the
Canadian Amateur Radio Federation to the
D.O.C. in the spring of 1969.

To back up my sta temen ts. I have enclosed a
reprint from the November 1969 issue of the
Ontario Amateur, wh ich is the publication of th e
R.S .O .

I hope that your sta te me n ts will be correc ted
in th e nex t ed itorial.

which is conver ted CB eq uipmen t. l et's face it ,
ham radio is lacking in the portable equipment
area.

Both nets wou ld incorpo ra te tone signal alert
type eq uipme nt. Both sys tems wou ld use crys tal
con trol or at least be fixed. The clinche r: t il e
frequen cies would be kept clear at a ll times (now
you know why I said near 20 meters) .

I'm not propo sing these measures for the
betterment of amateu r radio -I'm rrerely sta ting
that I th ink it should come up to what is morally
obliga ted to d o , and then worry abou t con tes ts,
ragchewi ng. DX and all the fun .

A nthony A . Pa rise WA3HRL

VHF FM appears to be solving the problem s you
mention . It has th ree things go ing for it: avail­
ability of equipment, portability of equipment,
and f ully channelized operation .-Ed.

Servicing S S B

Re Boos and Hisses (February 73 ) : I am glad to
see you print the pros and cons of the issue .

As one who has becn a ham fo r years bu t d ue
to lack of time, m oney and ene rgy try ing to keep
up wit h a trade and ra ise a family , I was no t able
to keep up with the sta te of the art in ham rad io
as I would like to have done (namely single
side band ).

W4NVK's ar ticle in December 73 and
WA8ASQ's letter are thought-provoking to say
the least and will make the study of this stic k in
my mind better than an ything else could .

I think WA8ASQ was en ti tled to the $3 5
charge to fix this man's equ ipment , since he has
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the abil ity to do the jo b and spent his hard
earned money for all those good ies of test
equ ipm ent. Aft er all , ma ybe some of these
fell ows who can ' t fix the ir own gear arc ex perts
in some o ther fie ld, and when WA8ASQ calls for
thei r services, things will swa p back.

O rville GuLse th W5PGG
1435 King si .
Clarksda te MS

Enl(lish S po ken, America n U n derstood

In 73s new feat ure " DX Corner", K2AGZ,
said that Ge rma n. Czech or Russian Amateurs
speak such good English, and commen ts that
Am erican Amateur s some times speak poor
English, and fin ds this "downrigh t humilia ting".

To a Englishman this is a somewha t surprisi ng
statemen t, not tha t he has no t observed this
phenomenon, bu t rat her tha t the British a lways
imagined tha t the differences be tween the
language spoken in the United Kingdom and that
spoken by some Am ericans was d eliberate on th e
part o f the Americans. A deliberate gestu re of
ind ependence, a deliberate decision to speak
differentl y from the Briti sh, and this d oes not
refer to accen t. but to the usc of word s,

T his deliberate d ifference shows in severa l
\vay s if yo u listen on the air. There are those who
arc delibera tely so ca re less, or appear to wish to
give the impression of a slovenliness in thei r
speech which makes one feel that they arc saying
"we aren ' t goi ng to take the troubl e to stick to
all the silly rules that an old-fashioned gramma r
on ce laid d own. We arc go ing to speak just as the
words come into o ur mou ths and be modern ."

T his is partic ula rly no ticeable in the usc of
the adjec tive where an Engli shma n wo uld aut o­
matical ly usc the ad ve rb. " Yo ur an tenna is
wor king real good" whereas the English man
would say - " Your antenna is working really
we ll " . The usc of "good" whe reas we shou ld usc
" wel l" is a typical ex am p le.

But anoth er and much more interest ing
school of th ough t uses add itional wo rd s which
the Briti sh omit. Thus an American "v isits with a
frien d " wh crcus an Englishman "vis its a friend ."

To an Englishma n the verb "to visi t" is a
transitive verb which is foll owed immed iatel y by
th e object. It can also he an intransitive verb . But
why complica te the issue" Since i t is transit ive we
jus t "visit people" and sec no need to add the
extra word "with".

If an Englishman visited George yeste rda y. he
wou ld say'" vi..ited George yes terday". T he
insertion of the word "with" wo uld o nly be used
if he were accompan ied by someone else. Th us _
.. , vi sited George yes terday". " We re you alone'?".
"No, I visited hi m with Mary " . mean ing th at he
and Mary visited George yeste rday.

Another example is the ex pression " For
free". If an Englishman finds he can ge t some­
thing withou t paying fo r it, he says he "got it
free", The American fin ds it necessary to add the
word " fo r" before free and he says " I go t it for
free"

Originally, one imagines the add ition of the
word "for" was a joke, intend ed to lead th e
list ener to exper t a price after the word " for".
T hus th e listen er could expec t '" got it for five
doll ars" . and he is sudden ly surp rised to lind tha t
no price follows th e word "for". Bu t what may
have begun as a joke or a me th od of emp hasis has
by now become part of th e language.
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What is perhaps sur pnsmg is tha t th e
Am er ican language frequen tly adds ex tra wo rds.
Surprisi ng because the Americans pride th em­
selves on a slick and snappy language. T here is
the occasiona l sho rt snap py phrase such as " a t"
a t the end of a transmission instead of " over" _
o ne syllab le instead of two. But, in genera l, th e
Am erican language becomes longer. What to an
Engli shman is a " Li ft" is an " Elevator to an
American . What to an Englishman was a " tram",
was a " tro lley..car" to an Xmcncan ,

A no th cr and. o f course. well known
phenomen on is the use in America of wo rds and
phrases which were used in England several
cen turies ago bu t have died ou t in England . They
are still in co mmon usage in America and arc
then often re-ado pted severa l cen tu ries la ter agai n
in England . The classic example is, of course, the
Englishman says I've go t a cold". T he
Am erican of ten says - "I've go tten a cold".
"Gotten" was curre nt usage in England in the
17th ccn tuty . vbut it has died ou t now. The
Am erican may eve n say - "I 've gotten me a
co ld", adding th e cx tra word as in "Visit ing with "
or "for free"

Edgar Wagn er G3BID
London, England

Ban the Book

I have been receiving 73 for severa l years and
generally appreciate the articles. I know that you
arc alwa ys in teres ted in reader opi nion, so I am
send ing this be lated note to give my reacti ons to
an ar ticle you carried last fal l. Due to my
sched ule , I was only able to jot a no te to myself
to writ e when I have tim e.

In the Octo ber 196 9 issue of 73, on page 34,
you have a ll a rt icle writte n by Robert Manning,
K I YSD. I believe lhis person writes some tech.
nicul articles quite freq uently. T his article,
" Yidio ts That Have Kn own Me," was qui te
shock ing in it s vu lgar language and its general low
ca li ber of thou gh t. I feci th at it was en tirely out
of place in yo ur o therwise li ne magazine.

I am no t the type to hastily drop my
subscrip tion, but I wou ld requ est that yo u please
e-xercise more ca re in the selec tion of manuscri p ts
in the fut ure. I rea lize th a t humorou s stories liven
up a technical magazine , and I apprecia te them .
bu t please, le t 's keep it clean and above the belt.
Than ks.

Jim Wagner
Brecksville OH

RM-1429

How about spreading the word abou t my
proposed rul cmaking RM.. 1429 before the I:CC
which, in essence, asks for au thorizat ion to usc
1"4 (F ~I Facsimile) emission on the 2 meter band.
, understand that th e proposa l is still u nd er
cons idera tion by the IT C (at least the FCC
hasn't denied it yet). Any and all interest ed
parties shou ld write to the IT C using acceptable
FCC form . i.c . X!.1 \. I I plain paper, typed double
spaced, I Y2" left hand margin , I origina l and 14
copies. c tc.. and offer the ir com men ts. In thi s
way, I feel, sufficien t interest shown by the
ama teur population will he lp stir the Commission
to ac t on the proposa l.

Jim Turrin WA8DCE/Ne peF
PO Box 245

Ne w Philadelphia OH
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The Buck

Having two days ago j umped from Tech to
Ad van ced I decided it apropos to subscribe to a
ha m mag, a nd being fam ilia r with the d ynami c
duo (Ken and Mike). ) bough t a copy o f 73
(although) was floored by the SI price). I have
found it not only inte resti ng and ed uca tional, bu t
the projects a re all of the type the " modern"
ham wou ld e njoy; wha t more ca n one ask
for - ICs. F"I, apartment dweller antennas, a nd
an RITY a rticle far surpassing any I have read
previously,

Co ngra tula tions to Dave Mann and his " Lea ky
Lines," The art icle was superb. Among other
things, the ARRL has had the ir come uppa nce
co rn ing for a long time .

Thus enclosed is a chec k for $12 for a
three-year subscrip tion. I have to ge t back and
finish reading the issue . A very deserving "well
done" to you all!

