
26009

1 '

•

November 1971.
$1.00

(one dollarette)



,

# 134 NOVEMBER 197 1

MAGAZINE- 73---
CONTENTS

FEATU RES
2 Rad io Am ateur News Page
6 Never Say Die W2NSD! 1
8 OX Footnotes
8 Letters
9 Repeater Update

10 Caveat Emptor
73 Newspage EXTRA!
77 Sm al l Boxes W0AB I
98 T unnel Dipper WB4MYL

128 Pro pa gat io n Cha rt
128 Adve rt iser Inde x

STA FF
Editor-Publisher

Wayne Green W2NSD/ l
Associate Editor

Jim Ky le K 5J K X
WTW Editor

Dave Mann K2AG Z

Ass istant Publisher
Phil P rice

Ad verti sing Monger
Al ine Co utu

Art Director
Roge r Bl ock

Graphic A rts
Na ncy Est le

Co m position
Ruthmary Davis

Su bsc riptio ns
Dorothy Gibson

Circ u la t io n
Ba rbara B lock

Compt ro l ler
Geo rgianna Sage

Publ ica tions
BiH Mahoney

Co o rd inator
Eileen L aframboise

Tr affi c
Tay lo r Sage

Propagation
John Ne lson

Drafting
R.K . W ildman W6MOG

13 A Big T h ree Element Beam W4AXE
Three e lemen ts o n 75 m ~ ZOW IE!

17 Remote Tune Yo ur G roundpla ne W2AOO
T his is a real sc rewed u p a ntenna.

2 1 How to Bu ild an Ec onomas t for Under $50 WB2FBF
T o werl ess is powerless in work ing OX.

2 5 A Ga in Vertical A nte nna for 2 Meter FM K9STH
10 d B =0 10 X power, t ran smit a nd rece ive !

29 Ph oto gra ph ing Rad io Equipment W2EEY
May be we ca n ha ve better pictu res in 7 3 ?

3 7 Biasing the T rans ist o r Audio Amplifier W5JJ
Who among us is wit ho ut bias?

39 The Split Site Repeate r: K6MVH
G reatly impr oves repe ater coverage.

45 T he Ar t of T~Hunting WB6IQS
Have you bee n m issing t h is f un ?

49 An Ultra-Simple Select ive Audio Filter , W8RHR
Idea l for th e CW cp, mo o nbou nce , etc .

51 T ransist o r/D iod e Fil e Box Te ster . . . .. . .. . • .. . . ..WB4ITN
Better lay in a su ppl y o f fi le bo xes.

55 Crystal T ester K6VCl
Two transistor golno go tester.

57 A Compact Kilowatt fo r Si x Meters K1ZJ H
Think o f t he T Vt record s you can se t w it h t h is!

63 The 3 -4-6 Quad ' K3MNJ
"The fi rst statesi de s ignal of the day ..

79 let's Revise the Morse Code W70XD
Isn 't it rea lly abo ut t ime ?

85 A 7T-Net for T rans isto r Finals " W5PAG
Specificat io ns for a ll bands 160 - 6 m.

93 Changing the 75S3 in t o a Better CW Pe rf o rme r . . . . . OA4KF
Usin g a $58 Co llins mecha n ica l filt er.

95 W~y Coax? , G3BlD
T win lea d is che aper and has less lo ss.

101 Co m m unica ti ons Yardsticks . . .. . . .. . .. . . . . . .. . l enk ur t
dB , dBm, dB mc a nd o ther e ro t ica .

107. Metalphoto Your Nameplate ... . .. ... . .. . . • . , . .. ,W6 B l Z
Th is w ill really fa ke o ut the visito rs.

109 Amateur Radio and the Disabled . .. .. .. . . . •. , . • WA2CGA
G reat hobby for t he shut-in .

113 Solid State Microwaves for Amateurs K1ClL
Cry sta l co ntro l o n 2300 MHz.

12 3 Those Funny looking Cards WA1GFJ
A Was h ing ton lobby ? Who needs it!

Cover; "Ch uck " Webb K WBW R ge t s the credit fo r this month's cove r
shot of Debby Hebert .

73 M agazine is pu blishe d m o nth ly b y 73 1n c., Pete rborou gh , N e w H ampshire 0 3458 . Subscription ra te s are
$ 6 for one y e ar in N orth America and U.S. Zip Cvde are as o verseas. $ 7 per year elsewh ere. Two years $1 1
in U.S . and $ 12 o ve rse as. Three years $15 and $ 16 o verseas . Second class postag e pa id a t Pe terboro ugh ,
N. H. and at ad d itio nal m ailing o ffices. Printed at Menasha, Wisc onsin 54952 U.S.A . E ntire co ntents
copyrigh t 197 1 by 73 Lnc ., Pe te rborough , N .H. 0 3 4 ,58. Phone: 603-924·3873. Y o u r atten tion is called to
the reade r service c o u po n o n the las t p age of this issue. Please turn imme d iate ly and c u t out, cop y, o r
otherwise note which adv e rtise rs should se nd you additional info rm a ti o n. Do not stint. Se nd in these
co upons as if y ou r magaz ine subscrip tion d ep e n de d u pon it . A fte r all, we don't ask a lo t of y o u as a reader
o ther t ha n t o enjoy th e articles, ign ore the editorials, and m ohe our adve rtisers fa t and prosperous. I f you
can 't mahe the m rich, a t leas t h ol d o u t a ca rrot in the w ay of a re ques t for information . then the y can
ha ve hope s fo r ge tting rich . . . and w ish in g is ha l f the fun, righ l?

NO VEM BE R 19 71



~matturl\abto j
NOVEMBER MCMLXXI Monthl Ham

BLAST ROCKS

Eddy Sh elf W5ZBC, a commercial
photographer, snapped this pic ture of
R ick Jordan racing at Shreveport. We
wish R ick well Have any o ther read­
ers run across the num ber 73 any­
...-trere int eresting?

of BARES, re ported to W4CUE an d
was in overa ll charge of the BA RES.

In th e co nfusio n at City Hall
mu ch-needed BARES ope ra tors were
turn ed away and sent to the East
Lake precinc t to stand by. A later
chec k with ('j\ 'i! Defen se revea led th at
they did nee d help . so WB4MKU and
Dr. William Hamm ack , a member of
the dub's Novice class were dis­
pa tched. One BARES unit stood by at
a major shopping cen ter until po lice
co uld tak e charge to preven t looting.
Almost eve ry wind ow in the center
was blown out.

It has bee n reported that K4TQ R
did willfully violat e his South ern up­
bringing when he assiste d Revenoc ers
(Alcohol, To bacco . and Firearms Di­
vision Agents of th e Treasury Depart­
men t) to find the blas t site.

So far on ly a few culls have been
mention ed . There were many units
o n, an d many othe rs available if need ­
ed. Only J few st at ions were placed in
the d isaster area, d ue to th e po ssibili ty
of ano ther explosion . Tho se tha t were
there, were ab le to do the requi red
job .

On Sunday evening. July 25. 1971 ,
[cur sud denly became a major part of
the emotions of 11 large sector of
Birmingham are a people. What had
bee n a warm, quie t and peacefu l lime
beca me alive with fear as an enormo us
blast shook houses over some 20
square miles or more . People ran fro m
thei r ho mes an d businesses to t ry to
sec what had happened. Mom ents
late r a secon d and much more power­
ful explosion took place. sen ding glass
fragmen ts fro m wind ows across rooms
over a wid e area, with enough force to
embed them in oppos ite walls. Walls
were cleared of wallb oard . and garage
do ors were blo wn out. Power was off
in a large are a of eastern Birmingham
and surroun ding communi t ies

A rou tine day's activity o n the 2
meter repealer of the Birm ingham
Amateur Radio Emergency Serv ice
was SUddenly tr ansfo rme d into a terse
emergency net. Several sta tions were
in the shock area, both f ixed and
mo bile . The BARES alertin g sys tem
acti vate d when W4AX L receiv ed sev­
eral calls'. He no tifie d W4WL F, whose
family then calle d the rest o f th e list
and the Red Cross Disaste r Service.
(The BARE S is the emergency wing of
BARe. the Birmingham Amateur
Radio Club. Th e Red Cro ss is our host
for meetings and provid es space in the
communications center for the Club
Station W4CUE .) On the way to the
Clu b Stati on. mobile un its of the
BAR ES were dire cted to proceed to
Civil Defense . Red Cross. the disaster
area, an d o th er key points. So me
sta tions were on as soo n as the blast
occurred. and by 21 30 , onl y 15
min utes after th e first blast . a siza ble
gro up of sta tions W :JS o n and in
posit ion .

Within a few minutes rep orts start­
cd to come in by polic e rad io that
either a plane had crashed or a train
ha d blown u p at the rail yards.
K4REL, st ill somewha t shaken by the
blasts. repor ted he co uld see the fire.
By taking side ro ads he was in the
maj or damage area by the tim e mos t
of us could get [ 0 our curs. He
reported man y homes in the Observe­
tory Hill area suffered major dam age.
WB4JOY was on fixed, and he logged

all sta tio ns as to thei r locat ion so the 1-=::;;:;;;;;;;;;• • • ••• ••:1
dat a could be transferred to the club
station disaster cha rts as soon as it
could be manned . W4DFE and
K4D SO were requ ested to re port to
W4CUE -to assist there. By 2 150
W4C UE was in con tact with the Red
Cross field un its moving into the area ,
wit h Civil Defense, the Binn ingham
Po lice and Fire Dep artm ents . as well
as many oth er agencies. The Jefferso n
County Sheri ffs Depart men t had
charge of the ove rall ope ra tio n sin ce it
invo lved several communities. They
also were in the CD. Net. Only a few
minutes afte r the firs t blast K4TQR
rea ched the exp losion area and report ­
ed tha t the so urce o f the disas te r was
an ammonium nitra te plant near the
Norris Rail Yard (shades of Texas
Cit y . . . and who can fo rge t that
disaster" ). W4 DGY , also mobile in the
are a, re por ted that large tra ffic jams
were already blocking ma ny ro ads.
Poli ce roa db locks increase d the con­
fu sion . K4TQ R W4 RT [ and W4FK G
assisted o fficers as requested . in­
cluding manning roa dblocks.

By this t ime mass evacua t ion of the
area . incl uding a heavily po pulated
sec tio n to the north . was orde red by
officials. Th ey felt that d ue to the
number of fires burnin g in the area
and the belief - lat er eo nfirmed­
that mor e explosives remained. th is
was th e only safe acti on to tak e.
K4TQR and K4RE L assiste d in man­
nin g roadbloc ks an d in a house-to­
hou se search for injured . Th ey also
gave ma ny reside nts the in forma tion
to leave.

W4A YK repor ted to th e main mcd­
ical complex for duty . When it be­
came d ear they we re no t receiving
large numbers of casuulit ies, if indeed
any, he reported on the air and left
for the Birm ingham Police Depart­
ment con trol site . There he stood by
for commu nica t ions duty an d ren­
dere d first aid to those needing it. Red
Cross mobile un its an d ca nteens
served coffee to workers and estab­
lishe d a field comman d pos t wh ere
ambu lances re por ted for sta ndby
du ty.

K40ZQ. Direc to r of Emergency
Communicati on s for BARC and he ad
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BIRMINGHAM
IN PACIFIC NORTHWEST

NAMSERVICEGOES BIG
,
y

(S pecial In 73 M agazinc)

Ou t in the Pacific Northw est the
new NAMServ icc (No rth west Amateur
Monitoring Service ) on 397 0 kHz
has - in less tha n two months' opera­
tion - firm ly established itself and al­
ready has demonstrated irs I.:Il1 I.T­

gcnc y-resc ue value.
In one of thes e K71:::HN was up in

rugged mou ntain urea ou t of Vancou­
ver , Washing ton, on a fishing tri p
Backing his trailer to park i t. o ne of
the bra ke cylinders o f his 1907 4­
wheel dr ive Int ernatio nal pick -up gave
ou t. All four wheel bra kes were then
inop era tive : he was "g rounded" in­
stan tly

vtc (K 7EHN) got on 3970 kHz and
was almost imm edia tely talking (via
phone patch ) to his wife. She fol­
low ed dire ct io ns: d rove to a Port land,
Orego n, parts store for a replace ment
cy linde r ; got Vic's tools toget h er and
sen t all this up to Vic with thei r
nephew that same day. Ncxr morning
Vic (who is a master mechanic) re­
moved a whee l, made rep airs , replac ed
the wheel an d was ready to "roll"
again .

This operation was an im pressive
operation on th e part of the ama teurs
o f the area. The many drills and
operations to bac k community events
showed it s impact ill th e way th e te am
reacted to the emergency. It was a
well -organize d eff ort ami resulted in
many comm en ts from officials. The
Red Cross Disaste r Chairman had on ly
praise for the work of the amate ur s.

Exc ept fo r one or two stations Oil

75 , who relayed data from 2 , all work
was done on 2 PM t hrough WB4QEX
This sta tion is loca ted on Shad es
Mountain, and is the BARES repeater
on 34 - 94

The caution of holding the units
clear was pro ved to be justified , as not
on e job was assigned to our gro up that
was nor promptly handl ed . . . an d
two large magazines of explosiv es
were found nn de ton atcd as cleanup
crews started wor k at the plant site .

"Without NAMS I would have had
to hitch -hike d own t he moun tain and
find a te lephone som ewhe re. or even
go clea r back home, " he said . " And
with th ings as they are , some th ief
migh t have plundered my trailer and
pick-up truck whi le I was gone."

K7Efl N (he get s arou nd, being re­
tire d from the mer chant mar ine) on
ano ther occasion was hailed by a
vacationing coup le from California
when he was at Lewis & Clark Sta te
Park - an d th ey were in distress.
Their car he ated up . boi led over
stall ed. d e Vic fo und dir-ty breaker

(contsnned Oil page 4)

Damage to homes and businesses in
th e area is est ima te d to exceed
5500.000. Fifteen peop le were injured
and treated at hospitals, while numer­
ous others recei ved lesser cuts an d
bruises. No ne trea ted at hospi tals were
serio usly injured The force of the
explosion lef t a crater 35 It deep and
(l5 ft across .. . a stern reminder of
what 20 to ns of explosive can d o

Calls of stat ions kn own to have
p a r t ic i p ate d K4 Y DI K4REL.
K4TQR , W4R MB , WB4F GV .
WB4 JOY . W4YYfL WB4MKU,
W4AYK W4R TL WA40HQ.
WA4AW S, WA40SB . W4HMV
W4tJMV W4AXL, W4WLF, K40ZQ,
K4TWJ , W4FKG, WA4VU G . K4HAL.
K4ZCY , W4WJX , WB4QES (Repeat­
er). K4V RQ . W4D FE, K4D SO ,
K4AQ Z, W4D(;Y , K4 UMIJ, WB4JFG.
W4CUE , and W4BJG . We hop e we d id
not leave any on e o ut.
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GEOALERT
Now in Engl ish
GEOAL ERT, th e wo rld-wide sola r

and geophysical warn ing and inform a­
tion sys tem designed to aid solar­
geoph ysica l researchers , as well as
tec hnologica l act ivit ies such as rad io
co mmunica tion and long-line elect ric
power tran smissio n. has been mo di­
fied so tha t its rad io bro adca sts are
now in English-language voice rath er
than Morse code

GEOA LI::: RT prov ides reports and
forecasts of so lar and terres t rial con ­
dit ions and activity. This information
permi ts ob servers and exper ime nt ers
to coordin ate ami inte rpret their own
observa t ions with grea ter rcr tuinty
and " to calibrate their appa ra tus to
bet te r ob serve the phen omena which
in tere st the m. Tec hn ologi cal activit ies
mo nit or th e (;[;:OALER T broad cast s
to help regulate and co ordinate the ir
work

Current geophysical infom-a tio n
and alert s are bro adcast by \VWV.
Fo rt Collins, Colorad o. and WWVIJ,
Kauai. Hawaii. during the l Stb min ute
of each hour fro m WWV and du ring
the 4 5th minu te of each hour from
WWVH. The messages are updated
dail y a t 0400Z with provisions to
mo dify at an y time to provid e tm­
med ia te aler ts of o u tstan din g occurring
events. Th ese are followed by sum ­
mar y information on sele cted solar
and geo physical eve nts during the past
day und corresponding forecasts for
the current da y, all of which are
prepared by the Space Environment
Servic es Center.

T he summar y infor mat io n includes
two solar te rrestrial Facto rs of the past
~4 hours, th e solar !lux (amo unt of
energ y radia ted fro m th e sun at a
freq uen cy o f 21\00 MHLl and the
A-Ind ex (an ap proxi mate measure of
geoma gentic storm uc tivity.j Ot her
solar te rrest rial co ndi tion s report ed
whe n they occ ur arc the degree of
solar acti vity . the con dition of the
geom agn etic field, tbe coordinates and
time of majo r solar and pro ton flares,

( ("Im /i ll ll cd O il pag e 4)
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the Antique Wireless Association ,
Holcomb, NY 14469 and ask about
membership and a subsc rip tion to
their very int eresti ng and well done
magazin e. If you are visiting in the
vicini ty of Holcomb you might wan t
to see the d ub museum which has
over 600 old radios!

the occ urren ce of flare-related pro ton
events observed on satellites and polar
cap absorptio n events.

The fore cast for the next 24 ho urs
inclu des the degree of solar activity ,
the condition of the geomagnetic
field , the tim e of an expected geom ag­
ne tic sto rm, and the coord ina tes for
an expected pro ton flare . A stratwam
alert , provided by the Nation al
Weather Service, reports ex pect ed
stratospheri c warni ngs in the high
lati tu de regions of the winter hernis­
phere of the ear th .

Dr. Ralph W. Muchow of Elgin,
lIlinois has one o f th e largest cotlec­
tic ns of old rad ios in the world . These
are all built from 1900- 192 7, when
batteries were re placed by ac supp lies,
and all of these old sets are in good
working orde r! If you are inte rested in
old radi os you migh t get in touch wit h
Bruce Kelley W2ICE, the Secreta ry of

and coe rcion are what we do n' t
need ."

NAMS serves Oregon, Washingto n,
Idaho and British Columbia (Cana­
da) - and some times farther, when
conditions permit. It runs from 9 a.m.
until 5:45 p .m. daily , and seldom is
there lack of a moni tor control sta­
tion - someone to speak up every
half-minute or so and provide a
" hitc hing po st." If 3970 kHz is silent
for a few mom en ts, someone is sure to
not ice it and star t calling fo r a mon i­
tor control.

And so you hear , more than any­
thing else in the Pacific Northwest
these days , the statement "T his is
- - , monito r control for NAMS,
standing by on 3970 for breaks."

[ce nt, f rom page 3, col. 3)

GEOAlERT

NAMSERVICE
poin t s needing replacement ; he
clean ed them and got the car run ning.
But he also broke into NAMService
and (via phone patch) reach ed the
couple's relatives in Yakima . They
promp tly mot ored down to make sure
all would go well.

" Th ose peop le were d ue to catch a
plane at Seattle in a short time," Vic
explained, " and if it had n' t been fo r
NAMS they would have missed it ."

Alerting th e state patrols for wrecks
on freeways is more or less regular in
NAMS operation . One aftern oon a
camper body fell off a pick -up tru ck
nor th of Tacoma, Washington, on
Interstate 5. WA7GYP!mobile 7 saw it
happen ; he was monitoring NAMS and
immedi ately report ed it to mon itor
control (WA7BKR at that time ),
W7UU, likewise "guarding" 3970 kHz
while at work, heard the exchange and
broke in ; then telephoned the Wash­
ington State Patrol. With in minu tes a
state patrol car was on the scene.
WA7GYP doubled back as soon as he
could; when he arrived back at the
scene the state patrol car was there .

A similar incident occurred when
WA7VPW/mo bile 7 chanced to be
crossing the Interstate 5 bridge over L.:::.:.::..::.::::c...::.:::.:.::.:.::..:..:::.:::.:::.:::.::., _
the Colum bia River at Vanc ouver ,
Washing ton when , ahead of him, a car
and ~ Greyhound freight tru ck tan- WWV transmits tim e signals by
gled. Ken (WA7VPW) broke in to voice every minute on 2.5, 5, 10 , I S,
NAMS and a sta te patrol car was on 20 and 25 MHz. WWVH in Hawaii
th e scene within minu tes. uses 5, 10 and 15 MHz and may be

That same day W6MRA/m obile 7 identified by the use of fem ale voice
on Interstate 5 near Eugene, Oregon, annou ncements. Every 5 minu tes pro-
came upon a car on fire in the media n pagation notices ap plying to paths over
strip of Interstate 5. Calling NAM$er- the Nort h At lantic are sen t by WWV
vice immediat ely , he rep ort ed the in cod e, using a lett er and numb er.
accident and th e Oregon State Patrol North Pacific forecasts occur fro m
was ale rted and got to the scene WWVH. The lett er N indicates no rmal,
quic kly. U unsettled and W distu rbed . The

Sometimes it' s just a matter of numerical scale is the forec ast for the
h e l pi ng s o meo n e - as wh en following six hou rs and ranges from
K7MHL/mobile 7 was crossing White number one, or useless, to num ber
Pass near Yakima, Washingt on , and nine, excellent. CHU, th e Canadian
saw two pretty girls with a disabled r-__-=-..:..__..,._.,...".. -1 time signal stat ion , transmi ts on 33 33,
Volkswagen . Stopping, he ascert ained 733 5, and 14,670 kHz with voice
it had run ou t of oil ; its engine was announcemen ts each minute in both
ru ined. Via 397 (} kHz and W7UU in English and French . The AR RL Hand-
Seatt le, Bruce (K7MHL) gave all the book carrie s full informa tion on these
details to th e Seattle office of AA1\ services. The publication deta iling
and a tow truck was on its way. Standard Frequencies and Time Ser-

NAMS is a comple tely volun tary vices is available from the Superinte n-
"uncrganizarion " and perhaps that is den t of Docu men ts. U.S. Governm ent
why it has ca ught o n so qui ckly and Pr inting Office, Washingto n, DC
well. It has no office rs, no member- , :2:04c:O:2c. _
ship list , no roll ca ll, no dues. e-

"I t 's all Ind ians and no ch iefs,"
explained Curly Milner (W7MD:\I), of
Sara, Washington (near Van couver),
who started it out on 15 July 197 1.
" We want to keep it tha t way . Hams
kno w how to operate NAMS the
minute they hear it. Regiment ation

tcont. from page 3, col. 2)

4



fine, WB4 DXX has ha d his license
revoked , WA6GMR is threatened with
revocation , as are th e licenses of
K2WSP and WN4 RGR .

PET ITIONS AWAIT ING FCC ACTION

Th an ks to Bob Cha pman W1QV for
this inte rest ing list of petitions on m e
with the FCC. Copies of th e actual
peti tio ns may be had at a nom inal
charge fro m Cooper-Trent , 1130 19 th
Stre et xw Washington DC 2003 6.
Watch out, tho ugh , for some of these
pe titi ons can be very , very lon g and
th usly a lo t more expensive than y ou
migh t expect. Ask first .

?
Califo rnia CD
K3MGO/ K3 MNI
K2ZRO
WA8DCE
KI KT B
W2NSD
W2 NSD
W6 PQH
WA6F NR
W3KM V
K IRKL
w3 BWU
ARR L

K6MVH/ I

B,
San Diego Coun ty

W7ELN

EIA
WA6GLD
K4ETZ
\1I'3 EWI

WiIliam3, Pau l
WA2GGX
K3UEJ
WIFK/W IK VP
WA2LRO

WB2EZG
Bracy , E.L.
W1GH K & W3ASK
K1 UTC

W2NSD/ I
WA3JHB
W3BQN

W8H l

W7 NVY
W8WZ
K8Q EW
United CB's

W60DX

Sub~lanc ~

Use of o ther th an 220 MHz to remo tely contr olled
RACES Stations.
Tech o perate on Novice HF band with CWo
RACES Rules, co ntro l o f non -ham licensees .
&o:nior Citizens License.
" Advanced" Tech license.
Permit F-4 at 144 ~Hz .

Allow Techs to use 0 ' 80 thro ugh 10.
Counterpart call sip'S .
Permit 'rechs same CW priv . as Novi~s
Penn it 40 F2 emission by RACES o n 2 "" 1%.
Tech privileges 21MHZ Neece band
CW "" phone segs , 6m Advanced ban d.
Tech cwprivileges.
Tech CW privileges, 10m .
Tech priv., 29 .5 - 29 .7 "" 144 _ 148 lol Hz ; dual
holding, ~ovice "" Tech.

ARR L Counterpa rt ca ll signs.
K6 MVH New repe ate r ru les.
W8WEF NOvice priv. for Teens.

1 New license -rse, First Class."
AR R L I X 3 call signs for new Extr as.
WB40 BZ Novice priv. for Techs.
WB6UTC/WB4NQA Otange ID rules for short QSOs .
W5J1 CondoClasslimit ed to I vr: no new Tech; creat e

Intermedia te & Communicator licenses.
Crea te milita ry examinIng point in Germ any for FCC
ama teur exams
Create Hobby Class IiC. 220. 5-224.5 MHz.
ln part : I x 3 catls for Ext ra Class lie .
Subs ti tut e holding of ccmmercia t nc. for part of 25
yr stint for 2-1ener calls.
Set min imum age for ham license ; move CB to 220
MHz ham band.
Mo ve Ex tra Oass Grandfat her clause up 10 12/1941 .
Provide I x 3 calls for new EXIra Crass: see RM-I 597 .
Call lett ers of SK to a family member.
No d.s .b. below 32 MHz.
Red uce General code to 10 wpm ; give Techs Novice
CW privs;restore Novi ce A·3 in 145 MHz.
Dro p lice= con trol 6. mon itor (or repealer with
au to. rur e-c tf &: code d access .
CB On 220-122 MHz
Ex pand voice bands
Ho bbytp ersonal RadiO service o n 220 MHz_
ReqUITe cert ificate of performance, etc . o n eq uip­
ment commercially p rod uced o r im ported (or Ihe
ham service.
Est ablish a neWham license above Extra Class
Move EJI;tra "G randfather" clause to 1/ 1/40 .
Establish VHF radiot elepho ne license in ham service .
25 KHz sta ndard AM 80 - 15m, 250 w. ma x. (No SSB
in these segmen ts.)
2 new code-only licen ses.
Grand father clause for Extra - 50 years .
Change name of Amat eur hcense to Radioma n.
Turn 27 MHz over 10 "h cb biesr," all perso nal and
business CB wor k on 220 MHz.
Automatic Extr a Class nc. a fter 25 yrs seIViee
(general o r higher)

Th ings have been rela t ively q uie t on
the FCC fro nt, with the no tices be ing
s tric t ly ro uti ne ... at leas t routine for
most of us. Th e few ama te urs men­
tio ned in the FCC releases were in­
volved with cita tions, fin es , and the
like. For instance K7ABV paid a $Sa

Dat e
RM No. Filed

968 3{66

(I01 6?) 8{66

• 1116 3/ 67

>- 1346 8/ 6fJ
1363 10/68
14 29 3/69
1454 5/ 69
14 55 5(69
1456 5(69
1478 4 /69
1516 JO/ 69
1520 9/ 69
152 1 10/6 9
1526 10/6 9
1535 11/6 9

1536 11/ 69
1542 12/ 69
1568 2/ 70
1572 2/7 0
1597 4/70
1602 4/70
1604 4/70

Yup, that 's a six foot dish on top of 16 15 3/70
that VW bus. This was a sum m er
protect by Bruce WAlLX U and was 16 29 5/70
the heart of the 129 6- 33 00 114Hz
effort of the Honey well 1200 R adio 163 3 5/7 0

Club WIDe operating in the Septem- 1646 4/7 0

ber VHF cot/lest from the top of the 1655 3/7 0

Pack in Peterborough. Inside the bus
1656 6/70

Hank W100 P had his usual line of
gear {or 220. 432. and up. The ex tra 1658 7/70
multipliers on 1296 and 1300 MHz 1677 8/7 0
made WIDe a tou gh cust omer to bea t 1703 10/70
tn these con tests in spire ofa locatio n 1711 11/70
that is a bit ou r of the way. 1724 12 /70

1725 12/7 0

1147 2m
1148 2/ 7 1
116 1 2f71
177 1 3/71

177 6 5/7 1
1787 5/7 1
1793 5/7 1
1804 5/7 1

1805 5/ 7'1

Bill K / DRB has the front hood of Ills
1811 6/7 1
1830 6/7 1

VW open again, as on (he September 1841 7/ 7 1
cover picture. This time he's off to
operate elsewhere dur ing the con test . 1843 7/7 1
Bo b K9AQP/J looks on from the left.
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Sta ff Open ings
We have openings in the adver­

tising, edi tori al and circulation depart ­
ments for "qualified amateurs who
migh t be in terested in combining their
hobby with their wor k.

In advert ising we need someo ne to
help contact prospective advert isers
and convince them that 73 is the best
possible medium for bringing their
gear to the atten tio n of the ac tive
amateurs. We feel tha t whenever we
are unable to convince an advertiser to
use 73 th at we have failed not only
ours elves, but the advertiser. When we
see h is ads in other magazine s we feel
that we have let him waste his precious
ad money and we feel miserable that
we have let h im make this terrib le
mistake. Sure , we reali ze that not all
readers of Brand X are mentally- un­
derprivi leged , even though the maga­
zin e seems to be writte n primarily for
this audience, nor are all the reade rs
of Brand Y the " build-don't-buy"
fanatics tha t the magazine seems to
cater to , but we wonder if excep tions
are enough fo r us not to feel gu ilty
when , through our inepti tude , an ad­
vertiser virtually throws away h is ad
budget by supporting these magazines.

Some backgrou nd in selling or ad­
vertising wou ld be most helpfu l for
this positio n , since we have to act as
advertising agency to roughly half of
our adverti sers. It is difficu lt to lay
out an ad fo r a client, wri te the copy
and even arran ge for photographs and
art work without some experience in
this field .

In the edi to rial depart men t we
need an ex perienced ama teu r to help
test new eq uipment and write it up .
We need help with prepari ng the
newspages. with the ed iting and pre­
paring artic les. Writing exp erience
wou ld be valuable for this posit ion, as
wou ld backgro un d on th e air work ing
DX, RTTY , contes ts. VHF, F M. and
other face ts o f the hobby. Solid state
know-how will be invaluable too.

In circulatio n we need a know­
ledgea ble amateur to help us reach
potential subsc ribe rs and convince
them to get 73. This mea ns letters to
newly licensed amate urs, to rad io
clubs , boo ths at con ven tions, etc. It is
an interesting and fascinating job and
it calls for a dedicated amateur with
some experien ce in direct mail work,
writing. and a lot of drive.

EDITO RIA L B Y WA YNE GREEN

73 is an in teresting and unu sual
place to work. It is utt erly in forma l,
fro m the offi ces strun g out through an
old New England mansion to the
croquet games at lunch and afte r
work . In th e win ter we tak e time off
for skiing, when the snow is right . The
area is fan tasti c fo r anyone who digs
hikin g, easy mo untain climbin g, tra il
biking, lakes, scenery, clean air and
water, campin g, skiing, snowmobi ling,
peace and quiet. the country life far
away from the hassle of the city , the
most beautiful fall colo ring in the
world , and a climate tha t d oesn ' t get
too hot in the summer or too co ld in
the win ter . Many of our em ployees
live in seclusio n at the end of long dirt
roads, surrounded by woods .

Permanence? Nothing in life is per­
mane nt except change, but things
certain ly loo k bright fo r us. In a field
where virtuall y every pu blisher is a­
wash in red ink , with one cu tt ing ad
prices to anyth ing he can get just to
keep his pages filled , we are comfor­
tably in the black and wor king on
expansio n rat her than dry ing up and
blowi ng away.

If you thin k you can handle on e of
these jobs, send along a resume' and
let' s see what hap pens. Th e pay?
Enough, but not a lot . .. pro bab ly
less th an yo u' re gett ing now . But pay
isn' t every thing, righ t? If money is all
that import ant to you , you'd do well
to stay out of amateur radi o entirely
as a busin ess and part icularly o ut o f
ama teu r radio publishing.

Technician Proposal
Th ere has been a prop osal filed

with the FCC for several years now
asking that Techs be permitte d to use
the entire 144-148 MHz tw o meter
band. I am 97% in favor o f this and
would like to see it come abou t. One
of the possible hangups is that this
wou ld o pen the 144.0- 144 .1 CW
ban d to Techs. I see nothing much
wrong with th is . . . I know severa l
Techs who are a lo t be tt er at CW than
I am . . . and a little ew practice
won 't hurt the rest of them ... but
th is may be a bloc k from the FCC's
vie wpoint . Perhaps someo ne wou ld be
so nice as to send a peti tion to the
FCC requesting that the Tech band be
expanded to 148 MHz, but leave the
144-145 segment for higher class
licenses. Perhaps this compromise

6

would get some action. With re peaters
filling up the 146- 147 segmen t of the

band it is gett ing late in the game to I'
plan the next step ... will it be re-
p e at er e xpansio n in t o th e
145.5 - 146.0 par t of the band or on
up above 147?

Relay R epeaters
Club s with repeaters th at are loo k­

ing for some additional action might
thin k in terms of setti ng up a relay.
repeater. Though the FCC has thre at­
ened to prohibit this. they haven't as
yet, and the more tha t we have going
successfully the better argument we
have to keep them going. If we don't
set them up now before they are
proh ibited we may never get the
chance.

For insta nce, a 9 1 or 97 input
repeater in New York City or Nort h­
ern New Jersey , or even Eastern Penn­
sylvania, could repeat New England
and Eastern New Yor k re peat er s dow n
to Philadelphia. An outpu t on o ne of
the lesser used repe ater channels down
the re would complete the trip . A
9 1-16 machine would relay WAI KFZ
(soon to become K1FFK on Mt .
Greylock ) do wn to WA3BKO in Phila­
delphia, ty ing almost all of Massa­
chuse tts , half of Con necticut and
most of Sou the rn Vermont and New
Hampshire in to the Eastern Penn­
sy lvania and So uthe rn New Jersey
regions.

<,

Why t he 30 k Hz Spacing
Between FM Channels?

Even with fair ly slecnvc receivers.
30 kHz is all too th in a line. For
examp le. at the WAIKGO site on
Pack Monadnock in Sou the rn New
Hamp shire we are using a G.E. Prog
line receiver. We find tha t stations
that are a bit o ff the 34 channe l.
perhaps 10 kHz, sneak through on our
37 inpu t on our receiver. This is
frus trating, and it illustrates all too
clearly that the re is no way to sand­
wich any chann els between the pre­
sen t 30 kHz acce pted standard . As
you narrow down the bandwid th of
an F~I signal you begin to lose the
noise-reject ing bene fits of the mode .
so su bstantially narro wer receive rs do
no t seem practical.

Some work can be done 0 11 im­
provin g skirt select ivity of i-f strips in
ama teur receivers and I think we will
have an article or two before lo ng on a
simple and inexpensive filter which
will greatly help most receivers. I
notice the dif feren ce between re­
ceivers when I opera te from mountain
tops. With broad receivers the signal
fro m WAI KFZ 70 miles away on 9 1
comes smas hing through on both 88
and 94 channels. T he more selective
receivers ignore the KFZ signa l on
adjacent channels.



Dave Pearlstone , president a/Gregory.
welcomes us to tile plant.

Our Man-in-Washin gton
Washington lo bb yists have their

hand s full these J ays. TIley mu st keep
in to uc h wit h all three branches o f t ill'
governmen t: legislat ive . executive an d
civil service . T hey have to be ava ilab le
to prov ide informa tio n whe reve r il is
needed and this is not a sim ple job.
First of all they have to know the
answer s to ques tions or at least how
to get th em qu ickly. Then the y haw
to know who might need the infonna
tion and be sure tha t it is there at the
right time .

Perhaps the 1110.,t im port ant fun c­
t ion o f the rep resent a tive is to fin d
ou t what is happening on all thre e
levels of governm ent and make sun:

[continued all page 9)

Repeater Updat ing
In order to make our repeat er

listings valuable we d o need to know
wh at repeaters are on what channels
where. Please assume when you find
an error in our past listings that no
one h as corrected us and tak e it upon
you rsel f to dro p a card with the in fo .
We' would like to pu blish charts o f the
rep eaters in usc for eac h major popu­
la tion cente r, so would you take th e
t ime to mak e a list of the re peaters
within range and send it in? Please
give the repea ter call. its loca tio n
(t own , mo un tain. or whatever will
loca te it in o ne wordl. and its freq uen­
cies.

I
Jus t a small part 0/ tile piles lIPOII
piles 0/ FM rigs. Incredib le!

If you arc in tere s ted in FM it will
be worth yo ur whi le to visit Gregory
and pick ou t an ex tra rig or tw o . They
are just about 15 min utes from New
York City , righ t on Rout e 46 .

Gregory Elect ronic s
The ham sales of FM gear arc

secondary to the tu rn over of eq uip­
me nt fo r the comme rcial users, I was
told as I toured th e impressive ware­
ho use fuJI of surplus FM equipmen t at
t he Gregory Electronics pla n t in
Saddle Bro ok , New Je rsey . They have
mo untains o f both mobile and base
units ther e. low an d high band. p lus a
staff to check them ou t and make su re
tha t they arc in good sha pe before
shipment.

o n 600 kHz spac ing and to moving
presen t repeaters to tha t standard .
The move will re duce Q RM a lo t

If an y crysta l manufacturer , equip­
men t manufacturer. du b or indivi d ua l
wo uld be in terested in se tt ing up a
crystal bank . I ca n guarantee that I
will do whatever I can to mak e the
project a successs. I wou ld like to see
some grou p or compan y offer 10 bu y
used crystals for a reaso nab le price in
orde r to make it reaso nable for repe at­
er users to change cha nnels . At 55 to
$10 a throw for crystals , it is diff icult
to get a lot of FMers go agree to
change repeate r cha nnels. But if they
knew tha t they cou ld change crystals
for a buck or two apiece. it migh t he a
different sto ry . Any take rs'! It
woul dn ' t be a big deal to se t up in
busi ne ss ... abo ut 1000 crystals
woul d get it going.

RTTY Repeaters
Dunno if many of yo u remem be r.

but the very first tw o meter repeaters
were se t u p fo r RTTY. Back in 1948
John Williams W:!BFD set up a repe at­
er on top of the Mun icipa l Build ing in
Ne w Yo rk which repeated thc AFS K
RTfY signals on 146 .96 MHz. enab­
ling all of the TI fello ws in Gre ater
Ne w Yo rk to get in touch with ea ch
o ther. Most of U<; were using
SCR-522s in those da ys and they were
fine for the job with the ir wide 12
MHz i-f.

Today there are a grow ing Humber
of repeaters being set up for RTTY.
Most of them haw been esta blish ed
on the 10 - 70 chan nels an d it seems
reasonable to me for us all to think in
terms of holdin g out that pair for
RTTY across the country.

Repeat e r groups might give serious
consideration to setting up an RTIY
repe ater in additio n to their FM unit.
Once an installa tion has been mad e it
isn't all th at diffi cult to add a second
rep eater. If all goes well at the
WAI KGO repeat er here in Peter­
borough. we'll add o ne o f th e Dy­
co mm Echo Ii rep eat e rs fo r 10 - 70.

TIers can plug thei r AFSK osc u­
Iarors into th ei r tw o meter FM nes
and operate thro ugh th e loc al 10- io
repeate r. Th ere 's noth ing much to it

Why 600 kHz Repea ter Spa cing
About 75% of the repe aters in t he

country are now set up on what has
become th e standard spacing between
th e input and out put o f 600
kHz - for instance tak e the most use d
pair o f frequencies of 146.34 in and
146.94 MHz ou t.

Th e 600 kHz spli t was chose n
because it was wide en ough , j ust . to
perm it a repea ter receiver to opera te
wit h its receivin g anten na on th e same
towe r as its t ransmitting anten na .
Much tess of a split and th e pro blems
of keeping the transmitter from trig­
gering the rece iver become formid­
able . . and expensive .

Oka y. so 600 is a min imum , but
wh at differen ce does it make if the
spread is more than that? There will
be that mu ch less tr ouble se t ting up
the repea ter if 800 kHz spread is used ,
so wh y isn ' t this even bette r?

II wou ld be better if there were no
ot her co nsidera tions. There are some
othe r co nsider ations that enter in to
the pictu re. One is that most F~

o pera tors wan r to be able to work
simplex as well as thro ugh th e repea t­
er. \fa st o f the amateur FM transceiv­
ers are delivered to day with crysta ls in
place fo r 34/94 an d 94 /94 as starters.
It is ask ing a lot of a transmitte r to
expec t it to be reasonably in tu ne for
bo th 146.34 and 146.94 with o nly the
swi tching of the crys tal taking place .
If the input were moved to 800 kllz.
o r do wn to about 146 .13 , the ou tpu t
a t 146.94 wo uld definitely be dow n
on man y of the rigs.

This is a problem, hut not rea lly
compelling enough to mak e anyone
adama nt ab out 600 kHz spacing.
Th ere is one more good argument that
you. as a repe ate r owne r or user .should
mull over in your conscience and tha t
is this . If your re peate r is split mo re
th an 600 kl lz, this means th a t the
complimen tary channels which wou ld
normally be used for 600 kHz arc­
going to be spli t less tha n 600. and
th eir use would be limited to repeat ers
with split sites where the spaci ng
between the receiving and tran smit­
ting anten na can be mad e grea t
enough to overcome the narro wer
spli t. Is this really fair? Few rep eat ers
are in loca tions where the receiv ing
site can be split from the transmi tt ing
so , in most cases, you r use of mo re
th an 600 kHz rend ers another pair o f
freque ncies un usable .

In areas whe re there arc o nly a few
rep eat e rs this is not yet a proble m.
But in a gro wing nu mb er of area s
virt ually all channels betw een 146 and
147 are fully occupied and new re­
peatcrs either have to set up outside
of the band or else trod upon toes of
earlie r rep ea ters, with subsequ ent
wars.

Fellows. please do give serio us
thought to setting u p new repeaters
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ou goons don't ever proofr

lEmTEB'Sbbe f r o ' 8 n
y , " n
I i nsi s t that you prin t ev

PEN PALS ?
I ho pe you will forgive me for

wri ting to you I'm a Soviet ham of
seve nteen years of age. I've been
looking for a ham in a for eign country
wit h whom I m ay correspond, and
you can 't imagine how happy I should
be if yo u wou ld enable me to realize
my che rishe d dream.

Well , I am going to tell you a little
abo ut myse lf . My name is Vic to r. I
have finished Secondary sch oo l this
year. My hobbies are ham rad io , po p
music, and so all . I want to corres­
pond wit h any boy , from any Sta te. I
have a friend who is also a ham and
also wants a pen pal from the USA.

I'm afra id you can't rea d my
English easily because I' m not very
good at it. But I hope you can
und ersta nd it , anyway .

Victo r Ta ran
Post Box lIIl

Kiev - 139
252139

U.S.S.R.

CORRECT ION

By now I suppose your office has
been inundated wit h protests by
hu nd reds of disgruntled Novices . I am
referring, of course, to Par t X of the
Gene ral Class License Study Gu ide in
the J uly issue. The "simplest rad io
re ceiver" show n in Figu re I cannot
pos sibly work. - since a diode mus t
have a de retu rn path in orde r to
rectify ac. I sugges t you add an rf
choke from the antenna to ground.

75 years since Marconi, and some
people sti ll get it wrong! Tsk ! Tsk !

Donald Kochen K3SVC
Dundalk MD

NON-RENEWER PENIT ENT

I was working very nicel y toward
DXCC with 82 countries wo rked . I
also had 45 Stat es con firm ed for
WAS. Not bad fo ra Novice . righ t? My
first hint o f tro uble was the 15 me ter
band going to the dogs. Then I ran
in to all kinds of trouble getting a 40
meter vert ical up in my yard. Finally,
th e very nigh t I had a ske d with
DL4B W to check out the 40 met er
vertical , my receiver died . Please,
please, re new my subscriptio n before
the gods become angrier.

James J. Lord WN20S1

Okay. but wat ch it nex t time.

GAP ?
Th ought you migh t like to know

tha t there is no gener ation gap in ham
rad io. J ust a commu nica tion gap be­
tween the ARRL and the amateurs
themselves. Keep up the go od work
but please , a lit tle less FM and more
Bo b Manning (KIYSD) - enjoy his
madness - and more YL cand id shots

Bob Damrau WAILOT
Clinto n CT

JAN EL 432CA CONVERTER
Afte r search ing around fo r the ulti ­

ma te 43 2 converter for the past three
years and using the leading 43 2 tran ­
sisto r co nverte rs, I decided that my
own hom e brew style nu vistor conv er­
ter with a transistorize d preamp was
indispu tably the best. To make a long
story sh ort , I soon discovered th at my
hom e brew converter wasn' t the best
and my egotist ical natu re decreased to
min us 80 dB. The Janel con verte r did
an excellen t job with plenty of gain
an d low noise level , which gives it a
big plus for th e serious 43 2 en th usiast.

The circuit uses 5 NPN bipola r
silicon tra nsistors, one MOSF ET , one
zener diode for loc al oscillator voltage
regula tion, and two diodes in a full­
wave built-in ac power su pp ly . The rf
amplifier uses a 40235 in a common
emitter configura tion, with a bro ad­
band input circuit to tune out input
reactance, insur ing a low noise figure ,
and two silver pla ted st rip -line outpu t
circuit s for maximu m sele ctivi ty and
image reject ion . The loc al oscillato r
chai n begins with a crys tal in the 100
MHz region , th us reducing th e number
of mu ltipliers and spurio us responses.
A 40235 oscilla to r exci tes two 40235
do ub lers to obtain oscill ator injection
frequency which is mu tu ally cou pled
in to the base of the 4 0235 gro unded
emitter mix er. The output of the
mix er is capacit ively coupled to the
3NI40 du al gate MOSF ET stagg er­
tu ned i-f am plif ier prov id ing 0 -27 dB
of i-f gain with the adjus tme nt on the
fron t pan el.

All American co mp one nt s are used,
which are mounted on an epoxy PC
boa rd an d housed in a metallic gre en
two-piece die-cast alu minum cabin et.
Each converter is tu ned to order and
individually built and tested . Other
featu res of this converter inclu de a
jack for 12V dc input and its relatively
small size (6 3/4 " L, 5 1/2"D, 2
1/4 " H). Other specifications are as
follows:
Frequ ency inpu t: Any 4 MHz segment
between 420 -470 MHz; Stocked fre-

(continued on page 10 )
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Z L40L/A Campbell Island on
arou nd 0930z 14026 , and 0300z on
SSB on low end of band . QSL
Z L2GX . ZU OL/ C Chatha m Islan d on
at odd hours on CW on 351 0, 70lO,
14030, 2103 0 and SSB 3690 , 3790,
7090,14 190 , 1462 5 (Pa cnet ), 21300 .
QSL to ZL2AFZ.

SPRAT LY ISLAND
DU1DB, who was hoping to ma ke

th e Spratly DXpcdi tion from VS6 and
W, did no t get his boat in sha pe in
tim e to have the exp ed it io n com ­
plete d by th e tim e th e typhoon season
began , so the DXp cdition has been
pu t off indefinitely . Anyhow , the
island s are now the focal point of a
political dispute . BV-Land has oc­
cupi ed one of th e Spra tly group and
DU-Land has lodged a protest. Mean­
while the BY boys have constructed a
militar y base on th e nearb y Para cel
Islands. Both of the se island groups
are also claim ed by 'both halves of
Xv-Lan d. So the ch ances of there ever
being a DXp edit io n to these areas is
remote inde ed, unle ss a member of
th e Chinese Signal Corps decid es to
try ha.~n radio . {Info InX to Gus}

BHUT AN. AC5PN conti nued to sho w
up ra th er regularly in the last par t of
Augus t, the West Coast getting in
there frequently and often Yonten
being worked in other parts of the
country . One report says he was on
every morning from 1300kc between
1403 4 - 1403 6k c. lT D tol d him th at
Bhutan can officia lly request an lTD
prefix and the n make th ei r own int er­
nal assigneme n ts for ama teur. com­
mercial, governme nt and milit ary
calls.' Yonten is still using the call
AC5PN bu t may chan ge it to
AC5 PY .. . or he may wait fo r the
lTD action . There is a repor t th at a
beam an ten na is being offere d . Possible
that n o QS Ls will be printed u ntil call
sign clar ified . Pre-pre par ed QS Ls may
be su ccessful.
S IKKIM AC3 PT showed up recently
aro und 14300kc from 1300z. No set
frequency bu t this is the area .
som etimes higher, some times earlier.

Has also appeared on SEA NET. One
day UAleK was emceeing the actio n.

CAMBOD IA 9M21R visited in Cam­
bo dia and o bt ained operat ing per­
mit - VE7 IR/XU. Plans are to de­
monstra te ama teur radio to XU-offi ­
cia ls and then pu sh for lifting of ba n.
BU RMA 9M21R also visit ing in
Burma . Telecoms Director there says
12 XZ-licenses sti ll in effect but high-
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Thanks to WA2 ROJ, WA8GVK,
W2LAL, WIUPB, WA9CWE, W2AWX,
WIWAS, and K9LS B.

is just a small th ing, to be sure , and of
litt le imp ort to FM'ers, bu t a lot of
40m c ps may stop and thin k a bit
about it. VHF operat ors migh t wish
that there had been a loud voice
asking questions when the Air Fo rce
decided to take first priori ty on all
UHF bands a few years back , permit­
ting amateurs to con tinue to use the
bands as long as there was no inte r­
ference to the AF. Hmnun ? Those are
jus t a couple of small examples.

.Wayne

LOO KING AT SOME
WE LL KN OWN DX'ER S

W2NSD!l cont. from page 7

that the amateurs are aware of any­
thing of imp ortan ce to them. This
means keeping close track of adrm nis
tra tive programs legislative prop osals
and actions, and agency regulat ions.
There is a virt ual army of GS-lO
employees in govern ment agencies
who work th rough the years, no ma t­
ter what party is in power or which
legislator is elected, and mo st of the
things that seriously affect ama teur
rad io happen s on th is obscure L _
level - a level that only a profess ion al
lobbyist can really kno w.

Th e mere presence of such an
individual is enou gh in man y cases to
insure that amateur radio will get a
better deal. Actions on fairly low
levels in the Stat e Departmen t, Army ,
Navy, Air Force , and many other
government agencies can have long­
range effects on us. Would the Voice
of Ameri ca have quite so many of
their incre dibly loud transmitt ers in
our ham bands if we had any clout? It

WIOOP Hank , on e of th e vanguard on
220, 432 and up. You 'll hear him
operating fr om W2DC du ring contests
if you ever want to co ntact New
Ham pshire on one of th e UHF bands.

