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RADIO CALL BOXES IN 450 MHz
BAND FOR HIGHWAY SAFETY APPROVED BY COMMISSION

low licensing of call bo x systems on
any limi ted-access highway .

Acti on by the Commissi on AprilS,
197 1, by Report and Orde r. Commis­
sioners Bartl ey (Act ing Chairman ),
Rober t E, Lee, Johnson, H. Rex Lee,
Wells and Houser .

Per Marien borg, LA8PM. reports
that Norwegian au thorities are con­
sidering a formal req uest by local
amateurs to install a 2m rep ea ter in
the vicini ty of Bergen. Amateurs in
the area are report edly op timist ic
about the decision, which is yet to
come. If it goes through, Marienborg
says, several ot her groups will make
similar applic ations. And Norway, like
the U.S., Germany, and Canada, will
have entered the age of repeate rs.

73 R EP~:ATER ON THE AIR
WA IK(iO. the 73 repeater on top

of I'ack Monud no ck mountain in
Peterbor ough, New Hampshire. was
placed into temporary operation in
late April. within minutes after the
snow melte d enough to permit vehicle
travel 10 the summ it of the 2S00 foot
peak .

The repeater, set up with approx­
imately one half mile separatio n be­
tween the receiver and the tra ns­
mitte r, was run ning about 30 watt s
into a new Gam an tenna and, accor d­
ing to preliminary repor ts was fur'
nishing excellent coverage for well
over IO{) miles in all d irec tions, per­
mittin g mobiles in Maine to contact
mobiles down in Connecticut

Tests He being made with a 2S0
walt amplifier to check the coverage
possible with a high power repeater. A
Vanguard preamplifier is being insta l­
led at the receiving antenn a to help
equalize the performance of th e re­
ccivcr to the transmitter. If the cover­
age of t ire repea ter can be extended to
ISO miles this would enable it to
cover virtually all of New England and
Western New York , prov iding a very
useful service.

NORWAY CONSIDERING
REPEATER REOUEST

tha t th is kind of syste m is the mos t
desirable approach to highway safe ty
comm unica tions. The Co mmission ex­
plained that it wished to encou rage
develop ment o f a wide cho ice of
possibili t ies for fut ure co mmu nica tio n
systems, and tha t the ru les it had
adopted allow for th e fu tu re develop­
ment of a system of direct communi­
cation wit h motorists in the ir vehicles.

The Commission made minor mod- IL _

lflcat ions in the techn ical standards it
will requ ire ror the opera tion of radio
call boxes in the 450 MHz band , and
expanded its original proposal. whic h
pro vided for ope ra tion o f call boxes
on ly on the National System of De­
fense and Interstate Highways, to al-

terns and low power com municat ions
devices from all int erested persons
incl uding nun-com mercial and com­
mer cial broad casters, advertisers and
educational institutions. These com­
ments shou ld be submit ted by Ju ne 4 ,
197 1.

A earne r-current stat ion operates
on II low po wer radi at jon device, and
the sta tio n signal, a mod ulated radio
freq uency signal, is con ducted alo ng
dis tri butio n wires to buildings on a
campus. Stations using this technique
are requi red under the rules to usc
minimum power. The sta tio ns were
originall y permitt ed to ope rate under
the Commissio n's 1938 Low Power
rules - a forerunner of Part 15 - and
were inl ended to be used us t raining
labora tories for students in terested in
commu nicat ions arts , with signal re­
ceptlonlimited to the campus.

In 1949, a Notice of Propo sed Rule
Making was issued proposing a li­
censing of th e statio ns under rules for
broadca st stations. Th e pro ceeding
was termi nated in 1964 when it was
fou nd that regulation under Section
15.7 appeared satisfacto ry. 11 was
noted, ho wever, that if fur ther study

The Lockheed Amat eur Radi o Club
(W6LS) recently con duc ted a drive to
raise mo ney to help pay for a kidn ey
t ransp lant operation requ ired 10 kee p
a 10 year old gir l alive. Th e lit tle gir l is
An ne-Marie Haddad of Beaut iful
Downtown Burbank . Th e club raised
more than $2 50 with do nations con­
tinui ng to amve. The opera tion was
successful and Anne-Marie is well
started on the road to full rec overy.
Mrs. Marie Welsh (W6JEP) ran th is
club drive; as the mother of 7 child­
ren, she knows that kids need every
chance they can get to survive and
succeed.
Dona tions were accom pan ied by per­
sonal notes on QSL cards and Anne­
Marie has a fine selection o f cards to
loo k at while she recupera tes. Dona­
lions and card s have been received
fro m 13 states and 5 coun tries. Henry
Radi o of Los Angeles, 73 Magazine,
and an SWL in El Zagazig, Egyp t
provided contribu tions wh ich were
entirely unexpected.

W6lS ORIY( AIDS
KIDN(Y-IRANSPIANI fUND

The FCC rule chan ges will allow
installat ion of can box es along limi­
ted-access highways and major high­
ways. Motorists needin g assistan ce will
be able to ' use the call bo xes to
communicate by voice and tone with
con trol stations. Information abou t
weathe r and road con dit ions can also
he transmi ttcd by tone from road side
sensor devices to cont rol sta t ions , and
this information can then be used to
act ivate highway aler tin g signs for
motorists.

The Commis sion said that while it
was au thori zing limi ted usc of 450
MHz frequencies to meet certain im­
mediate high way safety and emer­
genc y needs, it had no t determined

A t)'pical Signettcs D-MOS transistor
was cut apart vertically , and this
photomicrograph was made to reveal
the cross section of the device. By
diff using opposite dopant impu ries
under a single mask edge. the need for
costly micron-dimension ed masks is
eliminated and l-micron channel
Icnghs fo r microwave performance are
produ ced. The process is simp le and
Inexp ensive.

cha nnel length is shortened, h ut with
standard MOS process tech niqu es, th is
bus the undesirable effect of lowering
the breakdown voltage, a problem
which is eliminated wit h the D-MOST
process. Sample D-MOST digital de­
vices ex hibit a ty pical rise time of 210
picosec onds.

Rules rese rving four pairs of 450
MHz frequencies for the operation of
highway radio call boxes in an emer­
gency co mmu nicat ions system have
been ado pted by the Com mission
(Docke t 1900 1). The action amends
Part 89 of the rules and origina ted in
an FCC rule making notice released
September 1 J, 1970. The ru le be­
comes effective May 2 1, 1971.

Previou s Commission po licy had
generally excl ude d fixed operations
such as call bo x systems from the
450 - 470 MJ-I ... band. The 450 MHz
freq uencies alloca ted for high way call
box operat ion were formerly reserved
for base-mo bile and mobile-only com­
munications.

will ena ble the manufactu rer 10 build
in tegrated circuits which are mor e
com pact, less expensive, and bett er
performin g than circuits Imide today,
a Signeti c spokesman said. UHF and
microwa ve devices now selling for
abou t S50 (ju nct ion field-e ffect t rans­
istors, for example) cou ld be man­
ufa ctured wit h D-MOST and w id for
one-tenth the price , he added.
Popular Techniq ues of
Makillg Semiconductors

There are two popular techniques
of produ cing semicon ductor inte­
grated circuits - Ihe bipola r met hod
and the Ma S met hod. Bipolar circ uits
arc known for th eir high speed, but
MOS circu its are more compact and
cons ume less power; MOS devices
traditionally have been slower th an
bipo lar devic es.

Within Ma S techno logy, there arc
several processes which are being used
today, prima rily for making device s
used in compu ter memories. These arc
know n as Ncha nnel, Pcchannel, ion
implantat ion , nit ride, comp lementary,
1-1-1, 1-0-0 , and silicon gate. The new
Signet ics develop ment curre ntly uses
N-channel Ma S techniques, bu t o thers
may be used in the futu re.
The Slgnetlcs "D-MOST"
Process and Devices

Termed " D-MOST" devices made in
the Signe lics labora toies have ex ­
hibited speed); five times faster than
ordinary Nchan nel Ma S versions and
at least ten times faster than devices
made by the P-channcl MaS process.
The D-MOS devices art' compa rable in
speed to fas t bipo lar transistors, yet
the y ret ain th e advantages of high
density, low pow er consump tion, and
low cost.

In general, either "d eple tion " or
" enhan cement " type D-MOS devices
can be made. High-frequency micro­
wave device s can be prod uced as well
as logic circ uits and memory elements
which could be used in computers.

Several D-MOS microwa ve t rans­
isto rs have been huilt a t Signet ics. The
tra nsistors operate at frequencies up
to a max imum of 10 GHz. Th e ty pica l
noise figure a t 1.0 GHz is 4 .5 d B, and

News Page One



1971CountyHunters
CW Contest July24~25

BliND MAY GH CRACK AIIHIRD-ClASS PHONf

The CW County Hun ters Net invit es
all amateurs to participate in the 1971
Count y Hun ters CW con test. Portable
and mob ile operatio n in less active
counties is welco med and encouraged.
Rul es:
I ) Con test period: 0000 GMT Ju ly 24
to 2400 GMT July 25 , 1971.
2) General call : CQ-CH; Exchange­
QSO nu mber , categor y (po rta ble or
mobile ), RST, state (province or coun­
try). and cou nty (U.S. sta tions) . Sta­
tions may be wor ked once on each
band and again if the sta tion has
changed count ies. Portable or mo bile
stations changi ng counties during the

less persons as operators and main­
tainers of transm itters will vary. Apa rt
from the examini ng func tion, th e
Com mission stated th at it lacks both
competenc e and sta ff to make selec­
tive determination concerning the ra­
dio op erating or radio tech nicia n capa­
bilit ies of sightless persons.

Writte n com men ts are invite d to be
filed on or before May 24, 1971 , and
reply comment s will be due on or
before June 8, 1971.

Because of the general natu re of
the inquiry, the Commission said no
specific rule changes have been pro ­
posed . It adde d th at if commen ts
warra nt, the ru les will be amen ded or
mod ified as app ropriate , without issu­
ance of a fur ther notice, although, if
the changes arc not considered rea­
sonably simple, the re may be further
proceedings.

Action by the Comm ission March
24 , 1971, by No tice of Inquiry and
Commissioners Burch (Chairm an ),
Johnson, H. Rex Lee and House r,
with Commissioners Bar tley and Welts
dissenting.

NEW HAMPSHIRE
The Bow Radio Associat ion and

the Contoocook Valley Radio Club,
Inc. are co-sponsoring an AUCTION

COLORADO
The Rocky Mountain ARR L con ­

vention is to be held in the new and
beau tiful Antle rs Plaza hotel in Col­
orado Springs on June 19t h and 20th.
Many prizes will be given away. The
first prize will be a popula r trans­
ceiver. Th ere will be man y contest s
for the ama teurs as well as games for
all. The ladies will also have many
activities including a luncheon on Sat­
urday . Further informa tion may be
obtained from Bill King WAQLKO,
29 16 N. Institute, Colora do Springs,
Colo. 80907.

modes and disc ussions and repo r ts on
different aspec ts of FM techniques,
sta te-of- the-a rt fron t-end stages of
VHF receivers, d igital frequency ind i­
cating modules for amateur use, et c.

For contest ru les app ly to OJ4JI ,
for genera l information and sugges­
tions contact OJ l WM. The area is well
covered by the local FM repeater
"S teinberg-Relais-OJ4 JI A" which re­
ceives/transmits on 144,15/145.85
MHz. An auto matic tape recorder
gives general informat ion for mo bile
sta tion s every time when signing off.

MICHIGAN
Th e Delta County Amate ur Radio

Society has just ann ounced th at the
ann ual U.P. Ham fest will be held in
Escanaba, Michigan on the weekend
of Ju ly 3 I - August 1, 197 1.

This gala two -day affair will in­
clude a banquet, displays, mo vies,
conte sts of every natu re; all hams are
invited to display or sell any ite ms
they wish. The U.P. fairgrounds will
house the Hamfest. Plenty of parking,
and ent ertainment for the kids and
XYLs.

Writ e B. P. Trem l, W8KBZ, Rou te
1, Gladston e MI 49837 .

NEW MEXICO
The Amateur Rad io Clubs of New
Mexico will spo nsor The New Mexico
Hamvention 197J on Septemb er 17,
18 , and 19, 197 1. Conven tion head ­
qua rters will be the Shera ton Western
Skies motor hote l on East Highway
66, Albuquerque, New Mexico.
The program will featu re technical
sessions on antenna theory, SSB,
VHF/FM, t raff ic, MARS, QCWA, OX,
so lid-sta te electron ics, and many
others, There will be ex hibits from
major ma nuf actu rers and representa­
tives will be available ,
The ladies prog ram will fea ture a
fashion show by Rhodes Fashions and
the theme will be "radio around the
world."
There will be many major prizes and
loads of smaller priz es. The ladies will
have the opportunity at several prizes
especially cho sen for their program.
In addition to the regu lar progr am,
there will be tours of the Albuquerqu e
area available to tho se who wish to
participate. We have reserved 120
rooms at th e Sheraton for radio ama­
teur guests. Contact Ray Hill, Box
1438 1, Albuquerque NM 87 ! 11.

MUSIC CITY - C & LC

'HAMiESTS6SPECIAL EVENTS

ONTARIO QSO PARTY
JULY 17-18, 1971

All single operator etalion s are in­
vited to - par ticipate in the On tario
QSO Party , spon sored by the Radio
Society of Ontario, Inc.

Rules: 1) The time period is from
1700 GMT July 17 to 2400 GMT Ju ly
18. 2) There are no power restric tions
and all bands can be used. Points will
be given for con tact with the same
sta tion on differe nt bands and/or
modes. 3) Ontario stat ions score I
point per con ta ct and mu ltiply b y the
number of ARRL sec tions and foreign
count ries worke d. Out side sta tions
score 3 points/p er Onta rio sta tion and
mu lt iply by the nu mbe r of Ontario PENN-CENTRAL HAM FEST
counties worked on each band. 4) The eighth annual Penn-Central
Certificates will be awarded to th e Hamfest will be held by the Williams-
highest scoring stat ion in each ARRL port and Milt on club s on Sun day June
secti on . Cert ificate s will be awarded 13t h, starting at J2 noo n, at th e
to the highest scoring station in each Un ion Township Volunteer Fire
Ontario cou nty prov ided a minimum Grounds on Rou te 15, Winfi eld , Pa.
of 25 contacts had been made. A Informa l atmosp here, bring your own
trophy will be awarded to the highest lunc h picnic sty le or use th e snack
scoring Ontario station. 5) Suggested bar. Both indoor and ou tdoor facili-
frequ encies: 3560, 36 85, 3855 ,3909 , t ies provided. Auctions, contests, pri-
7030, 7240, 7290 , 14,040 , 14,140, zes, and swap ping. Gate registration
14,225, 14,290 , 21 ,050 , 2 1,300. fee, $2.50, XYL and childre n free ,
28,100, 28,6 00, 50,250, 50,360, free parking . Talk-in 394 0 kHz . 50.4
144 ,000 -144,500 and 145 ,800 kHz. MHz, and 146 .940 MHz FM. For
6) On tario stations send QSO number. information contact: Al Owen, 2901
report and count y. Other stat ions Highlan d Ave., Montoursvill e RD 3,
send QSO number, report and section Pa, 17754.

The second annu al Music City Ham­
fest will be held in Nashville, Tenn . on
Sunday , June 20, at Edwin Warner
Park : Picnic Area 3. Amp le parking,
shelte rs and playground . Bring picnic
lun ch; or food and soft dr inks, ice
cream, etc . will be available at the site .

Thr ee main prizes: H W 101 wit h
power supply, H A 460 6m trans­
ceiver, and a portable TV set. Numer­
ous other prizes, plu s a special ladies'
drawing and favors for the childre n.
Main drawing will be at 3:30 p.m .

An inquiry to consider rule changes
to prov ide for issuance of all classes of
radio telep hone licen ses to blind per­
sons has been adop ted by the FCC. At
present they can on ly hold Radiote l­
ephone Third Class Operator Permits.

The Commission said th e actio n
was promp ted by over-all concern to
ext end emp loyme nt opportunities to
ha ndicapped persons . It cited in sup­
por t of its proposal, advancements in
technology in the radio elect ro nics
field , and experienc e gained through
actual employment of blind ope rato rs.

The actio n, a Notice of Inquiry and
Notic e of Proposed Rule Making,
wou ld amend Part 13 of the rules.

The Commission pointed out that
by its order (FCC 67-749) released
June 23, 1967, it had amended Sec­
tio n 13.5 to permit blind applicants to
be issued Radio telephone Third Class
Permits on the basis of oraJ exam ina ­
tions . Because of differences in privi­
leges and responsibilit ies under the
first or second class licenses - and
becaus e of hazards involved in higher
class op erator permits - the Commi s-
sion said at th at time tha t it was not , I
practicable for sightles s persons to
hold firs t or second class licenses.

At the pre sent time there are us­
ually two types of operators at a rad io
station, The "maintenance" oper ator,
who is req uired to hold a firs t class
license and who is the more technical­
ly oriented, ma kes the interna l tran s­
mitter adjustmen ts and. repairs. Eye­
sight in th is instanc e is considered
mandatory since some of the adjust­
ments must be made whi le th e trans­
mitter is open and the re is exposure to
high voltage circuits . The "duty" op­
erator 's responsibility involves the
mo re routi ne operation of the tra ns­
mitter, with adjustments made only to
the ex terna l panel con tro ls. Eyesight
is not mandatory in this instance if
the special available equipment is in­
stalled by the station licensee to per­
mit the blind operator to accurateiy

.~------~-L



BURBANK

DELAWARE
Th e Delaware Amateur Radio A s­

socia tio n is plan ning a hamfest on
June 6, 197 1, at the Pra irie Creek
Reservoir she lter house on the north ­
eas t corner of the lake. The re will be un
auc tion, a flea mar ket . and free cof fee
fo r everyone. Prizes given away, in­
cluding a Temp I with power supply.
Box 610. Muncie, Indiana.

SPECIAL PREFIX OPERATION-KOON EB
The Lincoln,' Nebraska Amateur

Rad io Club has revealed plans 10
opera te a specia l events. specia l prefix
ama teur rad io sta tio n in con nec t ion
with thc 197 1 Nebraska Sta te Fair in
Lincoln . Using the call KQI/lNED. op ­
erations will commence at 2 I00 GMT
September 1, J 971 and will be con­
t inuous 24 hours a day through 0500
GMT September 9, 197 1. Transmit­
ters will be on 10 . 15, 20. 40 and 80
meters, bo th CW and SSII.

DX contac ts will automat ically be
QSl ed via bureaus. Stateside contac ts
mu st send card s wit h SAS E 10
W0YOY, Box 5006 . Linco ln. Nebra­
ska 68505. As with past operations of
the club , a spec ial QSL card will be
used .

The Lockheed Amateur Radio
Clu b spons ors the on ly an nual ham
shew in the Los Angeles area. Th ese
sho ws feature displays of the lat est
ham equip ment by manu facturers and
dist ributo rs plus techni ca l presen ta­
tions by the best available speakers.

These show s a re open to all ama­
teu rs and prospec tive hams. A da ta
shee t is available to those who requ est
one from 281 4 Empire Avc.. Burban k
CA 91504.

CALGARY STAMPEDE CON TA CT and FLEA MARKET on Sund.ay May
Th e Calgary Ama teur Radio Assocta - 23 , 197 1. The flea marke t will start at
lion ann ounces tha t it will operate 10 :00 A~l (please br ing tab fcsj and
sta tion VE6NQ from the grou nds of the aucti on will sta rt a t 2:0 0 PM.
the Calgary Sta mpede from July There will be re freshments and rccrea­
8~17, 197 1 inclusive. The sche dule tion fo r all. The address is : Henniker
ca lis for op erati on rrom 1900100500 N.H., Keyser Pon d t'ot tugcs . of f Rte s
GMT daily. Preva iling ban d condit io ns 202 & 9, ncar j unct ion o f ROllII' I 27
will dictat e which freq ue ncies shall be (near the Hopkint on To wn Line).
used at any time . Op erating. freq uen­
cies will be ncar o r at 3.560, 3.780,
3.825 , 3. 900. 3.943, 7.060, 7. 190.
7.22 5,7.270,14.060.1 4. 150. 14.250.
14 .336, 2 1.060 , 21.240, 2 1.300,
28 .060, 28. 500 , 28 .600 Mll z. Several
transmitters will op erat e suuultan­
eously . Ne t call-ins will be acconnno­
dated .

A specia l QSL card wi ll be sent to
all cont acts. A QSO with VE6NQ
duri ng this period will cou nt as two
Calgary con tac ts for those amateurs.
wor king for their Calgary Stampede
Cert ificate.

The th eme of the Calgary Exhib i­
t io n and Stampede this yea r is "S por ts
and Recreat ional Activ ities." CARA
will h ave a pro minent, " walk­
through" working exhibit, d isplaying
all modes of ama teur radio communi­
ca tion . Speci al em;.hasis will he placed
on the display of tow-cost equipment
with in the reach of t1 1O ~e with limit ed
means.

Calgary Amateur Radio Associa­
tion, Box 592 . Calgary 2, Alber ta.

NORTHERN GERMANY
On May 15th/ l fJlh, 197 1, the 14t h

VHF Ham Convention in Northern
Germany will be held in Klein
Rhucdcn/Hurz. This trad itional meet­
ing is organized by District Nied er­
sachsen of Deutscher Ama teur Rad io
Cl u b (DA RC) and directed by
DJ IWM . Klein Rhncden is situated in
the pretty land scape of the near by
Harz Mount ains. It is easily within
reach of the Hamh urg -c ftmnk furt
au t o ba hn t h ro ugh exi! " Klein
Rhueden " (about 35 miles sou th o f
l lannover).

Main topics o f the VIIF meeti ng a re
a contest for mobile sta tions (14 5
MHz and 432 MHt) In all kinds of

PENNSY LVANIA
The Two Rivers Amateur Radio Club
will hol d its annual ham fcst July 18 at
the Baleen Hotel grounds in McKees­
port located 15 miles east of Pitt s­
burgh. For in for ma t ion write Charles
E. Th omas WA3MWM, 7022 Black­
hawk, Pit tsburgh I'A 152 18.

The Sout h Milwau kee Amateur Ra­
dio Club will hold it 's second annual
Sou th eastern Wisconsin Swap fcst on
July 17 nt Shepha rd Park (VFW Post
434), 9327 Sou th Shep hard Av e., Oak
Cree k, Wiscon sin . The act ivities will
start at 7: 00 a.m and run unt il 5 :00
p.m. o r la te r. There is plent y of
parking and a picnic area, as well as
hold and cold sandwi ches and liquid
refreshments availa ble on th e grounds.
Admission is $ 1, so bring yo ur frien ds
and what ever good ies you have to
swap or sell. For more in for mat ion ,
write to A.R .S. WB9EQA. 1900 West
Kimberly Ave., Milwauke e WI 5322 1.

MILWAU KEE

The Jackson Co. ham fest will begin 9
a.rn . CDST on July 24 ut the Missis­
sippi fairgro unds. A full schedule of
events is planned and a Swan 270B
will be given away as th e main prize.
The sup per on th e even ing of J uly 24
will be high ligh ted by the film " IIams
World wid e" and a talk by ARRL
Delta Division Director . Mr. Max Ar­
nold W4WHN.
Fo r more info rmation , tic ket s. or res­
ervatio ns, contac t the Jackson Ama­
teur Rad io Club. Box 8371. Jackson
MS 3 92 04.

or cou n try. 7) The genera l call to be
used is "CQ ONT" on ('W, and "CAL·
LING ANY ONTAR IO STAT ION" on
pho ne. 8 ) Logs shou ld be pos tmarked
no la te r than Aug. 3 I. 1971 , and sent
to "Contest Chairman , Radio Societ y
of On tario , lnc., 1'.0. Box 334. Toron­
to 18 , Ontario ." Sta tio ns send ing an
SASE will receive a copy of the
results .

MISSISSIPPI

INDIANA
FM HA MFEST Sunday Augu st I , ncar
Angola . Indiana. Big prizes, free flea
market, en tertainment fo r the lad ies
and kids . Picnic gro unds, campsi tes,
boati ng, food , soft dr inks ava ilab le,
r a in or sh in e . Call- In f reqs:
146.34/ 146.76, 146 .94 , 52 .52 5. For
informa tio n contact Fori Wayne Re­
pea ler Assn., Box 6022, Fort Wayne
IN 46 806.

con test may repeat contacts fo r QSO
points. Stations un cou nty lines give
and rece ive o nly 0 111.' number per
QSO , but each co un ty is valid fo r
mult iplier.
3) Scor ing: QSOs with fi x ~' d stations
are 1 point, QSOs with portable or
mo biles (cate gories P or M) a re 3
po int s. Mult iply th e number of QSO
poin ts tim es th e numbe r o f U.S, co un­
t ies work ed. Portables anti mobiles
ca lcu late their score on the basis of
tota l con tacts within a sta te.
4) Suggested freq uencfcs : 3575,705 5,
1407 0,2 1070, and 28070 kHz.
5) Cer tificates will be awarded in
th ree separat e ca tegories:

F) Highes t fixed or fixed-portable
sta tion in each sta te, province , or
cou nt ry with 300 or more po in ts.

P) Highes t stat ion in eac h sta te
operating portable fro m a co unty
which is no t his norm al po in t of
op erat ion with 300 or mo re points .

M) Highest mo bile in ea ch sta te
operating From 3 or more counties
with a minimum of 15 QSOs per
county.
6) Logs must be complete sho wing
cat egory . date/ lime in GMT , stations
worked, exch anges, hand QSO point s.
locatio n and claim ed score. All en tries
with 100 or more QSOs must include
a che ck sheet o f counties worked.
Enclose SASE if resul ts are desired.
Logs must be postmarked by Scp tem­
ber I , 197 1 and sent to CW County
Hunt ers Ne t , Jeffrey P. Bechner ,
K~WNV, 42 East Signal Drive, Rapid
City, South Dakot a 57701 . .

KANSAS CITY
KC~KC has been assigned by the

FCC to be used July 1 through July 5,
197 1 by thc Independ ent Coun ty
Hun ters a t their big co nventio n a t
Kansas City , Mo. 14336 kil l. and
o ther freque ncies will be used. QSL
via WA~WOB .

read thc mete rs and mak e the neces ­
sary adju stmen ts. Only a third class
license is required o f the "dut y"
openuor, and he may be em ploy ed on
a full-time or part-time hasis at 81% of
the AM and 99% of lhe FM broadcast
station>.

The Commission said the purpose
of its present rulemaking pro ceeding is
to inquire in to ab illt y of sigh tless
persons to maintain as well as operate
th e radio stat ion as required of a
higher class ope rator, and to examine
available technolog ies which wo uld
permit best usc of the sightless per­
son 's ab ilit y. It said comments sho uld
be addressed to such matters ,1S reo
sponsibility fo r personal safety from
shock hazards ; uvnilublllfy of safe ty
devices for trans mi t ter mai ntenance
by sight less o pera to rs ; rest ric tions for
first o r seco nd class licenses fo r issu­
ance to blind persons ; shou ld the
main tenance fun ct ion included as pa rt
of th e higher classificat ion be de let ed
from any blind ope rato r clnssifi caticn ;
and what facto rs, o ther than op era ting
or main tain ing radio transmi tt ers.
wou ld render the first o r seco nd class
license desira ble or advantageou s, such
as the fact that certain electronic
equi pment manufacturers or users re­
qu ire the employee to hold a particu­
lar operators license eithe r fo r hiring
or promotion ; and should the blind
opera to r be classified in an " un­
graded" typc of classificat ion identi­
fied only by the lnghcst num ber ele­
ment examinat ion passed , and be per ­
mitte d opportuni ty to seek employ-
men t in the broadcast field commen- I I
suratc with his own physi cal and
me ntal abi lities .

The Comm ission said it must be
recognized tb at ef fect iveness of sigh t-
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the transceiver in the car I had rented
from Nation al.

Hut of course Na tiona l Car Rental
does not equip its fleet with two-way
antennas or handy sources of battery
voltage. The situa tio n was sti ll not
hopeless, though. John Altmeier, from
New-Tronlcs, said he had just the
an ten na I'd need fo r use in a rented
ca r. He le ft his boo th and dug up a
brand new 2m gain an tenna tha t
mou nts on t he trunk without leaving
any marks.

In on ly a few short minutes, Steve
Holden installed the rig and antenna.
And so I was mobile . The HR-2
work ed extremely well thro ugh the
repeater and the Hustler an te nn a from
New-Trorucs did a fan tastic job .

Rump...r St ick ... rs
III a recen t edi to rial I me ntioned

lhat 73 had prin ted a few hundr ed
"rninisti ckcrs" for car bumpe rs wi th
the words, "Lis tenin g 94," "Li steni ng
76," et c., fo r a ll the 2m FM channe ls.
I also com mented that these were
available on a no-charge basis in ex­
change for se tf-addressed stamped en­
velopes. Well, the delu ge of mail WHS

overw helming. We had to reprin t the
banners twice, and even tually we ran
out o f peel-o ff-back fluorescent paper
- but sti ll the o rde rs kep t coming in.

Finally, we sto pped foo ling around
and orde red a large q uant ity of new
stoc k, reprinted the stickers to insure
th'l t we wouldn' t be running out any
time soon, and stoc kpiled the str ips
for imme dia te de livery. So if yo u got
left ou t, or if yo u would like to
advertis e the channel yo u're mo nitor­
ing, drop a no te to me (including
SASE ), and I 'U mail you a couple. (Be
sure to ind icate what cha nnel yo u
want.) This second batch of sticker s
differs slight ly from the first : The
lett ers themselves are a litt le larger
thun those o f the firs t run . and a small
ad fo r 73 is included across the
bo tt om. The stickers now say :

presses the button under the indic ato r
lamp. As lon g as that button is down,
the rig won' t scan and he can transmit
on that locked-in channel. when the
QSO is finished, another butt on sta rts
the scan seq uence again. The whole
thing is very imp ressive. One of the
in teresting features of th is scanner
that i ~ not found on ot her unit s is it s
syst em of maintaining scanning speed
regardless of the numbe r of locked­
ou t channels. On II conventional scan­
ner , yo u can lock out as many chan­
nels as you like so that the freque ncies
arc by passed in the scan ning pro cess,
but most rece ivers sti ll usc up the
same amount of time to samp le eac h
cuaunel, locked ou t o r not. The new
Regency transceiver, lhough, has a
sys tem tha t not only cuts out a
locke d-out chan nel but elimina tes the
samp ling time of the locked-out chan­
nels as well. This sys tem precludes the
possi bili ty of missing the rl rst word in
a tra nsmission becau se the scan ner is
"someplace else."

EDI TORIA L BY WA YN E GREEN

twenty yea rs now and I'd like to see
all end ahead somewhere.

what have J to offer'! Well, if
someo ne wanted to take over the
magazine as it is, it isn 't a bad deal.
WI: have the sta ff and the plan t to
provide a goo d income, plus a ho use
to live in. Th e ho use is a bit crowd ed
lind the living is cer tainly in formal,
but it is one of the nicest areas in the
world to live ,

What is such 1I business worth these
day s? Some est ima tes are that it
should be worth about the year ly
inco me. Others pu t it at about ten
times the yearly profits. In fact it is
wort h wha tever someone is willing to
pay. I'm in no rush to sell and still
have to find ou t from a tax ex pert the
best way to take pay ment so I will
end up with enough to invest for
ret irement. Does anyone know of a
good tax ex pert tha t might be ab le to
hel p me with this pro blem?

Bro u-he-he
The publisher of another ham ma­

gazine has, J hear, launched a circula­
tion buildin g attack on 73, using what
appears to be self-wri tten unsi gned
lett ers and o th er honest tools of his
trade.

If my int erp retat ions, giving mo re
weight to his coverage tha n to his
protes tations of opp osit ion to the
pro posed two meter emasculat ion , are
in e rror , then I cer tainly apo logize .

In fairness to our research staf f I
must ad mit that they attemp ted to
chec k out the det ails of the matt er,
but fou nd that mo st of the page s of
the back issues o f that magazine had
bee n used in the 73 rest room.

Dayt on Hamvention
The Dayton Hamvcn ticn was a

smas h success this year. Of cou rse, the
Dayton thing is a smash every year ­
but this time, wow ! Crowds were so
abundant on the Floor of the exhibit
area that you could spe nd upward s of
15 minutes j ust ge tt ing from one end
of the build ing to the ot her .

Th e biggest att raction of the day
was PM, an d I do ubt that anyone
wo uld deny tha t. Pocket FM tra ns­
ceivers were part of th e unifo rm of
the day. It was certa inly a strange
sigh t , all those whi ps jutting up above
the crowds on the floor . Manufuc­
turers of gear for 2m FM repor ted
unprecedented sales volume ; and dis­
tribu to rs were ta king orde rs well a fter
they 'd sold every sam ple they had
bro ught along.

At the 73 booth , sales of FM books
exceeded sales of a ll o ther publ ica­
t ions by a fac tor of three to on e, with
our just published Best of FM. an
ant ho logy of selec ted arti cles fro m the
more recen t issues of FM Journal. .
leading the field by a com fort able Rcnt_A_\ luhllc
margin. I really got the chance to get

Mike Van Den Branden and Art around in style in Day ton. The loc al
Housholder were there to lell abou t rep ea ler operates .34/.76, and bo th
their new plan ned magazine (to be my Handle-Talk ies are set up for
called . . . rp t) . Mike was publisher of .34/.94 lind .94 simplex. So 1 was
the now-defunct PM Bulleti n and Art worri ed t ilat I couldn' t talk to any of
is manager of Spect ronics Inc., o f Oak the local repeater cro wd. But th ings
Park , Illinois, an FM dealer. The two really worked out fo r me. I had tested
say their new magazine should be a Regency transceiver several months
pu blished some t ime in July . earlier and app lied too muc b de input

One of the busiest boo ths at the volt age, thereby blowing one of the
Hamventi on was Regency 's. The Rc- trunsisto rs. Fortunately , the Regency
gency boys had on display a rig tha t people fixed the uni t and re turned it
represents a new concep t in FM trans- to me at the conven tion. Since the
ceivers. It was a rig built around a m ultfchanne l Regency IIR -2 had

[drusnc alty improved versio n of the .34/.76 as well as o the r standa rd
._-------~ - --,--- -'--- - -- -- ---_.- --- - -
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For Sale?

The word is being whispered
around tha i Green wants to sell 73
because business is bad. Business is
undoubte dly bad for those originating
the whispers , bul it isn 't all that bad
111:r~ at 73.

What does a ham magazine earn?
What are th e ex pe nses'! what profi ts
are poss ib le? Our figures aren't com­
plete for 1970 , hut we do have the
1971 first-quarter results, which arc
proba bly of more int erest anyway .

The income for 73 is derived fro m
adver t ising, circula tio n and boo k sales.
Roughly speaking we figure about
$ 15,000 for adverti sing, $ 15,000 for
circu lat ion and $ 10,000 for w ok s pet
month. T his rounds out 10 abou t
$500,000 a year gross income.

Our expenses cover printing bills
fo r 73, which is prin ted in Wisconsin,
plus all of the salaries and ove rhead in
Peterbo rough , payments for art icles,
draft ing of d iagrams, et c . We prin t
mos t o f our books here at 73 where
we have an exte nsive print ing planl
with three fast offse t presses, going up
to 22" widt h , plus a comple te beck
bindery. We also set a ll typ e here for
73 as well as our book s, have our own
comple te art departmen t to make up
finished pages , and a da rkroom for
mak ing offse t nega tives. This is a ll
acco mplished by a sta ff of fourteen
very busy people.

Visit ors almost alway s wonder
why, co nside ring the printing planI we
have right here, we don 't print 73. It
is one thing to print 5,000 or 10,000
hooks and qu ite ano ther to prin t
75 ,000 cop ies of a magazine . We can
affo rd to take a month or two on
book s, hut 73 must be out in jus t a

L ,_ __



few days . Th is mean s that no thing Jess
than a high speed web offse t press is
sui ted for the job, with fully automa­
tic fo lding, binding and mailing ma­
chinery attached. Even with all thrp p
of our presses runn ing day and night it
would probably take about three
mon ths to print an issue of the maga­
zine.

How is 73 doing in comparison to
the othe r ham magazines? We do have
a considerab le advant age by virtue of
some two years of selling 73 readers
on th e fun of FM. Th is is the mos t
rapidly growing aspect of the hobby
and adver t isers havc fou nd tha t ads in
73 arc the key to large sales volume
since the 73 readers have been p resol d
on FM. It is interestin g tha t we have
no t had to resor t to cut-rat e sub scrip ­
tions and super cut -rat e advert ising to
keep going. To the contrary, our
profit pict ure for 1971 is most en­
cou raging.

Our first quar ter report shows a net
profi t (befo re tax es) of $12 ,231.85 .
That is close to the expected 10%
profi t we consider accep table , being
abou t $4000 per month on about
$40,000 sales.

We have several excellent books in
the works which should bring up our
second quarter income (and pro fits),
plus of course the steady increase in
interest in FM which shou ld reflect in
even more FM adverti sing in 73.

Why , then, am I talking about
reti rement? There are , of course ,
many reasons. I'd like no t to be tied
down so firmly . .. to be ab le to go on
some DXpedi tions without having to
worry about the magaz ine .. . to be
able to travel ... to write some travel
books . . . to write ar ticles for other
magazines . . . to move aro und and
live where I want when I wan t . .. to
ham all I want . .. some freedo m.

Run ning 73 is fun. It is a lot of
fun. But it is res trictive too. The
monthly deadline is inexorab le and is
a basic fact of life that is som etimes
oppressive. Even tua lly I wan t to get
out fro m under- I' ve been at th is
editing and publishing busin ess for

Th ere was most certainly no in ten t
to discredit the pu blisher of th e o ther
magainze, since we suspect that he is
entirely capa ble of taking care of that
witho ut any hel p from us.

adviqed by my l~wy e r s that

~EfEHS~
I insist t ne t you pr i nt 8V
sh0uld be boi l ed in oil ov

An All-N..w Leagu..
In regard to The Institute? (Apri l

7 1): If you revived it you wo uld gain
more support than it did on its initial
ven ture . Aft er read ing th e art icle I
would be willing to pay any necessary
dues, as it wo uld be going to good
causes; Le. legal fun ds, lobbying, etc.
If you remuster, I wou ld gladly give
up my ARRL mem bership .

Scott Liebiing WA30XG
56 16 Beacon St.

Pittsburgh PA 152 -17

I picke d up 4 issues of you r 73
rad io magazine and sure opened my
eyes as to what is going on at the
ARR L (l have been a member since
1939). What Mr. Wayne Green writ es
sure makes a lot of sense .

John Sauri tc h W3RWA
829 Prospect Ave.

Cha rleroi PA

If Wayne wou ld rep resent us in
Washington, D.C. I would be .willing
to kick in 51 per month to support a
work ing League.

William Tegtmeyer WBBAMQ
RD 3, Box 182

Wakeman DB 448 89

I support Wayne for League mana ­
ger , too.

Lyle C. Henry K9DKA
33 65 Duluth

St urgeon Bay WI 54235

Ex ams
I now hold a Gene ral class ama teu r

license. I plan to file for the Ext ra

popular Regency scanner. The receiver
section scans up to eight channels. and
locks onto which ever chann el is ac­
tive. If the operator want s to com­
mu nicate on that frequency , he jus t

class exam . If I pa ss only the Ad­
vanced par t of the to tal exam, do I get
an Advanced license?

Fred Martin
202 Kenn y 51.

Fayetteville NY 13066

You bet.

As a new mem ber in the ham
fra te rnity, I must admit that as ma g­
azines go, 73 is the best around . Your
many articles o n FM were respo nsible
for final ly giving me the pu sh needed
for my license , and I especially en­
joyed the April issue on repeaters,
which seem to be popping up on every
mountaintop ; however, after looking
at your April directory , I'm slightly
confused .

You list WlABI on Mt. Killington
as 34/94 with 2400 Hz tone burst
under Vermont, New Hampshire, and
Mass. Under New York, though , it 's
list ed as 34/94 with 2100 Hz tone.

WA1KFX on Mt. Snow is listed
with no 34/94 capability exc ept under
New Ham pshire.

WIKOO on Mt. Mansfield has a
34/94 chan nel with 2400 Hz burst
under most of the New , England
sta tes, but as Mt. Mansfield and Mt
Killington are ra ther close to each
ot.her , shouldn:t a 2400 Hz tone on 34
tr ip bo th repeaters even though only
one is want ed?

Ken Fo wierWAIN5R/0
PSC·l Box 221 5

Ent AF R CO 80914

A ccording to information from
Gordon Pugh (owner of both re­
peaters). WA 1KFX is .311.88, with
ton e provisions f or .31I.91 and
.3]1.94 . WA 1ABJ uses 2.4 kHz audio
for triggering the ,94 output from
either .28 or .34. The NY listing was
incorrect. Repeater owners and users
should keep 73 informed of all statts­
tical changes or errors in listing.

frequencies, I t ried to find a way to
get a good por table power sour ce so
tha t I could use the rig during the
Ha m v e n t i on . S te ve Holden
(WA8RZL) suggested tha t I mount

We're studying the feasibility of
reader rental no w.