Stephen W . G u n d lac h W A 3DJH
State College P A

WORLD 0SLBUREAU
5200 Panama Ave ,. R ichmond CA USA 94804
PLAN I . We forward YOUr Q SI, s ( plea se arra nge alp h a­
be tically ) t o or ,... ilhin US A, Canada a nd Mexico for
34 e ach a nd t o a ll other pla ces in world for 44 ea ch .
PLAN 2 . Y o u us.. our s p ..cial log Io r rn and send us a
copy . We supply Q SL·m a ke out WS L-deli \'e r Q SL. a ll
for R(,/ each.

RF MULTIMETER . RFM-1
Sim plifies co n struc tion li n d test ing of solid state
circui ts, antennas and transmission systems.

- M E ASU R ES ­
1 mv to 100VOe ±3 %
1 mv t o 1 v AF t o 500 Mhz ±5%
VSWR 1.35 and 3 .015 t o 2 Ghz
a to 60 Dec ibels

Many more features - Write for detail ed brochu re
RADIATION DEVICI;S CO .

Bo>< 8450 Bal t imore Mar land 2 1234

Robert S. Da mrou WNI LOT
C lin to n C T

ENJOY EASY,
RESTFUL KEYING

521 .9 5 to $4 l ,95
THE VIBROPlE X

CO . , INC .
Bll Broad w ay,
N. Y. a. N.Y .

• Radi o Amat eu rs' Prefixes
b~ Countr ies!

• A.R .R .L. Phonet ic Alph abet !
• Wh ere To Bu~!

• lireat Circle Bearinu!
• Internat ional Posta l

In for ma ti onl
• Plus much mo re!

GET YOUR NEW
ISSUE NOW!

Over 283 ,000 QTHs
in t he U.S. edition

57.95
Over 135.000 QTHs

in the DX edition
55.95

I ' RAD IOAMATEUR 116 k
J-t

c a 00 INC

Dept. B. 925 Sherwood Drive
l ake BtuN. III. 60044

• QSl Managers Around th e
World !

• Cen su s of Rad io Amateurs
throughout the worl d! '

• Radio Amateurs' Licen se
Class!

• World Prel i. Map!
• In ter niit ioul Rad io

Amateur Pr efi .es

--See your favor ite dealer or
orde r d rr ec t (add 25 e fo r
maili ng In US., sossessrcns

These va luab le [XTRA f eatures & Canada . t tsew nere add
in cluded ," both ee.ncn st 50C ).

'l/klTt 10k
Iktt

8kOCHUIt!

I would like to say fir st of all that I have
found 73 mag at the top of the list. But that 's
not whai I'm writi ng about. I ha ve had m y
Novice ticket fo r six months a nd am planning to
ge t my General soon ; and to tell yo u the tru th ,. l
can't wait to get o ut of th e Novice bands. Ham
radio is supposed to be the hobby o f fri endship .
Well. not in the Novice bands. On 40 meters you
get chewed alive by higher powered rigs o f
General and Advanced class c ps. On 15 meters
the cha nces of being c hewed alive a rc a lo t less,
but what about tho se Novices who leech o ff yo u.
I mean Novice ops that ha ve other rocks hut
would rather try to get tha t weak piece of D X
from you, rather than move to ano ther rock or
sta nd by.

If ham radio is to be the ho bby of friend ship,
why not sho w it.

T.E . Burme ister W8BSS
C leveland OH

If Jefferson and his peers had spen t the same
amount of time paying taxes to England as they
did thinking up excuses on why we didn't need
i t, we'd still have a queen.

You ca n tell th e guys who have a hard time
readi ng code, like for in stance HC2RP. If tho se
fellows spe nt the same amo un t o f time stud ying
the code as they do thi nking up excuses on wh y
we don 't need it, they would have it down pat in
no time at all. I a m sure f1 C2RP would be
copying ew a nd e njoying it if he took the same
time and effor t learni ng the code as he spe n t
composing that al most one page letter. :\IT.
Rome. I am no gen ius. bu t) learned the code
alm ost 50 years ago and ) still e njoy pounding
brass. Incidentally , I also wor k SSB a nd enjoy it
also . Cheer up , Edgar, knuck le down and practice
and you could be copy ing CW along w ith the
best.

Thanks for a really fin e ham magazine .
Looking through January edi tion which j ust

arrived here , I find a n ed itor 's note referring to
Radio Amateur 's F~I Repeater Hand boo k. "
Checking with the biggest local booksellers I
found that they will not o b tain a copy for me.
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VHF * REPEATERS * FM * SHACK DEOORATION *

\ ~ \1 \
~.,........~ .

two meters? Use this map to back
y our rotating indicator .

These maps are made o f perma­
nently molded sturdy plastic, a nd
come to you packaged flat in a large
box .

The maps may be cut w it h a
scissors and glued together to fo rm a
la rg e mosaic wal l mu ral. You'll need
a wall 15 feet high to mount all o f
Californ ia . Eac h m a p shows a n o rt h­
sou t h a rea of 75 mil e s and a n east­
w est area of 100 mil e s.

MA PS A RE $7 .9 5 each, Postp a id !
Send cash ; c h eck, money o rd er t o

OG~.1 Box 431 , Jaff rey N H 0 3452.
Y o u r m ap s w ill be sent t o y ou

within t h r ee to f ive weeks.

"', .

I \ \6·. J~
~ ..,

HI 19 .ua..--

" J I~H-_-r
I \ .. )
~ ..

Here is .t h e last word in maps for
the shack ... three dimensional maps
of your area. Maps are available for
just about any area where there is
mountainous or hilly t e rra in.

T h ese maps are 18 " h igh by 26"
wide and are the most exact three
dimensional maps ever made. The de­
tail is incred ib le . Most maps h a ve
even t he smal lest di rt ro ad s show n as
well as alt itude mark ings fo r every
100 fee t and t he he ig h t o f t all er
mou n t a ins. R ou t e n umbers are gi v en
for ro ads; t o w er s a n d o t her o u tst a nd ­
ing p hysica l f eat ures are sho w n.

Us in g a re p e a t er o r pla n n ing one?
You 'l l n eed t h i s accu rate 30 map to
see you r serv ice area. Ac t ive o n six o r

~.-::..

" I I~ I HI Hl l
.., l 1IlIUl,I........

-+r-

A MUST FOR
REMOTE OPERATORS
REPEATER OVVNERS
REPEATER PLANNERS

Ma il order to : DGP. Box 43 1, Jaffrey . N .H . 03452.
Please k eep in mind that maps do not exist for areas not
shown - due to flat terrain.

Send map numbers ----::-::-:c::-_':-_
rr-: ---cat $7.95 each
Name Call _

Address _

City' _

State Zip



I would appreciate more information regard­
ing the cost and address of the publisher, so that
I can send for a copy direct.

For information, here in VK4 there is quite a
good deal of activity on 2 meters FM, in keeping
with the rest of YK.

For simplex work three national channels are
146.146 MHz, 146.00 MHz, 145.854 MHz.

There are also agreements on frequencies to be
allocated to repeaters.

ch I 146.1 in 145.6 out
2 146.2 in 145.7 out
3 146.3 in 145.8 out
4 146.4 in 145.9 out

The equipment in use is predominantly sur­
plus gear from the commercial mobile bands
148 -174 MHz and 72 -85 MHz.

.lohn Edwards VK4IE
Queensland Australia

FM Repeater Handbook available from Editors
and Engineers, Ltd., New Augusta, Indiana
46268. Price is $6.9S ppd.

Author Talkback

This reply will try to straighten out much of
the misconception WA8ASQ read into the Carrier
Suppression article on Pg 22, Dec issue, as
obvious from his comments in "Boos & Hisses"
letter, Pg 12. Feb issue.

First, I find it most interesting that this
repairman makes his bucks fixing amateur gear.
The fact that he charged a fellow ham 35 bucks
to adjust his carrier suppression to a below 40 dB
level tells me a lot more about the kind of
operation he must run than does his whole letter,
which reveals an awful lot. For analogy, the $35
represents at least 10% of the new cost of a
transceiver. For analogy, this simple procedure is
about as difficult as adjusting the headlight
aiming of an auto. Can you visualize a bill for
10% of the car value, $3000 for aiming the
headlights? While I can't claim such prodigious
credentials as "repairman," I am a registered
electronic engineer that did design some of the
latest tactical communications systems for
Vietnam, so maybe we can talk OK.

Seriously, though, most anyone can tinker a
set into tremendous carrier suppression on the
bench. My article didn't say this couldn't be
done; it said that a very good set will consistently
have carrier suppression of only about 40 dB.
Take one of his tinkered specials into an environ­
mental chamber, vary temperature, voltage, and
bang it about some, and see where his carefully
nurtured 60 dB ends up. Or,just let the rig cycle
in a typical ham shack for a few months; same
end result.

The comments about final bias and carrier
leakage are a severe case of not reading what is
written. Please reread the actual article, with bias
filters removed OM.

The $2 mike mentioned works as claimed. I
suffer no problems of receiver alignment as 1 used
a rather elaborate audio frequency spectrum
analyzer to show the actual spectrum coming out
of the transmitter with expensive mikes and
others, to find there is no discernible difference,
in fact, after passage through a 2 kHz SSB filter.
What I said may make a guy that peddles
expensive mikes to unwitting SSB set owners
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unhappy,' but facts seldom make merchants
happy.