Anguilla for a few day s, opera ti ng as
VP2EF (Wayne ) and VP2ES (my self),
in com pany wit h PJ7V L (Vin ce
LaBega). After the Anguilla stint, I
will be retu rning to Dutch St. Maarten
for a few days to operate as PJ8AA
We plan to cover all bands tha t are
open fro m 10 through 80, both phone
and CWo We will generally be 30 kHz
inside the low edge of each Americ an
CW and phone band .

QSL 's from FG~D/FS7 and FP2EF
should go to W9IGW

QSL's for VP2ES and PJ 8AA
shoul d go to W2BBK.

" Doc" Evans W2BBK
Englewood, NJ

W20NV

DX MAILBAG
On November 3rd Wayne Warden ,

J r. (W9IGWj and myse lf (W2BBK)
plan to arrive at St. Maarten . We will
be operating for a couple of days from
the French side of the island as
FG0GD/ FS7. Thereaft er we will go to

Some DXers from Two Land

If you have any reasonably good
photographs of well-know n Dxers.
send 'em on in . The following were
snapped d uring a OX get toge ther in
New Je rsey. If the ban d is open at ail
you will hear at least one of these
chaps coming through .

Leave it to dedicated DX chaser
W4NJP to spot this one and snap it
from the car window between Jackso n
and Nashville.

er authorities ban ning trans mitting.
Apparen tly no foreigne r will be al­
lowed any XZ-opera tions and a Burma
citizen probably will be the first back
on the air . .. when things are eased
(Thanks to West Coast DX Bulletin)

Look fo r W7UXPjKM6 Midw ay a­
round 2 1-24 Oct. , and / Kure Island
from the 25th of Oct. QSL to
KH5HCM, 5952 Ganne t, Eva Beach
Hi 96 706 .
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LETTERS
(cont inu ed from page 8)

q uen cy output : 16 30. 28-32.
50 ~ 54 ~tHz ; Gain (front pan el adjust­
able): a to 3S dB : Noise figure :
4 .3- 5.5 max imum d B; I-f rejection at
28 ~Hz j-f : 75 dB: lmagu rcjectiou at
28 MHz i-f: 40 d B; Max imum inpu t
signal level : 10 mW: Power sup ply:
117 V Ole or 12V de @ 40 rnA: Price
class: $65.00.

The man ufacturer also has plans
for producing an antenna mounted
4 32 MHz preamplifier with buil t-in
anten na relay and po wer sup ply. The
Janel model 4 J:!C A conve rte r and
further informatio n are availa ble di­
rec t from Janel Laboratories, P O.
Box. 1/ 2, Succasunna. NJ. 0 7836_

I. ~ ' I.. T . O" singt'r WA2VJC
Clift on ""J 07011

About a mo nth ago I had the good
fortune and pleasure to lake a motor
trip through Canada, and on my re­
turn visit I detoure d thro ugh New
Hampshire j ust so I could visit you
and 73 Magazine. I OI m sorry that yo u
were not there at the time bu t I
enjoyed the visit any ho w. Your whole
sta ff, including yo ur charmi ng wife
and daughte r. just drop ped th eir
chores fo r the mom ent and treat ed me
like a long [mit bro ther It almos t
made me envious to see th e famous
Southern Hospitality being o u tdone
by all tho se Yam Dank ccs. ln fact,
everywhere I went in hoth New
Hampshire and Vermont, peop le were
so do ggon ed nice to me it jus t made
me even prouder to be an American

Aft er I reluc tan tly left 73 , I de­
cided to drop by th e ARRL head­
quart ers. but they did n't seem to be
quite as glad to see me. My recep tion
wasn' t co ol, bu t it definitely lacked
the sparkle o f my visit in Pet er­
borough . For facilit ies they have yo u
beat hands down, having a well­
stoc ked museum. opera ting building.
spacious, richly app ointed offices.
well-equ ipped laborat ories, plen ty o f
tech nicians to work on co nstruction
project s. et ce te ra. but facilities alon e
ca nnot make up for o the r defi ciencies.
I wanted to mee t some of the pe rson­
aliti es whose names regu larly appear
in QST magazine . but th ey were too
busy to sec visitors. The best I could
d o was to subsc ribe to QST ~ maybe
on my next trip (if ever the op por­
tunity strikes again) the y might be a
litt le less st uffy abo ut their own im­
port ance .

I think th at yo u and you r staff
issue an outstanding magaz ine fro m
evcry respec t and am prou d to be a
life subsc ribe r. bu t if it would help
you to become a director of the
A RR L I wo uld not mind your selling
out to someone who co uld and wo uld
maintain the top quali ty every one has
come to expect in eve ry issue o f 73 . If
I had the mon ey it wou ld be me - I

like th e co untry , I would ea t up the
challenge. and the gen eral subject mat­
ter is of great interest to me . Righ t
now , the best I can do is to recom­
men d 73 to all my frien ds and no n­
friends alike.

If you are ever in Jackson . loo k me
up - I am not famous nor do I pub­
lish magazines. bu t my stea ks and
hospita lity are known far and wide.
" y'all come!"

John Salter
Jack.'!OlI MS

Make mille thick and very , very
rare . . . okay ?

In yo ur " New Boo ks" column in
your last issue, yo u had a small
picture of a bookshelf and on it were
books with humorous titles such as
Cold Solder Joints I Have Kno wn . and
Coax Cable Braid Weal ' ing . How co uld
yo u forget such best sellers as First
A id for Bleeder Resistors. and A .M.
and AJll .'lio t'!?'! Don' t for get the
sizzler from Sf\.{ land. My Stl/dy 0 11

the Sk ill Eff ect . I feel your lib rary is
lacking without these books.

Kar l G. Smrekar J r. WN3PJB
Hou ston PA 1534 2

V HF Const ruction Lines!

This bit about " VHF home con­
struction to be stopped?" in August
73 referring to the cer t if ica tio n of
rad io receivers for use above 30 MHz
sent me to my copy of Part 15.
According to it . "no radio receiver
. . . that op erates in the range 30 to

890 Mc . . . shall be operated without
a sta t ion license un less it has bee n
cer tifie d.

In Part 15 there is no reference to
converters, so presumab ly it is no t
necessary to cer tify these, as they arc
certainly no t receivers. In add ition ,
receivers tun ing below 30 MHz do not
requ ire cert ificati on . Put the' two to­
gether. and what do yo u get'! Obvi­
ously not a recei ver, bu t a re ceiving
sys tem Part 15 has nothing to say
abou t receiving sys tems . The moral
is - don 't bu ild VHF receivers . Keep
converters and i-f systems in sep arate
boxes and be content with rece iving
sys te ms.

In the event that th e legal ex perts
construe "receiver" to inclu de "re­
ceiving syste m," there is ano ther way
to legally avoid pro blems of cert ifica­
t ion of equipm en t. Part 15 sta tes tha t
"n o radi o receiver ... shall be ope ra-
ted without a sta tion license . "
so why not ope rate the receiver with
the station licen se? If a converte r is
used an d if th e i-f freq uen cy is chosen
so th at the co nverte r oscillat or fre­
quency falls 'wit hin the ban d, the
"re ceiver" is legal. as lon g as app ro­
pria te signal identification is mad e.
Solutions to automatic signa l ide ntifi-
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YTi c~ - $2 ~T 25 word . fo r n o n­
e<> m m ereial ad s ; $ 10 pe r 25 words fOT
b " . inus , u n tu ....s. :-10 di.pl;oy ad. or
;o1t. neyd 'Ko u n l. In elud~ y o u r eh..ek
with o rd er .

De.-lhn e fo r ad s is the I .... o f the
month two m onth . prior to p u b li "",-

~i:adli~~rf~:~h'epttr~hn~~:' ~h1e~ ~~l~
b . mail .d o n Ihe 10t h of F eb...,""y .

T y pe o:opy. Phra ..., a n d punctua t e
e"..etly U ) "O U wish it to " P lH"a r. Ko
ai l-c a pl t;ol ..d s .

w. w ill ~ th. ju dj: e of su ilab ili t y of
ilHis. O ur r u p<> n . ib lii l y fo r e rrOT. U, ·
tend s only 10 p r inl inJ:: a co rr . cl ad in a
b.1... inu •.

Y or $1 .. :<Ira we "",n m aintain a re p ly
00" for yo u .

We un no l eh ..e k into eac h ad,-ert;ser.
50 Ca ' ·..a l E m p tor•• .

HOOSIER E LECTRON ICS You r ha m
headq uarters in the heart o f th e ~Iidc

west where on ly th e finest amateu r
equi pment is sold. Auth orized dealers
for Drak e. Hy-Gain , Regency . Ten­
Tee, Galaxy , and Shure . All equ ip­
ment new an d fu lly guar an teed . w n te
to day fo r ou r low q uote and try u ur
persona l frien dly Hoosier service .
Hoosier Electro nics. Dep t. D.• R.R.
25, Box 403, Terre Haute, Indiana
4780 2.

WANTE D: UGC-20A Telety pe. For
Sale : 5 1S1 rcvr , AM-136 5/ URT UHF
linear amp lifier (220-4 50 MHz).
Hank , W6SKC, 213-799-588 6.

CANADIANS, Japanese gear. LOW,
LOW prices. Fr ee catalogue and infor­
mati on . Glenwood Trading Co., Dept.
A, 4 819 Skyli ne Dr., Nort h Van­
cnuver. B.C.

HALLICRAFT ERS S-27 receiver,
27 .8 - 143 + MHz, A1If /F M/CW, re­
built, excellent condition (mete r in­
operative). manu al. $90 firm . Ray
Dewey, 7 Caroli ne Drive. Bennin gton .
Vermon t 0 5201 .

cat ion can be found in th e literature
p ertaining to repeater opera tion .
Straigh t C.W. key ing o f the local
oscilla tor signal at 500 WP:\I is recom­
mended. Undouhted ly o ther meth od,
o f unno ticeable det ectab le stat ion
identification of receivers cou ld be
develo ped.

Think of th e fun of " receiver" to
"receiver" con tacts and QRr with out
a "transmitte r !" Th ink of the new
te rminolcgy-Tf fc ratio (ratio bet ween
transmi tte r powe r ou tpu t and receiver
power o utpu t ). FS (frequ ency sp acing
be twee n transmit ter frequency and
rece iver frequ ency) , e tc. " VHF hom e
co nstruc tio n to be sto pped'!" Not by
a lo ng shot !

Jo hn J . Duda W2 ELV
Geneseo NY 144 54



HOT GEAR

NAT IONAL HRO 500 for sale flew
condition less th an fifty h ours,
5 1195 .00 . Dennis Dressler, Rt 7,
Topeka. Kansas. fa ne 913 -4784 75 1.

HALLICRAFT ER HT 46 Xmit rer and
SX 146 Receiver . with relay and
books. will ship . $175 .00. perfe ct
condx . :: - TAo 33 beams @ li50 .00. I ­
TAo 33 Jr beam $25.00. I - 40 ft .
cra nk -up tow er. 57 5 .00 . W.
Ab rahams. Southview Ave" Midd le­
bur y , Conn . 0676 2.

2 MET ER AM Clegg 2:rer transceive r
like ne w 575.00. J . A. Smith . Box
2065. Newburgh KY . 11550. Tel.
914-56 2-4300.

" 1971 T ESTS- ANSWERS" for FCC
First and Second Class Liccnse c­

p lus - "Self-Study Ability Test. "
Pro ven! $9.95 . Satisfaction guaran­
teed. Co mmand , Box 16348-S. San
Francisco 94 126.

2-METER FM IC·20, solid sta te . sta te
of the art , fully Xtaled. w/mi ke . m­
mo unt . & o the r accesso ries. 5120 .
Bob Brunkow. 15 111 S.E. 44th. ,
Bellevue. 'VA 98004 .

A TRANSFORME R for linear build ­
ers. Tapped 115 v. pri. Sec 1050 v at I
amp. C T. Can be used in bridge
circui t for sweep tube or in a doubler
circ uit would fu rnish over 2900 vo lts
at 500 rna for zero bias triod es.
Sealed case . 514.9 5 plus shipping. wt.
47 lb. Ca n be shi pped via U.P.S.
A.R .C. Sales, 18 1 E. Wilson Bridge
Rd., Wort hington. Ohio 43~85 .

SARoe SEVENT H ANN IV ERSARY
Ja nuary 6 -9 _1972. Advance Registra­
tion 59.00 per person entitl es regis­
trant to SARo e Special room rate
51 1.00 per nigh t plus ro om tax . single
or double o ccupancy, effe ctive Jan ­
uary 4 th rou gh 11. IQ71 : tickets for
admi ssio n to technical seminars. HAM
RADIO MAGAZINE and SAR Oe
Happy Hour Th ursday. SWAN ELEC­
TR ON K' S and SAROC Social Hour
Frid ay . HY-GAI N!GALAXY ELEC­
TR ON ICS and SAROC Champagne
Part y Satu rday . Buffet Hunt Break­
fast. Sunday. Ladies who register will
receive tra nsport ati on for shopping
[our, luncheon and Crazy Hal pro­
gram at the New Union Plaza Hotel
downtown Las Vegas. Saturday . Ad­
vance Registra tion, with Flamingo Ho­
lei mid-n ight sho w two dr inks.
$14 .50 . Advance Registr at ion, with

Stolen from locked car in driveway
at ho rne, nigh t of August 17, 197 1:
REGENCY 2 (incl mic], Serial:
04- 0 350 5. T Jeff Coffey . Jr.
WA 5B NM . 3/02 Mindoro, San
A ntonio TX 78217.

Fla mingo Hot el Dinner Sho w (entrees
Brisket of Bed or Turkey ) no drinks ,
$1 7.50. Ta x and Gratuity included
exce pt for roo m. Fro n tier Airlin es
SAROC group n ight package planned
from Chica go, SI. Louis. Omaha, Den­
ver. send for details. Fifth National
FM Conference. AR RL, WCARS­
7255. WPSS-3Q52. MARS. meetings
an d technical sessions sched uled . Ac­
co mmodations request to Flamingo
Ho tel. Las Vegas, Nevada befo re 15th
December. Advance Registration to
SA ROC, So uthern Nevad a ARC , Inc..
Box 73 . Boulder City, Xevada 890 05 ,
befo re j f sr December.

TELETYPE PICTUR ES for sale. Vol
I 51.00 . Vol ~ sc.oo. Vol 3 s1.50 . All
for 54.00 . Perforated tapes available .
200 di ffe ren t pict ures W9DGV-C,
2210-30 th Street , Rock Island Illinois.
6 1201.

SALE. HEAT H: HW-I OO (includes
Cw filter), ac PIS. des k mike. spk r
Excell ent ! Finn $300. M. Saltz berg ,
93 18 Edmonston Rd .. Greenbelt. Md
~0770. 301-34 5-8411.

R-388 RECEI V ER S,:W min i condx.
Trade tow ard TR -4. K\V~f - 2A or best
of fer. NE E D m ai nt. manuals:
GERTSCH F M-3 FR EQ. METE R
W/ DM· I MONIT OR and CMC 200B
COUN TER. Have manuals for 53 5A.
545 A and 5 1l AD scopes and F R--67
cou nter. SASE for m ore items fo r
sale. J. Jo nes, 118 Ohio Circle. Jack ­
sonville. AR. 7 ~076.

2 METER MOTO ROLA HT·220 - 6
watt, :; freq , with nickel-cadmium
ba tte ry, like new in original carto n.
Fir st $289.00 mone y order takes. R.
J . Morse, Box 50 03. Col umbia. S.C.
19205.

T EC H MAN UA LS · - $6.50 each:
R- 1 74 /F RR . T5-34 A/ AP, LM-21.
B('-779 8 . BC-639A . TS-186 D/UP,
ARR -7 _ BC-34 8 JNQ . SP--600JX ,
URM-25D. OS-8C/ V. CV-59 1A1URR .
T S-3 2 3 / U R. S. Consalvo. 49 05
R o anne D rive, Washingto n, DC
2002 1.

SELL: Limited q uantity o f 12F R8
tu bes. $8 .50 . 20A ex cit er and VFO,
595. Cressman , 327 K. Prospect St.,
Washin gton. New Jerse y . 078 8~ .

FOR SA LE: Lampkin 105 B with all
manuals, used very little , 5150 .00 ,
will ship. W9PPP 1305 Je fferso n
Str eet. Racine, w ise. 53404 .

One Sonar FM-360l 2M FM
Xceiver., ser . #1003, with 94/94 and
3 1/9 1 xtals . Stolen 8/ 28171. George
R nsctier WB2A RM. 195 Colvin A ve
Buffalo N Y 14216.
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FOR SA LE: Heath HW- IOO. HP-23a
$B-600, Turner 350- C Mike , $270.
Bert O ' Co n nor. 16 Smithshire
Andover, Mass. 01 810 .

PROF ESSION AL S ERViCE - for
yo ur qua lity ham gear . Moseley An­
tennas distributor. For information or
shipp ing instructions send card to
Sou th Shore Radio Phone. Inc.. Muni­
cipal Airpo rt, Marshfield , Mas>. 0 20 50
or call (6 I7 ) 834-6900 and ask for
Dave WI AAI. A very co mple te facilit y
with plent y of experience to help you.

GALAXY FM-210 w/Power Supply .
Mobile Bracket , Three Sets Xta ls. Uni t
has all engineering changes. will not
drift . '$ 165.00. P.O. Box J , Lincoln ,
R1 0 286 5.

FM-210 used for edit orial writeu p in
73 available comple te with ac power
supply and cry stals for 34/94 and
94/ 94 . 5300 value goes to the first
check for $14 5 received . Box A, 73
Magazine , Peterb oro ugh ~H 034 58.
FM-21O crys tals $1 .50 eac h, Transmit
n , 28.46. 37, and receive 81. 88, 73.
While the y last . Box B. 73 Magazine ,
Pet erborough NH 034 58 . 1000 kHz
crystals $2. 00. Box C, 73 Magazine,
Peterboro ugh NH 03458.

SO LID FIBER OPTI C: 35 ft ., 1/1 6 in.
dia., PVC jacket - 75¢. 500uf ­
50WVDC elec trolyt ics - 5/ 52.0 0,
10/ B .50 . Postage plse. Electroni c
Syste ms. PO Box 206. New Egypt NJ
08 533.

WAN T ED # 195154 GEA RSHI FT
FOR MODEL 28 ASR. Also M28
LPR-9 Reperf Fo r Sale : Model 28 T D
LBXD Excellent. 60 WPM with cover ,
$9 0.0 0 F.O.B . Larry Kleber. K9 LKA/
WQCPD, Belvidere. Illinois 6 1008.

STUDY fo r yo ur first phone licen se at
yo ur ow n pace using th e highly-suc­
cessfu l Bell & Howell (DeVRY ) cour­
ses. Contact Bill Welsh (W6DDB). 234
S. Orch ard , Burbank, Calif. 9 1506.

WEST COAS T HAMS buy thei r gear
from Amrad Supp ly Inc. Send for
flyer. 1025 Harr ison St .. Oakland , CA.
94607. 451 -7755, area code 4 15.

2M FM, standard 826M. Hustler
BBLT-I44 ani .. extra cry stals fo r
19/73, 12/7 6 repeat.. all 2 months
old . 5290 .00. 1. So lomon, 24 Brook­
field Lane, Centereach, ~.y. 117:!0 .

ALMOST FREE. Taped co de lessons.
Beginn ers to 5 wpm. Refundable de­
posit on tapes. S 1.00 for postage.
Tomli nson College Radi o O ub , 3 63 7
We st Grandview, Tacoma, Wash.
98466.

CO LLINS crys tal pack 5150 .00 .
Linear Systems 500- 12 mob ile power
supply $80.00. Hi pow er linear xforrn­
er 2500v @ 3 am p. $40.00. All items
like new! WA5ZWO, P.O. Box 3 51 28,
Dallas TX 75235.



5 Channels - - .94/.94 and .34/.94 supplied
.3 uV receiver -- 1.5 W transmitter
Compact -- SOh x 3" w x 1Y2 d "-
Full line of optional accessories includes external

speaker-mike -- desktop charger - .;;. "stubby" an­
tenna - - and more!

Available NOW! -- Only $279.00

NEW! HANDY·TALKY
STANDARD SRC-146

12 channels (4 with crystals)
10 Watt output
All solid state

Hot MOSFET receiver

Only $339.95

Rigs for every use • . .
for every pocketbook!

M
E
T
E
R

ALL PURPOSE

STAN DARD 826M

NEW! HIGH POWER
STANDARD 851 SH

25 Watt output
12 channels (4 with crystals)

All solid state
Separate 4x6" speaker

Only $449.95

And many more from Dycomm/Kenwood/TempojAntenno Specialists

Make ERICKSON your headquarters for all your FM needs .
SEND QSL FOR COMPLETE SPECIFICATIONS

ERICKSON COMMUNICATIONS
4653 N. Ravenswood Ave., Chicago, III. 60640 (312) 334·3200



Doug Gaines W4AXE
1226 Rolling Wood Lane
Lakeland FL 33803

ABIG THREE ELEMENT BEAM
(OR THE BIGGEST GAMMA ROD IN THE WORLD)

T hree elements, D.I S-wavelength spa c­
ing, vertically po larized mechanically

rotatable. Big deal! So what's so great
abou t a three-ele ment yagi? Well, really not
mu ch except this art icle is about such an
antenna, designed , bu ilt full-sized, and op­
era ted during a DX contes t for t he 7S m
phone band!

During the contes t seaso n, I got the it ch
to do somet hing di fferent. How I decided
on operati ng single-band on 75 phone is
beyond me. I susp ect a streak of maso­
chism. I had the sick fantasy that it would
be .a lo t of fun, espec ially if I could come
up with a mind-blowing antenna that
would rattle t he boy s in the nort heastern
U.S. loose from their monopoly of signals
into Europe on 7S m. Sick, sick, sick.

After severa l months spent experime n­
ting with wire beams, 8JK's, Lazy H's,
" bo btail" arrays and other mickey-mo use
arrangements, I knew I was falling far short
of my goal. In short , th e Wls and W2s were
eati ng me alive. Som et hing a little further
out was obviously need ed if I was going to

NOVEM BER 197 1

even par tially make up for the handicap of
operating from Florida.

While playing with vertical arrays , I got
around to feeding my 125 ft tower. After
qu ite a bit of fiddling , I found I could
match it to coax with a huge gam ma
section, and it would actually radiate. This
was not too difficult afte r I realized that
th e tower, plu s the top loading of my
six-eleme nt 20m beam , appe ared to be
S/8l1 long on 3800 kH z. With out going into
a long discourse on verticals, I will just say
that I pu t out six Y4X radials in very good
earth at the grounded base of the tow er
and gam ma matched th e tower to son
coax, using a gamma ro d 3 in . in diamet er
and 38 ft long. Who knows whether the
tower or gamma rod was rad iating more? It
work ed fairly well, wit h a low angl e of
radiation, was rather narr owbanded - but
was still only a vertical and ha d no gain.

While lying flat on my ba ck in the yard
on e Saturday afternoon, properly fortified
with a suit able quantity of cool 80 7s, an d
contemplating the tower (while there are

13



REFLECTOR
DRIVEN
ELEMENT

66 ft RADIALS

/
/

Fig. 1. Th e beam is a to wer with a quickly an d
easily assem bled wire contrivance to make the
elem ents.

those who smo ke pot and conte mplate
their navels, I guzzle beer and conte mp late
towers ) I had a visio n (hallucination?).
Why not mount two more vertic als, reflec­
to r and director, in lin e with the tower and
make it a fixed array favoring Europe? In
fact, why no t hang the dire ctor and refl ec­
tor from the boom ends of the 20m beam,
enabling me to rotate them around the
driven eleme nt (the tower) and I wo uld
have a full-sized, three-element 75m ro tary
beam.

Without going into too many det ails of
neighbors burning crosses in my yard and
chanting, "Fall, fall fall" every time I got
on the tower, swinging elements nearly
decapitating small ch ildren and FA A re­
questing I file a flight plan every tim e I
rot ate d it, her e is how W4AXE bu ilt an d
operate d on e of the most gawdawful Iook­
ing (b ut electro nically satisfy ing) mechani­
cal monst ros ities since the Chinese oy ster­
shucking ma chine.

Figure I is a sketch of «The Thi ng."
The tower , a self-stand ing 125 footer, 22 ft
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across at the base, tapers to a mast whi ch
makes th e entire structure 136 ft high . At
the 125 ft level, I had only my 20m beam
mounted at the tim e. It s six eleme nts on a
46 ft boom made it an excellent top­
loading capacity hat that I really didn't
need, as t he tower would have been much
easier to load if it was a half wavelength
long. Th e reflector was calculate d and cu t
136 ft long, and the director length was
chosen to be 112 ft long.

The parasitic elements were strung from
th e very top, over outriggers mounted to
the boom, and down vertically , parallel to
the to wer and 36 ft away from it. They
were number 12 copper-clad ste el wire ,
held taut by weights consisting of two
paving bricks hung on each lower end. No
attempt was made to restrain the lower
ends or keep them constan tly spaced from
each other and th e tower during rotation.
This "le tt ing it all hang out " t echnique
resulted in some startling geometry changes
from cent rifugal force during rotation.

Some losses were probably incurred by
having to bring the upper ends of the
director and reflector close together at the
mast top. This ...was necessar y to pull the
gyr ati ng element ends, with the ir lethall y
swinging bri cks , high enough to clear trees,
children and a neighbor who lives for th e
day he can have somet hing to sue me for .
(H e almost had me la ter when his son lost a
U-cont rol model airplane to my 75m re­
flector. I got out of that one by getting the
kid to imagine he was a Luftwaffe pilot
trying to get his ME109 through the

•
"Des Flam enspitzer" gamma ma tch with covers
removed. Wine bottle insulator is empty, of
course. CA UTION! MUCH HIGH V OLTA GE!
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barrage balloons during th e Battle of Lon ­
don.)

The matching system consisted of a 38
ft gamma rod constructed from 3 in.
irrigation tubing (hope cer ta in gro ve own­
ers don't read t his!) and a 25-1000 pF
vacuum variable capacitor . Why a vacuum
variable? Becau se I could develop a jillion
volts across the gam ma capacitor wit h a
kilowatt. Ob serve the photograph of th e
lower section of t he gamma match , affec­
tiona tely called " Das Flamenspit zer" by
those who have sto od too close to it. Note
also the dead grass.

Th e outriggers were constructed of 2 in.
alu minum tubing with drill ed Micarta insu­
lat ors plugged into the ends . The wire
elements were first strung through the
hol es drilled in the insulators and " con ven­
iently " coil ed until aft er th e outriggers
were clamped to the boom of the 20m
beam. (Conveniently - Hah! Have you ever
tri ed to handl e 25 0 ft of copper-clad stee l
wire while on top of that size tow er?) The
upper ends of the wires were mounted
through st rain insu lators to the top of the
mast. The out riggers were faste ned to th e
boom using - sigh ! - bali ng wire, and the
coils of wire were heav ed almo st over th e
ends of the beam to fall toward th e
ground. I did a lot of heaving that day.
Th at "almost " cost four hours, at least a
pint of blood and visit s from tw o local
clergym en concerning the language broad ­
cast fro m th e top of my tower. The name
of the gam e was " unta ngle th e wire - coil
it - and throw it again - and again - and
again .

Finally, after getting th e ends hanging
clear and weighted by the bricks, I gave
one last look to make sure all was hanging
pr operly and entered the sha ck to try her
out . I rotat ed th e whole mess to where I
thought it would favo r Europ e. Verrry
nice! the swr was appro ximately 678 :1 and
the rf on my mike did away wit h the need
to shave one side of my face again.

Visualize, if you will , the endless trips
out to the tower , up said to wer to adju st
the 38 ft gam ma ro d, down th e tower to
adjust t he capacitor, back by th e bee r
cooler and finally into the shack for
ano ther measur ement. Sad , but inspiring!

NOV EM BER 1971

Weighted end of reflector. (H eads Up !)

At one tim e that night , I had the swr
adjusted down to 662 : I , I think, or else
the bathroom flu orescent light finally gave
up and burn ed out. At an y rate, the good
fight was given up at 2 am.

Stretch yo ur visualizer a lit tle further
an d imagine the chagrin , bu t delight , th e
next morning wh en it was discovered by
the light of day that th e refl ector and
dir ector had hopelessly tangled with them­
selves and th e tower, probably during th e
first ro tat ion t he night before . Apparently
ro ta tion of thi s antenna should be done as
the hippies take baths, slowly and onl y
when absolutely necessary. Once again , I
will spare the reader the det ails of un­
tangling "G odztlla ," and will simply say
that it was rea dy to go by noon that day.
Unfortunate ly , I was no t. By 6 pm I had
recuperated eno ugh to try again to tune
my brand new bu t badly wrinkled 75 m
bea m.

As if to make up for it s earlier mis­
demeanors, the array tuned beautifully .
Th e gam ma rod required abou t a 2 ft
adjust ment and a lot of gam ma capacity
was needed, but the swr could be adjusted
down to 1.2 :1 on 38 00 kHz. A quick
tuneup and call while bea ming northeast
rousted th ree Europeans and a covey of
sur prised Wl s and W2s. Ah so ! New York­
ers no longer able to brush aside obnoxious
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NUVISTOR
LOW NOISE

PREAMPLIFIER

MODELS PV 27, 28, 50,
144 and 220

For 27 (CB), 28, 50, 144 or 220 MC. (Also
available for 150-170 MCS)

Add this Ameco Nuvistor Preamplifier to your

receiver (or converter) to improve the sensitivity

and noise figure. Two tuned circuits also improve

rejection of image and spurious frequencies.

Compact, easily connected and low power re­

quirements, wired and tested with tube.

W4 who is working their DX. Velly in­
telesting!

Forward gain che cks were made against
my inverted-vee up 120 ft , favoring Eur­
ope. The three elements acted just like any
lil' 01' yagi is supposed to. It showed about
6 dB gain stateside and, heh, heh, heh ­
about 9 dB gain on Inng-haul DX. The
pattern would not make Messrs. Yagi or
Uda very happy - the front-to-side ratio
only about 30 dB and the front-to-hack
ratio about 16 dB. but who's going to tune
it? At any rate. you would be surprised
how many requests we received concerning
information on our secret weapon from
amateurs all over the Eastern Seaboard
who had heard our 75m QSOs and pattern
checks. I say "we" - you ought to hear my
nontechnical wife describing this array over
long-distance telephone to some ham who
has called at I am.

Modesty prevents too much discussion
along these lines. but a quick perusal of
contest results for the 75m section of
Brand X's Worldwide DX Contest will
attest to the fact that this antenna does
work. The only guy to beat me out ill this
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Ideal for improving performance of surplus
FM Two-Way equipment for "NET" operation on
the 2 and 6 meter bands.

Write to, details on 150·170 mes and others

•P.O. Box 6527 Raleigh, North Carolina 27608

continent was W1FZJ/KP4, a bigger nut
than yours truly; reputed to be running
75m cubical quads np 175 It high. (Yes,
Virginia, there is a..... Sam Harris, and he is
hiding out in the wilds of Puerto Rico ­
with a lot of wire.)

The Gr eat Happening is over. The tower
is now festooned with "normal" six -ele­
ment beams on the high bands ands"IT" is
no more. The wire resides in some trash
dump after I cut the whole thing down and
the resulting tangle was judged hopeless.
Children, wild game, model airplanes and
my wife can again run fre e and gay . no
longer under the Shadow of brick-loaded
copper scy thes whistling over their heads as
I crank up the prop pitch voltage chasing a
quick band change. But the memories (and
lawsuits) linger on. I can still occasionally
come on 75m. and a W2 will hesitate to see
if I am still running "IT" before he jumps
in with both feet and runs me back up to
20.

I've never tried 160m in a contest.
Hmmmm.

. ..W4AXE-
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Warren MacDowell W2AOO
11080 Tran sit Road
East Amherst NY

Remote Tune Your Groundplane

T o achieve optimum performance (and
mini mum swr, of course) with a

ground plane, the length, diamet er of the
verti cal element, and po sition of the
ground radials are critical. The gro undplane
cannot rea lly be classified as a broad-band
device, so for maximum efficiency it mu st
be retuned for different segments of th e
par ticu lar band you are opera ting.

When the groundplan e is in resonance at
th e opera ting frequency , the positi on (an­
gie) of the gro und radi als will determine
th e im pedance of the syste m. If the ground
radials are exactly 90 degree s in respec t to
the vert ical element, th e impedance is
app rox ima tely 30n. An addit ional 45 de­
gree lowering of the radia ls will ince ase the
impedance to approximately 50n, whi ch is
a match for conven tional RG-8/U coaxial
cable.

With a groundplane an tenna mounted
50 ft high on a mast , it becomes quite
difficult to adju st the reson ant length of
th e vertical element. The posit ion of th e
ground radials is easily changed as they
usually are part of the guy-wire networ k.
Th e physi cal length of th e vert ical elemen t
must be changed to achieve resonance and
to present an optimum match to the
tran smission line. Electronic methods for
increasing or decreasing resonan ce of the
vertical element can be devised but usually
a system of capacitors and loading coils
introduces loss and inefficiency. To obvia te
this, I devised a metho d of remo tely
cha nging th e true physical length of th e
vertical element conveniently fro m the
operating posit ion.

My groundplane was cut exclusively for

NOV EM BER 19 71

operation on 20 .mcters. To cover the
entire band wit h exact resonance, the
vert ical ele ment had to vary in length from
16 ft 5 in . to 16 ft 8 in. This meant
evolution of a device that would mechan­
ically increase or decrease the physical
length by 3 inches.

With the aid of a sma ll reversible ac
motor, it is actua lly quit e easy and inex­
pensive to devise an acce ptable rem ote
tuning method. Reversible ac motors can
be salvaged from discarded TV rotators.
Th e majority of these roto r mo tors run on
24V ac wit h capac!tor sta rt.

1/4 ill , THREADED
BRASS ROD

TAPPEO BRASS STOCI(

TOP Of VERTI CAL
ELE MENT (TlJ81NG)

""
WOODEN DOWEL
STOCI(

Fig. 1. Vertical top section.
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U-BOLT

f>LEXIGLASS
SHEET

U- 80LT

"

"

MOTOR

ASS EMBLY

MA ST

Fig. 2. Bo tt om drive assem bly.

SLJDlNG Dfl:IV(
ASSEM8l...Y

VERTICAL
RADIATOR

TOP 0 1'" PLASTIC
BOTTLE

EPOX Y

Most groundplanes are cons tructed wit h
th e vertic al element made of me ta l tubing.
All that is necessary is to cu t a piece of
sol{d brass stock so t hat it can be securely
inserted in t he end (tip) of the verti cal
elem ent. Two 6 /32 screws are used to
retain the brass stock (a fte r drilling and
tapping) in the en d of th e vertical element.
Before inserting th e brass stock in the
"whip tip " I drill ed and tapped a ~ in. hole
vert icall y through th e stock. A l Oin. piece
of ~ in. threaded brass stock is made up to
fit th e drilled and tapped hole. Care mu st
be taken when tapping and threa ding this
so tha t t he %. in . threa ded brass rod will
turn fre ely but securely for good con tact .
In fact, it might be wise to use a: match ed
tap and die set to do the jo b. Good co ntac t
mu st be made as voltage is highest at the
ti p of a ~-wave ground plane.

Wooden dowel stock is ru n the entire
length of t he vertical eleme nt and pinn ed

18

to t he thread ed brass ro d. Dowel stock is
easily obt ained in almo st any length fro m
lumber yards . . Th e weigh t of the dowel
attached to the brass rod will assist in
maintain ing good co ntac t along the
th reads .

If you are a rea l perfectionist, the enti re
tip assembly cou ld be silver plated fo r
optimum contact. Even afte r oxidati on,
silver is st ill a very goo d conduct or. For
pro tection against weathering, a plasti c pill
bo ttIe was pla ced over th e tip of th e
vert ical. Ordinary plastic elec t rical t ape will
ho ld th e bottle in place nicely and will
esta blish a weather proof seal.

The bottom portion of ,the verti cal
element is insulat ed from t he mast with J4
in . Plex iglas shee t stock . U-bolts hold th e
Plexiglas sheet t o the mast and the ver tical
eleme nt to the Plexiglas. Th e reversible
drive motor is also attached to the Plexiglas
sheet wit h " L" stock fashioned from 1/8
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TO MOTOR

SLOT

©
o

o

iVOOO DRIVE DOWEL

HOLE DRILLED TO
"JUST CLEAR"
PLEXIGLAS ROD

P LEXI GLAS AOO

AMATEUR
ELECTRONIC SUPPLY

- Juu-

[ROBOT ]
J", S IocJz, jtu,

JHUH-ed«de j)~
,.....__~. .:LID m..

Fig. 3. Base drive details.

in. aluminum. The sha ft o f th e reversible
mot or is centered exa ctly with the center
of th e verti cal element. A short shaft fro m
the mot or to the wooden dowel is con­
struct ed fro m plast ic ro d. Almost any rod
with goo d insulating properties could be
used here.

Due to the screw action of the brass
stock moving up or down as th e ground­
plan e is tuned, the wood en dowel must
also be free to move up or down. Th e
low er end of the dowel mu st be dril led so
as to freely accept the plasti c rod from th e
drive mo to r. A slo t is th en cut in the dowel
to allow travel of a pin which is inserted in
th e top o f the drive mot or insulated shaft.
Drive will still exist yet the do wel will be
free to move up or down.

The top sectio n of a plastic bo tt le was
cut off and fitt ed into the base of the
vert ical radi ator and over th e motor assem­
bly to shield fro m weathering.

TV rotor cable was run fro m the drive
motor back to the shack and control head.

With this remote t uning, you merely
watc h yo ur swr meter and t une the vertical
for minimum reflected power as you move
aboul lhe band . . . .W2AOO·
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ROBOT MODEL 70 MONI T OR.. 5495
ROBOT MODEL 80 CA MERA . . 5465
25mm . fl .9 lens 5 30
25mm. fl .4 lens 5 40
25mm. f 1.4 Macro lens $ 60

AMATEUR ELECTRONIC SUPPLY
4828 West F ond du La c Ave . Mil waukee, Wi s . 53216

Phone (414) 442-4200
HOURS: Mon & Fri 9 - 9 ; T ues. Wed & Thur s 9 - 5:30 ; Sat 9 - 3

I have the following to t rade: (what' s your deal?)

Ship me the fol lowing New Equipment.
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NRCI

NCX- l 000
TR ANSCEIV ER

$899.00

HRO_500 RECE IVE R

NCL-2000 LIN EAR
POWER AM P LI F IE R

$68S .00

COMMUNICATIONS EClUIPMENT

o
'11

-t
l:
m

.~

o-m

NATIONA L R.... OIO COMPA.NY IS
PROUD TO PRE SENT I TS NE W

LINE OF COJ,4ME RCIAL COM.
M.UNICATION EQUIPMENT

Cont ac t dea ler or w rite fo r s pe ci fi ca t io n s

89 WASHINGT ON ST REET, MEL ROSE, MASS. 021 76

TWX: 617 . 66 5-5032TE L: 617-662-7700

NATlONAL RADIO COMPANY, INC.
NRCI
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Dee Logan WB2FBF
21 Judith Street
Nanuet NY 10954

HIGH MAST
LOW PRICE

Joining the DX fraternity usually involves a common price of
admission: a tower. If you're still collecting your dues, here's
an inexpensive mast to use in the meantime.

W hen the DX bug bit me a few
months ago, the spirit was willing

but the antenna was weak!
My stalwart skyhook at that time was a

dipole. It had faithfully delivered WAS, but
when my attention turned to DX the new
ones were a struggle. Feeling that my race
with a declining sunspot cycle might have a
sorry end, I made the decision to put up a
modest beam.

Commercial towers were certainly the
.best bet from many points of view, but
since funds were lacking, an economical
interim measure had to be devised.

Since my plan was to put up a light­
weight two-element 15m beam, the mas~

support had to be adequate to support this
plus a TR-44 rotor, but not necessarily a
monster called for by "big bertha" arrays.
Another consideration was in making the
mast fairly self-supporting. This part was
easy, since the only available space was
alongside the back of our house - the back
yard was already criss-crossed with dipoles
so that the air space there was already
spoken for!

The house had been used to supply
bracing points for a 15-ft mast holding my
2m VHF yagi. My question was whether or
not this same approach would work in

NOVEMBER 1971

supporting a bigger array. A discussion
with a local plumbing contractor who also
happens to be a ham resulted in the
decision to improve upon the pipe mast
idea, but with heavier pipe than the I in.
galvanized type I had been using for the
VHF installation.

The resulting mast was 32 ft high ­
more than adequate to boost my 15m
beam to an altitude that would produce a
low wave angle. The mast was constructed
of two sections of pipe: The bottom
portion was a 20 ft length of 2 in. iron
pipe, while the top section was a 15 ft
length of smaller-diameter pipe.

The most important part of building a
single-section mast of this kind is coming
up with a technique for joining the individ­
ual pipes together to form a single, rigid
sky needle. In the case of this mast, the
smaller diamater top section is designed to
slip inside the larger diameter bottom pipe
for an overlap of three or more feet, with
the two pipes then screwed together by
means of a threaded reducing coupling
welded to the top piece of pipe (Fig. 1).

Securing pipe for the mast can he done
via the usual sources, but care should be
taken to insure that the bottom pipe is
threaded on one end and that these threads
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I ill. OR 1- 1/2 ill. P IPE

mat ch those of the coupling. With a helpfu l
welder , the pipes and co u pling can be o n
hand and th e amount of overlap deter­
mined prior to welding the coupling. Dur­
ing the weldi ng, the co upling must be kept
in th e true ver tical pos ition, and t his can be
accom plished by slip pin g a temporary
sleeve und erneath . Th e idea here is to
insure tha t th e pipes form a single vertical
section when assembled.

Equally im por tan t as the mas t itself is
the brack et-system used to hold the mast
firmly to th e side of th e house (Fig. 2). I
used a series of three support s plac ed at
equal int erva ls, with the top one locat ed
just under the gutter about 12 ft above the
grou nd. T he suppor ts were made of wood­
en stando ffs th at had grooved end s in
whic h the mast reste d , and a turn buc kle­
and-strap com bination tha t pu lled the mast
snugly in to the bracket and securely in
pos iti on.

The sup porting bracket s were mad e
fro m pieces of 2x4. Semicircular cuts were
mad e in the end of each bra cke t of a size
sligh tly greate r than th e diameter of the
pipe. The brac ket length should be calcula­
ted so that when insta lled on the side of
the hou se it will support the mas t clear of
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REDUCING COUPLI NG
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F ig. 2.

any protrusion such as gutters. I used a
series of angle iro ns and lo ng wood screws
to attach th e bra cke ts to the house . Care
sho uld be exercised to insur e that the
bracke ts are lined up acc ura te ly so tha t th e
mast , when insta lled , will be perfectly
ver tical.

The turnbuckles holding the mast snug­
ly in the brac ke ts ar e attached to joists in
the side of the ho use by means of long
screw eyes. Stra p iron is wrapped around
the mast afte r it's installed and screwed on
to the end of the t urnbuckles which are
the n tightened sufficien tly to insure sta­
bili ty.

Installing a mast of thi s typ e can be
accomplished via any of severa l techniques
describe d in the litera ture . I opte d for a
rather direct app ro ach, since my house is a
single-sto ry structure wit h a gently sloping
roof that allowed a mem ber of the antenna
par ty to operate " top side. "

T he first try at gett ing the beam air­
borne was to simply walk it up , but thi s
was a near disaster and quickl y abandoned.
Th e approach t hat was quit e suc cessful
might be dub bed th e " d ivide and conq uer"
ta cti c. With the mast lying on terra fir ma
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and th e beam -rot or assembly in place , the
two pip e sections were disassem bled. T hen,
the top mast sec tion containing the beam
was lift ed to the roof with its lower end
extending over the edge of th e roof. Then ,
raising the bottom section of the mast and
mati ng the two pieces, a pipe wren ch was
app lied to th e task of reassem bly by a
helping ham sta nd ing on a ladder. Aft er th e
mast was togeth er, th e man on th e roof
(supporte d wit h a safety ha rnes s) pulled
while the rest o f the party pushed th e mast
sky ward and in to the bra cket s. The final
measur e was to tight en th e straps and
turnbuckles to lock the mast into positi on .

Th e mas t withstood 60 mph winds last
win ter with not hing more than a gentle
swaying mot io n. But since the rather in­
expensive bea m design led to strong ele­
men t torqu e and the eventual sna pp ing of
an alumin um gamma stra p, I lowered the
beam th is spring and beefe d up th e hard­
ware conside rably. On e valuable im prove­
men t was th e addit io n of a pair of guy
wires whic h were actua lly a 20m inver ted
vee anchored to each end of the ho use. Th e
result an t guye d mast is adequate to wit h­
stand most severe sto rms and perfo rms
very well.

Cer tainly th e mast descri bed here could
be improved via some for m of tiltover
mechani sm an d the add ition of several
more guy wires, but for the mo ney, the
mast cert ainly does th e job. .WB2FBF-
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The DRAKE 4 LINE

Net/f. • CDhJPt/cf • • Verst/file I•
Ray Grenier. K9KHW . Mail Order Sales Manager at
AMATEUR ELECTRONIC SUP PLY . says:

"Operat ing .11 bands ( 160 thru 2 MeIers) i s . real pi easure wi th my DRAKE
4 LINE setup . You . too, can eliminate all of tha t extra gear and mess usually
needed fo r that much frequency cover age. Let me help yo u go the same rou t e. .
.. . . all th e way , as I have done - or jus t on e uni t at a ti me .

Vis it our store or write me at AMATEUR ELECTRONIC SUPPLY for the best
Trade or No-Trade Deal on new DRAKE equ ipment . Vou will be surpr ised ho w
l i ttl e per month it would cost you to own new DRAKE equi pmen t when you us e
our conveni ent Revol ving Charge Pl an.

Rem ember, too! When trading with AMATEUR ELECTRONIC SUPPL Y you can
use our STAY-ON-THE·AIR PLAN, whi ch means you can k eep your trade-ins
until your new equipment arrives . - Lose no operati ng tim e! C U on the ai rl "

The BIGGEST - The BEST - In the MIDWEST

AMATEUR ELECTRONIC SUPPLY
4828 West Fond du Lac Ave. Milwaukee, Wis. 53216

Phone (414) 442-4200
STORE HOURS: Mon & Fri 9-9: Tues , Wed & Thurs 9-5:30: Sat 9-3,



AGAIN
VERTICAL

ANTENNA for 2METER FM
Glen E . Zook K 9STH
8 18 Bren twoo d Lan e
Richardson TX 75080

TUN IN G SLI DE

Fig. 1. An tenna D im ensio ns.

na is increased) the line loss inc reases
co ns ide ra bly . Thus, the point is soon
reached at which all gain reali zed , in
eit her th e antenna height o r in the an ten­
na itse lf , is abs orbe d by the feed line . For
th e disbelieve rs , RG-8/ U has a loss of
approx ima te ly 2 .7 dB per 100 ft at 150

MHz ' (solid cent er, co nductor ) , and the
more co mmo n RG-S8 C/ U (s tra nd ed cen­
ter co nd uct or, no nco nta minating jacket)
has a loss of approximat ely 6.8 dB per
10 0 ft at 150 MHz. In co nt rast, 300Q
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M ost ama te ur FM acti vit y in the
Unite d States is vert ically polarized

to facilit at e easy co ntac t with mobile
stat io ns. Thus, amateur base sta t io ns have
tended to ut ilize wha tever type of vertical
ant enna s available. Ge nera lly. these anten­
nas co nsis t of gro und planes, obsolete
com merc ial gain an te nna s , and mo d ified
mo bile ante nnas . These ant ennas are quite
satisfactory in many applicat io ns; ho w­
ever, when more signa l is needed in an
omnidir ect ional pattern , various t ypes of
antenna s begin t o loo k less d esirab le. The
ground plane is ofte n used as t he sta ndar d
o dB reference a nd t hu s is t he fir st
antenna to sho w deficiencies . The vario us
types of co mmerc ial gain an te n nas are
often the most de sired types. Of t hese,
th e "Crapp ie Po le " is amo ng the best.
But these are quite ex pe nsive and hard to
find. Thus, the amateur FM'er o fte n
resor ts to mounting a gain mo bile anten na
(such as t he Antenna Specialists ASPS
177) with ra dials , on a to wer o r mast.
Unfort unately, t hese antennas are rela­
tive ly ex pensive and present so me what o f
a co mpro mise in mounting.

In each case the antenna is almost
alway s fe d wit h so me ty pe o f coax, most
often a SOQ low-loss type. If the run is
qu ite short, thi s present no major pro b­
lem . But , as line lengt h inc reases (a s
happens whe n the elevatio n of the an ten-
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Fig. 2. Mounting Bracket Detail

Fig. 3. Moun ting of elem ents to brack et.
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lengt h , will exhibit a gai n of approxi­
mate ly J dB over the usual Y4 -wave
grcund plane. Also , t he Joan feed allows
use of one of the three desired JOan feed
lines with decreased line losses. The 300n
balan ced lin e may be matche d to the
coax inp ut of the F M unit by a simple
halun.

The antenna may be constru cte d fro m
aluminum tubing or steel conduit. Alumi­
num is much ... light er in weight , but co n­
du it is read ily available.

Constru ct io n is straightforward. T hree
pieces of conduit are cut t o length (per
Fig. I or formula) . At one end, tw o of
the insulated standoffs are used to spa ce
the three sections. At the o t her end , only
one is used to separate th e center elemen t
from one of the outsi de elements . Next

t winlead has losses of from 1.0 dB per
100 ft to 1.5 dB per 100 ft at 150 MHz
in dr y weather and fro m 1.0 dB per 100
ft to a pproximat ely 10 .0 dB per 100 ft in
wet weat her .

The minimum effects of wet weather
are foun d in the jac ke ted (not shielded)
tw inlead suc h as Belden 8285 and in
tu bular t win lea d such as Belden 82 75.
The worst losses occur when commo n flat
twinlea d is used. Best all-weather 30an
co nd itio ns are met with 300n open line .
Losses range fro m about 0 .5 d B per 100
ft at 150 MHz when dry to 1.4 dB per
100 ft when wet. However , open wir e lin e
is hard for many amateurs to work with.
Thus, eit her th e jacketed twinlead or
o pen wire line is the most desired , depen -

din g o n individua l pref eren ce in te rms of
ease of work ing t he line .