In answer to your sincere comp laint
about the Sideways pages -of small
print we would like to explain the
rationale behind this curious change in
73. Ever since its start 73 has been
known fo r its quantity and quality of
technical and construction articles.
Inde ed, few amateurs who are inter­
ested in the technical side of the
hobby are not regular readers of 73.
Unfortunately this still left a lot of
nontechnical amateurs withsno sound
reason for reading 73. 171 order to
provide more coverage of the news
and events side of the hobb y the news
pages were inaugurated. Af ter a lit tie
experimentation if seemed that the
pages looked more like a newspaper
when printed sidewise. This also had
the ben efi t of permitting more of the
pages to be used for printing than
normal. The use of small type allowed
even more material per page, thus
enabling us to cut back very little on

Repeater At las
It's very diffi cult to keep apace '

editorially with the flood of repea ters
making the sce ne across th e continent.
More than 150 additions have been
no ted since the April repea ter direc ­
tory was published, and new repeate rs
are appearing ever y day . The cha nges
ate happening a t 50 swift a rate tha t
73 decided to hold off pub lication of
the FM Repeater Atlas until thing s
stabilize. We'd really like to make the
Atlas into an accurate, up-to-d ate, and
handy reference work that can be
used by mobile cps and transient
FM'ers. So , what we 're doing is having
the repe a ter photos and coverage
maps printe d now. The directory po r­
tion will be printed last. In.all, it looks
like th e At las will be available fo r
delivery abou t six weeks from the
dat e this issue hits the stands. lf your
repea ter has not been included in th e
At las, plea se make it a point to clue us
in immediately . We want no repeater
to be omitted fro m the Repeater
At las - we 're determined to make thi s
volume ou r mos t comprehensive list­
ing ever.

technical articles to make room for
the new feature .

The newspages do seem to be pro­
viding interest to nontechnically in­
clined amateurs and may be worth
their weight to all concerned. More
subscribers mean more ads and that.
in turn, means a bigger magazine
overall. Bear with us. and let us
know you r reactions.

Here is my renewal for another two
years. I enjo y 73 more than brand X,
Y, or Z, and I take all of th em. Some
of the editor ial comments are re­
dund ant, especia lly Dave Mann; but I
even get a kick ou t of that. Don't like
having to turn the mag sideways for
hot news .

Clay ton Dewey N0UMN, K8CKD
4U4Y:l s . Washington Ave.

Ludin gton I\fl 49431
Better redundant than dundant

Com. on New s Page Four
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Cont . from News Page Three

I just wanted to tell you that yo ur
" sideways" letters, news page, et c.
doesn 't bother me one bit. I like it,
and I like everything you do . Keep it
up . Ir a Lefko witz WNI Nl\U

15 Carpenter Lane
Bloomfield CT 06002

Run Th at l3y Again
Too late for your rep eater issue,

but : .34/. 94, 170 ft tower, I kW, no
tone access. Can switch to .76 man­
ually .

Bob WA8PIE
Great, Bo b. Now tell us the repeat­

er call, location, and coverage area.

Old Ads
Yes, I would like to sec more of

the 50-year-old advertis ements in fu­
ture issues of 73. Maybe something
like one page every other issue so that
the compla iners cou ld no t say they
were being shoved down their throats
all the time, hi.

Also , I am working on a book
abo ut old-time radio, and as -you say
that you have a million of the old ads,
I won der if you wou ld care to send
me some of them so J might inclu de
them in the book.

Gordon E. Hoppe r WIMEG
75 Kenda ll Ave.

Framingllaul MA 01701
stttuon is only a f igure of speech.

Fir st , le t me say that afte r being a
ham for on ly nine mon ths (and re­
ceiving 73 for an identical period of
time) I have become an avid reader of
73 and a firm believer in its number
one position amon g ham magazines.
Your rag is clearly super ior to any and
all competitors.

Second , keep the old advertisement
reproduc tions in each issue. They are
bo th nostalgic and interest ing.

Dr. Raymond L. Read WN4RC II
1534 Marston Ro ad

Tallahassee F L 32303

Th e Institute
I just laid my han ds on a recent

issue of CQ and a most disturb ing

W2AOO gets my kudos - however,
how does W2AOO state tha t his amp
should be able to be bu ilt for Iess tha n
$20? I am lost . What kin d of jun kbox
is he referring to?

I have been in the game for marc
than 40 years , and even as a profes­
sional , I never sto cked mor e th an 3
horiz. ou tpu t tubes. And considering
the tu bes list for $51 .90 plus ta x,
these 6JE6 tubes wou ld net mo re than
$20 . Therefore I must have the wro ng
sort of j unk box , or somethi ng is
wrong.

Joseph T. Beck K4AQT
38 10 Leila Ave.

Tamp a FL 33616

Do what S eymo ur did (letter
above) and drop the author a line.

FM·FM·F M-FM
Fr ankly, J am so sick of noth ing

but FM in 73 , I could puk e.
Until Ken got on th is FM binge I

have always considered him one of the
best of wri ters, BUT as an Edit or , he
st inks.

Kayla was at least versatile and pu t
in a very good selection of rnaterial ..,.
a very good editor. If 73 is going to
stay an FM publication plea se stop my
subscription and refund balance of my
new 3 yr sub . I paid a few mon ths
ago. I have been a ham over 4 1 years
now and have never canceled out fro m
any mag before. Have always enjoy ed
73 over the past years.

The sideways print is lousy too,
but not as bad as FM-FM-FM-FM-FM­

D. M. Burr ill K7JVZ
224 13t h St.

Sparks NV 89431

I am interested in anything on
ant ennas and almost anyt hing relati ng
to ham radio except FM, UHF and
RTTY .

Francis McCray W3BZ V
. Box 103

Elgin PA 1641 3

I enjo yed the April issue of 73 ,
especially the material on two meters
which I have never thou ght very mu ch

~;i~;t;r?
~~~:&~.

Pr k e - $ 2 per 2 5 wo r ds fo r non·
"o~mer ei al ads ; $ 10 pe r 25 w o rds fo r
busmess ven t ures . No disp lay ads o r
ag.en cydiscoun t. Include your check
WIt h o rde r .

Dead lin e f or ads is t he 1s t · of the
m o n th tw o m o nths pdo r to public a_
tio n. F o r e xa m pie": Ja ,\ua r y.1st is t he
d ea dline for the Ma rc h ,ssue w hlCh w ill
be ma iled o n t h e 10 t h o f F eb r ua ry.

Type co py . Ph ra se and pun"tua te
exactly as you wish It t o ap pear. No
al l_eap,ta l ads.

~~. w8 ;"b~e.~~~d':-:~!lit; ff~~i~ar~~~~Ys:
te nd s, only t o pr in t ing a co rrect ad in a
lat e r ,ss ue .

F o r $ 1 extra we can main t ain a reply
b o x for you.

We cannot ch eek into each advert iser,
so Cavea t Empto r .

OLD TOY TR AINS WANTE D, p ay
cash . or trade for Swan Cygnet 270,
ac-dc, vox, immaculate. Please state
nu mbers or le ttering on train(s) . Don
Hilke K9CMN, 3381 So. Howell, Mil­
waukee WI 53207

GET YOU R . · ..FIRST l" Memorize,
s tudy - " 1970 Test-An swers" for
FCC First Class License , plus "S elf­
Study Ability Test. " Proven. 59.95 .
Comm and, Box 263 48-S, San Fran­
cisco CA 94 126 .,
TRAN SCEIVER A UTO .MOUNT,
$7.95. See ad in May '70 issue 73 .
Area Mfg. Co., Box 8 17, Grand Forks
NO 58201.

Your magazine is, with the April
issue, regaining the quali ty of early
last year , which seems to have been on
vacation for the last few months.

Dan Deckert WA6FQC
3630 Bentley Ave.

Los Angeles CA 900 34

The April 73 is great.
Larry Waggoner

A CLEGG ZEUS with AC41 6 supply ,
Clegg Int ercepter E, a 5 E 61'11 Beam, a
10 E 2M Beam, 2 Feed Lines RG-8, I
Dow Key, coax Relay, I on and off
the air light , 1 24 hour clock , an
Elcc trovoice Mike 729 . Wouldlike to
sell comp lete station for health rea­
sons . Roy LaDuke K ICOJ, 207 Clin­
ton St., Co nc ord Nil 0330 1.
225 -3900.

FOR SALE: Ht-46 Xm tr and Nc-300
Rcvr. Both in excellent condition.
$28 0 or best offer. Dale Stuewe
WA7IMI, Rt. 3, Box 40 5, Corva llis
OR 97330.

CRYSTAL OVENS, octa l for dual
HC/6 , 6.3 volt hea ter. Unused surplus,
great for comm ercial FM mo bile rigs.
S1.00 each po stpaid . Chart er Elec"
tronics, Box 88, Gladwin 1111 48624 .

GALAXY FM·210: Factory Narrow ­
Band ed , both AC and DC Power
Supp ly, 5 watt s ou t, Xtals for 94/9 4,
34/94 , 34/7 6 with mobile moun t,
cables, manual: 5 160 .00. Ed Pores
WA 2ZBV , 16 Dorchester Drive, Man­
hasse t NY 11030.

WEST COAST HAMS bu y th eir gear
from Amrad Sup ply Inc , Send for
flyer. 1025 Harri son st., Oakland CA
94607.45 1-77 5, area cod e 4 1 5 ~

GO NSET 61\1 225W amp-lifier 575; 2M
500W 5225; 432 (703 4/4X 250 B) $75;
Bird # 43 $79 ; Three FM-2 i O Xtals $5
each. W4API, Box 409S, Arlington
VA 2220 4-.

LISTING SERVI CE - gear to sell?
Need rig? Sellers - SJ.00 lists info r­
mation year. Buyers - free. SASE
brings details. List ing Service. Box
1 I 11, Benton Harbor 1'11 1 49022 .

FM HAMFEST Sunday August I , near
Angola Indiana. Big prizes, free flea
marke t, en ter tainment for th e ladies
and kids. Picnic ground s, campsites,
bo at ing, food, soft dr inks available ,
rai n o r sh ine. Call in Freq.

SELL: Collins 32 S-3, 75S-3, 5 J6F-2
AC Supply, $950. Drake R4B, T4 XB,
AC-4 Pow er Supply , 5850 . Johnson
6N2 Xm tr, Eico Mod . 730 Modulator,
Joh nson 6N2 VFO , Heath UT-l Power
Supply, $100. Clegg Zeus Mod. 33 1,
Mod. 332 Power Supply, 57 5. Henry
Radio 2K Fin al Amps # 239, $375.
H. H. Heard , K5IPL , 600 Main SI. ,
Ark adelphi a AR 7 I923 .

ELECTRONIC ORG AN, Full Spinet ,
Tran sistori zed, tw o, manual. SASE for
particu lars. Lloy d G. Hanson W9YCB,
RR2. Box 52A , Angola IN 4670 3.

SELL, COLLIN S KWM2, Ser. # 1121
wit h PM-2 AC & S I6E l -DC PS, asking
569 5.00 . John Fearon, 3384 Peach­
tree Rd ., N.E., Suite 705 , Atlanta GA
3 032 6 . Home Phone 237 -126 1.
W4WKP.

YOUR CALL LETT ERS. Two sets,
for winds hield and rear glass. Smart
white lett ers with red outline. Easily
insta lled pressure sensit ive decals.
$1 .00 , postage paid , anywhere . Satis­
facti on guaranteed. Lake Jorda n Ar­
tis ts, Slapou t AL 36092 .

TECH MANUALS . . . 56 .50 each:
R-390!U RR, TS-186D/UP, BC-639A,
U S M -2 6, CV -5 9IA/ U RR,
BC-348 JNQ , URM·25D, Sp·6 00J X,
UPM-45, UPN-12, TS-497B/U RR.
Hundred s more. S. Consalvo, 490 5
Roann e Drive, Washington DC 2002 1.

IIAMFE STER S 37th HAMFE ST AND
PICNIC Sunday , August 8,1971 , San­
ta Fe Park, 9 1st and Wolf Road,
Willow Springs, Illinois, South west of
Chicago. Exhibi ts for QM's and
XYL's. Famo us Swappers Row. Infor ­
matio n and Tickets, Jo seph W. Por­
adyla WA91WU, 570 1 S. California
Ave., Chicago IL 60629.

DRAK E 2B, 2BQ, 2AC calibrator,
excell ent , $ 190. HT-37 tra nsmitter
$165. HT- 4 1 l in ea r amplifier
$175. All, $500. All or iginal owner
with m an ua ls . Gerry WB2FJX
(21 2) 64 1-457 3.



,

editorial. In it , the author labeled you
as an out-and-out th ief ! What I am
referring to is wher e the publisher of
CQ said that you collected money for
your IoAR, but never started the
organization and kept th e money.
Whethe r th is is true or not is what I
would like to kno w. I wou ld be very
grateful if you would tell me the truth
about the above . [ am a concerned
l c-year-old Novice.

Ro bert Davidson WNllIPB
63 Paw Paw Lake Dr.

Chagrin Falls OH 44022
As you get older you will find that

adults are not to o hesitant to "imply "
a scandal or similiar situation if il suits
their purpose. I think adults have
become very blase, in regard to
smears, as yours is the on ly letter with
a request for enlightenment ... for
the thousands of other readers, it
seems no one cares. This is refreshing
and a marvelous reminder of what
your generation can and will accom­
plish

If you've the April issue of 73
Magazine, please turn to page three
for Wayne's editorial entitled "The
Institute" .. . all your answers are
there.

Hor izontal-Output Linea r
. There was an article in your March

issue, by W2AOO, on the con struction
of a " Horizontal Ou tput Linear." Due
to my limi ted knowledge , I wrot e to
Mr. MacDowell req uestin g some help.
Words cannot exp ress how encour­
aging and helpful Mr. MacDowel l has
been . It's very hard, this day and age,
to find someone who will take th e
time and trouble to help someone jus t
getting started.

As long as a magazine has people of
this caliber writ ing for them I don't
see how it can do anything bu t suc­
ceed. Congratulations to yo u for a
fine magazine and than ks to W2AOO
for his help.

Ver/on Brewer WN9FQG
Seymour IN

A very fine article, and thanks for
inser ting this in the issue of 73 .

about. Anyway I sent off a chec k to
one of your regular advertisers and
sha ll get into 2m Flvl with out going
broke .

Loui s O. Williams
1613 Cambridge Ave.
Floosmoore IL 60422

Your April issue was outstanding. I
am a new ly convertedFbf addict and I
really got a lot ou t of th e articles in
that issue.

l am looking forward to finishing
my school here and getting back to
New England to t ry some of the
repea te rs there. I have really enjo yed
using ou r local repeater (K5TYP) and
I hop e all FM'e rs are as friendly as the
bunc h around here .

S/Sgt Rick Brown WA9 FC Gil
CJ\.IR No. 4 Hox 20016
Keesler AFB 1\1S 39534

Fan tasti c April FM issue -
Gar y Davis WB2PSS

Keep up the good work with FM.
Nice mag - best in business.

Norm Zolta ck WA3RGS
Bethlehem PA

Keep up th e very good job with
73 . . . I operate .94 and ,76 FM.

Stan Head W4BBD/8
Columbus OH

The "hot" subject at the present
time in this area, and most o thers. is
FM and your publication seems to ' be
right on targe t with time ly ar ticles .

1\1. B. Farmer
Elect roni c Exchange Co.

Metairie LA 70005

Congra tulations to you and 73 for
th e ex treme ly interesting and com pre­
hensive repeater directory contained
in theApri l 1971 issue.

Jack D. Forbing K9LSB
14 16 Lakewood Dr.

Fort Wayne IN 46 809

Doing an excellent job on FM in 73
Mag.

B. Walten WB4GZG

I enjoy your 73 Magazine . Keep up
the goo d work . I' m glad the re is
finally a mag with some articles on
FM,etc.

Jere D. Bruning, WA0UQA
White Cloud KS 66094

We enjoy your maga zine very
much, espec ially the FM article s. Keep
up the goo d work.

Weldon Glenn WB5AEP
Route I

Levelland TX 79336

Keep up the goo d work - FM is
the most fun I have had in years.

David Dickson WA9JRA

Thanks in advance , and l th ink
your magaz ine is tops all the way
around . I op erate PM on .94 and .73.

Los Hodges WB8ETP
261 I Plea sant Grov e Rd.

Lansing MI48 9 10

Congr atu lations on your very fine
issue coveri ng the FM mode of com­
munications. A con tinual updating of
the repeater directory will be most
helpful to all of us in traveling. Keep
up the good work!

Robert T. Green K8J XE
5764 Heath er Hollow

Dayt on 011 45415

Tone Standardization
Our club supports prop osal RM

172 5 with th e reservation that FM
editors attemp t to standardize ton e
frequencies as they have standar dized
inp ut/output frequencies in order to
provi de repea ters that help serve all
in terested amateurs rat her than limit
repea ter usage to a chosen few.

Kenneth H. Brockel WA2FPB
Seeretary, ETS NJ

213 Cotter A,'e .
Neptune NJ 07753

Tone frequency standards are
1650.1800,1950,2100,2250,2400.
2550,2700 ,2850 flz .

. Ken

News Page Four

146.3 4/146 ,76 , 146.94 , 52.525 . For
informat ion con ta ct For t Wayne Re­
peate r Assn., Box 6022 , For t Wayne
IN '468 06 .

QSL CARDS - 100 3 color on glossy
stock $4.0 0 ; 100 -56 .00 ; Globe, Eagle
or Straight Key on front; report form
on back; QSO file cards S1.00 per
100: RUSP RINT, BOX 7575 , Kans as
City MO·64 116.

COLOR ORGA N KITS $7.50. ic
Powe r Supply Kit 52. lC's $.25. Com ­
puter Gra de Elect rol ytic Capacitors
$.35. XMTR Transistor T RW PT3690
:j;I. · Used Variacs. Nuvistors . Cata log.
Murphy, 204 Roslyn Ave , Carle Place
NY 11514.

PASS FCC Extra , Advanced, General
Exams Easily WIth Simplifie d, Eco­
nomical Books and Code Records.
Free Catalog . Ameco Publishing,
314M Hillside Avenue, Williston Park
NY 11596.

MILITA RY SURPLUS. All new.
APC-75C 4.6 -75 mmf variable capaci­
tors - 5/S I. Banana jacks - 12/$1.
2000mfd-50WVD electroly tic, $1
each . DPDT 6VDC 52 ohm coil relay,
$1 each: Include postage , excess re­
fund ed. F ree catalog. Electronic
Systems. P.O. Box 206, New Egypt
NJ 08533 .

I'M GEAR , SASE for list. Motorola 2
Meter amplifier AMA9 4-GR , PP-638U.
(Same unit-as advertised on page 8 1 of
April 73) $175 , new. $125, L/ne w.
Wlall books. FOB Stock to n. Jack W.
Krause, 85 I3 Don Ramon Drive,
Stockton CA 952 07.

EVANSVILU:, INDIANA IIAMFEST
4H grounds (Highway 41 North 3
miles) Sunday, Jul y 11, 197 1. Air
conditioned, auction, overnight camp ­
ing, ladies bingo, reserved flea market
booths, advance registrations. For
flyer contact Morton Silverman
W9GJ , 112 I Bonnie View Drive,
Evansville IN 477 15.

NEW 4 to 8 Element PARABOLIC
BEAM ANTENNA. Delivers up to 20
DB gain & 35 DB FIB Ratio. Simpli­
fied Construction for 20 meters to
UHF. Comp lete II page Assemb ly
Manua l including nine diagrams, on ly
55.4 7 postpaid! Camelot Company,
215 -28 Spen cer Avenue, Queens Vll­
lage NY 11427 .

VHF DRIVER BOARDS , Incomplete ,
Over 100 com ponents: IN5 144 Mo­
toro la Varicap, 2N3563's, may in­
clude to roids , 3N I28's, $3 .00. Stos­
kopf W~PSF , KUMC Box 474 , Kama s
City KS 66 103.

EX CITIN G LISTENING! Police ­
Fire - Emergency Calls on you r

broa dcast radio , $19 .95 up, Also
crysta ls, receivers, scanners , dual/
band. Saleh Company, Woodsboro 5
TX 78393.

"ELECTROSTATI C PHOTOCOPY
SERVICE - 8Y, x II OR 8Y, x
14 - ANY OR IGINAL - I TO 10 @
.10¢ - 10 and on @ .08¢ - IMME­
DI ATE POST PAID RETU RN ­
COMPLETE DR AFTING SERVICE
ALSO AVA ILABLE". R. K. Wild­
m a n - 6142 Gle nbrook Lane ­
Stoc kton CA 95207 .

YOU ALL COME to International
Independent County Hun ters Conven­
tion in Kansas City Ju ly 2, 3 , 4, 1971.
ASAS to WA0SHE for information.

SALE: Collins 75A 4 Receiver, mod s
per factory, filters, 5300 .00 : Heathkit
SB6 10 Scope, $60.00; HD I 5 Phone
Patch $20 .00; HM15 SWR Bridge
520 .00; 14AVQ Ante nna 525 .00: Pha­
sor 40 Antenna System $50 .00.
WB6TF O, 1682 Rainbow Drive,
Santa Ana CA 92705. (7 14-544 -1208) .

PRECISION TOROID INIH JCTOR S,
500 MHy and 1000 MHy, 1% toler ­
ance, not potted. Make yo ur own
trans formers by winding a secondary.
For bandpass filt ers and oscillators
300 Hz to 30 KHz, I Y2 inch diameter.
$1.00 each postpaid Char ter Elec­
tronics, Box 88 , Galdw in MI 48624 .



MORE LETTERS

L

Girlll
Let 's have mo re covers like the

April issue. Wow !! !
Uob Mltckey WN9ERZ

Gl'lt ing Sta rted
I suspect the column by Fred

Mocking "G ell ing start ed in Radio"
was some sort o f substi tute (probably'
int en ded for Radio Today) but I want
to say I tho ught it was grea t.

I am an "appliance o perato r" and I
wouJdlike to see this colu mn beco me
a regular feature.

Mike 11,-1111 WA5TWM

It is /0 be a regular fea ture.

Shaeuc sh ame
Out o f curiousity , ho w many hams

wro te in asking ho w come yo ur April
cover girl was using the T R·22 with­
out a ticke t? Let' s not leave openings
like tha t!

S. D. IIl'mlt~ r llO ll KIVOL
595 Main si.

Crom w..ll CT 064 16

You 're the only one.

Is that an old J-38 key in the lower
left -hand corn er of the center foldout
of the April issue of " Playboy"?

Alan Bloom WA3jSU/1
200 Wa.'lh inglon SI.

Midd ll'l own CT 064 57

Who looks in the corner?

Mu('h Ado About Nothi ng?
Come on now ! UHF FM is great

but it certainly shouldn' t be taken all
ou t of prop or t ion as yo ur magazine
seems to be por trayin g it. It doesn't
take th e place of sex or o f the lower
frequency mainsta y of amateur co m­
municat ions . I find it diffi cult to
locate a purpo se for this t ype of
comm unication in amat eur circles. To

I have sub scri bed to yo ur magazine
for qui te a long period of t imc. Lately
1 have become dissatisfied wilh 73. In
fac t for the past year it seems tha t the
magazine has been covering the most
uninterestin g subjects. Several issues
including the current April 197 1 issue
deal wit h I' M repe aters, frequencies,
etc. , and I realize you pro bably have a
few screw balls who like that sort of
ham radio . Personally , I find your
magazin e boring, an d since I have no
love for FM, repeate rs, and o ther VHF
and UHF type of radio, I now feel
that when my subs cription runs out,
th at I mo st cert ain ly shall NOT renew.

I have felt that your editoria l po licy
has been very good, and [ agree with
all your comments about the ARRL
and its lou sy a tt itude toward the
amateur - especially the incentive l i­
cense matter.

Tru man P. Oliver WRFWT
12752 Chatham Ave.

Detroit "'1148223

Sorry to lou yo u, but mo.llazines
have a responsibility to provide more
than the average amount of lnfor­
mation on new developmen ts such as
FM. Keep in mind too that PM is the
biggest new developm ent In amo.feur
radio in over ten years. Even so, f ew
Issues of 73 have more than one or
two PM articles.. . . it just looks like a
/ot because the other ham magazines
print so very litt le abou t FM.

I am an avid fan and subscriber to
the 73 magazine but the April issue
made me sit back and wonder why 1
am a subscriber. r used to enjoy the
articles bu t late ly all that is in it
is - 2m FM. In lhis issue some 120 of
th e 144 pages are devoted to FM.
Th at is fine for the amateurs who are
devoted to FM but I am not, and I
think that there ate many more hams
who aren ' t. Don' t la ke me wron g - I

Great Mag. Enjoy the edito rials and
th e FM articles and reviews. Would
like to see some on con version of
some of th e more recent commercial
and military FM gear.

Hoh IInlllk ow K7N II I>:
1511 2 S. E. 14 th St.
Rellt'vlIp WA 911004

So would we.

Enjo y your magazine; mos tly VHF
projects and FM •

j oh n Kurtineez

73 for the Blind
My husband is blind and wou ld like

to know if 73 Maga1jne is offered
anyw here record ed for the blind or
available in large print ? If so, whe re
and ho w may we obta in them?

1 10I'oJ,l fi~ S t .

COCrnl FL 32922

73 is available to blind and handi­
capped individuals. Write Science for
the Blind, 221 Rock JJm Rd, Bam
Cynwyd , FA 19440 .

Gift ld ea
When t he recent issue of 73 arrived

in the mail, it solved a great pro blem
for me. A friend of mine recent ly
invited me to'his "over-the-hill" birth­
day par ty. (He ' ll be 30) I didn' t know
what to give him' until I remem bered
tha t he had expre ssed inte rest in ham
radio on severa l occasions. So here is
the price of his first year 's suhs crip­
no n. For only 50¢ a month he can
enjoy 73 j ust as I do . and who knows,
he just might be a subscriber from
no w on.

I thin k this is a great gift idea and
wish I had done it for others before.

With all the lette rs to th e editor
pra ising 73, it is obvious that your
reade rs support yo u and yo ur effor ts.
I do too.

I' m sure all your subscribe rs have a
friend who is a recent ham or a
potentia l ham and who would app ro­
cia te a gift subscription . If each sub-

money is ente red into the LA5LG
Memo rial Fu nd , which is used to nell'
h an d ic ap pe d individuals become
ha ms.

This all star ted in 1966 when a
young man from Oslo sent a letter to
NRR L HQ conta ining a very simple
question : " What shall I do to become
a radio amateur'?" The man was lame
from th e nec k down after a diving
accident . Obviou sly , he could not
meet the CW req uiremen ts on the
transmit side. A special agreement was
obtained,however , by the presiden t
of NRR L. When he and the other
members of HQ saw wha t it meant to
the young man to be able to ta lk to
oth ers all over the world wit ho ut
being ha mpered by his handi cap , th ey
realized that many others may need
help th e same way with out know ing
how to set abo ut it.

The plans for a fund and an organi­
zation to help them had hardly been
init iated when LA5LG , then presi­
dent, died. LA1T E, elec ted in his
place, hurried to work, and soon the
LASLG memo rial fun d was cstab­
Iished. A collect ion was set up amo ng
Norwegi an amateu rs to finance th e
purchase of rigs, and a special license
was granted by the auth orit ies.

It was a fant astic success. bu t the
money available prov ed msu fflc ien t
by a long way . Variou s organiza tio ns
were asked to help, mainly Lions and
Rot ary, and both were po sitive. Rut it
st ill was not enough.

During the summer o f 1968 hams
o f Sweden and Norway occupied the
indepe ndent territory o f Moroku!i en,
s ituated arou nd the Norwegian ­
Swedi sh pea ce monument.

A special call ( I.GS) was issued , and
operation, plus sale of QSL s (3 IftC)
and letters of citizenship commence d.
Since then the fund has been gaining
steadily .

The real boost came last spring,
when a TV program was sent over the
national net , showing several cases and
wha t amateur radio meant to the m.

Afte r the pro gram a net started

About a hundred ama teurs nave
started up in thi s way, and following
the m from the first day on the air ,
when they hardly dare speak a t all ­
some hardly can spe ak, afte r years in
institutions 'with on ly busy nu rses an d
even busie r do ctor s 10 ta lk to - it is
gratifying to see them becoming mo re
and more talka tive, more and mo re
interested in the world beyond their
beds and wh eelchairs, star t learning
code an d thoery , then linally passing
the fun test.

LASPM Per Maril'llbo rg
Sto vnerv n. 17
1I00ybraal f'n

Norway

Thalllul
I would like to take th is oppor­

tunity to thank you for furn ishing 73
to the Am y MARS station s in Viet­
nam (forwarded 10 us by Ale", A9EU) .
73 has not been available in the PX
bookstores, so it is a rare privilege to
receive a current issue regularly.

Yer nnn W. leelnn d
SFC,«;.7

xcotc, AB8 USA
RlIdilJ Compa ny LHN

AI'O S. F. 9649 1

ARRL
I have been a Wayne Green sup­

porter and agreed in his crit icism of
ARRL. I feel that he's done amateur
radio a great service by opp osing th e
dicta to rship o f ARRL.

O. A. Wi!lf'K!'MVR
Coru nna IN ·1.6730

Nt't LiMt
Would think it a goo d idea to

pub lish a list of act ive ne ts on vario us
bands, say once a year. A suggestion
by you would elici t co ntrib utio ns, and
it might well be a useful service in
traffic handling.

j . F. WClith erl y K IZYG



SPECIAL CALL AND PREFIX

BAND CW PHONE (I) PHONE (2)
80 Meters 3550 3880 3910
40 " 705 0 7205 7260
20 " 14050 14205 14285
IS " 21050 21280 21360
10 " 18050 18600

NOTES
(I) Several times each hour operator
will announ ce and listen 5 or 10 kHz
below the bottom of the U.S. phone
band for DX sta tions.
(2) If " pileups" develop ope rator may
listen off his transmitting frequ ency.
LOG ALL CONTACTS IN GMTime.
For special QSL send SASE or 21RCs
to Kc~KC, Box 753, Shawnee Mission
KS 66201.

lowing day . However, activity will
generally be on any band at any time
that band is open. Activity is planned
aro und the following frequencies:

So unds like a good taea. We'/1
publish a /1s t of (lcti ve nets if a
sufftctent number report in to us on a
monthly basis. Any takers?

C. Kendall Morse, holder of ama­
teu r calls KI RYI and K4DCR, died
March 2 at the Manatee Memorial
Hospital in Bradenton, Florida.

He was born in South Newfane,
Vt., the son of the late J udge John E.
MOThe and Emma (Chase} Morse. He
married the former Jo Ann Tambasco
of Flushing, NY, on Feb. 9, 1947.

He was the owner of Video Village
in Brattl eboro, Vt ., unt il May 1964
when it became necessary for him to
give up his business due to ill health.

Of AMAUDa OUS

(MARAC) and the Indepe ndent Coun­
ty Hunt ers Nets meeting in Kansas
City thru these dates will man the
station arou nd the clock.
KCfjlKC will be on 10, 15, lind 20
meters beginning when the band
opens in Kansas City around 1300 \
GMT until the band closes late in the
evening. Activity on 40 and flO meters
will proba bly begin around 2200
hours GMT until 1300 GMT the fol-

KC\:! KC will be heard on atl bands for
the period July 1st 197 1 through July
5th 1971 GMT. Members o f the Mo­
bile Amateur Radio Awards Club Inc

spontaneously on 80, discussing the
show. It grew stea dily, and soon about
100 hams were in, while several hun­
dred were listening without checking
in.

The nex t morning several people

started working on thei r friends white :::::::::::::::thc impressions were still fresh. I
Expeditionasct out for sports cen-

ters (t his happened during the Easter
holiday) equipped with megaphones
and walkic-ta jkics to scll ietters.

And on it went, after a while letters
valuing more than 100 ,000 Kr were
sold . Also, during last summer QiO nr
10,000 was worked from LGSLG in
Morokulien (the name is mad e up o f
the word s for " fun" in Norwegian and
Swedish).

The main problem now is to reach
the int erested handicapped, and to
train them properly.

All districts have a represent ative
whose jo h it is to forward apollca tlons
fo r sta tio ns, train the operators , make
necessary altera tions on the rig~ so
that those with serious physical de­
fects can use the m.

It might indeed!

Citizenship for Fun
Honorary citizenship certifica tes

are available for Morokulien (LG5).
These hon orary citizenship awards are
usually for warded on reques t, if the
request con tains $4 or more. The

Who can argue against logic like
that?

Turncoat !
I feel it my duly to inform yo u Ihal

there is an enemy in your midst. The
evidence can be clearly seen on Page
25 of your April issue under the
heading, " War On Poverty."

Take note of certain subtle, but
degrading statemen ts cleverly worked
into the copy . For example. the sta te­
ment , " You will save tremendou sly on
the highly overpriced individual=copy
cost of $1."

Since when is one lousy dollar
overpricing so bount iful a wealth of
technical knowledge and ham news as
is contained in tha t port able horn of
plenty known as 73 magazine?

Next , your renegade has dared to
imply that subscribing to the bene-
ficent generosity of your publication I

is an act of charity to you when, in
fact, the gain is so far outweighing the
cost that it should be considered as
taxable income to the subscriber. The
fact that it isn't is what should be
stressed .

Now, J don't q uestion your claim
to be running in the red, since you
are, out of the ext reme good ness of
your heart, giving so much and asking
so litt le for it, but SO beneficenl a
philanthropist ought certa inly be on
the alert for enemies from within !

Dill Hood W2FEZ
J 16 Weill Park 51.

Albion NY 144 11

scnbe r gave only one gift subscript ion
it might put 73 in the black.

Glenn Com mons WA9ZGJ
501 2 East 67th St.

Indianapoli s IN

Bud Link WIEKE!S
5911 Inwood No. 1
Houston TX 77027

Eo Falhc f KlRVR
VP, Middlesex ARC

FM FORF.VER!
Have been enjoying FM since 73

turned me on to it.

Enjoy reading the FM Scene
(K6MVH).

>,:ou are probably right, we have
been emphasizing FM a lot recently ,
Warch the next f ew issues and see how
you think it is going. Keep in mind
that on e of the reasons that we have
been talking FM so much is that It is a
lot of fun , doesn 't cost much to get
on the air, and represents a new and
~ery valuable growth of the hobby.
How else can you have that much fu n
fur a couple big ones in amateur
radio? The gang using WA 2UWQ in
Rochester will welcome y ou to their
repeater . . . give it a try.

Rick Brown WA0ZQX-FM

Keep up Ihe FM coverage! The
magazine looks bet ter all the time

Don KII6GKV/WAIUCR

Keep up the FM art icles! 73 is a
great mag.

think it is fine that many amateurs are
interested enough in the higher bands
to keep them alive, but there are still a
lot of us who like articles on other
phases o f ama teur radio and would
like to read abou t them in 73 maga­
zine. So come on .. . let's give at least
half to other phases of the spect rum.

AI Fudge
19·C Lyellwood Pkway.

Rochester NY 14606

Your mag is tops and the lads i ii
this area are climbing on the FM
bandwagon! The April issue far ex­
ceeds all former issues!

C. C. Foster VEIAMF
113 MaeBeath Ave.

Moncton N.R. Canada

me It seems as thrilling as gettin g a
new teleph one installed that Is tied to
a 100 party line. Maybe the th rill is in
trying to get a word in edgewise or of
listening to everyon e else. D ime­
sharing is great for computers but
humans shou ld be able to talk.a s long
as someone else is willing 10 listen to
them.

I can travel anyw here in the U.S.
with my J0 - 80m mo bile transceiver
and nearly guarantee communications
any hour o f the night or day whether
I am in Nevada or the midd le of
Pennsylvania. If the going gets rough
on SSB, I switch over to CWo I more
than suspec t that a cross country drive
with UHF FM will generate a minimal
of QSOs and lots of frust ration .

Let's recognize UHF FM for what it
is - a darn good technology for local,
noise free, communic ations, and a
good opportunity for manufacturers
to start making money again. What
the percentage of need is for this kind
of amateur service remains to be seen.

Herman Lukoff w:IIITF
506 Dreshertown Rd.

Fort WaRhington PA 19034
The key to UIIF FM superiority Is

in its repeatable performance reliabil­
ity. True, y ou would" 't make a lot of
UHF contacts on a cross country
jaunt - but that doesn 't mean there
Isn't a lot of action on 450 Mllz. Most
of the UHF repeaters are "closed" to
casual use of transients and are set up
for the convenience of the local ama­
teurs.

I am not too interested in FM. I
tried it a few years ago and foun d it
too much like CB. J sold both rigs and
haven't tried it since. I decided reo
cently to drop my subscription to CQ.
I reviewed the issues for the past year
and thought it a waste of money.
Compared with the "goo d old days"
of 1957- 59 there Is nothing in them.
Excep t for too mu ch F M, yours is

tops. RUM Lorent·t W9HLN
FI. Waynp IN 4681 5

FM has tmom ved since the old
days. Try If again and be astonished.

News Page Five



Frank C. Jone s W6AJF
85 0 Donner A ve.
Son oma CA 95476

ANTENNA
ELEMENTS

ON
TWO

METERS

DRIVEN
;::, • ••• H • "'''*:':'.<::::-~·~t::>:.·" ..~.·.:,. . -':h ' .,,;l!< VERSUS

PARASITIC

~~...~.,-:::: -:- ...c.:::':" '~~:'~:~~=$:'. "" . :;:;:-"" . ~ ' .
, " .

As an in curable an tenna experime nter
with 50 yea rs of ex perience, it

seemed that I had to com pare all driven­
element antennas with yagis. The results
probably aren't t oo accurate since the
work had to be done on the roof of my
radi o shack. The acre of ground here has
long sinc e be come a jung le of trees and
shru bs so the only space left is on a
rooftop and even that has beams around it
for 50 , 144, 220 , 432 and 1296 MHz on
separate TV push-up masts .

The test results over a perio d of about a
year have led to the designs shown in the
tw o photogra phs of a vert ical aU-driven
12-element beam and a combina tio n beam
for horizontal polarizati on. The latter is
int eresting in that it is so mewhat similar to
a Swan beam design, and I used some of his
element insulators in th e centers of th e
driven elements. Th e parasi tic directors
were part of an old z-meter beam joined to
th e driven-element booms by hardwood
dow els and an alumin um sleeve betw een
the front driven element and the first
director on each boom.

This 14-element beam gave about the
same forward gain as a 16-element curtain
with slightly extended elements and spac­
ings. Th e curta in beam of this design
should give about 14 dB gain over a dipole ;
but due to aging and oxidation in thi s
antenna, the gain figure may have deterior­
ate d by a coup le of decibels over a period
of several years of use. I live about 10 miles
north of San Francisco bay and 30 or 40

Horizontal ant enn a: 6 driven elements and 8 dir ecto rs
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Fig. 1. Pertormsnce-vs-ptusinq curves [or various
multielement beams.

miles east of the Pacific ocean . so occa­
sion al fog conditions cause a little salt
problem with alumin um tubing.

Th e 14-element hori zontal beam in one
photograp h had slightly sharper forward
lob e and smaller back lobe as compared to
the curta in 16-element beam. Only the
ho rizontal plane of.... radiation could be
compared using a third test antenna feed­
ing a receiver with a calibrated Scmetcr and
10 and 20 dB attenuator pads in th e
receiver input line.

The test antenna was not equidistant
fro m the tw o ante nnas being tested, so
only a few readin gs were made in com­
parin g the two ante nnas. Many nights of
listening on the 2m band more than con­
firm ed the test results, since an added
fact or was present. Strong "power" buzz
noises - mostly fro m elec trical machinery,
automo bile igni tion, and neon tube sig­
nals - were mainly from a direction to the
rear of the two an tennas. This meant less
backgro und noise from the " po wer" buz­
zes when using the an te nna with the
smaller back lobe.

Long yagi antennas of standard design
usually have a better front-to-beck rati o
than curtains, bu t they often have less
forward gain . However , even with a little
less for ward gain, t he added bene fit of less

13



Fig. 2. Antenn a pattern and gain comparisons.

QRM or QRN often makes a yagi beam
give superio r reception but not trans­
mission .

A single yagi beam consis ts of a parasitic
reflector, d riven dipole, and one or more
parasitic directors. All parasit ic elements
are excited by the dr iven dipole and if the
lengths and spacings are appro ximately
correct, th e beam will show goo d forward
gain and small rear gain (or loss, pre­
ferably) .

Working for max imum forward gain
means a sharpe r beam pattern bu t an
increase in th e rear lobe, ofte n a disad­
vantage in 1ece ption. Adding lots of direc­
tors increases the forward gain and beam
pattern sharpness, but also narrows the
antenna band width. Sometimes, the band­
widt h of long yagis is restrict ed to about I
MHz of the 2m band be fore the gain and
dir ectiv ity turn fro m good to bad. This
may be fine for long-distance work at one
end of the 2m band but leaves muc h to be
desired for coverage of the entire ba nd and
some of the MARS frequencies outside of
this 4 MHz band.

The all-driven beam of three dipoles and
a three-element parasit ic yagi beam were

built up and tuned to 4 32 MHz and tuned
for minimum swr at t his frequency . A
Gene ral Radio wideband power osc illator
was used to excite the ante nnas. The yagi
had a bandwid th of 8 to 10 dB at the 3 dB
points of gain and swr effec ts. The three
driven elements had about twi ce th e band­
width befor e the gain went down and the
swr we nt up ba dly. The forward gain was
difficu lt to compare accurat ely bu t seemed
to be abo ut 6 dB with both an te nnas,"

There were rear reflect ing sur faces be­
tween one and t wo waveleng th s in ba ck of
the test antenna posit ion, so front-to-ba ck
measurem ents at this near -ground level
were meaningless, and even the forward
gain measurement was ques tio nable. The
main purpose was to compare swr over a
wide band of frequencies with a slotted­
line device in the same piece of coax that
fed each antenna thr ough baluns an d
tuning st ubs at the antenna . No retuning
was done afte r the original 432 MHz
measurem ent ; only .the osc illa tor frequency
was varie d . These effect s could be trans­
ferre d to 2m by dividing the band width
figures by 3 without much error since th e'
frequency is abo ut on e-third.

Swr measurements, using an ordinary
swr meter , over the range of 14 3.5 to
148. 2 MIIz on th e 12-elemen t all-driven
array showed it to be in the range of
1- 1.2. This seemed to be very good to th e
old ex perimente r.

The po lar diagram of the all-driven
12-element job of 6 over 6 eleme nts also
pleased me when compared to two 3­
element yagis in br oadside (a lso vert ically
po larized). Th e back lob e was small enough
to make reception of weak signals possible
in spite of bad power noi ses to the rear.
Th e yagis were tuned for best forward gain
and had a pretty bad ba ck lobe as shown
on the curve sheet. The rear lobe on th e
yagis was down about 10 dB fro m th e
front lobe. Th e driven array had 20 dB
ratio . The fac t of 3 dB more gain forward
was due to stac king of 6 driven elemen ts
over the ot her 6, which should not affe ct
the polar diagram pattern .

Af ter a few months of on-t he-air te sts
with thr ee vertical beams at the same

IZ ELEMENTS

:LiLDI:I~~~H BEAM J

•

Z - 3 EL PARASITIC
BEAMS IN BROADSIDE
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18 ill . 17-1/2 ill . 17 ill. D, D,

7 ft x I ill . DIA
AL. BOOM (2)

I
Pcii.E

f- IOin.-1-10 in._1*--16 in. 16 in. 16 in. 16in._

IB in . 17 -1/2 in 17 in .
3/B in. D IA

35- 3/4 ill 35-1/2 in.,
1/4 in DIA

35-1/4 in.,

17 in. 17 ill .

OPEN WIRE LINES
a TUNI NG STUB

28 in. 13 in. ± TU NED STUB

SHORT ING BAR

27 in. BALUN OF I--------ft--r-+
COAX-50./\.
RG-8A/U. etc

13 in. :!: TUNED STUB
TAP UP FOR MIN SWR
ON COAX

28 in

4 -1/2 ft

27 in. BALUN

17 in. 17 in . x 3/8 in . DIA

GROOVED BLACK PLASTIC
INSULATORS (6 NEEDED)
MFG-SWAN

Fig. 3. Construction __details, horizontal 14­
elemen t beam.

average height, the twin short yagi and the
larger director beam (not shown) were
pulled down and the all-driven 12-el ement
vertical array boosted up as high as possible
on its push-up mas t for future use. The
wide frontal lobe turned out to be a
blessing since I could cove r the whole San
Francisco bay area with one beam bearing.
The larger director beam had to be reset if
the stations were more than I O ta 15
degrees apart in bea ring, and its fairly large
side and back lobes always picked up more
nois e when list ening to wea k signals .

The curves of driven-element antennas
of Fig. I were interpolated from those of
G. H. Brown (IRE Proc. . 193 7) for two
elements for phasings of 60 to 180 de­
grees, and the curves of Chen T. Tai
(Microwave Journ al, 1964) . for addi­
tional dipoles in dr iven arrays. If the
interpretation . of these curves is correct,

two driven elements spaced A/8 and phase d
at about 225 degrees wo uld have a gain of
3 dB over a dipole and be nearly unidirec­
tional. rSu-dpgree phasing wo uld provide
nea rly 4 dB gain but would be bidirec­
tional, not a desirable characteristic for
good front-to -back ratio.

A single reflector behind wo uld add
some forward gain and reduce the hack
lobe about 10 dB; however, a ratio of 20
dB was desired. An experimenta l mode~

provi ded about 12 to 13 dB front-to-back
ratio and a forwa rd gain of about 5 dB.

Adding a third driven element gave
better front-to-hack results and is the form
used in the beams shown in the photo­
graphs. T hree driven elements phased
about 225 degrees provided a lit tle over 5
dB gain with at least 20 dB f ib ratio . The
three elements gave a shade more than 2
dB impro vement over two similar elements.
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The dot -dash curve of Fig. 1 indicates th at
fo ur d riven eleme nts would give about 1.5
dB more gain than three elements. An
experimental ante nna with five driven ele­
men ts should have had I dB more gain , bu t
as measured , did no t prove mu ch better
than three eleme nts: These exp erime ntal
ante nnas require a lot of length and spacing
variatio n to get bes t results.

The length of each dri ven dipole has to
be sh or tened progressively fro m rear to
fro n t for best radiation pattern and gain
characteristic. A short stub on t he rear
dipole and a tuning stub on th e fro n t
element are needed to tu ne ou t some
react ive co mp one nts if coax or 300n
twin-lead feeders are used . If several thr ee­
element bea ms are conn ected i.n phase,
each one needs a shor t stub on the rear ,
four eq ual length lin es at the fro nt ele­
ments an d a tuning stub and a balun for
the who le array .

H a l I -w a ve spacing between th ree­
element beams will add about 4 dB gain as
c h ecked by numerous measurements.
Stacking six more dr iven eleme nts below
th e to p six elements will add 3 dB more
gain, so if a good job of assembling and
tuning is done , a 12-element beam will
pro vide about 12 dB forward gain with
except iona lly clean pattern as indicated on
th e polar diagram for a vertical array. (See
Fig. 2.)

If directo rs are add ed to a driven array,
th e fo rward gain can be increased at the
ex pen se of a sharp fro n tal lo be, and two
fair ly large side lobes. Half-wave spacing
bet wee en beams can no longer be used
since directo rs react badl y with that spac­
ing. Increasing the spacing increases the
side lobes but fina lly up to 3 dB gain can
be obtained wit h tw o beams as co mp ared
to one beam . No accurat e gain measure­
ments were made on the hor izonta l anten ­
na, but some calculations ind ica te d that its
fo rward gain sh ould be 1- 2 dB more than
the all-d riven vert ical array of fewer ele­
ments.

The ho rizon ta l beam insu lators wer e of
the ty pe used in th e very goo d Swan 2m
beams (Fig.S). Th e 3/8 in. d iameter alumi­
num tu bing elements fit in to grooves and
are fastened in place with 6-32 ma chin e

16

screws . The insu lators (six required) are
gro oved at righ t angles to th e approximat e
6 in. lengths, fo r I in . diam et er booms eac h
about 7 f't long in this array (tw o requir ed) .
A small angle bracket abo ut 2 ft long fro m
th e boom to the steel mast helps hold the
booms parallel.

The usual T V ladder line is usable on
mode rate pow er at 2m but 13· or 12-gage
bare wire is bette r. It can be melt ed into
5/1 6 or 3/8 in. dia met er poly rod insulat or s
cut into I Y.1: in . lengths. A IOOW soldering
iro n (or be tter yet, a 200W size) will hea t
the wire enough to melt the polyrod
aro und the wire whe n pressing firmly down
on th e wire at first over th e poly rod then
ju st to one side as the wire sinks in to the
insulator ; I in . spaci ng is suitable for all
phas ing and tu ning stubs. Insulator spacing
of 10 - 12 in . is suitable for 14- or Lz -gage

wire lines.
The all-dr iven array used 3 x 5/ 16 in.

diameter nylon rod insulat ors since nylon
is a very tough material and weathers
better t han fib er or Bakelite. There are
other tough plastics which have better
elec trica l characteristics th an nylon, but rf
losses at the cente r of d ipoles is very low.

It will be no te d that the driven eleme nt
lengths taper tow ards the fro n t (Fig. 4) and
help take up some of th e crossed ph asing
line reactance. Th e shor t rear stub of 5 or 6
in . of wir e also he lps in this respect.

Th e spaci ng of abo ut 1/8 wavelength
betw een driven eleme nts wo uld reduce t he
gain if the wires weren't crossed over
betw een eleme nts. Crossing these sub tracts
180 degrees and the wire length s of about
A/8 subtracts anothe r 45')' degrees, giving
about 225 degrees phasing between adja ­
cent eleme nts. T his phasing gives about 2
dB mor e gain than 45·degree phasing for
three d riven ele ments. l 35-degree phasing
would give mo re gain but would be di f­
ficult phy sically be cause of trying to get
45+90 degrees instead of 180 and 45.
Actually , the phasing is a littl e less than
225 degrees in these an te nnas since the
driven elements are a little less than a half
wavelength electrically. Th is gets the point
of operatio n a lit tl e higher up on the
midd le curve of Fig. I . At the po in t of
maximum forward gain of about 160 de-
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SETSCRE W (WOOD)

16 in 17-1/4 i n 16 -1/ 2 ill

20 In 20 in. .-
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..
/

3 0 in .

20 in. 20 in.
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3/8 ,no OIA x
16-1/2 In . LG

FRONT

~OJ\- COAX
RG-8A/ U

2 7 in. BALU N
RG- 6 /U

T V HARDWARE

TUNING STUB
45 in. LONG ±
TAPPED UP
14 ill. ±

POLE (TV MAST)

~
3 0 in

10 in. 10 in .

16 in . 17- 1/4 in. 16-1 / 2 in .

~ in. STUB
TOTAL

39 in. x 7/8 'n. OIA
(2) ASH

• 24 in . x 7/ 8 m.OIA
(4) ASH

*
Fig. 4. Phasing, spacing, and other constructional
deta ils. Phasing lines, crossover leads, and tuning
stu bs are of 14·gage bare copper wire.

GUY WIRES

*". SECTIONS OF VARNISHED
RAKE HANDL ES

grees phasing, th e front lo be becomes
narrow and side and back lobes may be
troublesome in th e case of 2 or 4 units
co nnected togeth er in a larger beam.

Th e fo ur-eleme nt curve of Fig . I was
not ob taina ble in these experime ntal tests
as the antenna tests always seemed to be
nearly equ ivalen t to th e three-element
curve.

...W6AJF-
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3
J. V. McGinn K8CFY
1985 9 Nick e
Mr. Clemens MI 48043

I " answer to many requests from local
VHF enthusiasts, I would like to share

with yo u my suc cessful experiences with a
good 2 meter antenna which evolved from
my nee d fo r a simple antenna t ha t wo uld
add zest to my "Twoer" transceiver . Most
VH F'ers use a yagi , skele to n slo t, o r
mu lti elem ent collinear . So me use a basic
t ype omnidirectional an tenna. All ar e good
but have specific characterist ics that offer
man y limita t io ns (b andwidth, weigh t , ex ­
pense , et c.). So if yo u want to be different
and st ill enjoy a goo d signa l witho ut t he
worries of weight , expense, co mplicate d
fabri cation, etc ., yo u may want to do as I
did - build a cubical quad.

The " cu be" is ideal for the apartment
dwell er , being small and lightweight , excel­
Ient for F ield Day and portable work, can
be made to fo ld or come apart easi ly, an d
best of all, it 's cheap. Mine has withstood
wint er weat her and severewinds for nearly
five years . However , one winter , du e to
ex tre me ice-loa ding an d t he weight of a
ro tor , t he who le wor ks topp led and
crashed , be nd ing the ele me nts lik e confetti.
No trouble, t hough. I mere ly straightened
them as best I co uld a nd everything still
wo rks fine. So ruggedness may safely be
list ed as a no ther of its attributes.

T he construc tion is most simp le and
very inexpensive. All basi c data was derived
from the VHF Handbook. Much experi­
mentation has gon e into the "playing
around" phase of it, but basically it is as it
started out to be. Anything nearly re­
sembling my prototype model sho uld work
well. (I say prototype as this was built in
contemplation of buil ding an advance d
fo rm of it later ; but it wo rke d so well I just

18

o
kept on using it. This is a 3-element , but I
would prefer and recommend 4 elements.

Natura lly any suitable materials can be
used for the boom and supports. I use d a
length of 1 x I in . wood, but broomhandles,
dowels, etc., can be use d. Spraying the
finishe d framework with Kr ylon plast ic
spray or varnish is highly recommended:
Last inspect ion showed the wood to be
severely cra cke d all ove r an d t he boom
warped even tho ugh it had been treated
or iginally . Eleme nts are made of aluminum
clothesline wire, bu t co pper wire may b e
preferr ed for ease of co nstruction . The
aluminum wire may be soldered only wit h
a torch and alumi num solder , and it 's
tr icky.

An easy method of clos ing t he loops is
by butt-join ing th e wire ends and crimping
a short length of co pper tubing (or alu­
minum) whic h 'has been slipped over the
jo int. The refle ctor and directors are closed
loop s whereas the dr iven element is open at
the feed point by abo ut 0 .5 in. with the
fee d po ints mounted on an insulating
block. Use any th ing plastic for t he insu­
lator. I fou nd a piece of toy t rain track an d
thi s became my insu lator.

The an tenna is fed d irectl y with 50n
coax without th e use of ba luns. For a
perfectly nonradiat ing lin e the coax should
be fitt ed with a detuning sleeve , (see Fig.
2) .

The element s are supported at the top
and bottom cente r by either passing them
through a hole near the ends of the ver tical
support pieces or by lashing them to the
ends with wire, ta pe , staples or whatever is
handy . Originally I sta pled mine a nd when
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Gear Up For Spring...
with New Heathkit" Solid-State T est Equipment

New 15 MHz Frequency Counter $199.95*

• An invaluable accessory for any shack
• Accurate count ing, 1 Hz to over 15 MHz
• Automatic trigger level for wide range input

wi thout adju stment

• FIve digit r eadout with Hz/kHz ranges and overrange
indicato rs give eight digit capability

• 1 megohm input Z mini mizes circuit loading
• Storage circuitry for non-blinking readout
• Computer-type integrated circuitry eliminates divider

chain adjustme nt complet ely
• Temperature-compensated crystal t ime base oscillator

fo r remarkable stabili ty
• BNC input with cable suppli ed
• Double-sided, plaled·th ru circuit board with sockets

for all ICs & diSPlay tubes
• Three-wire removable line cord
• Heavy-duty const ruct ion - tough aluminum case and

die cast zinc f ront panel
• Convenient handle/ ti lt stand fo r easy set-up, portability
• Easy five hour assembly
• Requires only an AM radio for alignment
• Kit 18·101, 7 Ibs $199.9S*

FREE71
CATALOG

Describes these and
over 300 oth er Heath­
kits . Save up to 50%
by bui lding them your­
self . Use coupon and
sen d f or you r FREE
copy!

New 5 MHz Scope - $119.95* Kit
· $179.95* assembled
• The most versatile pieceo f test equIpment you can own
• All sol id-state desIgn for high reli abi li ty , superior

performance
• Wide DC-5MHz vertical channel response
• Switch-sele cted ACor DCcouplin g for greater versatility
• Fr equency-compensated 3-positl on input attenuator
• High impedance FETInput to minimi ze loadIng
• High 30 mv/ cm input sensiti vity
• 80 nanosecond rise ti me
• Recurrent , automat ic sync 5-posit lon sweep with

vernier - 10 Hz to 500 kHz
• External horizonta l and sync inputs
• 1 volt p.p out put
• 5" f lat-face CRT with 6II0 em rul ed gratlcule
• zener-regutated suppli es tor ext ra stabili ty
• Only 16X" deep •• • flts on any bench

• Kit 10·102, 29 Ibs..... • •.•. •.. •. • •• • • • •• •• •$119.95*
• Assembled IOW·l02, 29 Ibs..• • • • • • • • • • • • • • • •• $119.95·
• Assembled PKW·101, 1 megohm probe, 2 Ibs••• •$19.95*

Address



_ COAX FEE OLlNE

COAXIAL BALUN
(OE TUNING SLEEVE)

TO FE ED POINT

~

Polarization IS horizont al with a very
wide beam pat tern ; t he main lobe seems to
be about 35 degree s, or just off the righ t
front cor ner, wit h a null off t he left front
corner sight ing the beamed direction.

For vertical polariz at io n, ju st turn the
whole works on it s ax is 90 degrees, so t hat
the feed point is now on one of the sides .
Feeding at the cent er of the vertical ele­
ment will give vertical polarization, and at
the cen te r of the horizo nta l wire ele ment
will give hori zontal polarizati on.

On-the-air tests have proved it s value .
Comparison t~ sts were made using a 3-ele­
ment comme rci al beam on the same mast
with separate fee dlines and a coax change­
oe ver switch so that ant en nas co uld be
switched readily and at any time during a
QSO. The quad outperformed the beam in
every respect in every QSO for a period of
on e week of t est ing. Most test s were
per for med wit h a Twoe r an d at heigh ts not
exceeding 30 ft . I do not know what the
true gain of the quad is bu t it did boo st the
effective power and range of the Tw oer by 7
over t hat of a " Big Wheel" omnidirectional
antenna. K8CFY-

References:
I. The ARRL Handbook
2. The Rad io Amateurs VHF Manual
3. VHF Antenn a Handbook by Jim Kyle

K5JK X

Boom 34 in .
Element supports wood , 1xl ;
Reflector 88 Jh in;
Driven element 8 1 in.
Director 76 % in.
SPACI NG SPE CIFICATI ONS

R to DE : .12 wavelength
DE to DI : .25 wavelength

An extreme ly thin antenna will opera t e
properly only over a very narrow band of
frequen cies, while a thick antenna element
will cover a pro portionately wider band.
Pract ical and desirable eleme nt diameters
for 145 MHz antennas sho uld be at least
1/8 in, or larger.

Here are the actual di me nsions for my
quad :

Value of k
0.9 60
0.961
0.963
0.9 64
0.966
0.967
0.96 9
0.972
0.973
0.975

Element dia. (in .)
1.0
7( 8
3(4
5/8
1/2
3/8
1/4
1/8
3/32
1/16

r
114"

L
they got a lit tl e loose I criss-cro ssed elec­
tri cal tape aro un d the element an d end of
the support piece. It is truly haywire and
slo ppy, but it perf orms like a champ.

Design center frequency of my antenn a
is 14 5.26 MHz, but t he builder can easily
alt er this by application of the antenna
formula and charts given in t he refere nce
books. In theory the rule of t hu mb is to
make the refl ect or 5% grea ter , and the
director ' 5% small er than the drive n ele­
me nt length.

For exper imenters wishing to calculate
the exact len gths invo lved for a part icular
frequency the for mu la is :

El. length ~ 984( f (MHz)
F or vario us element d iameters a cor ­

rective factor (k) can be importa nt as this
will affe ct the bandwid th of the ant enn a.
Foll owing is a list ing of some values of k
for vari ous elemen t diame ters for 144
MHz :
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THE
1000 WAIT
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$3380.00HRO-600/601
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T here are som e, people who just cannot
learn t he code, and I gue ss I'm one of

th em. It's no use hying again, I'll only fail
the exam. Sound familiar? If you really
think like that, you are right - you will
never learn it , even though you can.

For those who truly believe that they
cannot learn the code, and who have
actually tri ed, I would like to relate my
personal experience in this endeavor.

Before I do , howe ver, I would like to
dispel -some popular myths : You do not

need to have any musical or o ther special
talent to learn it. Anyone with reasonable
intellig enc e can learn it.

Th ere are three basic prerequi sites to
learn ing the code: an honest desire to do so
(mo tivation) , a belief that you can do it
(confidence) , and perseverance .

My code career began when I was abou t
10 or 11 years old. I be came interested in
amateur radi o and began build ing cryst al
sets (o nes with a eat's whisker) and other
basi c circuits. I also " learned the
code " - that is, I remembered the com­
plet e alphabe t and numerals. Why, I could
even send the code with a " toy" code
oscillat or. The on ly trouble was that I
couldn't copy it a bit whe n anyone else
sent it at more th an one wor d a minute .

22

John J . Risch W0FEV
7135 Farley A ven ue
5 1. Louis MO 63 121

Later, when I bec ame a boy scout,
thought it wo uld be a cinc h to get a
" radio " merit badge. I d idn 't get it because
I cou ldn' t learn th e code.

In high school, I joined a radio club that
offered code lessons (I hour a week). I
thought " at last I'll get it. " Aft er one
semes ter, I was advised by the inst ru ct or to
give it up as I probably wouldn't make it
and was ho lding up the rest of the group.
Need less to say that by t his ti me I was
rather discour aged and believed tha t I
would never be able to learn it.

Later when I entered the Air Corps my
main desire was to become an aircraft radio
op erator. By that tim e I had progressed to
building mult istage receive rs and test
equipment , et c. I was given a chan ce to
enter radio operators school. All I had to
do was pass a simple test wh ich consisted
of signifying whether received signals were
one, two , th ree, or four do ts. Th e signal
was sent and I was to ind icat e one, two,
three, at four. I couldn' t do it. No radio

.school fo r me! By then, I was really
"br ainw ashed" and pr obably would have
given up hope of ever becoming a ham.
But , to my delight the Novice class was
created wit h a 5 wpm code requ irement.
Aft er several mon ths of preparation, I
some how manag ed to pass and get a Novice

73 MAGAZINE



-IS IT EASY TO LEARN THE CODE?

CODEMASTE R tapes a re 2 -t rack mona ural ; avai lable in two styles: 7 in c h mel (3* IPS) and cassette. B e s ure to
spec ify both th e p rogram (CM·1, ercl and t h e style (r eel o r cassette). Any tape, $6.95 postpaid USA 4th class. Any
two tapes , $ 13.00; all th ree. $17.00 PPD . For air shipment in USA add 5 0 rI. per cassette o r 8 0rl. per ree l.
Immediate delive ry. Mastercharge a n d Bankamericard ho no red ; give u s v our account number. CODEMASTER
t a p e s are m ade only by Pi ckering Radio Company , POBox 29A, Portsmouth, RI 0 2871 . See your d ea ler o r order
direct. Sat isf act ion guara nteed

CM -2: For E xtra-C lass license
stud y. Most ly straight text, SOme
code groups. 1 hour at 20 W PM, Y.
hou r e ach at 25 and 3 0 WPM . F or
re a l ORO, p lay t his tape at twic e
sp eecH -

CM ·1Y.i: An in t e rm ed iat e tape, es ­
pecially f o r Genera l Class exam
study. No instruction ;just p ractice.
/> hr 1 1 WPM ; 1 hr 14 WP M ; y,. h r
at 17 W PM. Inc ludes coded g roups
and straight text .

Frankl y, no. Neither wa s it easy t o learn how to read wit hout two things :
Proper instruction , and p ract ice. COD E MASTE R tapes, proven in over five
y ears of sal es of thousands of tapes all over the world, give yo u that essent ia l
instru ction . No other teaching system of fe rs y ou a mo re proven met hod,
more acc urate se nd ing, mo re com plete gui dance. Se lect yo ur CODE-
MASTE R t ape s below!

eM-1; Fo r the beginner . A com­
plete cOurse of instruction is on the
tape . Practice mater ial a t 5. 7. 9
WPM . Prepa res you for Novice ex ­
am. Includ es code gr o u p s and punc­
tuation.III

[!
VIBROPLEX

ENJOY EASY.
RESTFUL KEYING

$2 1. 9 5 to $43. 95
THE VIBROPLEX

CO . . INC .
833 B r o a d w a v.

N ew Yor k, NY 10003

SPECIALS
fob()k ~ ~' f~~}~s,::~~Z.5s; ;,; d'~r~K,,~::t~ i (H~~~IU) $~ :~g 4 for 5 .00
1000 ~H7 f requ~ncy standard (HC6/U) 4 .5 0
An y CB cr yst al, trans . o r r.. c. 2 5 0

(px (" ~ pl sp' t h ~"u r "f)'sta ls) .
A ~';x~:;att8l0~1'60~~rt~~~~1 in FT-243 ho lders 1.50 4 for 5 .0 0

lHl ", pl n crysta ls in f·T·243 h o ldn s 2.50

SLOW SCAN TV
A complete S.S. TV Monito r $298.00. . lf yOU like to bu ild
yourse lf , then try one o f o u r k its.
KIT 1 P.C. Board only (2 req) aa .$ 9 .95
KIT 2 P.C . Boards (Both) & a ll parts ( unwired) $ 80 .00
KI T 3 P .C . Boards Wir ed & t es t ed . . . $ 125.00
Po wer Supply Kit - No chass is .. . $ 54 .95
F .5.5 . Camera now av ailable. . . . . . . . . . . . . . .. . $298.00

All kits tube t y p e w ith instruct io ns
CR Ts, Power Suppl ies, and cabinets not inc lud ed in ki ts

E.K.V . V ID E O V IS ION C O. Bo x 15, S t ockh o lm NJ 07460

DUAL GATE MOSFET

PRE-AMPS

We have in stock over six million crystals
which include typ es CR IA/A R, FT2 43,
FT24 1, MC7, HC6/ U, IICI 3 /U, etc.
Send 10¢ for our 1970 ca ta log with
oscill ator circuit s, listing thousands of fre­
que ncies in stock for immediate de livery.
(Add IO¢ per crystal to above prices fo r
shipment 1st class ma il; 15¢ each for air
mail. )

ORDER DIRECT
w ith che ck o r money o rd er to

Spec ial Q ua ntity Pr ices
to J o b b ers a nd D ea le rs

2400 B Cf'Ylt al Or.. Ft . Myorl , F it:. 1310 .

Tell Our Advertisers
You Saw It ui 73

• Ava ilab le fro m 5 MH z. to 300 MHz. Bandwidth is a p p ro x i­
mate ly 3% o f freq uency.

• Vo lt age gain 30 to 40 DB depend ing on f requency.
• T wo Dual G at e MOSFE T ampl if ier stages wit h ea ch h a vi ng

a tuned inp ut and tuned o utput . E ac h Da ul Gate MOS FET
is actua lly an integra ted cascade c ircuit thus giv ing you 2
cascade circu its equivalent to 4 triodes .

• Excep tiona lly low noise 12 .5 DB at 1 7 5 MH z.), great ly
re duced c rass m o dulat io n a nd 10 times the dynam ic range
(sig na l hand ling c ap ab ;l it y ) of the best b i·polar tra nsistors.
Also superior to preamps using junction F ETs and S ingle
Gate MOSFETs.

• Panel mounted manu a l gai n control.
• T y p e BNC input and o utp u t r ece pt a c le s f o r m inimum lo ss

a t UHF. Standard Im pedance is 50·75 o h ms.
• Ca refu ll y t uned at ou r la borato ry w it h sweep generator an d

o sc illo scop e f o r the best bandpass c ha ra c t er is t ic .
• F u ll wave UHF diodes protect inp u t transisto r .
• Operates o n 6 to 16 vo lts DC, 5 to 15 Ma.

N ew Y ork C ity a nd S tat e re sid e nts add local sales t ax .

VANGUARD LABS
Dept. H

196·23 Jamaica Ave., Hollis, NY 11423
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ti cket. My fir st cw QSO end ed in disaster.
I called CQ and some other trusting Novice
came ba ck (I could recognize my call) but I
never kn ew who he was because I couldn't
even copy his call . Several more CQs
furnished the same result. That was the
end !

It would have remained the end ex cept
for the newly created Te chnician class. If
you held a valid Novice ticket you only
needed to take a General theory exam to
qnalify, which I did . At that time, 220
MHz and above were the only bands open
to Techs. Later, when 6 met ers was opened ,
I operated NBF M for 15 years or so. All
this time I kept wishing I could get on 40
CWo By now I was 42 years old and
thought " o ne mo re tr y !" I read all the
articles on " how to learn the co de,"
bought code records , et c. , and onc e again
set out fo r that elusive goal.

I set aside 15 or 20 minutes each
evening and began. I soon realized that
mo st code records were not what I needed
as they progressed too fast. Nex t I began
listening to the nightly W lAW code prac­
tice sessions . Tha t is, when some "inc on.
siderate" ·wasn ' t giving them a bad ti me
with Q RM. Tha t was the beginn ing. Two
years later 1 managed to get up to the
required 13 wpm and guess what? I passed

Most code records were just too fast for me.

24

th e F CC exa m on the fir st try ! I now am
active on 40 CW and have had many
"suc cessful" QSOs. I still listen to WI AW
whe never I get a chance. I can no w copy
the 15 wpm te xt solid !

~
.:t:~-.

t:::.J.l'!::......

n

I still listen to W1A W once in a while and I copy"
it solid.

I wish to say t hat t he WI AW code
prac tice sessions were invaluable. I'm sure I
could not have done it without their he lp. I
am also cert ain, however , that if 1 had help
from another person who wa s also learning
the code I would have progressed faste r. I
also wish to say t hat there is on e series of
cod e records know n as the "word method"
which 1 recently obtained from the loc al
library. I'm sure they would have helped if
I co uld have gotten t hem soon er.

My experience in this matter has con ­
vinced me t ha t any on e who wan ts to can
learn the code provided he is willing to
exe rt a little effort an d is no t easily
discouraged . Many tim es during the last
two y ears 1 almost gave up but I did no tice
some gradual im provemen t an d stuck with
it.

. . .W~FEV
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DRAKE TR-4 SIDEBAND TRANSCEIVER
now available

without
Noise

Blanker

559995
Plug-in 34 -N B Noise Blanker $100.00

TR4 w it h factory-installed Noise Blanker $699.95

R. L. CRAKE COMPANY
540 RICHARD ST. , MIAMISBURG, OHIO 45342

lteJAl'from N!tronics,.. 1

. Capacitors for any
and all electronic
circuits!

St., P.O. Box _

City, State & Zip _

Check or money order enclosed.

Ship C.O.D.

MAILING ADDRESS:

, -
I Please send me CAP KITS

I at $10.00 each.

I 0

I 0

I
I
I Name------'------

I

100 assorted M ylar , Polys t yrene, Paper , T a n ­
tal u m a nd oth e r ca pacitors in a w id e va r ie t y of
cap ac ita nce a nd vo lt a ge rati nr.s in co nvenie nt k it