The article makes no claim that 200 PEP is
equal to 100 CW, although this interpret~tionby
the critic is not so farfetched as his other
comments. My apologies for condensing the
writing so much that this lumping occurred to
insinuate these two are equal. Actually PEP has
no real universally accepted meaning except
when using a two-tone test and as a rating on
equipment. Even then it means little since the
distortion limits on ham gear are never men­
tioned. Raise the distortion limits you are willing
to permit, and you can raise the PEP rating of
any rig. However, since Mr. Kirsch is int~rested in
edification, let me proceed. I have a linear that
deliberately uses very unregulated voltage on the
plates to give a form of audio compression. The
absolute maximum the power supply puts out on
CW is 900 watts input. However, on voice peaks,
it puts out well over 2000 PEP, and this sounds
fine because the collapse rate of the input DC
voltage is about the same as the rate of compres­
sion allowable in successful audio compressors.
This of course is a design of my own, which takes
advantage of the characteristics of voice wave­
form compared to sine waves.

I'm sorry that my factual and practical article
may steer some Novice hams away from Mr.
Kirsch's $4000 repair bench, but that's life. I can
understand his position, but that doesn't make
me forgive him. Incidentally, a single spectrum
analyzer adequate to measure SSB spectrums
costs about $5000, so his bench does not awe
me. I'll pass, but say that any ham that worries
over a carrier suppression that is only 40 dB
down is either a Novice or he's playing around,
and has little better to occupy his time.

E. Dusina W4NVK

On QRM and Passina: Exams
Frequently I cannot agree with some of your

"advanced" thinking; but I am only an ordinary
person. However, your excellent suggestion to
use some brain power and go "where the QRM
isn't" seems like excellent common sense. Like
any brilliant idea, it makes the rest of us wonder
why we didn't think of that instead of just
growling at the ills of the ham world.

Your magazine's excellent articles on taking
the higher class license, case history and cure for
common TVI and audio TVI help ham radio. If
only the growlers would put their energies to
building themselves up rather than howling at the
moon, how much faster we hams would progress
in all phases. I was always zero in math and had
nothing to do with electronics but when the rules
of the game were changed I studied, boned up on
the CW, and got the Extra. CW may be a "dead
science" but it is a good mental discipline and
test which any serious ham can pass. In fact, it is
about the only practical "barrier" to the Memory
Experts who know nothing about ham radio but
memorize the Q and A, pass the nominal CW
speed, buy a packaged station, and get on the air
as legalized 'diddlers." For those who feel the
ham rules are unfair, there is always CB or
tiddledy winks.

Keep throwing "out the sparks" even tho we
may throw water at you!

K.A. Fichthom WIFK
Southinlton CT
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Samuel F . Warnock K8NLM
Dayton OR

3 .95
KEY

An p,ice. F.O,B, All weighu lillad .... net, Plea. a llow 10. peck-Uing.
Pi....,., anow enouglt for post age . We wi ll ,eturn .n... ""a.

GATEWAY
ELECTRONICS

6150 DELMAR BLVD., ST. LOUIS, MQ 63112
314·726 ·6116

BUR G L EA ALARM FOIL TAP E - 30 0 foot
rol l.
Sh ipp i ng wt. 1Y, lb $ 3. 50

MAGNETIC S W I T C H ES - SPS T
~ ~~t ing w f , Y, lb $ 2 .50

Sh·· y, Ib $,ppm g wt. . .
BURG LE R ALARM S H U N T L O CK
S WITC H

Shipp in g w t. 1 lb $ 4 .30
BUAGL E R A L A R M SI R E N 11 5 VAC

Sh ipp ing wt , 10 lb $ 36.50
BU RG L E R ALARM S I R E N 12 V D C

S hipp ing wt. 10 lb $ 2 5.7 5
BU RGLER ALARM SI R E N 6 VDC

S h ip p i ng wt. 10 lb $ 25 .7 5
BUR G L ER A L A R M 6 VDC · 10 inch BELL · in

t amper p roof b ox .
Sh ipp ing wt . 20 lb $ 2 6. 5 0

BU RG L E R A LARM D O O R C O R DS ·
Sh ip p ing w t .1 lb $ 1.00

HEWLETT PACKARD MO D EL 330 B DIS ­
T ORTION ANALYZER .
Ship pi ng wr . 100 lb $250.00

R CA M ODEL WR41B UHF SWE E P G EN. 470 ­
900 MH z.

FIEthr?~!PM E~·G2.p~bM EiER' AN'O'RE~E?$EO~
CO M B I N A TI O N - M odel IM -117/URM91 .
t unes lB t o 125 MHz.
S h ipp ing wt. 65 lb $250.00

D Y N A M IC MICR OPHON E - new - high imped.
-high queutv -tor tape re corder etc. with
off/on switch - Model DM65.
Shipping wt. 1 lb $ 2.95

Minimum order $5.00. Sorry. no catalog at this
time. Write for specific items. Watch for ow
ads in 73. Stop in and see u s when you're in St..
Louis.

RG 196 AU so oh m teflon co..iIIl (:IIbla, Outside dillmet..- .080" RF
10D .29 db pe. foot at 400 Mhr . Silva. p l..,8d .,iftk!ing ..,d conduC1or,
UII8d fo, inu, n" chnli. wi'ing, antanna coupling. RF cou pling bet'wMn
n ....... a tc , Rando m I""gtht from 35 foot to 150 foot . Colors : bl8Cl<. 'lid.
brown. blue . g...... . o 'ange. Regul. pr;c.. 230!~ foot. Ou' pri(:ll 5t! per
fOOl $3.00 per 100 ft.
456 Khz cere mic fi l18.. tvpe 8F-455-A. Th_ filt.... will Nip to th...pen
tha .Ieeh"itv o f mort .u ul ing 455 Khz IF 'L U• .,,"" CIIt~ billl
,etillo. in pl_ o f a capac itor. 0' in n..,tinorizlld ten. .,,0. the amitter
bi. , ... iIlO'. Imped. nce i. 20 ohm. et "55Khz" DC ,..in..,ce it ;n l in it a.
lmp«l..,.;e incr_ 'epi<llv • you I...... 455 Khz . Plan you, o wn l C
filt... ci. cu iU.t "ery low COlt
10 lor $1 .00 25 for $200

TOROID POWER TRANSFORMERS
, T-2 Th i. to'oid w81 de-$igned for use in a hyb'i<I F.M. mobil. un it. uti ng
a ,ing le 8 647 tube ;n the RF .mp. fo , 30 waru oUlput . $chem8lic in-­
eluded, 12 VDC p,i. u. ing 2 N1554', 0 ' eQuiv.lent. Sf!<:. 11 500""111 DC
Out aI 70 want. Sec. 112 ·65 vol1! DC bi as. Sec. 13 1.2 vo lt. AC fo,
l ila menl 0 1 8647 lube. Sec. , 4 CfT fe«! back winding fo, 2N t554·•. 1%"
th ick. 2'110 ' · dia, $2,95 ea, ·2 for $5,00
, T·3 Has a poMlered i,on cere and it b u iltlik . a TV fly beck transformer .
O pe' lII .... at about 800 CPS, 12V DC P, i. u. ing 2N442·. 0 ' eq ui". I.nt. DC
ou tpUI 01 VIDBl R 4 75 "0110 90 wam CfT feed back wind ing fu, 2N442'1

$2.95 n . ·2 fo, $5.00

TOWER
COMMUNICATIONS

1220-22 Villa sr.. Racine, WI 53403

TRANSFORMERS
P·7 11 7 VAC P, i, Sec ,/11 8 5 VAC @l12Qma. Soc./263VAC @l4A
Double Hal l Shell Mail Bo. Tvpe, S X 146 type , 5275 n, -2 fo, 55,00
p .g 117 VAC P,i. Sec. , 9 00 VAC @l300 rna. Set: . ' 2 100 V" C @ 10 ma
BiM, Sec, ' 3 12.6 VAC @I AMP. Wt . 1 6~ IhI. Doub le Half She ll 54.SO
P·l0 11 7 VAC p,j. Sec. ' 1 960 VAC C.T. @I 160 me. SII(;.'2 425 VAC
C.T. and t ap D1 100 VAC 10 .... Bi.... Sec. 13 12 .6 VAC i' 4 5A Dou b le
Shell Ma il Bo. type. WI, 8t.; lb., 5 3 .15
Ou tpu t trant/o,me". all ty p.... 59 ce<lU 0 ' 3 for 51 .SO
OT·l T'an.i.to' TO·3 Powe , Diamond. . Imp. 15 o hm. to 3 2 o h..... DC
R.... P,i. ,60hm. Sec. .3 o hm,
OT·2 P,i, imp. 1000 o hm, Sec. 3-2 and 500 o hm fo , Phon", o. 70 "olt
line 3 wan•. Full " ie ld ed Double Half Shell ,
OT·3 P,j . imp. 5500 o hms, Sec . 3,2 ohm•. SC122 type

In the February 1970 issue, page lO-Letters­
TVI Case-Daniel G. Willis, SSgt. USAF wrote an
inquiri ng letter about Grid W4GJO' s TVI suit.
There are withou t any doubt many hams and
others interested in the sta tus of this mo st
interesting case. Your answer was b rief and
incomplete. Do yo u know how this case sta nds at
present? Your issue was scanned but no o ther
art icle was found referring to this casco

The case has been dropped. but Grid is
holding the bag for a good many hundred s of
dollars d ue to the lawyers fo r preparative infor­
mation to defend him. This kind of a lawsuit
could be filed agains t any of us with the present
cond ition of the laws.