By now everyone must be quest io ning
the reasoning behind the argume nt for
300n line. Aft er all , aren't RG-8/U and
50n feed an tennas the o nly thing prac­
t ical in vertical antennas? Well , the com­
mercia lly availab le antennas , ex cepting
beams, are genera lly son fee d, as are
mo st anten nas found in am at eur reference
books. However , there st ill rem ains t he
three-wire verti cal. T his antenna is basical­
ly one half of a three-wire folded d ipo le
(600 n feed) working against gro und .
Sinc e it is only one half , t he step-up ra tio
is changed and the impe da nce is o nly
300ft T his a nt enna , when increased fro m
its origina l Y4 wavelengt h to 5/8 wave-

Rema inder of Mounting Details. Note m o unting
of dish cover .
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Partial Mounting Details. N ote use ot cer­
penter 's "L" Bracke ts and Refrigerator D ish .

To match the coa x input of most FM
un its, a balun is need ed . Such a balun
may be made fro m 29 in . of coax
( pol yethylene , no t foam) as described in
Fig. 6.

Tuning of the antenna is similar to
tuning a gamma rna tch . A slide r mu st be
made and t he length of the effec tive
antenna adj usted wbile watching a VHF
swr bridge or wattmeter. Also, the match­
ing cap acito r should be adjus t-d for op­
timum match . Sin ce the t wo adjustm ents
interact, it will be nec essary to go fro m
on e to t he other several times to achieve
optimum settings. When t he optimum

length has been found , the stri p of alu­
minum is att ached wit h shee t -me ta l
scre ws to the three elemen ts to pro vide a
perma nent short. In a pinch , t he an tenna
may be adj uste d with a received signa l by
watching the limi ter readings.

The final step is to mo unt t he ant en na
as high as po ssib le and the n run t he
feed lin e. Normal practices co nce rning
open-wire line or twinlead should be
followed.

The prototype ant enna (shown in the
phot ographs) was co mpared with both a
groundpla ne and an ASPS 177 antenna.
Gain over the gro undplane was approxi­
ma tely 2.7 dB with t he thr ee-wire ver­
ti cal , and 3.1 dB with the ASPS 177.
These were with line lengths of less t han
10 ft . This antenna can be made to work
on ot her ba nds by varying the length and
size of t he tuning capacitor.

300 ft LIN E

T O UNI T

/

",CO NN E CT T O

M OUNTIN G PLA TE

2~ UF

' A<

,
" RG II/UCOAX

UBA LUN r o UNIT

-:

Fig. 4. Cou pling capacitor installation detail.

the sheet of aluminum is bent per Fig. 2.
The L-brackets are attached end-t o-end as
in Fig . 3 and t he photographs. Next , t he
holes for the If-bolts are drilled in t he
sheet, as in Fig. 3. T he co ndu it assem bly
is next attached to the Lbra cket s. T hree
or four radials 20 in . long are at tached to
the base by small bolt s. The varia ble
capacitor is mounted inside the plastic
dish with only the shaft pro truding.
Attach a knob to this to ins ulate the
shaft whil e t uning. The capacitor is wir ed
per Fig. 5. The feedline may be attached
directly to the capacit or or by use of a
termin al st rip as in the photo gra phs. The
plas tic container may be mounted by
attaching t he cover to t he cen te r element
wit h small bo lts an d the n snapping the
remainder of the assembly in place. The
purpose of this dish is t o pro tect the
matc hing capa citor in wet wea ther.

Fig. 5. Details for constru c tion of balun. .K9STH-
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OYCOMMoffers MORE WATTS per SSS

10 - 0 The ultimate in solid state
po wer 8-15 watts input
will put out BOW m in.,
125 W m ax . Typica lly 100W
o ut put / l OW input, 90W
min . . $ 185.00

35- 0 Provid es BO- 110W o utput
fo r 25-40W inp ut, ty p i­
cal ly loOW output fo r 3 5W
inpu t $ 165 .00

SOOE " Brick" or T R22 Booste r,
one of t he m ost popu tar ,
your 1- 2W HT can Push
o ut 20-25W . . . . _. . . . .. $ 69 .95

500ES "Sup er Brick/TR22 Boost ­
er", no w yo u can have f rom
35- 45W for .8-2 w atts in­
put . T ypicall y 3aW out-
put/ l W input . $ 99.95

" . . . If you ever have a pro blem with your booster
take it to any DYCOMM dealer and h e will replace
it free of charge, it i t is o u t of warranty he will give
you another booster and we will charge [or repairs,
ifi t seems appropriate . . . "

" FM Booster" , 4-1 2W in,
15- 30W out lOW input!
output 25W. $ 59 .95

Over 2,000 satisfied users have never paid a cent for a repair,' in fact, part of our
warranty reads:

5QQC

Fo r more info rmat io n, ca ll o r w rite :

5000 "Slock Booster", B-l2VV
in , 35-55W o u tp u t , 16W of
dri ve is FB , t his o utstand ing
barga in is st ill o nly $ 89.9 5

All boosters hav e au tomatic lo w insertion loss
in/out switching. All operate from 12 - l 5 V DC.
Isn 't i t tim e yo u also went DY COMM??
The y are rugged : buil t to take vibrati on , loa d
mismatch and over-voltage.
To order: See your n earest DY COMM dealer, it
none near you , order direc t and add $ 1.55 [or
ship m ent.

JIM - W4MR I
948 Avenue "E "
Riviera Beach , Florida 33404

DYCOMM 948 Avenue "E" Riviera Beach, Florida 33404



Photographing Radio Equipment
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John J. Sch ul tz W2EEY
40 Rossie S t.
Mystic CT 06355

If you can 't bring a pie ce of "home-brew" equip ment to a
club meeting or adequately describe it in correspondence,
why not simp ly photograph it? This article is not intended
for photo ho bbyists bu t for radio anw teurs who own simp le
camera equipme nt It describes how such equipment can
simp ly but adequately be use d to photograph small electronic
units.

Of ten it is des ire d to photograph a piece
of equi pmen t for purposes of illustrating it
t o someone else, preserving a record of the
construction used, etc. Sinc e equipment is
constan tly gro wing smaller in size, the type
of pho tograph y nec essar y becomes increas­
ingly concerned with taking closeup photos .
Of course, closeup photography of radio
equip ment is generally similar to tak ing
closeup pho tos of any object , but there are
some special considerations involved. This
arti cle tries to disc uss those considerations
and the general subj ect of taking sim ple
clo seup photographs. The information is
certain ly not in tended for the advanced
photo hobbyist, but for the ama te ur who
has an inex pensive t o expensive gen eral
purpose came ra and who has often desir ed
to photograp h some eq uipment but no t
kn own ho w to proceed.

NOVEMBE R 19 71

Camera Types and Lenses

Perhaps the first thing that shou ld be
me ntioned about any camera tha t is avail­
able is that one must be able to take
reasonably sharp photos wit h th e camera
used under normal conditions. If this cannot
be done, there is no sense in trying closeu p
equipment pho tography . If it can be done, it
sho uld be complete ly possible to make
reas ona bly sharp close ups with some prac­
tice .

Unless one owns such a ca mera as a
Mamiya Macro which will focus d own to 2'l2
inches, a t win-lens reflex ty pe wit h a built-in
lens bellows, etc . it is necessary to place an
auxiliary closeup lens on the camera used .
The lens th at is necess ary depends upon the
ty pe of came ra being used. Various makes of
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Fig. 1. Wire frame used to establish framing and
proper distance from cam era for o bject to be
photographed using a clo seup lens.

Again, came ra manufacturers of single-lens
reflex came ras provide auxiliary close up lens
sets for their came ras . However , since most
camer as of th is type acce pt standard screw­
on au xiliar y lenses (of a spec ific thread fo r a
specific camera ), one can use a wide variety

Fig. 2. " Test Pattern " used to tes t clo seup lens.
Made on bro wn paper or card board, nu mber in
cen ter is changed according to cam era distance.
Sq uares (or rectangle for re ct angu lar film formats)
establish approxi ma te frame size for different
dis tan ces.

versati lity , inste ad of bu ying various fixed
diopter clo seup lenses an investment in a
Van -closeup leas (about 520-525) might be
desirable. It is variable from +1 to +10
diopters, with a resultan t foc us range of 1- 2
inc hes to abou t the camera's no rmal mini ­
mum focus dista nce . Such a varia ble diopter
lens can also be used with simpler view find er
cameras th at ac cept screw-on aux iliary lenses
but the focusing distance for each sett ing
used on th e varia ble auxiliary lens has to be
established by tes t , as described next.

On e may also have a camera whi ch does
not accept screw-on auxiliary lenses an d for
which the manufacturer does not provide
any form of closeup lens set. Such cameras
can still be used l or close ups, providi ng they
take clear, sha rp image s when used no rmally.
The first problem is ob tain ing a closeup le ns
tha t can be hel d somehow over th e nor mal
camera lens . Some experime nta ti on is neces­
sary in this regard and the simplest pr o­
cedure is to bring the came ra being used to a
discoun t camera shop tha t carries a variet y
of lenses . Choose a +3 diopt er lens that
covers th e ca mera lens. Since the camera will
be use d with care for closeups, a rugge d
mounting is not necessar y for t he au xiliary
lens, although it must fit snugly over the
camera lens and not wobble. For instanc e, I
have used len ses held by masking tape on the

of makes of auxiliary lenses. If the camera
normally focuses dow n to about 3 fee t , a
simple +3 diopter lens cost ing a few dollars
is a goo d st art. It will permit the focus to go
down to 8- 12 inches, a range very useful for
most small equip me nt or chassis section
photography. If one reall y wants to have

cameras have auxiliary closeup lens sets
availab le that will permit focusing down to a
few inches . When using such auxiliary lenses
with viewfinder cameras, the distance be­
tween the ca mera and the equipme nt be ing
pho tographe d mu st be tha t specified for the
au xiliar y lens. Usually, the inst ruc tion sheet
that comes along with th e camera manufac­
tur er 's clo seup lens set will give detailed
instruction s. Generally , unless an adapter is
placed over the viewfinder also , the view­
finder image will not be accur ate at close
distances. Often , ma nufa cturers recommend
construct ing a simple wire -frame, as sho wn
in Fig. 1 , wh ich plac es the obj ect to be
photograp hed at t he correct di stance fro m
the camera lens an d also "frames" it. The
metal fra me is just made large enough so it
doesn't appear in the act ua l photogr ap h.
One doesn 't look th rou gh the viewfinder at
all but simp ly places t he wire frame over th e
object to be photographed . The syste m is
simple but quite goo d, once the corr ect
frame size has been establi shed fo r a partic­
ula r closeup lens/camera co mbination.

If one has a single-len s reflex camera , the
obje ct that is photographed appears in the
viewing scree n as it will appear on film, since
the object viewing is th ro ugh the ta king lens
and not th rough an auxiliary viewing len s.
T his rem ain s tr ue when aux iliary lenses are
used, so one simply 'focuses whil e viewing
regardless of the auxiliary lens being use d.

CLOS E·UP L(tjS
OVER "IORMIll LENS
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front of a camera without difficu lty. The
next ste p is to estab lish the focusing range.
If the basic camera has a focusing rang e
adjustment, set it on min imu m range and
shoo t a test roll of film. A similar test ro ll
can be shot wit h th e basic camera focus
adjust ment set on specific values. Simp le
black-and-white film should be used and
only nega tive develo pmen t is necessary. The
test films will quickly reveal the foc us range,
as long as the camera setup remains un ­
changed, and sho uld be retained fo r re fer­
ence. Once the range is established, a taking
frame such as shown in Fig. I can be built , if
desired .

Lighting and Composit ion

Closeup photos can be made outdoors in
bright dayligh t if carefully done. One prob­
lem is shado ws, un less t he su n is almost
directly overhead or un less t he equip ment to
be ph o tographed is propped to eliminate
deep shadows. 'Shadows which appear minor
to th e eye often show up on phot ographs as
being very deep and th ey obscure compo nents
det ails, etc. Another prob lem is refl ecti on
fro m metal cased components (transistors,
transformers, et c.). Th e simplest solu tion is

to spray the unit being ph otographed with
something like Kry lon dulling spray (similar
sprays are available in photogra phic shops).
The spray will no t harm equipment and will
also be found ' use ful for ' indoor usage.
Another solu tion t o refl ection an d glare
problems is to use a po larizing filter on the
camera. Generally , the use of the dulling
spray is th e simp les t and least expensive
solution. Also , the surface on which the
eq uip me nt res ts should not produce glare.
Simple constru ction paper or coa rse surface
bro wn paper mak e good sur face materials.

Indoors on e can attempt closeup pho to­
graphy using flash bulbs but a number of
problems can arise. When using flash bulbs at
distan ces of less th an two feet, they ofte n
produce a too int ense light an d the " guide"
numbers normally used are no longer correct
for cam era se ttings. Qu ite a bit of ex peri ­
menting mu st be don e to find the correct
camera settings. Most ofte n it will be found
far easier and less ex pensive to purchase an
inexpensive ph ot ofl ood lamp outfi t. A basic
dual 300 watt pho toflood lamp fixt ure with
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bulbs can be obta ined for around $5! It will
provide su fficie nt illumination to photo­
graph equipme nt at 20 inches or less wit h
reasonably fast outdo or typ e film. Also, one
can generally get away wit hout using some
of th e spec ial filte rs that ar e necessary wh en
using flash bulbs in order to prevent severe
glare and unus ual color effect s.

The co mposition of a pho tograph should
be directed at sho wing detail and also give
some perspe ctive or depth . Using the print
copying a ccessory ava ilable fo r Po laroid
cameras, for instan ce, one has an extre me ly
simple me th od available to make cIoseups at
about 6 inches, but since the came ra would
be . looking dir ect ly down at a piece of
equipment a very " flat" pho tograph results.
Generally , some sor t of side view is best as
lo ng as t he ligh ting can be adjuste d to
elimina te deep shadows. Often , it is best to
rem ove tubes or ot her large componen ts
from a un it and lay th em nearby rathe r than
have them remain in place and hide ma ny
other components.

Exposures and Films

If one ow ns one of th e " aut omatic" types
of cam era s which both set len s aperture an d
shutter speed there is no exp osur e pro blem.
The on ly exce ptio n would be a case in whi ch
the photocell used in the came ra were not
mounted by th e lens barrel, or were no t a
through-the-lens type, in the case of single
lens refl ex ca meras. If the pho tocell is
mo unted far to the side of the camera it may
not read the same light condition as the
camera lens sees when taking close ups. A
few test shots can be used to determine
whe ther th e photocell read ing is usable by

using manual overide to set the camera
aperture at various test openings cente red
abo ut that deter mined by the pho tocell light
meter read ing. Exactly the same testing may
be necessary using " manual" came ras wit h a
buil t-in ligh t meter but where apert ure and
shutter speed must both be manually set.
Simpler came ras may only have a " day­
ligh t/ shade" typ e sett ing. Th e " daylight"
setting should be used whe n using pho to ­
flood lamps and so me test shots made. When
the set ting betwee n daylight an d shade is of
a co ntinuously variable type ins tea d of only
click sto p se tti ngs, test shots should be made
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MORE RANGE •••
with NO NOISE

self-support ing steel
towers have been t he choi ce
of project eng ineers and ad­
vanced hams for years!
Renown worl d-wi de for qual­
i ty and economy. Vesta tow­
ers are shipped in com pact
bun dles ready for easy erec­
t ion using unskil led labor and
basic tools. Hurricane-Proof
4 post con st ruc ti on of hot
dip galvanized steel lasts a
li fet ime !

Ten Sizes In Stock!
Tower Height
Above Ground Price

22 ft . $318.8 2
28 412.66
33 490.98
39 573.44
44 663.04
50 785 .15
61 9 62.56
77 1408.00
100 19 85. 00

F.O.B. North Kansas Cit y, Mo.
Prices Su::jec t Til

Change Witn out Not ice
Price Does Not Inc lude Platform
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for a nu mber of possible settings.
Unt il one has refined t he technique nec­

essary for taking closeups, simp le black-and­
white negative film should be u sed (ASA
100 /1 25 speed ). Inexpensive negativ e de­
velopment only is necessary to check the
results of test phot ographs. Late r , when one
is sure o f the techn ique invol ved , prints­
- both co lor and black-and-white - can be
ordered . Generally , if using ph otoflood
lamps, most cameras can be operat ed at f~st

enough shu tter spee ds such t hat they can be
hand held. If ji tt er in th e pho tograph is
apparent with hand-held operat ion several
remedies are po ssible. Stron ger lighting can
be tried in order to increase the cam era's
shutter speed . Faster film can be used - up to
ASA 400 as lon g as the slightl y increased
graininess over slower film is no t obj ection­
ab le. Or a tr ipod can be used to stabilize the
came ra. Quite ade quat e tripods are available
even from the radio mail-order sup ply
houses at $6-$ 10 which will suffice for a
small cam era . For maximu m effectiveness a
shutt er release cable should also be used
wit h the tri pod so hand motion is not
tr ansmitted to the camera mount du ring
exposure.

Su mmary

T he taking of closeup pho tograp hs is
bot h an interesting and very useful adjunct
t o radio equipmen t constru ct io n . The ex­
pense of a few pho tograph s is far less than
that in volved in constructi ng a piece of
eq uipme nt ove r agai n experimentally to de­
velop a successful circuit , comp onent layout ,
etc. Also , illust rating a piece of equipmen t .
to others is very mu ch simplified an d the
taking of a piece of equip ment out of
operation, subjec ting it to mishand ling, etc .,
is avoided .

I have tried to present only the sim ples t
basics of the closeup- photography of radi o
equipment. Fo r those who wish to explore
the subject further , many excellen t boo ks
are available (t he Kod ak series , for instance,
which contains in forma tion applica ble to a
wide range of came ra types). fina lly, when
buying auxiliary photographic eq uipment ,
one should use the same care an d regard to
prices as when bu ying am a teur radio equip­
ment.

.. . W2EEY
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Standard's New
High F1ying(!(!826"

Standard Communications , the world 's largest manufacturer of
VH F marine equipment, has developed a professional quality
VHF/ F M 2 meter transceiver especially for amateur use, The
"826" is so compact that it makes mobile installations practical
in almost any airplane, boat or car, and it becomes fully portable
with Standard's battery pack. When used in conjunction with the
AC power acces sory, it also makes an ideal, low cost base station
unit. Enjoy the fun of amateur radio communication wherever
you go for just $339,95,

8 STANDARD
CO MMUNICATIONS CORP,
P.O. Box 325, W ilm ington,
Calif. 90744 (213) 775-6284

The wo rld's largest manufacturer of marine VHF equipment.



E The 7 3 ox ha nd ­
boo k has eve ry O X
a id you co u ld h ope
f o r .. QSL Bu ­
re aus, p ostage rates
w o rldw ide, DX CC
a nd WTW cou n t ry
list s a nd record pa ­
ges, m a p s of m a ny
areas o f th e w o rld
w ith p re f ix es, pl us a
c o mp lete w att-siz ed
w o r l d m a p w it h
each b o ok ! It is p ro­
fus e ly i ll ustrated
w i t h p ictu res o t
m a ny o f th e t DP
DX ers , p lus a rt icl es
o n w o r k ing D X on
t h e d iff e rent b and s.
Th er e a r e great
ci rcle b ea ri ng map s
a n d c ha r ts, a nd
m ore . .. more .
me re.

G The B EST OF
F M ($4.9 5 ) is a '
c o mp tta tt o n o f t h e
best a r t icles Th a t ap ­
p ea red in th e F M
Journal f rom Ma rc h
19 6 8 t hro ug h June
1969 , the last o f the
m ag a zin e . R ead the
ex t reme ly co n t ro ­
ve rs ia l C h ronicl e s of
76 . P lus d o zens o f
technical a nd c irc u it
e rttct es a va ila b le no ­
w h e re e lse .

H Transistor Pro ­
jects for t h e Ama­
teur is c ram m ed
w ith o ver 40 in ter­
e st in g co nst ruct io n
p roject s cove rin g re o
c etve rs , c onvert e rs ,
a n d transmitters ,
many in the V H F
reg ion . If you li k e
t o b u ild y ou w ill
b lo w you r m ind
o ver t h is book .

F The F M Anthol ­
o gy ($5.95 ) has re­
p r in ts of a l l of th e
art ic le s and t echn i­
c a l data fr o m the
ea r ly issu es of th e
F M Journa l. N o F M
li b ra ry is c o m p le te
w rt h o u t this d ata,
m uch o f it j ust n o t
available e lsewh e re .

! ,l
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FM BULLET!
t3 T he 73 Genera l Class
St udy Gu id e ($5.95) h as
help ed th o usa n ds t o easi ly
p ass t h e ir G enera l Li ce nse
th e fi rs t time th rough. At
$ 9 a w hack, isn ' t i t f oo l i sh
not to h edge you r b e t w ith
t h is c o mp reh e n s ive and
s imp le b o ok? N o o t her
st u dy gu id e is as co m p le t e
o r a s easy t o re ad . N o ne.
320 pages.

C T h e Adva nced C lass
S t u d y Guid e ($ 3 .9 5 ) ru n s
19 2 p ages and h as p ro ve n
t o b e t h e o n ly c o mp le t e "-- =- -=-....::
t ex t fo r p rep a ri n g t o pass
th e Advanced C la ss lice n se
e xa m. Neve r be f ore h a s
radio th eory b ee n m ade so
s im p le. A fte r just read ing
t h is book it is a lmo st frn ­
possib le t o f a il t h at exam.
A nd re m e m b er t h a t in ad ­
d it io n to t he t ro u b le o f
go ing t o t h e FC C t o t a k e
t ha t ex am , there is a little
m atter o f $9 yo u have to
a nt e u p. W hy ta ke a c h a nce
o n f a ili ng?

o Priced at $ 4.95, the E x ­
t ra C lass Li c ense S t udy
G u ide is a stea l. This book
makes a l l that c o mp lic ated
e lec t ro nic t h e o ry se em
sirnp te. A li t t le study w it h
th is book a nd y o u w ill be
read y t o fa c e the F C C ex­
a m in e r w it h c o nf id e n ce.
2 2 0 page s.

AMATEUR RADID
GENERAL
CLASS
LICENSE
STU DY
GUIDE

~~.•.•!!lll

" $5~5

!S' \ f j( .

AMATEUR f
RADID

ADVANCED j

lI~i~~ I'STUDY,
GUIDE

$3.95 '

~=---='-i ~_~;~:"~:,~,:". }"PREE
AMATIUR RADiO $3.95 a nd ha s n o t yet been

NOlJiCE-etJiSS UCENSE p u b l ish ed in 73 or In a ny
M'IlfW NUN: . other magazin e. Th is bo o k
.:>IUV I p""~..... .- co n ta in s a ll of t h e b a sic

,~~ ;,.:"' • -... ~ ,... ..... t echn ica l in fo rma tio n
.'i .IIIiI ..... • ::.. .~. n,:ed ed to ~ass th~ N ovice

.-"'-' _ ' 9ro ~' -- L Ic en se w it h f lY In g col -
';',- i:J,,!> . '";: Drs . . . an d IS inval u ab le as
-S... ~ _ a b a s ic tex t f or und e rst and -

! ~ j io g. the G e n eral C lass S t udy
. GU ide. 1 54 p ag es a nd p ro ­

f usel y i ll u strat ed . So clear ­
ly w ritten t h at just re ading
it is e n o ug h t o p e rm it most
applica nt s t o pass t h e ir ex ­
am.

$4.95

AMATEUR
RADID
EXTRA ?~

CLASS ~~

lICENSE j l.ISTUDY ,
GUIDE .-
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Acce pt ONE BOOK FR EE w ith o ur co m plim ents for each $ 6 su bscript io n you en ter.
Fr ee G ift Boo ks can be sen t to each su bscribe r or to the do nor. On e gif t book per $6 subscrip t io n,
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Carl C. Drumel1er W5JJ
5824 N. w. 58 St.
Warr Acres OK 73122Biasing

theTransistorAudio Amplifier
W hen building an audio am plifi er

usin g transistors, there is a tem­
ptation to follow religiously the valu es of
biasing resisto rs recommended by some
" authorit y. " Thi s authority often is a
person who has built up a circuit , identical
or similar, and who has been satisfie d with
the results obtained. Som e people have
labeled this as "the coo kbook procedure,"
noting that it places blind trust in the
original builder .

The true amateur of radio te chnology,
however, seldom makes a Chinese cop y of
some ot he r person's design . Often he
adapts ideas to suit his peculiar purpose or
to conform with part s available from his
junkbox. Su ch originality is highly com­
mendable , but it can lead to undesired
results whe n the builder leans too hea vily
upon published information.

Act ive devices, whether vacuum tubes
or transistors, vary in characteristics from
one sample to another. This is very much
the case with transist ors. Because of this
lack of uniformity, even the recomme nda­
tions of manufacturer s are " bogey" values,
those to fit the average case. That t ransi s­
tor you took out of your junkbox or
brought off a dealer 's shelf ma y be a far
departure from the avera ge!

What, then, do you do? Well, you use
the ,transist or you have, but you adapt the
circuit component values to fit that partic­
ula r trans istor! This is much easier than it
sounds, for certain component values can
be nailed down initially . This limits the

variables to only one or tw o for each stage.
Look at Fig. 1. It shows a single-stage
amplifier using a bipolar NPN transistor in
the co mmon-emitter configuration . "Black
boxes" are used to show the input source

NOVEM BER 1971

and the output load . These may vary
greatly in nature , and they cannot be
ignored. You must take them in to consid­
eration wh en you are adjusting circuit
element values for optimum performance.

In this stage, the value s of Cl , C2 , C3,
R2, and R4 usuall y are pr edet ermined by
factors relating to the stage gain and the
rang e of frequencies to be am pl ified. We'll
conside r them to be fixed . That leave s only
Rl and R3 as the variables. Let's see what
we can do with them.

Consider R3 first. It has t wo purposes in
the circuit. On e is to guard again st th ermal
runaway , that self-regene rati ng (or is it
self-degenerating"] propensity of a trans­
istor to in crease, its collector-to -emitter
curren t increases. To head off this " every­
body loses" rat race , you pu t R3 in the
emitter circuit to introduce direct-current
degeneration. Stat ed another way , as the
de componen t of the collecto r-to-emitter
curren t increases; the IR drop across R3
inc reases and places an additional negative
bias on the transistor 's base, thereby tend­
ing to red uce the collec tor-to-emit ter cur­
rent. That 's on e rea son . The other is to
mak e that pa rticular circuit insensitive to
variat ions in transistor uniformity . This
permits the user to replace the or iginal
transistor with ano the r on e wit hout having
to hand pick the re placement to insure
identical characteristi cs.

We'll assume you are building an item
for keep s; you don't plan to change transis­
tors often. Th erefore, you are not particu­
larly interested in making the circuit toler­
ant of individual tran sistor Charac teris tics,
espe cially as you kn ow that you' d be doing
so at the ex pense of diminishi ng the stage
gain . So you'd like to put in just enough
resistance to insure that the transistor will

3 7



GATED CALIBRATED MARKER GENERATOR

Fig. 1. 1n this circ ui t the front-end gain is
"locked " onto th e i-f gain and tracks with it .

acro ss the output load and look at th e
wavefo rm. If it looks horrible (aft er you 've
adjusted the sco pe, of course), reduce th e
inp ut voltag e un til the wavefo rm clear s u p.
Shift the scope from out put to input and
ba ck again to out put to assure cong ru ity of
waveform.

Having obtained, initially , a good wave­
form, you next deliberately dist ort it by
increasing the input voltage un til the wave­
form shows limit ing (fla ttening off) on one
peak, either the positive-going or t he nega­
tive-going . Adjust R I to rest ore the wave­
form to sinusoidal shape. Then rui n it again
by increasing the input voltage. Continue
this cycl e of actions un til the waveform
limiting occurs simultaneously on both th e
nega tive-going and t he po siti ve-going peaks.
Now you can disconnect the variable resis­
tor. measure its resistance with the ohm­
met er an d rep lace it wit h a fixed resistor of
the sam e value .

Continu e th is proce dure , stage by stage,
until yo u've covered them all. You can
leave the af generato r on the input st age if
it' ll attenuate the signal sufficiently to
prevent overlo ading the follo wing stages.
When you have complet ed the total opera­
tion , yo u can be assured that you have
exercised pro per technique in the fin al
design engineering of an audio amplifier
that'll deliver the maximum undistorted
po wer output it can develop! And don 't be
shoc ked if yo u find that you've adopted
values t hat are far , far departures from
those shown in the cookboo k. Yours are
the correct ones for your sit uation.

. . .W5JJ-

ce••

not suf fer thermal ru naway. That 's not
much, about 200n for a small-signal trans­
isto r and decreasing to about 0.1 n for
some power transistors. You can get som e
educate d guesses about how mu ch to use
by noting t he smallest values used in
similar circ uits.

That leaves yo u with only RIta juggle.
To set its value by any mean s oth er th an
«by guess," you'll need the services of an
audio sine-wave generator an d an osc illo­
scope, A var iable resisto r, wit h a max imum
value of at least te n times that of R2, and
an ohmmeter will mak e the jo b easier.
Unless your af generator can be adjusted
for a very low output volt age, yo u may
want to put a po tentiom et er acros s its
out put as an additional voltage divider.

Now fo r the procedure. Put the variable
resistor in as R1. Make very cert ain that
th e input and outp ut loads and the collec­
tor voltage is that which you 'll no rmally
use. Th en float the af signal into the inp ut,
introducing as little additional input load­
ing as possible. Hook the oscilloscope

;A !4l~ OtelUO\f!MAR

T he K-OS C. - G 1 IS a gat ed generator on a nd ott 3
tim es p er second making it ea si ly recogni zed on
t o d ay s c rowded b and s. F requenc y - 1 M H Z, 1 0 0
KHZ , 50 KHZ , 2 5 K HZ. Accuracy - H igh Pre­
cisio n 1 M H Z xtet..0 0 1% . Gate t ime - 3 Pu lse
p er sec ond . Harmon ics - u p t o 2 0 0 M H Z . Out­
pu t - S quare wave, 3. 5 P P. E lect r ic a l Descrip ­
ti on - A l l solid state, printed circuit on 1 /1 6 "
glass board . ICs 2 ga t es , 3 divid e rs,' a n d 1
transistor. A cera mic trimmer allows ze ro -be a t in g
WW V . Ph y sic al desc ript io n - The K-OSC.-G l
G e n e ra t o rs are small, struc turall y ri g id y e t light­
w e ig h t inst ruments w h ic h a re des ign ed f o r po r­
'tabilttv , T h e in s tru m e nt is encl o sed in a 3 color
viny l c ove red m e t a l & p last ic ca b in e t. D ime nsions
are 2 3/8" x 5 1/ 8 " x 6 " .

K·OSC- G1 Wired and Calibrated $45.50
K-OSC· Gl K Kit all parts and case (lessbatteries) $35.50

We w ill build a ny mark er generator you req u ire
for any frequency f rom .0 0 1 H Z t o 400 MH Z .
S t a t e y o u r n eeds a nd w e w ill q uote y o u a price .
Write for catalogu e. Osc ill a t or , d ivi d e r c h a in,
ou tse rs, am plif ier s , con t ro l mod u les f or c o u nters.

K-ENTERPRISES
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K. W. Sessions, Jr . K 6M V H

Desensit iza tio n , as most repeater o wn­
ers ar e all t oo awa re, is t he b iggest

single problem affecting re pe at er cove rage .
The 'pages of 7 3 Magazine have carried
valuable in fo rmation in the past on how to
red uce t his prob lem , an d a grea t many
pages of the F M Re peater Handb ook (Ed i­
tors & Engineers, Ltd ., Indianapolis, IN)
arc devoted to methods for lick ing the
problem . Bu t by far the mos t effect ive
tech niq ue, an d cur iously the one mos t
often overlooked , is ph ysical separa tio n of
the transmitter from the receiver. When
th is syst em is employed , the machine is
said to be a " split site" repeater .

Gett ing a split-site system going is very
often a considerably simpler process than
re peater owners typically suspec t. Getting
a mo u nta intop facility in the first pla ce ­
the basic repeater locat ion - may pro ve to
be a pretty stic ky problem ; bu t once it's in
the bag the re is seldom much d ifficulty in
corn ing up with a second site somewhere in
the general vicini ty of the first.

Lo ok at your ow n re peater lo cat io n.
Chances are you have some rad io "neigh ­
bors" - commercia l two-way or gove rn ­
mental rad io fac ilit ies sharing the same
mounta in or hill . Ever th ink abou t asking
one of t hem to let you ins tall your receiver
in one of their bu ildings? May be they'd
like to sp lit their site as we ll , taking a
similar advan tag e o f your site.

The advan tag es of operat ing a split site
arc obvious. Transmit and receive fre­
qu encies C3 n be extrem ely close-spaced (no
need to adhere to the 600 kHz requ iremen t
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*Amate ur Bands .

Ihe4K·A
The 4K·A ts specifically
designed tor fhe most de­
manding commercial and
military op eration for
SSB·CW·FSK or AM. Us­
ing the magnificent new
Elmac 8877 9tounded­
grid triode and vacuum
tune and load condens­
ers, the 4K-A represents
the 'ast word in rugged,
reliable, linear high pow­
er RF amplitication. One
hundred watts drille tor
4000 watt s PEP input .
Avallab'e in December.
Price: T.B.A.

•
There has never been an amateur linear amplifier like
the new 2K ULTRA. Sma ll and lighfweighf, yet rugged
and reli able. . . all that the name implies. The ULTRA
is destined to establish the standard forcomparison for
the 70's as the earlier Henry 2K series did in fhe 60's.
It offe rs all of the tine quality, engineering and con­
struction of its big brother, fhe 2K-4, condensed into a
miniature powerh ouseof rad iofrequency energy.
SPECIFICATIONS: 0 Maximum legal amateur input in
all modes: 2KW PEP SSB, I.KW CW- FSK 0 Contin­
uous duty performance0 Frequency range: 3.5 to30'
MHz. 0 Tube Complement:TwoEimac 8873 tubes, con­
ductively cooledgroundedgridtriodes 0 Power require­
ments: lf5/230 VAC, 50/60Hz.0 Drivepower required:
SSB-CW ; 50 to 100 watts. 0 ALCCircuit: prevents
overdrive from today's high power excifers and boosts
average talk power. 0 Output impedance: 52 ohms un­
balanced with SWR not fa exceed 2 to L 0 Input im­
pedance: 52 ohms.0 Harmonic and other spurious
emiss ions: Second' Harmonic: - 50db. Third Order Dis­
tortion: - 35 db at full power output. 0 Noise level:
-40 db or better below one tone carrier at 1 KW.o
The price: $845.00

2K-ULTRA

True to its heritage, the 2K-4 is destined tor a
tuture at even greater achievements than its pre­
decessor 2K's. Its rugged co nstruction guarantees
a long lite at reliab le performance. The 2K-4's
heavy-duty componen ts allows it to loat along even
at tull legal power. You can spend more for an
amateur linear, but youcan't buy better. The2K-4,
the big signal amplifier ... floor console or desk
model: $795.00

2K-4

3K-A
MI L1TARY/COMMERCIALLINEAR AMPLIFIER

~ Henry Radio is proud to introduce the new, high
.. . quality 3K·A linear amplifier for commercial and

military users.
The 3K-A employs two rugged Eimac 3-50Dl
grounded grid triodes for superior linearity and
provides a conservative three kilowatts PEP input
on SSB with efficiencies in the range of 60%.
This results in PEP output in excess of 2000
watts. In addition, the 3K-A provides a heavy
duty power supply capable of furnishing 2000
watts of continuous duty input foreither RTIV or
CW with 1200 watts output. Price: $995.00

Mra'aV'J7&ra~ro
· 11240 W. OlympicBlvd., LosAngeles,Calif.90064 213/477-6701

93 t N. Euclid, Anaheim, Calif. 92801 714/772·9200
Butler, Missouri 64730 8t6/679-3127

A V A lLABLE AT SELECT DEA LERS T H R OUGHOUT THE UNTTED S T ATES

The Henry Family of
Fine Amplifiers r---;==--,
Growsand Grows .•



2 K AND TEMPO ARE

AVAILABLE FROM THE

FOLLO W IN G SELECT DEALERS

TH RO UGHO UT

THEU.S.

HENRY RADIO 11240 W. Olympic Blvd. , Lo s
Ang etes , Ca . 90064 4 77-6701 • 93 1 N. Euc lid Ave .,
Ana he im , Ca. 928 01 772-92 00 • Butl er, Mo. 64730
6 79-31 2 7
ADIRONDACK RADIO SUPPLY 18 5 W . Ma in St.,
Am sterda m , New York 120 10 842-8350
ADVANCED ELECTRONICS 8 04 Dupont St .,
Be ll ingha m , Wa sh . 98225 734 ·3400

AMATEUR ELECTRONIC SUPPLY 4828 W. Fond
du Lac, Mi lwaukee, Wis. 53216442 ·4200
17 929 Eucli d Ave., Cleve land, Oh IO 4411 2 486·733 0

AMATEUR RADIO CENTER 2805 N.E. 2nd St. ,
Mi am i, Flo ri d a 33 13 7 3 74-410 1
AMATEU R RADIO SUPPLY 6213 13t h Ave . S.,
Se att le , Was h . 98 10 8 767-3222
STAN BURGHARDT 3 15 10t h Av e. NW.,
Wa te rtow n , S.D . 5720 1 886 -3 767
COMMUNICATIONS WORLD 4 78 8 St ate Road,
Clev eland , Oh io 44 109 398 -63 63
DERRICK EL ECT RON ICS 108 E. EI Paso , Broken
Arrow , Ok la. 74012 251·99 23
DOUGLAS ELECTRONICS 1118 S. Staples, Co rp us
Ch ri st i, Texas 784 04 883 ·5 103
ELECTRONIC CENTER 10 7 3 rd Av e. N.,
Minneapo l is , Minn. 554 01 3 38·84 61
ELECTRONIC DISTRIBUTORS 1960 Peck s t.,
Muskeg an, Mich. 49441 726·3 196
ERICKSON COMMU NICATIONS 4657 N.
Rav ens w ood , Ch ic ag o, Ill . 6064 0 334·3200
ELECTRONIC EXCHANGE CO., I NC. 608 Papworth
Av e., Su ite " B", Meta irie, La . 700 05 , 834·9000
FRECK RADIO & SUPPLY 38 Biltmore Ave .,
Asheville, N.C. 28801 254·95 51
HARRISON Rt. 110 at Sm it h , Farmingda le , N. V.
11735 29 3-799 0 8 Barclay s r., N.Y. City 227-7922
HAM RADIO CENTER 8342 Oliv e Bl vd ., St . Lou is ,
Mo. 63 132 993-6060
HA M RADIO OUTLET 999 Ho wa rd Ave .,
Bu rling am e, Ca. 940 10 34 2· 57 57
INDUSTRIAL DISTRIBUTORS 1209 S. Industria l
Ave., Dallas, Texas 75 207 74 2-8570
JRS DISTRIBUTORS 64 6 W . M ar ket St. , Yor k,
Penn . 1740 4 8 54-8 624
KASS ELECTRONICS 2502 Tow nship Line Rd.,
Drexel Hill, Penn . 19026 44 9-2300
MADISON ELECTRONICS 1508 McKinne y Av e.,
Hou ston , Texa s 77 002 224·2 668
PORTLAND RADIO SUPPLY 1234 SW. Sta rk St .,
Portland , Or. 9 7205 228-8647
RADIO DISTRIBUTING CO., INC. 12 12 High St.,
Sout h Ben d, Indi ana 4 6624 2 88-4666
RADIO SUPPLY & ENGINEERING CO. 8 5 Se lden
Av e., Det ro it, M ic h ig an 48 201 831·3175
SIMON SIDE BAND CO. Holland Mountain Road,
Oak Ridge, N .J. 074 38 69 7-424 6
WESTERN RADIO 1415 India St., San Diego, Cal if.
92 101 23 9·0361
WORL D RADIO LABS 34 15 W . B roadway, Coun ci l
Bl uffs, Iowa 51501 3 28-1851
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Fig. 1. A t the receiver loca tion (two-site re­
pea ter), a cathode foll o wer fee ds th e receiver
au dio into a transformer co n tinu o us ly, but th e
receiver squelch keeps audio off the line until a
carrier appears. The B+ leg of the two-wire line is
held at ground po te nt ial by the normally clo sed
COR. Whe n a carrier appears, the gro und is
moved to the "return" leg and B + is allowed to
flow with th e a udio through the wire pair. Th e
capaci tor on the transform er secondary isolate s
the dc po larities without disturbing ac (au dio)
flow.

if you do n 't have to); rece ive ca pa b ility can
be enhanced by the addi t io n of pr eamps
without fea r of rf deg ra dation by high field
strengt hs: in pu t /o u tp ut coverage can he
mat ch ed to a fare- thee-well. maki ng the
range of the receiver equal that of the
tra nsmitter ; sh ield ing requ irements are
minimized o r elimi nated altogether, simpli­
fyi ng t he inst allat io n .

One o f th e sec rets of the fantast ic
I SO-mile coverage radius o f 73's WA lKGD
repeater is the fact tha t the receiver an d
t ransmitter have bee n sep arated by a d is­
tance of one-ha lf mil e. With the receiver at
th e top of the mo untain de termining range,
all that was necessar y to ba lance up th e
system was to ad just the power outpu t o f
the transmitter to closely match the cover­
age o f the receiver when liste ning to a lOW
mobile u nit in a hal f-qu ieti ng ar ea .

Ge tting the signal from one site to the
other ca n invol ve seco ndary " link" set­
ups - subsidiary repeaters op era ting on a
UH F pair. Or it ca n invo lve leased tele­
phone lines if the tw o sites arc close
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eno ugh to ju stify it eco no mically. As a
third alt ernative - an d th is is th e ap proach
used fo r th e \VA I KGD repeater - the two
sites can be linked with an ovcrgro u nd wire
pair st ru ng by the amate ur rep eat er build­
ers the msel ves. If th e fac ility is on cle ared
and developed land , then th is approach
probably will be disallowed by th e building
owners o r land leaseholders. Bu t where the
terra in he tween the two site s is high-fo liage
area, the homebrew wire -str inging migh t be
just the right ap proach .

Even if you can' t string wire ove rgrou nd ,
yo u might fin d no objections to u nd er­
sur fac e wire-stringing - part icul arly when
the landowner is ma de to rea lize that no
u nsaf e voltages or currents are to be
tra nsferr ed over th e line. Usually , under­
sur face wire is on ly req uired for estheti c
reason s - which means you need bury it
no deeper tha n th e depth req u ired to
conceal th e line .

A split-site repea ter is no mo re complex
than a single-site sys te m; more o fte n th an
no t. as a matter o f fact . it is even simpler.
A sta ndard single-co ntac t ca rr ier-opera te d
relay at the re ceiver can do all the switch­
ing ne cessary to sen d bo th audio an d d e
co n tro l signa ls to th e transmitter sit e .
Figures I and 2 show on e metho d fo r

Fig. 2. Audio and de decoupling is accomplish ed
at the transmitter. The de control voltage is used
to trip a sensitive relay (lO mA) with a coil
voltage of about 350oS1 which ke ys the push-to ­
talk circui t. Th e transformer, wi th spli t primary
int erconnected by a capacit or, passes the audio as
the dc is ro ut ed a t th e primary .
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accom plishing this dual function.
At the transmitter site, th e aud io and

contro l signals are deco upled from th e line
by ano ther tra nsfor me r/capacito r arrange­
ment similar to tha t at the receiver loca­
tion, and the circ uit is complete. There is
nothing particularly critical about th e im­
pedances of th e transformers in either the
receiver o r the trans mitte r circuits; th is is
part icularly true where cathode followers
are used, du e to th eir wide im pedance­
matching range. The mo st im portant char­
acter ist ic is th e split windings.

Audio anomalies can be remedied by
adjusting th e iso lati on capacitor values.
The values sho wn (0.5 JlF ) were selec te d
for their ab ility to reject the clicks of d c
rela y closur es. Low ering th e value will
imp rove the low-freq uency response, bu t it
will incr ease th e likelihood of allowing

annoying clicks to be transferre d over the
line.

Repeat er owners sometimes appear re­
luctant to adop t a wire pair fo r repeater
lin king be cause of som e inexpl icab le fear
of hum and audio level pro blems associ ated
with mix ing audio and B+. Such problems
are nonexist ent , ho wever , in most tw o-sit e
lin ks. Th e secre t is in th e use of "balanced "
lines. T he transfo rmers the mselves, placed
at bot h t erminal poin ts of the line, serve to
balance the de by virtue of the choke
actio n of the windings through whic h the
de must pass . The only suggesti on here
wou ld be to use good tra nsformers .

Th e sec ret of using on ly two wires fo r
passing aud io and carrier-o perat ed-relay
co nt rol signals lies in the use of th e
cap acito r-transfo rmer co mbinatio n, which
of course cannot pass de . The de is
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Fig. 3 . Audio co ndi tioning and carrier switching sy stem. Th e au dio transformer impedances are not
cri tical, owing to the wid e mat ching range o f the cathode foll o wer . Th e sp lit secondary sho uld match
th e primary of the transmi tter-site transformer, however. The 100 kU pot in th e cathod e follower
sh ould be an audio type for smooth se tting, tho ugh a linear taper will do the job.
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imposed with the au dio on the wire pair at
the source. Then, at th e transmitter site,
the d e is directly coupled to th e contro l
relay while the ac is separated from th e line
by coupling it t hrough an audio trans­
for mer.

At th e receiver locati on , th e audio signal
is fed continuously into th e wireline trans­
former (see Fig. 1), but the receiver
squelch keeps audio off the lin e un til a
carrier appears. Th e carr ier-operate d relay
on th e receiver is used to apply B+ (de
contro l volt age) onto the wireline at th e
appearance of a signal, and to hold th e line
to a ground potential at all other times.

At the transmitter location , the two-wire
line is con nected to ano ther audio trans­
former (see Fig. 2) . Th e de control volt­
age is used to key a sensit ive relay (l0
rnA or so) , whi ch keys th e push-to- ta lk
circuit of the tra nsmitter. This second
t ransformer decou ples the rec eive aud io
and feeds the transmitt er mike circuit.

It would be a bad design to send pure B+
dow n the wire pair witho ut some for m of
curr ent-limit ing. Without some form of
current control, th e wire pair wou ld offer a
dangerous shock, ha zard in th e event of
ex posed insu lation , somewhere along the
line ; in addit ion, a short circui t could mean
blown fuses or, conceivably, a fire ha zard .
Altho ugh the resistor shown in the circuit
of Fig. I does acco mplish anoth er func­
tion, it s key purpose to limiting the line
curre nt. The resistor valu e should be so
chos en that it allo ws no more current to
pass than 150% of that amount required to
key the co ntrol relay at the transmitter sit e
(Fig. 2) . On ce the relay has bee n selected ,
the resistor value can be determined by
practical application of Ohm 's Law. th e
transmitter. Th is second transformer de­
cou ples th e receive audio and feeds th e
tra nsmitter mike circuit.

Fo r the benefit of th e repeater bu ilder
who doesn't like to skip back and fo rth
through a book to pick up bits an d pieces
of circuitry, Fig. 3 shows a complete
receiver-site control sche me, which in­
clud es ca th ode follower audi o processing, a
carrier-operated relay, and a line trans­
former. All gro unds sho wn are to the
receiver chassis. . . .K6MVII

Name' _

For 17 years, Hams have asked Bird for a moderate ly priced
watt meter designed just for them. We've finall y done it , so
now you can gel your own HAM-MATE' " lor accurate power
and VSWR measur ement .

The NEWseries 4350HAM·MATEr.. Di rectional RF Wattmeter
is a direct descendant 01 the model 43 THRUlIN[ @- lhe
professional standa rd of t he indust ry. II measu res forward
and reflected power i n two ranges: 200W and 2000W (m odel
(350) or 200Wand l llOOW (mod el 4351).

One of the most important requi rements of any insertion type
RF watt meter is its direc tivity, i.e . the abi li ty to diffe rent iale
between power flowing in oppos ite direct ions in the tra ns­
mission line. When adjusting anante nna to a 50-ohm line, a
meter with insufficient directivity is likely to indicate a perfect
match when none exist s. The new HAM · MATEhas a minimum
01 20 dB directivity, an absolute must for meaningful re­
flected power (and VSWR) measureme nt

The guaranteed SPECIFICATIONS:

Model 43SO 4351
Frequen cy Range 1.8- 30 MHz
Forward Power ' 2OOO/200W l OOO/ 200W
Refle cted Power 2OOO/200W l OOO/ 200W
Accuracy ± 8% OFS
Inse rt ion VSWR less than 1.10 ( SO ohms)
Direct ivity ZO dB minimum
Connectors Female UH F (50 -239)
Price $79 $79

""' BIRDELECTRONI C CORP ORATIO N
'<tiiI Cleve land (Solon) Ohio 44139

also available at HENRY RADIO

Oh no you don't ~
get your own BIRD

r~~~~~~~~~~~---- ---l
o l.8 ·30MHz, 2000/200WHam-mate Wattmeter

o L8-30MHz, IOOO/ 200WHam-mate wattmeter :
o Why don't you make a 50-150MHz Ham-mate? I

I
company l
Address I
City Stale lip I

BIRD ElECTRONIC CORPORATION I
Clntllnd (S ul~ ) Ohiu 44139 • l OlOl Au rufl RUld I

~ ~~~~~~~~~~~~~J
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John Kuivinen WB6 IQS
3426 Duke Ave.
Claremont CA 91711

The Art of T-hunting

MINOR PEAK

I
I

/,,
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PROBABLE RANGE
Of' NUl..L. AREA
( MAY 8E: SHARPER)

not meet at the beginning spot. The hidden
transmitter should be able to be hea rd at
the meet ing point so that membe rs can tell
for sure that he is on the air. All hunters
must meet at th e starting po int so that a
car count can be taken and as t he evening
progresses they can tell who 's left.

About an hour afte r the hunt begins
clues should be given out. Sma ll ones at
first , leading to bigger and bigger clues
until the hunt is called or all hun ters are in .

Fig . 1. Directionality of or dinary bumper mount
whip.

T here are many ways to have hidden
transmitter hunts, but at California

Polytechnic College (Cal Poly) in Pomona
we have decided to remain on 6m and have
min imum-time hu nt s. We have tried min­
imum -mileage hunts, bu t these have not
gone over as well.

Most members have rece ntly gone fro m
using the directio nality of th e car's quar­
t er-wave whip to loo p ante nnas. So me use
bo th mod es, using the whip unti l they get
close, th en the loop fo r closing in .