~~~t~~r~~se i: t~heel aLJ~it~d es~~~;;~ ~org~ ~d ~;J
han d y u ses in ever y box f o r th e D esi gn En gineer,
Lab T ech nician, Ham Operato r, E lectro n ics Stu­
d e nt, TV and Radio Rep airman. Pi cofa rads t o
M icrof a ra ds at you r f in ge rt ips!

Some o f t hese c apac it o rs sell for as m u ch as 10
to 20 D o lla rs eac h at re9ular p r ices . In k it form,
you pay o n ly 10 cents apiece!

Send f or y ou r Nvt r cnics C ap Kit t o d ay ! I f
c heck or mo ney o rder accompanies you r o rder, we
p ay sh ip p ing co st. O r w e' l l sh ip C . O.D. a t you r
requ est. Fill in t h e cou pon b e lo w , and mail w it h
check o r m o ney ord er now ! Y our C a p Ki t w ill be
in the m ail w it h in seve n d ays.

CAP KIT
NYTRONICS, INC.
Orange Street
Darlington, S.C.29532



Herbert S. Brier W9EGQ
385 Johnson Street
Gary IN 46402

Do you have a beam antenna and not know it?

I f your major an tenna problems are
de ciding whether your new rotary b eam

will be a yagi or a quad, or a multibander
or a singlebander, th is ar ticle is not for
yo u . We are aiming at two groups of
ama teurs. Those in on e gro up conside r
themselves lu cky to have any antenna at
alL Any antenna t hey put up mu st be
simple, inexpensive, easy to erect, and
hopefully a good rad iator on a number of
bands. Tho se in the other group are en thu ­
siast ic participants in amateur radio 's favo r­
it e ou tdoor sport - experimenting with
antennas.

A Y:!A dipole , cent er fed with low­
impedance transmission lin e is sim ple, inex­
pensiv e, is easy to ere ct , and it is an
efficient ra diator. Unfortunate ly , it is us­
ually considered to be a singleband anten­
na . Before 'proving that th is belief is no t
necessarily t ru e, let us see how it acquired
that reputation.

First, at its reso nant frequency , the
center "im pedance of a 71A di pole has a
purely resist ive value of approximately
70[2 and close ly matches standard 50 and
72[2 tr ansmission lines. But when a d ipo le
is operated off its resonant frequency, its
center impedance become s complex and no

26

longer ma tches low -impedance lin es. At its
second harmonic, for example , t he cen ter
imp eda nce increases to well over 1 k[2 and
is obviously a very large mismatch to a
low -impedance line - as tr ying to operate
such a 3.5 MHz dipo le on t he 7 MHz band
quick ly pro ves. "

At the third -har monic frequen cy of the
dipole - so t he theory goes - the feed line
again "looks into" the center of a 71A
dipole (t hat has a Y:!X dipole connected to
each end) and again sees a low-imp edance
resistive load . At progressively higher har­
monic frequen cies, the center impedance
of the dipole swings between a very high
valu e on even harmonics to a low value on
odd harmonics.

These fact s prompt ma ny amateu rs to
attempt to use their 7 MHz , low­
imp edance, center-fed dipoles on the 21
MHz band. as third -harmonic dipoles. The
usual res ults are that it is impossib le or
difficult to load the transmitter properly
on 2 1 MHz, and t he measured swr on t he
transmissio n line is high. Bu t all is not lost.
Once we learn wh y these antennas ap par­
ent ly defy bas ic ant enna theory, we can
use the knowledge to persuade many other
dip ole s to work effi cientl y on two or more
amateur band s.
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The basic problem is that , alt hough
radio waves travel through spa ce at the
velocit y of light - ro ughly 186 ,00 0 miles
or 300, 000,000 meters per seco nd - their
velocity of propagation slows down on a
condu ctor. Consequently , a 'lS:A (t he dis­
tance a radio wave travels in the perio d of a
half cycle) is measur ably shorter on a
conduc to r than in space. Worse, the speed
and sho rtening effe ct varies from condu c­
to r to conductor.

In an ante nna , for exa mple , t he amount
of shortening depend s on th e ratio o f its
length to its diameter .- and, espec ially , th e
capaci tance between its end sections and
surrounding space. As a conventio nal an­
tenna has only tw o ends , no ma tt er what
its lengt h, a sho rt antenna (measured in
fractio ns of a wavelength) is sho rt ened a
greater percent age tha n a longer one.

The sta ndard for mula for calculating
antenna lengths compe nsates for this var­
iable factor. The formula for t he length in
feet is: L = (4 92 ) (n - O.05)

f

(2)

Fig. 1 . ~A antenna pattern

JU NE 1971

Fig. 2. l ~Aantenna radiation patt ern

From eit her formula , the length of a 7'2A
antenna for 7. 175 Mll z (the center of the 7
MHz Novice band) is 65 It , 2~ in. And Eq .
I shows the length of a I ~A antenna for
21. 15 MHz in the 2 1 MHz Novic e band to
be 68 ft 714 in. Working the formulas
backward s, the 7. 175 MHz dipole has a
third-harm onic resonant frequency o f
22 .25 MH z Conversely, the 21. 15 MHz,
I Y:2A antenna resonates at 6.822 MHz as a
7'2A anten na . Forward s or backwards, there
is enough diffe ren ce in the lengths of the
antennas for an over size yardst ick .

These figur es indicate wh y the average 7
MHz dip ole does so poorly on the 21 MHz
ban d. Being resonant far outside the high­
frequency edge of the band is of min or
importan ce as far as rad iating efficiency is
concerned. If we can get power int o it, the
ant enna will radia te the power. Rather , the
probl em is that t he off-resonant conditio n
of the antenna produces such a high swr on
t he tran smission line that the out put cir­
cuit s of most transmitt ers can no t co mpe n­
sate for the mismatch .

But if we increase th e length of the
an tenna to make it resonant at the desired
2 1 MHz fre qu en cy , th ese pro blems dis­
ap pear. In fact, the antenna sho uld out per­
form a ~A dipo le for the same frequency ,
simply be cause a harmonica lly operated
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Fig. 3. 2%A an tenna ra diation pattern

ant enna ex hibits gain in it s favored direc­
tions ove r a 'lS.i\ dipole. Whil e the gain of a
'lSI\. an tenna over a V2.i\ dipole is o nly 0 .8
dB , it is enough to refu te the be lief of
many amateurs that operating a low ­
freq uen cy an t enna on a higher-freq ue ncy
ba nd is an inefficient sub stitu te for sepa ­
rate di pol es on each band.

At first glance, it may seem that in ­
creasing the antenna length fo r improved
2 1 MHz resu lts is simply trad ing one set o f
problems for ano ther. Certainly, the in­
creased length resonates the anten na ou t­
side the low -frequency edge o f the 7 MHz
ba nd . Fort unately , however, most trans­
mitter output circuits have enough range
on the 7 MHz band t o compensate for the
increased feed line swr at the operating
fr equency . An d the mismatch is more
acceptable on 7 MHz than o n 2 1 MHz,
becau se electr ically a feed line of a given
physical length is only a th ird as long is
wavelengths o n 7 MHz as it is on 21 MHz.
Therefore, a par ticular value of swr in ­
creases the lo sses in the transmission line
less on 7 MHz than on 2 1 MHz.

Moreover , if t he ant enna is an inver t ed
V wit h the ends close enough to the
ground t o be reached wit hout undue d if­
ficulty, its length can be adjusted for
operation at t he desired fre quency on the 7
MHz band , and extensio ns appro ximately

28

20 in. lon g may be clipped t o its ends for
2 1 MHz opera tion. The exten sio ns may be
allow ed to d ro p vertically from the ends of
the anten na.

Other antennas and other bands. Plug­
ging the ap pro priat e figures in to the form­
ulas will show t hat a ihi\ dip ole for 3 .925
MHz (11 9 ft , 3 in.) will also resonate as a
3ih;\ dipole near 28.73 MHz. Ot her figures
show that a 11 6-footer resonates near 4
MHz as a Y2;\ di pol e and near 21 MHz as a
2Y:2;\ ant en na . This pair of frequencies will
not " t urn on" many amateurs , b ut it migh t
int er est some MARS me mbers. Also, if the
ends of the an tenna can be reached fr om
the ground, b ut t ing it for 2~;\ resonance in
the 2 1 MHz band will permit clipping
extensions to its en ds for op era t io n in the
3.5 and 28 MHz bands.

The possibilities: A No vice might cu t his
dip ole for 2 Y:2;\ resona nce near 21 .15 MHz
and use 6Yz ft extensions to reach 3.725
MHz. A General class pho ne ope rator, on
the other hand , might select a lengt h of
114 ft fo r 2 Y:2i\ resonance near 2 1.3 6 MHz
and 2Yz ft ext ensio ns for op eration in the
3.8 and 28 MHz bands . A third possib ility
is a 1Y:2;\ an tenna for around 14 .3 MHz
(l Ol ft 6 in .) .'A couple of clip -o n ex ten­
sions at each en d 'w ill permit op era ti ng on
the 3 .5, 21, an d 28 MHz bands.

If you really want t o think " big," a 3.7

so-

Fig. 4. 3%;\ an tenna radiation pattern
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ANTENNA
I PACKAGES
I YHENRY RADIO
~timum performance

. .. fast service
. guaranteed savings••

.\

For l ou r years Henry Radio has been
providing a beam ante nna-tower
program lor amateurs who wanted
an efficient, but economical package.
A package p re -engineered , pre­
matched and pre-packaged to his re­
quirements and pocketbook. Thou­
sands have benelited lrom this offer
in the past. And now Henry Radio has
researched the lield and up-dated
the program . . . including the unique
new tubu lar de sign Mini Mast lor less
expensive installations and the great
new Magna Mast lor the more deluxe
installations. Now you can get the
latest components at the same great
savings.

HR·" Mini" Antenna Pac kag e
Tri stao MM·35 " Mi ni-Mast " >

tubu lar t ower - cra nk-up
CDR AR-22R Rot ator v"
100 ft . RG·58A/ U Coax
100 ft . 4 Cond orot or cab le
Complete w ith one of the following
antennas:
Hy-Gain TH2MK3 $260.00
Hy-Gain TH3JR $260.00
Hy-Gain Hy-Quad $290.00
Hy-Galn 20 38A $295.00
Hy·Gain TH3MK3 $300.00
* MB- I 0 Free st andi ng ba se , ad d
$36.95
:O:¢ TR·4 4 Rotato r an d ca b le , ad d
$35.00

HR·" Standa rd" Antenna Package
T r ist ao Cl-4 54 c ran k- up t o wer
w/mast e
CDR TR-44 rotator v"
l Oa ft . RG·58A/U Coax
100 ft. Control ca ble
Complete wi th one of the foll ow ing
antennas:
Hy-Galn D81O·1 5A $585.00
Hy-Gain Hy-Quad $600.00
Hy-Gain 204 8A $620.00
Hy-Gain TH3 MK3 . _ $615.00
Hy-Gai n TH 6DXX $645.00
" Free-standi ng base, add $1 0 .00
>:: * Ham·M rot ator, RG-B/U Coax,
add $50.00

HR."~agna" Antenn a Package

MA·490 " Magna -Mast"
MAR8 -4 0 Rotor base
CDR Ham-M Rotato r
r oo ft . RG-8/U Coax
100 ft. Control cab le
Complete with one of the following
antennas:
Hy-Gain TH 3MK3 _. . $745.00
Hy-Gain 204A $750.00
Hy-Gai n TH6D XX $ 775.00
The Magna Mast is ideal for stacked
arrays. Write for a quotation on th e
anten na of your cho ice.
Freight prepaid to your door in the
Conti nental U.s.A. west of the Rockies.
For shi pment east of the Rocki es add
$10.00. Substituti ons may be made , . .
wr ite fo r prices.