G rid needs or could use th e help of all those
interested ; first, to balance th e present account,
and second, to b uild up a condition where others
will be protected from some crank.

We heard a pre tt y complete report by Grid at
the Sarasota Amateur Radio Association meeting
on January 20th. Grid will accept any contri­
butions from ind ividuals, publications, and manu­
facturers. The amou nt received over that neces­
sary to pay the lawyers will be placed in escrow
to cover ex penses for their futu re plans.

This much information should be published
and any further information can be furnished by
Grid himself. His address is The Ham Shack,
1966 Hillview St., Sarasota, Florida 33579.

A . Howard Ettinger WN4NJJ
Sarasota FL

Thanks f or keep ing us posted. 73 wants to know
all the details of all such lawsu i ts. The more
they're publici zed, th e easier help will be to com e
by.

Just fini shed read ing th e February issue of 73
for the umteenth time and I mu st say you sure
can put a lot of printed material in such a small
magazine. I am in the hospital and have all the
time to read that I wan t and I have learned a lot.

I would like to sta te my thoughts on the
incentive licensing. I am not in favor of it at all .
There are many operators who are physically
handicapped as I am and amate ur rad io is a grand
hobby to be interested in to help one relax . Due
to my physical cond ition I am un able to go and
take an examination for a higher class of a
license. I don 't think it is fair to take so much
away from those of us who are unable to get a
better license. I have listened o n all the bands and
there is a clear sho t without QRM o n those
"special people" bands and where us ord inary
folk ge t crowded in together and have a rough
time. Dayton OH

Re: Jan. 1970 Issue

After reading " Fascina ting Fundamentals:
Volta and His Piles" (ZAP), I am naturally
looking forward to your ne xt article which,
sure ly, will be en titled " How to make your own
Atomic Bomb - right in your own back-yard ."
(ZAP!)

I am sure that if your science ed itor had
reviewed the ms before passing it , he would have
made two recommendations: 0) Be sure tha t
your fr iendly gas man sells you a battery mixture
and not a jar filled with su lfuric acid and (2) he
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•
urgently wanted

TOP PRICES FOR :
AN/SGC- 1. 1A Navy Teletype

Terminals.
AN/SPA-4A, 48 Navy Radar

Repeaters.
Call collect for top offer:

213-938-3731

COLUMBIA
SPACE RACE

(Vie have to gel rid of these items
now-'cause we got!a have the space!)

CV ·2 53/A L R 38 · 1000 Me TUNEABLE
CONVERTER
Excel Condo Late Model $150 .00

CO MMA ND R ECEIVERS
190 ·550KC Q-Ser Good Concn non $14.95
1.5-3MC Mar ine Band Exf, Co nditio n.. .. ..•. ...S19.95
3·6M C 75&80 Meters Ex l. Con dition .... .•.... .$14 .95
6·9M C 40 Meters Good Condi t ion.....••.. . .$14 .95

COLUMBIA PAYS CASH FAST
For you r surp lus m ili tary elec t ronic equipment and
all kind s o f lab grade test equipmen t. Wr ite or call
co ll ect fo r top dol lar. Highest cash offers in t he
coun t ry. We pa y a ll stu ppin q & insura nce . Let us
prove to you what w e pro m ise.

COLUMBIA ELECTRONICS
Dept.7 4365 W . P ica B lvd , L o s A n eles Cal. 9 00 19

WE PAY CASH

FOR TUBES
Lewilpaul Electronicl. Inc.

303 Well (relcent Avenue
Allandale, New Jersey 07401

Thousands of Parts
Good Business fo r sa le

DOW TRADING CD ., INC.
ELECTRONIC PARTS & EQUIPME NT

1829 E. HUNTI NGTQN DRIVE
DUARTE. CA LIFORNIA 9 1010 357·3763
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wou ld have Tel.:0J11111ended the purchase of
hydrometer (which the friend ly gas man abo
sell ..).

I thin k also that your science edi to r should
ha ve inserted the following precau tio nary
note: T he autho r ment ions bo th "a ba ttcry-miv"
and sulfuric add in t he "arne breath. He
undo ubted ly means a diluted solu tion of di stilled
water and the add which can be checked as to its
specific gravi ty wi th the hydrome ter. which
should read : 1.84 for a proper mixtu re.
Also : Concen tra ted su lfuric acid should be
mixed with wa ter by pou ring the acids slowly
into the water. Never pour the wa ter in to the
concentrated acid as a la rge quan tity of heat will
be libe rated. T he acid may thus spla tter and be
dangerous. Please remember this whe n you issue
the art icle on the making of the bomb : Some
simple precautions must a lso be taken because
the bomb could also splatte r and become danger­
ous.

D. Alexander

Pro bably the only reason our science editor
didn 't tak e care of all these details is because we
ain't got no science editor.

R ape of Frequencies

I have always been in line with yo ur think ing.
but you r lates t promulgation (do away with all
sub-bands) I consider preposterous! You 're the
guy thai supposed ly rebels at th e me re me n tio n
of be ing forced to do some thing. and then yo u
come forth wit h this. I would ra ther imagine th e
app liance operato r.. would be rea l pleased ! You
speak as th ou gh allhams are sit ua ted as yo urse lf ­
with all kinds of ult ramodern . very expensive
eq uipme nt, which perhaps can cope with a
chao til: cond ition. Hut th in k of the ordi nary ham
with ord inary eq ui pmen t. Where d oes it lea ve
him. were thi s 10 co me abou t? Strikes me you ' re
advoca ting a wr on g co urse. I never sec anyth ing
advo ca ted in ge tt ing who le segmen ts of unused
frequencies occupied. Appears to me tha t Johnny
Q. lI am is an orne ry crit te r. sq uawking very
voc ifero us ly only after some thing d rastic hap­
pens. I never hear anyt hing above the firs t
hu nd red kll z on 10 or 20 cw. and the lop 3 ~tH z

on 6 arc pre tty barren. And the rape of 40 meters
is pretty disgusting. Back in th e 5 mete r days I
had a rig on app rox. 59.8 MHz because eve ryone
seemed 10 hug 56 ~IHz . I had no tro uble mak ing
con tacts. 1I0w many rigs will be fou nd on. say.
53.8 ~IHl ? C\\ ' on 2 way up on the tip is just a
joke (anothe r example of brainy p lan ning"). Le t's
not compound a bad situa tion.

Iver Paulse n WIQL
Woburn MA

If you look again at 6, you'll find consider­
able activity above 52 MHz. 52.525, 53.68, and
others have become national FM channels.-Ed.

The T oilet F loat Revisited

I enjoyed \\' 3K ~G 's article "The 20 meter OX
copper ball antenna" on page -to of the January
1970 issue.

I have found the answe r to his toilet float
problem and also. by the way. solved many
o thers at the same time.

The people that copper pla te baby shoes can
copper plate the new plastic floa ts. Of cou rse.
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kOC e1Y' " \Ilk" WOfld-WMk .
k tce pllon 51'0" , 10' Com~"to ... . l ight . Nl!.lIt, Wutherpl'ool .
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G&G RADIO nECTRONICS COMPANY
-47 Wanen 51. {2nd fl. ) New Yorit , N.Y. 10007 Ph. 212·267--4605
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..... II1.-lly. 150 ott... coil. Slz.. 31 or .. It 1t' . ShPI; ..1 3 lb• • NEW $3.95
BC-605 INTU PHONE AMPUFIU E..lly c......"rted lo borne or oUlce
1nur<:0UI .,.loIm. u pal, <Jl 161' wbe• • dellnrtnc 10 ",.l~ III .udlo
p""'u. Brud N ' 2.n Excellenl U_..•.••••.• 11. 98

McElROY AUTOMATIC KEVER 9uiU.bl. fo r ke)'I"i Iran . ml lle r or lor
oode p ractlc• • H.. photo-elec lr lc cell.nd un. llive r e l. y. $12 95
110 v 60 cycle " c. Complele wllh lubeo, Excelleol V.e<! • • • • • •

Pf·219 BAnERY 'CHARGER Chl'ie one o r t'Wo 6V ballerleo .1 1 amp• •
from 6, U or U vol l ..... rce. U.e. 00" phIl-in vlbnlor . Compl..te wllb
10' p""'er cord, In metal c.... 11 It 10 • 5t " d eep. .. .. 95
We1ghI"Olb• • Sip" Corpe equ l"",..I. NEW•••••••• •••••••• ~.