Cal Poly has been having t hese hunts
every other Friday since 1963 and th ese
have been th e most consist ently pop ular
event s our club has. Although every area
police department knows about us we have
never ha d any real problems, just calls by
neighbors or hillside dwellers who did n 't
know what we were doing . If the po lice
arn ve, we usually hear "Oh , you again!"
An d th ey ask us to keep it cool, quiet
down, etc.

The basic system behind our Tehunts is
a stan dard map . We all use the same map
with t he same bord ers for the eight sec­
tions. This cu ts down on lost members and
gray areas at th e edge of a section.

The size of th e area will depend on the
te rrain and the band used for the hun ts.
Th e maximum size should be an area
slightly smaller than the effe ctive commu­
nication s rang e for that band under bad
conditi ons. Th is make s the hunts mo re
popular because people with poor receivers
can st ill co mpete, ye t it is usually a large
enough area to make an int eresti ng hunt.

To start the hunts the hidden transmit­
te r usually goes directl y to hide and does
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Fig. 2. Directional pa tte rn of the coax l oop.

It is a good poli cy to have 2m FM or
some sort of guard channel to monitor
duri ng the hunt. Sometimes mem bers will
see o r have acc idents. With out a guard
channe l it co uld be a long time until
someone get s through .

Th e shield ed loop is far sup erior to the
car bo dy fo r direc tiona l charac teristics, bu t
is generally not as sensitive. Most of our
shielded loops are simple RG-8/ U coax
loo ps about 8 in. in diameter. An insulated
capaci to r co nnects across the break at th e
support bracket , and the feed coax co n­
nect s to one side of the capaci to r.

T he loop is tuned by holdin g a grid d ip
meter near the break in th e shield at the
to p of th e loop and adjusting the capacitor.
Tune the capacitor for maximum di p at th e
opera ti ng frequency. If th e loop will not
d ip with in the band add or subtrac t capaci­
ty to lower or raise the loop 's frequency.

The hunti ng technique is very simila r to
the car bod y hunting technique except that
the rider can tell exact ly what dir ecti on the
signals are coming from at all times. If the
loop cannot hear th e hidden transmitter
the hunters may have to use a car body
antenna to get a strong signa l, th en switch
to the loop antenna . Just rem ember th at a
loo p nu lls equally well in both direct ions.
Do n 't le t th e hidden transmitte r get behi nd
you while yo u hunt for him ahe ad of yo u.

To check out eith er of th e systems it is
best to stage a dum my hunt. Use a grid dip
meter, low power tra nsmi tt er, or almost
anything to get a weak signal on the band.

Make loo ps with the car , and che ck fo r

Fig. .3. Coax DF loop construction.

e ME TER L OOP AN TENNA

TO
RECEIVER

. AX

"- LOOP
ANTE NNA

NUl. l.

NUL L

. AX

T' Hunting Techniques

If a car has an antenna mounted almost
an yw here ex ce pt th e cen ter of t he roof it
will have some so rt of dire ct ion al patt ern .
It is possib le to use th e car's regular rad io
antenn a or even a gutter clam p type of
antenna, but the best pattern seems to
come from a bu mper mou nt antenna.

The basic principle of this typ e of
hun ti ng is to bo x the hidd en transmitter in .
Start near a co rn er of the area whe re th e
signal is fair ly readable , make a loop with
the car and try to get a general direction . If
no directi on is ap parent, jus t start driving ;
if th e signal get s weaker yo u are going th e
wrong way .

Con tinue this pattern and keep bo xin g
in the area whe re th e transmitter is. Use
the map if necessary to keep tabs on the
directions and signal st rength.

This system is goo d for both beginners
and ex perie nced alik e. It requires only a
co nver ter and car radio fo r a minimu m an d
the car' s igniti on noise can provide a
suitable S-meter.

If the rece iver yo u are using does no t
have an rf gain co ntrol it will be best to
have a receiving t yp e of signa l attenuator
co nnec ted between the antenn a and co n­
vert er or rad io. As the signal get s stronger
very litt le dip will be not iced but the
attenu ator will cu t some of the signal out
and no t alter the patt ern .
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mu ltiple di ps or peaks. It depends on the
car and positi on of the antenna where th e
nu lls an d peak s are locat ed . Use whatever is
clearest to follow as your hunting method.

For loop ante nnas get away from the
signal so th at the only signal received is
th rough the loop and not fro m the wires to
th e loop. Check that the null is directly
broadside to the loop and that it nulls
equally well in both dir ecti ons. If there is
more met al dir ectl y on one side of t he loop
than t he o ther the nulls may not be eq ually
deep. This may be a hel p to esta blish th e
dir ection of th e hidden tr ansmitter if th e
hunter be comes confused. Also as th e
hunt er app roaches the hidden tran smitter
he will no tice that the correc tions to keep
the signal nulled out will beco me soone r
and sooner.

Some re ceivers may tend to overload as
th e signal strength becom es very stro ng.
Oft en the only way to come in for the last
quar ter-mile is to pull the ante nna fro m t he
radio and fo llow th e signal strength.

Using any of the sys te ms it is very
imp or tant to have a rider along - so meone
to read maps, Svmeter s, and in general
allow the driver to do what he is suppos ed
to do: drive . It is no t only dangero us and
foolhardy to hunt alone, but less inter­
esting.

Past Hunt Experiences

Every new hu nt is an experience but in
the past there have been severa l hunts
which are classics for our grou p.

On e of the most famous has been the
qu arter-mile wire hunt. On th is hunt a
mem ber attached one end of a very large
roll of wire to a light post and rod e up a
nearby hill on his tra il motorcycle wit h th e
roll of wire on the bac k of the cycle .

His truck was th en driven to th e top of
th e hill and the wire was loaded on 6rn.
Th e antenna created many " hot spots,"
places where there ap pears to be a strong
sou rce of radiation. Even afte r people were
ab le to find the tr ue an tenna's locat ion th e
signal pattern was such that when they got
directly under or near the end of the wire
the signal would disappear.

Directionality is very good for confusing
hidden transmitter hunters. Por table beams

NO VE M BER 19 71

such as a take-apart yagi or quad work very
well. If you know the receiving directional
pattern of th e car it is also th e same fo r
transmitting. lf there are many ro ads lead­
ing into an area but only one way to get to
the site, beam t he signal away from the real
entrance or ro tat e the antenna so tha t the
patt ern shifts co nstantly .

Ther e are o the r ways of disguising the
hidden t ran smitt er 's locatio n. An unortho­
dox method is to use mul ti ple hidden
transmitt ers all running on th e same fre­
quen cy. If the tran smitters have about
equal signal strength they can create havoc
for the most experience d of hun te rs. This
method is su ita ble for large ham part ies or
d ub outings th at can be prepared long in
advance. The signals may even be iden tical
if a second frequency is used to t ransmit
the audio portion of the signal.

The more conventional way is to change
vehicles or park in very obvious loc ati ons .

A change to a complete ly unknown
vehicle and the use of an ex terna l antenna
has been very successful in the past. On a
recent hun t the hidden transmitter was
located in a late mo del Lincoln Continenta l
parked in a typi cal "date" type parking
spot nearly overlooking th e Cal Poly cam­
pus. It was a very easy hunt to get into t he
general area, but not aft er that. Most
people will respect the coup le in a parked
car and not knock on t he windows or use
flashlight s etc. The hidd en tr ansmit ter was
located by the coax leading out of a rea r
car door, but not until afte r almost t wenty
minutes of frantic looking.

Jack Stone (WA6BHJ) and his portable quad.
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K-ENTERPRISES
1401 N. Tucker , Shaw nee , Okla .

The best loud-speaker for
your product is SEVENTY·
THREE MAGAZINE!

The obvious location is effec tive be­
cause no one would suspect an yone of
parking th ere . A movie th eatre parking lo t,
shopping center, residen tia l neighborhood ,
alm ost any easily accessible place that has
ma ny other cars is exce llen t.

T-hunting is a great metho d of having
fun and is as cheap or as expensive as the
hunters want it to be. People have hun ted
successfully with as little as a Heath lunch­
box an d the car radi o an tenna, a co nver ter
to the broadcast rad io and using t he car
an te nna, or on th e o the r extreme Swan
35 0s and Collins S-line wit h FET convert­
ers and loop antennas.

Many thank s to the mem bers of the Cal
Poly Ama teur Rad io Association an d es­
pecially WB6AEJ, WD6HHM, WB6MYZ,
WB6NUV, WB6PQV, and WB6ZJC for
their contribu tions over the years to th e
club 's hunting experience and t heir ex­
perie nce with T-hunting,

H E P 1702.5A 1 0 0 0 V
I N 9 1 4 S ignal Diodes
7490 Decade co u nte r
7 4 4 1 Dec imal Decoder/ Driver
U L 9 14 Gate
UL 9 23 JK Flip-Flop

Circ uit board w ire d & tested .
T TL logic. Pow e r line freq uency COu n te r for 3 m in u t e
o r le ss ti m in g and co n tro l. E as ily reprogra m m a b le
diode R O M u se s o n ly 2 7 d iodes (depe nd iog on calll to
se nd DE " a n y ca ll". Lo w im p eda nc e a ud io with
volume and tone con trol. A ll circuitry inc lud ing PS on
small G l 0 g lass P C b oard. Wr ite for fu ll d e tails . HAL
DEVI C ES , BOX 3 65. URBANA , I LLINOiS 6 180 !

NEED CRYSTALS ?

~AN
/J "'" 9 f::fwecan,"p ply

' " { Crys tals fr o m
1_ .. 2 K H z to 80 .U H z

I ,. ~ i n .many t ypes
~ of h o lders.

SPECIA LS
Colo r TV crystal ( 3579, 545 KHz) wire leads S1.60 4 for 5.0 0
100 KHz frequency sta ndard cry stal ( He 13/ U) 4 .50
1000 KHz frequency standard (He 6/U) 4 .5 0
Any CB crystal, trans. or.rec. 2.50

(e xcept synt he sizer crystals)
Any am ateur band crystal in FT-243 ho lders 1.50 4 for 5.0 0

(except 80- 160 me ters)
80 meter crys ta ls in FT-243 ho lders 2. 50

We have in stock over six million cry s-
tals which include typ es CR I AfA R,
FT243, FT24 1, MC? , HC6fU, llCI 3fU,
etc. Send 10¢ for our 197 1 catalog wit h
oscillat or circuits, listing tho usands of
frequencies in stock for im mediate de-
livery . (Add 104 per crys tal to above
prices fo r shipment 1st class mail ; 15¢
each for air mail .)

ORDER DIRECT U.11\
w ith check or money order to !Spec ial Quantity Prices

to Jo bbe rs an d Dealers 1""'"

2400BCrystal Dr., Ft. Myers, Fla. 33901 :QtJSTALS_
,... HR~E._V'_CE;;;,5 ..

HAL 10-1 REPEATE R
IDENTIFIE R

175°0

IS IT EASY TO LEARN THE CODE?
Frankly, no . Neith er was it easy to learn ho w to read w ithou t two th ings:
Proper inst ruct io n , a nd pract ice . CO DEMASTE R tapes, pro ven in over five
yea rs o f sa les of t ho usa nds of tapes al lover th e wo rld , give yo u th a t essent ia l
instr uc t io n. No o ther teach ing sys te m offers you a more pro ven rre rhod.
mo re accu ra te send ing, mo re co mp lete gu idan ce. Se lect your COD E­
MASTE R tapes below!

I~I
f!

CM -1 : F o r t he begin ne r. A cOm ­
p le t e COurSe of inst ruc t io n is o n t h e
tap e. Practice m a ter ial a t 5 . 7 . 9
WP M. Pr e par es you fo r Novi ce e ,, ­
am. Incl u d es co de gr o u ps a nd p u nc ­
tu a t io n .

CM-l ~ : An int ermed iat e ta pe . e s­
pe ci a lly fo r Ge ne ra l C lass e " am
st ud y . No ins t ruc ti o n ; ju st pract ice .
/:, hr 1 1 WP M : 1 h r 14 WPM ; Y, h r
a t 17 WP M. Includes co d e d grou ps
and st ra igh t text.

C M -2 : F or E x t ra -C lass lice nse
st ud y . Mo st ly s t ra ig h t t e x t , so m e
code gro u ps . 1 ho u r a t 20 WPM , Y,
ho ur eac h a t 25 and 3 0 WPM . F o r
rea l O RO , pl a y this ta pe a t twice
sp eed !
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Robert L . Grenell W8RHR
3926 Beech Street
Cincinnati on 45227

An Ultra-Simple
Selective Aud io Filter

T here have been several ar ti cles in
various amate ur journals showing how

to use the now commonplace (and cheap)
88 mH toroids to make high ly selective
audio filt ers , ideal for CW reception. Un­
for tu nately , most of these articles have
made a major project out of somet hing
th at's really quit e simple. In such a devi ce,
all that 's necessary, o ther than the co m po­
nent s co mprising th e filter itsel f, is a
modest stage of audi o am plification to
eq ualize the gain when th e filt er is
switched in . Most of th e devices described
to dat e have been designed to plug into th e
receiver 's pho ne jack, and co ntain amplifi­
cation to dr ive headp ho nes. Besid es dupli­
cati ng circ uitry that you already hav e in
your receiver , this is wasteful of power , as
tw o audio sta ges are required instead of
one.

Besides, if you 're like me, you hate to

have a lo t of outboard adapters and the
necessary cab les ha nging ou t of your re­
ceiver . No thing can make a station look
junky and un profession al as fast as a whole
bunch of little box es st ru ng out over th e
operat ing table. I build every th ing in . If
you don ' t want to modify your receiver ,
it's very easy to bend up a little L shaped
chas sis which can be mounted inside a
receiver on the back or side of th e cabinet.
Of course, if you're really cramped fo r
spa ce, it could be mo unted out side the
cabinet on t he back .

This simple audio filt er is highly flexibl e
and can easily be squeezed into even th e
most co mpac t receiver . If yo u have gain to
spare, you may want to dispense with the
input amplifier altogether. Most receivers
will require it . and it can be built around
ha lf of a 12A X7, a 6A V6 , o r an aud io F ET
without altering the circuitry shown. Th e

IK

TO FIRST

8+ s-:~~~
lOOK

I~Rr~~~ 1;Jol~...01]'..0'
TO OUTPUT .0 1
OF PRODUCT --11f-~-'V","--<>---4 !5 mH S mH
DET ECTOR

Th e two resistors in the inp u t voltage di vider should total ap proximately 1 Mil The y sho uld be
adjusted for a balance between au dio levels with th e fil ter in an d out. Fo r a tu be version , an y where
from 100 to 300 V is fine . If you use an a udio FET, selec t your vo ltage according to the
manufacturer's recommendations.
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~ Electronics
Box 1201 B
CHAMPAIGN. ILL.
61820

FREE SPEC SHEETS
NOW

AVAILABLE

FRECK RADIO SUPPLY
38 Biltmore Ave., Asheville, N.C. 28801

1704) 254-9551

Serving the amateurs for 43 years
Large Stock of Used Equipment. FREE list
upon request. We stock Collins . Drake .
Galaxy. Ken wood • Signal One -Swan
• Tempo . Hy -Gain • Newtronics e Several
Others.

HAL DEVICES
Box 365L, Urbana IL 61801 . 217-359-7373

BEFORE YOU TRADE - TRY US!
Bank Americard - Master Charge

Tenny Freck W4W L - Sandy Jackson Mgr.
Harvey Nations W4 VOV

use of a bipolar transistor is not recom­
mended - the low impedance of a bipolar
device will load the audio output of the
product detector so much that the gain of
the amplifier will be canceled. Whatever
you use for an amplifier, power require­
ments are negligible.

In construction, no particular pre­
cautions need be observed except to ade­
quately shield the audio leads. The voltage
divider ahead of the input amp can be a 1
MS1 pot, but for the sake of compactness,
using a couple of fixed resistors to balance
the gain is preferable. The valu es of capaci­
tance in the filter yield a center frequency
of about 75 0 Hz. If you prefer a lower
note , increase them (and vice versa) .

Bandwidth is about 75 Hz at -6 dB ,
100 Hz at - 20 dB , and 2 50 Hz at - 40 dB.
When this high selectivity is employed with
some kind of i-f notch filter, you can sort
out even th e wildest pileups with ease. If
your receiver doesn 't tune pretty slow,
you'll probably find it difficult to avoid
passing right over signals. If this is your
problem, a simple vernier adapter will solve
it.

This is strictly a " no-sweat" project.
Nothing is critical, it can be built in just a
few minutes, and ' it probably won't cost
more than a couple of dollars. However,
th e results are most gratifying, and it sure
beats laying out $50 or more for a 100 Hz
crystal lattice filter!

In using the filter , you'll find that white
noise and st atic crashes are greatly reduced,
but in the presen ce of pulse noise, this
unit, like all other highly selective devices,
is subject to severe " ringing." Th e use of a
good i-f noise blanker is almost mandatory ,

,- H R l..£EVICES if full benefit is to be derived from the
HOTCARAIER OIOO,S , HP2000..."S .90. 12ISlO~"~" :"::::"~,,,~".-.-,-",-,-.-...-....-.~-.-,-, ,Ifilter. This circuit is ideal for the CW man,

_
lE NEAS: lN471911.6.1. IN41]] I' .h l. lN413516.2' 1. l N47J8(8.1oI and should prove to be just the thing forl N413B I9.M .1 N4J41112. 1. lN4142112wl.1""I.... ....S ,IS

, lINEAAICS' ~~J:i2~GJJ:~~ ~OJ'll;m~.:' m~ ~W,~iiG . .::Jm those interest ed in moonbounce work.
mGITAl lCS f "l92J.. S .90 M[;IGIP $l .JU MCI1 Jr S .9,

MATl: MC1SSP SUG MC~OOP .. , $l ,50 MC090P ~U~ Incidentally, with this filter in, you'll
~~m~· .~.g:ir ~~m~:.~CJ92PSJjo"M[!i76iip' ·:: $S.45 find out how stable your receiver really is.

OIP TTl : ~:~: m~· .~4f2·G~m. 742~~~~~4~f.~4!6: : : ':::::::'S'i'iJo' 1442'" __.__.M~ You may be surprised! By zero-beating
7412 s .1, 1413.1 414............ SUS 141S S2.411

FETS ~:::~~~~~ ~~~ , :1.~$1, 6 ~ 149D , 1492· ~miii. __ ' f~~ ~~m'ii : ' : 'Jl:~~ with an accurately calibrated audio genera­
TOR010S: ~nfd;:'i'~r~'m~~2'06 , CF182.01 ,

Cf WROdiix·[U·BE·FERRi·TE·'iJ'E'AO'ii .1 Qi~ 1:~~ tor, it 's possible to make highly accurate
C INCHICSOC~ETS: ~. ICS, 14 01P.....S6U 10·IC' .16 _ DlP .S .10 measurements of drift in your receiver, or

MANYOl HEA DEVICESANOCOMPON, NTSINSTOCKWR ITEFOACATALOG

on that vfo you 're building, usin g this
filt er.

• UP TO 5 FIXED
TONES
(f~tory set)

• ADJUSTABLE:
-Duration
-Output

• NO BATfERJES
needed.

• FULLY ADAPT­
ABLE

• EASY INSTALLA­
TION

• CONTINUOUS
TONE POSSIBLE

• FULL 1 YEA R RP
WARRANTY

Prices: MODEL TB-5

5 tone (std) $37.50

2 tone $32.50

Special tones-Inqui re

(Ill. Residents,
add 5% tax )
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I n conjuncti on with an oscillosco pe, this
file bo x tester will allow yo u to chec k

visually the condition of a numb er of di ode
an d transi sto r ty pes . Th e part s list is
rela tively small and the cost is no minal, the
largest item bein g the 26 V transforme r. It
is simp le to build and fascinating to op er­
at e.

The circuit is based on furnishin g tw o
voltages, phased 90 degrees apart , and
connect ed to th e horizontal and ver tical
scope sta ges. The base of the trans isto r
und er test is connected to ground , the
em itte r an d collec tor to the respective
plat es .

Referring to Fig. 1, we see the usual
pow er line co nnections to the transfor mer
prima ry . The 26V transformer secondary is
supp lied to two simple pha sing circuits
which , when connec ted to the scope verti­
cal and ho rizontal amplifiers, resul ts in a
circl e on th e sco pe sc reen.

NOVEM BER 197 1

Note that, to exhibit a per fec t circle on
t he sco pe screen, both ver tical and hor izon ­
tal amplifiers must be adj uste d to an equ al
deflection on the scope and they m ust
deflect linearly. In fact , the attempt to
adjust for a perfect circle is a good test o f
de flection linearity . If the circle has a
"flat" on the right side of the circle, t he
ho rizontal amplifie r is nonlinear. If there is
a fla tt ened po rtion on the upper side of the

Fig. 1. File box lin e-qu adrature generator type
transistor and SCR tester.
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circle, there is no nli nearity in the vertical
am plifier. Fortunately, some nonlinearit y
will cause little test result degrada tio n.

The term "q uad rature " denotes the
finding in square measure of the area of a
bounded surface, as of a circle. It also has a
me aning of the d ivision of a circu lar area
into four equal sections.

Figure 2 illust rates som e of the various
possib le scop e pa tt ern s. Note that a good
PNP transistor will show a pa tte rn of a
quarter " pie" or a quadrant in the lower
left portion of the scope screen . A good
NPN transistor will show in the upper right
quadrant of the sco pe screen . A good SCR
will sho w a half circle , a unijunction an
oval, and a good diod e will result in a tilted
half circl e.

Now, if the collec tor and the base of a
transistor are sho rted , only a vertical lin e
will resul t. If the shor t is between emitt er
and base, t he pattern is a single horizo ntal
line. Note that th e lines rad iate from the
pattern center.

If the shor t is be tween emitter and
collector, th e single line will radiate on an
angl e, depending up on wh ether the tra nsis­
tor is NPN or PNP. A simultaneo us short
be tw een three tr ansistor elements will
show a dot on the scope screen .

Let us suppose that th e tra nsistor is
neithe r good nor shorted , but leaky. In th is
case, the pattern will look like a good
transist or except t hat one leg will be
foreshorte ne d (ba se to collector, base to
emitter).

The final group of patterns shows wh at
ha ppens when one of the elements is open .
These result in a semicircle covering tw o of
the four quadrants. Basically , wha t you
have left is a diode.

Also included in the scope pattern s ar e
the SCR s, un iju nctions, and sim ple diod es:
The quadrature gen erator could also be
used for the evaluation of othe r solid-stat e
devices, but those given in this article
should be suff icient to act as a base for
add itional solid-sta te types.

A switch allows limi ting resisto rs of 9.1
or 91 Ul to be inserted in the circui t. For
mo st tes ts the "l ow power" position
should be used .

52

Assembly

To assem ble the un it , first drill four
#2 5 holes in the bottom of the file box,
po sitioning each 0.5 in. fro m a cor ner.
Mount the fou r feet. Drill and mount the
two angl es for th e panel mounting. Posi­
tion th em about 1/8 in . down from the
front lip of th e bo x, and at each end of th e
box . Fas te n them with 6-32 scre ws. After
dri lling th e fo ur mounting ho les in the
pan el , drop the pan el on to th e brackets
and spot the fo ur hol es on th e bracket s.

Drill and tap fo r a 6-32 screw.
Th e box is now finishe d ex cept fo r

drawi ng the schemat ic on a 3 x 5 file card
and pasting on the bo tt om of the box. A
larger 4 x 6 file car d could be pasted in th e
insid e lid to show the various patterns as
illustrated in Fig . 2.

No w, finish d rill ing the panel holes. A
word of cau tion : Never ta ke hole diamet er s
fro m an article. Always check your ind ivid­
ual parts, because they sometimes differ.
The TV ty pe co nnector socket hol e can be
made with a " nibbler," or a series of ho les
drilled and then filed ob lon g. Don 't forget
to mo unt the insulated washers between
the panel an d the nuts of th e bana na ja cks.
Incidentally, the hole for th e banana jack is
t he diameter of the shou lde r of the sh oul­
der washer. The two ho les for the tran s­
for mer depend up on the tran sformer used .
Check these . Mount and wire the parts.
You may pre fer t o mount the resisto rs and
cap acito rs on ti e lugs. Tw o 5-lug units will
suffi ce. Th e tie lugs can be mo unted
through the same screws as used for the
transfor mer. The switc h mark ed XSTR­
DIODE, as shown in t he pict ure has be en
rem oved from the circu it as unnecessary .

Th e 3-hole socket is used so that severa l
sockets can be plugged in. These could
inclu de a regular transistor so cket , a diode
socke t , a soc ket for a power trasnsitor, etc.
H was felt that this gave the unit a mu ch
greate r utility and lessened its obsolescence
po ssib ility.

Op eration is simpl e. Connect the unit
to the ho use volta ge . T urn the switch on .
Connect banana plug leads t o the scope 's
vert ical and horizontal inputs as well as t o
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DOT INDICATES UNI-
CENTER PNP NPN SCR JUNC TION DiODE 8ASING

OF C.R. TU8E

@ (3 e 0 0
PNP OR

NPN
GOOD 2

1~3
G) C) C) () ~

E C
8 - C SHORT

OR
E- 8 2 SHORT

A Flo r ' 'lEV ERS £ "

SHORT ED SCR
8-E SHORT 8 G 8 0 0OR 2
E-81 SHORT

10
3L EAKAGE

(0 0 0 0 (2)
C A

E-C SHORT
OR

81- 82 SHORT

G) Q) CD 0
UN1-

8-C LEAKAGE JUNCTION
OR 2

E- 82 LEAKAGE

©1 OE

8 - E LEAKAGE 8 G 8 0 0 8

OR , 4
E- 8 1 LEA KAGE

0 0 0 0
DIODE

E- C LEAK AGE
OR

8 1-82 LEAKAGE

A-oo.-C

E OPEN ([) @ @ e A TO Q)
OR

CTO@G OPEN

C OPEN (g) e CD @OR
8 2 OPEN

8 OPEN ® 0) © 0OR
8 1

Fig. 2. Quadrature generator transistor and diode
test er file box .

NO VEMB E R 19 7 1 53



2

,I.13L 1- 9 116--II--' -
1..- 1-1/16 --1. 4 - 1/2

~:
6-1/6

3 - 1/16 'I
~-3/4 'I3/ 16 I_
I

D 8 A >0~

IT
e @I Tn'-r ""nl<D ® (!) ~

D D C 1-1/

~ @] ~0 ,
c@>

C 3/4

D D @<V @ I +
15/16

~ TRANSFORMER~

L
8 A

r 0 ~G)Eil 2

D D JI (j) IXSTR/ DIODE I I p OWER ] (j)
1/2 1
f I

I

2 -

Fig. 3. File box line-quadrature gen­
erator tester panel.

HOLE CHA RT

LT R SIZE OTY

A 1/ 2 3

8 5 / 8 2

C 3 / 8 3

D NO. 2 5 8

MATERIAL- ALUMINUM
FINISH- Z INC CHROMATE PRIMER

FOLLOWED BY GRE Y L ACQUER

. . .WB4IT N"

sco pe gro und . Adjust the sc op e for a
circular patte rn . Plug the transist o r into th e
XST R/DIOD E socket. Be su re that it is
co nnect ed correctly . Note th e pa ttern on
th e scree n and refer to the various pa tte rn s
for in ter preta t io n o f the pattern . Excep t
for po wer tr ansisto rs, the LO-HI pow er
swit ch ca n be kept in th e LO positio n .

There is no qu estion but th at this tester
will show th e condi t io n o f a transist o r
better , because it shows, for in st ance ,
leaka ge as a qua ntitative elemen t . You can
see just how much leakage an individ ual
t ra nsistor has. By firs t co nn ec ti ng a go od
transis tor in the test er an d th en pa rall eli ng
base to emitter , or ba se to co llector, with a
very high resistance resi sto r, then a lo wer
valu e, you can see the one side of th e
pa ttern begin to foresho rt en . I haven 't
tried it yet , bu t I' m going to t ry using the
unit fo r testi ng ICs. Of co urse , so me will
not be testa ble , b u t if you take it circu it­
for-circuit , yo u sho uld be ab le to test th e
individual IC elemen ts o f many dev ices .

List of Unma rked Parts

(1 ) Fuschold er & I A 3AG fuse.
(3) Jack , ba na na - (2 red , 1 blk .)
(I ) Min iat ure . socket (Am phenol series

78-3S) 3-ho le
( I) Minia ture plug (A mph enol Series

7 1-3S0 ) 3-pro ng
(I ) Neo n indicato r - 115V wit h b uil t-in
series resisto r
(I ) Power trans for mer ( UT e FT-1 4 o r

equiv.] Pri 117/Sec 26 V
( I ) Switch, toggle, dpdt.
(I) Switch , toggle , dpst.
(I ) So cket , TV ty pe & matin g plug .
(I ) File Box , met al 6 1/4 x 41 / 2 x 4 (O hio

Ar t).
(2 ) Bracket , an gle alu minum - 4 x 1/ 2 x

1/2 in. ( Reyno lds Metal #2406 or
eq u iv.)

(4) R ub ber feet wi th 6-32 mo unting screw s
an d n uts.

(2 ) Ti e lugs, 5-po sitio n.
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H
ere is an easy-to-build crystal tester
to tell yo u at a glance whe ther or not

a crystal is cap ab le of oscillation. Battery
opera ted and inex pensive to co nstruct, the
tester will find use in weeding out t hose
questio nable crystals th at have been ac­
cumulat ing in th e shack for years. The
tester is act ually small eno ugh to carry
alon g with you when you buy surplus
crysta ls at th e local emporium.

To use the tester , simp ly insert the
crystal to be tested into o ne of the crysta l

'"

" ~pF_ XTAL f-----+-'If-..--..~_f{
UNOER

• TEST 100 pF
.:. 9 V IK

EVEREADY 216

Fig . 1. Cry sta l Tester Schem atic

sockets and press the test switch. If the
indicator lamp glows, the crysta l is goo d. If
tne lamp do es not glow, the cry stal is
bad .. . what could be simpler?

The tester chec ks for oscillati ons but

NOVEM BER 1971

Mike Kaufm an K 6VCI
3733 Meadv ille Dr.
Sh erman Oaks CA 91403

does no t che ck that t he crys ta l is oscil­
lati ng at its marked frequ ency . Crystals
that fail t he test inevitably are found to be
fractured, to have dirt y contacts or broken
leads. The tester has been used successfully
to chec k crystals ra nging from 3.5 MHz to
90 MHz. -

Figure I sho ws the schemat ic of the
tester. The circuit portion at left forms an
unt un ed Colpitt s crystal oscillator which is
able to oscillate . over a wid e range o f
crystal frequencies. (Of course , the abse nc e
of t uned circuits to reject harmon ies means
the osc illator ou tput will not be a pure
sinusoidal patt ern , but t his is of no concern
in the presen t app lication.)

With a good crys ta l in the circuit and
th e test swit ch closed, th e circuit will
oscillat e and several volt s peak-to-peak will
be developed acro ss the resisto r in th e
out put of th e first stage. This peak-to-peak
volt age produces a de bias at t he base of
the ou t put transist or and thus causes the
indicat or lamp to glow .

If the crys tal under test is bad (Le. fails
to oscillate) no signal will pass through th e
coupling capac itor and no bias will be
developed at the base of the output t ran­
sistor. Thus, th e indicator lamp remains
off, indicating a bad cry stal.
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The photographs show the general ap­
pearance of the te ster and the method of
construct ion . Components are mount ed on
a 1% x 3% in . piece of Vector board which
is mounted on 118 in . stando ffs fro m the
bottom of a 4 71t x 271t x 1~ in. Minibox
(B UD CU-30l6A). Crystal sockets suit able
for FT -243 and HC-6/U were mounted on
the lid of the Minibox and wired in parallel
to accommodate the most common t ypes
of crystal holders. A miniature SPST push
swit ch (Sl) and the indicator lamp were
also mounted on the lid of the Minibox.

Neither circuit layout nor component
values are crit ical. Th e act ive components
sho uld be computer switc hing devi ces, al­
though the out put transistor can be an y
NPN capable of collect or currents in the
50 - 100 rnA range, as determined by the
indicator lamp. All compo nents shown in
Fig. I could be purchased new for a total
cost of under $4_00, so the construction of
this tester is not ! n expensive undertaking.

See CORKY. W1KXM o,WARO. W1WRO

500 ledyard St., Hartford, Conn . 061 14 '
203-527·1881

n Block bll of Wethenfleld Ave. off
Airport Rd., Rte 6)

NEW! tc KErEH

HEADQUARTERS FOR 2 M FM
Regency HR2-A. HR -2MS, HR-2S, AR-2 ­
Galaxy FM210 - Drake ML2F and TR22­
Clegg 22FM series 24-25-27 - All accessories
for all rigs including crystals, power supplies,
amplifiers, etc.

FM GAIN ANTENNAS
For mobile, fixed and portable operation by
cusbcratt, Hy-Gain, Antenna Specialists, New­
tronics, Mark Products, Mosley .

ANTENNA STUFF
Open wire feed line - Antenna wire 18, 14,
12 - Bare Cccrerweld - 14 and 12 enamel
copper - insulators - Batuns - Lowloss coax ­
BlitzBugs - Glassline guy - Rohn #25 towers
and accessories - B & W - Coax switches­
Dowkey relays - 72 ohm KW twin lead.

ALL MAJOR LINES OF AMATEUR GEAR

We have B&W ARRL PROJECT KITS in stock

(Conodion Amoteurs Send u.s. Funds Only)
F.o.b. Hortford

Please Include Postage
CONNECTICUT'S OLDEST HAM STORE

••••••••••••••••••••••••

••••••••••••••••••••••••
HATRY ELECTRONICS

Self completing dots and dashes.
Dot memory for easy keying.
Precision feather-touch key built-in .
Sidetone oscillator and speaker built-in.
Relay output keys 300-V@ 100-ma.
Keyed time base . Instant start.
5-50 wpm. Perfect dot-dash ratio.
Send OSL or postcard for free brochure .

_ Method of construc tion, Minibox opened
up -

While I used a 9V transistor radio
battery in the te ster , any battery voltage
from 6V to 15V could be used. The t ester
draws current only when t he push swi t ch is
closed ; thus, if te st s are kept sho rt, battery
life will be quite long. The original crystal
tester has been used to che ck perhaps 50
crystals over a two-year period and the
original battery is still going strong!

.. .K6VCI-
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Peter J. Bert ini K1 Z JH
Pat sun Road
Som ers CT 06071

ACompactKilowatt for Six Meters
D esiring to join the ever gro wing num­

ber of sta tions on 6m sideband, I
finally built a tran svcrtcr for my HF
sta tion . After a few evenings of operation,
it became obvio us that the 5W ou tp ut from
the transverter was no t goin g to lead me
down any great road to fa me or glo ry . Not
to be outdo ne by the average 300W signal,
I decided it was time to join the elite and
get at least I kW on the air . A quick look
at my financial resources and the pri ce of
commercially availab le Iinears was enough
to make me get out the dra wing bo ard and
handbooks.

The linear was built as small as phy sic­
ally poss ible. It s 8 x 11 x 3 in. chassis
houses t he complete linear - pow er supply
and all. One reason for the small size of
this truly compact kilo watt can be attri­
buted to the use of a 4CX250 . Beside s
enabling the co nstruction of such a small
device , the 4CX250 has several other ad­
vantages which made it a logic al choice .
The tub e is rugged , and it is available to
amateurs at reasonab le pri ces. The 4CX250
was designe d fo r VHF, and it is also a zero
drive tube whe n used in class AB1. This
makes it idea lly suite d for use wit h exciters

N OVE MBER 19 71

with low power output. The only power
required of th e exciter is to overcom e
circuit losses between the ex citer output
and the control grid of the 4C X250 . If
4 CX 2 50 s are not readily available,
4CX150A, (7034,) may be directl y inter ­
changed with no change in the lin ear 's
constructi on or operation .

Th e linear requires a large blower. The
4CX famil y of tubes is well known for the
ability to handle a good amount of po wer.
If y ou wonder how these tubes handle the
large amount of heat dissipated in class
AB I operation, the answer lies in th e
circular air fin arrangement surrounding
the anode. Air mu st be force-fed through.
The more air , the -cooler the tube and the
longer it s life. The minimum airflow per­
missible is 6 cfm through th e fins. A 100
cfm squirrel cage may move a lot of air in
free space, but when you get it feeding into
a pressuri zed chassis, you will be lucky to
get the required airflo w through the plate
fin s. Be sure to use a chimney with the
sockets. Also be sure to use a socket with a
built -in screen bypass capacito r.

One of the few drawbacks of the 4CX250
is its requirement for filament voltage.
Unlike mo st commo nly used transmitting
tubes whi ch are perfectly ha pp y with 6.3V
or somet hing thereabouts, the 4C X2 50 has
a maximum filam ent rating of 6.0V. You
may wonder what difference O.3V can
make, but it is very important. The
4CX 250 is subj ect to cathode ba ck bom­
bardment and the condition worse ns with
frequency . The manufacturers recommend
decreasing the ~ilament voltage at UHF.
The conditi on is minimal on 6m , so any
volt age between 6.0 and 5.9V should prove
satisfactory .
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<!CltZ508

000 pF

"""l' 2 kV

~I . 2T ~O. 16 OVER COLD END 01"
GIlID COIL (L Z)

U! " OT NO. 16 , I ;n. CIA,
t 3. 4T NO, 16, I in. OIA.

Fig. 1. Schematic of compact kilowatt. Unmarked capaci tors should have 1 k V rating.

Sc he matic Part s List

T l - 11 7V ac to 6 V ae fi lament t ransfo rm er ,
2A sec.

T 2 - 117V ae to 6V ae fi lament t ransformer.
l A sec.

T3 - 11 7V ae to 800- 900V ac at 300 mA o r
better

SWl - lOA 2PDT sw itch
SW2 - 1A SPDT switch
RYl - l 17 V ae relay 10 A co ntacts

Th e rest of th e power supply is fo r bias
and plat e and scree n voltage. The bias
tran sformer is a filament tr ansfo rmer wit h
its 6.3V windin g co nnected to the 6 V
fila me nt supply . This produ ces aro und
110 V on t he o the r wind ing whi ch is
rectified by a hal f-wave rectifier and then
regu la ted by a VR-75 gas regulato r tu be.
This then goes to a variabl e volt age divider
which supplies th e bias to the 4C X250
grid. Th e transformer used for the plate
can be o btained from an old scrapp ed TV
set , provid ing it delivers aro und 900V
across the full seco ndar y wind ing. Most of
th e transformers used in olde r sets were
heavy brutes and wor k well in lin ear
service. T he transformer feeds a full -wave
voltage dou bler. The scree n is fed from th e
2 1aov supply by a large dropping resistor
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01 - rec t if ier
0 2-0& - Siliccns , IA a t 1000 PIV
CM - Abo ut 30-300 p F co mp ressio n mica

trim me r '
CN - Meta l p late, see text ; diag ram
RF C2 - 20 t urns, No . 18 ena me l, % in. O.
RFC 1 - No . 24 to 20 w ire wo und over % in.

d. ce ra mic form fo r 2 in. to 2% in. o f lengt h
SW3 - Cera mic 3 pos it io n single po le

and is regula ted at a co nstant 300V by
three VR- 105s. The small resistor acro ss
eac h VR- I05 provides equal firing poten­
tial when the supply is turn ed on . Th e
screen and plat e voltages in a linear should
rem ain fairly co nsta nt ; while the plate
vol tage can swing slightly. t he screen sup­
ply is critical and should be hel d as stable
as possible. This ru les ou t th e use of a
voltage divide r using resistors or, even
worse, a sim ple dro pping resist or .

T he current drawn by the screen supply
and the idling plat e curre nt is ben eficial
when use d wit h a voltage doubler. This
type of supply is charac terized by arapid
rise in voltage wit h no loa d. The regulatio n
is good ; my voltage is 2 100V idling ; at
550W dc input it dro ps to around 1900V.
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I ~OO pF
RMe

SIDE WALL

£
CERAMIC ROO, 1/2 on OIA. 2- 1/2 .. LG
ENOS TH REA DED

RFCI eoo pF
scoo voc
DOORKNOB CAP:

47.A.2W ACROSS
3/4 in . OF STRAP

CHASS IS TOP

MICA COMPRESSION
T RIMME R CAP.

GRID COIL

Fig. 2. Final cage, partial view .

If you stray from my power supply
design and incorporate a separate supply
for the screen, be sure th at it is no t
possib le to apply screen volta ge without
plat e voltage or the tube will be damaged.

The use of a plate current meter and a
contro l grid current meter is necessary for
pro per operat ion of th e linear. It is true
that in AB I no grid cu rre nt is drawn, and
th e reason for the grid mete r is to make
sure y ou keep operating that way. A screen
curre nt met er is recommended since yo u
sho uld be sur e not to exceed th e scre en's
dissipati on ra tings. I skimp ed on this since
I've found th e 4CX250 's screen current
generally stays well within bou nds when
run at high pla te voltages. If you sho uld

NOV EMBER 1971

decide to insta ll a screen met er , a zero
cente r meter sho uld be used , or else you
will have to provide a reversing switch. It is
possible for the tube to exhibit a negative
screen current at times. While it is not
som et hing to worry abo ut , it usually ind i­
cate s overloa ding. The scree n current
sho uld be kep t under 20 rnA.

The st ability of the linear is ex cellent. I
have always been a firm believer that
neut ralization is unnecessary wit h a prop­
erly designe d and bu ilt amplifier. Most
other tubes I've used responded qu ite
nicely to screen neutralization and I almost
got away with it here, but the 4CX250
proved to be my match . Neutra lization was
fou nd necessary to insu re stable op eration.
The neu traliza tio n capacitor is a 1 in .
square of silver-plated copper support ed on
a piece of l 6-gage wire . T he capacito r is
located directly to the side of the 4CX250
anode and is away fro m th e plate tank.
Th is is important. It sho uld also be dir ectly
above its destination below chass is, and for
rigidity should be suppo rted by a ceramic
feed through. Neutralization is achieved by
the sett ing of Cn and Cm . Be sure to use
the recommended socket. The socket h as a
circu lar screen bypass capaci tor built in
and also pin s 2, 4 , 6 , and 8 are grounded,
which are all cathode pins. Ground all
bypass capaci to rs to individual soldering
lugs. Th is will avoid common ground paths
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call letters

$6.00 Ea.

o Gold

o Rhodium

which may set up oscillation within the
linear. No amount of neutralization will
cure this problem.

The plate tank circuit is a pi-network
type. The plate loading capaci tor is capable
of being shunte d by several values of fixed
capacitance. This gives quite a range in
which to find the correc t loading. The
tuning and loading capacitors are mounted
piggyback fashion in the final compart­
ment. The tank is wound with 12-gage
silver-plat ed wire. I tried using a Mini­
du ctor and the first time rf hit it I was
rewarded wit h a blob of melted wire and
burnt plastic . The conventional form of
parasit ic choke was tried. A IOn resistor
wit h tw o turns of l S-gage wire lasted 10
seconds before it departed in a puff of
smoke . The total amount of rf voltage
acro ss th e wire in the choke was appre­
ciable at this frequency and it quickly
overheated the resistor . An inch-long cop­
per strap across the Ion resistor finall y
worked quite well. The rf choke is wound
on a ceramic form. The 24-gage wire
should be given several coats of coil dope.
The form is a ceramic rod about 3 in. long
and Y2 in . diameter. The ceramic form
should have as mu ch of the 24-gage wire
wound on it as possible.

At first I was rather afraid to build such
a small final co mpart ment. Several things
bothered me. Would the heat from the
4CX250 damage any of the components?
Would the heat cause thermal ex pansion
and det uning? Another thought which
plagued me was what would happen with
the ta nk coil placed close to the walls of .
the enclosure. I could see the Q of the coil
being ruined and a few hundred watts of rf
being induct ed into the en closure's walls.
Luckily , none of my fears were realized
and it worked like a charm.

Use of an rf-tight box for the final
provides excellent isolation between the
input and output. If TVI is a bad problem
in y our area , the use of meter shields is
recom mended . Also screen t he blower air
port and add additi onal power line filter­
ing.

The clip for the 4CX2 50 plat e is
home made. One word of caution. The
parasiti c choke is mechanically connected

1

0 Gold

D 0 Rhodium

call letters

$6.00 Ea.

,lOW'COST
OI.OITAL CLOCKS
l :iillMER wKIIS

Easy reading, 7 segment display tubes. Solid
State MSI, Ie electronic components. Accurate 60
cycle line time reference. Simple, push button
settings, Clock dIsplays hours, minutes and
seconds. 10minute timer. Clock kit: $74.50
Money back guarantee ..
OROER TOOAY Timer kit $54.50
OR WRITE Add $10 for clock case

FOR DETAILS~ for timer case

'-='QNTERPRISES
506 Main St • EI Segundo, Ca 90245 /772·6176
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1------------
1
I ~ All 'llu~lra tl on~ \ 0 Gold
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:~~i'~YZ .~ ;) ) calllett e rs
I '!.::ML ($6 .00 Ea.

: Two or more emblems at the same time $5 00 each. I

I lu.h Order T.: RADIO AMAnUR CALLBOOK. In,. I
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to the plat e clip wit h a 4AO screw and nu t
and a very small amount of solde r . The
tu be ma y be hot en o ugh to melt so lde r, so
avoid "solde r he ld" co nnectio ns , I had one
tube ove rheat and the pa rasitic ch oke fell
off and sho rted th e B+. In a 2m lin ear
using a pla te lin e, a 4CX1 50 got hot
eno ugh to melb a blob of solde r off of the
plate line. It dribbled through the plate fin
and hit the scree n bypass ring. If yo u are
abl e to silver solder, by all means do so.

At my sta tion th e lin ear is connecte d
bet ween the transverte r output and t he
antenna relay. This eliminates the need fo r
a changeover relay. I also leave the lin ear 's
B+ on. It does not switc h to standby in the
receive posit ion. This eliminate s control
cables and the necessity of ano the r clicking
relay every time I tra nsmit. If you ar e not
going to transmit for long period s of time,
swit ch the lin ear to st andby.

Before at t empt in g to use the linear , it
should be neu tralized . There is eno ugh
in fo rmation in any of the handbooks fo r
yo u to do this on yo ur own . For the smoke
test, be sure the bias pot is wide open and
that the re is at least -60Y on th e grid . Turn
on the B+ and adj ust the bias for 78 rnA of
idling plate curre nt. Th e bias vo ltage
should be in the area of -40 to -50 Y. Apply
dri ve and tune the grid for maxim um plate
current. With the load ing capacit ors set at
maximum cap acita nce, dip the fin al. In­
cre ase the loading and alt ernately dip th e
final until yo u are draw ing 300 rnA. With
the excit er in the SSB position you should
be abl e to kic k the meter up to 275 rnA on
voice pea ks wit h no indication of grid
cu rre nt. The screen curren t should be 20
rnA maximum. If you didn 't use a scree n
meter , observe the VRI 05s. If they almos t
extinguish whe n yo u talk , this indicates the
screen is drawing too much current. Re­
check th e t uning ; a sligh t change in the
load setting should correc t this co ndition .
It is im portant t o load a linear for ma x­
imum output . This affects the plat e im ped­
anc e and the best match occurs at ma xi­
mum loading.

I have used this linear for seve ral
months and the results have been bett er
than I had hoped . Reports have all con­
firm ed that the qu ality is good and th e
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REPEATER
CIRCUITS
MANUAL
If yo u 're into FM, you 'll want to have

thi s incredibly com plete manual of FM
c ircuits . You don't haveyour own repeat­
er ye t ? Well, you've been thinking of
it .. . admi t it . Some fellows even have
gone so far as t o have a repeater in their
car so t hey can extend the range of their
hand units!

T his book, over 300 pages long, has
just abour every circuit that you could
possibl y w ant . Many of th ese have been
published elsew here, but many haven't,
too. And yo u can go out of your mind
tr ying to find a circuit when yo u want
it ... so here they are, all in one handy
place!

This book w ill be selling for $6.95
when it is published. For the next month
it is available at the pre-publicat io n intro­
du ct ory rat e of onl y $4. 95 postpaid.
Publication is expected in lat e November;
ho wever this offer is good until December
1st.

Peterb oro ugh N H 03458

Na me Call _

A ddresa..; _

City Sta te Z ip _

$ 4.95 enc losed for FM Repeater Circuits
Manu al.
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signal is pene t rating. The linear of course
can be used on CW and if t he po wer sup ply
will han dle it , A M should be okay too.

With the new inte rest in meteor scatter ,
thi s linear should be a helpful companion
to any low-power excit er, such as th e
Heat h HX·30. Even the larger tr ansceivers
can be used if t he ir output is swamped
down enough to prevent overexcita tion.
Wit h at least SOOW de input , and a th eoret­
ical I kW PEP, t his linear per forms as well
as an ything availab le.

As an afterthought , I can see no reason
why t wo 4CX250s couldn 't be paralleled
for grea ter power ,. ALC may be needed in
some cases. I found ·it unne cessary since
the ALC in my Marauder pr even ted over­
driving of the transver te r or line ar. The
small resistor across the input is to kee p a
load present on the input. This prevents
self-oscillation wh en th ere is no load con­
neeted to the outpu t or to th e input. To
sum it all up, th e comp act kilowatt is easy
to construct and ru n. It s size makes it ideal
for any 6m sta tion contemplat ing higher
po wer. . . .K I ZJH-

"O ld tim er, 1 get bad vibes [rom anyone over 30. "

P.O. Box 112
Succasunna, NJ 07876
201-584-6 521

HAVING A
PROBLEM LEARNING

MORSE CODE?

AT LAST!

Special versions l or ATV. Also other models
availablefor 50,144 and 220. Writefor FREE
CATALOG or order direct from

JANEL
LABORATOR IES

• No Boo ks To Read
• No V isual Gimm ick s To

Dist rac t Yo u
• Just List e n A nd Lea rn

Based on moder n psy chological
lech niq ues - Th is co urse w ill ta ke
y ou beyon d 13 w.p.m. in
L ESS THAN HALF TH E TIM E !

Album contains three 12" Ava ilable on milg ne l ic ta pe,
l P's 2Y, hr. Instruction. $9.95 - Cassett e, $10.95

5 08 East Washi ngto n St., Ar co la , Illino is 6 19 10

5 Cent ral Sq ua re, St on eha m MA 021 80

THE ANSWERTOYOUR
AUTO THEFTWORRIES

TECH/MEDIA

73 's non -hams learn ed th e Morse Co de in
less th an 2 hou rs w ith a new a nd easy lear ni ng
conce pt in visua l memo ry assoc iatio n. T ry ing is
be lieving . On ly $1.75 ea . o r $ 1.00 ea. in doz.
lo ts. Send today .