EASY FINANCI NG • 10 % DOWN OR TRADE·I N DOWN • NO FINANCE CHARGE iF PAID IN 90
DAYS • GOOD RECONDITION ED EQUIPMENT • Nea rly all ma kes and models. Our reconditioned
equipment carries a 15 day t rial, 90 day warranty and may be traded back withi n 90 days fo r full
credi t t oward the purchase of NEW equipment . Write for bullet in . Export inqui ri es invited.

TED HENRY (W6UDU) BOB HENRY (WaARA) WALT HENRY (W6ZN)

Mral~'lMraVlAro· 11240W.Olympic BI,d..Los Angeles, Calif. 90064 213/477-6701
931 N. Euclid, Anaheim, Calif. 92801 714/772-9200
Butler, Missouri 64730 816/679·3127

" W orld's Largest D istributor of Amateur R adio E quipment"



*With refer ence to axis of antenna

Tab le I.

Performance Data for Various Dipo le Lengths

resonance for antennas up to 6Y::! /\ long.
Under these con ditions, a random-length
transmission lin e could present either a
resist ive or a react ive load of up to 150n
to the transm itter output circuit.

Not all transmitter output circuits can
successfully handle complex impedan ces
over loon . But , by making the line lengt h
an odd number of electrical quarter-waves
at the high est fre quen cy - where the an­
tenna impedance is highest - the tran s­
former action of the transmission line will
trans pose the high imp edance to a low
impedance at tEe transmit t er.

Use t he formula 246v
L=J

Radiation
Re sistance ,*Q
70

110
120
130
138
145
150

Rad iat ion a,
deg*

90
42& 90
3 1
26
22
21
20

Length /\ Gain
dB

o
O.B
1.8
2.3
3 .5
4.25

5

3/2
5/2
7/2
9/2
11 /2
13/2

(3 )
to det erm ine the physical leng th of an
ele ctr ical %./\ of transmission line. The
velocity facto r (v) is 0.66 fo r convent ional
"RG" coaxial cable , 0.80 for polyfoam,
and 0 .7 1 for kilowatt 75r2 tw in lead
(A mphenol 2 14-02 3 or Be lde n 8210). As­
suming RG-Il / U cable and a frequency of
2 1.3 MHz, the Inegt h is 7 1/3 ft .

Now est imate t he length of transmission
line required to rea ch from the antenna to
the transm itter. Divide this lengt h by the
length calcu lated above . Choose the nea rest
odd whole number equa l t o or greater than
the result of t he division. For example , if
the distance from the an tenna to the
transmitter is 50 ft , an actual feedl ine
length of 5 1 1/3 ft (seven elec trical quar­
ter-wave s).

Who said a 71A dipo le fed wit h low­
impedance cable is a sing leb and antenna?

W9EGQ-

MHz Novice band an tenna will resonate as
an 1 8~A ante nna near 145 MHz. It will
radiate its best signal on that frequency in
lobes centered at ap proximately 18 degrees
off the axis of the antenna . And it has a
power gain approaching 10 dB over a Y2A
dipole.

F igur es 1 through 4 show th e direc­
tional patterns of ~-, l ~ , 2-Yz, and 371A
antennas. And Table I gives th e gain in
decibe ls and ot her information on selected
an tennas. As the d iagrams indicat e, the
length of an an tenna in half-wavelengt hs
deter mines it number of lobe s of rad iation.
One -YzA: one lob e ; three Y2.A: three lob es,
et c.

A ~A dipo le's single lobe of rad iat ion
(per side) is at 90 degrees to the antenn a
axis , and it s minimum signa l is radiated off
the end s of the antenna . Distance, fre­
quency , and other factors det ermine the
exact shape of the radiation pattern of any
antenna. For a ~A dipo le , however , th e
differen ce between the points of maximum
and minimum radiation averages a bit
under 6 dB on the 3.5 MHz band and
between 12 and 20 dB above 14 MHz .

In antennas longer than a 71/\, t he major
lobe of radia ti on in each quadrant of the
antenna is the lob e that ma kes the small est
angle with the axi s of the antenna , and the
minor lob es fill in th e other direct ions.
Thus, the major lobes of a I -Yz/\ ant enna
occur at 42 degrees off the ends, and its
minor lo be is at 90 degrees. This lobe is
only slightly weaker than the majo r lobes;
therefo re (except for the ind icated sharp
nulls ), it has an almost om nidirectional
radiation pattern . But as the antennas
become longer , their majo r lob es stretch
out and become narrower. Consequently ,
they become hot performers in the direc­
tions of their major lobes and fair perform­
ers off their minor lobe s.

Feedline SWR. As shown in Table I, the
radiat ion resistance of long-wire antennas
increases fro m about 70n fo r a 71/\ antenna
to approximately 150n for a 6Y2/\antenna.
(The 1871/\ antenna mentio ned above has
an indicat ed ra diation resistance of 165n.)
Assuming a 75Q transmission line , the line
swr should no t exceed 2: I at an te nna
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AGC circuit at the front end
3 TRANSMITTING POWER positions.
REAR panel has provision for 25w un it,
TONE squelch, and MULTIPLIER un it.

CHANNEL SELECTION by diode switch.
Remote contro l possible

34/94,94/94, MIKE included. $289.95

NEW REGULATED DC POWER SUPPLY.
OVER 3 AMPS FULL LOAD
RIPPLE CONTENT 1.5 mv P-P.
AND EQUIPPED WITH SHORT
CIRCUIT PROTECTION:

ONLY $29.50

TELECOMM "ELECT RO NIC S
RO.BOX 461.CUPERTINO,CA .95014



WEATHER
BALLOON

Roland L. Guard, Jr. K 4EPI
750 Lily Flagg R d.
Huntsville AL 358 02

BALLOON

Ed sco rp Buildin g, Barr ingt on NJ 080 07,
fo r $2 postpaid. It 's made of Neop rene and
holds helium very well.

I bough t a sm all cann ister of heliu m.
Don't forget t o obtain a suitable fitting for
th e no zzle opening. The welde r threw in a
fitt ing wit h my helium, provided that I
return it wi th the empt y cannist er.

My neighbor , WB4NFX, opene d the
can nister valve with a wrenc h while I held
the ball oon tight arou nd the fi t t ing . We
filled it slo wly , ma king sure no gas was
esca ping. At 3Y2 ft diameter, th e cannister
was empty , b ut the balloon was floa ti ng!
We ti ed t he ballo on ne ck with heavy string
in two places, as sho wn in Fig. 1. Watch
your ceiling! Mine is made of a rough-finish
plaster with sharp projectio ns protruding
perilo usly. No acciden ts here , though.

I measure d 162 ft of wire. I tied one
end to the ' ball oon , the other to an
insulator an chored to a 5 lb brick. The
ante nna wire was fed to the cen te r condu c­
tor of RG- 58 /U coa x, the coax shield

4
14
33
65
11 3
180
268
38 1
523
6 96
9 04
11 50
1436
176 7
21 4 4

G as vol,
cu. ft .

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

W ith a CW DX contest co ming up , I
wante d to have a rea lly effective

ant enna system for 80 and 40 meters. As
my backyard is not very large, it was
ob vious that a vertic al antenna of some
ty pe was ne eded. I was read ing through
ba ck issue s of 73 and other magaz ines
getting ideas on antenna designs, when I
found an in teresting article on theore tical
performance of 5/8 wavelength verticals,
whic h supposedly wou ld give maximum
low est-angle rad iation on the first major
lob e of radiation.

This was just what I needed. The ar ticle
wen t on to sta te that if th e antenna
wavelength was increased any fur ther than
5/8 wavelength , the major radia tio n lobe
would begin to decr ease in stre ngt h, al­
though it wo uld give a still lower radiation
angle. I de cided to sho ot for the 5/8
wavelength goa l, as th is would give app rox­
imately 14-degree vertical radiation, very
useful for DX.

I purchased an 8 ft diameter weather
balloon fro m Edmund Scient ific Co. , 150

Lift power, Ib Lif t p ower, Ib
(with H e (w it h H e
a t 32° F ) a t 7 0° F )

1/4 114
1 3/4
2 2
4 4
7 7
12 11
18 17
2 6 24
3 6 33
48 44
6 2 58
79 73
99 92
1 2 2 1 1 3
148 137

Ball oon
dia , f t .

Fig. 1. Balloon lift and hel ium fill requirements. Note string is tied twice on balloon neck.
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Fig. 2. Kite-string "guys" will hold balloon well
even in wind. Be sure to ground the coax lead to
an earthrod.

connected to a ro d driven in to the ground
beside th e brick , four 130 ft radia ls were
connected to the ground ro d an d left lying
on the ground, each rad ial 90 degrees
apart. (See Fig. 2.)

With this 5/8 wavelength vertical, a
mat chi ng ne t wor k is necessary, so I jury­
rigged a tuner with so me B & W co ilstoc k
and a tr ansmitting-type variab le capacitor.
Tapping off turn s on the coi lsto ck with
alligator clips, we obtained o ur lowest swr,
whi ch was about 4 :1! Band : 80m.

We had a QSO on CW with W6EA C in
San Mateo , who gave us an RST of 559! It
was obvious that the Apache 's 180W just
wasn't doing its thing for us.

Recalling in some gray matter that a
half-wave vert ical off ers a better ma tch to
son coax, I hu rr iedly ran out into t he
backya rd with a ta pe measure and cut off
32 ft of the wire. Don' t fo rget to ho ld the
balloon! Back in th e shac k, we removed
th e tu ner an d connect ed t he coax di rectly
to the transmitter' s 50 -239 connector. We
tu ned up and called \V6EAC again on 80m. ...K4EPI-

RST was 589 and peaki ng 599 through the
QSB!

At th e end of our QSO, the plate
current went wild. Running out back again
(I was huffing and puffing by th is time) , I
was amazed to see that the ba lloon was at
2000 ft and st ill rising , trailing 100 ft of
wire!

I mad e the mis ta ke of USing 3D-gage
wire, and the rf burned the wire in two!

Another balloon and anot her cann ister
of helium late r , we pre pared a second
anten na. Again, WB4NF X opened the can­
nister as I held the balloon tight against th e
fit ting. Using 22-gage wire th is time, an d a
ball of kite string as a safety meas ure, the
balloon went up without a hit ch . An NE-2
neon bu lb was attached to the wire just
under th e balloon and would tell me if th e
wire burnt up again. 130 ft of wire was
used , which is a half-wavelength on 80m.

The same antenna was used on 40m ,
also with good results. However , bear in
mind that 130 ft of wire is one wavelength
on 40m, and the major lobe of radiatio n
has decreased in power - 66 f 't o f wire
would have given better results on 40.

Th e he lium balloon wiII remain aloft for
2-3 days. Three 'kite-string "g uy wires"
wou ld hold such a balloon in a fixed
position in wind. Most ham " contests " last
only 4 8 hours , so th e balloons should be
filled just before the sta rt of an event .

In the VP7AS . pileup on 40m , I only
had to wait once before he answered my'
call. In previous pileups, I' ve waited a
BUNCH! When I redu ced power from
180W to 35 1V, my RST changed from 589
to 579.

All QSOs were made with 180W input .
I' ve oft en wondered what a kW wou ld do
to signal reports.

The following chart will give yo u an
idea of the heliu m required, balloon di­
ameters, and lifti ng char acterist ics.

K4EPI will use balloon vert icals in
fu ture contests. These will be mainly on 80
and 40m . A half-wave balloo n ver tical on
160m has not bee n tried , bu t should
perform better than a dipo le. Perhaps this
is all WIBB needs to get that IOOth
country on 160!

"'"'-NO. 2 2 WIRE
ANT. LENGTH' 1/ 2 A
80 M . 130 ft.
4QM • 66 ft .

_ ~KITE STRING
- , I'

~4 RAOIALS-' ,...-NO. 22 WIRE
130 ft .

ElRICK

JUN E 1971 33



h
itio.,.

or the
ochet
pager

Bill Men gel WA8PIA
8507 Elrnwa y Drive
Day ton OR 45415

The Mot o rola VHF pock et pager is a
co mplet ely sel f-co nt ained FM receiver

o perat ing in the 136 - 174 MHz. band. If it
were not fo r the fact th at it had to be
key ed by a tone t o denote the presen ce of
a carr ier or t ha t it had to have its pu sh -to ­
listen b utton co nstantly depressed in o rder
to hear anything, it would ma ke an ideal
monito r receiver adapt abl e to amat eu r use
on 2 me ters , or for eavesdro pping on t he
150 MHz public service band . The main
object ive of th is article is t o remove the
tone circ uit ry and t o rep lac e it with a
sq ue lch that can be triggered with the
presen ce of an rf signal t uned to t he Pho to showing Iocanon of squelch contro l inside
freq uency of the pager. of pager ho using.
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SENTRY

If you haven't

a lready rece ived

a copy of our NEW

1971 Ca t a lo g o f Precis ion

Qua rtz C ry stals & Elect ro n ic s

fo r the C o mmun ications Industry ,

SEND FOR YOUR COpy TODAY!

Somewhere along the li ne, in vi r­
tua lly every ham re pea ter in th e
wo rld , you ' ll f ind a co uple of Se nt ry
crystals.

Repeater owners an d FM " otd­
t imer s" d o n't ta ke chances w ith
freq ue ncy- they can't afford to. A
tot of repeat e r users d epend on a
receiver to be on frequency . ro ck
sta b le... in the d ead of wi nter o r the
midd le of July . The repeate r cro wd
took a t ip from the co m me rcial
"pros" a long time ago -and went
th e Sent ry Route.

That's one of the reasons you can
depend on you r lo cal re peater to be
there Iprec isely t here) when you ' re
ready to use it. FM'ers use th e
repeate r o utp ut as a fre qu ency stan­
da rd . A nd fo r accuracy, cryst a ls by
Sentr y are TH E sta ndard .

IF. YOU WANT THE BEST,

SPECIFY SENTRY CRYSTALS.

"Ask the Hams and Pros

Who Build Repeaters!"

SENTRY MANUFACTURING COMPANY
Crystal Park, Chickasha, Oklahoma 73018

PHONE: {405J 224-6180
T WX -910-830-6425
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Fig. 2. Squelch operat ion with carrier .

'Fig. 1. Squ elch opera tion without carrier .

accomplished is tha t the no ise is filt ered,
amplified to a usab le level , and used to
co ntrol t he sque lch switching transist or.
(See Fi g. 1.)

With no signal present, all the pager will
receive is no ise. This no ise is pi ck ed up by

o VOLTAGE OUT PU T

TRA NSISTOR CONDUTING

N€GATIVE
VOLTAG E
OUTPU T

TRA NSIS TOR

'"CONDUCTING

e-

NEGAT IVE
NOISE FILTERI CONTROL VOLTAGE

NOISE AMPS

CARRIER FILTER I 0 OUT PUT

NOISE AMPS

Photo sho wing squelch board and push-to-listen
switch removed from pager.

It is not too diff icu lt to remove th e
to ne circ ui try and to enable t he receiver to
work all th e time ; but the noise present
when a carrier is absent may prove to be
very annoying. By add ing a sq uelch to th e
pocket pager, the receiver will re main silent
unt il there is an rf carr ier present to trigger
it on.

Before proceeding to mo d ify t he poc­
ke t pager, t he operation o f a no ise sq uelch
sho uld be discussed. F irst of all , the
squelch circuit I have used has t hr ee basic
stag es: filt er networ k , two-stage amplifie r ,
and a switching tr ansistor.

Wit h no rf carrier present, the r ush ing
sound co ming from an unsquelc hed r e­
ceiver is known as air no ise. What is

RADIO PAGER <~ASS 'S -"OOVCAR PLAC"MENT

PUS~ TO LISTE N
S"" TC ~

W.W·'1
-

LO- W- 4 ... "H, IF "LTER

~,
LIMITE R "'-1 AUO,O

,. ., - - - ---- -,----- ,
~ ~

,
lO -IF -' ~DISCR R' -2 , ___SP"A~ER

: ~ ~
M'XER"! ~1 - 1F ~2 " - 1F- 3 " >-I F - 4 MIXE"' · ' LO- IF- .

,
.,

MUlTl- e
' NJEcT'ON ~ ' _OSC ,

" ,-IF - ' P~ 'ER
""'-TIPLI£>

" TALS l O- OS<
F ICTE R

" "TE"
L-

Fig. 3. Layout diagram showing loc ation of pager
components and stages.

the fi lte r and co up led to the noise ampli­
fiers. After amplificat ion, the no ise is a
negat ive-going signa l. This nega tive signal is
then applied to the base o f a swi t ching

- IOV--- - --.....- ...--~----<r_------<r_-___,

47 K 4.7K

IK .oe
INPUTrrf-<....>-!-{

1·011002

47 K 4 .7K "K
' OK

Fig. 4. Schematic diagram of no tse-ectueted squelch unit.
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tran sistor which will place the transistor
into a state of conductio n .

In th e presence of an rf signal such as is
represented in Fig. 2. there is no output
from th e noise amplifie rs . Th is zero po ten ­
tial wh en applied to the base of the
switching transistor will do nothing, and
the transisto r will cease to co nduct.

The first stages of modificat io n will
conce nt rate in the removal of th e tone and
push-to-listen circuitry from the reed am­
plifier board. By follow ing the inst ruc tions
ste p by step, no difficulties should be
encounte red and a very neat modificati on
should be the result , leaving plenty of
room in th e crowded chass is to incorporate
a squelch. Before pro ceeding in the re­
moval of th e to ne circuitry , I might poin t
out th at only cer tain parts are go ing to b e
removed ; so don 't ' get carried away re­
movin g all the compo nents. Refer to Fig. 3
during th e removal of th e circuitry.

Steps required fo r removal of ton e and push -to -liste n
crrcuurv .

I. Remove reed amplifier board , reed I . and reed 2
fro m un it. leaving wire s intact .

2. Disco nnect wires o n fo ur so lder lugs of reed I . reed
2 ; set reed re lays aside .

3. Remo ve ora nge a nd green wires interconnecting reed
I to reed 2 and set aside .

S. Remove met al mo unti ng bracket on reed am plifier
board and tem porarily set aside .

6 . Unsolder the orange, yellow, and bro wn wires from
reed amplifier board that previously went to reed
relay and set aside.

7. Remove tape and cable restraints from push-to-liste n
switc h.

8. Unsolder red and brown wires from push-to -listen
switc h.

9 . Cut brown wire th at previo usly went to push-to­
liste n switch abo ut I Y.! in . away fro m its soldered
co nnect ion on the audio board .

10 . Unsolder red wire going to t he aud io bo ard pre­
viously connected to the push-to-listen swi tch .

I I . So lde r loose end of l 'h in . brown wire o f step 9 to
terminal o n audio boa rd where red wire was just
un sold ered in ste p 10 .

12 . Unso lder gray wire from push -to -listen switch and
cut I in. from termina l o n aud io boa rd .

13. Remove the whit e wire with brown tr acer, t he whit e
wire with green tracer , the white wire with red
tracer, the white wire with b lue tr acer , and the
ye llow. blue a nd white wires from the push -to-listen
switc h.

14. Unso lder white wire with bro w n trace r fro m sec­
mina l on aud io boa rd . set aside, and solde r the I in .
gray wire in step J 2 to that terminal.

15. Unsolder other end of white wire with green tracer
o f ste p 13 from terminal o n audio bo ard and set
aside.

16 . Remove knob from volu me control.

JUNE 1971

17. T ake 5~ in . piece of yellow wire previousl y used
wit h reed relay. Remove yellow wire from ter minal
on audio boa rd tha t previously went to push-to­
listen switch and solder 5~ in . yellow wire in it s
place .

18 . Unsolder blue wire going to vo lume contro l on reed
a mplifier board and set aside .

19 . Sold er other end of 5~ in. yellow wir e used in step
17 to terminal where blu e wire in step 18 had
previo usly been so ldered .

20. Cut wire with bl ue tracer Y.! in. from termin al o n
audio boa rd.

21. Cut whit e wire with red tracer -% in . fro m ter mina l
o n aud io bo ard .

22 . Unsolder white wire tha t previo us ly went to the
push-to- listen swit ch fro m speak er term inal board.

23. So lder ~ in . white wire wit h hlu e tracer and * in.
white wire in step 22 was previously co nnected .

At this point, th e VHF pocket pager is
opera t ive and any carrier tuned to the
freq uency of the pager will be heard
with out the need of a to ne signal or .of
having to depress the push-to -liste n button.

With the reed relays and so me of its
associated wiring removed , there is suffi­
cient roo m to const ruct th e squelch (Fig .
4). Th e complete squelch, including the
pot entiom eter, is construc ted on the ree d
amplifier boa rd. Figures 5 and 6 show a
phantom view of the ree d a mplifier board
a nd parts placement before and after mod­
ification.

Steps req uired for add itio n ofno ise opera ted squelch.
I . Rem ove R47 ( 100 ) and repla ce with a I kn resistor

and a 5 .uF capacitor.
2. Remove R44 (1 0K) and RT I ( 10 kn) and replace

with an 8.2 kQ resistor.
3. Remove C49 2 .uF electrolytic.
4 . Parallel R42 (J kn) with the Soon pote nti ometer.
5. Remove R4 3 (4.7 kn .
6. Disco nnect the base and the emitt er o f tr ans isto r

0 12. Connect the base where the emitter was
previously located and co nnect the emitter to
gro und.

7. Remo ve CR6.
8. Remove CR8 and re place with .002 JlF capacitor .
9 . Rem ove R64 (1 5 kQ).

10 . Remove R63 (220 kn) and repla ce with an 8.2 HI
resistor.

II . Remove CS3 ( I JlF) and replace with a I kfl resistor .
I ~ . RemoveCSI ( I JIF)and C52 ( 1 .uF).
13 . Place .OJ capacitor between emi tt er o f a l l and

grou nd.
14 . Place I k!1 res istor between emitter of Q i l and

junction of C71 (.05) and C3 (.00 2) .
15 . Remove R46 (82 kQl.
16 . Remove CR5 and re place with a 4.7 kS1 resist or.
n. Remove R48 ( 1 Un.
18. Place 2 wires (5 in . long) to two normally open

contacts of the push -to -listen switc h . Con nect one of
those wires to ground and connect the ot her wire to
t hehaseof Q l2.

19 . Insert (' 6 (I JIF) from co llect or o f Q I 2 to groun d .
Con nect pos itive end to groun d .
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oscillator crysta l calls for a Mot or ola typ e
YM-29.

If the inter med iate crystal Y2 is 11_24 5
or 12 .155 MHz, then the i-f (fi ) is 11. 7
MHz and the high o scillator crystal should
be a Motoro la type YM-35. The form ula
used for determin ing the frequen cy o f t he
high o scilla tor crys tal Yl is as follows:

fo - fi
- 3-

20 . Remo ve C72 (2/JF), R67 (27 kn), an d R 68 (22 kQ )
fro m t he aud io board .

21 . Insert a 4\4 in. piece of wire betwe en po int B on the
reed amplifie r board and point A on the audio
board . (See Fig. 6 ).

22. The following parts and ju mper wire sho uld now be
inse rt ed as per F ig. 6.

Q20-2N4 12 R6-47 kQ RIO-IO kQ
Cl -.OI R8-33 kn RI I-4 .7 kQ
C5-.05 R9-12 k R14-47 kQ

On comple tioh of all these steps, the
un it is ready to be put ba ck t ogether. Afte r
the pu sh-to-listen button and the reed
am plifier board are re inse rt ed , the sq uelc h

BLK (GROU"ID)

Where :

~~PE R
wi RE

fY I = Crystal Frequency

fo = Freq uenc y of operation
fi = Interm ediate frequen cy

Fig. 5. Phantom view of copper side of ree d
amplifier board sho wing parts location .befor e
modification .

contro l can be set to eliminate any no ise
presen t in the ab sence of a carrier. The
pu sh-to-list en button is now a squelch ­
defeat button. At this point , t he back can
be sec ur ed and the sq ue lch modification
for the pocke t pag er is co mplet ed .

Here is so me crystal correla t io n data
used for changing the frequency of the
pag er. The reco mm end ed alignment tool
for adjusting t he transformers is either the
Motorola type NLN6 127A/NK I ll or the
more readily availabl e GC9440. The cryst al
clo sest to t he reed am plifier board is the
int erm ed ia te fr equency crystal Y2_

If t he interme diate cr yst al Y2 is 11 .545
MHz, the I-f is 12 MHz, and the high
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Fig. 6. Phentomvtew of copper side of reed am pli­
fi er boa rd showing location of squelch after
modifi cation .

This pager ( New some Ele ctronics,
$34 .95 ), when properly adjuste d , should
operate superior t o any other ty pe of VHF
pocket re ceiver -available a t this price. In
strong re cep tio n areas the built-in antenna
of the pag er should be adequately suffi­
cien t. To in crease re ception, simply plug an
18 in . whip into the antenna jack . Whether
the Motorola po cket pager is used for
list ening on the 2 me te r ha m band or fo r
eaves dropping on the public service ba nd ,

..it ought to be go od for many hours of
enj oyment. . . .WA8PIA-

The 2N412/HEP 3 ($1.25) is ava ila ble from
Cir cuit Sr.eclalis t s Co.'!..Box 30 47 . Sco ttsdal e AZ
85257. P ease include :.!5¢ for shipping.
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GET READY FOR
SUMMER FUN on FM
WITH A RED-HOT MOTOROLA RIG FROM

A1ann
MOTOROLA MOBILE SPECIALS

X53GAD Dynamotor supply; 20 in . hou sing. Contains
$66150 MHz tw o sepa rate 60W xmtrs and single receiver .

6/12V Comp lete w/accessories

U44 BBT(3000) T-supply; 10 in. housing. Dual squelch PL
$109450 MHz revr. Xmtr runs l 8W out. Complete wi

12V accessori es. (Dash or t runk mounti ng.)

U43GGT T-supply; 10 in. housing. Has fabulous " Gil
150 MHz st rips. Xmtr is 30W type. Complete w/acces- $166

12V sor ies. (Dash or t runk .)

U51GGT T-supply ; 10 in. ho using. G xmtr and G revr.
30-50 MHz

Xmtr run s SOW out. Com plete w/accessories. " $150
12V

TA 104
50W TRANSMITTER STRIP ON LY $1030-50 MHz

TU·11 7
VIBR ATOR POWER SUPPLY ST RIP. $106/1 2V

Remember wealso havea store at 2837 N 24th St., Phoenix, Ariz.
85008. The prices for equipment are the same at both locations.
Stop inandmeetArt Langton.

Two-Way FM Units· Walkies • Repeaters
Mobile Phone • Bases • Mobiles

WRITE FOR FREE CATALOG

Mann Guarantee
MOney refund ed w it hout q uestion if equip­
m ent is re turned w it hi n seven da ys f ro m
sh ipm ent , undam aged, freight p re paid.

Conditions of Sale
Un le s s othe rw ise s pecified , eq u ip ment is
used. an d is so ld as-i s. All it em s sh ip ped
FOB Tar zana, California . Crys tals. ove ns,
ant ennas no t in clu ded unl ess spe c if icall y
stat ed i n cat alog. All equi pment is so ld on
a f irst-com e, f i rst-served basi s.

A1ann COMMUNICATIONS
p.o. Box 138. 18669 Vent ura Blvd .• Tarzana. Cali f . 91356

Phone: (213) 34 2-8297
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Pau! Snyder WA3HWII3
900 Val ley R oad
Philadelphia PA 19126

VFOing
the

Twoer

M any of us 2 meter QRP diehards are
using the Heathkit Twoer, a little

5W transceiver. Aside fro m 100 kHz re­
ceiver selectivity , we also wish for vfo
contro l. Thank your local apostle, here's
how.

Step 1: Get a vfo. This isn 't too hard ;
the Knight V-I07 vfo is per fect. Its output
is about 15V,just fine for the Twoer. Build
a separate power source supplying all the
voltages that it nee ds.

I'm using the Heath HG-l0B vfo. A few
modifications are necessary . In the Twoer ,
add a .00 I pF I kV capacitor from pin 8 of
V5A to ground , and change R2 from 22
kQ to about 18 kQ. No w the tube is an
amplifier fo r the vfo instead of an oscilla- .
tor. T he vfo input goes directly into the
pin 7 side of the cry stal socket.

In the HG-I OB , co nnect a shorting wire
across the 10 kQ , lOW res istor , and change
the OB2 to an OA2 or OD 3A. Build a
separate power supply, with a filte red
17 5V de, at ab out 30 rnA, 6.3V ac or de at
lA , and -70V bias, as shown in Fig. I . Th e
bias is connected via the green wire of the
HG-IOB. On t erminal strip A , disconnect
the green wir e from terminal two and
solder it onto terminal three . Remove the
jumper on the key jack , between terminals
two and three. ""

125 VAC'lil 50 mA

Q; J1 :-+ ouo'",""
_______ $~AC WHITE WIRE

s.s ,",r" "

~ I~ 1:: I O-I~M£GS 0 - 65 GREEN WIRE
- 40uF

':Jl4OOV

Fig. 1. Schema tic

The second wish is to increase the
selec tivity of the Twoer. Simply change
RIO to an ywhere between 20 and 30 MD .
(It' s the one mounted on that big coil in
t he cen ter. ) This will change the calibration
bu t no t the sensitivit y of the receiver .

My thanks to W. 1. Reme r K8GND, of
the Heathkit technical staff, for his help in
the modification of my Twoer.

. . .WA3HWI-
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the perfect mobile rig...

~~ .

*~ 'lm1if' f5sw.w §i;;Hf it....

[JJtfJQ/n ri~

Model 270 B $399*

SWAN FACTORY
305 Airport Road
Oceanside, Ca. 92054
Phone, (7141757·7525

SMI'AItI
ELECTRONICS
A Subsidiary of Cubic Corporation

EASTERN OFFICE
P.O. Box 2288
Ocean, N.J. 07712
Phone, (2011431·0707

Write for the complete 1971 Swan catalog. - Factory price





' F. " la ry prj" .

TUN ING : Internal VFO system is identical
to that used in the 600R .

POWER RATING : 600 wall s P.E.P. with a
pair of 6KD6 power tubes. 500 watts CW,
150 watts AM, 100 walls co ntinuous
RTTY/ SSTV.

$18*

. $44*

l~~
~
~ •••.rt
.~~-
~.-
~

Pi-Network o utput
lor 50 or 75 ohm
coax.

Suppression: Car ­
rier 60 db down ,
un wan ted side­
band 50 db, third
order distor tion
aoprcx . 30 db .

Aud io respo nse :
± 3 db from 300 to 3000 cycles.

CW Keying : Grid block, full break-in sys­
tern. Inclu des sldetone to receiver.

INTERNAL POWER SUPPLY for 117
volts, 50-60 cycles.

DIMENSIONS: 15" wide x 61ft " hiQh x
12" deep. Weight : 32 Ibs. $49S*

IACCESSORIES: I
STANDARD SPEAKER

Has tone switch and
headphone jack

DELUX E SPEAKER (Illustrated)
Includes Swan pho ne patch. tone switch
and headphone jack $59 -

I.F. NOISE BLANKER
Installs internally in 600 R $79 -

IC AUD IO FILTER
Installs internally in 600 R.

OPTIONAL CRYSTAL LATTICE
I.F. FILTERS

600 cyc le bandwidth CW Filter $20-
6 kc bandwidth AM Filter 522-
55 -166 Super Selective 16 pole $75-

PLUG -IN VOX FOR 600T,
Model VX-2 $29 -

SWAN DESK MIKE Model 444 , $25 *

600T TRANSMITTER
SPECIFICATIONS:
FREQUENCY RANGE: Full coverage of

10, 15, 20 . 40 and 80 meters. Exlended
freque ncy coverage for MARS opera tion
w ith plug-in crystal oscillator accessory,
Model 51OX.

greatly enhances both phone and CW
reception .

I.F. NOISE BLANKER: (optional) Installs
Inside 600 R. Extremely effective in sup­
pressing impulse noises such as auto
ignition interference.

EXCLUSIVE SINGLE CONVERSION
DESIGN: with fewer spurious responses
than multi-con version designs .

HYBR ID DESIGN: 7 tubes, 8 transistors,
"""0 12 diodes. Transls-
IU tors used wh ere

~ 1,"""- 0-1.1 10 ,"" nne adva ntage .
Tubes used where
they still provide
superi or perform­
ance

FUL LY COM PAT·
I IBLE WITH 600T:

providing for t ransceiver opera tion as
well as separate frequency control. Also
CW sioetone and genuine CW break-in
operauon .

BUILT-IN AC POWER SUPPLY: lo r 117
volts, 50-60 cycl es.

DIMENSIONS: 15" wide x 6%" high x
12" deep. Weight: 23 Ibs.

600R with standard 2 .7 kc crystal
lattice fille r, less speaker. 539S ·

60 DR Custom with SS-16B super
selective filter. I.F.Noise Blanker, and IC
Aud io Filter fac tory insta lled . Less
speaker $560*

24 me, and 24 to 30 me.
Reception outside the norma! VFO range
of the receiver requires an external osctl­
tate r wh ich can be the Swan 51OX crystal
con trolled osc illator, or the Model 330
general coverage tuner. Either of these
external oscillators plugs directly into the
600 R.

Image rejection is a minimu m of 55 db at
30 me, increasing to better than 75 do
at 3 me.

I.F. SELECTIVITY: Swan's standard crvs­
tallattice filter with 2.7 kc bandwidth, 1.7
shape lactor , and ultimate rejection in
excess of 100 db makes the BOOR's se­
lectivity superior to any other production
receiver on the market.
~,:::;:;::::::;:=~ With installation 01
$!L£CTIVITY \\ the op t ional 16

2..7 " pole crystal lattice
c.w " I /'1.. filter (5S-16B), the

9
600R offers selec­
tivity that far ex·
ceeds any receiver ,
at any price. any­
where! Selectivi ty
then becom es truly

incred ible, with a shape factor of 1.28
and ultimate rejectio n exceeding 140 db.

Two addi tional crystal latt ice filter options
are available: One is a narrow band CW
filter. the other is a broad band AM liller.

There are provisions in the 600R for the
installation of up 'to 3 filters, with front
panel selection I

A.F. SELECTIVITY: Audio response of
the 600R Is 300 to 3000 cycles , ± 3 db.
with 3 watts output to a 4 ohm external
speaker . Headphone jack is provided
with me speaker accessory unit.

An optional Ie Audio Filter accesso ry is
available lor Installation In the 600R. II
provides a choice of either notchin g or
peaking a selected audio frequ ency. and

600R RECEIVER
SPECIFICATIONS:
S88 , AM, CW superheterodyne receiver.
FREQUENCY RANGE with built-in tun ­
ing system:
3.4 to a.amc. 6.7 10 7.7mc, 13.8 to

14 .8mc. 20.9 10 21.9mc , 27 .5 10 30mc.
With externa l tuner , Model 330 : General
coverage from 3 to 30m c.

With externa l crystal oscill ato r, Model
510X: 3 to 24mc, 10 crystal pos itions.

These external oscillators plug directly
into the 600R.

TUNING SYSTEM: The lower bands, 80
through 15 meters.

r~;0d~~ are covered in 200
~jt' 'l'.:C ;;~J kc seqments. 10

e-'\.8.-- , . ~ . meters IS covered_ _ , - -\, in 500 kc seg4

, " ,' menls. 100 kc and
-_=.f":~. / 25 kc c rystal cal-

N~' ~ ibrato r markers
o prov ide for highly

accurate frequen­
cy reado ut on a large, easy to interpret
dial.

Ultra smooth vernier tuning with large
knobs gives you the incompar able feel of
a Swan tuning system.

SENSITIVITY: Superior Iront end design
gives you 1/ 4 microvolt sensitivity for
10 db signa l plus noise to noise ratio at
50 ohms Input impedance. At the same
time, front end overload , cross module ­
l ion, Image, and sp urio us respo nses
have been reduced to "sta te-of-the-art"
minimums.

R.F. SELECTIVITY: Antenna tun ing cir ­
cuitry in the 600R tror n-end prov ides
continuous coverage from 3 to 30 mc.
This is accompl ished in 5 frequency
ranges selected by the band switch: 3 to
5.5 me, 5.5 to 10 me, 10 to 16 me, 16 to



John J. Shultz W2EE Y
1829 Corn elia Street
Brookl yn NY 11227

Transmitter Tuning

of Mobile Antennas
A method is present ed for ut ilizing th e high Q loading

indu cto r of a low f requency mo bile whip as part of the
transmi tt er ou tput circuit to permit wideband op eration of a
shart mo bile antenna. The simple modifi cations necessary to
ty pical transmi tt er output circuits are illustrated by seve ral

circu it diagrams.

Fig. 1. Usual base o r center loade d wh ip an tenna
which utilizes a non-reso nant transmission line
(A). Concep t of using th e high Q loading coil
directly as part of the transmitter tank circu it .

ban dwidth of low-freq uency whip antennas
is du e to th e fact t hat it is desired to have
them self-reson an t and o perate in to a non­
resonant tran smission line. This concep t has
no real bas is as far as impr oving the rad iation
efficiency of an ante nna in a low-frequency
mobile installati on and simply imposes a
severe bandwidt h restricti on upon the opera­
tion of the mobile install ation.

The usual . approach to low-frequency
mobile antenna construc tion is illustr ated
in Fig . I A. A short whip an tenna is used
whi ch is either base or cen ter loaded so
t hat the antenna has an effec tive electrical
length of Y4 ;\ and can be directly connected
to a non-res onant coaxial tran smi ssion lin e.
In or der to reduce ohmic losses in the
loading inductor , its "Q" is made as high as
po ssible. T he high " Q" result s in greater
radiati on efficiency du e to the reduced 12 R
loss but it also results in a very rest rict ed
ban dwidth for the antenna - 10 to 20 kHz
being typical fo r many 80 meter mo bile
whips. Whenever one wishes to change the
transmitter freque ncy to any great degree ,
it is necessary to readjust either the loading
inductor on th e antenna or th e length of
the wh ip anten na itse lf.

It should be recognized that even with
high-Q loading inductors , t he radiation effi­
ciency of an 8 ft whip on a low-frequency
band is a matter of a few perce nt. No
manner of loa ding induc tor is going to make
an 8 ft whip radiate like a 60 ft whip unless
the losses in th e loadi ng ind uctor can be
reduced to zero, a condit ion only poss ible if
the resistance of t he loading inducto r can be
reduced to absolute zero. Th e restrict ed

'" '"
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Fig. 2. Simple tank circuit switching connec tions
chang es ne cessary to by pass pi-network coil on
80 m eters only . Circ uit sho wn is for SB-34 but
typkal of a wide variety of transceivers.

No n-Reso na nt Load ed Whips

If one considers t he loading induct or
used eit he r at th e base or cen ter of a wh ip
as necessary to increase th e effe ctive
electrical length of the antenna to the
point whe re t he an tenna system can
resonat e at a given frequen cy . there is no
th eoret ical reason wh y this resonan t circuit
cannot simu ltaneo usly <11:t as both the
reson ant output circ uit for a transmitter
and as the rad iating medium or antenna for
the tra nsmitt er. This co ncept is illu strated
in Fig . I B. The lin e secti on between the
whip and transmitter also becomes part of
the radiating an te nna.

This idea is not really new and, indeed ,
in basic co nce pt goes back to t he earliest
days of radio . Some read ers will immed i­
ately relive some of the nightmares of
harmonic radi ation and int erferen ce t ha t
were prese nt using AM tran smitter s with
class C o ut put sta ges wh en th ey look at
Fig. l B. However , severa l fa ct ors have
changed whi ch ma ke the scheme mu ch
more prac tical now > mai nly t he use of
linear ou tpu t stages and th e high Q of
most loading induc tors. T he scheme is
certa inly not recommended for fixed
station usage in a lo cation wh ere TVI is a
problem already, since th e ou tpu t is not
filtered and harmonic re du cti on is ma inly a
fun cti on of that provided by the single
tuned circuit wh ich is involved . However,
for mobile u se, t he scheme does have
parti cular app eal; although th e possibility

I
OUTPUT •

CONI;£ CTOIl."u ..",

r
Fig. 3. Pi-network circu it s employing continuous
shorting type switches may be sligh tly more
diffi cul t to m odify . Th e ou tput circuit of th e
Heath HA-14 linear is sho wn . Although the
switching arrangem en t sho wn m ay app ear cor­
rect, i t act ually has several faul ts. S ee Fig. 4 .

ignored. Mobile op eratio n is often con­
du cted remote from housing areas and the
approximate 30 40 dB second har­
monic attenua tio n pro vided by mo st good
loadi ng coils tuned as sho wn suffices. with
low po wer transmitters to avoid any
in terfer ence problem. This is especially true
for mo bile o peration o n 80 meters.