NEW G&G CATALOG!
MILITARY ELECTRONICS

BC-645 TIAHSOIVEI n tube;'. ..36 10 600 we.
E..I1)' adapted for 2 wlOY voice or co;le <Xl H .
Mobile, Tel... l. lon E"P"rimenuJ., and ClUe .
Band•• WICIl lube . , Ie.. power ...ppl.y $16 95
In f.ctory cUIOn. B RAND NEW... ... . •
SP ECIAL PACKAGE Of"n R; BC-6t$ Tun. celver. Dyn otor and all
acou.ori... Includlnc mounlll>C. UHf" ten " ..e",bU cOlll roi boll,

~=~;.~ .~.~~~~.r:.~.~.U.':: $26.95

VIB RATOR POWE R SUPPLY for aboo •• 'V. nv ar
2tV (. pee lfy whell o~rl..I, Uke Ne"' .. .. f6. 9!>

2i P AG ES, cr.mlMd "'lUI 0 ""' 1 9lI rp1 ... J:laclfOl>1c oear • CIllO ......
Bal'lal ll B..,. In 1"" u te.1 II ",ill paJ you 10 nND 2~ 10' you r copy
ReI..lIded ",lUI your flnl order .

BC~59 fM TIAHSMmE./IEQlVfI
21 10 38.' we. XuJ. coat.rol .., any two pr-Hlected
cllannd.. 80 ctt l.. Complete wllb 13 wbe.

~~::: ~~:~.:1.$ 1.2.'.~~:: $23.50

~.~ ~~~~I:!I~~·I1.:.~• •1.'.0:.&.':.~:. ~.o.~:'::~~ •• $12.95
...../ .u.. ·2 .KllVfl 2.U-2!>lI Me•• Ttaaable, complete,..j lb 11 lube.
E:lCellent U.ad ••• • • •• • •• •• • •• • • •• ••••• ••• •• ••• •• • • • •• • • • • • •• lS. n
BRAND H'EW. UlCludlflC dylIamotor $

when you buy the plastic float you must ask fo r
a low-loss type (perhaps Teflon"). If the 32 ft
coun terpoise is replaced with a mobile whip with
a 40 meter resonator on it, it will still be an
elec trical 32 ft bu t much more conve nient in size.
Finally , if the entire shebang is wa ter-proofed
wit h plastic sandwich wrap , everything can be
left in its normal place, wh ich doesn' t di sable the
facilities.

This takes care o f people with a Genera l or
higher class lice nse, but wha t abou t us poor
Novices? I'm an 80 me ter man myself, I was
thinki ng abou t having the baby shoe people
copper plate the entire toilet but my folk s are
becoming very down on ama teur radio. Perhaps
with your greater facilities you cou ld carry the
ball (no pun) and develop this idea to it s full
potential. Maybe you could develop a band ­
switching version of this antenna.

Clifford M ajor WN2KDO
599 F o ch Boulevard

Williston Park NJ

Massive wri te-in campaigns have been flops in
the past in every instance tha t I can remember.
About the on ly even t that has brough t o ut the
vote, so to speak, was the incentive licensing
proposal, and that mass of letters was entirely
ignored by the FCC.

There are things that can be done to help get
that mass of QRM off 40m, and I have written o f
them in my past editorials. Sin ce deliberate
interference to the o ffendin g broadcast sta tions is
illegal, it is difficult to come out stron gly in favor
of this in an editorial. This might have an effect.
A more likely attack on the problem would be
thro ugh the tourist department. If the American
ama teurs started writing to the heads of tourism
of the governments jamming our 40m phone
band we might have a chance of some favorable
action. We co uld then get frien ds an d neighbors
to send letters, write a bout it in the papers, talk
about it over the broadcast station s, etc. Th is
could carry a lot of weigh t. Copies of the news
clippings and copies of the letters should be sent
to the officials of the airlines serving the cc un­
tries...or their national airlines, if they come here.

This may sound like a lot, but one single
person could organize it, if he decided to take the
matter into his own hands.

I am sure that we could com e up with a lot
more good ideas which would put pressure on the
SWBC stations.

Please let me kno w what you hear from
Hun toon . I would love to be pleasantly surprised
by a favora ble reply from him to your suggestion.
I do not expect to be surprised.

. . . Wayne

SCOOP!
Watch for Linear Systems' all-new S8-35 trans­
ceiver, to be unveiled at the Harrison Show this
mon th. Diane Shaw, 73 Advert ising Manager ,
got a "snea k preview" of the transceiver
recently when David Bradl ey gave her a to ur of
Linear Systems' Watsonville, Calif. fac ilities.

Guaranteed top money tor any piece 01 s... rplus
equ ipment . Payment 10 24 hours. We also pay ship·
ping. insurance. Call collect or send li st lor Quick
Quote. SPACE ELECTRONCS CORP. 11 Summit Ave.
East Paterson, New Jersey . (20 1) 791 · ~5 050

FT 243 CRlfSTALS
3000 to 8500 Khz.
:t 2 Khz. $1.25
:t .01 'l:. 2.50

Su rface mail 6c, Air Mail 10c extra
DENVER CRYSTALS

RI. 1, Box 357 Porker, Colorado 80134
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* Price-S2 per 25 words for non-commercial ads; $10
per 25 words for business Y.ntures. No display ods
or oCjJ."cy discount. Include yOllr check with order.

R, Electronics
BOX 1201
CHAMPAIGN, lL 61820

... , ."'" 3 "~. "- ' " A mp~. ". ." ... ."•00. .00 ... .,. ."'00. ". ... ' 00 '"_.
'00 '" 2 ." ..._. .00 '00 '" ,,,_.
'00 '" '" ..,

NO SA L ES T A X - WE PA Y POSTA GE

PARK ELECTRONIC
PRODUCTS

P. O. Box 78 N. Salem, N. H. 03073

N 'SPEEC~II
eWe eo m pressor

Increase talk power drasticall,!

lasuU. iDhnilJ, . alwa,s with JOD-

rutd. Mobil, - DXtnJitioning!
Work. with Phonr Patch
Fall, wirtd - Dot. kit
No Holt. IS min. Uuta11.tioD. iD

HWIOO, 58101, 58401 aDd .lb."
Futi year warranty . fTtl littratrlrt

M ODEL RPC-3
$24.9

'

PO STPA ID
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... DeGdll". for ads. is the ht of the mOlllh two months
prior to publicatJoll. For • • omple : January ht Is th.
deodU... for the Morek In.... which will be moil.cl
on the 10th of Februory.

* Type copy. Phrase and punduate exactly as yall wish
It to oppeor. No oll.copitol ads.

* We will be the fudge of sliitabllity of ods. Ollr re.
sponsibillty for erron e.te nds only to println9 a cor­
rect od In a later bsue .

* For $1 ea:tra we can maintain a reply box for yOIl .

* We cannot check Inh each advertiser, so Cayeat
Emptor • . •

END CARD PROBLEMS F rame, protect, store
or disp lay 200 QSL's in 20 card p lastic holders
for $3.00, prepaid and guaranteed. Te pabco , Box
19B, Gallat in, Tennesee.

SB-300 j ust recond it ioned-$200; T -60-$25 ;
Eico 722 V FO-$25; 0·104 w ith G stand-$25;
Lightin ' Bug-$1 5; Gotham V-BO vert ical w it h
roof stand-$ 12; tnstructograph w it h tapes-$25.
Chr is Bagby , 79 2 T echwoo d Dr ive, Atlanta GA
30313.

SWAN 250 AND SWl17-C power supply. Shure
444T mike, S.W.R. bridge, Squale, coax. Al l
excel lent condition, never mobi le. $275. f.o.b.
Chicago. T im Sul livan, 8757 W. 85th St. Just ice,
I ll ino is 60458. 312-594-6 180.

TECH MANUALS TS-173/UR. TS-323 /UR ,
TS-175/U, SP-60Q-JX. $5.50 each; R-390/U RR,
R-39 0A / U RR, OS-8C/U, R-274/FR R, $6.50
each. Many others. List 20li S. Consa lvo, 4905
Roanne Drive, Washington DC 2002 1.

10 COMPUTER GRADE ELECTROLITICS
56.50 postpaid values on hand 1000 mfd
150VDC, 1250 at lBO, 3000 at 40, 500 at 200
and 250 at 350. 8 assorted PC Boards $2.25
postpaid. Lots of Diodes, Transistors etc. 1 455
KC IF Transformer or 1 LCU-3B Filter Part for
BC-603 or 683 Receiver) 51.25 postpaid. James
T . Crawford, 712 E. Park Ave., Charlotte NC
28203. Check W/Order.

OTL IN T EGRA T ED CIRCUITS new-guaranteed
gates 90d", buffers 95d", f lf 51.05, dual fit $1.50.
Add 20d" postage. xistor heatsinks-tow prices.
Complete lists available. Mitch-Ian E lect ronics
Co. Box 4822 Panorama City, Cal it. 91402.
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HW100ISB101 OWNERS New solid state preamp
module boosts mike gain for more effective ALC
$3.95ppd. 25kHz frequency divider module
$5.95ppd. Reiss, RFD " Storrs CT. 06268.