A r eVOlu t io na ry new
sol id Sl a t e au t o a
lan n sy st em h r a
head of il . t ime. So
.. d"an~ed il eve n
con ta in s a n e lec ­
t r o n i ~ m e m o .y
w hic h A UTO M A ·

SYSTEM 270 T IC A LLY ar m s th e
",",m ,,« om ," 'm

AUTO ALARM :i.;~ :f.~.ii;':::::E
COnVen I ent , m ost
protectiv" autO a

~~~~~~l~~~:CT~

LOW, LOW NO ISE:

432 MHZ CRYSTAL
CONTROLLED CONVERTER
Model 432 CA $64 95 POSTPA ID

62 73 MA GAZ INE



\
The 3-4-6 Ouad

\
\

A s a resu lt of some intriguing 10
meter openin gs and my ina bil ity t o

work th ro ugh the QRM wit h my 3 element
triband yagi, I decided to const ruct a
single-band quad, sacrifi cing 15 and 20
through the winter for an all out effort on
10. I chose a o-element array wit h a 30 ft
boom, t he longest len gth bo om I co uld get
away with in my particul ar neighborhood.
While forward gain peaks at .I 3-wavelen gth
element spacing! , there is negligible loss (a
fraction of a dB) in going t o .18 wave, but
the la tt er provides an inc reased front-to ­
back ra tio, bro ad er gain-bandw idth pro­
duct and is the figure required to eq ually
space 6 eleme nts on a 30 ft boom on 10
mete rs !

The pr ime forward gain determ inant for
a bea m ante nna, whe ther a close d loop
qu ad or a yagi, is the boom length . In
gen eral , th e longer the b oo m the grea t er
the gain of the array . The feat ure of the
quad which makes it particularly desirable
is its 2 dB gain ove r a yagi of the same
boom length . F or a given required gain, a
q uad need onl y be about 0. 56 as long as it s
yag i coun te rpart.' . This poin t is crucial for
those who live in ur ban cen ters an d are
afflic te d with a desire for DX. It is also a
point fo r anyone wh o does not have a
relative in the crane rental business.

After some ad ditional thought abo ut
no t having 15 an d 20 I decided to lengt hen
and add spreaders to restore my trib and
capacility. The result is the arrangement of
Fig. I. The co nfigura tion is such that the re
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James M . Ta1ens K3MN J
8361 Langdon Street
Philadelphia PA 191 52

ar e 6 elements operating on 10 meters , 4
on 15, and 3 elements on 20. Each element
is spac ed .18 wavelength from its same
band neig hbo r.The gain los t on 15 and 20
by no t utilizing the en tire boom through
decre ased spacing an d additio nal elem ents
is negligible co nsidering the boom len gths
used. In addition , this spacing affords
economy in spreader constructio n, since
common spreaders can be used fo r several
of the multiband elem ents.
Construction

Erecting the array was not unlike con­
st ructi ng a suspension bridge - single hand­
edly, with tweezers. A til t-o ver tower (40
ft ) next to the house facilitated matters,
but did no t solve them. With the tower
cra nk ed over , it was possibl e to mount the
boom to the mast and fast en three ele­
ment s on one side. The remaining five
elements had t o be attached with the t ower
vertical but retracted, using a 12 ft step­
ladd er borrowed fro m the Suburban A RC
on the roof of the house. I used the
spreader constructio n method describ ed in
the AR RL antenna book3

. The bamboo
poles were coated with three lay ers of
acry lic varnish. Once th e wire mo unti ng
points wer e det ermin ed on the spreaders,
the poles were wra pped about 6 in. eit he r
way with several layers of vinyl ta pe , a
sma ll nail insert ed through t he t ape in to
the pole, and the wire loop mounte d on
the nail, wit h a safe ty wire st ru ng around
the pole . The whole area was then liberally
coa te d with acrylic varnish.
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NEW!
REPEATER
ATLAS~~

Map s s howing
the area covered
b y m o st o f the
repeat er s.
An u p -t o -date
li s t ing o f the
o pe n repeaters
n atio n w ide .

Thi s is th e book to have fo r your glo ve
compartment in you r car. When you are
travelling now you wi l l kn ow w hat chan ­
nels to use to get into the repeaters. Say
you are drivi ng along t he New Y ork
Thruway _.. what repeaters can you use
and over what range? Check the AT LAS.

Perhaps you are f lying into Chicago for
a business trip or convention . . . what
repeaters can you use wit h the littl e rig
you plugged into the rented car? Check
the AT LAS!

Or are y ou ju st gett ing t he FM bug and
wondering whether there is a repe at er

. which covers you r to wn? Check the
ATLAS.

Goi ng o n a vacat io n and w ant to route
yoursel f through as many repeaters as
possible? Check the repeater AT LAS.

Is your repeater group th inking of
ch anging frequ encies? Check the AT LAS!

HOT OFF THE PRESS
Order today .. . .. 0Nl Y $1.501 postpaid
Repeater A tl as Order Blank

73 Magazine Peterborough NH 034 58

Na me 'Call _ _

Address _

City Sta te 1.Z ip _

S1.50 enclosed for o ne copy of th e A T LA $ .

$ 10 .00 enclosed for 10 copies of the ATLAS

(cl ub special).l-- -'
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Whether y ou' re a newcomer or an o ld t imer,
you 'll f ind " T he Rad io A mateur 's FM Hand­
boo k" to be the mos t valuable repeater aid you
can get . ....

FOR THE OlDTIMER
t he H an dbook te lls ...

e ho w to defe at de sen s i t i~ a t i o n

e h ow to c alcula te att e n ua t io n a cco rd ing to fr equency
sp ac in g, antenne se p ara t Io n

e ho w 10 b l.l'ld soph inicated co n t ro l sys t e m s u sing
IC s, t Im ers , re la y s, n eppe rs .. Or Touch to n e '

e ho w . t o bU Ild autOmat'c log g Ing a nd Id e n t IfIc a t io n
deYlces '

e how to bu ild automat ic p hone patc hes

FOR THE NEWCOMER
t"e Handb o Ok t e lls ...

e ho w t o p repare fo r a recee tee
e ho w t o get a re peate r sit e
e ho w t o b u ild a re p ea t er
e ho w t o ke ep a re p ealer on t h e a ir
e ho w t o de termi ne e p r o sp ec t ive repeater·s ra nge
e ho w to get yo ur repeate r lic ense

The Handbook co ntains 208 pages of usefu l,
hard-to-come-by inf ormation, and it 's w ri tten
in an in terest in g, personal vein by K en W.
Sessions, Jr. (K6MV HI fo rmer ed itor of FM
Journ al, now managi ng editor o f 73 .

Order from :

73, Inc.
Peterborough NH 03458
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Fig. 1. The 3-4-6 Qua d.

LIST OF PARTS AND PR ICES :
32 bamboo pole (2 0 - 8 ft ; 16 - 15 ft) $25
Acrylic varnish , U bolts, ang le iron, hose
clamps (wit h stainless scre ws) , # 16 wire ,
etc. . _ 50
Boom: 2 in. OD 1/8 in . wall . Two 24 ft
sections had to be pu rchased. After cu t­
ting , two 9 ft sect ions remained but will
co me in handy on Field Day. Also, 4 ft
sleeve for joini ng at cen ter. 55
Alu minu m plates fo r spreader and boom
mo unting (from junk ya rd) . . 10
Coax, RG8/U (3 - 75 ft ro lls) 25
3 baluns. . .45

$2 10
A stee l boo m would have been che ape r bu t
would pu t great strain on the rotor , tower
and opera tor. At the soldered junct io n
points an d whe rever water seepage co uld

cause damage, Genera l Elec tric silicone
seal. a whi te ru bbe r sealan t , was used. It
can be rem oved wit h a knife if necessary
but will not wear off and is not co nductive.

The loops were fir st constructed usin g
dimensions from Lindsay 's article in the
May 1968 QST2 but I found that a ±
director- refle ctor tuning! bro ade ned the
front-to-back across 20 and 15, alt ho ugh
th e peak d ro pped a few dB . 1 used ±3%
tuning o n 10m (D.E. reso na nt at 28.5
MHz) bec ause of 'my 88B preference on
t ha t band . l ti-gage wire was used th rough­
ou t alt hough any soft drawn wire of at
least that gage will work .

The boom droop is min ima l as is wind
sway. I use no boom-end to mast support
bu t in windy areas it might be advisable.
T hu s far the structure has withstood 45

M~T." '" ' " ." ." '" ' "

-------30"-----~1

~I
m

lO R 10 0E ~DEfOO I 10 0 2
15 R 20DE 1501

'0' Fig. 2. Quad Dimensions.
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20m
35 dB
25 dB

mph gusts wit hout dam age.

Results

A first attempt at using the array
produced an int er esting result: on 20m ,
signa ls from the west coast peaked with the
quad beaming north northwest (the ro tor
was calib rate d correc tly' ). Inserti on of a
balun cured th e problem; it appears that
radiati on fro m the coax feed line skewed
or distor t ed t he pattern.

Each d riven eleme nt is fed separately
with RG-8j U through a balun. The swr
curves were adjusted fo r mid -band min­
imu m by adding or det ractin g a few inches
betweeen t he dri ven elemen t loop t ie
points an d the ba lanced terminals of th e
bal un. T here appears to be negligible co up ­
ling between loops of differen t bands.

Patt ern test s were made with six local
stations in a 3 - 20 mile radius under
"closed band " co nditions to minimize
backscatter effe ct s. An arit hmetic mean of
all data resulted in the foll owing:
Front to : 10m 15m
side : 68 dB' 48 dB
back : 36 dB 27 dB
*very sharp nulls.

66

It was impossible to make forward gain
test s, bu t on the air success and the above
front-t o-sid e and -back figu res suggest sub­
sta n tial fo rward-gain charac teristi cs.

This antenna is most effective under
long skip conditi ons , which supports the
quad 's purpor te d low angle of radi ation
chara ct er. Often in the morning on 10
European and Afri can stat ions tell me that
mine is the "first Stateside signal of the
day ," or th ai K3MNJ is one of the
strongest signa ls on the band . While these
are rath er subjec ti ve crite ria, it is clear that
th ere is a ma rked impro vement over the
old trib and yagi .

Care must be taken though in directin g
the antenna pro perly , particularly on 10
an d i s , as th e maj o r lo bes are sharp and 20
dB increase in reported signal strength by
correctio n of a 22

0
headi ng error is not

unusual ; an African o pening on 10 might
be missed if th e antenna is fixe d on
Europe!

.. .K3MNJ·

lOre, "All About Cubical Quad Antennas,"
Radio Publications, First. Ed.
2Lindsay, " Quads and Yagis,' May QST, 1968.
3ARRL Antenna Book , 11 Edition , P. 27 1.
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From South Africa to the Hawaiian Islands, you'll find
Sentry crystals. The personal choice of both amateurs
and professionals.

You 'll also find us as standard equipment

in the best of radios, and wherever quality.

dependability and service are important. If

these are important to you then specify

Sentry crystals .

Today. more and more people are turning to

Sentry. That's because we take ext ra care to

make sure when y~u buy crystals from Sentry

you "Buy the Best".

If you haven't received a copy of our new

1971 Catalog of Precision Ouartz Crystals

and Electronics for the Communications

Industry sendfor your copy today.

"Buy the Best"

SENTRY MANUFACTURING COMPANY
Crystal Parle, Chicleasha, Ole/ahoma 73018

______PHONE : 405-224-6780 I TWX 910-83Q..6925 - - - --- - -_



35 dB pow e r g ain , 2. 5 - 3 .0 d B
N.F . a t 150 MH z, 2 stage, A.F .
p rotecte d , dual -gate MOS FETS .
Ma n u a l ga in cont ro l and c -o­
vision for AGC. 4 ·3 / 8 " X 1·7 / S ·'
X 1 ·3 / S " a lu m inu m case with

8N C rec ep tac le s and powe r swtecn . Ava ilable fac t ory t uned
to t h e frequency of you r c h o ic e f rom 5 MH z t o 350 MHz
wi th approx imate ly 3 % bandw id t h . Up to 10% B.W. av a ilable
o n sp e ci a l o rd e r .
Mo d e l 2 0 1 p r ice: 5-200 M Hz . . . . . $ 2 1 .9 5 .
201- 3 5 0 M Hz $ 2 4 .9 5 .

F e a ture s a super low no ise
J-F ET ra ted by T .l . a s t y p ica lly
1 .2 dB N . F.@I 150M H z(transis·
to r d a ta curves supplied w it h
unit) and gu a ra n te ed b y o u r lab
to g ive u nder 2 d B a c t u a l N .F.

in o u r c irc u it. T ra n s is t or is mou nted in a sock e t w ith go ld
p la ted con tacts. 4 p re c is io n tr im m e rs m a k e poss ib le t unin g
fo, o p t im u m desire d re su lts o ver II w ide ra n ge of condi ti ons.
We su p p ly it t u n e d for m inimum n o ise fi g u re ac ro ss 5 0 o h ms
input a n d o u tpu t re s is ta nc e . F u ll y shield ed in al u m in um c ase
wi t h h .&d·t hr u solder t erm in a ls. Supplied w it h m o unting ki t
fo r Ins ta lling inside o r outside you r rec e ive r. Tu n ed to t he
f requency of your choice f rom 135 M H z to 2 5 0 MHz with
app ro x im a t el y 2 -4 M H z b a ndw id t h .
Mo d e l 102 p ric e: $ 19.95

NOTE:
A ll p re ·amps o n t hi s page a re f o r o pera t ion on 12 vee and
d raw ap p ro xi m ate ly 5 to 20 m a o Avai lable fo r 6 vo lts o n
sp ecial order. S t a t ed dB ga in f ig u re s a re fo r p o wer gai n a c ross
5 0 oh m s in put a nd out put lo a d re s ista nc e .

MOd e ls 101 an d 10 2 on ly are
a va ila b le e ncl o se d in a ene -c ese
w eath e rp ro o f case fo r m o unting
at t h e anten n a in serie s w ith t he
lead ·in cab le a n d include s a fil­
t e , for send ing 12 v e c t h ro u gh
t h e cable. C a n b e used only fo r

rec e ivin g unless you pu t a TR switch at m e a n tenn a .
Available w it h your c ho ice of VH F . 8 NC o r t y pe " N"
rece ptac le s. E sp e c ia lly u se fu l for e lim in ating anten na l in e lo ss
and th e , eby im pro v ing signal·to ·n o ise ra tio o f w e a k sig na ls
suc h as t h o se fr om w e a t h e r satel li t e s at 13 7 MHz.
P r ic e : Add $ 10 .0 0 to cte -e m o s.

T h e Mod e l 2 0 2 u se s 2 o f T . I .' s
supe r lo w n o ise J -F E TS In o u r
specia l c ircu it boa rd d e s ign
wh ic h gi ve s a m in im u m o f 20.,.::: :sa......-'lito...- - d B pow er gllin a t 4 50 M Hz .

., Stllb il it y is such t hat you c a n
ha ve m ismatched loads w it hout it o sc ill a t in g a nd YOU can
retune lusing t h e cappe d openings in the e asel o ver a 15 - 20
MHz ra nge s im p ly by p e aking fa , maximu m s ig n a l. Available
tuned to t he f requency o f your choice between 300-475
MH z. 4 ·3/8 " X 1 ·7 / S " X .l ·3 / S " a lumin um c a se w il h BNC
rec e p tac les a n d power switc h .
Made l 2 02 p ri c e $ 31.95

A ll of ou r pre-amps ar e a va ila b le wi t h a c e r ti f ied test , eport
sta ting t he ac t ual ga in a n d noise f igure as obtain ed o n
Hew lett-P ackard test e q u ip m e n t a nd supp lied w it h a nomo­
gr aph tha t w ill g ive y o u the SOlns it iv ity you c a n expec t w it h a
gi ve n no ise figu re a n d re c ei ve r ban d w id t h .
P r ic ll: . . . . . . . Add $ 3 .0 0 to pre ·a mp.

HOW TO ORDER:
All the pre -am ps on t his pag e ar e availab le on ly
from Vanguard Labs. Include re m ittance in full
plu s sales tax if you res ide in N.Y. State. Send
money order or certified check fo r faster shipment.
We sh ip at o u r ex pe nse by regu lar par cel post . Add
SOd for spe cial delivery o r $1.00 fo r a ir ma il fo r up
to 2 ite ms.



.. $ 5 1. 95

COMING SOON: .0005% crystal control
for 2 meter transceivers for less than25.
per channel! Watch for our ads in 73
Magazine.

HOWTO OROER:

NOTE:

S t ate m od e l, inpu t a n d output frequencies and
b andwidth w here applic a bl e . R emit in f u ll , inclu­
ding sa fes t a x if you reside in N.Y. Stat e , d irect
t o V a ng u a rd Labs. Prices in clude p o st age by
regular p a rcel post. For air m a il o r speci al
delivery in clude ex tra amount, e xcess w ill be
refu nded.

A ll th e item s o n this page a re f o r o p e ra tion on 12
VDC. See bac k issues of 73 Magazine for some of
our other pr-oduc-ts . Still a va i la b le are our
F MA -150-A at $ S 9 .95 a nd a line of frequency
sc a le rs s t a r t ing at $ 9 9.5 0 .

T h is m o d e l is similar
in a pp e a ra n ce to our
Mo d e l 407 but uses 2
lo w n oise J-FETS in
our specially designed
RF st age w h ic h is
tuned w it h high -Q m i­
niature trimm ers. The

mixer is a special du'al-gate MOS F E T mad e by
RCA to m eet our requirements. The oscillator
u ses 5th o vertone c ry st al s t o redu ce spurio us
res ponses and m a k e possibl e fewer m u lt ip li e rs in
the o sc il la to r chain which uses 1 200 MH z bip o ­
lars for maximum efficiency . Ava ila b le with y o ur
choice of input frequencies from 300-475 MHz
and outpu t f requencies f ro m 14-220 MHz.
Usable ba n dw idth is about 1 % of the in p u t
frequency but can be easily retuned to cover
m ore. Th is m odel is now in use in m an y
sop h is t ic a t e d applications su c h as a componen t
of a communications link f o r rocket la unchings.

Model 408 p ri c e :
.005% crystal in c lu d ed .

• 11 crysta l-control ­
led channels.• A vail ­
ab le in your c h o ic e of
frequen c ies from
135- 250 MHz in any
o ne segmen t f rom
1 -4 MH z w id e.•
• I. F. band width

(channel se lectivity ) available in your choice of
+/ - 7. 5 KHz or +/- 1 5 KHz . • a -po re quartz
filter a nd a 4-pole cera mic filter g ives more t han
SO dB rejection at 2X c h a n n e l band width . • Fre­
quency tri mmers f o r each crystal. • .2 t o .3
Jlvolt fo r 20 dB quieting. • Dual -gate M OSFETS
and integrated ci rc u it s . • Self -contained speaker
a nd ex ternal sp eaker jack . • M obile m ount and
t il t stand.• Anodized al u m . c a se, 6"x7"x 1 3 /8".
Model FMR-250-11 pric e : 135-180 M Hz $109.95

181-250 M Hz $ 1 19.95
Price in cl udes one .001 % crystal. Addition al
cry stals $ 6. 9 5 ea.

,

IB ., :ie~: s~ar~etSec:i~h ~::~~
;~"'_'lli~ ' .» . '-. U·~ g ate M OSFE TS g ive

IllJiiUt h iS converter the high
gain and low noise you

. ~_., need for receiving ve ry
wea k signals. The mixer stage is also a dual-gate
MOSFET as it greatly reduces spurious mixing
products - some by as much as 100 dB over t hat
obtainad with bipolar mixers. A bipolar oscil la tor
using 3rd or 5th overtone plug-in crystals is
followed by a ha rmonic bandpass fil ter, and w here
necessary a n additional am plifier is u sed to assure
the correct amount o f drive to the mi xer. A vailable
in your choice of input freq uencies fro m 5-350
MHz and w ith any output you choose w it h in t h is
range. The usable bandwidth is appro x. 3 % of the
input frequency with a maximum of 4 MHz. Wider
bandwidths are available on special order. AI·
though any f req u e nc y c o m b in a t io n is p o ss ib le
(including co nve r t in g up) best results are obtai ned
if you c h o o se an output frequency not more th a n
1/3 nor less than 1120 o f the inp ut f req u e nc y .
Enclosed in a 4-3/8" x 3 " x 1-1 /4"aluminum case
with BNC re ceptacles, power a nd an tenna transfer
switch.
Thousands of our converters are now in u se by
sat isfied customers, many of whom are gove r nment
agencies and u ni versities.
Mo d e l 407 price : 5 -200 MH z . . . . . . $42.95 1- ....;~ _1

2 0 1-3 5 0 MHz $44.95
P r ices in clude .005% c rystal. A d d it io na l c ry st als

$5.95",ea~·:r.mll':'l'
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Just Oifficu tI

It is not impossib le to pass the General
(or Technician) Class amateur license exam
if you haven't read this superb license
study course. Dozens of amateurs have
managed , though some have had to make
several $9 stabs at it to get by. Now, being
realistic, isn't it only practical to invest a
lousy $5.95 in this incredible book to
makesureyou don 't blow that 59 bet (plus
all the inconvenience, expense, nervous
frustration and embarrassment of fai lure)
that you can pass the first timearound?

In the past most amateurs have relied
upon a memorization book put out by a
small group of inactive professional ama­
teurs and the FCC statistics tell the sad
story only too well - failu re - time after
time as the hastily crammed memories
blanked out under the pressure of the
steely-eyed FCC examiner. Was that a sneer
when the flunked exam was announced?

Then along came the 73 study series,
prepared by live amateu rs- active ama­
teurs - a study course which enabled ama­
teurs for the first time to really understand

Send to :
73 Magazine, Peterboro ugh N H 03458

the answers to the exam questions rather
than just try and memorize them. Hun­
dreds (hell, thousands!) of happy users of
our Advanced and Extra Classcourses have
written to say that they got them through
the exam slick as a whistle the very first
time out. Many report that our courses are
so simply written that they didn't even
have to study them, just read them through
and they understood what they had been
afraid was going to be engineering-level
theory.

This General Class course has been
gathered up into one handy book and is
now available at the ridiculo us bargain
price of only 55.95 postpaid. It fills well
over 300 pages, is profusely illustrated, and
lists all of the latest FCC study questions,
and even has a really great index. A steal at
$5.95.

If you plan on passing this tremendous
book on to your heirs you might want to
spend the extra and invest in the hard
cover model, handsomely gold embossed
for $8.95.

General Class license Study Guide

Name Call _

Street _

City State _____ Zip _



Thereare just2ways to sell the
HAM RADIO market• • •

. .. MAIL OR DER .. .. T IIROUGH DISTRIB UTOR S

EITHER WAY 73 does the best job of selling fo r you .
All ham magazines make the same claim, so which can you believe? Perhaps you enjoy playing

the circu lation figure game, but can you really trust numbers which may be infla ted by two or
even three times realit y , with little but th e gall of the publisher to back them up? Until such a time
as you can be shown audited circulat ion figures perh aps this isn 't a good yardstick.

There is one sure proof of the selling ability of a magazine, no matt er what field it is in, and it is
simple , inexpensive and foo lproof. Just put the magazines side by side and coun t the number of
mail order ads. Why only mail order? Because th ese are the ads which are keyed for response and
mail order advertisers te nd to use the magazines tha t brin g them the most sales for the least cos t. If
they find tha t a $ 1000 page ad brings them a better percentage of replies th an a $100 ad, they will
go the $1000 route .

Now sit down and count the number of mail o rder ads in 73 as compa red with the oth er ham
magazines . . . and star t maki ng more money with you r ads by running th em in 73.

It 's funn y (and sad) how many advertisers are virtually throwing away a fortune by buying ads
on th e basis of the length of life of the magazine , the dep th to which they will cu t their ad rate s
(how much mor e of a cut are o thers getting?), and ot her facto rs which should have nothing to do
with selling the product.

Put yourse lf in the place o f a reader for a mo ment and see in which of the ham magazines you
would be more likely to see your ad . In the September issue of 73 there were 90 pages of articles
plus 12 pages of news. Count up the art icles and news in the oth er three magazines fo r a star tling
co mparison: 73 has 77 pages of technical and construct ion articles . . . while o ne competi tor has
only seven such pages! As a reader, whic h magazine would yo u read all die way through , th e one
with 77 tech and const ruc tio n article pages or the 7 pages? And which one ' would give you as an
advertiser the best chance of getting yo ur ad seen ?

The 73 practice of spre ading ads all through the magazine instead of jamming the m int o one
solid lump in th e back also gives you a tremend ous advantage in having your ad seen and read.
Almost half of the readers of on e magazi ne polled said that once they came to the end of the
articles they closed the magazine and seldom ever read th e ads. If your .ad doesn 't get seen , what
possible chance do you have of selling anything? And keep in mind that if an ad does n't bring in at
least ten times the cost of the ad , you are losing money ... unless you are fortunate enough to be
maki ng more than a ten perce nt pro fit , which is un likely these days.

73 reaches the most active ama teu rs of any ama teur radio magazine, and the proof is in th e
direc t mail advertising, no t in promises, circula tion figu res, cut rate s, or old age. If you have a
product to sell yo u will sell more of it for less with ads in 73 .

By th e way , if you are selling through distributors, you should know that 73 is the ONLY ham
magazine read at home by most of them. Over 800 distributors get 73 at home and lock th ro ugh it
to see what products they handle are being sup por ted by a na tio nal adverti sing campaign.

The ad rates are below . If you have any que stions o r are read y to place an ad , call Aline Coutu
at 603-924-3873.

ADVERTISING RATES

one page
1/2 page
1/4 page
1/8 page
one inch

1-5 times
$495

270
135
70
35

6-11 times
$455

250
125
65
32

12 times
$395

220
110
55
28
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Ihe GAM Line .
Famous for POWER
!I. . powerful performance,

VHF/Antennas

BASE/MOBILE

14.9 db Omni-Directional Gain
TG·4·MS

6.7 db

Mp·34
6.7 db

TG-2
3.7 db

In System Performance

Mobi le '
TG-2-R List $30 .00
TG-2 List $20.50
TG·4·MS List $50.00
MP-34 List $33. 50

3.7 db _

~

144 to 160 MHz

3.7 db

TG·3 List $35. 20

MODEL
TG ·5S

List "',1

$95.00
8.2 db

f l 6.7 db

TG-3-S List $66 .00

GAIN OVER ISOTROPIC RADIATOR

4~ rkklli£» i n c

~ ~ 191 VAR NEY STREET
MANCHESTER NH 03102
TEL. (603) 627-1010
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AA -2 crew at Van N uys Airport, shor tly before the ir successfu l flight. From
left to right : Maurice W60PB, Booth K6KVC and Dick K6KCY.

MHz. The airpl ane signals are tra ns­
late d to 10 meters for retransmission
by the repeat er with in a segmen t
ex tending fro m 29.38 to 29.62 MHz,
being inver ted in the pro cess (upper
sideband beco mes lower, space be­
comes mark, and RlTY , and higher
frequ enci es on the 2-rnete r up link
bec o me lower in the repeater
10-meter ou tpu t) . A beacon signal
con tinua lly tr an smits HI in code on
29.45 MHz as a mar ker for the listen­
ers. Th e repeater will accept sing le
sideband , CW, AM RTTY and slow­
scan TV signa ls.

Altho ugh the 2-me ter uplink was
essentially limit ed to line-of-sight, the
10-meter transpon ded outpu t wa s ex­
pec ted to per mit comm unication s ou t
to 150 to 200 miles , depe nding upon
atm osp herics and th e mountainou s
California terrain .

Uplin k signals to the airplane were
received on omnidire ct io nal mo no pole
antennas that repla ced the naviga­
tional equipment on the plane. A
center-loaded whi p mounted parallel
to the bottom of th e fuselage in a
lon gitudinal direc tion ha nd led th e re­
peate r ou tput on 10 mete rs. A third
an tenna on top o f the airpla ne carrie d
the gro und hou sek eeping net , utilizing
a modified monopo le radia ting the
out put o f the tra nsceiver fu rn ishe d by
Te d Henry W6UOU.

A gro und network to provide flight
status on 72 25 MHz monitored the
aircraft , advising listeners of its loca­
tion and the progress of the test flight.
Denn is Monroe WB610E was net con ­
tro l, using the station facil ities of
W6Zec. The sta tus net control was
transfe rred to Cliff Buttschardt
W6HDO when the airpl ane reached
the San Francisco peninsula area .

HamI d 1. Wheelock W6SCW

Test flight AA2 , the secon d air­
bo rne test of th e ty pe of eq uipm ent
to be orbited on AMSAT-OSCA R-B
(AQ...B)ea rly in 1972 , was suc cessfu lly
conducted on Septem ber 25, 197 1.
Taking off from Van Nuys airport,
nor th west of Los Angeles, at 090 0
PDT , th e aircraft covered about 1,100
miles, flyi ng over Californ ia's mo st
pop ulous areas, includi ng about
50,000 license d amateurs within line­
of-sight o f th e p lane . Proceeding sout h
to the San Diego area at an alti tu de o f
11 ,50 0 ft, it re turn ed pas t Los Angel­
es airp ort at 12, 50 0 Ft , traversing the
Elsinor-Coro na region en route, then
over Ven tura. Santa Barb ara, Paso
Robles and Holliste r , be fore landing
at Palo Alto for refueli ng and lu nch at
131 0 PDT. Th e home leg o f the fligh t
began at 154 5 PDT and took th e
plane over Sausa lit o, Sacramen to , and
do wn the central valley past Fresno
and Bake rsfield , landing at Van Nuys
at 1837 PDT, some 7 flight hours
aft er take-off.

Th e airplan e, a Bonan za-J, was
piloted and ow ned by Booth Hartley
K6KVC. Mauric e Pirou mian WA60PB
served as co-pilot and flight project
engineer ; he mai ntain ed ground con­
tac t in a housekeep ing net on 18590
kHz., reported po siti on and o the r
flight in formatio n to the grou nd net.
Dick Ulrich K6K CY , the third me m­
ber of the flight cre w, func tioned as
repea ter flight tes t en gineer, kep t the
equip ment on the air , scan ne d an d
recorded the repeater output and
maintaine d operat ing lo gs.

Fligh t tes t AA-2 was spo nsored by
AMSAT and the Amateur Rad io Club
of th e Je t Pro pulsion Lab orat ory,
Pasadena, Californ ia, assisted by the
Radio Club of God dard Space Flight
Cen ter and many individual and or­
gan izational members of AMSA1.

Test AA-2 was preceded by abo ut
three mo n ths of in tens ive prepar ation
includ ing th ree sho rt flights in th e Los
Angele s area. One was an aircraft
belonging to Ted Reid W6HR and the
others with the plane of Booth Har t­
ley K6KVC. Durin g this per iod th e
flight pre parat io n act ivities were co­
ordina ted nightl y on 38 60 MHz , with
Helmu t Meckc W6ZGC as net co ntro l.

The transmitter repeater equ ipme nt
was iden tical to th at flown in Test
AA-I on May 15-16, 197 1, on th e
East Coast. lt opera tes on a 2-me ter
passband from 145 .83 to 146 .07

OSCAR

EXTRA' A key gro und sta tio n was opera ted
as W6JPR/portable 6 on 8830 ft

• Mou nt Pinos, about 85 miles n ort h­
west of the Los Angeles City Hall.

(Special to 73 A mateur Radio News) Five selected st at ions, two in the San
Fernando Valley, one in San Diego ,

FL.:Y-BYSUCCESSFULone a Los AIM near P,10 Altos were
sch eduled 10 attempt contact to the
rep eater every 15 minutes to test the
range and co nditions en countered in
cro ss-channel airborne repeater opera­
tions.

The IPL Amateur Radio Club pro ­
vided faci litie s for mo nitoring th e test
by officials of AMSAT list ening on
the East Coast . Th is phase of th e
o pera tion was han dled by Rex
Edwards W6IIN, who man ned th eJPL
Club's home station W6VIO , and
pa tch ed th e signals by telephone to
AMSAT at Goddard Spac e Flight Cen­
ter near Washington, D.C.

The AA-2 overflight and tr ansmit­
ter repeater tests were set up as a
con te st us ing the sam e rul es that
applied to th e May 15-16 test in the
East . All de tai ls of the contest will be
handled thro ugh WA3NDS an d QSLs
should be mail ed directly to P.O. Box
27, Washington , D.C. 20044.

Here is a preliminary report :
1. Fligh t AA-2 did not encount er

the weak IO-me ter output as reported
during the East Coas t test .

2. The rep eater successfully passed
AM "signals, part icul arly if they are
held below the sat urat ion poin t of th e
repeater on modulation peak.

3. While en rou te to San Diego,
repe ater outp u t power was reduced
fro m IW to 200 mW because of
distorti on from stron g signa ls. causing
the repeater to oscill ate.

4 . Almost every type o f legal emis ­
sion was heard thro ugh the tra nspond­
er, including SSB, CW, FM, AM and
some TTY .

5. No accu rate count of con tacts
through the re pea ter can be m ade at
this time , but the flight crew reported
moni toring as many as 125 sta tio ns
during the flight. Many others ­
particularly on CW - cou ld no t be
logged because of simultaneous t rans­
missio ns.

73



10, 15&20M "TRI-BAND
FOR THE MAN WHO NEVER SETTLES

FOR LESS THAN THE VERY BEST!

TELREX ··XMAS-TREE··

A TELREX
':XMAS-TREE"
PROVIDES

• OPTIMUM PERFORMANCE PER·ELEMENT
PER-DOLLA R!

• OPTI MUM DIPOLE COUPLIN G A ND ­
"BALUN" - FEED SYSTEM!

• OPTIMUM IMPEDANCE AND GAIN
BANDWIDTH ON 3 OR MORE BANDS!

• OPTIMUM NO·COMPROMISE
" BA LANC ED·PATTER N" A LL BANDS!

• OPTIMUM SIGNA l ·TO-NOISE,
SIGNA l ·Ta·INTER FERENCE RAT IO,
ON A LL BANOS!

• MAXIMUM INPUT POWERS, RAIN OR SHIN E!
• MIN. TV I-BCI AND HA RMON IC CONT ENT !
• MIN. UPKEEPAND MA INTENANCE!
• CHANGING THE RESONAN T FREQ. OF ONE

ANTEN NA DOES NOT EFFECT THE
OTHER BANDS!

• CA N BE " CUSTOMIZED" TO FIT YOUR
BAND REQUIR EMENTS!

TEl RE X "XMAS-TREE" INSTAllATION ILLUSTRATED

Model 10M313
Model 15M317
Model 20M326
Model BA2345RIHS Selsvn-Indicat or System in

Weather-Proof Metal Housing With
Thermostaticall y Controlled Heater.

Telrex E)<clu5iveExt ra Ruggedized 4 legged Tower

ALSO AVAILABLE
MOUNTED TO :

TELREX MONO·POLES
ROTATABLE BERTHAS
CRANK·UP TOWERS

NEED HELP PLANNING YOUR ANTENNA. TOWER OR
ROTATOR SYSTEM BEST "FITTED" TO YOUR SITE.
BANDS. OR BUDGET? WRITE DEPT. H.E. FOR ASSIS­
TANCE. NO OBLIGATION! WE WILL SUGGEST THE
BEST APPARATUS DESIGNED TO REBUILD YOUR
"EGO" DAILY. AND KEEP YOU HAPPY. HAPPY.



STEP UP TO TELREX
Professionally Engineered Antenna Systems

Single transmission line "TRI-BAND@ARRAY"
By the only test that means anything . ..
on the air co mparison . . . this array con ­
ti nues to out perform all com peti t ion . . .
and has for two decades. Here's why
· . . Telrex uses a uniqu e trap des ign
employi ng 20 HiQ 7500V ce ramic con­
densers per antenna. Tel rex uses 3 opti ­
mum-spa ced , optim um-tu ned reflec tors
to provide maximu m gain and true FI B
Tr i-ban d performance.

ONLY TELREX GIVES YOU ALL
THESE FEATURES . . •
• Power ratin g 4 KW PEP . . .

rain or shine
• Wind rating survival 110 MPH
• Patented broad-band coaxial Bal un
• Heavy-duty steel gusset mounting

plate
• Aluminum boom 2 in., 2Vz in. 0 .0.

x 18 tt.
Large diameter, .058 wall taper­
swaged dural elements for minimum

weight and except ional strength
to weight ratio

• Stainless steel ele ctr ical hardware

With a Telrex Ttl-band Array you get 49 ~

tbs. of ed ucated aluminum engineered
and buil t to provide many, many years
of perf o rmance unmatc hed arou nd the
wor ld by any other make . Lo ngest ele­
ment 36 ft. Turning rad ius 20 ft. Shi pping
weight 65 Ibs. Shi pping conta iner 13 in.
x 5 in. x 13 ft.
Note : If not available from your dealer,
o rder direct. You'! get fast. personal
service.

Tetrex Labs are desig n engineers, inno­
vators and manufacturer s of the world 's
fin est ;'4 to 160 meter co mmunicatio n
sys tems and accessories priced fro m
$25 to $25 ,000.

For tech nical data and pric es on com­
plete Telrex line, w rite for Cata log PL 71.

Elem ents shortened
to show detail s.

TB5EM S395
,' -.. BALUN

TRAP
5' . .

..~~
~ ',.,

$ 175.00
$355.00
$ 39 .95
$ 59 .00
$ 63.95

15 M 317
20M 326

2M 609
2M8 14
6M516

and - _._.

TYPICAL TELREX " MONO-BAND" AN T ENNAS
- "Monarch", 10 DBD, 3 EI., 4 KWP, 2· 1/2" 0 .0 , 17' boom
· " Monarch" , 10 DBD, 3 EI., 8 KWP. 3·1/2" 0 .0 , 26' boom
- "Monarch", 14 DBD, 6 EI., 6 KWP, 1" 0.0 , 9' boom
· "Monarch" , 16 DBD, 8 EI., .8 KWP, 1.375" 0 .0 ,1 4' boom
· " Monarch", 13 DBD , 5 EI., .8 KWP, 1.5" 0 .0, 16' boom

many, many mare! send far PL-ll Dept. C

--J.:el..ex LABORATORIES,e • I TV And Com municat ions Antennas Since 1921
Asbury Park, New Jersey 07712 201-775-7252



(El 4 ELEMENT YAGI 9 db GAIN : A specia l
s id e mount 4 element FM ya g i can b e fi xed
o r rotated-good gain and directivity .

(B) 4 POLE: A f our dipole array w ith mount­
ing booms and coax harness 52 ohm feed
up to 9 db gail);.

.... ..., FROM THE WORLD'S LEADING..,e," MANUFACTURER OF VHF/UHF

" COMMUNICATION ANTENNAS

$42 .50

$49 .5 0

$26.95

$17.95

13.95

$12.50

18.50

$ 9.95

146-148 mh z

146-148 mhz

440-450 mh z

146-148 Mhz

146-148 mhz

135 -175 rnhz

50-54 mhz

145 mh z and 147 mh z $39 .50

A147-22

c~
e-, f t

2 METER FM
ANTENNAS

(0 ) 11 ELEMENT YAGIS 13.2 db GAIN: The
standa rd of cornporiso n in VHF co mm un i­
cations, now cut --. for 2 meter FM and
ve rtic a l po la rizat io n.

A M_147

(C) FM MOBILE 3 db GAIN : Fjberg~ass %
w o ve profe ssi onal mobile a nten na for roof
o r trun k mount. Sup e rior st re ng th, p ower
handling and pe rformance.

(0 ) PO WER PACK 16 db GAIN : A 22 e le ­
ment, high perform ance, vertically polarized
FM arra y, complete w ith all ha rd ware,
mounting boom, harn ess and 2 antennas.

A147-11

A449-1 1

(A) FM RINGO 3.75 db GAIN: The most
popular - high perforrn c n ee, half-wa ve FM
a nte nna . Gi ves peak gain, and eff iciency,
instant assembl y and in stallation.

A1444

A147.20T

(F) FM TWI ST 12.4 db GAI N: A Cus h Craft
e xclusive - it 's two antenna s in one. Hori ­
zo nt al elements cut at 144.5 mh z, ve rt ica l
el ements cut at 147 mhz, two feed lines.

IN STOCK W ITH YOUR LOCAL DISTRIBUTOR

c~" r f t
CORPORAnON

621 HAYWARD STREET

MAI'j,CHESTER, N.H. 03103



William P. Turner WA0ABI
5 Chestnut Court
Saint Peters MO 63376

TTL POWER SUPPLY

U®&!MI!Po
~~ @rn!@!lm:~

@l~®®

READ THIS BY GUS W4BPD
(A ctuall y an adver tisement in " d isgui se" ) YOU
spend h u nd reds of $ on gear, anten nas, m ikes, etc,
t hen YOU spe nd countless hours of listen i ng &
HOPING for so m e OX. WHY N OT do it t he easy
way? Subscribe to the WO RLOS ONLY week ly
OX Magazine and do It THE EASY WAY. OX new s
in depth, u pco ming ev ent sJ. dat es, freqs, times, OX
QSL Info, stories & articles cy DXers , P icture~ A LL
you wa ntto know ABO UT OX! N OTHING ~LSE!
OH Y ES· I also print FB QSL's, priced right send
25 ¢ for 25 samples and price li st . H ow about It?
SUBSCRIPTION RATES: First Class M ail to USA1
Can ad a & Mexico 6 mo. $ 6 .00 or 1 vr $ 12.0u
THE DXERS MAGAZINE DRAWE R "OX",
CO RDOVA, S.C. 29039 - U. S. A . (T HANKS)

Inpu t . .. . . 115 VAC 50-500 H z
Ou tput _ 18 0 VDC @20ma

5 VDC@500ma
Line R eg ± 10% 30 m V
Load Reg . "" 25 m V
Ripple (F u ll lo ad ) 1 mV
2 X 5" PC Board - PC T ransformer
L M 30 9 K IC reg - Heatsink
Model PS- 12 (Kit) " $ 17 .95
Model PS-14 , 5 VDC @ 10 0 0 ma less 18 0
VDG $ 17.95

Key Telemetering Products
3853 Garden Terrace, Owensboro, KY 42301

SSTV COMPLETE STATION $545

~~
AVA ILABLE IN

l( IT FORM A LSO

~: ~. ::.-~;;!. • •

E. K. V. VIDEO VISiON CO.
BOX 15. STOCKHOLM NJ 07460

- Ne;'f':a:1~':.':~leCX-7A
Still $2 195 - Great New Reliability

Phone/write Don Payne, K4 1D
for a trad e on yo ur gear

PAYNE RAD IO
Box 525 Spri ngf ield , Tennessee

days (615}384-5573 • nights {6 15) 3 8 4 -56 4 3

" rr

Small Boxes for Small Projects
I n this age of microminiaturization it is

often impossible to find sui ta ble hous­
ings fo r homebrew transistor an d IC pro­
jec ts. The smallest minibox I have been
able to locate is 2'4 x 2 1/8 x I 5/8 in . This
was small in the heyday of vacuum
tu bes - in fact it wasn 't bad in th e ear ly
days of transistors. Unfortunately the util­
ity box manufacturers have no t seen fit to
produce truly small boxes for truly small
projects. By this I mean not only the one
or two transistor or IC project but also the
mo re elaborate type. Suppose you were to
build a project on a PC board measuring
3% x 4% in. , the height of the components
above the board were % in., and clearance
below the board required another ~ in .
The ideal housing for such a project would
be 4 x 5 in . times perhaps 1~ in. A check
of catalogs indicates th e closest standard
box to be 4 x 5 x 3, or nearly t hree times
the volume of the required housing.

Fortunately there is availab le a wide
variety of combinations of width and
dept h . The major stumbling block is heig ht
and this is the dimension which can most
easily be m odified. After your PC board
size is chosen on the basis of t he size and
number of components to be use d, find a
standard box which most nearly approxi­
mates that size in width and depth . If the
exact size is no t available, consideration
should be given to a slight redesign to
accommodate the discrepan cy. The project
should then proceed as usual until the final
pac kaging phase is reached. Carefully mea­
sure the overall height of your project ,
allowing a slight amount of clearance (per­
haps 1/8 In .) to preclude t he possibility of
sho rting the foil on the bottom or mashing
a component on the top .

Take the chosen box apart and with a
hand nibbling tool cut away those portions
of the box not absolutely ne cessary. In this
way it is possi ble to make a wafer-thin box
if need be.

The case for a toroidal vfo presently
under test at this QTH was reduced in size
by over 4 cubic inches as compared to the
smallest standard box. . ..WA0ABI
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WORLD PREFIX 'MAP - Full co lor. 40 H x 28" , s hows
pr efixe s o n ea ch co u ntry . OX zo nes . time zones.
c it ies. c ros s referenced t a b les postpaid $1.25
RADIO AMATEURS GRE AT CIRCLE CHART OF THE
WORLD - from the c enter of the Un ited S ta t es ! Full
color. 30 H x 2 5" , lis ting Great Circle beuings in de ­
grees for six major U.S. cit ies; Boston, Wa shington.
D.C ., Mia m i, Seattle . San Francisco & Los Angeles .

postpaid $115
RADIO AMATEURS MAP OF NORTH AMERIC A! Full
co lo r, 30" x 25 " - inc lu des Centra l America an d the
Ca ribb e a n to the equator. showing call are as. zo ne
bo u nd aries . prefixe s and t im e zo nes, · FCC freq ue ncy
cha rt , plus informative information o n e a ch of the 50
United States a nd other Countries . . .. postpaid $1.25
WORLD ATLAS - Only atlas com pile d for ra di o ama­
teurs. Packed wit h wo rld·w ide information - incl ud es
11 maps, in 4 colors wit h zo ne b~undaries an d coun­
t ry p re fixe s o n each map. Also include s a polar pro­
je ct ion map of t he wo rld plu s a map of the Ant a rc tic a
-: a c~~.Plete ::e t o f m aps o f the world . 20 pa~es.

srze 8 Yo x 12 postpaid $2.0 0
Complete refe ren c::e lib ra ry of maps - set of 4 as listed
above .. ' postpa id$3 50

See your favorite dealer or order direc::t. •

UHF FM Transistorized Mobiles (Used)
D UM O NT T -403-RT 7 0 Watt 4 t ubes in T x.
P o wer 12 .8 source. 4 c h . cap a b il ity . A ll are on 1
ch , onl y . Add osc il la t or c a rds for a dditional
cha nne ls. 3 0 0. 0 0 w ith acc e sso ries. 3 5 0 .0 0 tu n ed
to yo u r en. UH F relay , R epeate r and c av it ie s
availa bl e .

•

' . RADIO AMATEUR 116 k, c a D O INC.

: • I • ~ Dept B 925 Sherwood Drive
.... ' lake Bluff, 111.60044

Receiver Repair Specialists
Equipment Broker-Dealer

We Sell (SASE) • We Buy (Write)
201-366-0388 (First) 20 1-74 3-570 5 (Second)

PARADD ENGINEER ING SERVICE
Lawrence Rd. (Randolph) Do ver, N.J. 07801

Paul A. Reveal - W2ADD

Works on
110 VAC

$12.95

• SMALLER SiZ E
ONLY 1 . 3 .".
nt s INSIDE MOST SMAll
TRANCEIVERS

• SA ME SPECS 20db 9,,;n, NF 3

• SAM E LOW PRICE

ON LY $ 1 3 95

KIT MOD EL $995

P05TPAID U. S. & CANADA
MICH. RE5. ADD 4 % TAX.

Bay City, Michigan 48 706803 17th Street

2 METER PREAMP
r-' ~ , NEW MODEL HP-2A

GATEWAY
ELECTRONICS

6150 DELMAR BLVD., ST. LOUIS, MO 63112
314 -726 -6116

MINlTRON 7 SEGMENT DIGITA L READ­
OUT 5 VDC rated - 8Ma per segment­
Designed life 50,000 hou rs - mates w ith stand­
ard Ie sock et or can be mounted directly on PC
Boa rd - dim ensions .45 inch w ide -.87 inch
high. . . . . . . $3.9 5
DEL T -A LE RT ULT RASONIC BUR GL AR
AL ARM - Self co nta ined unit, less alarm bell
or sire n.
Ship wt. 6 lb . . . . . . . . . . . . . . . . $69.50
MAG NET IC REED SWITCHES - Hermetically
seal ed in a glass. tube. Actuated w it h a pe rma­
nent o r e lect ro magnet. S ize 3 3/16 x 1/4" dia.
GOri ea. or 5/$2.50
UGS 300 VACUUM VA RIABL E CAPACITOR
10- 300 MM F w it h motor drive
Ship w t. 10 lb $35.00
Se e other ads toe -our I prices and write for
o ur catalog. S top in and see us when you're in
S t. Louis.

....talt.x Lap.1 Bar· $1'.50 M. ta lt.x Tie Clip. $2 .25

ARNOLD'S ENGRAVING
2041 LInd." St. Rldgewoad, N.Y. 11227

ELECTRIC

ON·THE·AIR
SIGN

WITH CALL
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"As soon as you can send 13 wpm , yo u can bee r
th e big dr um. "

Gilbert C. Ford W70 X D
1023 Nin th A ven ue Sou th
Nampa ID 83651

amateurs have devoted to achieving the
level of pro ficiency required for a General
class license.

Why is Morse Hard to Learn'!

Why does Morse code requ ire so mu ch
effort to learn? The main reason is th at it
must be learned through listening and not
by seein g. Anyone who has read code off
visually fro m a moving perforated pap er
tape soon realizes how much faster and
easier he can copy from the visual signal
th an from correspo nding au dio code sig­
nals. Granted this basic difficulty of having
to in troduce information into our brains
through th e inherently mo re sluggish audio
channel, still Morse code as it is currently
stru ctured is more diffic ult to learn th an it
need be. Some judicious revisions of th e
code could dram ati cally reduce th e amount
of practice time requ ired for achieving any
given code speed.

When you begin to think of tink ering
with the structure o f the code. a lot of
possibilit ies present the mselves. On e could.
fo r ex ample , change th e relative lengths of
the dot s and dashes fro m th eir pres ent 1 :3
rat io, or int roduce new basic chara cters in
addition to th e curre nt dot and dash . But
dra st ic chan ges that would leave most of
th e exist ing code charact ers unchanged

lets Revise The
Morse Code
P ro bably noth ing in ham radio has

cau sed so much frustration to som e
and given so mu ch pleasure to ot hers as the
Morse code. Nothing is more pleasant to
the proficien t CW operato r than th e
rhythmi c flow of dahs and dit s being
tran slated automati cally and almost sub­
consciously into a message from a fello w
amateur. The use of a special code, a
semiprivate language. appeals to some in­
nat e, primeval instin ct in us. We all know
how children's imagination s are capt ured
by speaking pig-latin or ex changing secret
messages in codes or ciphers. and if we are
ho nest , we will admit t hat even we adul ts
have not complete ly outgrown this imp ulse
toward _the mystery of a semi private lan­
guage. Fro m a technical viewp oint, no one
has yet proposed a simpler rad io communi­
cations syste m th an CW for gett ing mes­
sages th rough under marginal conditions.

But think of th e million s of ho urs of
pain , frus tra tion, boredom, and who knows
what else su ffered throu gh by aspiring
amateurs trying to achieve the magic
speeds of 5, 13, and 20 wpm. It has be en
estimate d that 70 hours of prac tice are
needed to attain 13 wpm. Multiplyin g 70 .
hours by 25 0,000 amateurs gives the stag­
gering to tal of 17.5 million hours , or 2000
years . as the amount of time that U.S.
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could nonetheless make CW proficien cy a
lot easier to achieve.

Th ere are two fundamen tal features of
the pr esent code which limit proficiency
unnecessarily . First, some charac te rs sound
too mu ch alik e; second, th e rat e at which
characters must be decoded changes by a
fac tor as high as three or four, depending
upon whet her a sequ ence of sho rt-length or
long-length character s is being received.

Structure of Morse Code

We normally think of Morse code as
made up of dots, dashes, and spaces.
Although our attention is generally focused
on the dots and dashes, we real ize that the
spaces are just as important in convey ing
information. The term bit , borrowed fro m
the world of compute rs and digital devices,
is convenient for describing the code . As
seen in Fig . 1, one bit is equivalent to the
time for making a dot, and a dash requires
thr ee bits of time. A charac ter is some
unique combination of dashes, do ts, and

1111 1 1 @i?M @I I @ II WUII I

Fig. 1. Basic code character structure.

spaces represen ting a particular alp habetic
letter , a numeral, a punctuation mark , or
othe r signal information.The three em pty
bit s following th e last dot or dash in a
character should be considered as part of
the character because they mu st be left
free or open. Two additional free open
bits, or a total of five, are used as the space
between words. Fro m Fig. I we see that
the letter N requires eight bits, the letter E
is four bit s long, and T is six bit s long.
From Fig. 2, which lists the number of bi t s
required for each of the commo nly used
charac ters , one notices that characte rs vary
in length fro m 4 to 22 bit s, a ratio of
greater than 1:5.

Is Morse Efficient?

From the viewpoint o f encoding the
letter s of the alp hab et into Morse with the
fewest number of bits, the Morse code is
fairl y well designed , since th e most fre-

80

Number
of Character

Bits

,

4 E
6 T, I
8 A,N,S

10 D,H,R,M,U
12 B, G, F, K, L, V, W, 5
14 C,O,P,Z,Z,4,6
16 J, Q, Y, 3
18 2, 8, question mark
20 1,9, period
22 0, comma

Fig. 2. Length of character s in bits.

qu eritly occurring letter s generally require
the smallest number of bits. According to
Britannica, the letters of th e alphabet
occ ur with the frequencies show n in Fig. 3.
The numbers listed by each letter give the
average number of tim es that letter is
fou nd per 1000 letters in ordinary English
tex t. ~ ,

E 126 U 30

T 90 P 27

R 83 M 25

I 76 Y 21

N 76 G 18

0 74 W 14

A 72 V 13

S 58 B 11

D 40 X 5

L 36 K 3

C 33 Q 3

H 33 J 2

F 30 Z 1

Fig. 3. Frequency of ocourenoe of letters in ordin ­
ary Eng lish .
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"If it weren't for the momentary speed burst
ef fec t, 1 cou ld co py 20 smoke signals per m inute
easy ."

The tec hniqu e of copying behind can
smooth out th ese rat e variations to some
extent , but most of us canno t copy far
enough behind to really help th e sit uation
app reciably. Th e next time you are copy­
ing code at near your top speed , no tice
where yo u tend to drop out tw o or three
lett er s. It will usually be in a sequence of
several shor t-length characters where the
wpm rate te mpo rarily goes way over your
top copying speed as a result of this
momentary speed burst effect .

9 .35 wpm

18.0 wpm

For phrase I

J2 characters x 60 sec

For ph rase 2

12 charact ers x 60 sec.

5 characters/ word x 15.4 sec .

5 charact ers/ word x 8.0 sec.

If th ese two ph rases were sent at the
same consta nt bit ra te as wou ld normally
be the case , for parts of one message or
tran smission , the ra te in charac ters per
minute and word s yer minute would none­
theless vary by a factor of tw o. A detailed
calculation sho ws that for average English
copy the ab ove rate of 10 bit s per second
corresponds to an average word-per-m inute
rat e of J2.5 . No wonder th e poor ham's
brain begins to sa turate, stu tt er , and stum­
ble when the rate ' temporarily zooms fro m
its average value of 12. 5 wpm to 18 wpm .

Com paring th e information in Figs. 2
and 3 sho ws that although the most fre­
qu ently occ urri ng letters usually require
th e fe west nu mber of bits , the re are excep­
tions. For example, the lett er 0 is much
higher in th e freq uency list th an is X, but
both req uire 14 bits. The letter K, which
occ urs only thr ee ti mes per 1000 let t ers,
requires 12 bit s while C, which occurs
thirty-three times per 100 0 lett ers, requires
14 bits, and you can easily find other such
peculiarities. . In all fairne ss it sho uld be
noted that the given frequency counts are
based on the English language, and Morse is
certainly used wit h other languages having
different occurrence frequencies.

Moment ary Speed Burs ts

[f one wanted to revise t he Morse code
so th at an Engli sh language message could
be .transmitted using the few est poss ible
number of bit s, then changes should be
mad e st rictly on th e basis of how fre­
quently th e letter occurs . Th is type of
revisio n would be exc ellen t if at the re­
ceiving stat ion the translation from Morse
to Engli sh were don e by a machine, but
usually a huma n brain serves as a decoder,
and the brain decodes most accurately
when the rate at which code characters
(not bits) being rece ived is uniform, es­
pecia lly when near the upper limit of
receiving ability . When we say that code is
being sent at a constant speed, we usuall y
mea n at a co nstant bit rate. But even
though the bit rat e is held constant , as it
will be in pr operly spaced code as pro­
du ced by perforated paper tape or a
profi cient operator using an au tomatic key ,
the rate at which characters arrive for
decoding will vary wide ly because of the
mar ked dif ferences in character lengths.
Compare the tw o phrases " Your QSO
co uld . .. " and " 1 see a teen net .. . " .
Each phrase co nta ins 12 cha rac ters, but the
first one requires J54 bit s and th e second
only 80 bit s for transmission. If bo t h
phrases were sent at the same rate of 10
bits pe r second , the firs t would require
15.4 seconds and the other 8.0 seconds.
Th e rate in word s per min ut e for each
could be calculat ed as follows:
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Group

0 - - -
1 B --- - - -

6 --- - - - .

U - - --
2 V - - - --

4 - - - - --

J - -
S - - -3
H - - - -
5 - - - - -
J - -- --4
1 - ------

Z - -- - -5
7 ---- -

Fig. 4. Groups of Morse code ch aracters having

similar so un ds at high speeds.

Characters That So und
Too Much Alike

A second source o f errors made when
copying at near top speed results from
mistaking cha racters that sou nd too mu ch
alike. It would be hard to find an operator
who has not mistaken an S for an H or a V
for a 4. Figure 4 lists groups of characters
whose adjacent members are easily con­
fused at high speed. By high speed , I mean
any speed near the top limit of the
opera tor, and also high enough so that he
can no lo nger count the number of dits or
dahs but is wholly dependent on th e
characterist ic sound of the letter. My guess
is that with most operators, tro uble with
characters having similar sounds sets in at
about 12 wpm, while the momentary speed
burst effect starts giving real trouble in the
neighborhood of 18 wpm.

So lution for
Momentary Speed Bursts

So much for the problems. Are there

82

any solutions? Let's look first at the
momentary speed-burst effect caused by
sequences of low bit characters. This prob­
lem could be brought under control by
mo difying the letters E, T, and I. Since
these letters occur so frequently and are so
short , replacing their present rep resenta­
tion by longer combinations would have a
very favorable effect on smoothing out the
rate at which an operator decodes Morse,
but we will pay for this smoothing out of
the rate, o f course, by having to use more
bits for a given message. However, the
number of characters to be decoded in the
message will not be changed, and the more
uniform rate at which characters arrive will
enable the operator to achieve a marked
increase in his decoding rate.

Solution for Characters
Which Sound Alike

What could be done about .the second
pro blem, the difficulty of distinguishing
characters whi ch sound too much alike?
Consider group 1 in Fig. 4 , t hat is, D, B, G.
The adjacent lette rs are the ones which the
operator has trouble differentiating. Hardly
anyone would mistake a D for a 6, and D
and B usually caus.e little difficulty, but B
and 6 are another matter. A new distinctive
sound for B would cur e the difficulty with
group 1. Similar problems with D, V, and 4
could be solved by using a new combina­
tion for V, and the confusions with in the
group S, H, and 5 would be eliminat ed by a

"D o you suppose the chief could've sent 'bead'
not 'dead ' ?"
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diff erent charact er for H. Since the two
groups J & I and Z & 7 do not give so
mu ch diffiuclty , and since J & Z only
occur but a couple o f times per 1000
letters on the average, let's not change
the m.

New Morse

The letters to be changed then are E, T ,
I, B, V, and H. What shall we change them
to? Nearl y all the distinctive sounds made
by using two, thr ee, or four dot-a nd -dash
combinations have been preemp ted for
other lett ers or symbols . So me which seem
not to be in use are actu ally reserved for
let ters not in the English alphabet. If ou r
new Morse is to be int ernati on al, we sho uld
leave th e combinations used for the foreign
lett ers alon e. Th ere are, however , some
rather distinctive sounding five-elem ent
co mbinations that are available. After some
cogit ating and playing around with a key, I
am suggesting the characters sho wn in Fig.
5 for the New Morse . All o ther pre sently

Character in Number of
New Morse Bits

E ------- 14
T --- ---- 16
1 -- - - -- - 16
B ------- 16
V - - ---- 14
H -- - --- 16

Fig. S. Characters suggested for New Morse.

used characters would rem ain un changed .
Not e that although these new characters
are five-eleme nt combinations, the num ber
of bits required is not greater tha n for suc h
letters as C, 0 , P, X, Z, or J , Q , Y. Loo king
at Figs. 2 and 5, we see that in the ordinary
Morse, the characters used for letters vary
in length from 4 bit s up to 16 bits, a ratio
of 4 : I , while in Ne w Morse th e variation is
only from 8 to 16 bits, a 2 : I ratio. These
nu mbers demonstrate that charact ers will
arriv e for de coding at a mu ch stead ier rate
with New Morse.
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" Why can 't he stick to old Morse when he sends
sm oke signals. If th ere is anything I can 't stand,
it 's Indians who don 't stay with the good old
ways."

Both dialects of Morse , o ld and new,
would be compatible becaus e no code
charac te r would have two mea nings . An
operator knowing bo t h could copy either
for m with no am biguity .

Th e number of bits required to send a
given plain English message will be about
30% great er for New Morse, but don 't let
tha t number frighten yo u. Th e number of
charac t ers to be decoded will be exactly
th e same in both, and they wil l arrive at a
mu ch stea dier ra te. The conf usion over
simi lar sounding character s will have been
eliminated, enabling the operator to copy
New Morse more accurately and at a higher
number of wor ds per minut e.

What Shall We Do?

Perhap s New Morse is not the best of all
possible codes that could be devise d, bu t it
do es poin t out the ways in which marked
improvements could and should be made .
If so , then this article has been successful.
So me nati onal or int ernat ional organiza­
tion should take it upon itself to make a
th orough study of th e best way to improve
the Morse code. Exp erimen ts under care­
fully controlled conditions carr ied out by a
team of professionals would lead to the
development of a code far su perior to the
present Morse . Just as we ought to aban­
don our cu mbersome and awkward English
uni ts of weights and measures in favor of
the simpler and more efficient metric
syste m, so we ought to modify the Morse
code into a form more suitable to this last
thi rd o f th e twe ntie th century .

. . .W70XD-
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Identical (Almost) Twins!
The Two Hottest Receivers We've Ever Made!
One for Hams, One for SWL's. And Both Are
Crystal Controlled on 11 Bands for Great DX.

' ii

•
24995

speaker op ti ona l

•
Sold only by Radio Shack

When Rad io Shack sets ou t to bui ld the two " bes t buy" rece ivers on th e market , you
expect a lot! And you ge t it ! A 4-FET front end wi th 0.5 microvolt sens it iv ity on SSB/CW
at 10 dB S IN. Crysta l cont rolled 1st oscillator and BFO for best USB / LSB /CW. Pre­
selecto r. 25/100 kHz cali brator. Dual convers ion. Ceramic f ilter. AGe and AN L. Q-Mult i­
plie r. Co ncentr ic RF/AF gain contro ls. Dual AC / 12VDC supp lies . An d everyth ing else
you need for the OX you want. See the Big Two at you r nearby " Shack: ' We're in the
Yellow Pages.
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- - - __ - - FREE CATALOG - _ _
I 2725 W. 7th St., Fort Worth, Texas 76107

I en close 0 ch ec k 0 mo ney ord e r. Rus h me
o AX"190 Ham Rec eiv er at 249.95
o SX·190 SW L Re ceive r at 249.95
o Match ing Speake r at 19.95
o FAEE 1972 Accessories & Par ts Catal og
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I NAoloSHACK

Over 1100 Stores
Nationwide

~A TANDY CORPORATION COMPANY

Or orde r by mail. We'll Ship Any­
whe re in the USA for $10 extra .
Inclu de s ta le, local taxes, if appli­
cab le.

THE AX- 190. W it h crysta ls for 80 met er s, 40 meters, 20 met ers , WWV (15 MHz) , 15 meters ,
11 meters, 10 meters in 4 bands, plus blank 500 kHz ban d (crystal ex tra) bet we en 3.5-10 MHz.

THE SX- 190. Wit h crys ta ls for 80 meters. 49 meters, 40 me te rs , 31 meters , 25 meters , 20
meters , 19 meters, 16 meters , 11 meters , plu s 2 blank 500 kHz ba nds (cryst a ls extra ) betwe e n
3.5-10 MHz and 10-30 MHz.
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APi-Net For Transistor Finals
P ro bably the mos t dif ficult part of a