Practical Considerations

When t he scheme of Fig. I B IS used ,
only the variable capacit or in the transmit­
ter nee d be adju sted for wide frequen cy
ex cursions once the loading inductor and
capacit or values have been ba lanced to
provide proper tran smitter loading. This
adjust ment is des crib ed in more detail lat er ,
but in mo st cases, th e adjust me nt range
req uired is wit hin t he existing range of the
co mponent values of the variable plate
tuning capacit or within the tra nsmitter and
of the whip loadi ng indu ctor . No compo­
nen t modifications need be mad e in mo st
cases.

One area tha t does require some min or
modification , however , is the line bet ween
the whi p an tenn a base and the tr ansmitter.
Since the line becom es part o f the anten na
circui t , it will radiate and, also , it will carry
the grea tes t portion of t he an te nna current.
T he radiation that tak es place from this
lin e where it runs in th e au tomo bile is, of
co urse, shielded by the auto mo bile body
and lost. However , as was mentioned
before, th e radiation efficiency of a loaded
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Fig. 4. A lthough an extra componen t m ust be
used, this modifica tion to the HA-14 ou tput
circuit provi des a far better switching arrange ­
m en t than that shown in Fig. 3.

'J -T"°00
, ,",OJ m ccee-e c rc

low-frequency whip is only several percent
an yway and the additional radiat ion lost is
no t significant in most pract ical situa tions.
It cer tai nly is a sma ll pri ce to pay for the
ability to tune a rna bile rig freely acro ss
major por tions of a band . Nonetheless, the
line should be kep t as shor t as possible.

Because of the hea vy current t hat flows
in th e line, it should be made fro m heavy
wire - and not just th e inner conducto r of a
small coaxial cab le. Heavy battery cable of
the type wit h a th ick covering, in order to
provide th e ne cessary voltage insulation, or
th e inne r conductor and dielect ric of a
rea lly heavy coaxial cable (shield removed)
such as RG 14/ U or a larger ca ble should
be used .

Output Circuit Mod iltcatlons

''0

50 0 l

2 50;t;
' 0

If a multi band transceiver is u sed for
mo bile ope ra tion, it may be fou n'd advan­
tageous to use the me thod described for
mob ile anten na coup ling on 80 meters, or
bot h 80 and 40 meters, and a conventional
load ed mob ile ante nna feed by a coaxial
tran smission line on the higher frequency
bands. This sit uation occurs since the
radi ati ng portio n of th e feedline which is
encl osed wit hin the au to mobile increases in
terms of wavelengt h with higher frequency
an d the losses encountered with the
anten na coupling method of Fig. I B exceed
those of th e method illustrated in Fig. I A.

Therefore , it is very han dy to provide
some mod ificati on to the out put circuit of
a tran sceiver or tran smitt er such that it can
be used with the antenna coupling arran ge­
ment of Fig. 1B o n one or two low­
frequen cy bands and wit h a conven tion al,
unmodified coupling scheme on the higher
frequen cy bands. Figs. 2- 4 show deta ils of
various mo dification methods to. typical pi­
network output circui ts. The only other
switching involved is then that concern ing
the transmission line which can be done
manually or with relays.
Adju stment

Init ial adjustment should be done at a
low po wer level by reducing th e drive to
the ou tp ut stage of a transceiver. The
output loading capacitor (w hich is in
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parallel wit h t he plat e t uning capacito r
once the transceiver is modified) is ini tia lly
set at minimu m alt ho ugh it can be used
later if mor e capacitance is required . Th e
dri ve is increased an d th e transceiver
checked for th e u sual met er indic ations of
resonance and proper loa ding. If resonance
is ind icat ed but the loading is not correct ,
one can try increas ing the value of th e
plat e tuning capacitor by cha nging its
setting and redu cing the value of the
antenna load ing in ductor (or vice versa)
until adequate, loading is achieved.

One must use a wavemeter or some
other device t o che ck the ra diated fre­
quen cy since it is possible to have th e
system falsely tuned in so me cases. When
the system is tuned correc tly , one should
also be responsible eno ugh to check th e
harmo nic radiation and in terfer en ce levels
as co mpared to the usual set up . Alt hou gh
with th e use of linear amplifiers, etc., th e
harmonic level should be well below any
illegal level, it certainly would be co m­
plete ly irresponsible to operate wit hou t
being certain of this. A chec k with a
receiver tuned to the var ious harmon ic
frequencies will qu ickly indicate if th e
har monics are at least 30-40 dB down
fro m the fu ndame nta l freq uency.

.. . W2EEY
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Whether yo u 'r e a newcomer or an oldtimer,
you 'l l find " T he Rad io Amat~ur's FM Han d­
book" to be the most valuab le repeater aid you
can get .

FOR THE OLDTIMER
t ha Handbook te lls , , .

e how to defeat d e sensi tiza tion
e h ow to ca lc u la te attenu atio n acco rd ing to fraq uenc v

spac ing, a ntotnna separa t ion
e ho w t o b u ild soph inic. t ed COn tro l sv st e m s, using

Ie., timers, re l.v s, stepPII", o r Touch to na
e h o w. to bu ild eutomec tc 101lging and ident ifica tion

devlc II.
e h ow to bu ild au tom.t ic p honll pa tc h lls

FOR THE NEWCOMER
thll Ha nd b o o k tlltlS . . .

e h ow to pre p a re fo r a repe"tllr

: ~g: :~ ~~ti l~ r:~:~~~;::te
. ho w to keep a re p ea ter on the ei r
e how to de t . rmln e a p 'O$pect ive ••P. " t e.·••an"e
e h ow to gil t VOur re pe a te r li ce n se

The Handbook contains 208 pages of useful ,
hard-to-come-by information, and it 's w ri tten
in an interesting, personal vein by Ke n W.
Sessions, Jr . (K 6MVH) f or mer editor of F M
Journal, no ..... managing edi to r ot73.

---------- ---------
Order from:

73, Inc.
Peterborough NH 03458

AColOSSal OX COnleSI!
GRAND PRIZE, Name your favorite
country and £1 will f ly you there

via Pan American World
Airways, World's Most

Experienced Airline.

Plus many other valuable prizes, including
an RCA $2.000 color TV, a Heathkit/Thomas
Theater Organ kit, Heathkit modular color
TV kits and Conar portable color TV kits.

ElECTRONICS
ILLUSTRATED

50C al newsstands n erywh ere
Now 50% o ff on <1 lr i<11 ~ub~cr ip l io n! For 12 Issues
send o nly S] 10 : Ueclroniu lIIuslr <1led Subscrip­
l ion Dept . , f.l wc" U PI. c" , C reenwich, Co nn. Of>8JO.
Inclu de nam e and add ress and ~ t.t" whether new
o r renewal.

CAMP ALBERT BUTLER RADIO SESSION
1 2th YEA R -:- 600 GRADUA TES

Courses T aught : Ge neral T heory and c ede
Advanced Theory and Code
A mateur Extra Theory an d Co de

Golf pri vileges a t New R iver Country Club ; also fishi ng

Peo ple attended from the following s tates and areas:
North Carolina, So u t h Caro li na, Missouri, 'pennes-

~ma~~~ FJ~~~~k'e~~~~~aDi~:i~t~~~in~:::
~:~m~~~k , ~a~~~·us~~~;~~:~y?at;::;: v~~,eft~:
~~: ~~~:~nk~net~rc~', KC:ilir~'r~~~~~i,J:t:~~~
Arkansas, Texas , Wisconsi n , Louisiana, O regon ,
Connec t icu t , Minneso ta , Pennsvlvama,

OUT OF STATE:
Puerto Rico ; Saskatchewan, Canada ; Ontario , Ca n­
a~ Quebec, Canada; Gran ada, Spain) London,
~es~~: c';;t~~v~hJ;1~~~~d ; Nether an d , An-

rc,L Pe te;K4 0 N7;;;n~' Secret;;;; - - - 1
I Gilvin Roth Y .M .CA ., E lk in, North Caro lina I
IPlecue send m e the B o oklet and Application Blank I
I for th e Cam p A lbert B utle r Radio Se u ion. I
I Name Call 1
IAdd,... :

LCity/Sta~ip d



built
acounter

Kendall Ses sions III

Fig. 1. Pane l 1ayout of Heath coun ter.

He handed me a lar ge box of miscellan­
eous electr onic parts and said , "This. is a
Heathkit frequency counter in kit form.
Read all the instructions and "put it to ­
gether for me." He asked me to take notes
on any problems I migh t have and jot
down anyt hing that I thought ambiguous
in the step-by-step instructions; then he
ju st left me sta nding there with my mouth
open.

kHz LAMP

Hz LAMP

OVER RANGE
LAMP

• '::-::_ _L _

M y neighbors say I have a "way " with
electrical things . They always bring

me their TV set s whenev~r a tube goes bad
or a fuse blows or a wire breaks. And when
I fix the problem ~ very seldom serious ­
they think I'm a genius. Now, I don't
mind, you understand - this kind of thing
would be good for the ego of any l v-year­
old. But there was a time recently wh en I
thought my reputatio n was really goin g to
get me in a jam : My own fat her brought
me an electronics job to do .

Now, I do nlt know how it is with your
dad , but min e, unfortunately, is prett y
hard to fool. He doesn 't sit around the
house every. night building repeat ers and
things any mo re, but he does write an
occasional book about some field of ele c­
tronic endeavor; and he is the editor of a
fairl y fa mous ha m maga zine. When he told
me about the project he had for me , I was
pretty up -tight - even though I ex hibite d
only ,the bravest sho w of co nfidence to
him.
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AN INTROO UCTI ONTO AMATEUR FM

THE BEST OF FM (VO L. II)
HOTOFF THE PRESS

f"~""
F M BULLETIN

Contains those rare cop ies
of the Bulletin th at no­
body seems ab le to find
any more. From th e first
issue of FM Bulletin to Feb
1968! Printed in c hro no­
logical seq uen ce as edited
by Mike Van Den Branden
(WA8UTBl. 8% x 11 in.
FMBl $3

by Ken W. Sessions, Jr. 96
pages of information, in­
cluding curre nt standards
of de viation, ton e tre­
quencies, and operating
channels. Ineludes an up ­
dated FM repeater direc­
tory, a catalog section of
A L L FM M A N UFA C­
TURERS and dealers. Plus :

A complete bibliography listing all articles
published since 1968 in FM Anthologies (Vo ls. I
and Ill , 73, HR , OST, and CO.
IFM .. • •.... . • ...• ..•.... • •. • •... $1.50

Contains articles from theI""':
mod ernized FM JournaL : ,..
I n cludes those "great" •
never-before-reprinted ern- .....,.......
d es, complete with photos.
An impressive and va lua ble . \P.~~
coll ection of FM data ~ <:

Edited by Ken Sessions ~.~
{K6 MVHI. 6 x 9 In . Covers ..
period from Mar 1968 to ~~.. '
June 1969. 73's hottest sel- \\. ,)II....
mg book at Dayton Ha m- ! ,,\ /,' .•., ' ,-

vention. FMJ2 ..... , ... $4.95

Fig. .2. Block diagr am of He ath 's IB-IOI i re-

Well, I closed t he doors to my room and
gathered all my tools around me at my
desk. It was Friday afternoon . . . a little
past five. I opened the "tips and hints"
book that comes with every Heathkit and
thumbed through it. Most of the advi ce
given here was pretty old hat to me so I
decided to start right in on the counter.

I figured to work for an hour or so on
the kit before cutting out to \ movie with
my brother. Boy, did I ever figure wrong!
Kit-building is rather like eating potato
chip s; it's as im po ssible to work fo r a few
minutes on a ki t as it is to be content with
mu nching just on e lone salty cruncher; If

my mo ther hadn't used her very effective
for m of coercion, I wouldn't have even

broke for sup per..
After dinner I was back at it again. I was

solde ring compone nts to a double-sided
epoxy-glass PC board, and I was almost
ready to mount the IC sockets . So far, the
job looked very professional, in my none­
too-humble opinion. And I doubt if my
father could have done as well (he's very
old, you understand - in his late thirties ­
and his hands shake with the typical
senility of his generation).

I finished the job about two in th e
afternoon, next day. I sto pped for a short
nap earl y in the morning after breakfast
and again for an hour or so at lunch time.
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The only thing remammg to be done at
noon was th e connection of the primary
power cord, final checkout, and a calibra­
tion procedure that looked pretty simple.
The kit had taken about 18 hours to
complete, I estimated, without hurrying or
cutting any corners. My father tells me that
a kit of this complexi ty would have taken
many months to build a few years back,
and it would have ended up the size of a
Mack truck. You can pack a lot of elec­
tronic circuitry in a single integrated cir­
cuit !

The unit I put together is called th e
IB-I 01; it is a very compact and light­
weight digit al counter capable of reading
frequencies fro m near dc to 15 MHz. And,
accor ding to the manual, th e basic func­
tions and uses of th e instrument are like
those found on the very highest price d
frequency counters (needless to say, th e
Heath IB-101 is not high-priced).

In general, the counter has the overall
app earance of simplicity , despit e the com­
plex circuitry and number of features .
(See Fig. I.) Five cold-catho de display

tubes, an "overrange" lamp , and two
range indicator lamps make up the entire
readout lineup. The accuracy of the read­
out is assured by a crysta l-contro lled
digital clo ck. A high-impedance input cir­
cuit presents minimum loading to th e ­
circuit you want to test, and automati c
level triggering let s you mak e measur e­
ments without having to fiddle with con­
trols and such . It 's all pretty nice. The
block diagram of Fig. 2 show s the opera­
tional arrangement.

A feature I particularly like about the
IB-I 0 I is the simplicity with which it can
be calibrated . If y ou don't happen to have
an accurately calibrated frequency counter
around to chec k the Heathkit again st (and
chances are you won't or you wouldn 't
have bo thered to bu y th e Heath in th e first
place), all you really need is any old AM
bro adcast radio receiver. All you have to
do is tune in a station on the Be set and
hold it near the oscillator cry sta l in the
counter. Then you just listen for a beat
note on the radio and adju st the calibrate
contro l (frequency adjust ing trimmer) on
the IB-I 0 1 for a.zero bea t.

Fig. 3. IB-10l schema tic diagram .
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S OLD ERI NG
I RON TI P,

Even though th ere are only five digits
readable on the counter , you are not
restricted to read ing out frequencies of
that order. To count a frequency of
14 .210450 MHz, fo r exa mple, push th e
range switch on the counter to the kHz
position and take a rea ding. Th e display
will read 14210. Ju st keep thi s figure in
mind and press the switc h to the Hz
position to read 104 50. The overrange light
will come on now to sho w that the
frequency you 'r e reading is actually high er
than the Hz indication in the readout.
Put ting the two readings together gives th e
actual operating frequency: 14.210450 .

The schematic diagram of Fig. 3 shows
what the !B-IOI is made of. Th e input
amplifier and Schmitt trigger circuits ac­
cept and shape the input signal into a
square wave. Decade counters change these
seq uential input pulses in to a binary coded
8-4-2-1 outp ut and recycle on every tenth
in put pulse . Th e four bits of binary coded
information are then connected to the
buffer/storage unit s which accept and store
the count data on command of the transfer
signal. The decoder drivers translat e the
binary coded informat ion fro m the buffer/
storage units into decimal form and drive
th e pro per display tube cathodes. Timing
signals for gating, tra nsfer, and reset are
generated in the clock and divider chain.
It 's all qui te neat , you'll have to admit.

My advice to bu ilders of this useful little
instru ment would only be to follow these
simp le suggestions: Before star ting to as­
semb le the kit, be sure you know all there
is to know about soldering and wiring. If
you don 't , you'd better break dow n and
read the " kit-builders's guide" that accom­
pan ies the kit.

Because of the very small circuit-board
spac,e betwe en some of the pr inted co nduc­
tor material, you have to be ext remely
careful to preve nt solder bridges.' Play it
cool and don 't try to use a big gun or
eigh th-inch-diameter solder ! Use the mini­
mum amount of solder req uired to get th e
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job done and use heat sparingly. You 'll
really need a tiny tip on your iro n to do
th e job right ; and Heath recommends using
an iron of not more than 25W.

If, by some flaky fluke of fate , you
don't hap pen to have a low-wattage, tiny­
tip iron, you can adapt a normal-size iro n
to the task : Be sure you r iron is cool, then
wrap a hunk of 14-gage bare wire aro und
the tip as shown in Fig. 4. You can file the
end of the wire to a sharp chisel edge,
giving yo u the equivalent of a low-power
iron. Th e only hassle with th is approach is
that th e wire do es tend to loosen after
awhile ; and it alwa ys seems to come loose
at the wro ng time. Irons are relatively
cheap, th ough. So if yo u aren't also, your
best bet is to get an iron tailored for th e

LARGE CUT TO
BARE
WIR E CHISEl

~====~-tJ)'fF::;~ SHr
~ I1 1" ~

Fig. 4. Poor man's low-wattage iron : Wrap a piece
of 12- or 14-gagesolid copper wire aroun d the tip
of your regular iron , letting the wire end pro­
trude a half inch or so. File the en d of th e wire to
shape.

jo b. Who knows - yo u might want to build
another kit one day , th en at least yo u'd be
prepared in advance.

The counter is accurate - or at least it
seems to be. Like all counters, the inherent
erro r is plus or minus one digit in the least
significant column (regardless of range) ­
and yo u could hardly kick about that.

Mr. Green is using the counter I built to
check against the dial on his National
NCX-I OOO. And he tells me that the
National dial and the Heath counter agree
consistently . All of which says a great deal
for the Nationa l tr ansceiver , too.

. . .Sessions-
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Arthur B. Windsor W8AUR
23550 Whittaker
Farmington MI 48024

Transistors are mounted on the Lebracket at
right, along with diodes Dl and D2. Diodes D3
through D6 and resistor R2 are mounted on a
tie-point strip at top center. Power cable enters at
lower left, and Cl is not visible, being covered by
lower left chassis lip. Rl is connected between a
single tie-point strip and the base terminal of the
upper transistor socket.

un it made a good feedback transformer
(Tl). When connected as shown, it furn­
ishes more than enough base current to
insure driving the 2N3055s into saturation,
providing low switching losses and good
efficiency. Measurements indicated 315
rnA of base drive per transistor. According
to specifications, this is sufficient for
switching 9.45A amperes collector current,
assuming a minimum beta of 30.

Resistor RI provides a small base ­
emitter forward bias . As the secondary de
resistance of Tl is only gil and small by
comparison to Rl, it is not necessary to
bias each transistor with a separate resistor.

'/~

LOW •
COST • ,
TRANSISTOR~ @

POWER SUPPLv1 I
I f you want to take your Twoer or Sixer

mobiling or on Field Day next year,
you'll need a 12V power supply for it. As
Heath no longer lists the vibrator supply in
the catalog, homebrewing becomes nec­
essary.

This article describes the operation and
construction of such a transistorized power
supply. It is easy to build, co mpact , effi­
cient, hash-free, and best-of-all, in­
expensive. Parts cost , even without a well
stocked junkbox, is only around $10 .

The circuit (see diagram and illustra­
tion) is a novel one which was inspired by
an article in Electronics magazine.' It
prevents any swit ching transients from
occurring, thereby removing this cause of
transistor failu re . The reason for this is t he
fact that the feedback transformer (Tl)
secondary is equally loaded through all
parts of the switching cycle. Reverse volt­
age on the base -emitter juncti on of the
"off" transistor is limite d to the diode (D I
or D2) voltage drop across it. This allows
use of inexpensive 2N3055s, which have
emitter-to-base breakdown voltage ratings
of 7V. These transistors , which are avail­
abl e very reasonably have collector current
ratings of 15A maximum, so no large
heatsinks are required.

The main power transformer (T2) is a
dual-winding 6 .3V filament transformer.
The secondary windings are used as the
primary and vice versa.

After much experimentation, it was
found that a small 115-to-24V 250 rnA
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T1

T2

load for ' 4 ho urs continuo usly, and neither
of them became even warm. Uncle Sam
must have rat ed T2 very conservatively,
and I'm sur e it would wit hstand the con­
tinuous usage of a Fi eld Day week end
without d ifficulty .'

Parts List
l1 5V t0 24V250mA
(F air Radio MW#4528)
115V to 2/6 .3V 1.2 A
(F air Radio #7 629809
silicon diode, 1A 50 PIV
or more (Poly Pak s)
2N3055 (Pol y Pak s)

e. t.~ associates, inc.

LITTELL RD.. EAST HANOVER . N. J. 07936

silicon diod e, I A and
400 PIV or more (Poly Paks)

Cl 100 IlF 25V electro ly tic
C2 20 IlF 35 0V
Rl 1000n
R2 470kn
R3 150n
1. Roy Hartkopf, "D iodes prevent power loss and
burnout in converters," Electroni cs September
14,1970, p. 103. W8ADR-

IF YOU WORK 2 METERS

YOU NEED THE

~ TIR BOOSTER

IF
you r antenna feed li ne is longer tha n 40 feet

some of the si gnals you hear ar e less than Q5
th e other fe l low s hear more than yo u do
your presen t 2 met e r receiv er lac ks gai n or se ns itiv ity

Regard le ss o f how big yo ur 2 met er antenn a is ­
Regardless of how goo d you r 2 meter antenn a is -

The Tf R BO OST ER is guaranteed to improve you r " hearing
power" i f you hav e m ore than 3 dB of reed l ine loss!

Ask your lo cal Cl egg Dea ler or wr it e to us to day for fu ll
de tails on thi s remarka bl e $47.50 gad get that esta b li shes
you r receivi ng capabi lity up at the ant enna where it counts .

Dl , D2

Q1, Q2
D3,D4,
D5, D6,

Fig. 1. Schematic diagram of po wer supply. The
pin numbers refer to those in Twoer, and may be
ignored if supply is used for FM receiver.

adequate transistor heatsln king, if you plan
on ma king a 100 or 200W supply , fo r
example. The circ uit will also provide an
ideal receiver supply for 450 MHz FM'ers
who want to «duplex " their sur plus mo­
bil es.

Abo ut the only difficulty whi ch might
be encountered in the constructi on of th is
supply is its failure to oscillat e . Sho uld this
happen, mer ely reverse one set of lead s on
the feedback transfo rmer.

Don' t worry about overheat ing eith er
transformer. I have run this supply at fu ll

Imbalance is immeasurable.
Capacitor CI helps filter out an y trans­

ient spikes appearing on the l2V line. The
secondary circuit is a conventional bridge
rectifier and filter setup which furn ishes
about 2l0V under transmit conditio ns.
Because the original Heath vibrator pack
furnished 25 0V under the same condit ions,
a 33 0n 5W resi stor was used in t he Twoer
(R14) to reduce it to 225 V. To bypass th is
resistor, move the wire connect ed to pin 5
of the Twoer o ct al plug from the junction
of D3 , C32 , and R14 to the ju nct ion of
R14, C33A and R1 5. This will res ult in less
power loss and proper opera tion from the
lower power supply output.

This same circuit can be used wit h
regular l2V vibrator transformers , making
cannibalization of an old car radio worth­
while to obtain a suit able power trans­
former .

Owners of earlier FM gear using vibrator
supplies can transist ori ze them inexpen­
sively , gaining eff icienc y and rel iability in
the process. Just remember to pro vide
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Don't Trust
E. C. R eich, III WSF QA
9 Eastport Place
Plan o TX 75074

the Ground Wire
E quip ment with a 3-wire (grounding)

plug is too often regarded as being
safe; bu t don't be fooled . Even th ough the
equip men t may be safe, the wires connec t­
ing pow er to the ou tle t may be defective,
result ing in that safe ground wire con­
nect ing yo u directly to 120 volts, and
mayb e even a one-way ti cket to the grave.

Last week my wife was walk ing down
the carpeted hall in our two-year-old home
when I asked her to turn off the light in
the st udy . She reached inside the study
door to tu rn off the switc h while still
walk ing in the ha ll. Her hand to uched th e
scre w holding the plastic protective plate
over the switch simult aneously with her
ba re foot co ntac ting th e metal strip used to
hold down the edge of the carpet. Th e
result , a loud OUCH!

I promptly got out th e volt meter and
played elec trical det ective. The meter ind i­
cate d 120 volt s bet ween the metal strip
and th e screw in the out let box contain ing
th e light swit ch. I suspected leakage, but
whe n a 60-wat t 120-volt lamp lighted to
fu ll brilliance, all doub ts were removed. I
co nnected a long wire from t he cold water
pipe in the kitchen to one lead of the
meter. T hen I checked every switc h and
outlet in the ho use. Sure eno ugh, seven
3-wire receptacles an d two light swit ches
were co nnecte d wit h 120 volts on the
metal outlet box. I checked the brea ke r
box and found th at all of these outlets
were on the same circ uit.

The co ver plat es were removed and the
wires were disconnected one by one with
an ohmme te r check being made afte r each
was removed. The result was that the hot
120 volt wir e in one of the outle t boxes in
the study was st ripped back about a half

54

inch to o far and when the outle t was
insta lled in th e box by the elec trician the
bare ho t wire co ntac ted th e nor mally bare
groun d wire. Normally, this would have
only result ed in a tripped circuit breaker ;
how ever , in this case, the ground wire
in one outlet was wrapped loosely and
the poor co nnec tio n resulted in the gro und
wire burning in two at t ha t point. This
left t he majority of the out let s on th at
circuit wit h the grou nd lead connected
to 120 volts.

Just imagine your rig plugged in to t hat
outlet and yo u outside holding a piece of
coa x sta nding in a wet flower bed knowing
yo u are safe becau se of the grounding plu g.
Then you grab the coax connector . . . !
Sure, ou r safety practices say we should
ground the rig and remove power un der
th ese co nditio ns ; but, do YOU?

This incident is just one of many in volv­
ing di scovery of an electrical pro blem by
my wife. Yet, she says she is not elect ri­
cally inclined. When we first moved in , she
was waxing th e de n floor before moving in
the fu rniture. Sh e reached up to adjust th e
cha ndelier and ******* OU CH! Since we
had not signed the final paper s for the
house, we called th e builde r and he sen t
the electrician over the next day . No one
was hom e and he couldn 't find anything
wrong. lie asked our nextd oor neighb or if
she was familia r with the problem and she
suggeste d he take his shoes off to duplicate
the co nditio ns my wife was working under.
(I t is surprising how mu ch ham gear can be
bought with shoe money.) Nee dless to say,
after a shocking experience , he found a
sho r t in the fixture and no ground co n­
necti on.
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K it Fo rm

206 feut fr ont $t,... flo,..nc:e. Colorado

oscillatOi/monitor ,. .
• m.k•• • " audible lo". to mo"itor A~....
tf.. RF of . "yCW lra"smitt.r from ~~.

~:i~,~i:I~~;j~:ir:i.fM' I~I-:"I"I~I'-I'-'~ '
slate componenh and circuits.
• .id. in tun;ni up (,. t.dini RF
oleillator and I'0_r circuib. ~

• 4 tr.n.i ltor, 2 diocl. circuit,
. .....k.r, to" . adjult, AA p.nc.II,
tftt tip., S " .nt.• e- m'in..,ic b.... 1495 compl....
• cabin.t i. Ib iaui. black (,. cl.ar ppd u.a &can•
• nocli••d .Iuminum, 3.4 .2.3 " 1.2" . e nd a check or m.o.
US .... d. (,. iuar.n~••d for I year. sold by mall only

James Research compa ny,dep't:AR- M
20 willits road , gle n cove n.y. 11542

FRECK RADIO SUPPLY
3B Biltmore Ave .• Asheville. N.C. 28801

(704) 254·9551

Serving the amateurs for 43 years
(Established 1928)

Sendfor our free list of used equipment
over 300 pieces to choose from

Also new in stock- Col lins- Drake­
Kenwood - Galaxy - Tempo - Signal 1 • Swan

"WE TRADE HIGH"
TRY US

Bank Americard - Master Charge
Tenn y Freck W4WL - Sandy Jackson Mgr.

Harvey Nations W4 V OV

TTL lo gic . Power lin e frequency co unter f or 3 m inute
o r less t im in g and co ntro l. Easily reprogram mabie
d iode ROM us es on ly 2 7 diode s (depend ing on c a ll) t o
send D E "anv ca ll". Lo w im p edance aud io w it h
vo lu me an d t one contro l. At! ci rcu it ry inc lud ing PS o n
sm all G 10 gl ass PC bo ard. Writ e f or f u ll details . HAL
DEVICES, BOX 365. UR B A NA, I LU N O IS 61 801

No Boakt To Re ad
No VI.ua l Gimmick.
To Distra ct Yo,,",
J u s t Listen And Lea r n

BC::lied on modern plychologlcal
te c::hniq ue s-This course will '0k .
you beyond 13 w.p.m. In
lESS THAN HALF THE TlMEl

Album dlnt.ln t three 12" Ava ila b le on magnetic
LP' . :W, hr. Instruction tape, $9.95 - Cassette , $ 10 .9 5

..... HRI.£E",;,V;,;;;:ICE:;;;:S -,

HAL 10-1 REPEATER
IDENTIFIER

,6700£

You may ask , how do these things get
past the building or electrical inspectors?
In Plano , like ma ny othe r ra pidly ex pand­
ing communities, the inspectors just do not
have time to chec k every detail and outlet.
Certainly, you could sue if a member of
your family were injured ; but no one lik es
to be dead righ t! Many pro gressive cities,
lik e Plano, have ado pte d modern standards
requiring the 3-wire gro unding receptacle s
in all new construc tio n, whil e others only

require the grounding receptacles to be
installed in outdoor locations or lau ndry
rooms.

In summary, it would be time well spe nt
for you to check all outlets in y our home
to insure a proper ground. To do this, use a
120 volt , 60 watt lamp with one lead
connected to a waterpipe ground. Using
the other lead, check each outlet box and
each terminal of the receptacle. Note th e
loc ation of the hot ter minal of each ou tle t.
Then, check from the hot wire of each
outlet to the outlet box to determine if the
box is grounded properly . The lamp should
light on only one terminal of each recep­
tacle when on e lead is connected to th e
waterpipe. If it lights when connecte d to
an outlet box or gro unding terminal of the
outlet a seri ou s problem exis ts . T he lam p
must light with one lead connec ted to th e
hot lead and the other lead connecte d to
the outlet box or ground (1 20 volt return).
If it do es not, you do not hav e a proper
ground connecti on to the box. Keep in
mind that, if you live in an older home ,

you may not even have a ground lead in
the wiring, other than the 120 volt return
wire . To determine if y ou do have a ground
wir e, remove the outlet cover plat e and
count the number of leads in each cable
en te ring the box. If each entry to t he box
has only two wires and metallic sheathed
cable is not used, chances are you do no t
have a ground. (Metalli c sheathed cable is
seldom used in residential wiring.) If th e
outlet is of the 3-wire type and you do no t
have a ground in the wiring you are flirting
with danger if you de pend on the ground
for protection. W5FQA-
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. Samuel C. Milbourne WB ITN
HuntsviIle
Alabama

he File Box

HOLE CHART

". SIZE on

• NO. 25 DRILL e, 3/8 in a
c 1/2 in ,

usually painte d green or gray.
This, together with 1{2 x 1{2 x 1/1 6

in. aluminum angle, four rubber mounts, a
6 1{8 x 3 15{16 jn. aluminu m pa nel and
mounting hardware complete the pack­
aging parts list which is detailed lat er in the
art icle.

Material :
Aluminum - .030 in . thick x 6 1/8 x 3

15/16
Holes - A ( ) #25 drill

. B ( ) 3/8 in . drill or punch
C ~ in. drill or pu nch

,
++---

7 EQUAL SPACES ATI 7/ 8 5/8 in. · 4-3/8 in.

11 -9/1€ ~4---- 2-7/8----I

3

<I,

-t ' _""6
3/ 16 I - - - - - - ~:.3/4 -------~

---- -- 6 -1/8 --------~

.1.--'---+@.- - ------f

I n several previous articles, a co mpact,
economical way to package ma ny sma ll

tes t equipment cir cuits was describe d. This
month we will conside r capacity decade
circuits, which can be pac kaged in a
less-than-a-doll ar 4 x 6 x 4% in. file card
box . This box has a swinging top, and is

3 -15/16

Fig. 1. Panel1ayout .01-1.0 j.1F decade capacity box.
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VHF FM MONITOR RECEIVER
Only
$89.95
Postpaid
in the U.S.A.
Mod el FMR·150A
100% American made ,

Excell en t for recei ving :
. 2 m eter repeater s.
• Weat he r sat ellites at 137 MHz.
• Fire. police and marine.
• C. G. weather sta t tons.

NEW IMPROVE D CI RCUIT . e T wo dual-gate MOSFET RF stages el im inate the need fo r a
pre-am p. e Extra high quality 8 po le, quart z, 10 .7 MHz integra ted filter available in yo ur
cho ice of 15 or 30 KHz bandw idth. • 4 push-button channels wi th trimmers for each cry stal
give precise frequency setting . • D ual co nversion with 10.7 MH z and 455 K H z I .F . 5. •.3 to .5
J.1V sensit ivity fo r 20 db quiet ing . • Int egra ted circ u it 1st I.F ", 2nd mixer and oscitttlator. 2 nd
I. F., sque lch, AGe, d iscr im inat or a nd au dio stages. e Bull t-in spea ker an d externa l speaker
jack. • H eavy gauge anodized aluminum case 6" x 7 " x 1-3/8 " w ith mobile mo unt and ti lt
stand. e Operares on 12V . DC negati ve ground at only 60 mao stand by curr ent . _ Factory
t uned to cover any 6 M Hz segment of your cho ice f ro m 135 to 175 MHz.•Crystal for 1
channel included in pr ice w it h add it ional crysta ls available at $5 .9 5 ea.
HOW T O OR DER : The VAN GU AR D FM R-150A is availab le on ly d irect from o ur fac tory .
I ncl ud e remi ttance in f ull p lus sales tax if you reside in N .Y . Be sure to state t he 6 MHz
segment y ou w ill want to cover, t he exact push -button f requ encies to be incl uded, and the I.F .
fi lter bandwidt h.

VANGUARD LABS Dept. H, 196-23 Jama ica Ave.,
Hollis, N.Y. 11423

Mounting the feet and cards

Mount th e fo ur ru bber feet on the
bo ttom of t he box. Posit ion th em ~ in . in
fro m each of the four sides. T his wilt allo w
a space 3 x 5 in . wit hin which a schematic
can be mo un ted. A 3 x 5 in. file card will
be fine. Draw your schema tic on t his card
and cover with pressure-se nsitiv e trans:"
parent film such as acet at e or Mylar.
Fasten to the bottom of the box wit h 3M
(Scotchbrand) #400 double-coat ed tape
having adhesive on bot h sides or Goo dyea r
Pliobond glue can be used to glue the card
to the box bottom.
Brackets

Moun t the tw o bracket s by drilling tw o
holes on each end of t he box, 21;1 in. fro m
the box bottom and 2 in. apart. This will
allow I in. bet ween one hole and the box
fro nt. Use a #25 drill. Draw a ho rizonta l
line on each bracket , about ~ in. fro m the
bend in the bracket. Place each bracket
inside and against the side of the box. Spot
the line thr ough the holes. Mark litt le
circles on the bracket. Drill these four
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holes using a #35 drill . Slowl y tap them
with a 6-32 tap (u se a ligh t oi l on the t ap).
Attach brackets to the box using (4) 6-32 x
~ in. machine screws.

The panel (along with ot her holes for
part s) will have tw o mounti ng ho les on
each panel end . See Fig. I for pan el holes.
Place the pan el in position and mar k circles
thr ough the panel ho les and on the brack­
ets. Drill with a #25 drill and tap with a
6-32 tap. Finally , att ach the panel with
6-32 x ~ in. Phillips-head scre ws.
Pre par ing the panel

The blank pan el sho uld be pr epa red for
layout by attachin g to it a 4 x 6 blank
card. Use library paste or flour and wate r.
Th e layout can th en be made on the car d.

t_ _ ©

Fig. 2. Basic capacitor decade circu it where C is
any value su ch as 0.001 f..lF, 0.01 f..lF, e tc. and the
remainin g capacitors are multiples o f C.
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four capa cit ors mounted on a subpanel or
swung bet ween switc he s and a term inal
stri p. These values are C, C x 2, C x 3 and
C x 4 . If C and C x 2 are con nected
simult aneo usly (in para llel}, they will eq ual
e x 3. All connec ted, th ey equal C x 10 .

Figures 5 and 6 show two dual-decade
capac ity boxes using eight electros tat ic
capacitors in one and seven elec trolytic
capacitors in the other. Note that in the
first we have capacity values of C, ex 2, C
x 3 and C x 4. Any value from C to C x 10
can be obtained by para lleling the correct
capacitors. The second circuit shows a
modified capacity deca de using elec tro ly tic
capacitors. This circuit covers fro m I IlF to
101 IlF . These circuits also use toggle
switches and can each be accommodated in
a file box .

Note the calibrat ion card in th e lid of
the file box. Calibrat ion can be made at th e
finish of con struct ion and at convenient
times th ereafter . Inasmuch as the circui t
using electroly tic capacitors is not likely to
be too acc urate, no calibrat ion card was
included . Most electroly tic capacitors are
marked with the value and the tolerance of
minus 0% and plus 40%.

If you elect" to build th ese tw o dua l­
decade file bo xes, you will have a source of
fro m .0 I to 101 IlF using on ly a total of 15
capaci tors.

You will note that no working volta ge
has been speci fied for t he capacit or s. Ob­
viously , th e higher th e working volta ge th e
better. I have 400V capaci tors in the
.0 1- 1.1 )1F, an d 250V in th e 1.0 - 101 )1F

L-- ~o @>-- _

Fig. 4. H configuration capacity decade . Th e
total output capacity is equal to the sum of the
swi tches thrown (C x 10).

Fig. 3. BaSic capacitor decade circui t where all
values of capacity are the same , and on e to nine
switches are thrown to make up th e desired
value.

t he panel dr illed or pu nched out and
finally, the card removed by soaking for a
min ute in hot water. The pan el sho uld then
be cleaned thoroughly on both sides by
using steel woo l. A coat of zinc chromate
should then be sprayed on bot h sides.
Bet t er, spray two light coats and steel woo l
bet ween coa ts. Clean with alcohol to re­
move any steel part icles or dir t. Finish wit h
two light coa ts of your favorite color
lacquer. A semigloss gray such as an RCA
#222627 Light Umbe r Gray lacquer is my
preference. If th e panel is laid out sym­
met rically , yo u can pick the best side for
th e pan el top .

All titl es are in embossed ta pe. 1 use Vz
in. tap e, but 14 or 3/8 in. tape is ade quate.

Basic capa city decade circuits.

Figure 2 shows a basic ind ividu al-valu e
capacity decade where each capacitor
equals C, C x 2, C x 3, etc., C being th e
smallest value of capacitance in the decade.
This con figura tio n req uires nine values per
decade and, un less patience and a large
quantity of each value capacitor is avail­
able, it is no t recommen ded.

Figure 3 shows a capacity deca de circuit
compo sed of 10 individual capacito rs, all
having the same value. Th is requires on ly
one basic capacity value against which all
others are mat ched . However , it requir es
nine capacitors and nine switc hes per dec­
ade. Also , as many as nine swi tches have to
be thrown (for C x 9) - a time disad ­
van tage.

However, if you can obtain a quantit y
of precision capacitors of the same value,
an d the toggle switch inventory is high, th is
may be yo ur circuit.

Personally , I am par tia l to th e H config­
uration shown in Fig. 4. This uses only
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Fig. 5. Two-decade cepe­
city box using only eight
elec trostati c (paper ) capa­
ci to rs an d covering
.Ol -l.1 lJF·

Capacitor Type Dual
Decade Parts List

Capacitor values for
1-10 I p F decade box
(I ) ea. 1, 2, 4 , 8, 16, 20 , 50 pF

...WB4ITN-

posts , and you may want to use a different
terminal strip with differen t mou nting ho le
dimension s.

( 8) Toggle switc hes
(8) Capacitors
(I ) Terminal strip 1O-lug
(2) 5-way winding posts
(2) 6-32 x Y. in. Phillips
screws and nuts

Capacitor values for
.0 1- 1.1 p F decade box

(I ) ea..01 , .02, .04 , 0.1, 0.2 ,0.3, and 0.4
pF

Parts List for
File Box Cabinet.

(I) File box , 4 x 6 x 4 1> in. Ohio Art Co.
(2) pes. I> x I> x 1/16 x 4 in ., alum. angle

bracket
(4) Rubber feet with 6·32 mounting screws

and nuts
(I) Panel, alum., 6 1/8 x 3 15/ 16 x .030 in .
(8 ) Machine screws 6-32 x \4 in .

Miscellaneous To ols
and Material

#2 5 and # 35 twist drill s
6-32 tap and hold er
Fine steel wool
Alcoho l
'Zinc chromate spray
Tape embosser and tape

decade units. There is room for up to 600V
capacitors if desired.

When electroly tics are used, specify the
plus and minus binding posts on the paneL

After mounting the switches and the
10-position terminal strip on the panel, the
capacitors are mo unted between one side
of the toggle switches and the terminal
strip. The other side of the toggle switches
are con nected together and to one binding
post . The lugs on the terminal strip are
connec ted togeth er and to the other bind­
ing post.