ROCHESTER, N .Y. is again Hamfest, VH F meet
and flea market headquarters for largest event in
northeast. May 16 , 19 70. Write WNY H amfest ,
Box 1388, Rochester, N.Y. 14603 fo r program
and informati on .

DOW KEY #60, 12 vdc. new, $ 10. T R-108 , $85.
OX 60, $35. V-44, $ 10. WA9BYR , 627 Dundee
Ave.• Barrington I L 600 10.

RTTY GEAR FOR SALE . List issued monthly.
88 or 44 MHy torroids 5 for $2.50 postpaid.
Elliott Buchanan & Associates, l nc., 1067
Mandana Blvd., Oakland CA 94610.

NOVICE CRYSTALS : 4().15M $1.33, 80M
$1.83. Free Flyer. Nat Stinnette Electronics,
Umatil la FL 32784.

GET YOUR " FI RST l" Memorize, study-" 1970
Tests-Answers" for FCC First C lass License. plus­
"Self-Study Ab il ity T est: ' Proven. $ 5.00. Com­
mand, Box 26348-5, San F rancisco CA 94 126.

73 IS AVAILABLE to the btind and physica lly
handicapped on magnetic tape from: SC IENCE
FOR THE BLIND, 221 Rock Hill Road. Bala
Cynwyd PA 19004.

SUPER GAIN (RI ANTENNA much gain, makes
exciter sound like linear. See pgs 8 & 144 ,
Oct.73. GUERI LLA (R ) high efficiency an t. See
pgs 57 & 11 3 . June 73.

"TOWER HEADQUARTERSI" 11 brand s!
He ights alum inum 35% off ! St rata cran k-ups, low
cost ! Rotors, antennas and gear discounts. Phone
patch $ 11.95. Catalog-$ .20 postage. Brownvi lle
Sales Co ., Stanley WI 54768.

GREeNE. . .center dipole insula tor with ...or
without balun...see 73, November '69 , page
107.

5 x 8" PC BOARD, 1542 labeled solder points.
Twin-tracks. 39 Rows, 3 Power loops, YOURS.
Post paid . $2.95 with order No.1-2-1 000. Bert
Adams Enterpr ises P.O . Box 101 Miami FL
33152.

INDIANA'S MOST PROGRESSIVE HAMFEST
Sunday, May 24, ra in or shine. Sponsored by
Wabash Co. Amateur Radio Club. Wr ite Bob
Mitt ing, 700 Centenn ial. Wabash IN 4699 2.

SALE : Clegg Zeus $300 and interceptor $325;
Drake TR4 with power supply $500 and R4B
$325; Olson "6" with L afay ette 6 & 2 VFO
$100. All mint condition. factory manuals and
cartons. Any reasonable offer considered . Barney
Scholl, 16 55 Kimberly Road, Sharon PA
1412·342·44621 .

AUCTION. NORTH JERSEY really different ;
new equipment booths, prizes; foo d and drin k
and bargains galore. Su nday afternoon (A pr i l 19)
f rom 1 p.m. til dark , at the Arbor Inn, Ro ck A ve.
and 7th, Piscataway NJ. Easy to reach from R t .
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James Research campany,dep't: AR- K
20 willits raad, glen cave n.y, 11542

REGUL. PWR SPLY FOR COMMAND, LM, ETC.
PP·106/U: Mete.ed. Knob·.djUl t.ble 90·270 v up
to 80 m. de; .lw setec r en AC of 6.3 v SA. or 12.6
" 2Y. A or 28 " 2Y. A. With m.ting output plug &
ell tech . dete. Shpg wt 50# 19.50

BARGAINS
WHICH THE ABOVE WILL POWER:

lM·(-) Freq . Meter : .125-20 MH z, .0 1%, CW
or AM , witt'! seria l-matc hed cal ib. book, tech.
data, mating p lug. Shipping wt. 16 Ibs.
Checked & grId . . 57.50
TS·323 Freq. Met... : Simil . r to . bo". but 20·480
mhz..001%. With cee _ 169.50
A.R.C. R11A : Mod. rn 0 ·5'.. 190·550 khz 12.95
A.R.C. R22: 540 ·1 600 khz w/tuning gr.ph 17.95

HIGH-SENSITIVITY
WI DE-BAND RECEIVER

COMMUNICATIONS...BUG DETECTION
, . ,SPECT RUM STUDIES

38·1000 MHZ : AN/ALR -5 consi sts of a brand­
new T uner/ Converter CV-253/ALR in or iginal
factory pack and an exc. used, checked OK &
grtd.. ma in rcvr R-444 mod if ied for 120 v,
50/ 60 hz. T he tu ner covers the range in 4 bands
and each band has its own A nt. input plug
(type Nl. Packed w ith each tuner is the factory
ch eckout sheet. The one we opened showed
SENSITIVITY : 1:1 uv at 38.3 rnhz, 0.9 at 133
mhz, 5 at 538 mhz, 4Y: at 778 mbz, 7 at 1 ghz .
The rcvr is actually a 30 mhz IF ampl . with all
that lollows an IF, including an S meter. Has
Pan, Video & AF outputs. Has a calibrated
attenuetcr in 6 db steps to -74 db, also AVC
posi tion. Select pass of ±2oo khz or +2 mhz.
AND SELECT AM OR FM! We fu rnish Hand ­
book & pwr-i npu t plug, al l for . . . $275.00

SP-6oo-JX{ -, Revr: 0.54 m hz, the popular
late -type Hammarlund Supe r -P ro, ali gned loooartd..c
axe. pt'! ysieal cond it ion too , w it h book . 3.c::5 .0u

R-390/URR Revr: Co llins x t t-svnt hesizinq drift·
less receiver. gr td 100% perfect 795.00

S2000 MASTER OSCIL, XMTR OR RCVR
TMC VOX-2 (0-330/FR) 2-64 MHz V FO,
read out to 7 places. Resettability & stability
better than 20 ppm. Xtal in double-controlled
oven. calib. each 50 kHz, plus 6 xtet-con ­
trolled freq . Po ' to 75 ohms 2W 2-4 MHz
(fund.), 0 .5W 4-64 MHz. Replaces x t a! osc in
xmtr or use as local osc in rcvr , Exc. cond o
w/a ll tech data .. . .• ..............179.50

R, E, GOODHEART CO.. INC,
Box 1220·GC, Beverly ,Hi lls, Cal if. 902 13
Phones: Area Code 2 13, Office 272·5707
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ARC-5 REVIVAL

22 turn sout h on Rock A ve. 1~ miles; spo nsored
by Tri-Country Radio Club.

WIRELESS SHOP- new and reconditioned equip­
ment. Write, call or stop for f ree estimate. 1305
Tennessee St., Vallejo CA 94590
1707·643-279 71.

TWO REMINGTON SYNCHRO TAPE
MACHINES for sale. Price for both $240, plus
shipping. No instruction manuals. R.Lee K4BAP,
660 Po insett ia Ave.,Titusville F L 32780.

RAGS hamfest Syracuse, New York, Apr il 11 ,
19 70 at Song Mountain. Box 88, Liverpoo l NY
13088.

WANTED: Used D rake T R·4, b lanker prefe rred ,
AC-4 and DC-4 . Perfect operating condition
wanted. State price. W 1FTE Skip Colton, 222
North St. Windsor Locks CT 06096.

Ueed

$1 2 .00
10.00
10 .00
12 .00

Reco nd .
$ 13.0 0

1 2 .00
1 2 .00
14.00

Trans.
3 -4 Me
4 -5 .3
5.3-7
7 ·9. 1

Receiver

19 0 ·5 5 0 15 .00
3 -6 14. 0 0 1 2 .00
6 -9 14.00 12.00

All of the above w/conv. sheets.

Midset style , brand new, 4.5-100
mmfd. "~'H.~..3f$l.00 12/$3.00

APe GRAB BAG

Unused assortment of various sizes and styles.
Thousands on hand & barga in priced.

5/$1.00 30/$5.00

2 METER ARC·3

FOR SALE Drake 28, 2BO, 2AC, All cry stals,
m int condition. $2 10 postpaid. Jim Gy san, 53
Lothrop St. Bever ly MA 0 1915.

AN-APR 4Y AM·FM RECEIVER converted 120
Volts $39; CV-253/AL R tuner 38-1000mcS129;
TN 19-APR4 tuner 9 75·2200 MC $29. Package
$ 150 . W ill t rade . R ichard E . Mann , 3209 Melan ie
Or., Des Moines I A 50322.

8000 PI V 50ma DIODE

TR ANSI STOR AUTO RA D lOS

Just uncovered a batch of the famous ARC -3
rcvrs & xrntes with all tubes. Range 100·156
me. 8 xt! channe ls. Cheap way to get 'on 2
mete rs , CD nets , MARS nets, etc. With con.
vers ion deta ils . Revr $1 5, Xmtr $15;

both units $25.00

S m a ll siz e about the siz e of 2 watt resistor.
Use 'em as sco pe rectifier , geiger counter
su p p ly , photo multiplier, etc . Up-grade
y our equipment. Made by Paifie semi­
co nduc to r. Act ual cost ecp ro x . $30.