tra nsistorized final ampl ifier to design
is the tank circuit. The ma in reason for this
problem is that transistors must operat e
int o a low impedance load and th eref ore
circuits use d wit h tubes are not satisfac­
tory . Also, in fo rmati on abo ut goo d ta nk
circ uits for use with transistor am plifie rs
has no t been availab le in a form useful t o
most ama te urs.

Several approaches have been used to
ob tain a suitab le tank circuit. On e circuit
used often by amateurs is the double­
tapped ta nk in which one tap on the t an k
coil is connected to the tran sistor an d the
o ther is connected to th e an tenna . This
wo rks, bu t is diff icult to ad jus t .

An appro ach used by some manufac­
tu rers is to use two a-nets with their high
impedance ends connected together . The
transist or is connec te d to the lo w-imped­
ance end of one "IT-net and the an tenna
connected to the ot her. This circuit also
works, but uses a relatively large nu m ber of
co mponents.

In addition to the circuits discussed
above there are severa l othe r possible cir­
cuits. Man y of these ar e no t co nve nient if
the opera ting frequency or the load imped­
ance is variable.

The Purpose of
the Final Tank Circuit

T he final tank circ uit should att enuat e
signals whose freq uency is diff eren t fro m
the desire d frequency an d it sho uld provide
a me ans for coupling the rf energy to the
an tenna. It is desirab le that the tank
coupling be adjustable to allo w lo ading of a
ran ge of variation of antenna imp edance.
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The resonant freq uency of th e tank
should be variable to allow the tank to be
used over a band of freq uencies. In add i­
tion , the ta nk must presen t th e proper loa d
impedanc e to the amplify ing device if
maximum amplifier efficiency is to be
o btaine d .

The 1T~Net

A ta nk circuit wid ely used with vacu um
tu bes is the pi net work , or "IT-net. This
circuit is very useful because it can per form
all the need ed and des ire d functions of the
tank circuit using only three comp one nts:
two capacitors an d one ind uctor. Th e
inducto r is normally fixe d in value and
bo th capacitors ar e variable . One capacitor
is use d to tune t he rr-net t o resonance and
the ot her cap acitor is used to adjus t the
coupling bet ween the ta nk an d the anten­
na.

In the fo rm usually used in vacu um tub e
cir cuits, both capacitors are co nnected to
ground. The tube is connected across one
capacitor and th e load across the other
(Fig. I) . This circ uit wor ks very well for
tub e circuits whe re t he loa d impe dance
mu st be fairly high, usua lly at least 2 kn .
It is not satisfacto ry for tra nsistor circ uits,
however, because mos t transistors m ust
operate in to a load im pedance of less tha n
l oon an d the size of the capacitors be-

Cl
Fig. 1. Capacitor input "IT-net.
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Fig. 2. Induc tor input rr-net .

comes very large when an input impeda nce
of thi s mag nitude is needed . A typical
capacito r value fo r an 80m tank is 0 .0 1 Ilf .
Variable capaci tors of th is size are imprac­
tical.

Fo rtunately for bu ilders of tra nsist or
eq uip me nt, there is a form of rr-net coup­
ling circ uit that can work very well with
tran sistors. T his circuit retains all the ad ­
vanta ges o f th e conventio nal rr-net and still
allows a low load impedance to be pre­
sented to th e transist or. As sho wn in Fig.
2, the load ing capac it or and the induc tor
are connecte d to ground and the tuning
capacito r is " floating." Th is form o f a -net
is called an ind uctor input rr-ne t and it
functions essen tially th e same as the capa­
cito r input circuit. The input impedance is
high for both , and circuit values are simi lar

BYPAS S

A

c

for th e same input impeda nce and fre­
quency . Th ere is one differ en ce t hat makes
th e induct or input IT-ne t useful fo r transis­
tors, and tha t is a low input impedance can
be o btained by co upling int o the ind uctor
with a lin k. Th e imp ed ance level is low ered
by tra nsfo rmer action .

There ar e act ually severa l possi b le ar­
rangeme nts of the inductor inpu t 1T-net.
Figure 3 illust rates these.

In sket ch A (Fig. 3 ) on e side of the
ind uct or and one side of the loading
capacitor is co nnect ed to gro und. Th e rf
ene rgy is co upled into th e n-ne t by a link.

In B, the load ing capacito r is connected
to gro und and the bottom of th e induct or
is at gro und po te ntial for rf because of th e
large by pass capacitor. T he co llect or is
connected to a tap on the rr-net induc tor
and th e impedance is transformed down by
th is auto transform er connectio n . T he de
also flow s through th e indu ct or. T his cir­
cuit req uires a min imum of par ts.

In C, one side of each of t he capacito rs
is co nnec te d to ground and the inductor is
floa ting. Rf is co upled in to th e rr-net by a

e yPASS

B

D
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Fig. 3. Fo ur way s to con nect the rt-net .
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R,

R(Q' + I) - R,
Xc 2 = R j __~ _

R,
Q

For those int erest ed , the fo llowing
equations ar e th e ba sic d esign equatioris for
the ind uctor input n-net .

Th e rea cta nce values, XL , Xc] , and Xc2
are fo r the inductor and th e capac itors
shown in Fig. 2. The input imped ance
acro ss the ent ire induct or is defin ed as Rr
an d the antenna resist an ce is defi ned as R.
The eq natio ns work if the Q o f th e circu it
is great er tha n 10 and if R r is greater th an
R an d sma ller than R(Q2 + 1) . Also ,
the so urce o f rf ene rgy must no t lo ad the
ta n k .

These basic equations were use d to
design the uni versa l rr-ne t tank circuit
shown in Fig. 4 . Th e reactance values at
the ce nter freq ue ncy o f the ba nd ar e
show n in the figu re for each of th e
co mponent s of the ta nk . The values of
inductance an d capacitance mu st be calcu­
lat ed at the cen ter freq uency of the band
in which the a -net is to be used .

This ta nk circ u it was designe d to have 4
krl inpu t imped an ce ac ro ss th e entire
ind uc tor. It s Q is 15 in the cen te r of th e
ban d , 13 .9 5 at th e u pper band edge and
16 .2 at th e lo wer ba nd edge. It is design ed
to ma tch resistive lo ads between 30 an d
200n . T he n-net can o perate over a 15%
bandwidth .

The in put im pedance was arbitrarily
chose n t o be 4 kn . T his impedance level is
higher than would o rdinarily ever be need­
ed in a tra ns isto r circ uit and at this level
there is not an excessive am ount o f inter­
action bet ween the tun ing an d loading
co ntrols . Also , reasonable circu it values are
obtained .

The Q at the center of the band was
cho sen to be 15 and the lo west Q in the

lin k . T his arrangement eliminates th e pri ­
mary disadvantage o f the circuits shown in
th e previous tw o figures, which is tha t the
tu ning capac itor mu st be isolated fro m
ground . The induct o r ca n float beca use the
link isolates th e ind uc to r from the de
portion o f th e transist o r circuit and the rf
is still ap plied ac ross the induc tor. If a link
is to be use d , thi s is the preferred arrange­
men t.

If push-pu ll o pe ration is desired, th e
circuit of D may be used . The collector
su pp ly volta ge is co n ne cted to the center­
tap of the link and the t ransis tors are
co nnected to each en d o f the link as in th e
co nve ntiona l push-pu ll circuit. Push-pu ll
o pe ration may also be accomp lished by
using a centertap ped link wi th the circu it
shown in A.

It is ac t ua lly eas ier to work with the
inductor in put 1T-ne t than it is to work with
th e ca pacitor in put a-net . With t he capaci­
tor input n-net it is necessary to de sign a
complete ly new tank circu it each time a
diff ere nt lo ad impedance is needed . With
the inductor in put rr-net a ll that is needed
to change t he load impedance is to cha nge
the number of turns on the inpu t link . The
basic a- net remains u nch anged and all that
is changed when a d iff erent inpu t imped ­
an ce is need ed is th e number of turns on
th e link.

The Universal 7T-Ne t

It is possible to use one ba sic a -net
cir cu it for all in put im pe da nces and it is
possibl e to d esign a u niver sal a-ne t circuit.
The u niversal a-net is des cribed by giving
reactance valu es fo r the inductor and th e
capaci tors. The value of ind uc tance and
capac ita nce is then calcula ted fo r th e de ­
sired o pera ti ng freq uenc y.

The u niversal a -net is d esigned by first
choosing an in put impedance across the
entire ind uct or. The Q of the tank is
design ed to be a t leas t 12 to o bta in good
su ppressio n o f harmo n ics. The value o f
ind uc tive and capacitive reactance and th e
tuning ran ge of th e capacitors required to
tune across th e ama te ur band with the
highest percent ban d widt h an d to load the
desired vari at ion in ante n na resi stance is
calcula te d.
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Fig. 4. Universal lI'-net

C·
267.J1.

ca­
2 8 -73.J1.

Table I

Ind ucto r and Capacitor Values

Band L C , {pf] C2 Ipfl

Il'hl Min Max Min Max

160 22 .36 286 468 1155 2992
80 11.33 145 237 585 151 6
40 5.94 75 124 307 795
20 3.00 38 63 155 401
15 2.00 26 42 103 268
10 1.47 19 3 1 76 197

6 0 .8 2 10 17 42 109

band t he a -net is designed to o pe rate over
is almost 14 , exceeding th e minimum
usabl e value of 12.

Th e n-net can match resisti ve loads fro m
30 to 200 n. If th e load con tain s either
capac itive or inducti ve reactance, the tun­
ing ra nge of the loadi ng capacitor may have
to be inc reased since its value will have to
be different to ba lan ce out th e rea ctive
co mponent of the load .

In this article , percent bandwidth is
defi ned as bandwid th /b and-cen ter X 100 .
Th e am at eur band wi th the highest percent
bandwidth is the 80m band with 13.33%
bandwidth. Th e band with th e lowest
percent bandwid th is the 15m band wit h
2.12% bandwidth . The a-net is designed for
a 15% ba ndwidt h and is th er efor e abl e to
tune across an y amateur band . For anost
band s there is considerably more tuning
range than necessary .

The n-ne t show n in Fig. 4 is general in
natu re an d can be used for an y band
because react an ce values are given for eac h
of th e components. When using t he circuit
at a specific freq uency it is necessary to
calcula te the value of inductance and capa­
cit ance based up on th e rea ctance and
fre quency. Since we are intere sted in using
th e circ uit only in th e am ateur bands it is
convenie n t to calc ulate the inductance and
cap acitance values fo r each of th e amateur
band s in whic h the lI'-net is useful. T his was
do ne and t he results are ta bu late d in Tabl e
f. This table shows the value of inductance
and capacitance needed for each of th e
bands, fro m 160 through 6 meter s. The
values were calc ula te d assuming the center
freque ncy of the rr-ne t is at th e cen te r of
the amateur band.

By using the values shown in Ta ble I the
design of the a-ne t is reduced to simply
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choosing capacitor values an d designing th e
ind uctor.

Using the Univ ersal n-Net

The inductance and capacitance valu es
shown in the table are ac tua l circ uit values
and in clud e stray wirin g capaci ta nce and
ind uctance. The capacitance wou ld usually
be mad e up of a fixed and a vari able
capaci tor in parallel. The sum of th e fixed
capacitor, the minimum ca pacitance of th e
varia ble cap acitor and th e wiring capaci­
tance should be equal to or less than the
minimum value of capacitance shown in
th e tabl e. Th e su m of the fixe d capaci­
tan ce , th e ma ximum capacita nce of the
variable cap acitor an d th e wiring capaci­
tance should be . equal to or grea t er than
the ma ximum value of capac itance show n
in the ta ble. Wiring cap acitance m ust be.
included and it is di fficult to de termi ne its
value because it is depende nt upon severa l
fact ors including the circuit layout and
compactness. It ma y be as high as 20 or 30
pF and is equivalen t to adding a fixe d
capacit or in parallel.

If the induct ance is not clos e to the
pro per value , it may be necessary to adju st
cap aci ta nce values a little on e way or the
other to obtain full tuning range acro ss th e
band , especially on 80m where there is
very little ex tra tuning range . Also , if th e
wiring capacitance is not close to the
esti mated value, the value of fixed capaci­
tance ma y have to be adjusted to co mpen­
sate.

The induc to r must provi de th e induc­

tance value and it must act as the secon­
dar y of th e input transfo rm er. It can be
either an air core coil or a tor oid wound,on
a magnetic co re .

The in ductor may be wound using cut
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Where : N
L
d

and try met ho ds if some me thod is avail­
ab le to mea sure the indu ct ance, or th e size
of the co il and the number of turns ca n be
calcula te d .

An ARRL Type A lightning calc ulat or is
very usefu l for designing air core coils.
With it yo u can design coil s with a wide
variet y o f diameters and lengths.

Th e number of turn s neede d on a toroid
to obtain the desired ind uctance can be
calculated using th is eq uation adapte d
from Electrical Engine ers' Handbook , by
Pend er an d McIlwain :

N=9 .92 j Ld
A' + A (11 - I )

=nu mber o f turns
= ind uctance in microhenrys
= average di am et er o f core in
inches

A ' = area of co il at right ang le to
flux path in squa re in ches

A = are a of co re at righ t ang le to
flux path in sq uare inc hes .

11 = pe rmeability of to roid core
If the coil is wound close to the co re the

equation can be simpl ified to the follow ­
ing:

Since th e inductor is the secondary of
the inp ut transformer it is und esirable for
it to have a small number of turns beca use
the lowest in pu t im pedance will be fairl y
high , perhaps too high fo r the tr an sistor it
is to be used with. For example , if the
ind uct o r had five turns on it and a one turn
inp ut link 'were used th e input impedance
would be 4000/ 5' = 4000/2 5, o r 160 n.
This is base d on the classical im pedance
tr ansfo rmation equation for tr ansfo rme rs
where th e impedance acro ss the secondary
is 4 krl and t he turns ra ti o is S.

In the case of air co re co ils, th e smaller
the diameter of the coil the mor e turns
that are required. Th erefo re, if you canno t
get a low eno ugh inp ut im ped ance, use a
smaller diameter coi l with more tu rns on it.
Coils wit h a diameter of 1-1/2 in . are about
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right fo r 160m, a diameter o f 1 in . works
well fo r 80 and 40m tan ks. and for 20
thro ugh 10m tan ks. a diameter of 0 .5 in. is
suggest ed . On 6m, a smaller diameter ma y
be needed, perha ps 3/8 in. There is no thing
that says these d iameters mu st be used .
They are only suggested and it may be
necessary to use somethi ng d ifferent in
some case s.

It is undesirabl e to have a small number
of tu rns on a toroid . There is an addit iona l
problem with toroids because it is not
possible to have a fraction of a turn on a
to roid . Each time the wire passes through
th e cen ter co unt s as one turn . Therefore
th e inpu t im pedance and the inductance
cha nges in steps as turns are added and if
the nu mber of turns is small th e steps will
be large . T o inc rease th e nu mber of turns
on th e toroid , use a co re wit h a lo w
permeability (Jl). Toroid cores are co mme r­
cially available with perm eabilities fro m 7
to over 200 . Cores with low permeability
are best for this circ uit. The physical
dim ensions of the to roid core also in­
flue nce t he number o f turns nee ded ; how­
ever. th e power in pu t to the tank will
probably det ermine -the size need ed . A very
good article on the use of to ro ids in tank
circuits , written by E. L. Klein (W4BRS).
ap peared in 73, June 1967 .

It is desirable to have an idea of the
number of turns needed on th e input lin k .
The fo llow ing eq uatio n is based on the
classical tr ansformer im pedance t ransfo r­
mation eq uation and gives an indication of
the number of turns to use on th e inpu t

. link. The eq uation is:

Nc yZin

6 3 .3

Th e number of turns on the link is NL , th e
tot al nu mb er of turns on th e ind uctor is
Nc' and th e desired inp ut impedan ce is Zin '
Th e above equat ion was derived spec ifi­
cally for the universal 1T-ne t where the
impedance acro ss the induct or is 4 Ul.

T his eq uation will be close for a toro id
inductor wh ere there is tight coupling
bet ween the windings , bu t gives only an
ind ication fo r air core co ils . Coupling
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between the windi ngs of air core coils is
loose an d the input im pedance will actually
be low er than ind icated by t he equation.
Since the use of too lo w a loa d impeda nce
may dest roy the transistor du e to ex cessive
current, it is best to use more turrs than
indi cat ed by the eq uati on when using air
co re co ils. T he proper number will have to
be det erm ined experi me ntally by If!.easur­
ing th e power outp ut and power in put-and
maxi mizing efficiency by varyi ng the num­
ber of tu rns on the link.

If the auto t ransformer co nnection of
sketch B in Fig. 3 is used , NL in the
eq ua tio n is the tap point of the induc tor in
number of turns fro m t he bottom. -As with
link co upling, t he equation is accurate for
toro ids but only an ind icator fo r air core
coils. When using air core coils, it is best to
tap higher t han indica ted by the eq uat ion
and experimenta lly determine whe re to tap
for maximum amplifier efficiency .

While either an air co re co il or a toroid
will work, the to roid has several advan­
tages, among them , sma ll size , low external
field , and the toro id approaches an ideal
tra nsforme r.

Since th e t oro id ha s a low externa l field ,
there is less chance of oscilla tion du e to
co up ling between the fina l ta nk coil the
ta nk coils o f previou s stages in the tra ns­
mi tter. Also, -t here will be little loading of
the tu ned circ uit by nea rby met al obj ect s
and the co il can be placed close to o the r
o bjec ts, allowing a more co mpac t circu it to
be bui lt .

The loa d im pedance req uire d by th e
transistor is ne eded if th e previous equa­
tion is to be used to design the input link .
The fo llo wing eq uatio n can be used to
calculate approximately th e optimum load
imp edan ce .

(ohms)

Th e co llec tor sup ply voltage is re presented
by Vee and th e pow er out put from th e
tra nsisto r is Po.

Use As an Inter stage
Coupling Circuit

The n-ne t is also very useful for inter-
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stage co upling, suc h as coupling th e driver
transitor to the final. The a -ne t acts as a
tu ned circuit an d allows the im peda nces to
be matched be tween the driver and the
fina l. Any of the basic circuits of Fig. 3
may be used . The am ount of drive supplied
to th e final can be adjusted by varying the
loading capacito r. It is much easier to tum
a capacitor to adjust th e drive than it is to
change t he number of tum s on a link , as
'would be necessar y if th e fina l were dr iven
from a link.

By using a loading capacitor somewhat
smaller than the minim um shown in T able
I , the a-ne t can driv e loads as low as about
20ft This is sufficien tly low for mo st
transist ors. If the input resistanc e of th e
tran sisto r is sma ller th an th is, th e imped­
ance across the ind ucto r will be greater
than 4 kS1.

In ap plica tions wher e th e operating fre­
qu en cy will not .change greatly , small
screwdriver-adjusted pad de r capacit ors can
be used whe n the rr-net is used for inter­
stage co upling. The circ uit is tuned and
then left alone unl ess a large change in
freq uency is mad e.

A Design Example '

It is desired to build a transistorized
final fo r 10m usin g a 2 N263 1. This trans­
istor ha s a maximum co llec tor-to-emitter
rating of 80 V. when there is a low resis­
tance pat h from the base to ground. It can
op erat e u p to abou t ] 75 MHz so will work
well on I Om. It can dissipate 7W of power
at a case temperature of 60°C ( 140°F) and
th ere fore should be abl e to handle a power
input of about 1SW if th e efficiency can be
kept reasonably high.

Because th e maximum rating bet ween
the collecto r and th e emitter is 80 V, the
maximum usable ' power sup ply voltag e is
40V. Because 'the highes t power can be
obtained at the highest possible supply
voltage, a 40V collector supply voltage will
be used .

Tab le 1 says the indu ct or should be 1.47
,uH, th e tuning capacitor C1 sho uld be
variab le fro m 19 to 3 1 pF , and loading
capacito r C2 will be bet ween 76 and 197
pF .
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0 .019 sq in . (0.1 X 0.19) . The number of
turns is then calculate d :

The number of turns on the input link
can now be calculate d from the equation:

40 '

2 x 10

~ 19.5

= 2.83 turns
20v'80

63.3

N ~ 9.92 )1.47 x 0.4
8xO.019

The nearest whole number is 3 and the
input link will use 3 turns.

'.

Since a toroid must ha ve a whole
number of turns, either 19 or 20 turns
could be used; however, in this example,
20 turns will be used.

Th e onl y thing remaining to be designed
is t he input link. Th e first step in designing
the lin k is to determine the required load
impeda nce. T he supply voltage is 40V and
the ap pro ximate power output is lOW. The
required load im pedance is then:

Additional Notes

In the last year I ha ve done considerable
wo rk with transistor power amplifiers using
transistors designed to operate from a low
supply vo ltage, such as 12 or 13.6V. I have
discovered th at many transistors of this
typ e are un stable when the basic link­
coupled inductor-input pi-net is used as the
t ank circ uit. Fortunately, I have also dis­
covered a simple way to prevent this
instability. All that is required is the
connection of a small capacitor from the
collect or t o ground, as shown in Fig. 5.

Fig. 5. Adding a small capacitor from the
collector to ground will stabilize low voltage
trans istors.

A co mbination of fixed and variabl e
capaci t or s must be chosen for th e tuning
and loadi ng capacitors. A wiring capaci­
ta nce of I S pF will be assumed for each of
these. The tu ning capaci tor must have a
tu ni ng ra nge of at least 12 pF. A Hammar­
lu nd type HF-15 capac itor has a range of
2.8 to 17. 5 pF or a tuning range of 14.7
pF . The sum of the min im um capacitance
of the varia ble capacitor and the wiring
capacitance ( 2.8 + 15) is 17.8 pF . The sum
of the maximum capacitance of the vari­
able capacitor an d t he wiring capacitan ce
( 17 .5 + IS) is 32.5 pF. In this case , no
fixed capacitor is nee ded because the wir­
ing capacitance is large .eno ugh . It sho uld
he reme mbe red ho wever that I S pF was
est imated fo r the wiri ng capaci tance an d its
actual value is unkno wn. Theref or e , after
th e circuit is built it may be necessar y to
adju st the capacitance a little to be able to
tune ac ross th e entire band .

Th e loading cap acitor must hav e a tun­
ing range of at least 121 pF . A Ham­
marlund ty pe HF- 140 has a capaci t ance
range of 6.3 to 14 2 pF or a tu ning range of
135.7 pF . The su m of the min imu m
cap acit ance of the variabl e capacitor and
the wiring capacitance (6.3 + 15) is 21. 3
pF. A fixed capacitor of abou t 55 pF will
be needed to give the required minimu m
capacitance of 76 p F (7 6 - 21 ~ 55 ). A
stan dard value is 47 pF and if this value
were used , there wou ld be ab o ut the same
ove rlap on each extreme of th e rota tio n of
the capacit o r. As in the case of the tuning
capaci tor, the wiring capacit ance is only an
estimate an d it may be necessary to ad just
the value of the fixed capacitor to co mpen­
sate if the act ual value is greatly different.

Th e ind uctor is to be a to roid . An
Amidon Associa t es type "S F" core oper­
ates between 10 an d 90 MHz and will
t heref ore work well on 10m. The perme­
abilit y (p) of thi s core is 8 . A core with an
outside dia meter of 0 .5 in . sho uld be large
enough to han dle the power output of th is
final. The inside diam eter is 0 .3 in. and the
th ickness is 0. 19 in.

The coi l will be wound close to the core
so the simplified equat io n can be used. Th e
average dia mete r of the core, d , is 0.4 in .
(0.5 + 0. 3/ 2). Th e area of the co re , A, is
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225 MHZ COUNTER
For Mobile , Airc raft, Marme, C B radios . Read to
18 GHZ with U P 5 40 B T ra ns. Osc.
Wr it e f or specs. Model 5-VHF _ $335 ppd

=ID PAGEL ELECTRONICS
6742·C TAMPA AVE., RESEDA, CA 91335

A2mPreamplifier
12 vdc powered.

27 db gain (approx imate ly) .
Noise f igu re 2.5.

Wi ll take Regency HR ~2

or Mo to ro la to 0.1 uv sensit ivity
w ithout appreciable no ise.

Metal Case. ONLY $17.95 ppd .

CRAWFORD ELECTRONICS
30 2 West Main , Genoa IL 6 0 135

T he am ount of capacit ance req uire d
seems to dep end upon the pa rt icular type
tra nsist o r used and probably also upon the
freq uency of operation. All the ampli fier s I
have built using this capac itor to gro und
have operated in th e high end o f the 10 m
band . At th is frequ ency a capacitance of
30 to 50 pF is no rm ally enou gh to allow
stable operat io n. The pro per capacitor to
use at low er freq uen cies will have to be
deter mined expe rimen tally and will. prob­
ably have abo ut the same capacitive reac­
tance as th e capacito r used on 10m.

Adding thi s capacito r docs not change
th e basi c o perat io n o f the circuit, but the
value o f C t will have to he reduced sligh tly
to allo w th e rr-nct to reson ate at th e
desired trc quen cy .

The reaso n the capac itor imp roves sta ­
bility is unkno wn but it docs work and its
lise will allow yo u to successfully usc the
ind uctor-in put rr-nct wit h tra nsisto rs de­
signed to operate fro m lo w pow er supp ly
voltages..

. ..W5PA C

SARGC, Flamingo Hotel Room SAROC, sponsored by Southern Nevada
rate $12.00 plus tax, single or ARC, Inc., Box 73, Boulder City , Nevada

double occupancy. Mai l to Fla- B9005.
mingo Hote l , Las Vegas. ..._.-11.

SAROe, advance registration $14.50
per person, regular registr at ion at the

door, Flamingo Hotel l ate Show Sunday
Breakfast, Cocktai l Part ies, Seminars
and Meet ings. Mail to SARGe_
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Ev ert Kaleveld OA 4K F·PA OXE
My co farm del Peru, S.A.
Casilla 5138
Lima, Peru

CHANGING THE 75S3
into aBetter CW Performer

T he 75 S3 is an excellent receiver with
an excellent 200 Hz CW filt er that

comes with it as standar d equipment.

However, I found t he 200 Hz filter too
sharp for everyday use, wher eas the 2. 1
kHz fil ter is too broad . Due to its
sharpness, the signals on the 200 Hz filter
ten d to ring, which can make a long session
quite tiresome. An int erm ediate fil te r
would be needed for norm al use in CW
operat ion, re taining th e possi bility to
switch to 2. 1 kHz for SSB or CW

br oadband net op erati on, and to 200 Hz
for th ose really bad QRM sit uations .

On looking at th e innards of the
receiver , you will see t hat there is ro om for
anot her filt er and associated capacitors,
and t he ho les are even dr illed for them
already . Changi ng the mod e switc h to one
of five positions wou ld be a major
operat ion, bu t these days very few
operator s would object to giving up th e
AM position on the switc h and substitu ting
it for a 500 Hz CW position (especially if
they are CW operators").

e

CD (])

S6

f RONT
PANEL
- 1

I
I
I
I

REMeVE-------J
WIRE I

I
I
I
1
I
I
I
L _

r REMOVE WIRE

r - t - - - - - - .,
I I

[ ~ T4 <0] :o :<0 <0 1 / --- -+- - - --"'.,

Fig. 1. Bo t tom vie w 75S 3.
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Simply disconn ect the lug on the wafer
of t he mode switc h nea rest the bac k of th e
receiver that is connected via a 100 k,Q
resistor to pin 6 of the 6AT6, and
reconnect this lug to the other three nex t
to it (already connected together ). The
easiest way is to simply clip off and remove
the 100 k,Q resistor that is no longer
needed. You have now connected your i-f
output to the product detector, and at the
same time you are using the bfo in its
variable position.

Align the filter by tuning the trimmers
for largest signal of the internal 100 kHz
oscillat or on the meter, and you are in
business.

The AM position of the mode switch
gives you now 500 Hz selectivity wit hout
the "ring ing " associated with the really
very sharp 200 Hz selectivit y. And when
QRM really becom es bad you just flip the
swit ch to the 200 Hz position and yo u will
usua lly have a good copy again.

This investmen t has been one of my
very best, an d it has increased my pleasure
in operating the 75S3 no end.

OA4KF PAOXE

Collins sells a suitable mechanical filter
(F455Y -05) ; t he p a rt n umber is
526.95 21.00 1, and t he price is $58. It
co mes complete wit h the little trim me rs
that fit into the ho les in the strip on the
chassis of the 7 5S3.

And while you are ordering fro m
Collins, why not, for $ 1.50, ord er t he
hardware for mounting th e filter, including
two fixed capacitors, a clamp, and the wire
needed for the connections. It's called an
NPN installation kit.

Figure 1 shows the nec essary changes in
wiring needed to install the filte r. What
yo u do is simply substitute the i-f
transformers T4 and T5, that are used for
the wide band AM position, by the
mec hanical fil ter and associated capacitors,
one of 100 and one of 56 pF, as indicated
in Fig. I , plu s the two tr immers. Ex tra
co mponents are indicat ed in heavy lines.

After ins tallation, all you hav e to do is
provide a bfo voltage in the AM position of
th e switch, and connect the product
de tector instead of the AM diode detector
to the i-f outp ut.
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WHY COAX?
E. M. Wagner G3BID
5, Fem croit Avenue,
London , England N. W.3

:\1051 beam antennas are based o n a driven
eleme nt which is half a wavelength lo ng.
Alm ost all bea m an tennas ar e sy m me trical­
t ha t is to say , there is exactly the same
lengt h o f the same d iamet er of element on
t he left of the feed poin t as t here is on the
righ t - the same amo unt o f ind uctance , capa­
city. traps , or other devices on both sides of
the reedpoint.

It has, therefore , alway s puzzled me why,
having ach ieved a beau ti fully sy mme trical
st ru cture or balanced array, o ne should feed
it with an un balanced feed line like coaxial
cab le.

I am awa re, of course, of the gamma
mat ch an d the balun as a means of co nver t­
ing the unbalanced lin e to ope rate a ba l­
anced arra y (and these t wo dev ices will be
d iscussed later), bu t th ere are st ill quite a
large nu mbe r o f balanced an ten nas, be ams,
d ipoles and t he like fed directly wit h coaxial
cab le. In many cases th ese connect the
center cond uct or of the coaxial cable to o ne

Fig. 1. Feed ing a balanced an tenna directly with
coax.

NOV EMB ER 1971

side and the b raid or outer cond uctor to the
o ther side of the balanced arra y. See Fig. I.

In the case o f t he gam ma mat ch ( Fig. 2 ),
th e b raid is normally co n nec te d to th e
center of the d riven , eleme n t which is in
theory gro u nded while the cen ter co nduc t or
is connect ed (at so me d istan ce ap pro priate to
th e. imped an ce) to one side of t he cen ter.

In this case it is assumed t ha t th e braid o r
ou ter co nd uctor is at gro und po ten tia l. If
th is were actually tru e, th e first example
(con nect ing th e "b raid to o ne side of th e
eleme n t an d t he cente r co nd uc tor to the
o ther) co uld no t work since one would th en
con nec t one side of the driven clem en t to
ground at the sam e distance from the cente r
as the one wh ich is driven o n the o th er side.
Yet , exa mp les of the gamma match, and
exa mples of connecting the coa x cable
di rectly to th e element d o wo rk .

This must sur ely me an that in both cases
a poor co mp ro mise is being ach ieve d. The

Fig. 2. The gamma match feed .

95



outer conduc to r o r braid is neit he r genuinely
grounded , nor is it genuine ly ho t to rf.

In .the case where th e coax cable is
connec te d dir ectl y to the driv en element
(e xamp le I ) we must be assuming that the
braid is not gro unded , as we are using it to
drive one side of the driven element. At this
poi nt surely it must be hot , and therefore
for a conside rable part of its len gth , the
ou ter co nduc to r must be carrying rf energy.
Since it surro unds the in ner cond uctor , t he
inner conductor ca nno t be rad iating as it is
completely shielded by th e outer conduct or
and, th erefore , it cannot balan ce this rad ia­
tion . Thus we are producing a radia ti ng
fee d line which mu st tend to acce ntuate TVI
pro blems and, of co urse , upset t he radiat ion
pa tt ern o f the beam itself to some ex ten t.

With the ga mma match we assume that
th e outer conductor is gro unded and we
hope, therefore , that it is no t rad iating; bu t
even in this case it seems a pity to d rive a
perfectly ba lan ced arra y in a lop sided way
on one side only and ju st hope that th e
ot her side will pick up th e rf energy by
resonance when we could , of course , feed
the whole th ing in balan ced array by using
balan ced tw in feed line.

But let us examine wha t chance we really
have of gro unding the outer co nduetor . An y
condu ct or which is gro unded at one end is
no longer grounded as soon as we have
traveled a quar te r wavel ength along this
conductor away from th e grounde d point. In
co nsidering thi s quarter wavelength , we must
remember t hat it is not only a quarter
wavelength from the grounded point at the
f requency. on which we in tend to radiate ,
but if the re are harm onics present - and th ere
very ofte n are - the n a quar ter wavelen gth on
th e f requency of the harmonic fro m the
grounded po int and th e oute r cable is no
longer gro unded. For these reasons, it seems
to me to be an illu sion to imagine th at th e
ou te r conduc to r of a coaxial cable can be
regard ed as effectively ground ed throughout
its length and , in fact if this were so, th e
system of co nnec ting the coa xial cable
di rectly to the antenna co uld no t work.

If we were to use a balanced twin feede r
instead of coaxial cable, we wo uld not be
deluding ourselves into imagining t hat one of
the co nductors was grounded. We wo uld
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assume that both are ho t to rf and , since
they are 180 degrees out of phase, any
radiati on fro m th e one co nduc to r is bal ­
anced by the out-of-phase rad iation from th e
o the r.

It may be argued that since most trans­
mitters use pi-co upled output circuits, the
transmitter is terminat ed by an unbalan ced
outpu t and, th erefor e, we have difficulty in
feedi ng a balan ced feed line. Here I wo uld
advocate th e use of a balu n.

I am awa re t hat there is a third method of
using coaxial feeder to fit a ba lanced arra y­
namely , by using a balun between the
coaxial cable and the balan ced array. This. is,
in my view , the best metho d of using the
coaxial feedline and closely appro ximates
the sys te m I have just advocated of using a
balun at the bottom of the fee d lin e and
feeding wit h a balanced t win cable.

In the case of th e balun {balanced-to­
un balanced transformer) , example 3 , we
undoubtedl y have the best arrange men t with
this syste m if we must use coa xial line, since
we are e mploying a device to convert the
un balan ced feedline to a balanced feeder
befor e connec ting it to the balan ced arr ay.

Th ere is still a cer tain disadvantage , how­
ever. Located at t,he top of t he fee dline clo se
to th e driven eleme nt, we will have a long
coa xial cable for the whole of the leng th of
t he feed line and all the problems of rad ia­
tion from the outer conducto r st ill ex ist , but
perhaps th e . most important disad vantage
he re is in feeding a lo wpass filt er. In the case
of a low pass filt er design ed for coaxial cable,
th e filt er eleme nts are co nnected in the
cen ter conduc tor and are so designed as '
mat erially to att enuate any ha rmo nics whi ch
are present. If t hese harmo nics are also
presen t on the outer conductor (o r br aid )
t hen th ese will pass thro ugh th e metal case
of the lo wpass fil ter and, in effect , th e filt er
is completely sho rted ou t by th e metal case.

Exa ct ly th e same app lies in the case of a
highpass filte r co nnected to the input of a
television set - t he filt er is again co mplete ly
sho rt-circu ite d by the case whi ch connec ts
the bra id across the filt er.

If, however , th e bal un is fitt ed close to
the transmitt er and the unba lan ced out put
from th e transmitter co nver ted in a balanced
feed , th en a lowpass filt er for twin feed with
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the outer case insulat ed fro m both conduc­
tors can be used . Thus, the attenu ation of
harmonics result ing fro m the use of the filte r
will be effective ly place d in hoth tr ans­
mission co nduc to rs, and th e metal case,
although providing screening, will no t act as
short circuit across th e filte r eleme nts. Th e
outer case can be gro unded or left floating,
wh ichever is foun d mor e effective. This Will
often de pend on the length of lea d nec essary
to gro un d the case effectively.

Fro m ever y po int of view it would seem
preferable to feed balanced arrays with
balan ced feed line, using a balun close to the
tra ns mitter to convert t he un balan ced out­
put of the pi outp ut circuit to a balanced
fee de r. T hen, if necessary , inser ting a low­
pass filt er designed for t win feed, in which
bo th con duc tors arc balanced and insulate d
fro m ground .

Furtherm or e, a balan ced feedline can be a
72s.2 tw in fee d unscrcened , since the close
spacing bet ween the t wo con duc to rs and t he
fac t th at the curre nts flowing in to each are
equal and opposite, an y radiati on will be
automat ically ba lan ced .

Since in th is world nothing is per fect an d
it may well be found th at t he curren ts in the
two legs are no t always exactly ba lanc ed, a
scree ned 72 fl twin fee dline can be used to
eliminate radiation which might arise from
the fact tha t t he t wo currents are no t alwa ys
exactl y eq ual and opposite. However, in
almost all cases, this will no t be fo un d
necessary.

There is, however, one diffi cu lty . Most
modern beams are designe d for 52[2 impe­
da nce feed.

At presen t no 52 [2 impedance tw in line
exists an d it is unlikely that such a low
impedan ce line will be cons t ructed in the
near future, ow ing to the di ff icult y of
insulating th e t wo con duc tors ; they would
have to be space d too close fo r pra ctical
manufacture. However, there is a vast
amount of 72[2 Lwinlca d ava ilab le in mos t
ranges of curre n t-carrying capacity , and it
would seem regre ttable that beams are
designed for a 52r2. impedance instead of for
72 s.2 impedance, for whic h tw inlead is so
readily available - and inexpensive.

. . G3BID ·
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Plaslic low powe. t ransistors PN P No Test 2 5 f or $ 1. 00

FULL WAV E B R IDGE S
'0" 1 2A mp 1 ::lAm p , 5Amp , 10A mp
' OV 1 1 .2 5 , 1. ::1 5 1 1. 50 , 1. 70

1 00V , 1. 50 , 1.60 , 1 .75 , 1. 95
200V 1 1 .75 , 1.85 , 2 .0 0 1 2.20
4 0 0 V 1 2 .00 1 2. 10 1 2 .25 1 - 2 .4 5
600V , 2 .50 1 2.6 0 , 2. 7 5 1 2. 9 5
8 00V , ::1. 00 1 3 .1 0 1 ::1 .25 1 ::1.4 5

SI LICO N CONTRO L R E CTI F IE RS
' 0" , I AMP , ::I AMP , 7 AMP

so , . ' 0 , .a s , . 2 0
'00 ." 1 .2 0 , .as
' 0 0 , .•0 , .as , .'0
2 00 .e0 , .'0 , .e 0
000 , .zs , .ae 1 .es
' 0 0 1 , , 1 .0 0
' 0 0 1 , , 1.30

T RIACS,.. , I Am p , ::I AMP 1 6 AMP 110 AMP 115 AMP
'00 , . 0 0 , . ' 0 , ." , 1. 00 , 1 .20
' 0 0 , .ea 1 ." , 1 .0 0 , 1 .40 , 1 .8 0
'00 , 1 .0 0 , 1. 10 , 1.2 5 1 1 .9 0 1 2 .20
0 0 0 1 1 . ::1 0 , 1 . 4 0 1 1 .8 0 , 2 .::10 , 2 .60
' 00 , 1 .60 , 1.80 1 2. 1 0 , 2 .75 , 3 . 1 0

NO SA L ES T AX - WE PA Y POSTAGE
OTHER PRO DUCTS ON REQUEST

PARK ELECTRO NIC PROD UCTS
P.O. Box 78. N . Salem, N .H. 03073

603 -893-0276
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ZIP I

Subvert theWhole Family
With Another New73 Book

Accompan ied by the applause of mil­
lions, the Amateur Rad io Novice Class
License Study Gu ide is ou t. No t pre­
viously published in th e pages of 73 , this
brand new book really co vers aU th e
subjects relating no t just to pass ing th e
FCC Novice exam, but to rea lly learning
all th e necessary th ings fo r getting on th e
air.

Ham slang, FCC regulationese, simple
formulas, and Novice th eory are all ex­
plained and ex plained and explaine d . The
book is abso lu tely crammed full o f big,
clear diagrams to explain the ma teri al
ste p by ste p. Afte r you 've seen this
book - and af ter you have really gotten
your fou nda tio n in ham rad io knowledge
(or gotten th e harm oni cs, XYL, or Au nt
Harr iet ho oked o n the hob by) - yo u'll
wo nder why some people jus t memorize
answers to multi ple choice ques tions
when it is really so easy to understand the
question s and answers and the theory
behind th em .

$3.95 bu ys yo u a soft bound copy of
th is little gem. Buy on e an d co nvert the
who le family ! .-..><• • "'''' .~.

Novice C lass Li c ense S tudy Guide

Send to :
73 Magazin e. Pet erb orough NH 0 3458

Name - - - --- - - - - - - - 1

Street 1

City !

State _
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IMPROVING
The HEATH
TUNNEL DIPPER
Walt Pinner WB4MYL
7304 Lorenz o Lane
Lo uisvill e KY 40228

T he tunnel dipper , an excellent piece
o f test gear at it s price, can be made

even better with two simple ch anges .
You are cautio ned in t he instruction

book that you ma y ex pect ~ome down ward
drift of the met er during war m up . This
drift has been eliminated by rep lacing the
met er amplifier transistor Q3-2N 185 with
an inexpensive T IXM05 transistor.

The second -change recommended cor­
rects the ex treme ly fast ra te of adjustment
of the sensitivity contro l whic h makes
obtaining a cen te r sca le re ading of the
meter difficult.

Rep lace the Sensit ivity pot with a Mal­
lory U-29 control (price approxima tely $ 1)
and add a 56K resistor be tween the black
lead to th e original cont rol an d the new
control. Add a 27K resistor between the
white lead to the original control and the
new control. Reconnect the cente r gree n
lead directl y to the new control.

If di fficulty is encounte red in swinging
the meter th rough its complete range , due
to th e particular transistor in the unit ,
adjust t he fixed resistor values slightly. If
either of th e values are changed, alter bo th
to keep th e total series resistance appro xi­
mately 100 k!1 .

Five units have been modified in accord­
ance wit h the above inst ru ctio ns and the
ease of ope ration an d improved stability
have proven well worth the effort.

. ..WB4MY L"
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Sub-Audible tone

TELEVISION INTERFERENCE
CAN BE CURE D

Is there a radio operator anywhere
who has not had trouble with
television interference? Unlikely!

NE~

UP TO DATE...
only $1.§0

• Compat ib le wi t h all sub-audible t on e system s su ch as
Privat e li ne , Ch an nel Guard, Quiet Channel, etc

• G lass ep oxy PCS 's & si l icon xst rs t h ro ughout.
• A ny reed s, excep t special dua l coil ty pes ma y be u sed'

Moto rola, G.E ., RCA, S. D.L., Bramco, etc.
_ A ll are powered by 12 vd c.
• Use o n any to ne fre que ncy 67 H z to 25 0 Hz
• Small size 1.5 x 4 x .75"
• All p arts in c lu ded e xcep t ree d a nd re ed so cket
• Pos t p a id - Ca lif . resid en t s ad d 5% sa les ta x

CDMMUN ICATI ONS SPECIALISTS
P.O. Box 153 Brea CA 92621

ANTENNA HARDWAREMOUNTING IRS
Rugged, cor rosion resistant aluminum
casti ngs, tor ham and CB antenna con­
struction.

BM-1. Mounts up to fi ve RM-75 loading
coil s on Hustle r 4BTV vert ical for 250
kHz bandwidt h.

BM-2.Found at ion for 21-144kHz ground­
planes,us ing standard aluminum tub ing.
Also as " spide r" tor Quads

BM-3. Foundation fo r buil ding broad­
band Discone antennas in 50 to 1,000 mHz range using standard %" rod :com­
plete with 8 0-25 9 coax connect or. (Illu strated)

Send postcard for complete broc hure and pri ce list.
Available by mail order only from.

Name _

Street _

WE PAY HI GHEST CAS HPR IC E
for Electron Tubes & Semiconductors
Immediate Pay me nt on Unused Tubes

H & L ASSOCIATES
Eti z ab e'thpo r t Ind u st ri a l Pa r k
E li z ab et h , New J ersey 0 7 206

( 2 0 1) 35 1-42 0 0

IIIIIWORLOQSLBUREAU·
5200 Panama Ave_. Richmond C A USA 948 04

THE ONLY QS L B UR EAU t o h an d le al l o f
y o u r QSLs t o anywhere; n e x t d o o r, t he ne x t
st ate , t h e n ex t c o u n t y, t h e who le w o rld . J u st
b u nd l e th em u p (please arr ange a lphabetica lly)
and se nd them t o u s wit h p aym e nt o f 4i each.

VIBROPLEX.'.,o"u,.. . RESTFUL KEYING

a;~-."'- " '..,"$21.95 t o $43.95. . . .. THE YIBROPLEX
_ - CO. , INC .

~- . 8 33 8 roadway .
New Y o rk, NY 10003

1.50

ZIP _State _

City _

Televi sion I n terference H andbo ok

Sen d to :
73 Magazine, Peterborough NH 03458
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see the Afann
for the best in USED FM
communications equipment

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

NOVE1ill3ER SALE atMANNCOMMUNICATIONS
Each year, at Mann Commun icat ions, we have a local sa le on the Friday and

Satu rday afte r Thanksgiving. In the past th is sale was not advert ised, a nd on ly the
local hams were able to ta ke advantage of the great bargains

Duri ng t his two day peri od we attemp t to c lear ou r wareho uses of rece iver ,
t ransm itter, power supp ly str ips, o lder type mo biles a nd base stat io ns. por tab le
eq uipment , and ot her miscellane ous items too num erous to item ize.

TH IS Y EAR , the sale will run from NOVEMBER 1st through 30th

If at all possibl e come to ou r T arzana, or Phoenix Store , and make fabulous
savings. If yo u can 't come, call us at eithe r locatio n and we will ad vise you of what
we have.

HERE ARE SOME SAMPLE BARGAINS

Stri ps f rom FMT R 140D Xmtr S10 Revr $15 PIS $ 3
FMT RU BOD Xmtr$10 Revr$ 15 PIS S 3

Motorola T53GAD S/ 12V SOW 150MHz w/Aee $4 9
Mot orola J44AAB 117AC l BW 450 MHz Base Sta $99
Moto rola P33A AM 5W 150MHz Por table no Bat or A nt $39

Th is is a on ce a y ear ~le only . All i tems will go back to norm al prices on De~c_
1, 1 971. Every item in the s tore s will be disco un ted d uring Novem ber 1971. Sale
terms are cash with order or COD.

WRIT E FOR FREE CATALOG

Mann Guarantee
Money re funded w ithout quest ion if eq uip .
m en t is ret urned w it hi n seven da ys from
shipme nt , undamaged, frei ght p repa id .

Mann

Condit ions of Sale
Un less othe rwise spec ified . equ ipm ent is
used, an d is sol d es-is . All it em s sh ippe d
FOB Tar za na, Ca l if o rni a . Cry sta ls, eve ns.
ante nnas not inc lu ded unl ess sp ec i f icall y
st at ed in cat alog . AU equipm ent i s so ld on
a f i rst -com e, fi rst -serYed b asis .

COMMUNICATIONS

18669 Ventu ra Blvd.
Box 138 Tarzana, CA 91356
(213) 342-8297

2837 North 24th Street
Phoenix , Ariz 85008
(602) 955·4570



Reprint ed fro m the Lenkurt Demodulator

A yardstick is a measure of a two-way system's quality,
quantity and performance. The often requested discussions

of logarithmic units used to measure the quality of transmis-
sion systems is reprinted here with the addition of the metric

units used internationally to measure absolute quantities.

Descrip tive terms used in the te leco m­
munications indus try range from the

i nf i n i tesi m al - 1/ 1, 00 0, 0 00,0 0 0,00 0
watts/ern" (the power ra tin g fo r conversa­
t ional speech ) - to the enormo us­
6,000,000 ,000 Hz (the freq uency of a
typical microwave radio ). Such a span
would be unwiedl y if simplifying ex pres­
sions had no t been esta blishe d.
Powers of Te n

T he first step to simp licity is a short­
hand notati on . that expresses numbers as
powers of te n. We kn ow that lOx 10 = 100
can be written 102

• Likewise, 10 x 10 x 10
= 1000, or 104

. By definition, an exponent
of three means th e num ber lO is use d as a
mu ltiplie r three tim es. A frequen cy of
6,0 00,00 0,000 Hz then becomes 6 x 109

her tz (6 GHz).
Note that 10 1 ~ 10 and 10° ~ I.

Num bers small er than one can also be
treated using powers of te n . By definition,
10- 1 is t he same as 1/10 1 or 1/10. In this

NOVEM BER 1971

way, t he power rating for typical conversa­
t io n al s peech, 1 /1 ,000,000,000,000
watts/em." , can be written 10 - 12 wat t s/
cm2

.

When discussing two relative values, it is
sometimes co nvenient to use the term
orders of magnitude. T his is ano ther way
of expressing powers of ten. That is , one
orde r of magnitude (l 0 1

) is 10 ti me s as
much, two orde rs of magnit ud e ( 102

) is
100 times as great, et c. Simple d ivision
indica tes tha t a su personic plane flyi ng
1500 miles per hour is 100 ti mes faster
than a man jogging at 15 miles per hour.
So, it can be said that the plane is two
or ders of magnitude faste r than the man.
Notice th at orde rs of magnitude are rea lly
conce rned with the ex ponent of the num­
ber.

Logarithms

All the nu mbers in these examples use
the sam e "b ase" nu mber of t en. If we treat
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Fig. 1. Weighting curves, based on listener response shows the relative interfering effect of noise on
speech .

Table I. Power-Decibel Relationships

th e sys tem. Voltages, currents, and powers
are measured; n'Oise iden ti fied ; an d losses
assessed . These are ' all ma de easier by the
use of the logarithmic yards tic k .

Dec ibe ls

The basic logarithmic ya rds tick in com­
munications is the decibel, derived fro m
the less practica l unit, the be l, named in
ho no r of Alexand er Graham Bell. A decibel
is a ten th of a be l.

the exponent of the ba se number sepa rate­
ly , another useful shorthand is achieved,
called logari th ms . In 10 0 = 10 2

, the loga­
rithm of 100 is two . That is, th e co mmon
logarit hm (abbrev iated log, 0 , or just log) is
the power to which the base te n must be
raised to produc e the numb er. The written
for m is log 100 = 2 .

1he use of -logarith ms simplifies man y
forms of complicated calcu lations. Remem­
ber th at to multiply like numbers (t he
nu mber t en is used here to relate to
common logs) , it is only necessary t o add
their expone nt s (10 2 x 10 3

:::: 105) ; t o
divide , su bt rac t exponents ( 105 -:- 10 3

::::

102
) . Logarith ms are used in the same way.

Mult ip licatio ns and divisio ns involving large
numbers may be carried ou t by adding or
subtra cting in the correspon ding logs. In
fac t, any series of eve n ts involving multipli­
cation or divisio n , if expressed logarithmic­
ally , may be ha ndled by ad dition or su b­
tractio n . This is particula rly valuable in
two-way commu nications, wh ere a varie ty
of measurements is necessary t o describe
th e qualities of a signa l as it pa sses thro ugh

D ec ib e ls

1
2
3
4
5
6
7
8
9

10
2 0
3 0
40

Po w er R atio

1 .2 59
1 .58 5
1 .995
2 .512
3 . 162
3.98 1
5 .0 12
6 .3 1 0
7 .9 4 3

10.0
1 0 0. 0

1000.0
10 ,0 00.0
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Table IV. SI- to -U.S. Conversion Factors

Table II.

Measure

Le ngth

T im e

Mass

T em p er atu re

America n Units

inches x 25.4

f eet x 0 .3848

m iles x 1.6 1

pounds x 0.454

inc h es

f eet

miles

pou nds

51 Unit

m et e r {rn!

second (s)

k ilo gra m (kg)

k e lvin ( K )

Derived Units

2
a re a - -(m ) 3
vo lu me - - ( rn )

f req uency - - hert z ( H)

51 Eq u ivalents

"" mill imeters

0= meters

"" k ilometers

== kilog rams

"" millimeters x .0394

= met e rs x 3.28

== k i lo m et ers x 0 .62 1

= kilograms x 2 .21

Early experimentation proved t hat a
listener cannot give a reliable estimate of
the absolute loudness of a sound . But he
can distinguish bet ween the loudness of
two different sou nds. However , the ear's
sensitivity to a change in sound power
fo llo ws a logarithmic rather than a linear

NOVEMBER 1971

scale, and the dec ibel (dB) has become t he
unit of measure of this change. The re­
lationship be tween any two power values
can be calculated in decibels as;

PI
dB ~ 10 log - ­

P2
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If P2 is larger than PI the dB value will be
negat ive ; therefor e, it is convenient to
designate PI as the larger po wer.

It should be emphasized that a given
number of decibels is always the relation­
ship between tw o po wers , and no t the
absolu te power value itself (Table I). For
example, th e gain in an amplifier, or the
attenuation of a pad, can be ex pressed in
decibels wit ho ut kn owl edge of the input or
output power of th e device - ju st the
change.

dBm

Frequently, however , it is conv enien t to
rep resen t absolute power with a logarith­
mic unit. On e mill iwatt (usually into a
600n lin e) is gene rally accep te d as the
standard reference fo r such purposes in the
telep ho ne industry , and signal powers can
be written as being so many dB above or
belo w this ref erence po wer. When th is is
done, th e un it becom es dBm, in the exp res­
sion:

PI
d Bm ~ 10 log - ­

P2

where P2 is 1 mW (10- 3 watts).
By ad ding a definit e ref erence point ,

dBm becomes a measurement of ab solute
. po wer ra ther than just a ratio ; and can

readil y be converte d to watts. A measur e­
ment of 10 dBm indicates a signal ten
times greater than 1 mW, or 10 mW; 20
dgm is 20q t imes greate r than 1 mW, or
100 ,mW. A 15 dBm signal appl ied to an
amplifier with a 10 dB gain will resu lt in a
25 dBm outp ut. Or , a standard test tone (0
dBm ) will be mea sured as -15 dBm afte r
passing through an attenuator of 15 dB .

It is important to note at th is poi nt that
most meters used in the te lep hone indust ry
are calibra te d for measur ements of vol tage
appearing across a 600n te rminatio n (stan­
dard tr ansmission line imp eda nce) . If th e
circuit to be measured is of a differen t
impedance than that for which the meter
was calibrate d, the indicated power level
will be wrong, and a correctio n factor mu st
be taken into acco unt. Using the relation­
ship of P = E2 JR, the following co rrection
factor is formulate d:

104

dB~dB +
(indicated)

_-,,6.::0.::0-"0c:h:::m::::s_~_10 log
circuit impedance

For examp le, a +6 dB reading acr oss a
s oon line is calculate d:

600
dB ~ 6 + 10 log 500

6 + 10 log 1.2
6 + 0. 792
6.792 dB.

Level Point

In mos t telephone system s, the toll
switc hb oard is defined as the "zero­
tra nsmission-level point" (TLP), and the
levels of both signal and noise at ot he r
parts of th e syste m are usually referred to
tha t point. A poin t in the transm issio n
syste m where a signa l has exp erienced a 16
dB attenuation relative to the toll switch­
board is known as t he -16 dB level po in t.
No te that level used th is way is pur ely
rela tive and has nothing to do with actual
pow er - a signal of any power will be
do wn 16 dB at the -16 dB level poin t.
When a standard test tone is tr an smitted
over the circuit , its power in dBm at an y
poin t is numeri cally equal to the level in
dB at that po in t.
dBmQ

Ano ther term, dBml.3 is used to refer
mea sured power bac k to 1.3 'fLP , and has
use ful significance in sy st em plan ning.
Measurements adju sted to dBmjfl ind icat e
wha t the power wo uld have bee n , had it
been measured at 1.3 TLP. Fo r ex ample, a
tone measur ed at the -16 dB level point
with a met er reading of +8 dB m, is equ al to
+24 dBm9 .

In addit ion to dBm , there are a nu mber
of other logar ith mic units used in the
tele phone indust ry whic h are expressed as
dB above or be low some reference po wer.
One of the most common of t hese is
dBrnc, use d in the measuremen t of noise.

Noise Measurement

The Bell Telephone Laboratories and
th e Edis on Elect rical ln sttute did original
resear ch to determine the transmission
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imp airm ent caused by noise interfering
with spee ch. A large number of list ening
test s were made with di fferent tones intro­
duced as in terferen ce. The degree of in ter­
fer ence was det erm ined by com paring th e
power of each in terfe ring tone wit h th e
power of a I kHz tone t hat created the
same degree of in te rfe rence.

A power of Io' 2 watts) was in tro­
duced . Th is also necessitated . a change in
the units, result ing in the adoption of dBa
(decibe ls ad ju sted) .

d Brn c

When the new SOO-ty pe handset was put
into service in the 19 50 s, anothe r line
weigh ting was introduced , called C-message
weigh ting. Since the new equipment was a n
improveme nt ove r th e o ld , an even higher
refere nce power wou ld have been required
to express equ al in ter fer ing effects wit h
equal nu mbers. But th is migh t have re­
sulted in so me unrealistic " negative" values
of noise inter ference. So the referen ce
power was return ed to -90 dBm , and the
unit s dBrn c, mean ing decibl es, reference
no ise C-message weighted .

Weight ing curves (Fig. I) for each hand­
set com pare in ter ferin g eff ects for variou s
frequencies and are re ferred to as inter ­
ference of I k Hz. Noise meas uring sets are
frequency weight ed in th e same way so
that meter readings obtained are meaning­
ful in term s of wha t th e ear detects. That
is, th e instrument does not measure noise
int ensity alone, but takes into account the
frequency of the noise and how the partic­
ular frequency affects th e ear.

Since"th ere is no weight ing effec t on a I
kHz ton e. straigh tfo rward co nversion be­
tween d Ba an d dBrnc is poss ible by co m­
paring reference power. A 1 kHz signal
having a pow er of ~ d Bm yields 90 dBrne.
But , because wieght ing networks attenuate
o th er freq uen cies differently , a unifo rm 3
k Hz band of noi se (fla t o r white noise) will
not be measur ed the same as a 1 kHz tone.
White noise at ~ d Bm will pro du ce a no ise
reading of 82 d Ba and 88 d Brnc. Approxi­
ma te conversio n is then acco mplishe d by
adding 6 dB to th e dB a value :

db rnc = dBa J 6.

NOVE M BER 19 71

For insta nce , using an instrument FI A
weight ed , a reading of 20 dB a .would be
equivalent to 26 d Brn c. The conversion
factor is du e to th e S dB difference in noise
reference power a nd an approximat e I d B
difference in weigh tin g over the vo ice
band .

At presen t , dBrnc is mor e convenien t t o
use than dBa.

Psoph ometric Weighting

Circuit noi se expressed in units esta b­
lished by t he CCITT (I nternatio na l Tele­
graph and Teleph on e Consultative Commit­
tee) is gaining recognition throughout the
wo rld . This inte rn ational unit is linear
rather th an logarithmic and is in te rms of
picowatts (lo -J 2 watts ) of pow er , psopho
metrically weight ed (pWp). {Psophometric
is fro m the Greek wor d pso phos, meaning
noise.)

Th e reference level, 1 pWP. is the
equ ivalent of an 800 Hz ton e with a power
of -90 dBm , or a 3 k ll z band of whi te no ise
with a power of approxima te ly -88 dBm.
The sha pe of th e psophometric curve is

essentially iden tical to the F l A curve and
similar to th e Ccrnessage curve . Approxi­
mate conver sion may be made as foll ows :

dBrn c ~ 10 log p Wp.

Note that th ese terms all have absolute
refe renc e values of 10 - 1 2 watts, arid are
custo marily written dBrn c0 and pWp0 to
relate th e measur em en t to 0 TLP.
Signal-to-Noise

Occasion ally the term signa l-to -no ise
rat io ( SIN ) is encountered . The term,
usually expressed in d B, indicat es the
nu mber of dB the signa l is above the noise .
To obtain dBrnc0 from SIN , it is only
necessary to calculate how man y dB the
signal is above the refe rence noise pow er.
The corre cted referen ce (as men tioned
previo usly for 3 kHz white noi se) is --88
dBm for flat nois e cha nne ls. Conversions