Figure 1 will show you my layo ut of the
two decade capacity box paneL Be sure to
che ck the diameters of the holes against
the parts that you will use . For instance,
there are two sizes of five-way binding

Fig. 6. Two-decade capcity box using only seven
electrolytic capacitors and covering 1- 10 1 J1.F'.
No te the first po siti on marked "DIS" or dis­
charge.

4~ : I~F ~o\~r

" " "

tf~1 t~Y1
D,. I z 4 • I. ec

- +

JUNE 1971 59



A
PRACTICAL
40 METER
DX ANTENNA
Here is an inex pensive and rather sim­

ple DX array fo r the serious low
frequency DXer. This antenna is called a
Bruce antenna. It was some times used for
point to poi nt work in th e lat e 19305, but
has neve r been ex te nsively used by ama­
te urs .

A Bruce an te nna can be built utilizing
nearl y any sing le piece of wire of sufficient
length since it will only be necessa ry to
make th e measurements and bend s in th e
wire. In this sys te m, as seen in Fig . 1, each
verti cal wire is in pha se, whereas the
horizont al port ions are elect rically out of
phase. This can be determined du e to t he
horizonta l portions being tied end to end
and that on any simple half-wave ante nna
there appear s at each en d the highes t radi o
freq uen cy volta ges. Th erefore t he antenna
radia tes br oa dside to its line of radiating
elemen ts and th e radiated signa l will appear
at a distant rec eiving point, as shown in
Fig. 2. T his will sho w t hat the energy fro m
on e of t he vertical radiators will arr ive
nearly as soo n as the ene rgy from the
others at the DX receiving point. If the
receiving point is too far off of the an te nna
effec tive beamwidth , th e signal will be
wea k. If the receiver is placed exactly
ins ide th e beam wid th, it will be seen that
the energy will arr ive at th e given DX point
simu ltaneously th er eb y giving a much
stronger reception of th e transmitted sig­
nal. Th is can be seen in Fig. 3. This
antenna will give about I dB of gain fo r
each two vert ica l elements in the syst em .
My own 5-element Bru ce gives an he' lest 4
dB. With th is ante nna pointed on Japan it
is hard ly possible to co py a VE 7!! Also
with this ty pe ante nna using up to five
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Fig. 1. Critical elemen ts of line . Do ts sho w cur­
rent poin ts; arro ws sho w phase relationships.

vertical eleme nts, no seco ndary lobes have
been observed . App aren tly t he Bru ce,
whil e not havi ng as much " published gain"
as wid er-spaced arrays, has less phas e shift
an d in ternal pro blems as some of the
ot hers . The beamwidth of the five-elemen t
ant enna appears to be only about bet ween
15 and 20 degrees an d the vert ica l po lar­
ization see ms to give a sligh tly lower angle
of radiation than a standard ground plane
arr ay such as utilized in AM broadcasting.
This can be du e to a curr ent point higher
above th e ground . The antenna should be
placed at least .8-1 2 ft above gro und, since
very high rf voltages at the center of the
hor izon ta l co upling sections can be danger­
ous . If any reader has had the experien ce
of a high-volt age arc off the en d of a
voltage an tenn a poi nt , this becomes very
easily understood.

Co ns tr uc t ing th e Bru ce Antenna Array

Fig . 4 shows the five-element Bru ce. If
space is a pro blem, yo u can ma ke up a
smaller array; o f co urse it will sacrifice
gain , but rem ember , thi s is honest gain This
is gain over one verti cal element and not
over some theoretical isotro pic t ype of
ant enn a . Th e gain figures sometimes pub­
lish ed by sly ante nna salesmen are often
misleading.

The di men sion s of each sect ion are
sho wn. T hey are calculate d from th e
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Fig. 2. Broad coverage area of Bru ce antenna.

" stacked dipole" formula as can be fo und
in such manuals as the Rad io Handb oo k
(Edit ors and Engineers). If several eleme nts
are involved , the dime nsion s are not too
critical; bu t try to stay wit hin the dimen­
sions shown so the arr ay will be self­
resonant inside the band. When t uning th e
stub , any resonant discrep ancy can be
over come by adding or sub trac ti ng slightly
from the small horizontal end-fed po rtion.
It would be well to note here that you can
use the inexpensive galvanized electric
fen ce wire sold by Sears and Roebuck fo r
the ent ir e antenna and feedline. Also the
po rcelai n electric in sulators fo r the feed
syste m can be purchased at t he same time.
Be sur e to use double leng ht s (slightly
twisted together) for the tie wires and for
the horizontal top runs between insulat ors
and be assured that the antenna will not
come do wn in the wind . This wire will
stretch very little and is durable. It can b e
soldered with no pro blem. It s size is # 19
AWG and comes in half-mile reels for
about $6. The small egg-ty pe insulators
should be used at the tie poin ts as they
have eno ugh str ength and insulation to
effect uat e the job . If the ends of the
antenna are to be hung over high-enough
tree limbs you can use the ex cellent hemp
ropes (at least %. in . type) which can be
purchased quite cheap ly at sur plus and
farm supply stores.

The Open-Wire Feedline System.

For simplicity, let 's con str uct your
quarter-wave matching stub. For 40 meters
this will figure out to require two pieces of
wire 3 5 ft long. Make up a jumper wire for
the outer end with alligator clips soldered
to each end. Take eight of the electric
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fence insulat ors and four leng ths of some
kind of wood spacer about ] 0 in. lon g.
This mate rial can be pieces of I x 2 in.
lumber. Nail t he ro und edge of the insula­
tors up against each end of these spacers on
the wide side. This is an easy method and
looks qu ite pleasing ha nging up horizo nally
while not being heavy. This whole sys te m
using five vertical elements has withstood
very high winds. Yo u will find the who le
syste m t o be very light in weight. Use the
stro ngest antenna ins ulators you ha ve avail­
able for the top en ds an d hang up the
an tenna .

If you use mo re than three
vertical elemen ts , be sure it is exa ctly
broadside t o th e DX location you wish t o
cover. Now no matter what they say the
stub must be adjusted for maximum rf
indication on any sim ple field stre ngth
meter.

Set up yo ur met er somewhere be­
twee n any two elements an d place it far
eno ugh away from the ant enna so that yo u
can still be able t o see it s in dica tio ns . The
feed line is construc te d jus t about like the
stub (and I prefer the wid e-spa ced feede rs) .
Nail on the insulators and place t hese
feeder cro ss arms" high enough above
ground. Small trees will wor k fine . The 10
in. spacers are fine. and when the lines are
attached an d pulled tight it will be un ne­
cessary to worr y about the lin es sway ing
and sho rting tog ether. My feedlin e is over
300 ft long and only supported every 75 ft
or so . This fee dline can be ru n off in any
dir ect ion. Mine is 1 2~14 ft above ground.

Make your feedline an y odd number of
quarter waves in len gth and yo u will find a
point where 50n coax can be attached at a
curren t poin t and it will also be feed ing an

X OX RECEIVER LOCATION
~ WELL INSIDE BEST SIGNAL

/111\ AREA
/ 11\\

/ ! :"\ COMBINED SIGNALS

/ I I \ \
/ I I \ \• • • • •

LINE OF BROADSIDE ELEMENTS

Fig. 3. Rad iation from line of broadside elemen ts.
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Fig. 4. Dim ensions and layout of 5-element Bru ce at W7JLU.

unbalanced system. This will only take a
little tri al and error and can be done
perfectly well using a noise dr iven bridge (I
used an Omega T Systems ty pe ). Before
th is input end is completed, ho wever , place
the shorting wire on the stub ou t from the
an tenna end to about 33~ ft. Then tap the
open-wire feede rs described or any o ther
typ e of open wire feeders you may wish to
use about one third of th e way toward th e
an te nna end on the stub fro m the stub end.

Tuning it up .

Aft er hooking your coa x at the curre nt
po in t, feed a couple of watts in to th e
bea m. Tune your transmitt er to t he por­
tio n of the band that you like best and
preferably set up zero beat with some
commercial broadcast station so you will
no t bother th e other amateurs. Nex t, go
out to the an tenna on a stepladder and se t
both the stub an d the feeders until you get
the best signal as ind icated on the field
stre ngth meter. I should mention here that
alligato r clip s were also placed on the
feeders at the an tenn a point. When you get
the highest signal, solde r (use a tor ch if
possib le) , but be careful of overshooting
the proper soldering te mperat ure here. You
can just solder the clips to t he stub right
where they are. Be sure to so lde r all four
clips. It will only next be necessary to
slightly readjust and possibly bri dge your

coa x feedline at the transmitter output end
of the line. In this case , the transmitter is
shut off and you are using yo ur station
receiver as an imp eda nce and null indica­
tor.

Perfor mance and Results

Using this antenna it is poss ible to wo rk
stations such as JA s several hours earlier
th an usual. Since -t he antenna is bi-direc­
tional the South Ameri can stations sound
like locals, yet W signals are no t too loud
so it shows a very worthwhile low angle.
Openi ng th e antenna at the third element
made it possible to contact UAO in zone
18 and KG6 - bo th at an early hour so the
effecti ve beamwidth seems to sharpen up
with more than three elements. With tests
wit h W7CAL in Arizon a th e an te nna show­
ed aroun d 20 dB differen ce just off its
beam width as co mpared to ano ther cur tain
favoring that parti cular direction. Station s
coming in fro m off t he end of the array
being picked up on ano th er cur tain on th e
Nort h Pole usually complet ely disappear
when the Bruce is switched on. Thus, I can
assume tha t the horizontal portions are
very ineffect ual - even on signals arriving

"fro m a high angle. The signal from W7MVC
located about 35 miles off its end dropped
30 dB as compared to ano t her cur ta in
operating in tha t direction , using a Dra ke
R4-B Scmeter . W7JLU-
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the 450 .....,.arket

W it h 2m F M repeaters being t he "in"
thing thes e days , yo u might well

wonder why a manufact ur er would bother
market ing an am plifier designed for the
450 MHz band. But have you ever stopped
to think that behind nearly every 2m
syst em there's a 4 50 MHz repeat er? It 's
true. Those fellows who install their VHF
repeat ers can't do it witho ut som e form of
contro l, eithe r by a wireline or by som e
freq uency above 220 MHz. Sin ce wire lin es
are expensive, and little gear is available for
220 MHz operat ion , th e 450 band gets the
action.

But th e 4 50 region is used fo r a great
deal more than accessing 2m and 6m
repeaters. Many groups ins tall their own
"closed" re peat ers operat ing exclu sively o n
45 0. And ma ny more have 450 repeaters
serving as remotely co ntrolled telep hones,
access repeaters for remotely opera te d base
statio ns, and repeater-t o-repeater links .

So it is not surprising that some enter­
prising manufacturer has ma de availa ble a
fairly high power 450 MHz class C ampli­
fier d esigned for unattend ed operation at
remote locations. Al pha 's PA-I 00-UHF is
it. The amplifier is capable of delive ring
lOOW int o a son ante nn a wit h a lowly
l OW of drive required .

The manufacturer , Alpha Electronic
Services, Inc., 843 1 Monroe Ave., Stanton ,
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California 90680, is not producing these
amplifier s exclusively for the ama te ur
remote/r epeater cro wd, incidentally. The
UHF amp lifiers co mp lement the firm 's line
of ton e encoding and decoding eq uipme nt ,
all of wh ich are qu ite popular with com­
mercial radio users occupying the spectra
adjacent to the VHF and UHF amate ur
bands. It's ju st t hat the company 's decision
to open their ma rk eting to include th e
amateur was only recently for mulat ed.

Alt ho ugh designed to operate in t he
450 -470 MHz range, 73 fo und that no
mod ification was required to get the ampli­
fier perking as low in fre quency as 440
MHz. With ap proximately 12W o f drive
from a sick T44, t he amplifier kicked out a
signal tha t exceeded 125W, as measured on
a Bird Thruline wattmeter.

Th e PA-lOO-UHF has a self-containe d
po wer supply (so lid state, o f course) that
incorporates no moving parts (no relays,
ye t). It is desig ned fo r rack mounting, and
requires slightl y more than 5 in . of pan el
space. The simp licity of it s design , coup le
with the "unitized " constructio n of it s
major co mp onents lends its elf nice ly to
plug-in inte rchangea bilit y , too - a fac to r
that is quite attrac t ive whe n t he rem ote
location is a lo ng way from home and in an
isolat ed area.
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A LPHA ELECTRON IC SERVICES
8431 Monroe Ave., Stanton Cal. 90680

714 - 821-4400

The am plifier co nsist s of a grid input
chassis, a tuned coax ial plate cavit y , and
t he po wer supp ly. The power supply is

itself built as an int egra l part of the rack
pane l. The plate cavity and the grid input
chassis are mounted to eac h other and the
assembly is mounted to the ra ck panel. The
swit ches , fuses, pilot light, tuning controls,
meter, and input and output connectors
are all ac cessible from the fro nt of the
cab inet, simp lify ing tuneup, checkout, and
test ing operations.

Power Amplifier
The po wer amplifier itself is an

ac-ground cat hode, grid driven , pow er tet­
rod e. Since t he plat e of the tube is de­
signed for conducti ve coo ling, th e de pow­
er supply voltages have been invert ed to
take maximum advan tage of this feature .
This has been accompli shed by making t he
plate of the tube a part of t he center
con du ctor of t he coa xial cavity resonator
that serves as the plate tan k circuit . By
inver ting the power supply voltages, the
plate is at chassis po t ential, there fore the
entire cavity and associated mo unting sur­
faces (the whole panel) are utilized as a
heat -d issipa ting element , red ucing hazard
to the operator.- '

The grid input to the tube is a modified
pi-coupled circuit chosen to absorb the grid
lead inductance of the tube and to over­
come the high grid in pu t capacitance of the
tube. Th e tube is operate d class C, thus
assur ing maximum plat e efficiency during
op erat ion and prac tically no idling current
in the ab senc e of a drive signal. Typical
plat e eff iciency of the tube in this unique
configur atio n is t ypically 60-65%. The
high plat e efficienc y of the coaxial cavity
assures maximum realizable useful power
output under the power input limit ations
imposed by the FCC , and at the same time
optimizing ha rm onic or spurious rej ection.

The de po wer for the t ub e is obtained
from convent ional bridge rectified su pplies.
Screen grid volt age is derived fro m the
cat hode supply by the use of zener diode
regulator s.

In all, the PA-IOO-UHF was found to be
very conser vat ively rat ed, more t han living
up to the published specifications - a
mod erately p:r;iced and very desirable piece
of gear for the modern UHF man . . ..Staff-
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100%
,/ Solid State

No Reeds Required

The ALPHA QT-5 Sub-Audible
Continuous tone encoder comes
complete with IC Frequency Net­
work, and Installation Instruction
Book.

When ordering specify tone fre­
quency desired (67.0 to 203.5 cps)
and the radio model to be used.

QT-5 ASSEMBLED $63.60
QT-5 KIT FORM $46.40

ALPHA Sub-Audible Tone Pro­
ducts are the most wide ly used add
on tone accessories in the world .

ALSO AVAILABLE FROM ALPHA. . .
OT-10 Encoder/decoder
RCP-760 Mufti-tone panels
PA-100 UHF 100 Watt Amplifier

NEW...
SUB-AUDIBLE
TONE ENCODER
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Transceivers

Bu d Michaels WB2WYO
713 High Str eet
Victor NY 14564

The Heath HW series of monobanders
are real ly great ! Th ey can he use d for

mobile and fixe d-portable use as well as in
yo ur home station . And with 200W PEP
input, you can make a healt hy dent in the
QRM.

Bracket mounts to chassis with screws holding
down printed circuit board. Speaker can be
mounted using pop rivets. The 6BE6 under th e
speaker can be removed without removing the
speaker. -

ground lug on t he pilot lamp assembly.
Run t he other wirefrom the spe aker under
the chassis, loosely wra pp ing it around the
wiri ng harness to kee p it out of the way.
Use a piec e long enough to reach the
speaker jack on the rear skirt.

. . .WB2WYO-

Fig. 1. Circuit diagram of add-on speaker arrange­
ment.

A standard phone jack will fit perfec tly
in the ho le for the speaker jack ; no ffling or
drilling is necessary. Use a closed-circuit
type ja ck so the speaker will automatically
be shut off when yo u inse rt the headph one
plug. You will find that by using low ­
impedance headpho nes, you can hear the
weak sta tions much better than with the
speaker .

Two mi nor annoyances with these rigs
are the need for a sep arate loud speak er an d
the phono jack in place of a sta ndard
phone jack. Yo u nee d an adapter if you
want to use headphones. Hap pily , these
tw o points can be easily remedied with no
me tal work or permanent alteratio ns to the
appearance of the un it.

t mount ed a 3~ in. speaker on an
aluminum bracket which in turn is bolted
to the chassis using the same screws that
ho ld down the printed circuit ho ard. Th e
speaker is locat ed jus t behind the panel
met er and has no effect on the t ransce iver
'or impairs the coo ling in any way . The
Utah line of "Microgap" speakers come
wit h a convenient transformer bracket
whic h makes mounting that much simpler.
Connect one wire from the spea ker to the

II
our eur

TRANSFORMER ~n CLOSEO CIRCUIT
~ PHONE JACK

3YZ- 4"SPEAKER
3.2-8 OHMS
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RADIO BOOKSHOP BIG DEALS
73 USEFUL TRANSISTOR
C IRCUITS If you've been
look ing fo r a transistor circuit
to do a special jo b , chances are
t here is a circuit in t his book
that will give you a head start.
It cove rs circuit s for a udio,
receivers, transmitters and t es t
equipment.
1006 . . $1

S I M P L IF IE D MATH Does
math scare you? It shouldn't.
T h is easy-to-understand book
explains the simplified expo ­
nentia l system of arithmetic,
simple formulas, logarithms,
and t h e ir application to the
ham shack.
1007. .. .. . .. $50i

GR 1105

OX STUFF
CUS TOM MADE DX
CH ARTS When you need a
DX bearing you need it im­
mediately. You don't want to
have to lo o k it up on a map or
fiddle with a globe. These Cus­
tom DX Charts are computer
printouts for your exact shack
lo catio n and give the bearing
and mileage for every country
in the world. They are printed
out b y call prefix for speed of
location and t he capital city is
indicated,
Custom D X Chart,1206ppd $4

FABULOUS D X MAP OF
THE WO R L D Show visit or s
D X you've worked. Wall
sized (23" x 3 1"); shipped
flat in m a ili n g tube; suitab le
for framing: most complete
map a v a il a ble ; up-to-date
world prefixes shown; color in
countrtes as worked; shows
islands, reefs, rare DX spo ts;
use colored map pins f or dif­
ferent b and s.
1207. . . $1

D X HANDBOOK Includes
giant world country-zone wall
map. Articles on QSL design
secrets. winning DX contests,
DXCC rules. DXpeditions, re ­
ciprocal licensing and many
more. World postage rates,
WAZ re co rd li st s , tim e charts,
propagation , etc . Special ham
maps and bearing charts. A
must for the D'Xer,
1021 . . . $3

~
A HAMSH ACK WITH OUT A
GLOBE? RIDICULOUS! Par ­
ticularly when these fabulous
Hammond globes (t h e best in
the biz) are available at our
low, lo w price! ] 3" inflatable
globe (guaranteed , by the
way) regularly selling for $15 ,
now special. while they last
1208 only $10
13" lighted inflatable. globe,
regularly $25 now
1209 only $15
W e have a few of these in
stock and when they are gone,
that's it!

MAGNETIC CAR SI G N S
Put this easy -to-read magnetic
call sign on your car when you
are on a trip and m ee t t h e
hams along the way. Comes
right off when the XYL drives
the carhif she doesn't want to
be bot ered by hams t o o tin g
at h er. Send $4 along w it h
your call letters today!
1201 . . $4

L A PEL BADGES Name and
call id en t ifi e s you at club
meetings, hamfests, busted pot
parties. Hand engraved by skil­
led New Hampsh ire craftsman
w it h lo vin g care. Only one
lou sy dollar. Send first name
and call.
1202 .

W2NSD/1
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NCX-1000

NATION AL NCX-IOOO
TRANSCEIVER T ransistor ­
ized transceiver (except for
driver and final) runs 1000
watts, yet is just a bit larger
than ordinary transceiver!
Co mplete kilowatt ham sta­
tion in one small, light unit.
Tested by 73 staff and found
to be a really &reat unit. The ,
w or ld of transistors and lOs
makes it p o ssib le t o have a ,
complete kilowatt all b an d
ham s tation in one small unit!
Not much larger than normal
transceiver yet runs solid] 000
watts. Extremely sensitive ,
processed speech for maxi­
mum umphs when wanted,
everything you need in one
little package , Only tubes are
dri ver and final. The
NCX-IO OO lists for $11 00 and
is an unusual bargain at t h a t
price . The 73 test unit, used a
few d a y's and under brand new
factory warranty, is available
to the first $700 check re ­
ceived.

1006

13 VSflUl ;

i
1004

-,
-*i"'-, I

ADVANCED CLASS STUDY
GUI DE Up-to-the-minute sim­
p lified theory, written with
the b eginning radio ama teur in
mind. This unique book covers
all aspects of t h e the or y e xam
for the Advanced Class license
and h as h elp e d hundreds of
h a m s to sa il t h r o u gh the exam
...no t h ing else like it in pr int.
1001 $3.95
IGOIH Harab ound $6.95
EXTRA CLASS LICENSE
STUDY COURSE BOOK T h e
E xtra Class L icense Study
Guide is now available in book
fo r m as a permanent addition
to y our radio library. This is
the complete course that w as
published in 73, co ver in g
every technical phase of the
new licen se exams for this
high es t class of amateur li c­
ense. This also covers, in th e
eas iest -ta-understand form,
just about every technical
question lik ely t o be asked on
the Firs t Class Rad iotelephone
exam. T his is the first study
course ever published that is
written so the newcomer t o
radio can understand it. With
this book you can face the
FCC exams know ing that you
u n d ers t a n d the theory and
with no fear o f rewritten ques­
tions.
1002 . p pd USA $4 .95

VHF ANTENNAS T his hand ­
book is a complete collection
of up -to-date information
about VHF and U H F anten­
n as , with design hints, con­
struction and theory. If you've
been w o n d er in g what array
you need , this book will givc
you enough background to
make the right decision.
1003 . . . . $3

COAX HANDBOOK I n ­
va luable book for the ham or
the lab and f or everyone else
who doesn't want t o have to
keep a whole libr ar y on hand
fo r reference . .. or even
w orse h a ve t o write. to the
manufacturer for coax spec.

~_~~. . . . $ 3

BOOKS'



Buy lav ishly! Ord er tod ay fro m :
R ADIO BO OK SII OP
Pe t erborou gh NIl 03 458

RADIO
BOOKSHOP

A ll b ooks and it e m s postpaid
in U .S.A. un less otherwise in ­
dtcated. Se nd cash . ch eck ,
money o rd er . etc. , t o :

Buy lavish ly ! Ord er today from :
R ADIO BOOKSHOP
Peterborough NH 03468

WORLD'S FI NEST LOG
BOOK? Designed and execu­
t ed b y W2 NSD/l , t h is is t he
most re le vant amateur radio
log ever d esigned. Tbts is a log
for today . It has a co lu m n fo r
t he d ate, one for t im e and o ff
of ea c h contact , a sm a ll co l­
umn t o indica t e whethe r yo u
ca lle d t he station co n tacted
( o r CQ) o r no t , a good wide
space for the stat io n call con­
t act ed , li ttle columns for the
reports, a good space for h is
loca t ion . a QS L co lumn, a nd
lo ts of room for no t es The log
is the lon~ wayan standard
8 113" x 11 ' paper a nd padded
in t o pads of 1 25 sheets, w ith
roo m fo r 20 contacts per page.
T he whole boo k of log she ets
will ca rr y you t h ro ugh 2 500
co n tac t s. There is a place to
Indicate on eac h shee t the
b and being used and t h e po w­
e r in case these ch a nge now
and then. T h e lo g pages ca n be
numbered fo r fil e ca rd refe r ­
en ce . Wh y use a lOR book
d esign ed in the 19 20 s'l this
one was designed fo r use in
t he 70 's and is e xactly ri gh t
for the D X 'er. and ra g c he w er ,
or even t he rou nd-ta ble d e ni­
ze n . It will work fo r RTTY,
ATV or even slow sca n t el e­
vision . N ever has a log been
m ad e ava ila ble w hic h is as
handy as t h is ge m . Why kee p
st ru ggling w it h tho se ring b in­
ders w hich get a ll b ent o u t of
shape? G et this first re all y
m odern log.
12 10 . .. . . . .only $2 lIPcl.

DESK CALL PLATE U p t o 20
le t t e rs on a desk pl a t e , em­
b ossed white let ters on waln u t
b a c k g round ; ebony sta nd .
Lo oks great o n r ig w it h yo ur
nam e and ca ll . Watch env y
rac e t h rough yo ur ne ighb o r .
hood. Send along 20 w ell
ch oscn letters (spaces count as
let t e rs too ), include a ni ce
fresh t wo d ollar bill, and give
u s a st ro n g h in t o n w here t o
m ail t he exqu is it e p iece of
craftsman ship.
12 03 . . . , . . . . . . .. $2

DESK PLATE

Latest Ed it io n - POPU L A R
T UBE & TR ANSISTOR sun­
STIT UTIO N GUIDE Brand -

U~~ ! u.fg:t~~s~n~e:d~(r~;:{::
tuti on d at a for bot h tubes a nd
tra nsist o rs al l in one ha nd y
b ra nd-n ew volume! No lo nger
d o you ha ve to refer to one
substi t u t io n man ual fo r t ub es
a nd a no t he r for transistors ­
evc rytin g is here in one quick.
refe re n ce gu ide. List s 99% of

;~~rtu~~~Jn~otr:~si~~~:s ~o~~~
O VN. o n ly reaSily-availab le
and co mparab ly -priced su bsti ­
t utes are list ed . N o Ionger d o
you ha ve to sea rch through
lists of tubes a nd tr a nsist o rs
yo u 'll rarely see in usc, o r
search thro u gh pages of irrele­
vant material t o find a su bs t.l­
tute. Why b uy a $ 10 switching
tra nsist o r when a 89t popula r
t ype w UI do the job b e tte r?
Con tains 8 bi g sectio ns -,fou r
d evoted to t ub es a nd four to
tran sist o r s ; Popu lar Receiving
T ub es, Industrial an d Com­
mercial Tub es. American Sub­
stitutes fo r Forei gn Tubes.
Tub e Base Diagrams. Popu lar
Transist o rs. A me ri ca n S ubsti ­
t u t e s for Foreign Transist o rs.

g~C:li~~te~ur'?r~~~sis1~~n s~~~;
Diagr ams a nd Manufactu rer
Abbreviations. Y ou'll find t his
guide to be o n e of th-e most
practica l everyday aids yo u ' ve
ever used . 22 4 pps., 8 Sec­
ti ons.
1022 Softbound $2.95
1023 V in yl Gauer $4.95

- - , 1\ ' ""-..' ,"'*',.
~. .~.,,~

(~~~\
·~~L

GUNSMOKE

..
BUY :BIND ERS FOR YOUR
73 and win t he lo ve of a
b eau tiful girl. Gorgeo us re d
binder s look great on your
sh elves and a lso kee p t h e mag­
azines from d isappearing or
breaking. Come w it h set o f
year sti ckers . Get e no u gh b in ­
d er s to p rotect al l those b ack
issu es too .
12 05 $4

GUNSM OK E? Bl ow your
m ind o n our b ack issu e b a r­
gai n b unch. 30 (count 'e m)
assorted ( w e h o pe ) b ack is­
su es, a ll b ef o re 1968, fo r the
in cred ib ly lo w price o f $6
po st pa id (hardl y pa ys fo r the
p os tage). T he se arc packed by
sla ve labo r (t o cut co sts) so
pl ease Ignore no t es calli ng for
help, etc ., that m a y b e slipped
into the bundles.
1204 .. .. .. .... .. .. .$6

SPECIA L! R A R E BACK IS­
SUES T h e back issue of 7 3
you need t o co m p le t e your
full set - or that has the co n­
tinued article you o nly read
t he end of - ca n b e yo urs fo r
a m ere pit tance ! Most issues
are in stock a nd a re availa b le
f or $1 each. The exceptions
t h at prove the rule are listed
b elo w :
Dec .68 . Nov.69, Feb .7 0 , O ct .
70 $2
J a n .65 . A pr .6!'> , J an .66. J an.
67 $ 3
J an .S1. Dec.6S. J un.66. Jut.
66 $100

IBlImlB

1 0 }O

'.....!2TO

. . $ 7. 95

A V A Il , A BL E

10 19
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HOW TO FIX TRA NSISTOR
R ADIOS & PRINTED CIR ­
CUI TS . D o you throw th ose
little radios aw ay when they
stop? Wasted mo n ey ! Easy to
fix w it h this m anua l. Worth
m any times th e lo w price . No
serv ic e m a n or amate ur sho uld
b e witho u t this t re mend o u s
book .
1 0 16.

SC H EMA T IC S
$ 1 each.
' 10 1. A R R -I5 from J une
19 657 3 , page 78 .
1102. A R C-2 7 2M G uard
Channel R ecei ver .
110 3 . SSB 'I'ransei ver, Nov.
196173 Page 23.

E DI TO R S & ENGIN EE R S
R ADIO H AN D BO O K Ha rd ­
bou nd . La t es t (l 8th ed itio n )
b y W6 SAI, This is th e most
com ple t e ham h andbook ever
pub lished. Makes all other
hand b o oks loo k lik c comic
books. 8 96 p ages .
101 8 $13.5 0

EDITORS & ENGINEERS
R ADIO HA ND BO OK Hard ­
bound. W6SA I (1 7th ed iti o n )
reduced fo r clearance, limited
su p ply availab le fo r fa st acting
amateurs . Last cha n ce t o ge t
t hi s great book b e fo re it is
gone forever .
10 19 . . . . . • . . . . . . . .. $ 10

E L E C T R ON IC S R E F ER·
E N CE HANDBOOK Ha rd­
b ound. W6 T YII handb o ok of
basics and ci rc u its . Co m ple t e

1?N6~i~ .o.f.~! r:~~~ i~~J.~k

FM BOOKS
FM ANT H O L O G Y VoL L
T hi s b ook is la rgely a cor ­
lec t ion fr om F M Bull e ti n , edit-

W~HiItB. ¥h~ 7~~~r~al i: ~a~
ken fr o m the e dition s of Feb­
1~a6l 1967 t hrough February

100 9 . .. .. .. . .. $3

F M R EPEATER HANDBO OK
K6MVII, Book is r eq ui red fo r
aU re peater opera t o r s a nd
must re ading for all FM 'crs .
Only co m plet e boo k o n the
sub ject . It is also one of the
best se lli ng b ooks in a mat eur
ra d io today .
101 0 H ard b o u nd $6.95

" T H E BEST OF F M " A h uge
selec ti o n of F M Journal's fin ­
est te chnical a nd conver sio n
articles , never be fore re printed
in any o ther maaa tn ec . The
co n clud in g se gm e n ts of t hose
co ntroversia l "C H R ON­
ICL ES"! Se lected F M editor­
ials to sh o w a broad vJew of
the proble m s fa ced b y F M'ers.
T his book comprises Vo lume
II o f the FM anthology, a nd
incl udes a n " Editor 's Choice"
sele cti o n o f topflight ar t icles
fr o m FM Journal). fr o m March
19 68 t o May 19 6~ .

1 0 1 1 $ 4. 95

DIOD E CIRCUITS H A ND·
BOOK An inva luable referen ce
book . Covers rectifier s, mix­
er s , d etecto rs . m o d ula t o rs , F M
d etectors, n oise limiter s. AGe,
B I<' O /Q · rnultiplier, AFC , V ari­
cap tuning a udio clippe rs, bal­
a n ce d mods, fi eldstrcngth rn e­
te rs , RF prob es, zener s, con ­
tro l circu it s, etc. 111 d ifferent
circ u its.
1004 . . . . . . . . . . . $ 1

"TR A NSISTOR PROJ E CTS
F OR THE AMATE UR " !I. col­
lec t io n of 7 3 ' s m ost popu lar
h a m p rojects, select e d b y ~OU,
t h e re ad ers , and ed ited b y Pa ul
Franon (Mr . Se m icond u ctor
hi m self). This h a s got to be
th e b est , most a u t horitative.
m ost u niversally app ealing col­
lect ion of ur to.da tc ci rc u its

~"Oellu.b.li.s~~ .' $ 3



NEW CONCEPT. ..
in 2METER FM OMNI

Po wer Hand ling­
1000 wa tts
Po lari za tio n- Ver tical
C onnect or-PL-259

G a in-4.17 db
V.S.W .R .- I. S:l or less
Band wiJth- ± 3.5 MH z
ImpcJ an ce-50-S2 ohms

Aga in . O ut of research comes inc reased per form ance. Ava nt i's uniq ue
A R D-257 2-metcr FM o mn i is engi neered to give yo u more gain an d all
around higher performa nce th an any o ther a nte nna o f its typ e or price. T he
patented tapered ski rt config uration p roduces 4. 17 db gain (measured ov er
l/.i wave ground pla ne) plus a low angle of radiation th at has proved effec­
tive in e limi nat ing dead spo ts. No co ils o r transfo rmers to dctu nc or burn out
. . . unaffec ted by temperature and humidi ty . Th e sm a ll project ed area an d
ligh t we ight provides easy mo un t ing a nd gives wind survival to 120 MPH .

Co nst ruct io n is all ai rcra ft q ual ity aluminum an d fibergla ss. Ante nna
comes co m plete with coax lead, mo un ting hardware a nd fibe rg lass ma st
current elimi nator.

O the r freq uencies fro m 140-175 M Hz arc availab le upo n specifi ca tion .

S PE C lfl C AT IONS :

CW SELECTIVITY
B. J.·Kirkwood ZL40K
2 Albany Street
Dunedin, New Zealand

The 3.0 kHz crystal or mechanical filters
now in general use for 8SB reception general­
ly have excellent skirt selectivity. but the
nose bandwidth is too broad for satisfactory
CW work under crowded band conditions.
Undoubtedly the best solution is a commer­
cial narrowband filter, but these are expen­
sive, often hard to obtain, and may be diffi­
cult to fit into an existing unit. A parallel
i-f strip or "Q-5-er'-' is a relatively clumsy and
complicated method and the use of another
mixer stage to get down to an i-f of 50 kHz or
so adds to overload and cross-modulation
problems. Filters at audio frequency are of
limited help, as strong adjacent signals are
still amplified before detection and by over­
loading punch holes in the desired signal.

A relatively cheap and simple solution is
to follow the 3.0 kHz filter with a single cry­
stal gate. This provides sharp nose selectivity
while the 3.0 kHz filter helps with the skirt
selectivity. The circuit shown uses no tuned

normal conditions, is a few kHz higher in fre­
quency than the series resonance. Overtone
crystals will work in this circuit at overtone
frequency.

Start by testing the circuit with the crys­
tal switched out and the trimmer disconnec­
ted. Check that the electrode voltages are
correct and that the stage is providing normal
gain. Now switch in the crystal and slowly
tuhe across the pass band, monitoring the i-f
output ;ith the existing S-meter or a VTVM.
A rather poorly defined peak should be found
at crystal series resonance. Tune to one side
of this peak and connect up the neutralizing
trimmer and adjust it for minimum output.
Now sweep slowly across the passband once
more. A very sharp peak should now be ap­
parent . Continue adjusting the trimmer and
'Sweeping the passband until you get a sym­
metrical peak. My crystal required 4 pF, but
this value will vary for other crystals. Finally,
tune to the crystal peak, switch the crystal

68 73 MAGAZINE



BASE LOADED 2-METER
FM 5/8 WAVE GROUND PLANE
Anot her Avanti 1st. The ARD-250 is a high performance easy to
install ground plane that w ill give years of reliable service. Our loading
coi l is herm etically sealed in Cycolac to pre vent detuning in corrosive
or hig h humidity atm osp heres . The rest of th e ante nn a is all airc raft
q uality aluminu m. The radiator and radials are 5/16

u sol id aluminum
and th read sec urely into th e co il. Direct ground construction allows
static dissipat ion fo r low noise ratios.

The ARD-250 is factory tuned but may be fi eld trimmed by simply
using a hacksaw. Other frequencies from 140 ~175 MHz are availab le
upon speci fic ation.

SPECIFICATIONS :
Pow er Handling­
250 w att s inte rmitte nt
150 w att s co ntinuo us
Polarizat ion-Vertical
Connector -PL-259

33-35 WEST FULLERTON AVENUE.
ADDISON. ILLINOIS 60101

Frequency -
14 0-1 75 MHz
Gain - 3d b
V.S .W. R.- 1 .5:1 or less
Bandwidth - ±3.5 MHz
Impedance-50-52
oh ms

$34.95II

j

•'i\'I'i\,,'t,
AVANTI RESEARCH & DEVELOPMENT, INC.

We also have acomplete line of high performance mobile antennas.

Fig . 1. A sharp i-f amplifier circuit for CW
selectivi ty.

out and observe any change in gain. If the
gain is lower in th e 3.0 kHz position, decrease
the value of the grid resistor of the pentode
stage , or vice versa, until you have equal gain
at both selectivity positions.

The degree of selectivity possible with the
circuit described demands high stability at
both receiving and transmitter ends.

If the other chap comes ba ck with drift
and chirp at fift y words per minute, you will
just have to switch to 3.0 kHz selectivity to
copy him!
to switch to 3.0 kHz selectivity to copy him!

. , .ZL40K­

69

circuits and may simply replace an existing
first i-f amplifier tube without any material
loss of gain. In my case , a combination of a
small Japanese He 6jU filter crystal at 455
kHz following a 2.1 kHz bandwidth Kokusai
crystal-mechanical filter gave a bandwidth of
about 220 Hz at -6 dB, 600 Hz at -20 dB, and
3 kHz at -60 dB. Where the unit is incorpor­
ated into existing equipment the crystal can
be switched out by a small relay or a low
capacity diode switch. In a transceiver, where
th e first i-f stage is common to both transmit
and receive modes, this relay or diode could
be coupled with the normal transmit receive
switching so that the crystal is never opera­
ting on transmit.

Th e tri ode stage act s as a cathode fol ­
lower giving a little less than unity gain. Sig­
nals , at the series resonance of the crystal,
pass through it and are amplified by the sec­
ond stage, which is a conventional pentode
amplifier. Th e small capa city from the triode
anode neutralizes the parallel capacitance of
the crystal and it s holder, which would other­
wise couple unwanted signals through to the
second stage. Setting up the unit is simple,
once you have obtained a crystal with its ser­
ies resonance falling within the SSB filter pass
band. Remember that most crystals are spe­
cified for parallel resonance, which, under

JUNE 1971
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SWAN
MOBILE ANTENNAS

No coli changing with nur Models 45 and 55B Mo­
bile Antennas. They cover 10, 15, 20, 40 and 75
meters with our patented vertical switch that pro­
vides 5 stops for faU coverage of these bands. High
radiation efficiency is provided by the higb Q coli.

5 BAND MANUAL SWITCHING MODEL 45
Provides coverage for all 5 bands, witb
manual switching.
5 BAND REMOTE CONTROL MODEL 558
Control box under car dash permits in..
stant band changing wln1e driving.
SINGLE BAND MODEL 35
For maximum radiation efficiency, this
single band design is the best.
With 20 meter coli. . ..
Colis for 15, 40 and 75 meters also
avaUable.

"Factory Price

Sf1nd tor catalog 011 the complate Swan lIne.



MUCH ADOA80UTSOMETHING!
& 471

PERFORMANCE·PROVED IN
COMMERCIAL TWO·WAY
SERVICE

.. .the commercial gainantenna
that's precut to cover 2 meters.

Developed to meet the stringent mechanical
and electrical demands of commercial, police,
and gove rnmental service, t he Shakespea re
471 represents a breakt hro ugh in mobile
antenna des ign : T he 471 will wit hstand the
rigorou s fle xing and bendi ng ty pical of a
mobile unit 's rugged environment without
degradat ion in performance or mechanical
stability . The silver-p lated copper inductor
keeps the antenna operating eff iciently, with­
out heating - even w ith 100 watts of contin­
uous rf feeding into it.

15 0 MH z
MOBILE
ANTENNA

2.7 dB
GAIN

SPEC IFICAT IONS
Type - 5/B wavelength
Power - lOOW (co nt inuous )
Gain - 2.7 dB -c,

Vswr - 1.3 :1 o r less
Impedance - 50"
Bandwidth - 5 MHz wit hin 2 :1 swr
Length - 47 in .
Freq. range - 146-1 74 .MHz. T rimming an­

tenna t ip will raise f requency .
Con structi on - Mo lded po lyca rbo nate lowe r

ho using with fiber-qlass tip . Fittings are
nickel-chromium, and inductor is silver­
plated copper.

818 95 incl ud ing an t enna, mou nt, 18 ft o f RG ·58 / U ca b le, and
UH F co n nec t o r.