$ 1,00 each 12/10,00

WANTED: E ico 751 supply . Sell: B & W 850A,
DB23 preselector, UTC 5 -47 plate, T hordarson
T 21 M64 mod, xf ormer 7' te letype rack . Make
offe r. Jim A lley, Trout man NC 28166.

WORLD RADIO'S used gear has t rial-guarantee!
DuoBander 84 $99.95; HW22 $79 .95; HW32
$79.95; NCX3 $159.95; Swan 250$199.95; 350
$279.95; Galaxy 300 $ 139.95; HT32 $199.95;
200V $ 399 .95; SX 10 1 $159.95; H0170
$179.95; Drake 2A $159.95; 28 $ 179.95;
HR0 50 $ 129.95. Free " b lue-book" li st for more.
3415 West Broadway, Council Bluffs IA 5150 1.

HOT CARRIER DIODES, New HP 2800, 90<,
12/$10 pp. H AL Devices, Box 365L, Urbana I L
6 180 1.

OP AMPS: T exas Instruments SN72 709N (D IP)
$2.00 each, 6 /$ 10 .00. Add postage. HAL
Devices, Box 365L , U rbana I L 6 180 1.

INTEGRATED CIRCUITS: N ew Fairch ild Micro­
logic, epoxy TO-5 package. 900 bu ffer, 914 gate,
60lt each. 923 J-K f lip-f lop, 90ri each. Guaran­
teed . Add 15lt postage. HAL Dev ices, Box 365L,
Urbana I L 6 1801.