are therefore :

dBrnc~ ·~ 88 -S IN
SIN ~ 88 -dBrnc~

SIN; 88 -10 log pWp~

When it is necessary to measur e speec h
or program volu me in a trans mission sys-
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tern, a dB me ter o r voltmeter is not
adequa te . T he co mplex ity of the pr ogra m
signal, as co mp ared to pure sine waves, will
cause the meter need le to move erratically ,
try ing to follow every fluctuation in pow­
er. This wo uld obviously be diff icult to
rea d , and has no worthwhile meaning.

Volume Units

To provide. a sta ndard ized sys tem of
ind icati ng vo lume, a spec ial instrument was
create d. Called a VU meter , it measures
volum e units , abbreviate d VU. The VU
met er is calibrated to read I) acro ss a 600n
line with a signal of I mW (fP dB) at 1 k Hz.
The scale is logarit hmic and rea ds VU
above and be low this zero reference. The
inst rum en t is no t frequency weigh ted in
an y way , and whil e not designated for the
purp ose, it will read single frequencies
directly in dBm . Its prime fun cti on , ho w­
ever, is to ind icat e the volu me of complex
signals in a way corr espondi ng to th e
respo nse of the ear. The read ing is not
instantaneo us, bu t a value somewhere be­
twee n the average and th e peak value of
the complex wave due to the meter 's
damping charac teristic.

Oth er unit s

Various oth er logarith mic units are used
in the teleph one and co mmu nica tion s in­
du stri es to convenien tly compa re lik e val­
ues. Crosstalk coupling in telephone cir­
cuits is indi cated in dBx , or dB above
reference co upling, and ma y be measur ed
wit h a noise measuring set such as used to
ob tain d Brnc. Reference cou pling is de­
fined as the di fference bet ween 90 dB loss
and t he ac tual co upling. Two circu its
having a coupling of -40 d B could be said
to have a coupling of 50 d Bx.

Decibels may take on many othe r abso­
lute values depending on thei r ref erence.
Whereas dBm is a un it of power ref eren ced
to I mW, dBW (referenced to I W) is equa l
to 30 dBm. Similarly, dBk are deciblcs
referen ced to 1 kw .

Likewise , dBV for indu strial use is
defined refe rencing I V. However, in
writ ing the equat ion fo r such a measure­
ment, it is necessary to observe the foll ow­
ing relationsh ip :
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E,
dBV = 20 Iog - -

E2

where E2 equals I V. Th e log of the volta ge
ratios is mult ip lied by 20, rather than 10 as
in th e power rat ios, expressing the sq uared
relat io nsh ip of voltage an d power (P =
E2 / R). It is assumed that all measureme nts
are across the same impedance.

Anot her form of decibel u nit related to
voltage is referred to as dBV/ 600 and is
read di rectly from a dBm-voltme ter cali­
brated at an im pedance of 600n.

Speech energy is commonly rated in
terms of th e intensit y level of the spea ker's
voice measured I mete r fro m his mout h.
The sta ndard Reference Acou stical Power ,
/) d Brap, is defined as 10 -1 6 watts /e m".

Ot her terms come int o use in broa d­
cast ing : d Bu , with I mV ( 10 -'6 volts) as th e
ref erence , and dBj, referred to 1000 mV
(l (l O-a volt s). Bo th are mea sur eme nt s of
signal in tens ity o r receiver sensitivity. Any
number of logarith mic units could be
de vised to suit special pu rposes , using
decibels refe rre d to so me sta ndard unit of
power - volta ge o r curren t.

As t he need fo r diffe rent calibration s
and reference po in ts arise, new yardsticks
will be define d fo r ease of calculation.

Absolu te Quanti ty

The ya rdstick ado pte d by the commu ni­
catio ns industry to measure abso lu te
quantit ies is really a met er st ick d ivided
into cent imeters instead of inches. Th e
me tri c scale is part of t he SI (i nt ernation al
standards) uni ts used to simplify and clar­
ify nume rical com munication bet ween
countir es.

The basic SI units and th eir abbrevia­
tions are sho wn in Table II. The prefixes
show n in Tabl e II I are added to these basic
units to indicate th e magnitude.

Since some English units are still p reva­
len t and at times more familiar, conversion
factor s are offered to ease th e tra nsition to
SI units. Tabl e IV gives conversion factors
for the two systems.

The ' equipme nt need ed to provide
world wide co mmunication is available and
by adopting SI units th e need ed language is
also pro vided.
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Metalphoto lOur Nameplate

T hirt y years ago yo u could walk into any
radio part s store and buy little metal name­
pla tes for marking home-made gear. Thi s is
no longer tru e. The plates have been off the
market for years. Amateurs building eq uip­
men t now have the cho ice of using decals or
wax press-on lett ers, ne ither of which are
very satis factory for profession al looking
equ ipment. There is ano t her way to label
equipment, and tha t is b y mak ing Metal­
photo nameplates. Amateurs seei ng the nice
resu lts would like to make the ir plat es but
becom e fru strated when tr y ing to purchase
the material afte r hea ring th e store cler k
qu ote the price. More amateurs should know
about the met alph oto tria l kit o fferred by
Met alphoto Corp. , 18531 So uth Miles Road ,
Cleveland , Ohi o 44 128 which sells fo r $10.

Wha t is metalpho to and what can yo u do
wit h it ? First , met alpho to plat es are photo­
sens it ive ano dized alu minu m plates wh ich
can be co nverte d into a nam eplate, a d ial or
a sche matic. To ma ke th e plate, a simple
negative and sta nda rd photograp hic chem­
icals and tech niq ues are used, and it will
pro duce a permanent ph otogra ph ic rep ro ­
du ct ion. The image will be locked in a clear ,
glass-like, sap phire-hard , ano d ized laye r
when finished . Because of th is layer , nam e­
plates made fro m Metalphot o will withstand
corrosive and abrasive attacks wh ich would
defa ce or destroy mos t ot her similar pro­
ducts. The whole pro cess can be done with a
few essential pieces of darkroom equipment.
Actually all that is necessary is a floodlamp
ty pe P2 if a co ntact printer box is no t
available. Th e negative made fro m trac ing
paper is placed on top of the sensit ive me ta l
film, exposed and developed .
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Ed Marriner W6BLZ
528 Co lima Sr.
La Jolla, CA

A negative can be very simply made on
trac ing paper which has been lettered with
black in k, or wa x art lett ers pressed on to
t he paper. Borders can be mad e from black
print ed circuit tape. This ty pe of negative
will make a name plat e having alum inum
letters wit h a black background . Fo r black
letters on an aluminu m backg round, a Koda­
lith film negat ive will have to be ma de fro m
the tracin g paper nega tive.

This process may seem like a lot of work,
but it is fun, and how else can you obtain a
decent panel? Wax letters and decals event u­
aly wear off , while Met alpho to will last
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forever and is impervious to salt spray,
organic solvents and lubricants, scratching,
cracking, crazing and peeling, fading, mold,
temperature extremes and repeated scour­
ings. Are you sold? Let's get on with it.

Here is what you get in a No.1 0 trial kit:
12 4 x 5 inch sensitized metal plates.

3 1 x 5 inch test plates.
1 Bottle of Chemical Image Toner

(l qt.) CT-IOO

BottIe of Developer. DM-44 (l qt .}

BottIe of Fixer. FM-l (I qt.)
The distilled water necessary for mixing

can be obtained in a grocery store .

How do you start?

Fi rst make a negative, and the best way is
to dra w it on K&E Transparent Sketching
Pad Paper #355-11 . Draw in pencil, a square
the size of the nameplate. Inside this line,
stick some I {16 or 1{8 inch black tape for a
border. This tape can be obtained in a radio
parts store under the name ACS Tapes, Inc.,
and it comes in a little plasti c container. At
the same time buy some little black round
pieces of tap e used for making printed
circuits. These are nice for making round
corners on the borders and for making dial
calibratio ns. Once the border is outlined,
start laying in t he lettering. The best way is
to use wax press-on art letters which come in
all shapes and sizes at any ar tist supply paint
store. A LeRoy inking set could be used .

Once having decided on which negative to
use , t he next stop in the process is t o lay the
negative on top of the sensitized metal, and
place a piece of glass over it to hold it in
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place. Do this in a dark room with on ly a red
lamp , or th e film will be exposed and ruined.
When you are ready to expose the film , hold
a flood lamp about 2 feet away and snap it
on and off, fast as possible, fo r less than one
second . Now place the metal film in the
DM-44-4 developer for a period of 3 to 6
minutes. Aft er a few minutes the printing
should come out clear. If the plate has been
over exposed the border will be sha rp but
the letters will be fad ed and dulL Very little
light is necessary to ex po se. Re move the film
fro m the developer and wash in clean wat er
for one minute. The film now has to be
fixed and is now placed in the FM-I-4 fixer
for severa l minutes, taken out and washed
for five minutes. Now place the metal film in
the CT-IOO toner solu tion for five minutes.
Aft er this operation the film is washed again
and placed in a pan on the stove and boiled
for at least five minutes to set the surfa ce. A
special solution called SA R 200 can be used to
give it a mor e glossy finishe d surface, but
this solution does not come with the kit.
After boiling, wash and dry, th en polish the
plate with furniture polish to give it a high
gloss; finish. Aluminum or chrome polis h can
also be used to shine the plates.

Further information and co mplet e in­
structions come wit h ea ch kit , and a special
pro cessing book can be obtained from the
factory.

If you are building a nice piece of ham
gear, it is worth the effort to make a little
more investment and have it look profes­
sional by using Metalphoto nameplates.

. . W6BLZ
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Ron ald Perry WA 2CGA
RD 1, Glen A venue
Fi shkill, NY 12524

Amateur Radio
and the Disabled

r'l'te typical amateur radio magazine con­
~ ta ins ar ticle after article devoted to the

care and feeding of the amateur operator and
his hob by . Almost any ab le-bodied ham
armed with a soldering iro n, su ppli ed by a
jun k box , for tified wit h the spir it of a true

.adventurer and guided by a well writt en
art icle can homebrew at least something of
usefulness.

But what of the physically disabled ham
who cannot hold a pair of pliers, see th e
intricate workin gs of a circuit diagram or
construct a beam , a bo om , or a balun? To
him, some of th e pleasures of amateur radio
are unachievable. Luckily , however, there
are still many avenues o pen to th e disabled
who wish to tak e an ac tive interest in
amateur radi o . Fo r such peo ple th is art icle is
mainly written .

In August of 1960 , due to a frea k diving
accident, I became phy sically disabled . Med­
ically my condition is known as "quadri­
plegia." In lay terms th is is a semi- to
complete paralysis of the arms and legs,
brought about by severe injury to the spinal
cord.

After a yea r of hospitalization and reha­
bilita tion, I returned home. I co mpleted my
senior year o f high school, grad uat ed , and
began college extension courses. To day, I get
aro und in a battery-powered wheelchair and
live a near-norma l, th ou gh handicapped , life.

Th e amateur radio " bug" struck o n
Christmas of 1966 . Interest in th e local fire
company instigated the purchase of an FM
receiver. listen ing to all of the acti vity
quickly led to investigat ions int o the world
of CB. Needless to say, my hopes were soo n
utterly smashed. Being down , but not out , I
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th en contacted WA2I ZO and within the
length of a tele ph one call, I was hooked.

In February of 1967 I purchased my first
ham receiver and begun studying theory and
code. Three mo nths later I took my Novice
tests, WA2I ZO proctorin g, and received my
license in August. Six months and 31 states
later, I received my Conditional Class li­
cense; K2T FD was the helper this time . And
on April 5th , as WA2CGA ru nning 100 walls
cw, I made my first contact in New Zealand
with a 5-9-9 signal report.

Since my beginn ings in ama teur radi o , I
have had much enjoyment , a great deal of
sati sfac tion and a ,few problems. Most of th e
difficult ies were easily solved, tho ugh some
took a bit of ingenuity. Fo r instan ce, how
do you op erate a bandswit ch or flip an
on /off control when yo u lack bot h feeling
and movem ent of you r fingers.

A ll co n trol s " p eg ge d " fo r ease o f o p e ra t io n.
D istan ce b e tween kno b s is a fa cto r w h e n
c hoosing eq u ipme n t w hic h h as to be
" p egged ."

To solve thi s dilemm a, my dad "pegged"
all inoperab le contro ls and switc hes with
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lengt hs of metal kn itting needles. My main
t uning dial look s lik e an old ship's wheel,
but by using the side of my hand, I can
operate it " nor ma lly."

Another pro blem arose when it was
necessary to change t he crysta ls in the
Novice rig. This was easily solved, ho wever,
by sim ply ye lling "Mother!" whenever a new
rock was needed .

Opera tio n of the straight-key present ed
it s little headaches, but no ne that ever
requ ired an aspirin . At fir st I lit erally pound­
ed t he key with my semi-closed hand: Th e
old saw, "you have a goo d fist," was never
more true. Fo r General Class spee d, how­
ever, t his me thod soon proved unsatisfac­
tory. I tried numerous types of pa ddles and
extende rs and even t hough t of trying a
mouth-ty pe arra ngement, but nothing work­
ed. Eventually I fou nd that with th e pad dle
rest ing in the palm of my han d, I could
ac hieve a respectable spee d. Since I co uld
not grip t he paddle, I found it was necessary
to mo ve my ent ire arm up and down in
order to co mpensate or substitute for the
usual wrist move ments. With this somewhat
awk ward arrangement, I increased my speed
to 14 words a minute, though 10 was more
comforta ble and less tiring.

Keep ing the key stationary while send ing
presented ano ther little obstacle. I d id not
wan t to na il the key down , so I did the next
bes t thing. After some searching we dug up a
piece of cold-rolled steel about the size of
this magazine, only an inch thicker , and
weighing 9 pou nd s. Three car bide bi ts later,
my dad had t he key mount ed to the steel
block. A touch of Gun-Blu and a felt bottom
completed my near-permanent key . I don't
recomme nd this type of arrangeme nt for
mo bile CW work, however, for even the
ablest of ha ms will find it cum berso me an d a
real toe-crusher if dropped .

Wit h all of the minor diffi cult ies solved, I
fina lly began realizing many enjoyable co n­
tact s. Each new state or DX station worked
was a real achievement. Not kno wing when
to leave well enough alone, I soon be came
involved in all sorts of things, many of whic h
I knew little or no thing about.

Firs t, I decid ed to buy my own Novice
transmitter, desp ite the fact that the one I
was borro win g was mo re than adequate. I
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figured why run 60 wat t s when 75 would get
you so much further. (Believe it or not , th is
was a good excuse at the time .) Lat er ,
beaming at my new, shiny rig , I soon
realized I had made two major goofs. First ,
t he transmitter , which was one of the best
CW rigs on the market , had no fac ilities for
phone operatio ns . Thus, in a few months I
wo uld have to buy anot he r if I wanted to
work in this mode. Second, the transmitter
wasn 't compatible with my present receiver.
Facilities for side -tone monitoring, receiver
muting and a new tran smit /receive setup
would have to be construc ted all over again.
Obviously anot her call to WA21Z0 was in
order.

Whe n I purchased my General Class trans­
mitter , I again had to face the problems of
incompatibility between it and my rec eiver.
Luck ily , I had acquired a little more knowl­
edge on the subj ect and a few more ham
helpe rs, so things were a bit easier the
second time . I realize all ha ms have to deal
with this aspect of amateur radio. For many
it brings mu ch satisfaction when a work able
setup is devised . To me , however , it is
something I would like to avoid since I
can no t do it myself and I am forced to call
on ot hers .

A word to other disabled : (1) purchase
your transmitter an d receiver , if at all
possibl e. from the same manufacturer , and
(2) be sur e that your rig opera tes eit her
AM&CW or SSB&CW. By doing so , you will
then hav e fewer hoo k-up pr obl ems and yo u
will have seconda ry equipme nt whe n yo u
buy yo ur general class equipment.

All ama te ur radio operators, at one time
or an ot h er, regardless of license, equipment,
or code speed, are confront ed wit h the
comme rcial broadcast interference syn­
drome; affecti onately kno wn as «TV !." In
fact , no am ateur is reall y an amate ur until he
has be en officially bapt ized by his first irat e
t elephone call and has en couraged the sale of
a high-pass filter. Moreover, hams should be
en ti tl ed, in my op inion, t o commissions for
t heir pa rt in the sale of such filt er s and
receive a percentage of the custom er insta ll­
ment fees on local CATV syst ems .

Sin ce my disabilit y is fairly well known in
the neigh borhood , some of my TVI pains
were/are somew ha t d ifferent than t he usual.
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hobby for the ph ysically disabled . Nor can I
begin to t han k the many hams-WA2 IZ0,
K2TFD, and W2VA Q to name a few, who
have helped out so ma ny times, or my dad
for all his hours spent on the roof, in th e
shack , or at t he neighbors.

I ho pe more physically handica pped in­
dividuals will become amate ur radio de­
votees and that the ham s who live near t hem
will be as consc ient ious as those I have
mentioned , To quote the FCC : " No physical
infirmity is a bar to the issuan ce of amateur
operator and station licen ses, pro vided the
app licant can qualify ." And , as of Jun e 17,
1968 , the Federal Communications Commis­
sia n will allow the examinations for an y
class of license to be ta ken by mail.

....WA2CGA

FM Schematic Digest
A CO L LECTION OF

MOTOROLA SC HEMAT ICS
Alignment, Crystal, and Technical Notes

covering 1947·1960
136 pages 11 )1," x 17" ppd $6.50

S. Wolf
11 00 TremontStreet.

Boston, Massachusetts021 20

WE PAY CASH
t FOR TUBES

Lewispaul Electronics, Inc.
303 West Crescent Avenue

Allandale, New Jersey 07401

-
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'fell our It In 13
'{oo Sa'" didn' t!

"[yoU
(Even I

In one instance, where I was act ually at
fault , certain neighbors remained silent when
they should have spo ken up. I sup pose they
assumed I had few activities a nd thu s didn't
wan t to limit my new-fo und hobby. My
gro und system had det eriorated to a point
where I S-met er harm onics were affecting
certain TV receivers up to 300 yards away
from my antenna .

In other instances, however, when I was
not at fault , the usual calls and inquiries
we re regist ered in the usual calm and diplo
matic manner associated wit h the avid TV
fan who is po sitive some ham is personally
interfering wit h his reception. It seems th at
the mere physical presence of the tower and
quad ante nna , regardless of whether I was on
th e air or not , or even home, instigated
many of th e comp laints; opera ting times in
th e log and cold tubes notwithst anding.

To the disabled , then, let me again sta te a
few t hings: (l) see that all equipment is wei
gro unded and filt ered, and( 2) be sur e, above
all else, that you are no t int erfering with
your own television reception befor e operat­
ing on the air. Once this is done, you can be
quite certain that you are no t bothering the
thoughtful neigh bors and not giving "am­
munition" to those who d o not un derstand
the numerous cause d of non-ham-made in­
t erference. Your disability sho uld never be
an excuse for a bad signal or for improper
opera ting pro cedures.

WA2CGA' s co mp le t e station . All equ rp rn e nt
easil y reached w ith o u t movi ng around .
Ho mebrew table allows ac c e ss by w n eer­
c h ai r.

Finally, I cannot end t his article without
fully endorsing amate ur radio as an excellen t
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Semiconductor Supermart
• MOTOROLA. RCA. FAIRCHILD. NATIONAL. HEP .

DIG ITAL READOUT
At a price
every one $3.70
can afford
• Op erat es fro m 5 V DC
• Same as TTL and OTL
• Will last 250.000 hou rs.

SUPER BUYS
709 Oo . Amp . . . • • •59
74 1 Oo. Amp $ 1.19
72 3 V. Reg $ 1.75
Zener 9 V . • . . ... .50
Zener 12 V 50
Zener 6 V 50

• Digital read o ut
• BCD to 7 - Segment

Decoder /driver
• 7490 Decade Counter

On ly sa.so

SPECIAL OFFER

DIGITAL BARGAINS
FACTORY FRESH TTL IC's

MSD 047 d ecoder/driver fo r the d igita l
readout $3.50
7400 gates . 35
7441 N IX IE dr iver .... .. ... • . . $ 1.95
7490 decade counte r . $ 1.40
7475 Quad lat ch $1,40
7495 shift Reg $2.00
7493 d iv ide by 16 $1.90
74 121 m onostable . $1.80
7473 du al fli p-fl op . . . . .. . . . . . ... •85

7\'IIr 14

Please add 35« fo r shipping
CIRCUIT SPECIALISTS CO.
Bo x 3047 , Scottsdale, AZ 85257
F A CT O R Y AUT HORI Z ED
HEp·C IR CUI T ·STIK
DI STRI BUTOR

INSTANT CI RCUIT BOARDS
NO ETCH - NO MESS - NO FUSS CIRCU IT ·
ST I K is a com plete system of component sub­
elem ents and m ate rials designed to work togeth er
to pro duce insta nt circu it boa rds th at are as
du rable as regular circu it boards. CIR CUIT-STiK
ELI MI NA T ES: d ri lling, photo w o rk, and etch ing.
Just stick the pressure sensit ive sub-elements
do wn on pattern G Vectorboard . T hey st ick
down fi rm ly, w i thstand sol der ing temp erat ures,
yet can be picked up and moved fo r ctrc u it
change s. In fact , th ey make bu ilding pro ject s
w ith integrated circu it s and tr ansistors a real
breeze. Sub-elemen ts are available for 8, 10 , and
12-lead IC's, dua l-in-li ne Ie 's, all t ran sistors, plus
pressure sensi t ive copper ta pe, etc. Applicat io ns

data availab le. Three assortm ents are avai lable :

CS20 $5 .50. CS30 $7.95. CS40 $9.95.

POPULAR IC's
M oto rola RF am p $ 180
RCA Y, W aud io $3.07
RCA 1 aud io $3.92
RCA R F amp $1 .77
Motorol a y~ W Aud io $1 .10
High gain RF am p/ IF amp .. $1 .15
FM IF amp Quadrature det . $225
Hard to f ind Sal. Mod. . . .. $3.25
Motoro la 2-Watt audio $2.50
M ulti-purp ose w ide-band am p $ 1.25
Low no ise pream p . •. : .. _. $ 1.50
Du al Stereo preamp $ 2.75
FM mu ltiplexer ster eo demod$4.9 5

MC1550
CA3020
CA3020A
CA3028A
MC1306P
MC1 350P
MC1357P
MC1496
MFC9020
M FC 40 10
MFC8040
MC1 30 3P
MC1 304P

TRANSISTORS
MPF102 JFET . . . . . . . . . . . . . . $ .60
MPF105/ 2N 5459 JF ET _ 96
MPF107/2N5486 JFET V HF/U H F . S1.26
MPF121 L ow -cost dua l gat e VH F RF 85
M F E3007 Dua l-gate _ $ 1.98
2N5188 . .. . . ...• .. .. . .. . •79
3N 140 Dual-qat e _. __ . . _ _. " _$1 .95
3N 141 Du al-gate $ 1.86

PlESSEV INTEGRATED CIRCUITS
GREAT FOR SSB RCVRS AND XMTRS

$l610 low no ise 15d M Hz RF good AGC$5.65
Sl612 low d istortion IF good AGC _. _$5.65
SL621 A GC generato r for SSB rcvrs _. . $8.30
SL620 AG C gen. fo r SL630 Audio $8.30
Sl630 multipurpose aud io am p $5.35
SL640 to p perfo rming balanced mi xer $ 10.88
Sl641 low -no ise rcvr m ixer ... " . . . . $ 10.88

MOS T MOTO ROLA, FA IRCH ILD, RCA, H EP
& NATI ON AL INTEGRATED CIRCUITS,
FET S, OT HE R T RA NSIST OR S A V A IL A BLE .
WR ITE WITH YOUR N EEDS.

HEK-2 FET EXPERIMENTERS K IT Co nt ains
HE P-80 1. HEP -802, HEP-50 , HEP- 5 1 and in­
st ruc tions for 9 Project s . ... _. ... _... $3.95



Bill Hoisin gton K1CCL
Far Over Farm
Peterbo rough NH 03458

Solid State Microwaves for Amateurs
Crystal controlled exc iter-transmitter for
the amateur S-Band, 2300 to 2450 MHz_

S ince writing in 73 Magazine on " UHF
Transisto r Circuit ry " in 1964 - I96 5, a

lot of wate r has gone under the bri dge.
That was no t long ago by so me meas­
urem ents, bu t in so lid-state tech nology it
has mad e quite a d ifference. Tr ansistors
now oscillat e at over 5000 MHz (yes, five
thousandl}. Good S-Band communication
sets using cry stal-co ntro lled transmitter s
(th is art icle describes one) and receivers are
no w feasible. Transist o rs who se collecto r
circuits reso nate and give pow er out at
S-Band can be built on th e kit chen ta ble.
Go od tun eabl e local oscillator circuits at
4000 MHz are simple. Piezoelectric voltage
cont rolled capacitors for remo te tuning
will work up to and including X-Band, and
frequency mult ip liers using st rap lin e made
with nothing more th an co pper straps you
can cut yo urse lf will work well up into th e
ham S-Band .

So , yo u get some idea of the ra te of
progress. Now for hams, wha t does it
mean? At th e mo ment , let 's concentrate on
the 2300 to 2450 MHz ham band , leaving
1296 MHz far in th e wake.

2300 MHZ

This is one of our bands so let 's see
what can be don e wit h tran sis tors on it
today . Reasonable cost tra nsist o rs work
there. You can build th is on e wit h copper
straps and ny lon bolt s ; you can mo dulate it
wit h good old Admirab le Mod ulation ; a
superhet receiver is easy to ma ke, and even
little yagis wor k th ere , although this is the '
band where a 36 in . dish has over 20 dB
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gain . Dishes of almost any kind , have
gain o f 20 d B or mo re, so you only nee d a
tw o footer fo r 23 00 MHz.

You might as well use cry stal con tro l
from t he sta rt, because it's the last doubler
that costs the mo st and is th e hardest to
build , whereas th e first sta ges are the
easiest. It also can give you nice checks on
the band edges!

My phil osop hy has always been for
pow er doublers becau se, if you do it righ t
yo u don 't lose power as you double in
freq uen cy , and you can even gain po wer.
And when you get where you want , like
2300 MHz in this case, you ca n mo dulate
the doubler right awa y with a litt le $ 10
Lafaye tt e amplifier . Of course no thing
stops yo u fro m adding an rf am plif ier an d
modu latin g that too.

Also included in this trend is th e use o f
gro unded emitt er multiplier-am plifier cir­
cuits. If you ground (rf-wise, tha t is) the
base you are setting up th e correc t base­
collecto r out-of-phase condit ion for an
oscillator! And most of the tim e that's just
what will hap pen! In a multi-transisto r rig
there is alway s plenty of cha nce fo r spu r­
io us, so don 't invite th em in!

A list o f tools required may be of
int erest. Scissors ; sma ll metal shears ; Ex­
acto kni fe ; a goodl y collection of small
precisio n side-cutters, pliers , need le-nosed ,
th in flats, etc .; two solde ring iron s, one
sma ll; good set of d rills and ta ps; bench
vise; dri ll vise; quarte r inc h drill; an d such
met ers as yo u may have.
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Fig. 1B. Block diagram test setup. SCOPf

Fig. l Ao Oscillator, 50 MHz.

,,,--n-'"
l, J; '

Fig. 2. Out pu t impedance adjuster.

Fig. 3A. Ho w n ot to do ! Don 't us e an elec tro­
lytic. cap aci tor,

( IlF A" D OC GFl'O U" D l

+ 12V

Ll 0 0' l,l ICA

-12 \1

back to 1921 and Fo rd co ils, with my first
transistor on the air in 1953 , I get stu ck
every once in a while. ~

In my past writ ing, it some times hap­
pened (m an y years ago) , that when a
standard circ uit was included in an art icle I
felt it was quic ker to assume it wo uld wo rk
than to try it out. I was sticking my neck
out and skating on thi n ice. After getting
caught thi s way severa l tim es I stopped
assuming and now I always sit down at the
ben ch and give it a wh irl first before
writing ab out it. Just look what happ ened
even tod ay ! Figure 3A sho ws th e 50 MHz
oscilla to r stage being described . It jus t
wouldn 't wo rk, even though I was sur­
rou nded by th ree older ones tha t did . So
what to do ? Just writ e up one of the old er
ones? That's st icking the neck out again. I
starte d thinking about it aro un d 4 am an d,
at t he bench a little lat er, I disconnected
the de base bias, ' R ! an d R2, and sure
enough t he em itte r curren t was still heavy.
I changed transistors but still had heavy
current. When the em itt er bypass capacitor
was un soldered , the curre-n t vanished .

Check ing thro ugh the list s of fault s
(mine ) he re they are : I . The use of an
electro ly tic cap acitor for byp assing at
VHF. Not needed , unless to save spa ce for
microminiaturization . 2. Playing around
with bo th PNPs and NPNs the same day.
That's how I go t the po lar ity reversed .
Remember th e old rul e, an NPN takes

ADJUST
r""--'-'o{ a ,AS FOI'!

"C WEFl

BASEBOARO

15 TURNS NO 24 ON
6n2 PHENOLIC ,OR M,
CEN TER TAPPEQ

4 9 TO $ 1"' " ,
CRYSTA L

48 to 50 MHz Oscillator Stage

There should be no tro uble here, as
plenty have been described in 73 Magazine ,
and we 're going into real det ail fo r a sure
fire solid-state exc iter, useful all the way
from 50 th rough 144 , 432 MHz, and all the
way up to S-Band. Just use my pat ent
phase-reversing circuit (t he crystal does just
that for yo u ) and you can 't go wrong! For
the oscilla to r see Fig. I A, and fo r test

It tunes well, lowers th e impeda nce to
the best value, and gives de iso lati on for
the next base (see Fig. 2) . What mo re co uld
you want?

As yo u go up in frequency through th e
follo wing stages th e capacito rs get smaller
and smaller , but can still be man aged for
the three hundred MHz stage. Aft er that
you can still use capacitor tu ning, but yo u
have to ma ke th em yours elf. Don 't worry
about th em, jus t get in a supply of nylon
nuts an d bolt s and away you go !

While still on th e osc illato r stage you
might be encouraged and helped by know­
ing that even tho ugh my radio work goes

- 12 V

set up, Fig. I B. A goo d trick fo r driving the
next sta ge do ubli ng circuit o r amplifier is
the tw o-capacito r impeda nce mat ch to th e
nex t base in put , using the sma ller capacito r
fo r tuning.
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posit ive volt age to attract those negative
elec trons; th e PNP takes negative volt age to
attrac t those positive holes. 3. The use of
grounded d e collec tor. This was the main
item, as you ca n see by Fig. 3A. When you
are going up into the mi crowaves it is
handy to hav e the collector polarity the
same as the gro u nd plan e board , so that
sliding short s wor k out wit hou t shorting
th e de as well as the rf. Bu t this mean s tha t
th e emitter bypass is now not across th e
emitter resistor as usual , but is shu nte d
across th e who le battery su pply, through
R3 and R4 . No trouble her e if th at
elec troly tic capac itor is connecte d right.
Use molded mica anyway, it 's better as yo u
go up through VHF.

Further Oscillator Details

As lon g as the circuit was laid op en on
the ben ch, I checke d on th e possibilities of
a two-termina l osc illator coil, as shown in
Fig. 3B, and fo und that , while it can be
made to work, I was better off t o use th e
tapped coil . See Fig. I again.

ADJUS T FOR
EOUAl
BRil l iANCE

Fig. 3B. "Poor man's milliwat tmeter."

Just for fu n I put a pot in the battery
line to see how low a volt age it wo ul d
osc illa te with, alw ay s a go od crite rion for
an oscillator. The min imu m was 4 .6V at .3
rnA , fo r a grand t otal o f 1.38 mw d e input.
It 's a good one!

It also handles beautifully with 12V,
and at 18V and 30 rnA, which is over half a
watt in pu t, it puts out at least 36 mW as
measured on the poor ma n 's mill iwatt­
meter of Fig. 3B. Running 0 .8V at 4 5 mil s
de to th e numbe r 48 bulb it shows eq ual
brillian ce. This su its me fine , because any
time I've eve r lit a bulb with rf, I' ve been
abl e t o work so meone o n the ban d. Actu­
ally of co urse, we don 't need all o f that 3 6
mW to drive the tripler stage co ming ne xt,

NOVE MBE R 19 71

but it 's nice to have a little to spare. The
above was using a KMC 3N25 02 whic h is a
higher frequen cy transistor than needed for
50 MHz. Most any goo d UHF device will
do the trick at that fr equency .

The ne xt thing I t ried was several
different kinds o f coils fo r Ll because no t
every ham shack has the sa me kind of
junkbox . I always st ar t wit h the air-wou nd
half-in ch u nits becau se they are more o r
less st an da rd fo r six mete rs. Seven turns o f
16 to the inch was the coil used for th e
above te st s. Next tried was a coil wound
with #24 wire o n a 6/ 32 thread ed phe nolic
core,. Another bug showed up , as th e
at t em pted two -ter minal co il showed trou­
ble at th is time. If the crysta l te rminal
desig na t ed wit h an arr ow, as shown in Fig.
3B, is solde red dire ctl y to the collec tor
terminal , forg et it! Qu ick like a b unny a
coi l with cen te rtap was wo und u p, I S turns
of #24 wire on t hin -wall phenolic aga in , a
core turned in , and ban g, all kin ds of good,
stable power retu rn ed , wit h perfect hand­
ling. Of course it helps to have all t hese
little pieces in the junkbox. The accu mula­
t ion of such items shou ld be the contin­
uou s effort of all real ham s. The fin al
circui t is in Fig. I .... Befo re going on to I SO
MHz you migh t note that wit h a 48 MHz
ro ck and this oscilla tor and the foll owin g
trip ler, you have a nice tw o meter band
edge spo tter. And with a sligh tly higher
one you can talk to your two meter
friends.

Tripier St age To 150 MHz

If you have to o rd er a cryst al, you could
get one on 75 MHz and double to 150
inst ead o f triplin g. Lots of ha ms have 50
MHz ro cks aro und , whi ch is why I used
one . A little over won't hurt becau se the
ham S-Ban d goes up to 24 50 MHz , in fac t,
you can start a little lower if you want
because a 4 8 MHz unit comes out on 2304
MHz wit h the 48 mult iplication use d in
th is exciter. 23 04 MHz is a littl e close t o
the lo wer ba nd edge, but no trouble should
ari se. There are a lot of two mete r ba nd
spotti ng crystals around at 48 MHz and
some of these lo w-pri ced microwave trans­
istors wor k be tter at 23 00 MHz than they
do at 2400 M Hz .
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it is coupled correctly to Ll of the
multiplier. This coupling must be such as
not to overload the tank. Vary it to find
the right amount. This stage did light the
bulb, using 18V on the collector, after
which I dropped it back again to 12V,
which I try to standardize as being suitable
for a car battery, as well as two lantern
batteries.

Once again, be sure that everything
handles smoothly . The emitter resistor
should increase the output power, but only
up to the corr ect amount of bias for the
frequency multiplication used. Ll and Cl
should tune properly, and the output
im pedance point between CI and C2
should match the next stage base input.

TripIer , I SO to 300 MHz

This is practically a repetition of the first
multiplier. You can still use a regular coil
and capacitor and get good output on 300
MHz, but you have to pay more attention
to everything you use and how you do it.
Figur e 5 shows the details. You can use

U
3 TuRNS
NO 18
3116 0 0

- 12\1

Fig. 5. Doubler, 150-300 MHz.

any good UHF transistor, like a
918, 2N3600, etc., or the UHF TV plastic
jobs can be had for 39¢. Of course use a
wavem eter or grid-dipper of what have
you, to be sure you're on 300 MHz. Also, a
tuned power detector will help find the
frequency for multiplying (A). A simplified
schematic is shown in Fig. 4B. A one turn
link around th e coll ector coil LI coupled
by an rf cable over to another one-turn link
around the grid-dipper coil will do the
trick. Once again, the midpoint of capaci­
tor CI and the larger capacitor C2 sh ould
be matched to the next doubler stage base
input, and what better method than to use
the next stage as an rf volt meter? As the
next base has no de bias on it exce pt that

BOX MA OE OF TH IN
BR AS S OR COP PER ­

CLA D BA KE L ITE

==I). NY LON
""""'0 BO L TS

Li- MAY BE A COI L
FO R USE UNDER
:50 MH,

'"

Fig. 4B. Tuned detector.

OC A NO A ~

OU TPU T

Fig. 4A. Tripler, 50-150 MHz.

Figure 4A shows the details of the
tripler. Please note the simplicity. I claim it
has everything you need and nothing you
don't need. Anyway, it works like a charm
and you should go through it and the next
one like a breeze, using the test setup
shown in Fig. lB.

Avoid using too much drive. These little
transistors, when used in exciters, have a
nasty habit quite unlike tubes of snapping
into spurious modes of operation when
slightly overdriven. You can hear this while
listening to the output (always a good
thing anyway on general principles) or you
can monitor it on a scope. It has some
resemblance to superregeneration orsqueg­
ging, and is not wanted!

Watch out also for resonance at other
frequencies than 150 MHz. I always check
with a tuned detector, Fig . 4B, which acts
like a grid-dipper operated in the diode
mode. Granted, you have to calibrate the
detector first , but you must know someone
with a signal generator. Use a coil for LI
up to around 300 MHz, and a copper strap
from 300 to 1000 MHz. After that a good
prayer sometimes helps!

Using the detector of Fig. 4, I found
that when the de output gets up around 5V
or so, it is possible to light a No. 48 bulb if
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which is generat ed intern ally under the rf
action of the preceding stage. the collecto r
current will be zero until rf arrives on th e
base. This base drive will cause collecto r
curre nt to show. indicating the desired
amount of input needed .

This stage can now be tuned up using
th e next one as an indicator of collector
reso nance. Don't fo rget that most any type
of transistor can burn out the base-emit ter
diod e of it s brother type following! Figure
5 shows details. I tri ed a nu mber of
collector inductors just to see and there is
not much difference in th e resu lts when
every thing is mat ched an d running right.
Just be sure and check that frequency for
300 mH z! I hit the tripling spot of 45 0
MHz several ti mes while tu ning up and
testing various resonators. The rf chokes
are not too cri tical - I use 30 t urn s of fine
wire, like numbers 34 to 38 , double silk
cove red, wo und up in two sec tion s on a
small form or a tenth watt resistor of
around 1 Mn. CI and C2 fo r thi s stage are
as small as you can get in size . but are not
too critical. Do not use lead wires at all !
Use the setup sho wn in Fig. I B, and use an
af amplifier on the det ector to listen for If
oscillations, spurious radiation , superregen­
era tion, squ eals, and other vario us nui­
sances. A scope is good too, as it will show
oscillations above audible frequencies.

Doubler, 300 to 600 MHz

Cheer up. only three more to go ! Really
worthwhile things are not buil t in a day .
On this one, for 600 MHz, you can go to a
small cavity just for pract ice even if it's a
square one (actually oblong). You could

-12V

100 10

fif e e ASE Of 2"2~02

'S ALSO
eOLLECTOll

6 00 1ol>l,
Rf OUTPUT

Fig. 6A. Doubler, 300-600 MHz.
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Fig. 6B. Box-eavity dim en sion s.

USe t he strap line techni ques of the next
two mu ltipliers. bu t it doesn ' t' hu rt to try
different styles once in a while. By using
good UHF principles, this stage worked
beautifully th e first time and hit 600 MHz
wit h good sta ble output. Note tha t you've
gone righ t by 4 32 MHz which yo u can
whip up with one hand aft er doing this
S-Band er.

Fig . 6C. Sketch, 600 MHz cavi ty.

Figure 6A shows the pict ori al schema­
tic, Fig. 6B some dimension s, and Fig. 4C
shows a sket ch of th e cavity with out Ceo
th e emitter capacito r. Ce is formed by a
thin brass stra p or plate, I Y<J in. long by
7/ 16 in . wide, bolted to the inside of the
cavity wit h nylon bolts and a th ree mil
piece of fiberglass or mica shee t in be­
tween .

Cut a hole for the base lead of Q I in
both the cavity wall and th e Ce pla te
before bo lting. The emitter de lead can be
taken out of the cavity thr ough a smal l
ho le in it s wall. Re is the usual IDOn po t
with a 10n limiting resist or added on. I
always start with a variab le emitter resistor
and th en , when the who le rig is adjus ted
for good pow er, tuning, and proper hand­
ling, the variab le pot can be removed and a
fixed value substituted . The proper value
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Fig. 7B. " R egular" schematic, 600-1 200
MHz doubler.

as my supply of nylon nuts and bo lt s held
out. If yo u order some yo u probably
sho uld get som e fours and twos, as th e
number sixes I' m using are rather large for
th e little capacitors being made.

Stri pline, as pra ctice d commercially ,
uses thin copper platin g over an insulating
shee t over a ground plane. This is ha rd to
cut up properly on the bench, difficult to
mak e into tuned lines, and does not lend
itself to variable inductance circ uit s or
variab le capacitor co nstructio n. The meth­
od describe d here avoids all these difficul­
ties. We star t with the ground plane,
copper clad Bakelite or surplus cop per clad
fiberglass as I happ en to have here , but we
are no t going ..... to cut it , etch it, or do
anyt hing except solde r to it , which is
ex tremely easy .

The ba se input variable capacitor should
be made because yo u cannot bu y them,
exce pt very exp ensive ones which are not
as hand y or as' good as you can mak e.

Referring to Fig. 7C, a copper stra p I
in. long x 3/8 in. wide is soldered to the
input connector and bolt ed to the gro und
plane with a nylon bolt and t wo nylon
nu ts, one between used as a spacer, and
one u ndern eath to fast en it to the ground
plan e which happened to be 4 Y2 in. square .

-1 2 ...

Fig. 'le. Variable capacitor, base input.

TUJlE
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Doubler , 600 to 1200 Mllz

Can an ideal circuit for solid-stat e, easy
ham construction of mu ltipliers and ampli­
fiers to S-Band be mad e? Let's try it and
see . Maybe it can be don e with stripline.

Good news for you! It works very well,
tunes fin e, even to th e tripling freque ncy
of 1800 MHz! The input, out put , and
tran sistor impedance can be matched and
there are three variable capacitors to do it
wit h, all built-in and homemade of spring­
bra ss or co pp er strap. See Fig. 7A. You do

Fig. 7A. Strapline do ubler, 600-1 20 0
MHz.

for the fixe d Re can vary somewhat as to
th e device used for Q I , and various other
parameters of the circuit.

Once again of course, watch those fre­
qu encies. You're getting up there now and
it's easy to hi t the unwanted ones . Another
thing I haven't mentioned yet is that a
lower frequency like 50, or maybe 150
MHz, will sneak through and you 'll find
yourself on 450 or 500 Mll z in stead of 600
MHz, where you want to be.

have to use nyl on bo lt s, bu t aft er all , this is
1200 MHz, the beginning of micro waves.
You need so me spring copper also (I think
it's beryllium copper I'm using) .

See also the regular schemati c, Fig . 7B,
which does show the circuit bu t not the
shape, which is of course always important
from UHF on up. So alright, let 's get into
the meat of it .

Having mad e straps over ground plan es
work at 4000 MHz and even at X-Band on
occasion, I figured I could do it with the
stra p-ty pe of construc tion, at leas t as long
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DISTANCE ALONe
RESONATOR

Fig. 7D. Half-wave collec tor resonator,
side-view.

Fig. 7£. PF voltage dis tribu tio n along
half-wave co llector circu it.

SOLDER
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while watching an rf indicator at the
output. It is imp or tan t tha t th e voltage
standing on the st rap should be as shown,
otherwi se you may not be on the proper
frequency at all. Note th at this is essen­
tially two quarter waves fro nt to front.

Capacit y tuning is accomplished by slid­
ing shorts as in Fig. 7F . You will find it
very convenient to sit bac k, aft er lining up
th e induct ive tu nin g, and peak up the
ou tpu t with a turn or so of th at nylon bolt .

Fig. 7F . L l collector reson ator tuning
capacitor.

serve to set up the ap proximate freq uency,
which is th en tuned precisely wit h C2. I
was able to move th em along to tu ne up
even to the tri pling frequ ency of 180 0
MHz (n ot used in this stage ) with about 1Y.!
in . bet ween shorts .

Figure 7E shows the rf voltage dist ribu­
tion along the collector ind uct ance Ll .
Th is can be checke d by an rf pro be , or
even by the old relia ble pen cil test , which
should show maximum detuning at th e
center when touched with a lead pencil tip ,

Th e seco nd strap is of spr ing copper shee t
1~ in . long x 3 /8 in. wide, not cr itica l , and
one end is bolt ed (always with nylon bolt s)
away from the ground plane and the other
end with three mil fibergla ss or mica in
between goes over the top of the first
piece, and a nylon bolt tapped into the
ground plane serves to change the capacity
by varying the distan ce between the two
straps. This distance varies from three mils
to abo ut 1/ 16 in. For convenience the
gro und plane is held up off th e bench by
four 3{8 in. long 6/32 bolts, one in each
corne r, whi ch provides space underneath
for the protru ding nuts and bolt s of ny lon.

Note tha t the above mention ed capaci­
tor also forms th e strapline co nnection
be tween th e inpu t connector and the base
of Q I. That it wo rks fine is proved by the
milliamperes in the collec tor of Q I , which
go easily to 20 or over , fro m th e 600 MHz
doubler driving it . There is no assumption
here of a perfect match, which could
involve a lot of more expen sive equipment.
It is on ly a question of " does it wor k?",
and it does!

The emitter capacitor is also hom emad e
for the same reason ; yo u can 't buy one! It
is just a thin br ass plate, per ha ps .022 in .
thick , 'l'2 x % in ., and nylon bolt ed to th e
ground plan e wit h a three mil insulating
shee t between. Smooth and polish bo th
met al sur faces to avoid punct uring that
th in she et.

Q I is soldered, wires down, to th e base
input strap which also forms the input
connector, and also to th e emitter ca paci­
tor. Th ese leads should be no more than
1/8 in . long, preferabl y less. The collec tor
is solde red to t he collec to r strap itself,
using a small iron an d th e least amount of
heat possible.

The main item comes next which is of
course the half-wave collector circuit. It is
made of br ass strap 4 in. long by Ih in.
wide, be nt down and soldered to the
ground plane at each end, air-space d about
3/ 16 in. from the ground plane. Figure 7D
sho ws a side view of this item.

Th e sliding shorts are simp ly pieces of
thin spring co ppe r ben t as shown in Fig.
7D. They work sur pris ingly well, conside r­
ing their simplicit y of constru ction. They
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COLLECTOR ST R.ol, P

Fiq, 7G. Ou tp ut co nnecnon.

T he output connec to r and cable mat ch­
ing capac ito r is another sp ring tab, 3{8 in.
wide by 3{4 in . long, soldered to th e
outpu t co nnector and adjusted by a nylon
bolt , clear ed through the tab and tapped
into th e ground plane with a three mil
shee t of fib erglass between as usual.

is an exception to my usual work.
I still use the RCA typ e phono jac ks for

the meter circuits , wit h a simple sho rt ed
plug closing it when the meter moves on to
the nex t sta ge.

Always use a certa in amount of Re
(em itter resistor) in the circuit as a fre­
quency mult iplier requires bias in o rde r to
opera te correc tly. While I have shown this
stage as a complete circuit in itself, it can
be built onto one board alo ng with the
other stages. A word o f caution: certain
interreactions can occur when everything is
on on e board . For th e moment we will just

- 12 ,..

- '2 '"

The 1200 to 1400 MHz Doubler

It also work s wit h st rap-li ne . Figure 8 A
shows the schematic which again is almost
ide ntical with the last do ubler. Figure 8 8 is
a top view picto rial showing the scaling
down used in size fro m the 1200 MHz unit.
Smaller nylon bolt s an d nu ts wo uld help

/
e .ol, SE S~ 'UP

1Ie" . !>/ '6 -

Fig. 8B . Top view. 240 0 MHz .

mount everything on a set of small shelves
and try it out. We sti ll have on e more
multiplier to go, which is a du plicate of
this one, ju st sma ller an d shorte r , fo r 2400
MHz.

'"

Fiq. 8A. Schematic. Do ubler , 1200- 2400
MHz .

Tu neu p

Applying th e 600 MHz in put to the
base, and 12V on the collector, as per Figs.
7A and 7B , a rise in Curre n t fro m near o r at
zero should be observed . I usually pu t the
milliammete r in the emitt er lead betw een
th e emitter and the - 12V . If you were to
attempt to lift th e collecto r inducta nce
ret urn fro m the grou nd and put th e mete r
the re you would of course dest roy the
conti nuity of the rf circuit, so put th e
met er in th e emitt er line as shown. Th is
line is co nven iently already off ground. As
soon as so me curre nt shows, adjust it to
around ten mils with Re and the input
capacity to the base, and check the collec­
tor tuning fo r resonance at 1200 MHz . The
wavelengt h of 1200 MHz is close to 25
centime ters, th e half wave about 12Y:z ,
whi ch makes it about 5 inches. The in her­
en t resistance of th e half wave circuit to
load ing effec ts is shown by the use of a 4
in . lo ng st rap, even though the co llec tor­
emitter diod e po rti on of the transistor is
directly across the high voltage par t of LI .

Che cking th e final length between
shorts, after tuneup , I find it is exactly 3
in ., showing th e use of C I tuning Ll to
resonance. A good circuit should always
include so me capicitance for best Q. Re­
sonance was ind icated by rf at 1200 MHz
on a detecto r circuit as in the block
diagram , t est setup.

By thinking this st rap circ uit through
befo re building, it worked well from th e
start, even tu ning to 1800 MHz. No
changes were needed during tuneup , which
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Detail of 2364 MHz doubler.

. ..KleLL-

here also as the 6 /32 's I'm using are pretty
big for th e straps used at 2400 MHz.

For this last doubler I also mounted the
half-wave collector resonator closer to the
gro und plane, which made things such as
the addition of the transistor a little more
difficult , but not too. It worked out as
shown in Fig. 8C. So on I went, clipping,
polishing and drilling copper straps, some
of th~ spring type for the three capacitors,

I
\
ve"
t

NOTE
KEEP 8ASf AND E MI TT ER
LEA DS EX TRE MELY SHO RT

Fig. Be. Transistor details. 2400 MHz.

tapping the baseboard for th e nylon bolts
making up the capacitor adjusting screws
(see Fig. 8C) , and solde ring in the 2502, as
in Fig. 88 .

Once again , be sure to smooth and
polish all capacitor bypass plate sur faces, as
well as the three variable ones, input to
base , collector tuning, and output coup­
ling.

True to my philosphy of usin g high gain
power doublers as frequen cy multipliers,
this one worked well , showing as much as
20 rnA colle cto r current from the base
input drive on 1200 MHz, and even showed

NO VE M BE R 1971

output at 3600 MHz (not used here) which
is the tripling fr equenc y of 1200 MHz.

The half wave resonato r get s reduced at
2400 MHz, showing a total of only I 1/8
in. between shorts. I ran them in pretty
close in order to get good tuning with C2 ,
and the resonator responded well , peaking
up good and sharp on 2400 MHz.

The 2N2502 is really being pushed at
this frequency. Later , an rf power amplifier
using a Fairchild MT1116 will be de­
scribed , with whi ch I have already put out
100 mW at over 3000 MHz.

Incidentally, when one speaks of solid­
state power at these frequencies we are
talking about tens or a few hundreds of
milliwa tt s, not watts.

If you have even half of the fun building
th is exciter that I did you can call yourself
a bona fide dyed-in-the-wool ham. Why
an yone would want to sit around and wait
for a kit to co me out when it is so easy and
fun to build, is more than I can answer. All
this project takes is a few simple tools and
a desk top. Even the test equipme nt
requirements are almost zero. Not bad for
putting a real live signal into one of the
rarest of amateur bands: 2400 MHz!

When you do duplicate my little project
please send a picture of your unit to 73 so
your efforts can be used to encourage
others. Perhaps we can get the ball rolling
again toward homebrewing.
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Gabriel Gargiulo WA1 GFJ
160 Elm Street
No rt h Haven CT 06473

Those FunnyLooking Cards

Daddy , what are these fu nn y loo king
cards I fo u nd u p in th e at ti c? "

"Cards? . . . Hmm, let me see . . . Why
I'll be! WA1ELA, ZLl HW. Well Marc, it
lo o ks lik e you fou nd a stack of my oId
QSL car ds."

" What are QSL cards , Daddy?"
" Well, Marc, befor e you were born I

used t o be a ham . .. "
" Ha ha, you we re a ham , Dadd y , you

mean like the ham we had fo r dinn er?"
"No, it's a different kind of ham. You

see, ther e once used to be abou t 3 00, 00 0 .
pe op le in the Unite d States who were very
mu ch int er est ed in radio , and liked to fill
up a whole room in their house wit h ra dios
an d put up ta ll an te nnas in the ir yar ds, and
talk t o othe r peo ple who had rad ios in
their houses and ant en nas in their .yards ."

"Could th ey see each other over the
radio?"

"No."
"Then why did n 't they just call eac h

other on the pic turephone like we do? "
"Well no, so n, t he pic t ure pho ne was

diff erent the n , you couldn't see th e o th er
perso n . Beside s, we like d ra dio and enj oyed
talki ng with people we co u ldn't see. It was
a wonderful ho bby . Why, I remember my
first con tac t as a Novice. Wha t a fee ling to
hear y ou r own call th rough th e sta t ic! But
that was nothing co mpare d to th e time I
worked Japan, En gland, Denmark and Swe­
den all on the same day. "

" I guess yo u really had a lot of fun,
didn 't you, Dad? "

"You bet. I don 't kn ow whe re I had
more fun, o n the six meter net, or burning
up the airwa ves while dri ving along at
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sixty. I must have put out more signal in
on e day than the Voice of America did in a
week!"

" Why did y ou stop , Dad , if you had so
much fun? Your radio is still up in the
attic. Can you show me ho w it works? "

"Well, I wish I could, Marc , but it 's
illegal now. You wouldn't want me to go
to jail , would you?"

" Gee, no, Daddy ! How 'd it happen? I
mean, it wasn't against the law then, was
it ?"

"No."
" Then why is it !,!ow? What happened to

all those hams? Didn't they want to keep
being ab le t o talk on the radio?"

" Oh, they wanted to keep talking on
the air , allright , but nobody did anything
to tell th e rest of the pe op le how good ham
radio was. They thought that every body
kn ew hams helped in emergencies . . . "

" You mea n lik e rushing medicine to
sick pe ople in so uth America , and helping
people in flo od s, and calling the Red Cro ss
and things like that?"

"Yes, but how did you know that hams
did things like that?"

"I saw some old newspaper clip pings
you had near t hese cards."

" Tha t 's right. Ham s did things like that ,
and a lot more. They let so ldiers talk to
their families by radio, and they made
people from different countries become
friends with each other. "

"Daddy, was it the government that
made y ou st op being hams? "

" Yes. Well, not exactly our government.
You see, all th e coun tries met in Geneva,
and they all decided that hams weren't

123



RADIO BOOKSHOP BIG DEALS
OX STUFF

f ' A 8 U L O US D X MA P O F
THE WOR LD Show visit ors
D X you 'v e w ork ed . Wa ll
sized (2 3 " x 3 1") ; sh ip ped
fla t in ma iling t u be ; su ita b le
for framin g ; m ost comp le te
m ap a va i l a b le; up-to-date
world prefixes sh own; color in
co u n tries as w ork ed ; sh o ws
isla nd s

j
re e fs, ra re DX spo t s ;

u se co ored map pins fo r d if·
Cerent b ands.
120 7 $ 1

O X HAN D BO O K Includes
gia n t w orld co u ntry -zon e w all
map. Articles on QS L design
se cr ets, winni n g O X cont ests,
D X CC ru les. DX ped ft fo ns , re ­
ciproca l licensin g and ma ny
m o r e . Wo rld pos tage rates ,
WA Z re cord lis ts , t ime c h arts,
p ro paga ti onb etc . Special ham
m aps and earin g charts. A
m u st for the DXer.
1 02 1 ...$3

C U S TO M MAD E DX
CH A RTS When yo u n eed a
D X b earing yo u need It im ­
media te ly . You don' t w ant to
h av e t o lo o k it up on a m ap or
fidd le w ith a globe. The se Cus­
tom D X Ch arts a r e com puter
prin touts for y o ur e x act shack
lo ca tion a n d give the b earin g
and m ileage fo r ever y co u n t ry
in t he world. They are printed
o u t b y callJ'refix for S\le cd of
lo ca ti on an t he capita city is
in d icat ed .
C ustom D X C hart, 12 06 ppd $ 4

IC PROJECTS

LAPEL CAL L PI N
Th ese b ea u tif ul ca ll le tter

Jap ul pins arc made from solid
sterling silver or 14 k arat go ld
by a Norw eigan go ld a n d sil ­
ver sm it h (LA1GM ) . The p in s
are 3 /4" wi d e b y 5 / 16" high
a n d are just exactl y ri gh t to
b o ast of you r h o bby , while
no t b ei n g t o o flashy. T h ese are
also Cine for hamfests, clu b
m ee tings a n d other ham ga th­
erin gs . These p in s are of t h e
h igh es t q uality so lid go ld a n d
silver, n o t chea p plated pi n s as
are o ffer ed el se wh ere for even
m o r e money . To k e e p o ur
prices Io w a n the se handmade
pi n s we sen d our orders in
b ul k to N o rway , so be patien t
and a llow time for Ole to d o
th e j ob r igh t a nd for y ou r
sh ip m e n t to cr o ss t he o cea n.
10 23 . SilVC1'pill S5. 00 ppd.
1024. Solid 11 kara t go ld pill •
. . . . . . . . . . . . . . .$ 10. 00pp d.
Please d on ' t f orget to wri te
your call cl early .

. ,

IIIDI!mE!!ImI
G U N S MO KE? Blow yo ur
mi nd on our b ack Issue bar-

ga in bunch , 3 0 (coun t ' cI!1) ;'.·.•••.·~·. · ." ·.· : · , ;-;. ·.·.·~••·.N·..·:::'.·I. :~·.I:'y.-·t'- 'ass o r t e d (we h o pe) b a ck IS - hW-9 ' . : '. -.i :'
su es, all b e fo re 19 S:S , fo r the ~i ,tC; ,, ', - t1
in credibly l ow p r ic e of $ 6 iiliif ::i:\ f:i t } i
postpaid (ha rd ly pay s fo r the
postage) . These are packed b y
slave lab o r (to cu t co st s) so
pl ease ign o re n o t es ca lling f or
help, etc., that may b e slipp ed
Into the bundl es.
1204 (No fore ign orders . . .$6

SPECIALl RAR E BACK IS·
SUES The b ack iss ue o f 73

f:1J.f 5~e~o:Oth~~~~~ eN~e ~~~~
tinued artic le you o n ly read
the end of - can be yours for
a mere pittance ! Most issues
are in stock a n d arc availa b le
for $ 1 eac h . T he exce pt io ns
t hat p r o ve t h e rule are lis t ed
below:

96::~~ ' . ~~~:~~'. :~~..7.0:. ~$~
Jan.65 , A p r .5 5 , Jan.56, J an.
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SIMPLIFIED M ATH Does
ma t h sca re' you? It sh o u ld n ' t.
This easy-t o -u n d ers ta n d book
ex p lai ns the simplified expo­
ncntial syst e m of arith metic ,
simple f o r mulas, lo garithms,
and th eir a pplic ati on to t he
h am sha ck .
10 0 7 . . . .

7 3 USEFUL TRA NS IS T OR
CIRCUI T S 'If you 'v e b een
lo o kin g for a t ransistor circuit
to do a sp ec ia l jo b. c hanccs are
t here is a circuit in t h is book
tha t will give y o u a h ea d st a rt .
It cov er s circuits fo r a u d io,
re ceivers, tran sm itter s a n d t est

j0'7tR~e.n.t : . . . . . . . . , . . $ 1

BOOKS I
ADV ANC E D C L AS S STUDY
G UI DE Up -t o-the-m inute sim ­
pli fied th eory. written w il h
the b e gi n ning ra d io amate u r in
mi nd . T hi s un ique bo o k co ver s
a ll as pects of the theor y e xa m
for the Ad vanced Class lic e nse
and h a s h el ped h u nd r ed s of
ha m s t o sail t hrough the e xa m
.. .nothing e lse lik e it in p ri n t.
10 01 , . . S:l.95
10011/ H ardbo u nd $ 6.9.5
EX TRA CLAS S Ll C E N SE
S TU D Y COURSE BOO K The