J eff erso n Squa re , 1801 Ma in St.
Draw e r 246, Co lu m b ia , SC 29202

=



STEP UP TO TELREX
Professionally Engineered Antenna Systems

Single transmission line "TRI-BAND®ARRAY"
By the only test that means anyth ing . . .
on th e air com pariso n ... thi s array co n­
ti nues to outperfor m all competition . ..
and has for two deca des. Here 's why

_ Tetrex uses a uniqu e tra p desi gn
emplo yi ng 20 HiQ 7500V cer amic co n­
densers per antenna. Telrex uses 3 opti­
mum-spaced . opti mum-tuned re flectors
to provide max imum gain and true FI B
Tri-band performance.

ONLY TELREX GIVES YOU ALL
THESE FEATURES ...

Power rati ng 4 KW PEP . . .
rain or shine

• Wind ratin g survival 110 MPH
Patented broad-ba nd coaxial Ba lun

• Heavy-du ty stee l gusset mou nt ing
plate
A lum inum boom 2 in.. 2V2 in . 0 .0 .
x 18 ft.
Large diameter, .058 wall taper­
sw aged dural elements for min imum

weig ht and except ional strength
to we igh t ratio
Stain less steel elec tri cal hard ware

With a Telrex T ri-band Array yo u get 49
lbs. of educated aluminum engi neered
and bu i lt to provide many, ma ny yea rs
of performance unmatched around the
wo rld by any other make. Longest ele­
ment 36 ft. Turning rad ius 20 ft. Shipping
weigh t 65 Ibs. Shippi ng container 13 in.
x 5i n.x 13 ft.
Note : If not ava ilable from your dea le r,
orde r direct. You'l get fast , personal
service.

Telrex Labs are design enginee rs, inno­
vators and manufacturers of t he world 's
finest ¥4 to 160 meter co mmunica tion
systems and acc ess ories pr iced from
$25 to $2 5,000.

For te chnical data and pr ices on co m­
plete Telrex li ne, wr ite for Catalog PL 71.

TRAP

S395TB5EM

Other
Multi -Band
Arrays Available

15M 3 17
20M326

2M609
2M8 14
6M5 16

and - ----

TYPICAL TELREX " MONO-BA ND" ANTENNAS
- " Mo narch". 10 0 8 0. 3 E t., 4 KWP, 2-1/2"' 0 .0 , 17 ' boom
- " Monarch" . 10 OBD. 3 EI., 8 KWP, 3-1/2" 0 .0 , 26 ' boom
• "Mo narch", 14 DBD, 6 EI., 6 KWP, 1" 0 .0, 9' bo om
· " Monarch " , 16 DBD, 8 EI.,.8 KWP. 1.375" 0 .0 , 14' boom
· " M onarch", 13 DBD , 5 EI., .8 KWP, 1.5" 0.0 , 16' boom

many, many more ' send for Pi -71 Dept. C

$ 175.00
$355.00
S 39 .95
s 59. 00
S 63.95

--te/rex LABORATORIES
TV And Com municat ions Antennas Since 1921
Asb ury Par k, New Jersey 07712 201-775-7252



10,15&20M "TRI-BAND
FOR THE MAN WHO NEVER SETTLES

FOR LESS THAN THE VERY BEST!

TElHEX 1l1lXMAS-THEE··

ALSO AVAILABLE
MOUNTED TO:

TELREX MONO·POLES
ROTATABLE BERTHAS
CRANK<UP TOWERS

TELREX " XMAS-TREE" INSTALLATION ILLUSTRATED

Model 10M3 13
Model 15M317
Model 20M326
Model BA2345R IHS Setsvn-tndicator System in

Weathe r-Proof Meta l Housing Wit h
Thermostatically Control led Heater.

Telrex E)(f'l "~ i",, Ext ra Ruggedized 4 Legged Tower

«'
~
.. ,< 'I

"' :

.11

• OPTIMUM PER FORMA NCE PER-ELEM ENT ..•.' \,
PER.DOLLAR! I

• OPTIMUM DI POLE COUPLING AND ­
"B A LUN " - FEED SYSTEM!

• OPTIMUM IMPEDANCE AND GA IN ~
BAN DWIDTH ON 3 OR MO RE BANDSI "

• OPT IMUM NO·COMPROMIS E
" BA LA NCED-PATTERN" A LL BA NDS!

• OPT IMUM SIGNA L-lO·NOISE,
SIGNAL-TO-IN TER FERENCE RATIO,
ON A LL BA NDS!

• MA XIMUM INPUT POWERS, RA IN OR SHIN E! ,jIdI!I
• MIN . l V I-BCI AN D HA RMONIC CONT ENT ! ~~
• MIN. UPKEEP AND MA INT ENA NCE! I··
• CHANGING TH E RESONANT FREQ. OF ONE

ANTENNA DOES NOT EFFECT TH E ,
OTHER BAN DS!

• CAN BE " CUSTOM IZED" TO FIT YOUR " ,.•.'
BAND REQUIR EMENTS! .'

A TELREX
"XMAS-TREE"
PROVIDES

NEED HELP PLANNING YOUR ANTENNA, TOWER OR
ROTATOR SYSTEM BEST "FITTED" TO YOUR SIT E,
BANDS, OR BUDGET? WRITE DEPT . H.E. FOR ASSIS­
TANCE, NO OBLIGATION! WE WILL SUGGEST TH E
BEST APPARATUS DESIGNED TO REBUILD YOUR
"EGO" DAI LY, AND KEEP YOU HAPPY, HAPPY .



(8) 4 POLE: A fou r dipo le a rra y w ith mount­
ing b oo ms C1nd co a x h a rness 5 2 oh m fe ed
up 10 9 db ga il)..

(E) 4 ELEMENT YAGI 9 db GAIN : A specia l
sid e mount 4 element FM yog i ca n be fi xed
or rotated- g ood gain a nd directi vity .

(A) FM B:INGO 3.75 db GAIN: The most
popular - high p erformance, half-wave FM
antenna . Gi ves p eak g ain, a nd efficiency,
instant ouembJy end installation.

$17.95

13.95

$49.50

$12.50

18.50

$26.95

$42.50

$ 9.95

146-148 mh z

146-1 48 mh z

440-450 mh z

146-148 Mhz

146·148 mhz

135-175 rnhz

50-54 rnhz

145 mhz a nd 147 mh z $39.50

A147~11

A449-1 1

(e ) FM MOBILE 3 db GA IN: Fibergtoss %
w ave professional mobile antenna for ro of
o r trunk mount. Superior st ren g th, p ower
ha nd ling a nd !,e rfo rma nce .

(0) 11 ELEMENT YAGIS 13.2 db GAIN: The
sta nd a rd o f comparison in VHF communi­
ca t ion s, no w cut for 2 meter FM end
ve rt ica l polarization .

AR_2

AR-6

AFM·4D

AM-147

AI44-4

A147-20T

(F) FM TWIST 12 .4 db GAIN : A Cush Croft
e xclu sive - it ' s two a nt e n na s in o ne. Heri­
zontal e le me nts cu t at 144 .5 rnhz, ve rtica l
elements cut at 147 mh a, two fe ed lines.

A 147-22

(D) POWER PACK 16 db GAIN : A 22 ele­
ment, high performance , ver t ica lly polarized
FM a rray, complete w ith a ll hard ware,
mou nting bo om , harnes s and 2 antenna s.

c~e-, f t

2 METER FM
ANTENNAS

I
, , FROM THE WORLD'S LEADING..,£~ MANUFACTURER OF VHF /UHF

,,~ COMMUNICATION ANTENNAS

IN STOCK W ITH YOUR LOCA L DISTRIBUTOR

c~%~ft
CORPORATION

621 HAYWARD STREET

MANCHESTER, N.H. 03103
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. 8.2 d8 GAIN OVE R ISOTROPIC RAOIATOR
• EASILV KNOCKS OOWN TO 57 in.
• RATEO FOR 500W RF INPUT
• RATE D TO WITHSTAND 75 mph GALES

UNDER A HALF-INCH ICE LOAD!

High gain is achieved by vertical spacing and
phasing of radiating elements. Wasted high-angle
radiation is eliminated because the pattern is
beamed at the horizon. Designed to mount on 1%"
threaded pipe with the coax running through th e
support mast.

Electrical and mechanical joints are made with
silver plated ferrules, which compress around the
rods to form an excellent mechanical and electrical
joint that is weather-tight and corrosion-proof.

This antenna may be cut to frequency in the field or it may
be ordered cut to freq uency from the factory .

MODE L
TG-5S

List Pr ice: $95.00
F. D.B. Manchester

OTHER MODE LS AVA ILABLE

m c.

191 VARNEY STREET
MANCHESTER NH 03102
TEL. (603) 627-1010



DO IT THE EASY WAY
WITHA 110 VOLTGEARMOTOR

from HEIGHTS

COMPLETE WITH MOUNTING HARNESS

•
REMOTE REVERSING SWITCH

•ATTACHEO OR REMOVEO IN MINUTES

•
FITS PREVIOUSLY INSTALLEO

STANOARO

SCREW OPERATEO HINGED BASES

OR

FOLD OVER KITS

•

Laid over for antenna work

Two uni ts are availab le, both at a List
Price of $250 .00. Th e 8 minute un it for
light to medium loaded towers; th e 18
minute unit for heavily loaded to wers
(generally those where th e SOHB mounts
to 26 " sect ion or where the FOK folding
point is between 26" sect ions).

In operat ion, th e gearmotor and harness
simp ly pivot along the same axis as the
Jack screw as it declines from th e vert ical
to approx imately 45° and back to vertical
(the fo ld ing segment of the to wer can be
declined as far as 30° below horizontal.)

E rec t b ut not e xtended Full y e xtended
T o t a l t o w e r heigh t 6 9 ft.

T h e tow e r p ic tu red in t h is sequ enc e is the
CUA 64 (6 sq. ft ) mounted on t h e SOH B -22 (i n
th is c ase wit h optional gearm o tor a ccesso ry ) . T h e
gearm otor requ ires abou t 2 0" of cl eara n ce be­
hind t he SO H B.

SEE YOUR LOCAL DISTRIB UTOR
OR WRITE

FOR COMPLETE INFORMATION

The "STANDARD " TAPERED ALUMINUM TV, HAM and RADIO TOWERS

A PRODUCT OF HEIGHTSMANUFACTURING CO.
Almont Heights Industrial Park . 4516 North Van Dyke .Alm ont, Michigan 48003



• Supplied with 4 ch ann els •
I) 146.94 Sim plex 3 ) 146.76 Sim plex
2 ) 146.34 / 94 4 ) 146.34/76

- ."'"

•

"3 .5 d b G oi n
Ant e n n o

• SPECIAL INTRODUCTORY OFFER.

TRA NSMITfER

Deviation acce pta nce ­
U p t o ::!: 15 kH z deviat ion

Sp ur ious an d image
att enua t ion - 65 dB

be low the desired signal
threshold sens it ivity

Adjacent channel
selec t ivity

(3 0 kHz channels ) 60 dB
allenuation of adjacent

channel
T ype of receiver ­

Dual conversion
su per heterodyne

Aud io output c-, 5 watt s
For ex tern al speaker

RF power output - .B'o r
10 watts

RECEIVER
Sensi tiv ity - .4 or less

m icrovolts for 20 d B quieti ng
Sque lch sens it ivity~

T hresho ld ~ .2 m icrovo lts
o r less

2 MOSF ET RF Am plifiers
I M OS FET M ixer

Hy-Gain 3.5 db gain
mobile whip antenna
Re gular P rice 526.9~

GENERAL
Freq . Ran ge - J43 to 149
MH z. 2 MH z spread
Su pply volt age - I I 10 16
V DC. N egat ive G rou nd
n .svnc nominal
Curre nt Consu mp tion - . 15
am p receive standby. 2.4 am p
transmit
Number of channe ls - 12-

Standard SR-C826\1 2\1
Tra nsceiver wi th ~1ic .

Rpgular P rice 5339 .95

Buy the SR-C826Mand we will incl ude the
Hy-Gain Antenna at no cha rge and pay the
transp ortat ion charge s to anywhe re in the

USA. . . •. . .your total cos t $339.95

L.A. El ectron ix Sa les

2:l n44 S. C r-e n s h a w Blv d • • T o r ra n ce , C a lf f'. 90505
Te lep ho n e: (21 :!) 5:!4-4456



nts
lu-edle Towers

ennas
ig lift!

RuggedG
Tri-Ex Sky
Give your a

Regular and
heavy duty

towers

Thi s advanced st at e-of-the-a t
'~'SkY Need le" is fast earning it _,

wn spec ial place ot honor in the
f am-communicat ions field. Tri-Ex
;~+ ak e s great pr ide in bei ng t he
"""developer and firs t to build thi s

" crank-up, freestanding tubular
towe'r for the amateur. Uniquely
eye-pl easing , the slim and grace­
ful " Sky Needle" is a symbol of
pr ide to its owne r as well as proof
positive that he has the very best
in towers. Tr i-Ex offers immediate

delivery. Act now! Write for~
free brochure, today.
°Three Hi-Gain 10,15, 20M long ~Ti'n

• "Log-periodic antenna for MAR S use
13t030 MHz. I .
tlt~\j' ,oJ, • <iM~ HE'~HT IJ
"j\';., MODE!Lt~~ ~

., ~ , ~XrEND~D . NES'J'SJ '" :i-::;
TM·240

-ti~TOW ORPORATION



. W ri t e for ca t a lo g
o r c o n t ac t t h e fo llowing dea le rs.

Receiving and Transmitting
Band Pass Cavit ies

Manufacturers of
Band Pass Antennas

4 to 1 Baluns
1 to 1 Baluns

DO IT YOURSELF KITS

2 METERS
1!4 METERS
420-450
450-475

TV. -F.M.-U.H.F.
CUSTOM DESIGNED

FOR YOUR FREQUENCY

20 METERS
15 METERS
10 METERS

6 METERS

SWAN
ANTENNA CO.

Box 1122, STOCKTON, CALIF. 95201

Ta x Deductible

A subscrip tion to 73 is such an ex t rao r­
din ary act of generosit y that it should be
dedu ctible. Unfortunately, it isn 't. It is
genero us to yo urself , bringing you un fet­
tered joy an d en thusiasm for an en tire
year, spread out jus t eno ugh to whet the
etc. It is generous to the poor un der ­
privileged employees of 73 who are eking
out th eir lives, anx iously awaiti ng eac h and
every subscrip tion wit h grasping fingers. It
is generous to t he State of New Hamps hire ;
for th e only taxes in this fine st ate are on
pro fit s and, there is always the distant
possibilit y that your subsc rip tion might be
th e one which would edge 73 out of the
red and into the tax -paying bra cke t. This,
unfortunately, is a slim 'possibility .

You can help fight a rea lly serious
poverty poc ket in New Hampshire by
sen ding in your sub scr ip tio n to da y to 73 .
No t only will th is give yo u the warm
feeling deep inside knowin g th at yo u have
help ed someone in need , but it will also
bring yo u bounteous blessings.

1. You will save tremendou sly on the
highly overpriced individual-copy cos t of
$1.

2 . You will not hav e to worry about
yo ur dealer running out of co pies just
before you get there.

3. Many ot her blessings too 'numerous
to ment ion. .

WarOnPoverty!

Name _
A MRAD Suppl y Compa ny
1025 Harrison St .
Oakland , Calif .

Call _

Address _

City _

State Zip _

o New subscript ion
0 $6 One year 0 Renewal
0$15Three years 0 $11 Two years

Foreign: add $1 per year.

73 Magazine. Peterborough NH 03458

Amateu r Elect ro nic Supply
4828 W. Fond du Lae Ave .
Milwauke~, Wis. 53216

J & J Maste r An tenna Syste ms
36 L angholm Dr.
Nashua, New Hampshire

Mike Stall
541 8 Stare rest Dr.
San Jose, Calif .
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STUDY
GUIDE

Part IX: Putting the ttTELL" in ttTELE"

W h ile so me of us might find it
amusing for a little while to turn on

a rad io tr ansmitter without transmi ttin g
any info rmat ion, that 's no t really the
purpose of ham rad io . In fact , it's- so far
from the purpose that th e broadcast of a
raw carr ier is prohibited by FCC rules
(ex cept briefly for test pu rposes) at all
freq uencies below the UHF region.

The real purpo se of almost every rad io
tran smitter we're likely to co me across or
operat e is to transmit information. So far
in this stu dy cour se directed toward the
General class ham ti cket , we haven ' t both­
ered to look at how this purpo se might be
accomplished . Now we'll rem edy t hat , and
spend t his chapter examining ra ther closely
the why , what , and how of mo d ulation.

In so doing, we will cover the following
five questions from the FCC study list
(numbers, as always, are those assigned by
the Commission in their offic ial list of
study quest ions):

9. What is amp lit ude modulation (AM)?
How is the intelligen ce conveyed in an AM
signal?

19 _What sy mbols does the Commi ssion
use to designate ho w the main carrier of a
signal is mod ulat ed ?

24. What is mea nt by percen tage of
mod ulation? What is th e maximum legal
limit t o which an ama te ur transmitter can
be modulated ?

31. What is mea nt by t he bandwid th of
a signal? Com pare the maximum ne cessar y
ba ndwidth occupied by a CW signal, an
SSB signa l, a d ouble sideband signal, an d
an ordinary voice signal.

52. How is the ban dw id th of an FM
signal related to t he ba ndwidth of the
mo dulating audio signal?

80

These questions presup pose so me know­
ledge of just what mod ulatio n amou nt s to,
but we won't make tha t sam e assumption .
Rat her than dw ell on th e specific point s
raised h ere, we 'll take a more general
outl ook and rephrase th e questions into
four o thers wh ich cover the subjec t.

The first , " Just what is modulat ion? "
will give us t he ba ckground to understa nd
the ro le of " mo dulation" in the trans­
mission of information by any mean s, not
just radio . With this es tab lished, we'll
ret urn to a more te chnical viewpoint and
ask «How is it related to bandwidth?" T he
answe rs to this should provide all th e
ammu nition necessa ry to ha nd le questi ons
31 and 52 . We will then co nce ntrate our
at te nti on on voice communications and ask
" How d o AM and FM carry voice?" This
question should take car e of quest ions 9
and a part of 52, plus an y variations wh ich
might be sprung as a sur prise. Finally , we'll
inquire "Why and how is modulation mea­
sur ed ?" Here, we'll examine the rules and
regulations govern ing modulation, as well
as the te chniques used to measure it.

Although we have only four questions
on our revised list, they 're all rather tough
ones. Let's no t waste t ime getting started .

Ju st What is Modulat ion?

If we were to look "modulation" up in
a d ict ionary , we wo uld find that it means
(in general) " t he act of modulating, or th e
state of being modulated ." To modulate,
contin uing o ur sea rch , is to " vary the tone,
inflection , o r pit ch" or " to regulate or
adjust, te mper, soften." T he wo rd co mes
from the Latin " modulus" or mo dule,
whi ch in turn comes from "mod us" which
mea nt " to measure." No ne of which , un-
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fortunat ely , is of mu ch direct help in
det ermin ing just what modulati on a mounts
to .

All th ese assor ted defini tions of " mod ­
ulatio n" are, howe ver, qu ite relevant to our
purpose here . In communications, " mod­
ula tion" is the variation of any character­
ist ic o f something, in orde r to convey
info rmat ion or " inte lligence. " The white
paper upon which these word s are prin ted
could b e said to be " modula ted" by the
ink which fo rms the lett ers, fo r th e pur ­
pose of conveying this information to you.

The charact eristic which is mo dulated
may be almost anything capable of being
vari ed , regulated , temp ered, or measured .
In radio , only three characte ristics of a
tran smitter 's signal are normally mo du la­
ted, and normally only o ne of these thr ee
is modulat ed in an y speci fic tran smitter.

For instance, the amplitude or strength
of the signal may be changed. A simple
examp le occurs in a CW tran smitter , where
th e signal is eit her full on (with the key
down) or turn ed off (k ey up ) . T his is a
form of mo du lation, since it is a variation of
the signal strength caused for the pu rpose
of conveying informa tion. Most fo lk (in­
clud ing the FCC), however , d isti nguish
between AM and CW despite t he fac t tha t
CW op eration is a simplified fo rm of
am pl itude modulation.

Amplitude is not the only charact erist ic
available t o be varied. We can , if we
choose, kee p the amp litud e consta nt and
vary the freq uency of our signal. This is
just as effective in changing it s strength ­
in many cases, more effective. This t ech­
nique is kn own as "freque ncy modulat ion "
or F M.

T he third charac te rist ic which is fre­
qu en tly used for modulati on purposes is
the "phase" of the signal; the technique is
called " pha se mo dulation" or PM, bu t in
pra ctice is virtually ind istinguishab le fro m
t he FM tec hnique since the freq ue ncy
ca n n o t re ma i n co n s tant as ph ase
changes - which means all FM has some
PM and vice versa.

Since all FM doe s have some PM, and
vice versa , these two typ es of mod ulation
are usually lump ed tog et her in engineering
textbooks u nder t he heading " angle modu­
lation" (t he " angle" referred to here is the
"phase angle" ). The FCC, however , has
very little to say about PM in the amate ur
license exams; all the questions deal wit h
either AM or FM.
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For tha t reaso n, in this installme nt we'll
deal wit h AM and F M. It 'll b e up to you to
remember that in most cases, what we say
about FM is also true of PM. In those rar e
occasions wh en this is not the case, we 'll
let yo u know.

So far , we have d efin ed modulation as
the variation o f " any characte ristic of
something in ord er to co nvey infor­
mation ," and have identi fied thre e char­
acte ristics o f a rad io transmitter's signal
which may be var ied in ord er to modu lat e
th e signal. We then reduced the resu lting
three types of modulation (A M, FM, and
PM) to only two for t he purposes of this
di scussion (AM and FM) .

That part of a rad io transmit ter's signal
whi ch is sent out in th e absence of any
modu lat ion is called th e "carr ier wave ."
This name , like t he Brit ish term " wireless,"
comes to us fro m t he days of early radi o
whe n every one thought tha t t he pur pose of
t he rad io signal was to "carry " th e in for­
mation fro m place to place, just as the
wires do in a landline sit uation. While we
now know be tter (and have sinc e 1927 ) ,
the old na me has persisted.

Th e carr ier wave is the signal generated
by the transmitter' s oscillator and b uilt u p
to strengt h by the amplifier (refer to the
previous chapter for discussion of the se
part s of a transmitter). The modulator then
contro ls eit her the amplitude or the fre­
quency of this carrier wave, to produce the
final radiated signal.

In general, thi s control process which
does the actual modulation of the outp ut
signal adds somethin g extra to the signal.

In the case of AM, th e " something
ex t ra" is usually in the form of added
power imparted to th e signal. The exa ct
amo unt of powe r added by a typica l voice
signal is almost impossible to estimate;
engineers use a steady sine-wave signa l
inst ead of voice for measur ing the effect ,
a nd th e F CC expect s to see t he engineer's
answ er on t he exam. With 100% (we'll ge t
into percentage of modula t io n later) sine­
wave modulation of a carr ier, one half
again is the amount of pow er added . That
is, a SOOW AM transmitter would be
operat ing with 750W input during th is type
of modulation. The added po wer, being ac,
doe s not sho w up on yo ur input -powe r
measur ements, nor need it be included in
your records.

With FM , the "something extra" takes
the fo rm of a frequency change in the
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signal sometimes called "vanishing carrier."
At certain specific levels of modulation
with FM, the carrier wave literally dis­
appears and all the power shows up at
other frequenci es in the imm ediate neigh­
borhood. This vanishing point for the
carrier is sometimes used to measure mod­
ulation levels fo r FM transmitters.

With an y form of modulation of a
carrier wave, sidebands are creat ed . The
unmodulated carrier is, just as closely as we
can make it so , a single spo t-frequency
signal. That is, if we are operating at a
frequency of 3.73 5 kHz , all of our output
energy is at 3 .73 5 MHz; none at all is at
3.735000001 MHz, or at 3 .734999999
MHz , even though these frequencies are
only 1/1000 of 1 Hz away from our chosen
frequency . Of course, no known measuring
te chnique can prove that this is the case ,
put it's what we are trying to ach ieve.
, When we modulate, with a single ­
frequency tone, we introduce additional
frequencies into the output signal which
are known as side frequencies. If we apply
AM, using a 1 kHz tone, one side fre­
que ncy will be 1000 Hz higher than the
carrier , and the ot her will be 1000 Hz
lowe r. The firs t of these is known as the
"upper side freque ncy" and the other is
the «lower side frequen cy. " They are also
called sum and difference frequencies, be­
cause the up per side frequen cy is the sum
of the frequencies of the carrier wave and
the modulati ng signal, while the lower side
frequency is the difference between the
frequencies of the carr ier wave and the
mo dulating tone.

A man name d John Carson developed
t he t heory of side frequencies and "s id e­
band s" (with voice rather than single tones,
a whole band of frequencies is involved in
the modula ting process, and th e side fre­
qu encies smear out to be come sidebands)
in 19 27 , and obtained a patent in that year
for a syst em of radiotelephone t ran s­
mission which made use of only one of the
two mirror-imaged sidebands. Even though
his t echnique worked , and was used for
many years by the Bell System for trans­
atla nt ic conversations, mo st people felt
that it was a mathematical fiction and
refused to beli eve that t he side frequencie s
reall y exist ed. Development of a ccura t e
measuring ap paratus in connecti on with
rada r 's development in the years 1940~45

made it possible to actually see the side­
bands in a scope display of a radio signal
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and proved their ex istence . Sin ce 1948,
single sideband has been an im portant
t echnique of ham radio voice communica­
tions. While SSB is a special form of AM, it
differs rather drastically from ordinary AM
and so we won't talk about it any more in
this chapter. Here , we'll lo ok only at
ordinary AM and at FM.

The sid ebands do a bit more than
merel y making SSB possible . They cause
the signal to occupy more spec tru m wh en
it's modulated than it does when it's not.
That, ho wever, is getting ahead of our
subject , and means thatwe 're ready to ask
our next question.

How is Modulation Related to Bandwidth?

We ob served , a few paragraphs ba ck,
that the unmodulated output of a radio
transmitter is (to t he limit of our ab ilit y to
achie ve the goal) a single, spo t-frequen cy
signal. Strange as t his may sound, such a
signal wo uld occupy no space at all in the
radio spectrum, because it wo uld be pre­
sent only at one single fre quency.

Th e space in the spect ru m occupied by
an actual signal, on the other hand , is
kn own as the bandwidt h of that signa l, and
is measured in hert z or kHz just as is the
signal's frequency. T he bandwidth is d eter­
min ed by subtract ing the lowest frequency
in the signal from the high est frequency
present ; the resulting difference is th e
bandwidt h of that signal.

Our examp le spo t-freq uency signal at
3.735 MHz would have both its highest and
lowest frequencie s equal, and their differ­
ence would b e zero . That 's why we say
that suc h an ideal signal would take up no
space at all.

However , one of the lesser-publi cized
re searchers into communicat ions dis­
covered that such a signal, while it might
occ upy no space at all, would be rather
useless be cause it could not convey an y
information either! The man who made
this dis covery was also involved in circuit
design , and his name is more familiar to
mo st hams in connect ion with an oscillator
circuit he de rived, but Hartley 's Law re­
lating informa tion rate and bandwidth is
probably more important be cause it sets an
absolute limit on the amount of inf or­
mat ion which may be sent in any specific
portion of the rf spectrum.

The law itself is simple : the bandwidth
required to transmit informati on is directly
proportional to t he inf ormation trans-
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~t. H, 196-23 J aMoka A.... . Hollis. N.Y. 11423
VANGUARD LABS

. $4.20

. $2.60
.. $2.00

74478 DECODE R·D RI VE R fo r above
7490 DE CADE COUN TER for above
7475 QUAD LATCH f or above

THE BEST
2 METER
CONVERTER

144-144 MH. I... 28· ]0 MHz o ut
or 146-141 MH. with 0 sec olld cry"o!

Availa ble a t $5.95 each .
A full des cri p tion o f t his fa ntastic co nv er t er
would fill this pafe. but you ca n take our word
for it ~or t hose 0 thousands o f sa tisfied users)
that it s t he best. The reason is sim ple-we use
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mission rate . To see why this is so, it 's
easiest to look at a simp le case involving
only one ite m of information such as
presence or absence of a carr ier wave. This
is known in info rmat ion theo ry as one
" bit" of in fonna tion.

IC we need not know whether the carrier
is on or not more oft en than once every
seco nd , and look at it no mo re frequently
than this, then it would be suffic ient to
turn it on for a full second and then leave
it off for th e next seco nd . This would b e
an information rate of one bit per second ,
or one " baud ." Th e baud is a unit of
infor mat ion tran smission speed , named for
Georges Baudo t , th e French telegrapher
who invented th e 5-unit tel eprinter code
used in rad io teletypes.

Going fur ther. we could rep resent this
one-baud info rmation rate by a sine wave
with a frequency of 0 .5 Hz because one bit
of information would correspond to each
half- cycle of the sine wave.

This sine wave could not , however , tell
us anyt hing about events happening more
ofte n than once per second. If we wa nted
to know condit ions 20 times a second (an
information rate of 20 ba ud) , we would
have to look at things 20 times more
frequently, and the lowest-freq ue ncy since
wave w hich could carry this information
rat e wo uld be one of 10Hz.

To carry informati on at a ra te of 200
baud , we would have to in crease the fre­
quency of the sine wave to 100 Hz , and to
get up to 2000 baud , we would require a
frequency of 1000 Hz. That is, th e fre ­
quency is alway s half the information rate ,
according to Hartl ey 's Law.

This is, however . the theore ti cal limit,
and has never yet been achieved in a
pract ical sys te m. Even mo re frequent sam­
pling than Hartley 's Law would indicate is
required ; to carry an information rate of
2000 baud in pra ct ice requires a samp ling
ra te of 5000 Hz.

Now let 's go back to "s ideband s" and
see what happens wh en we attempt to
transmit our information, using the cor­
resp onding sine wave (and the freq uencies
determ ined by Hart ley 's Law) . Even with
our th eoretically perfe ct zero -bandwidt h
carr ier wave, as soo n as we put even a
one-baud info rma tio n rate o nto it we
create side freq uencies 0 .5 Hz eit her side of
th e original, so it now ha s a band width of I
Hz - just th e same as the bau d rate of the
information. If we attempt to transmit
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informa tio n at the rate of 2000 ba ud , we
will have a signal with a bandwidth of 2000
Hz, 1000 either side of the carr ier.

What t his means in pra ctice is simply
tha t even were we able to achieve a
"perfec t" zero -bandwidth carri er, just as
soo n as we add modulati on to it to convey
information it will require sidebands. T hese
side bands must be large enough (wid e
enough) to «ca rry " information at the rat e
we are pump ing it in .

And if you t hink this is just an exercise
in doubleta lk , then fir e up a supershar p
receiver, cra nk its selectiv ity down to a
needle-sharp 10Hz or so . (It can be d one,
wit h a good crysta l fil ter together wit h a
Qcmu lt iplier and a sharp audio filter - ask
any ser ious VHF man .] T hen try to copy
some of the 100 wp m CW t hat shatte rs the
airwaves down around t he low end of 40
meters. You'll find tha t th e dits and dahs
all run together int o a so lid to ne. We
normally say that the filte r is «r inging" in
suc h a sit uation, but what's rea lly hap ­
pen ing is that the sharp filte ring is shaving
off the sidebands wh ich carry the 100 wpm
info rmat ion, leaving yo u only the carrier.

When we deal with phone signals and
ord inary voice mod ulat ion we don't speak
of " baud rat e" o r "bits" ; these terms are
more often encou ntered in commerc ial
te legrap hy and the computer industry
(where they are standard) than in radio to
begin wit h . Th e prin ciple of Hart ley' s Law
st ill app lies to voice commu nicat ions, how­
ever. Throu gh experiment (mostly by t he
te lep ho ne peo ple ove r th e years) it ha s
been determined t hat the nor mal fre­
quency range used for voice communica­
t ion is from 300 to 3000 Hz, which means
a bandwidt h of 2700 Hz.

This means that for no rmal co mmu nica­
tion, each of our sideba nds extends from
300 to 3000 Hz away from our carr ier
frequency , giving us a tota l bandwidth fo r
normal A~I o f 6 kHz (from - 3000 to
+3000 Hz).

We do n't get this au tomat ically, t houg h .
The voice contains freq uency co mponents
ranging up to 15 kHz, and if we go fo r
" hi-fi" or " broad cast quality " communica­
tio ns, we will t ake up 30 kHz of the
spect rum ins tead of 6. T hat's five t imes as
much space as we need , and mea ns that we
stand to create five tim es as much in ter­
feren ce to o ther stations. For this reason ,
it's considered good operating pra ctice to
restrict the freq uency range of a phone
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transmitter to 3 kHz at the upper end, thu s
limit ing its ba ndwi dth requireme nt to 6
kHz.

While courtesy and sharing are impor­
tant, there are mo re selfish reasons also for
Iirr it ing the frequen cy rang e of a phone
signal. The phone company studies hav e
show n th at voice compo nents outside the 3
kHz "communicat ions" region are not
worth the effort required to transmit t hem.
By res tricting the ba ndwid th, then , yo u
can make all t he sideband power int o
effecti ve power and no t was te any of it.
This mea ns a stronger signal at no ex tra
cost, or, to put it another way, less cost per
un it of signal strength ! If cour tesy do esn 't
conv inc e you, maybe eco no my will .
that

If we're using F M rat her t han AM, then
the relation bet ween mo dulating signal an d
ban dwidth is a bit d ifferent. We'll go in to
that in more detail when we look at how
AM and F M carry voice. For right now, t he
key di fference is that with AM, it's the
frequency ran ge or bandwid th of the audio
which determines the bandwidth of th e
tran smitted signal, whil e with FM, it's the
amplit ude or in tensity of the audio wh ich
sets bandw id th of the transmitted signal.

Even with AM, though , the amp lit ude
of the signal ha s some effect upon band­
width . Specifically, if the audio signal is
too stro ng for the carrier, it will tend to
cut off all carri er power on negative-going
peaks. This causes a "clipping" of the
audio , which crea tes a n ext re mely wide
band signal. The "splatter" which results
can interfe re wit h all t he signals in a single
ham band , and is pr ohibited by F CC
regula t ions. So long as signal amplitude is
kept below this limit , how ever. only the
frequency of the au dio can affect ban d­
width of an AM signal.

The important points to remember out
of what we 've covered so far, the n, are
these : Any modulation of a signal mu st
inc rease it s bandwidth, wit h the bandwidth
increase being de termined by t he rat e or
speed at which information is conveyed .
Slow-speed CW has the narrowest band­
wid th, and TV video (whi ch mus t carry the
equivalent of mill io ns of bits of infor­
mation per second) t he widest. Fo r any '
one typ e of mo dulatio n, t he ba ndwid th is
primari ly depend en t upon a single char ac­
terist ic of t he mo du lati ng signal. And
fina lly , signals wit h greater band widt h than
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a n F~J or an AM tra nsmitter , it's some­
times d ifficult to see just why th ese id eas
sho uld be "too simp le."

The problem is that any sco pe hookup,
and for that matter any receiver , canno t
examine a single spot-frequenc y signal.
Instead , it mu st act on a whole band of
signals which ma ke it thro ugh the " selec ­
tivity curve" o f the device , an d the result is
influen ced by all t he signals in th at band .

Thus when you ha ve a 1000 k Hz carrier
wave , t ogether with t wo side- freq uency
signals at 1000 .5 a nd 999.5 k Hz (each wi th
t he proper phase relat ionship to the car­
rier ), ne ither t he sco pe nor th e receiver will
actually show yo u these th ree signals as
individuals. Instea d , the overall average
strength of the three will be sho wn - and
that comes out as the ty pical " AM" en­
velope waveform. Figur e 3 sho ws this by
co mparing t wo d ifferent spectr al chart s .

It 's po ssib le to pro ve t h is ou t by d ra w­
ing each of th e three signals separat ely , and

adding up the instantaneous values for each
at each point in time.

What reall y makes the whole thing a b it
mystify ing at first is that t he co nventi o na l
mo dulator circ uits used to achieve AM
rea lly look as if all t hey do is contro l the
am plit ude o f t he signal. Take, fo r in stance ,
th e high-level plate-mo d ula tio n circ ui t
sho wn in Fig. 4.

Nothing would be easier than to lo o k a t
this circuit as a means of cont rolling pow er
ou tput of the rf amp lifier by adjus ti ng its
plate voltage with the audio signal to be
tran smitted . In fact, a coup le of genera­
tions or so o f ham s learned so lid ly that this
was jus t ho w it worked - the rf amplifier
was said to act " like a res istor" an d vary its
output power accord ing to t he plat e vo lt ­
age, wh ich was eit her low ered {if the aud io

Fig. 3. AM appears to, be ~ single- fre quency signal
to almost all receivers, and many spectrum
analy zers, because the receiver's selectivity curve
is so broad as to include the carrier and all
side bands as sho wn at left above. An ex trem ely
selec tive re ceiver (right ), or analyzer, is capab le
of selectin g anyone com ponent of the com p lete
signal and isolating it.

FM

FM

1\1\1\1\1'

AM

Fig. 1. Envelope waveform s of AM (left ) and FM
signals show tha t amplit ude varies in AM, but
rem ains steady wi th FM.

AM

that required to carry t he de sire d infor­
mation are to be avoided fo r many reasons.

Now that we 've learned a little more
about just what modulation am ounts to
and how it's clo sely interwoven with signal
bandwidth, let 's see just how voice signa ls
are carried by A~l and FM.

How Do AM and FM Carry Voice?

As we have already seen , the princ ipal
ty pes of mod ulation used fo r ha m ph on e
tr ansmissio n are AM and FM. T he q uestio n
no w befor e us boi ls down to " How do th ey
do it ?"

The oversimpli fied view of how is far
too co ndensed to be precise , but it is useful
in getting a star ting po int : AM varies the
stre ngt h of th e signal (leaving the fre­
quency constant), and FM varies the fre­
q ue ncy (leaving the st rengt h co nstant ).
Th is is often sho wn by "envelope wave­
forms" which are suppose d to look some ­
th ing like t hose in Fig. l , and "spectru m
distribution" cha rt s su ch as in Fig. 2 .

As you can see, t hese sho w no signifi­
cant frequency distribution for the A 1\l
signal, and no significan t cha nge in ampli­
tud e fo r th e FM signal. And since you can
act ua lly see such disp lays o n t he face of a
scope properly co nnected t o the o ut put of

Fig. 2. Spectrum distr ib ut ion charts for AM and
FM show that A M occupies fixed posi tio ns in the
rf spec tr um, while an FM signal appears to vary
in frequency ove r a hand of closely related
frequencies. Wit h most receivers, the AM spec­
trum distrib ution would appear to be a single
point rather than th e thr ee poin ts sho wn .
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was goi ng negative) or rai sed (when audio
went posit ive). Th is is simple an d clear­
cut - and wro ng. Those hams who lea rned
it so solidly had a reall y ro ugh t ime
adapting to SSB wh en it came in, because
SSB force s you t o kno w how it really does
work inst ead of a might-be explanation
th at isn' t correc t regard less of its glibness.

What rea lly happens is t his: T he ampIi·
fier receives two separate signals, one at
rad io frequency (the nor mal in put signal)
and the other at audio frequency (t hough
its power leads). Becau se of the variat ion in
op erating conditions, and mo re ' to the
po int , be cause the rf amplifier di stort s its
signals (and therefo re is no t a linear de­
vice) , t hese two separa t e signa ls int eract
with each other and the resu lt is no t just
one, or even t wo , but four signa ls at th e
output . Th ese four out put signals co nsist
of the two input signals and two new
signals. One of the ne w signals has a
freq uency equal to th e sum of the fre­
quenc ies of the tw o input signals, and the
o ther has a frequen cy equal to the differ­
ence.

RF IN~-, :=

+

same process every time - a ny time th at
two signals meet in a no nlinea r devi ce (i t
doesn 't even have to be an amp lifier) , we're
going to get fo ur signa ls out.

Yo u may have noticed that t hese «new"
signals whi ch appear in the output of our
modulated amplifier are id entical wi th the
side-frequency signa ls we met earli er.

The appearance of a change in signal
strengt h is, as we mentioned, because at
any one instan t the net en ergy in a cir cuit
depends on all the signa ls prese nt, and the
phase relation bet ween carrier and side­
bands is such that the side bands alt ernately
add to an d subtract from the carrier-wave
signal's power to give the appearance (an d
practical effect ) of varyi ng signal ampli­
tu de.

Once t he basic idea of what really
ha ppens during modulat ion ta kes hold , it's
muc h easier to see how such circuits as the
grid -mod ulated amplifier (Fig. 5) can work.
Th ese are a bit difficult to co mprehend on
a strai ght amplitude-contro l basis , but
when you look at modulation as being
essentially a mixing process, things come

~~OIO:JI
I

F INAL RF
- - - - -MOOUL ATOR - - - - - -

Fig. 4. This high -level plate-modulation circu it,
which is typical of the most popular type of A M
modulator, was wrongly explaine d for many
years as a type of "valving " action in which the
high-power audio signal fro m th e modulator's
outpu t transformer or "m odula tion transformer"
alternately added power to, or canceled po wer
out of, the steady dc supply level, and th us
caused the rf amplifier stage to produce more or
Jess output power accordingly. The explanation is
highly plausible, but fails to account for the
presence of sidebands wh ich are presen t in every
AM signal.