•

eTR mOdule - d igital data sto rage element
used to make sh ift resisters, ri ng cou nters,
temporary da ta storage bu ffers, divide by
10 counter, etc. Unused modules designed

~~~s~~~~r'ed:r~:n~e~~~k,m=l~ n~~~S ~~re.;
modu le about 3/4 inch square. Data w ith
eac h. .le T R $ 1.50 or 12/$15.00

CORE ·T RANSISTOR LOG IC MOD ULE

Srlnd n_ fact o . v QackiKl lutomobile riKl io s. vint. arou nd
196 1. 12 volt n~ g.ound, No choir;e of mode's_ T he
" ceQtoonll SfIn,itiyitv of In auto .iKlio "",kas it superior for
use in car. boat , Iruck , camper••te. , whera you . re qui t" I
d,stance I.om .ml, 1000l ion. T h is is liso the best k ind of
radI O to u. with short _ COrl\1r1Il"S.. Each wi th 1a '1II
Of'll.,..1 t'Qu lQrnen t h,·f , speI....r. s~ wilh noise IUQPfessor
kIt. Hogto q U, lIty. most I'nade to wll in l h l $ 100 range. A 'AI
" fInd," $ 15.00

FM MOBILE - Motorola FM T RU140D 12V,
DC, 6(NV Out; 146.94 Simplex 146 .34 -1 46.94
Repeat , comp lete with X tats, Con trolhead ,
cables. $ 135.00. Pick up on ly_ 20 1·462·6327.
K2L1 U .

SPECIAL OF THE MONTH RG 11 A /U Coaxial
mtrs, p lus power supp ly/spks. Model no. 75 1, in
origina l factory cartons, $ 710. Steven J . Bartha.
9 Dixon cr., Sea Cliff, L. 1. NY 11579.

Send 25¢ for Cu tatog 1/70
'r='rJuHN MESHNA JR.

19 ALLERTON ST., LYNN, MASS. 01904
P. O. BOX 62, E. LYNN, MASS. 01904

Above C'q uipm('n! on hand, t~ady [0 sh ip Terms n~1
u sh. Lo b Lynn. Mas~ Many other unusual pic," of
mIlitary su rplus etec eonic eq uipment aee described in

o u l' catalog .
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LIBERTY
PAYS MORE! LIBERTY

OFFERS MORE!
PRESTEL FIELD STRENGTH..METER

IModel 6T4GI

FOB N. Y.

z:1'"
Frequency Range : 40 to 230
and 470 to 860 Megahertz:.
Calibrated outward from 10
to 50,000 Microvolts. Nothing
makes it easier to properly and
speedily find the correct place
to install TV, FM and Cern­
munication Antennas . You can
measure and hear the signals

this 4 V2 volt battery economically powered
There is nothing else like it!

Only $120.00

*Never Anything Like It!

*1 Man Can Do a Better Job
than 3 in the Same Time!

*A Gold-Mine for Antenna Installers!

with
unit.

WILL BUY
FOR CASH
ALL TYPES

• ELECTRON TUBES
• SEMICONDUCTORS
• Military Electronic:

Equipment
• Test Equipment

WIRE, WRITE, PHONE COLLECT! WE PAY
FREIGHT ON ALL PURCHASES WE MAKE

Liberty Electronics, Inc.
548 Broadway, New York, New York 10012, Phone 212·925·6000

Transistors Miscellaneous Items
A4QOO 2N 277 MOl0,ola PNP German ....m A B01 0 2000 O hm Multiturn trimmer . . . . . . . 7 5

Power 55 Wa lls .. . . .75 3 /2 ,00. A9Q04 T O ·3 Power Trans is t o r Sockets . . . 8 /1.00A4 00 1 2N l 18 3B RCA PNP G e rm a n iu m
A9040 Fan Motor 1 10AC . . . .. .. . . . ... 1 .0 0Power 7. 5 Wa ll S .. . . 75 3/2 .0 0

A4002 2 N 12 04 Mo to ro la PNP Germanium • A900 1 Sub-min iature slide switches 3 / 1 .00. . . .
G e n e ra l Pu rp o se . .. . .. . · 5/ 1.0 0 A9003 Fuse HOlders (Panel t y p e ) . .... .. 6 /1.00A4003 2 N2 3 1 PNP G erma n ium G e nera! A9032 Dialco 28 Volt pilot light b ulb andP u rp o se . .. . . .. . . . , .. . · 5 / 1.0 0

A401 8 2 N 1907 Texas Insl. P NP Germ a Assembly . .... . . .... .. . . .. . 3 /1 .00
niu m Power 150 w eu s .... 1.7 5 A9076 Mercu ry wet ted Relay C lare HGP

A 4 022 2N 1546 Motor o la MP 15 4G H ig h
21 1 0 . .. .. . ... ... . . . .. . . . . . . 1 .00Rellab,' ity 90 Wa il s .. ... .. 1.00

A402 3 .n 0 8 MOto ro la Or De lco Sim ila r A 9 0 6 6 Powe rsta t Type l OB 1. 7 5 Amps
to 2 Nl100 40 Watt s .. ... 312 .0 0 ( R e m o ve d f ro m equipment) . . . . . 2.50

A4024 2 N3567 Fa irch ild NPN S ilic o n A90G7 Isolat ion Transformer T r ia d N ·5 1 X .2.00General P u rpose . .. .. . .. 5 / 1.00
A9062 D.C . Serve M otor, 24V, 4 .2 Amps .. 9.95A4 025 MADT Sp rague . .. . . . . .. . .. .. .. ·4 .'1 0 0

A4 027 2N 706A S ylvania NPN Sil icon A9063 N ickel-Cadm ium Batt. , 1.2 5 V, 4A H . , . 2 5
V H' 1 Wall . .. ... .. .. . 5 /1. 0 0 A9075 Reed Sw itc h & 2 4V Coi l SPOT

A 402S 2N 1011 Moto ro la PN P Germaniu m ' (Removed from equipment) .7 5. , 3/2 . 0 0P ower 35 Wa ttS . ... .. . . 3/2 .0 0
A8013 Precision Resi stor 500 O hm 0. 1% .. 3 /1 .0 0

Diode s
A8013 Delay Line , 1 0 -40 usee , Imp.

A 4 005 lN62 9 H ughes P IV1 7 5 30 m a · , · , S / 1.00 20000 Ohms . . . . . .•.. ... .... . 2.00

A. 4006 l N1 2 0 0 S ylvania PIV 106 .70 rn a ·· . 8 / 1. 0 0 A203 1 Mini a ture var , C apacitor 3·75 pF . .3 / 1.00
A4007 1N2326 RCA R ecti fi er PIV 2 0 0.

•100 ma··· . . . . . . . . 5 / 1. 0 0 V"i • IA4 0 0S lN 31 9 5 RCA R e,ni ' ier PI V 600 . '" T-T500ma . . .. . . . . . . . ... 1011 .0 0
A4 0 09 1N3255 RCA R e c t d ier P IV 6 0 0 , A9075 : • • j A 8 0 10

500 rn a . . . . . . . . .... 10/1.00
A403 0 lN 54 1
A4032 I N 3 20 S Mo to rola Silicon Rect ili,,,

In t eg rated Cucc .ts50 Volts, 15 A mps . . . . . . 3 / 1 .0 0
A40 34 l N4 78 5 RCA Stk. No T y p e Case F unctio n Pri ce
A4050 l N2 0 71 S y lvan ia Bu lle t Di ode p ry A3000 '0, T O ' Four inpu t ga te . ..... . ."600. 750 m 8 . .. . , .... .. 8 /1 .00 A30 01 ,,, T O 5 Du a l 2 in p u t ga te .. . , ..1.0 0

A 3 0 08 , ,,
" Dual2 m p ut ga le . .... 1.00

Zener Di odes A3002 ,,, T O ' DUilI3 inp u t ga te . . . . . .1.00

A4010 lN 751 A S . l ·Vo lts. 400 m w ... .. . . . 5/ 1.0 0
A30 03 "3 T O ·5 J K Fl ip Flop . . . . . . . .. l 00
A 3007 3 M4 923 ee J K Fl ip Flop . .... . . . . 1.00

A4011 lN 3039A 62 Vo lts. 1 Walt .. ... .. .. 3/ 1.0 0 A3005 1M4 9 25 " 0 ,-, a 12 input ra t e exo· ..1.00
A4012 1N3822 3.6 V ol ts . 1 Wall .. . . .. ... 511 .0 0 A 3 0 0 4 " , TO ·5 Bu llered J K liP.F lop . .1. 0 0
A40 13 1N3000B 62 Volts. 10 Walls ..... . . . 2 /1.00 A 3 0 0 6 ", " 8uff ered J K F lo p F lop ..1.00
A401 4 1N304 8 8 15 0 Volts. 1 Watt .. . . . . . . 3/1 ,00
A401 5 '4 M 3. 0 3 V olt~ . y, Wan .. . . . . . . . . 411 .00 ( F P - Flat P ac k)

A 4029 1N429 5 .6 Volls. 1 Watt .. .. . . . . . 4 / 1.00
A4038 lN961B SPECIAL W ith eve ry o rder o f ten do lla rs 0 'A4040 1N3048 15 0 Volts. 1.7 rna mo re, choose two more d oll ars F A E E .l Ma lc h ed pair) . . . .. . . . . .. .. 75

L ots of o ther items - .end (0 ' tree tlier; All meA DELTA ELECTRONICS CO.chand ise fully gu aranteed . Please include post- 0
age ; ex cess w ill be re funded.

BOX 1, LYNN, MASSACHUSETTS 01903,

t
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o An tennas
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I Want in fo qu ick? Just check the bo x next to I

the name of the advertiser of yo ur choice in the I
I inde x below. We'11 r ush yo ur name to the firm

so yo u can get a11 the dope direct from the I
I source. (Don't fo rger to include y our nam e and

address at th e bottom.) I
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1
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}If/A NATlONAL RADIO COMPANY, INC.
NRCI 37 Washington St., Melrose, Mass. 02 176

Here's a transce iver desig ned for th e amateur
who wou ld rather spend h is hard -earned rad io
dollar on performance than fr ills. The
NCX · l000 is bu ilt to meet the d ema nds of the
operator who needs and desires a high perfor­
mance SSB·AM-CW-FSK rig with so li d-state
dependability and plenty of power. Add to t his
the convenience of having your t ransmitter
(includ ing linear ampl i f ier) , rece iver, power
supply. and monitor speake r i n a single, com­
pact, sma rtly sty led 59 pound package.

So let's look at the NCX · l000. sta rting with
t he do uble-conversio n, solid state receiver.
A fter the rece ived signa l is p rocessed by a
d o uble-t uned presetector, a stage of A F amptifi ­
cation, and another p resetector, it is app lied to
the first mixer for conversion to the first IF
frequency. T he f irst I F contains passband fil ters
and a stage of ampl ificat ion . A seco nd mix er
then converts the signal to t he second IF
f requency for addi tional processing by a e-oore
crystal-la ttice fi lter and four I F stages. F inally ,
the signal is detected and amplifi ed by four
aud io stages. T he unparalleled high d ynam ic
range lets you tune in weak stations surrounded

by st ron g interfer ing signals. The resul t ? H igh
performance for SSB. AM, CW, and FSK .
Sensitivity of 0.5 EMF microvolt (fo r a 10 db
S·N/N ratlol .

In the transmi tter you' ll find three stages of
speech amp li f ication f ollowed by a balanced
modu lator, a crysta l-lattice filter , a fil ter ampli­
fier, and an I F speech processor tcuooert. A
mixer converts the signal to a f irst IF f requency
for processin g by tw o crysta l passband filters,
and two IF amplifiers. A second mixer converts
the signal to the transmitting frequency where
it is amplified in f lve RF stages before i t gets to
the grid of t he 6 BM6 driver. F inal power
ampli f icat ion takes p lace in a torced-air-coo ted
8 122 ceramic tetrode which feeds the an tenna
through a pi network . Other featu res? Y ou bet!
Grid block keying for CW o Complete metering.
A mpli f ied automatic level cont ro l (AA LC).

So here's a package that can give you 1000
watts PEP inpu t on 80 thro ugh 10 meters, 1000
watts on CW, and 500 watts for AM and FSK.
The speech processo r lets you do uble your SSB
average power output w ith min imum distor­
t ion. No f ri lls with the NCX-l000. Just top
performance.

For complete (and impressive) speci fica tions and details, wr ite:
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"Aslt the hGm who owns a DJ'alte 'l"R-4"
Now with 34-NB Installed ••• $699.95
••• or wrlle for details • • •

"the TR·4 Is the hest rig I have ever
known to he made. Glad to own one."

Dan Tangorra, WA7FWH
Tacoma, Wash.

IIflnally l ot what I wanted I"

Ronald E. lyons, WB2BQX
Oakhurst, N. J.

III superh piece of equipment, no
comments necessary.

C. G. Noakes, G3UHR /V02
Labrador City, Newfoundland

·'Great rll -flrst contact was an ONS
In Belgium."

Bill Busse, WA9TUM
Mt. Prospect, III.

" Best l ear I have had the pl easure of
worklnl wltll. Receiver Is n ceptlon.
ally sharp and stable."

Albert V. Mitchell, WA9BU P
Jeffersonville, Ind.

"Nothing 10 comment, except thai my
TR4 Is a real Jewel, and I am very
satisfied with it I would like to re­
celn the calaloeue of your prOdUCts."

Joe Braz Ribeiro, PY4UK
Monte Carme la (MG) Brazil

"A nry F.B. piece of equipment. Audia
very nice, especially an SSB, which Is
rare."

Thomas F. ToUen, Jr. WB2GZR
Saratoga Sprlnes, N. Y.

"Runninl It with a Mosley "Classic"
beam and proves a most fine and nice
transceiver. Really prOUd of it "

Orlando Escudero 0., CE·3·0E
Sa ntiago, Chile

"Looks 100d-sounds load-very well
pl eased with performance."

Wayne M. Sorenson, WAI3ETl
St. paul, Mi nn.

" Have had Drake 2·8 for three years.
Knew thai TR4 was same Cood Stuff."

Charles E. Bishop, WASm
Columbus, Ohio

"Just whal I Ilways wanted."
Daniel N. Ha milton, WMWXQ

Ash land, Va .

"Why nol build a load 6 Meter SS8 ..
AM Transceiver • •• hurry up, I'm
waltinl."

Harold A. Zick, WA9 lPZ
Creve Coeur, 111.

"EICellent equipment."
W. T. Newell, WB6UZU

Palm Springs, Calif.

"O.K. 100 1100. RV-4: OJt /W-4: O.k.'
Loot: O.K. Very Cood I"

Fransclsco Fau Campmany, TI·2·FAU
Sa n Jose de Costa Rica

'" beaullful piece of equipment. My
second piece of Drake. Th e lirst was
I 2·8 and this sold one friend an R-4
receiver and another a TR-4. We are
Drake·mlnded hen in town . Man,
thanks."

Cha rles E. Boschen Jr., WA4WXR
Ashland, Va.

" I'm sure this, like the other Drake
equipment I have, is the finest money
can buy. YOU MAY QUOTE ME ON
THAT."

C. E. (Ed) Duncan, WMBRU
Greenville, S. C.

" I'm a real happy man with it. Does a
real load fob of l etting thre."

Jerom e D. la sher, W2RHl
Hambu rg, N. Y.

" Replaces my IR_3.1t

D. G, Reek le, VE 6 AFS
Calgary Alberta Ca nada

" Finest performinl lear I have ever
had the pleasure of ope rating."

Milto n C. Carter, W2TRF
lakewood, N. J.

" PS Several months have passed • ••
I now employ IR-4 as mobile unit and
base station. I have 10iled more than
t DOO co ntach , many beinl rare Ox. I
pmlooking forward to owning a second
II nil to be used strictiy for mobile.
To dale TR4 has been trouble·free."

Millon C. Carter, W2TRF
Lakewood, N. ,.

I'Well pleased."
Rev. James Mohn, W3CKD

Lltitz, Pa.

1'1 am delighted wllh Drake lear. This
Is the second of your Iransceivers for
me. I have used a TR·3 In my car for
bout 21h Jears-only trouhle: replac·
ng a fusel"

Guy N. Woods, WA4KCN
Memphis, Tenn.

R. L. DRAKE COMPANY 540 Richard St., Miamisburg, Ohio 45342
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