BIAS B + - uc

When the tw o input signa ls are far apart
in the rf spectrum, as they are in th is case,
we call this process am plitud e modulati on .
If th e input signa ls are closer toget her , we
call it «mixing," and we 'll mee t it again
severa l tim es as we progress t hro ugh t h is
co urse. No matt er what we call it , it's the
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th ro ugh mo re clearly . Th e major d iffere nce
bet ween t he d ifferent amplitude modu­
lators th en boils down t o "where the audio
is fed in."

The mix ing-actio n principle also ex­
pJains why band width of an AM signa l
de pends upon t he bandwi dth of the audio
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RFIN~

+ B+ Fig. 5. Grid-modulator circ ui t for AM co uld be
RF STAGE viewed as valving action by way o f grid bias, but

- - - - -- MODULATOR - - - - - - it ~s much easier to take the correc t viewpoin t and
see that the rf and audio input signals mix

~II together in the amplifier stage to pro duce a
AUOIO0---31 modulated signal a s the output. Mix er circuits

used in receivers and SSB exciters, which we 'll
examin e next time, are very sim ilar to thi s grid

BIAS modulator circuit .

signa l app lied to the mo dulator. T he higher
the maximum frequency in t he audio
signal, the higher will be the sum or up per
sideband limit , and the lower will be the
lower sideband limit. Since signal band­
widt h is the d ifference between upp er and
lower sideband limits, t his mea ns t ha t
high-frequen cy audio mea ns wider band­
wid t h.

With single side band signa ls, incidenta l­
ly , both the carr ier and one sid eband are
normally suppre ssed , an d the bandwidth is
thus cut to be roughly eq ua l t o t hat of the
audio signal fed in (or half that of the
corr esponding AM or DSB signal) .

The basic pr inciple of FM is, un ­
fo rt unately, not so easy to see accurately.
The simp lified principle (which is no more

Fig. 6. Oversimp lif ied view of ho w frequency
modulator works is provid ed here, wher e capac ­
ito r m icrophone (in which capaci tance is changed
by sou nd wav es striking it ) serves as tuning
capacitor for oscilla tor in the transm itter. Speech
causes capacitance to vary , which changes trans­
m itter's fre quency . I n practice, voltage-variable
capacitor is used and vo ltage applied to it is
varied by au dio signal.
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accurate t han the amplitud e-control idea of
ho w AM works) is typified in Fig . 6 , where
a capacitor microphone is used to vary the
frequency o f an oscillat or , directly co ntrol­
ling th e frequency of the transmitted sig­
nal. T his was t he old stand ard ex planat ion,
but as we said it's not accurate. The fact is
that F M signals have side bands ju st like AM
signals do , and what's more th e only
d ifferen ce between (ham style) FM an d
AM in th e sidebands is that FM' s sidebands
are phased d ifferentl y with respect to the
carr ier. (Wideband broad cast FM has many
more pairs of sidebands than does AM;
that 's where mu ch of its improved audio
quality co mes from. )

The big difference in sideband phase is
sho wn in Fig. 7 . .You can see th at wh ere
both the AM sideband s are going up , one
of th e FM sidebands go es down . Th us the
two FM side bands ap pear to cancel each
ot he r so far as amp litude is concerned,
giving rise to the steady envelo pe we saw in
Fig. I . How ever , this imbal an ce bet ween
the sidebands mak es their effect on appar­
ent carrier frequ ency much great er , so that
th e frequency o f the compo site signa l
ap pear s to swing with FM, where it remains
constant with AM. In fact , as the modula­
t ion level is increa sed , yo u can reach a
poi nt with FM where the effect of the two
side bands is to complet ely cancel the car­
rier wave . This is called the point of
"vanishing carr ier " and can be used to
measure mo dulat ion level.

Th e fac t that sideband phase mak es the
d ifferen ce be tween AM and FM is the basis
of the Armstrong syste m for freq uency
modu lat ion , which made co mmerc ial FM
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practical. T his sys tem use d conventiona l
AM techniques, but took the carrier out of
the signal and shifted its phase by 90
degrees, then pu t it back. The result was
FM.

A not-so-widely known fact , suggest ed
by the side band relatio nships sho wn in Fig.
7 and pro ved by exper ime nt s a num ber of
years ago , is that yo u can combine AM and
FM of the same signa l t o produce an AM
outp ut signal with only one sideband.
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T his is not SSB as we know it , because
the carrier is not suppressed , bu t by pr op er
adjust ment of the levels of bo th types of
modulation yo u can ma ke the "upside­
do wn" FM sideband cancel the corr es­
pon ding AM sideband, wh ile t he carr ier
and the o t her sideband reinfor ce each
ot her. Th e tech nique has been used on
SWBC stations, but it's illegal for hams ­
becau se FCC regulations prohibit simul­
taneous FM and AM of the same signa l.

Practi cal ham FM mo dulator circuits
usuall y invol ve phase mo du lation of so me
type which is made to look like FM by
adjustment of the audio frequency re­
spo nse (that's t he only ef fec tive difference
bet ween FM and PM) . T he phase modula­
tion is ach ieved by electronically det uning
a ta nk circ uit, t o cau se the tan k 's phase
shift to vary in ste p with t he audio signal.

Why an d How is Modulatio n Measur ed ?

To carry infor matio n of any sor t , a
rad io signal must be modulated . Modula­
tion consists of vary ing the character ist ics
of the signal in o rder to tra nsmit the
information . Naturally , wh en we vary any
cha racteristi c we can either vary it only
slightly , or we can carry the variat io n to
extremes - and so the degree of modula­
tion applied to the signal can vary from
almost none up to some limiting po int.
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(Free ). Demonstra tion Tape (cassette) available
($2. 00 deposit).

'D__~3_"-
RPC -3C Cabinet Model

($34 .951

.0
" 0'

' 0 ,

. "•. ~ ,jJ
, ',- -

RPC- 3M Module
(ONly $22.50)

AT JL.~$T-­
>"I SPEECH COMPRE{!ORTIfIJ

REALLY WORKS !

tJf#~
~I

• Low distortion
cir cuit.

• F ul ly w ired & t est­
ed . NOT A K IT

• Wo rks w it h pho ne
pa tch .

• Internal units &
modules wo rk mo bi le .

• F U LL WARRA NTY - ON E YE A R
• INTRODUCTOR Y LOW PRICES

(Illinois residents add 5% Sales Tax)

RP C-3 ,3U Internal Unit
($24.95)

FM Schematic Digest
A CO L LECTION O F

MOTOROLA SCHEMATICS
Alignment, Crystal, and Technical Notes

covering 1947-1960
136 pages 11 y," x 17" ppd $6.50

S. Wolf
11 00 Tremont Street

Boston, Massachusetts 02120

Il> ELECTRONICS
Box 1201 B Champaign, III. 61820

"'WORLD0SLBUREAU-
5200 Panama Ave. , Richmond CA USA 94804
THE ONLY QSL BUREAU to handle all o f
your OS Ls to anywhere; next doo r, th e next
sta te, th e next co u nt y, th e w ho le wor ld. J ust
bu ndl e th em up (pl ease arrange al p ha b eti call y )
and send t hem t o us w ith payment of 4 Q! eac h.

Hot c . .. .... Diod..., HP2800 . 900', 12/$10 _00 Matohed by HAL . .. . 4/S4.25
IC'" l/-l lOOO,914__. .600' I /-lL 923 . 90 .

_ MRTL MC190P. MCa90P . S2.00, 10/SI9.6O
MC724P, MC7a9P. MC792P. MC725P _$1.05, 10/S9.50

Also ava.loble: MC723P. MC7aBl', MC88tlP, MC767P, Mcg 760P .
OP AMP, SN72709N (DIPI. SN72709L ITO-51. $1.25

TOR OIOS: h' d iana G.n.,.1 CF102-{l6. CF 102-Ql. CF101 -Q2 500'
CINCH IC",cke", 14·0I P, 8· ICS 50 . HAL DEVICES
A<ld 5001 Po,t.ge, send lo r complete list Box 365 L, Urb ana, Illioois 61801

~==HRkE:-:VI~CE~S=~="'I

The measur em ent of modulation is the
determination of the degree of modulation
applied to a signa l, and it's necessar y to
measure modulation of any modulated
signal for a number of reasons.

Most of these reason s boil down to the
basic fac to r of complyi ng wit h rules and
regulations. For ins tance, we 've already
mentioned that it's illegal to apply both
AM and FM to the same signa l at the same
time in t he ham bands. To be sure that we
are complying with this rule , we have to be
abl e to measure both the AM and the FM
of the signa l, and be certain that whenever
one is pr esent, the ot her is not.

We've also seen that the band width of
the mo dulated signal is det er min ed by it s
modulation. FCC rules limit t he ba nd width
of a ham signa l, and so we must perform
modulatio n measurements to be cert ain
that we remain within the bandwidt h limit

When too mu ch AM is ap plied to a
signal, we saw that th e res ult is "splat t er,"
whi ch interfer es with ot he r co mmunica­
tions over a wide ban d of t he spectrum.
Because of this, the level of AM permit ted
is limited. Again, we must make mea sure­
ment s to assur e ourselves that we are
complying wit h th e ru les .

Befor e we can exa mine the ho w of
modulation measurement , we must meet
some of the wo rds and ph rases we 'Il be
using . The quant ity most often measur ed is
kn own as " percen tage of modulation," and
is derived from the instantaneo us rf volt­
ages prese nt in the modulat ed signal as
shown in Fig. 8 when we' re ta lking about
AM. An unmodulat ed carr ier has a modula­
tion percent age of zero, wh ile a fu lly
mod ula t ed signal is 100 % modulated . While
it's poss ible to exceed 100 % mod ula t ion ,
do ing so is forbidde n by FCC ru les b ecau se
of "splat ter," an d such a conditi on is called
"over modulation. ' Most goo d AM signa ls
average about 80% modulation; some
safety factor is necessary to keep from I
going over 100 % wit h audio peaks. The I
average broad cast signal has only about
30% modulat ion.

Since th e amplitude of an FM signa l
does no t vary when it is modulated, " mo d­
ulation percentage" as defined in Fig. 8 is
meaningless if applied to FM ; all signals
would be 0% modulated. The corres­
ponding term for FM is " mo dulat ion in­
de x," wh ich is t he ra t io of signa l frequency
deviat io n to modulating signal frequency
For broadcast F M, the modulation ind ex is
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Fig. 8. For AM signal, modulation
percentage is a fun cti on of "crests"
and troughs on a "sum and di ffer­
ence" basis. The resulting fract ion is
multiplied by 100 to change it into a
percen tage. Both crest and trough
quantities are usuaJ1y measured as
voltages. In this example, crest is 86
units and trough is 12 unit s, SO
mo du la t i o n percenta ge is
(86-1 2)/(86+12) or 74/98, which
comes ou t to 0.755, or 75.5%. Mod ­
ulation percentage as defined here is
meaningful only for AM; since FM
has no amplitude variation , it would
always com e o u t to O%.

----- TRO~U~G:H~:;:::::_-------~CREST

usuall y mu ch larger than 1.0 , but in ham
FM the modulation index is usually 1.0 or
less.

Now we' re ready to look at the tech ­
niqu es of modulation measurement . We'll
take up AM measurements first, since mo st
ham wor k on the HF bands makes use of
AM, and then turn our attention to FM.

For AM, the most usefu l measureme nt
is that of modulation percentage. Th e
osc illoscop e is the best instrument for
measuring modulation percentage, but sim­
pler devices may also be used to assure
compliance with FCC regulat ions.

With most types of AM, the plate
current of the final rf amplifier remains
constant with pro per modulati on, but over­
modulation (more than 100%) will cause
the plat e-current meter 's needle to flicker.
This is th e simplest go jno-go measurement
of modillation , and will suffice to meet
FCC requirements.

A high-resistance ac voltmeter may also
be used to measure th e ac volt age produced
by the modulator ; this can be calibrated in
percentage of modulation (by comparison
with scop e measurement s, o ne time ) and is
more accurate than the plate-current ind i­
cation . The calibrat ion will be correct only
so long as the de voltage to the modulated
stage remains unchanged.

Neon tubes may be used as visual
indicators of modulat ion percenta ge , by
connect ing them through diodes so that
they co mpare the inst antan eous supply
voltage of the modulated stage to the
unmodulat ed volt age and thus flash whe n­
ever a specified per centage of modulation
is exceede d. Figure 9 shows such a circ uit ,
set up with three bulbs which glow at 50%,
80%, and 100% modulation . Similar cir-

cuits may be set up with "magic-eye" tubes
as ind icators.

To measur e modu lation percen tage with
an osc illoscope, the modulated rf signal is
applied directly to the vertical plates and
the modulatin g audio signal is applied to
the horizontal plates. In the absence of

TO
RF STAGE

MOO 0 1 0 ' 03
><FMR

:JII 22K 22K 22K

,W / .W
+25SV C C

C-O. l JlF , I200V

+HV
(600V l

~ig. 9. Sim ple devices can be built to indicate
when defined mo dulation percentages are
achi eved. This arrangement uses neon bulbs and
switching diodes to fire the bulbs when the
negative-peak modulation reaches 50 %, 80%, and
100% respectively. Bo tt om ends of neon bulbs
return to voltages which are uniformly 65V more
negative than the voltage marking the corres­
ponding modulation percen tage. These voltages,
and the resistance values in the divider which
establishes them, depend upon the voltage sup­
plied to the transmitter (here assumed to be
600V). Th e 65V offset is the firing voltage of th e
neon bulb . When th e upper en d goes 6 5 V mo re
negative than the lower end , the corresponding
bulb can fire. In use, the o bjec t is to keep the
50 % bul b on all the time, the 80% bulb on as
much of the time as possi ble, but never permit
the 100 % bulb to flash .
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modula tion, t he display is a single vertical
lin e in the center of the scree n, becau se no
horizontal defl ect io n voltage is available.
This vert ical lin e is a picture of the carrier ,
and it s height is pro portional to the car­
rier's intensity .

When modulation is app lied, the mod­
ulat ing signal provides horizon tal defle c­
tio n to the scope and at the same time
causes the carrier's intensit y to vary. At th e
positive peak of the modulating signal,
carr ier int ensity will be ma xim um, and th e
display will be at one limit of it s horizontal
deflection. At t he negative peak of th e
modulating signal , carr ier intensity will b e
min imum, and the display will be at its
ot her horizontal limit.

With 100% modulation, in which the
maximum carrier int ensity is twice that of
the unrnodulated carrier and the minimum
carrier intensit y is zero , the resul ting dis­
play is a triangl e. With less than 100%
modulation , it is a tra pez oidal sha pe, an d
for this reason the scope mea surement
method is often called a "trapezoid pa t­
tern" modula tion measuremen t. With more
than 100% modulation, the triangle de vel­
ops a horizontal lin e at its tip, rep resenting
the exce ss modulating signal (t he carr ier

BR AND-NEW SO L ID- STA TE SC O PE BARGAINS:
We are now the D ist r ibutor fo r Leader In str. Co r p. QUAL­
ITY.CONTROLLED i m p or ts. Warra nty is 2 y ear s on pa rt s , 6
mos on labo r . We p ay t he ship p mg to your d o or at advertIsed
p ri ce s' Here they are'

L BO-30t : 3" .Po r ta b le, tri,ge red , with bot h vertical & horiz.

~~~u~::~ll ~~~~'~~8~;x?~'~ ' t~~br~·. ~:'.~~.r~. ~e.n.si13~.5S
LBO-50 t : 5 " , t riggered , bo th ve rt. & hortz., a cc urately calib .
DC -t O MHz. 7 mv rms sc nsi t. Swps 0 .2 u se e & up.
t t"x8"xI7 " . 20 Ib s . 339.50
L BO- 53B: 5" Vectorse ope, D C-IO MHz. H ybrid solid-state &
tubes . F E T's e limin ate d isplay bounce fro m line t ransients.
Clea r Vector Pattern disp lay . t l " " 8 ",, t 7 " . 30 lbs .. 229.00
lOX Probes f o r abo ve : LPB-I0X , each 1 5 .90

SC O PES & COUNTER S AT LOWEST PRI C E S E VERl
All scopes check ed fo r sw eep. d en., go o d CR tube. O RC
( OverHauled, Ca lib .) can be added at cost , grtd n ot to e xceed
$75 .0 0 per Item. Some already ORC'd. Will se n d detailed
specs on anything y o u a sk abou t .

TEKTRONIX O SCILLOSCOPE BA RGAINS:
45 0 K Hz pass X -V Scope 39 5. 0 0
DC-tOO O MHz rea l ti m " , OHC'd 2750.00
Blue , ro und-corner D C -t t MH z..0 2 u see/e m & up.
Ca lib r a ted Variab le D e la y . Already ove rha uled &
certified , . , : . 495 .00
La ter m odel , .DC to 15 MHz , already overhau led
and cahbrated , 595 .00

5 4 1 A : DC to 30 MH z, 20 nsec /d iv. and up 550 .0 0
5 45A : Same pl us ca lib . variab le de lay 7 5 0 .0 0
RM45A: Same , fo r r a ck mounting 70 0.00
RM545B: R a ck -m t g 33 MHz pa ss , w /cabin et 875.0 0
545B: Ca b in et m odel ,." , 925.00
564 : Storage. w it h 3B3 a nd 2-trace 3Al. alIe ady OHC'd

5 70: T~b~ ~ ;';v'e' t'r;'~~r' :: :: ~~~g:gg
5 7 5 : Tran sistor curve t racer , , , . , . , 675.00

661 : i;;~;e 4.S ~ .~ .5:~ ~: ~~t~a~~ ~~I ~-~ r~ g~~ r.i~g. ~IDfo~3t

~~.}'6~I~_~;a~e 2s~ ;;';~~~~~ U.n,~7B :$~2~v t2 MH z, $40. C A:
2-trace 24 MH z $ 125. CA a lr ead y OHC'd $ 150 . 5 3 15 4D : t
mv/cm, $ 3 5 . 53154G : 20 MHz d ifferentia l $50 . G: $ 6 0 . L : 5
mv, 30 MHz $7 5 . S : D iode recovery $175 . 80 ,P 80,5 atten.
$50 .82 : $350 .

HEWLETT-PACK ARD SCOPE BA R GAINS :
t 40A : Wi th 140SA 2-t race S MHz & t422A sw ee p er

p lugins & 2 p robes 600.00

~~~ee~4~~~. ~-.t~~c.e. ~~ ~~~~. ~ . ~:~~~ .":".c:~~ro.3g

OVERHAULED & C ERTIF IE D COUNTERS
Solid -S ta te 220 mH::t: CMC 7 37 C U. 7 n i xi es ,

5 tcf:i:fI~~~~b~ti~ut~i~~b~ i~rm~?t5c~, 'add' 'ig8:8g
to H z-IS gH z: R ead fr eq.·on 7 DCU's , n o

algebr~~:~c~LENiP~Gl\~ 'A°sl~~gr 'L ii i '!iti:.: · 9 50.00

R. E. GOODHEART CO:. INC.
Box 1220-GC, Beverly Hills, Calif. 90213
Phones: Area Code 213, Office 2 72-5 7 07

A
0 %

B
<1 0 0% VHF CONVERTERS

We m a n u f ac t u re a co m p lete lin e o f co n ve rte rs fo r
50 throu gh 432 MH z . M o d els to su it all n e ed s - OX ,
F M , AT V, MAR S , etc . A po stcard will b ring o u r
new FREE C AT A LO G with p ic tu res , sch emat ics,
sp ec tfic atio ns a nd pr ices.

JANE L
LABORATORIES

P.O. Box 112
Succasunna, N . J . 07 876
TEL: 201·584-6521

Fig. 10. Trapez oid pattern s for 0%, less than
100%, 100%, and greate r than 100% (over­
modulated) modulation perc entages are shown
here in ideal form. Modulation percentage can be
measured direct ly from scope screen by taking
the frac tion (a-b)/(a+b) and m ultiply ing by 100
(pat terns B and C). When b=O as in C, this
become s a/a or 1 times 100, for 100% modu­
lation. In addition to indicating modula tion
percentage, this mea surement tells wh ether
modu lator is distorting th e audio signal. Clean
signal is in dicat ed by straight sides. A n y k inks or
curvature of the slanting parts of the display
mean tro uble in the transmitter.

C
100%

o
>100%

A 2M PREAMPLIFIER
12 vdc powered.

27 db gain (approximately)
noise figure 2.5

will take Regency HR-2
or Motorola to 0.1 IlV sensitivity

without appreciable noise.

Metal case. ONLY $17.95 ppd

CRAWFORD ELECTRONICS
302 West Main , Genoa I L 60135
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RTTV
TELET Y PE! Usi ng reoe for repet itive mater ia l
su ch a s s tation desc ri p tion , o ver-t h e -a ir QSL. and
such ? Y o u shou ld Model7 A t a pe transmitters $9 .

RELAYS ? W.E. Mo de l 215A polar re iay s, in f in e
shap e, $5 each ; fa ir shap e $ 2 .50 eac h . Po o r shape
$ 1.

TELETYPE DISTRI BUTORS. Model 30A start­
stop d istrib utors f o r a ny p ri nters req u ir ing sep­
arat e d istr ib u t o rs, f o r t a p e equ ip m e nt, e tc . In ­
cl ud es bo th t ransmi ttin g and receiv in g d istr ib u ­
tor. W esti ngho use 1/7 5 hp, 11 5 V 6 0 H2 , 180 0
rp m mot or, $ 17 .5 0 . "

TELETYPE TAPE GEAR. Comp lete tape t ra n s­
m i tt er w it h bu il t -i n d istributor, ec. $32 .7 5 ~ Th ese
are comp act un its, id eal for sett ing up"in a line
w it h va riou s tape lo op s f or stand ard Q$ O tnt o r ­
mation or m e ssage s.

TELETYP E PERFORATOR . Model 2 A t y p in g
p e rfora t o r, go od shape , does n o t t ie up yo u r
system wh e n y ou a re mak in g t ap e s. $ 35.

TELETYPE TAPE DI STRIBUTOR . Mo d el 7 A
t a p e d is t r ibu t or (m a tc hes 7A tape tran smitte rs )
w it h c tu q-t n ja ck for 7A tap e h ead , $ 14.90.

TELETYPE DISTRIBUTOR. Model 73 d istrj tau ­
tor (se e page l Oa of HAM · R T T Y book ) fo r use
w it h tape transmitters , p rinte rs w it h n o distribu ·
t ors , erc.. $ 1o .

TELETYPE PRINTER. S t rip p r in t e r fo r t h o se
intere s ted in a c o m p ac t un it, le ss than o ne c ub ic
fo ot in s ize! Model 401. A llows you to copy
sign a ls off the a ir w h ile cutting tape in a rrswer­
with o u t t y ing up yo u r reg ul ar page p ri nter. P r ints
on sta nd a rd 5 /32 " t ape. $ 45 in g o o d shape , $25
no t in goo d shape .

A ll uni ts in short suppl y ; fi rst co me , f ir st se rved .
A l l so ld FOB N .H. Q 'Ja lity o f t h e unit s varies
from new t o dtrt v and ugh . Ea rly o rders w ill get
best gea r. A H Utl its, .are pr iced at u gh condit ion
pr ic e so jf y ou g et enew unit, be g lad; i f y ou get
an u gh model. b e t ha okfu ! t hat yo u got o ne at
a ll. Se nd c h ec k o r m o ney o rder to Radio Book­
sho p, Pet erborough NH 0 3458. USA o n ly , p lease.
And in c lu d e p o stage unl ess you wa n t un it s sen t
co llect by U PS o r Ra ilway Express.

RF

c

R'

HaR IZ .

SCOPE

MOD

R2

VERT ICAL

Fig. 11. This is how to hook up scope to get trap ezo id patterns of Fig. 10. Rf is sampled from final
rank circuit by m ean s of link coil and tuned circuit LIC, and fed to vertical pla tes of scope thro ugh
sho r t, direct connection s, Audio is sampled from secondary of modulation transformer and applied to
horizontal plates. Capacitor C is safety blocking capacitor to prevent supply voltage from getting into
scope; resist ors R l and R2 cut down audio signa l Jevel as required, and ma y no t be necessary for
lo w-po wer rigs. Size of display is adju sted by tuning of L!e and setting of R2.

cannot reac h less than zero in tensity ).
Figur e 10 shows these patterns, and Fig. 11
shows the typical test hookup for the
average ham transmitt er .

The value of t he scope method over all
sim pler te chniques is that t he tw o vertical
edges of t he display are direct rep resen­
tations of t he q uan ti ties wh ich define
mo du lation percentage, and so you can
calculate mod ulat ion percentage accurately
fro m the sco pe display by the formu la
sho wn in Fig. 10. In add it ion, the slan ting

92

edges of the disp lay are d rawn by the two
signals invo lved, and should be stra ight at
all ti mes . Any kinks indicate distortio n
being pro duce d by th e modulat or , which
could result in interference to othe r signals
and even at best wo uld mea n a sloppy
out put signal.

Sco pe measur ement s can be mad e on
any AM transmitter , since they simp ly
compare th e signa l doing the mo du lat ing to
the signal being mod ulat ed . The simpler
techniq ues app ly prima rily to high -level
plate -mo dulated tran smitters ( the mo st
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SUMMERTIME SAVINGS!

BARKER & WILLIAMSON, INC.
Canal Street, Bristol, Pennsylvania 19007

Terms: Remittance in full or 25% deposit on
COD orders. Minimum order $5.00 FOB our
warehouse

Model
550A

COAX IA L SWITCH
NOW ONL Y $11.25

J,J. GLASS EL ECTRONICS
16 24 So. Main St.

Los Angeles, Calif . 90015

432 MHZ CONVERTER
MODEL 432CA

ONLY $64.95 pp.

was
$15.35

J. J. GLASS CO. SALE

Lo w Noi se S ilico n C ircu itry. Attrac ti ve Me t a l­
lic G reen S t yl 'ng. S " ilt · in ;>c P o we r S"ppl y
. S ilve r P la t ed Cavities . Writ e lo r detailed lit e r-

JANEL a t" ", or ord er di rec t, spec ifyi ng i·1 freque n c y .

P.O. Bo>< 112, S ucca,u nna. NJ 0 78 76
LABORATORIES T eleph one 201 ·58 4 ·6521

- H P 200 D A U D i O OSCILLATOR 6 c to
70,000 cy in good condition. Sale price 27.50

e URR 13 RECEIVER 225 to 400 MC. This
receiver is a single conversion superheth with
built in 110 VAC 60 cy power supply. Sale
price . . . . .••• . . . . . .. . . . .. . . . . . . 27.50

- URR 35 RECEIVER 225 to 400 MC. Same as
above except dual conversion superheth. Sale
price .... •. . ...... ~ . .•. . .. . .. . . 49.50

e S R R 11 RECEIVER 15 KCt0600KC.Very
elaborate.d_ou~le superhet.h having 2 stages of
R -F amplific ario n. Sale price ....... • 75.00

e O UT D O O R SPEAKERS 4" square ll){ltal
case!>!.. Cone is treated for outdoor use . S~lto
600H built in transformers. Good for boats,
tweeters, etc. Sale price ..... •..•.... 3 .49

e T E KTR O N I C PLUG-IN type CA dual trace in
exc. condo Sale price .... •. • • ...... 97.50

- A PX 6 TRANSCEIVER can be converted to
1215 MC ham band, less tubes. Sale price 4.95
Conversion sheets for above 1.00

- RM 52 PHONE PATCH has multitap trans­
former. Can be used as remote control unit.
Sale price .... . •...... . •.. •... ... . ,1 .95

e N A V Y BEAM F I LTE R 1020 cy with cord &
switching control. Sale price 1.95

- S8 MH COILS 5 f o r ......•.. •.•... 1.50
-VACUUM SWITCH mounted in glass holders.

Will trip by using small magnet. Good for
burglar alarm, door, cabinets etc. 3 for .,1 .00

e PRC 10 BACK PACK w alk ie talkie. Range 38
to 58 MC. Battery operated. Sale price 49 .50

• COLLI NS F IL TE A 250 KC center 2 KC
w ide. New. . .. ... . • ... _ 2.50 ea.

common type) , and must be used with r HRU:E'''V"'IC''E''S'_ ,

caution if any other modulating technique TTL INTEGRATED CIRCUITS
HAL is now stocking NEW 7400 series TTL

(scre en, grid, or cathode modulation, for le·s. A vailable are 7400, 740], 7402, 7404,
instance) is employed. 7405, 7410, 7420, 7430, 7440, 7441,7442,

When it 's FM instead of AM you're 7473 , 7475, 7490, and 7493. Write for prices
and complete catalog. HAL DE VICES BOX

measuring, the situation is somewhat dif- 365L, URBAN A, ILLINOiS 61801
fer ent. Most of the common modulation
measurement techniques apply only to
AM, and cannot be used for FM.

The ac curate t echnique for measuring
FM involves a device known as a spectrum
anal yzer, which is not normally found in a
ham sha ck. The normal ham te chnique is
to locate the point at whi ch the first pair
of «extra sidebands is produced. This
req uires a 3 kHz oscillator and a sharp­
tuning receiver capable of detecting on e
signa l wh ich is only 3 kH z away from
another, stro nger signal.

The transmitter is modulated wit h the
output of the 3 kHz oscillator , and th e
output signal is examined with the re ceiver.
Both the carrier and the side frequ en cies 3
kHz either side of it should be detected .
Audio gain of the modulator is now slowly
increased until a second pair of side fre­
qu enci es, this tim e 6 kH z away fro m the
carr ier, appears. The gain should be ba cked
off until the second sid ebands just dis­
appear , and this po int marked as a mod­
ulation index of 1.0.

An ac volt meter may be installed in the
modulator to measure signal level for the
1.0 modulation index, and whe n a micro­
phone is substituted for the oscillator the
gain can be adjusted so that this modula­
tion index is never exceeded .

At cer tain points, the carrier of an FM
signal appear s to vanish. This occurs as the
modulation index is increased past 1.0 . The
first point of vanishing carrier is at a
modulation index of 2.4 ; the next one is at
a modulation index of 5 .52, and t he third
at 8.6 5. Similarly, the first pair of side­
bands vanishe s at modulation ind exe s of
3.83 , 7.02,10.1 7, and 13.32. Modula tion
indexes greater than ab out 8 .0 are too wide
for even VHF FM bands, but the points of
vanishing carr ier and vanishing sidebands
can be used to set certa in ind exes with
certainty.

The technique is similar to detecting the
second sideband pair ; the differenc e is that
the re ceiver is left tuned to the carrier , and
the audio gain increased until the carrier
vanishes. This represents a modulation
index of 2.4. The receiver is t hen tuned to
the first pair of sidebands, and gain in-
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Cleveland , Ohio 441094252 Pearl Rd .
JEFF-TRONICS

creased until t hey vanish. This is a modu­
lat ion index of 3.83. Back to the carr ier ,
and increase modulat ion un t il it vanis hes
again at 5.52, and so fort h . If two sep arat e
audio gain co ntrols ar e provid ed o n the
modulat or , one can be used to set modula­
tion level and it can be calibrate d by this
technique ; t he ot her can then adjust for
differen ces between microphones.

VHF F M enthusiast s sometimes use
" freq uency deviation meters " to adjust or
measur e mo du lat ion leve l of t he ir tra ns­
mitters. These met ers are similar t o FM
receivers, an d provide d irect ind ication of
the band width of the mo du lat ed signal.

...Staf f -

Send 25ri f or flyer listing hundreds of bargains,
and we ' ll add yo ur nam e to our permanent
mailing list. •

Moving? Please
Let Us Know!

SURPLUS TEST
EQUIPMENT

Electronic Parts, Tubes, Radios
New & Used Amateur Gear.

RADIO AMATEUR116 k
. ca 00 INC

Dept. B 925 Sherwood Drive
Lake Bluff. 111. 60044

Lewispaul Electronics, Inc.
303 Wesl Crescent Avenue

Allandale, New Jersey 07401

WE PAY CASH
FOR TUBES

Over 285,000 QTHs in
u.s. ed iti on $8.95

165,000 QTHs in
OX edi t ion $6.95

NEW EDITION EVERY:
MARCH 1 - SEPT , 1

JUNE 1 - DEC. 1

These valuable EXTRA features mcruded in both editions!
• QSL Managers Around the - P~files by Countries!

World! _ Zips on all QTH's!
_ Census of Radio Amateurs • A.R.R.L.Phoneti c Alphabet!

throughout the world! _ Where To Buy!
- ~~:~:! Amateurs ' Li cense • Great Circle Bearings!
_ World Prefix Map! - I nte rnati~n al Postal
_ International Radio Information!

Amateur Prefixes _ Plus much more!
See your favo rite dealer or order direct (add 2S¢ for mailing
in U.S., Possessions & Cana da. Elsewhere add SOC).

Motorola HEP Semiconductor Devices
NE W FUNCTiONAL ICs

C6004 l,w Audio Power Amp $2.60
C6005 2·WAudio Power Amp $4.35
C6006 4·WAudio Power Amp $5.60

JUNCTIO N FETS
HE p·B02 N-channel RF $1.59
HEp·BOl Nchenne! Audio $1.59

DUAL-GAT E FETS
F2004 VHF RF Amp-M ixer . ... $2.50
F2007 VHF RF Amp-a txer

Diode Protected l OW-
NOISE 2.6 dB@200 MHz$1.65

Instant Circu it Boards
See Ken Sessions' article "Something
New In PC Construction" - March 73
Magazine, Page 61. Or our AD in the
April issue. Or write for details.

More Hep
For more HEP devices, see our ADs in
the Feb. and March issues of 73 Mag·
anne . .. Or write with your semicon­
ductor requirements.

HEK-J RADIO A MATEUR KIT
Contains (2) HEP·590, (1) HEp·570 plus
book with 10 Ham Projects $5.95

Please include .25d for shippi ng
A ll orders shipped A ir Mai l

CIRCU IT
SPECIA LISTS CO.
Box 3047, Scottsdale AZ 85257

94 73 MAGAZINE



EXPERT REPAIR AND CALI BRATlDN SE RVICE
Specia!i;.in g, in , e pa ir and ""libr.1tio n 01 t e sr . a m ate ur. C B.
a nd. b u sm ess F "l ('QUlpment. Pr o m p t attent ion b }" h i2 h ly
q ua hfIed p ..r:w n n el. ,\ 11 t .. c h ni..-ians hold b o th F CC amate ur
and co m me re iallicpn$t's. Wrile fo r shippin, ;nsl r u N io ns.

SEE YOUR
DEALER FOR

SOUTHWEST RADlO·METRICS
290 Alamosa Roa d . Albuquerque, N . Me x . 87107
Telephone 505·345-0768 505 -762-2 224

SPACE ELECTRONICS divis ion of
M ILITARY ELECTRONICS CORP.
H AS MOVED AGAIN !
10 bigger facil iti es to ha ndle our large st o c ks o f

m ili t ar y surpl us elec t ro n ics. We are always b uying
an d a lway s selling . Fo r al l you r need s co ntac t us at

76 Brookside Dr ive . Upper Sad d le R iver
New Jersey 0 7458 . (20 1) 327·7640

EQUIPMENT
NEW CATALOG AVAILABLE, WRITE :

AEROTRON, INC.
P.o . BOX 6527, RALEIGH, N.C. 27608

Thousands ofParts
ELE CT RONI C PA RTS & EQU IPMENTS

See us UB~ilders for Bargains (no fliers)

DOW TRADING CO. INC.
1829 E, Hunt ington Dr ive

Duar t e CA 9 10 10 2 13 ·3 57 ·37 6 3

Custom Transformer Design & Manufacture
W",ile today for a fre e quotati on on a n}· transf o rmer ,
cho k e , o r saturable- rea ctor. Each unit , w il l b e d e si gn ed
a nd manufac t ur ..d to y o ur exa ct sp .. ci f lca tio ns _ Stand ar d.
E·r and t ape wound "c" co res ar e av a ila b le . Quan t i t i.. s
fr o m si ngle u n it s t o p ro d uct io n ru ns may b e aCCOm­
modat ed . Cu st o m re wmding se rvi ces are a lso available .

PETER W. DAHL CO.
5325 Annette Ave ., EI Pa so , Te xas 799 24

Tale : 9 15-75 1-4856

We also make Saturn 6 Hetos . - 6 & 2 M Bea m s

HI·PAR PROD . BOX 88 FITCH. MA 01420

_ _ . / _ _ HILLTOPPERS
:::::::::.....- IN STANT ERECT ING

__Z _ 3EL6M $ 14.95
8 EL2M $ 16.95

Delive r s 3 .5 walh (:o n t i" uo u 5 , 10 w aU.. p~a k . W ith
he.t .. in .. ..; m ic:r o · mi n i s i..e : ~/4 " '/~ " 1/2 " . 9 to
30 V .....p p l)' . Hil':h se ns iti vi t y. 8 to 16 oh m. Fo r
m ono & 5''''' '' 0 phon.... . tape. fM . AM. T V. 'H'rvo ,

Receiver Repair Specialists
Equi pment Brok er-Dealer

We Sell (SASE) • We Buy (Write)
201-366- 0388 (F irst ) 20 1-743 -5705 (Second)

PARADD ENGINEERING SERVICE
L awrence Rd. ( Rand o lph) Dover . N .J. 07801

Pau l A . Reveal - W2AijDiDiiiiiiiiiiii

HIGH VOLTAGE I EP OXY REC TIFIERS

1 AMP lPQ"j,~~> -e.- SI LICON
PI V SA LE

o 2000· 1.00 PI~O 1:.'Or ~~o';P ~::

§3 000 1. 35 10 0 .0 6 .06 . 12
4000 1.65 200 .0 7 .07 . is
5000 2 25 400 . 0 9 .0 9 . 2 2

0 6000 2'96 SILICON 600 . 12 .12 .28
0 8000 3 :50 1999 : ~~ : ~~ :~:
n ) 0000 3.95 RECTIFIERS * m lc..-omin iature

SPRAGUE- IC', ·6 AMP FUll ~12 ~
Y." C'• •n ~I POV .." ".I"'~~ AMP 11
a ,., 'I ittrT ~gg '::~i ~~~~ 000 2

o 90. f ",11 Add., 400 1 . 50 t\,,,\ for
0
0 909 I ..ff., 6 0 0 1 7 5 V 0(

O
912 H.II Add.. 800 2L.·92 ~ ..f.~\ P I V $1
913 Shift "gi,t., 1 0 0 0 .. ,,-""

P.O. BOX942 A
l ynnfie ld. Mass .

01 9 40

LIGHT EMITTING DIODES

$1.50 An ~ 2 for $2.69 ~'' .>

BVisib le LED. "br U. r e d" , .. . . ...::;. ::...
Visi b le "brl t. r . d " ..n sor ' . , , .

bl Inv is ib le intra ·r.d LED . . . . . . • \o In vi s ib le in fr . ·r.d . . ...o r · . . . .
• Wit h built _in Oar li ng t o n amplifi e rs

10e C",talolon Fiber Optics, ' ICs', Semis , Parts

Terms: ad ,l T'O~t"' lI: f . Aa ted: ne t 30, eo<! 's 2:it;{,.
Phone Ord e rs : W llkefi,,1,1. Ma ss . (617 ) 243-38 291
Re t ",il: II I A I!>!o n . St., W ak"tid. l, ~ >lS s .
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1 -73 Reader Service Coupon- - I
I

N o w w e d o n ' t sa y t hat e very s in g le re a der
must b uy ever y la s t product a d vert ise d in 73.
We be lie ve t hat, but we d on't say it . The v e ry

I least eve r y re ader c an do i s to put on a sh o w of

I in te rest in the p roducts herein advertised . T o
m ak e tnis a simple t as k , eve n for the la1:i051

I re ad e r (now there is a contest for vccfl , w e
h a ve cleverly a rr a nged the advert is in g ind e x to

I d o ub le as a reeder s se rv ice coup o n. All you
ha ve to d o is t ear it o u r (o r p hotoc opy it) and

I se nd it in with the appro pria te boxes mar k ed .
(We have a p r iz e for th e most boxes m arked

I . .. a si len t p rayer of th ank s hom the pub ­
lis h e d . We' ll acc e p t postca rd s , s lips of paper , o r

f a lmost a n y t h ing e lse that lists the companie s
you want to h ear fr o m and yo u r ad d re ss.I No o ne l ike s t o go into a store w ithout
buying some t h ing, r ig h t ? I t is the same w it hI these in fq rma t io n re qu ests. You w ill be
e xp ec t ed - t o buy someth in g. Oh, it d oesn' t haveI to be a $50,0 00 ant enna sy st e m , b u t it should

I
b e some thing modest . . . a t ransceiver . .• a
lin ear .. . yo u know. We ' ll leave the d ecision up

I t o you , knowing t hat we c a n tru st you to d o
t he right t h ing.

I A nd w e a re def in it e ly not sa ying th at t h e
u se o f this se rv ic e c o u po n h as a n y cu ra t ive

I pow ers, b u t we c a n no t b u t notic e t hat m a ny
read e rs re p o rt remar kabl e relief from simple

I back ache , headaches, lumbago, and acid

I
indigestion after se nd ing in their co upo n . ·W h y
ta ke any c hanc es?

I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I Mai l to ; 7 3 INC•• P ET E RBO R O U G H N H 03458

I Name' _

I
IAddress _

I Z;p IL .-J
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