~~~d~ isCI~~s~ a~l{libi: inS~b~k
fo r m as a p erman ent ad d ition
to yo ur r ad io lib rary . T hi s Is
the co m pl e t e course that wa s
publish ed in 73 , covering
ev ery tech nical phase of th e
n e w Lice nse exa m s for t h is
h igh es t c ress o f a m ate u r lie­
cnse. Th is also c ov ers , in the
easi e s t - to-u n d er st a n d fo rm.
just a b o ut ev ery t e ch n ica l
q uest io n lik el y to be ask ed o n
the F ir s t Class Radiot e lephone
exa m . Th is is the fir st s t u d y

~Ori{tSeen e~~r t~~b~~~:~o ~he~t t~
radi o can understand it . With
th is boo k you can fa ce th e
F CC e xa ms know in g that yo u
u nders tan d t h e th eo r y a n d
w ith n o fe ar of r ew r it t e n ques­
tio ns.
1002 , ... p pd USA $4 .95

VIII" A NTENNA S T hi s ha nd ­
book is a co mplete colle cti on
o f u p-Lo-dnte in fo r m a t io n
abo u t VHF a n d U H F anten­
nas, w ith desig n h in t s, con­
str uc t io n a n d t h e o r y . If y o u've
b een wo n d eri ng wha t array
i UU n e ed . th is book w ill g ive
you eno ugh ba ck~round to
make t h e t ight d e cisfon, 1019 10 10 BUY :BINDERS F O R YOU R IC PROJEC TS F O R T H E
11)(J:l .. , . " . . . . $ 3 73 and win t h e lo ve o f a AMATEU R has 35 interestin g
C O A X H A N DBO O K I n- E D ITORS & ENGINEERS beau t tfu l girl. Gorgeous red chapters and const ru cti o n p ro -
va luab le book fo r t h e ha m o r R ADIO HANDBO OK Hard- b m d ers lo o k gr ea t o n y o ur jects usin g IC 's w hich ar e
th e lab and for ever yone else b o u nd. La t est (1 8 t h ed itio n ) sh e lves and a lso k e e p the m ag- simple a nd ea sy to b uild from
w h o d o e sn ' t w a nt t o ha ve t o b y W6SAI, This is th e m o st bazmeks, from

C
d isapPlt"harln gt or, a code practice oscillat~r to

kee p a whole libr ary o n h a nd com:plete ham handbook e ver rea lI1:g. orne w se a . ' .
fOr referenc e .. . o r even pub lished , Mak e s all o t her year stick er s. G e t enough bin- R TTY acc~ssor~e;;, transmit­
worse h a ve to write t o the h a ndbooks lo o k like comic ders to prote ct al l t hose back ter s, code ld e ntlqers, conver..
m anuillcturer fo r c oax spec . bo o k s. 8 9 6 pa ges. Issues too . t er s, count ers, etc .
' 02 . -- ~ ,.,. , f n ? ? . $ 3 .9 5 pp d.
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Circle books yo u want. Schemat ics
1001 1005 1011 n01 1202

1001H 1006 1015 1102 1203

1002 1007 1016 1103 1204

1003 1009 101 8 Oth er 1205

1004 1010 1019 1201 1206
1071 1207

10 12 . prepu bl icat ion

FM REPEATER CIRCUITS MANUAL - AVAILABLE SOO N
The most complete book of FM circuits for the amateur and

two-way technician is now on the presses and will be available
shortly. This book covers every aspect of FMfor the amateur and
for the repeater operator. This is not a collection of reprints of
articles published elsewhere, it is a completely new book and isover
350 pages long. Many of these circuits have never been published
before and few haveseen wide distribution.

This is the first announcement anywhere of this book. The
pre-publication softbound price is $3.95. Orders received before
November 30th at this price will be honored. After that sendS4.95
for the softbound book or $6.95 for hardbound.

FM REPEATER ATlAS - PREPUBLICATION OFFER
If voutravel this book will be invaluab le. You'll keep it right with

your FM rig in the car or with the one vou take with you on the
plane. This book has maps of most of the areas of the country
covered by repeaters, and only a few areas aren't covered these days.
Follow the repeater channe ls as you travel with this atlas. The
regular price for this atlas is $ 1.50. The pre-publication offer is $1.
Send your dollar today and be one of the first to get this handy
atlas.
10 13 prepublicat ion $ 1.50

INTRODUCTION TO FM
This 96·page book explains in detail how to use amateur FM

repeaters. It is written as an introduction to this fascinating mode of
amateur radio operation and tells you eve rything you need to know
to get on your local repeater and not make an idiot of yourself. The
book also lists all of the active repeaters in the country by state,
includes a complete bibliography of FM articles that have appeared
in the ham magazines, and has a catalog section with information on
virtually every piece of FM gear on the market. At $1.50, this book
is une of the best bargains available.
1014 . . .. $1.50

Stetes.: Zip' _

.on l y $2 p pd .

,
--- -- ------
mail to Radio Bookshop , Peter borough, N .H . 034 58

I
DESK PLATE

~~~~ Co~L~ ~~iT~l~fe,toe~~ IName Call _
bossed white le t ters on walnuj
backgro und ; eb o n y stand .
Looks great on r ig w ith your I
name and call. Watch envy
race through your neighbor- I
hood. Send along 20 well Street _
cho sen letters (spaces count as I -
le tters t oo) , include a nice
fresh t wo d ollar bill, and give I
u s a strong hint on where to
mail the exquisite piece o f I
craftsmanship . r»
12 03 $2 I"tty' _

EDITORS & E NGIN E ERS
R ADIO HA NDBOOK Hard ­
b ound . W6S AI (17 th edition)
red uced for cleara n ce, limited
su pply availab le for fas t acting
amat eurs. Last chan ce t o get
t h is great. ' b o ok before it is
gone fo r ever.
10 19. . $ 10

W OR L D'S F I N E ST LOG
BO O K ? D esi gn ed and execu­
ted by W2 N SD /l , t his is the
most re levan t a mateur radio
log ever d esigned . This is a lo g
for t o day . It h a s a column for
the d a t e, on e fo r t ime a nd off
o f ea ch con t act, a sm a ll co l­
u mn t o indicate w h e t her you
called t he st ation con tacted
(or CQ) or no t, a good w id e
space for the s t ation call con­
tacted , little colu m n s for th e
reports, a good spac e fo r h is
location , a Q S L colu mn, a n d
lots of room for notes The log
is the lon~ way an standard
8 1/2" x 11' p a per a nd padded
into p a ds o f 1 2 5 she et s , with
roo m fo r 20 contacts p er page.
The w hole b o ok o f lo g sheets
w ill carry you through 2 500
con ta cts. T h ere is a pla ce to
indi ca te on ea ch sh e e t the
b a nd being u sed a nd th e p o w­
er in case t hese ch ange n o w

~~~t~;~d Tf~~ l~crePac~~~ c;~f~r:
ence . Why u se a lo~ book
d esigned in t h e 1920 s? this
one w as d esi gned for us e in

June the 70 's and is e xactl y right
for the D X'er, and r ag c h ewer,

Guard o r e ve n the round-table d eni­
ze n . It will w o rk for R TTY ,

N ov. ATV or e ve n s low sca n t e le­
vision . N ever has a lo g b een
made ava ilab le whi ch is as
h a n dy a s t h is ge m . Wh y kee p

Buy lavishly! Order t oday from: str uggling w ith t ho se ring bi n-
RADIO BOOKSHOP d ers which get all bent o u t o f
Peterbor ough NH 03458 shap e? G et this first really

modern log.
121 0.

E L ECT R O N IC S RE F ER­
EN CE HANDBOOK Ha rd ­
b oun d . W6 TYH hand b ook o f
basics a n d circuit s. Co mplete
a n a lysis of all ssb e quip ment.
101 5 8 6.95

HOW TO FIX TRANSISTOR
RADIOS & PRINTED C IR ­
C U ITS . D o y ou t h r ow t hose
little radio s away when t h e y
stop ? Wa sted m oney! E a sy to
fi x w it h this m a n ual. Worth
many times t he low pric e. No
service m an or amateur shou ld
be witho ut this t remen d o u s
book.
1 0 16. . . .. .. $7. 95

SCHEMATICS AVA ILABLE
$1 ea ch.
J 101. A RR ·1 5 from
19657 3, page 78.
1102. A R C-2 7 2 M
Channel Receiver .
1103. SSB Transeiver,
196173 . Page 23.

FM BOOKS
FM ANTHOLOGY VoL 1.
This b ook is largely a col­
lec t ion fr o m FM BuUetin , edit­
ed b y K67MV H a nd
WA S UTB . T he material is ta­
ken fro m the editions of F eb­
i~6S. 1967 through F eb ruar y

1009. . $3

FM REPEATER HANDBOOK
K6MVH. B ook is req uired for
a ll repea t er o p erators and
must readin g for all FM'ers .
Only complete book on the
subject. It is also one of the
best selling books in amateur
ra d io today .
1 010 . . . Ha rdbound $6.95

"THE BEST OF FM" A huge
sele c tion o f FM Journal's fin­
est technical a n d conversion
articles, n ever before reprinted
in any other m aga.inze. The
concluding segments o f those
controver sial "CHRON­
ICLES"! S ele cted FM editor­
ia ls t o sh o w a broad view of
the p roblems fa ced by FM'ers.
This book comprises Volume
II of t h e FM anthology, and
includes a n "Editor's Choice"
selection o f topflight articles
from FM J ournal,.. f r o m March
1968 to May 196~.

1011 . . . .. .$4.95

DI O DE C IRCUI TS II A ND­
BO OK A n invaluab le refere nce
b ook. Covers re c t .ifie r s, mi x­
ers, d e tec t o rs , modu lators, FM
detecto rs , n oise lim iters, AGe,
BFO /Q -mult iplie r , AFc, Vari ­
cap t uning audio clippers, b al­
ance d m o ds, fie ldstrength m e­
t ers. R F probes, zc n er s , con­
trol circuits, etc. 11 1 d iff er ent
ci r cu its.
10 0 4 . . $ 1

"TRANSISTOR PROJECTS
F OR TIl E AMATEUR " A col­
lec t ion of 7 3 ' s m o s t pop u lar
ham proje cts , selected by y o u,
the r ead ers, and ed ited by Paul
Fxa no n (Mr. Semic onductor
hi mself ) . T his has go t to b e
the best , m ost au thoritat ive,
most u n iversally a ppealing col­
le cti on of u p- t o -d a.te circuits
ever pub lishe d.
10 10 . .$ 3
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very useful , an d th ey voted to give away all
the ham bands to short wave stations,
bu sine ss radi o and a lot of other commer­
cial stations."

«Did our co untry vote the same way as
every body else?"

" Yes , I' m afraid it did ."
" Why didn't all the ham s get together

and tell every body all the great things th ey
were doing?"

"well, th ey did , son. A lot sen t letters
to co ngress, but a few big trucki ng, oil , and
construction companies got together an d
pu t ads in all t he papers, and had an­
nouncem ents on te levision saying that they
didn 't have enough frequencies to carry on
the ir business, and th at if they didn't get
more frequencies th ey would have to
charge more for shipping, building, and gas.
So our govern ment vot ed against ham
radio, lik e the o thers."

" Gee, so you had to stop ta lk ing on th e
radi o , huh?"

"Yes, but not all at on ce. One year later
they gave 80 meters to the broadcast
stations, two years lat er 40 and 20 wer e
turned over to the short wave sta tions.
What really hurt was whe n they to ok my
favorite band, 15 ' met ers. The da y they
closed it up, all I could hear on my favorit e
frequency , 2 1.4 me , was the Voice of
China telli ng t he world how peace-lo ving
Red China was.

" Do you think th at if hams all ove r the
worl d had gotten together and put things
in the paper and on TV saying all the good
things hams were doing, that everybody
wo uld hav e vo ted to keep ham radio?"

" Yes, I think they wo uld have. A few
ha ms ha d th e idea of hi ring pu blic relations
men, and of gett ing a lobby in Washington,
but no one did anything ab out it."

" Gee, th at's too bad, Dad . Mayb e th ey
could have saved it. I guess it was a lo t of
fun . Well, good nigh t , Dad ,"

"Good night , son . . . let me see those
cards . , . hmm, I remember that ZL, work­
ed him off the ba ck of the beam too
. . . WA1EL A, wife just had t he ir th ird

daughter ... wonde r what 6 sounds like
now ... "

Used: Recood. '
R-394 RECEI VER

152-172 MC $ 14.95 $22.50
T·278 T RA NSMITT ER

152-1 72 MC •. 18 .95 24 95
R·257 RECE IVE R

25-- SOMC ..... 19.95
T-2OlI T RAN SMITTER

25-- 50 Me . . 29 .95
CY -938 CABINET 1,95 9 .9!'>
C-847 CONTR OL BO X .8 .95 12.95

Also - Power Su ppl ies .
Amplifiers, Modul es, etc.
Write - Dept. 7J

EM. MOTOROLA GOVERNMENT
SURPLUS

R. E. GOODHEART CO.• INC.
Box 12 2 0 -G C . Beverly HI llS. c aur. 9 021.3 ,
Phones : Area Code 21 3. Office 272-5707

We ha ve D igi t al Coun t e rs , A eronaut ical T es t
Sets, Audi o Test Sets O scillators, VIVM 's ,
Pr ecisio n Meters, Pulse G enera t ors, Signal G en­
era t o rs, Di ffe rential Voltme te rs , Regulated
Po wer Su pplies, Wa ttm e ters, se parate Catalogs
fo r each Ca tegory . . . so p lea se a sk fo r your
n e eds b y the t ype of e q uipmen t you n e ed !
THANKS!

WE ALSO BUY! WHAT DO YOU HAVE ?

BRAND NEW FREQ-SHIFT TTY MONITOR :

~:n"Js~~~:.: ~~:~~~rer.rrr~b~·~~~~ lu~ fo6 r5ttK.;H~
deviation on bulll-in VT~:M . CO~ $ 11 00.00 each! In o rigin al
box . ",;H. insuuet . book'" cord. fo b Manposa , Cal . . , 4 !;U iO

RED UCED RA DIO·RECEI VER PRICES :
S t " r t e Chr is tmas Lay-Away if you w ish ... w e w ill
hold them. E very rec e i ver a l ig n ed , grtd 199% o ertec t ,
an d clean . $p ·600·JX . doub lu -.eon ve n ion 540 KH z
cont in u o us t o 54 M H z , p lus c rySla l co n t r ol, if you
w ish , f o r you r 6 most -f avor ite stations, In c a bi net ,
$29 9. 5 0 . L e ss c a b in e t b ut w it h top & b otto m cove rs,
$275.0 0 . R 390/URR . mc te-c c nver ston . 50 0 KHz to
32 MHz wi th p rec is io n di gi t al t u n in g an d aysta l
zer o- b eat and correc t o r each 10 0 K H z . . . on ly
$59 5 .0 0 . R390A/URR adds the sharp e r CW selec t ivi t y
of m ech a n ical fi lt ers o n ly $795 .00 .

Toroid core, reaCIOI or inductor. Core size }I," t h ic~ 1" wide 2 318" od 1
318" id, Silicon $Ieel spinr wound plall ic cow red core_Th is loroid core
roow h/l$296 turns 01 " 18 wire wound around core. Core weight 13 oz.
wire weight }I, lb. lOW wei~t I lb. 5 01. Room lor Iddil;onal 12 vl)ll
~rimarv and feedb«k windings, CAN be used Il)r powering FM with
volt"lle doubling cirtu it. Appro.imate [j.C. oufjlut 500 ~olll. Po__ inpur
up to 200 watts •••• . .. $.90 ea, ] lor $l.50

BRAND-N EW S O L ID -S T A T E SCOPE B AR GAINS ,
We ace no ,",' t he Dis t r ib u tor for L ..ade r In st t . Cor p. QUA L
IT Y -CO N T R O LLE D im po r ts_ Warran ty is 2 yea rs on part.s. 6
m u s On la b o r . W.. pay the Shi p pm l: to Your d o or a t a d vert ISed
prices~ He.... t h e y are ,

Lc~~;:~:: ~:~i~~~:~~eO~~~l:;{H~·;;~~3b>%~vv:~~e.:!n~t~S~z,
.2 use e &. up. ::0">:8 " >:12 " , 1 4 lb • . . . . . • . .. . . . . .. 334 . ::0

LBO-50l ; 5 " . t r iper ed. b oth vert . .. ho ri z. 'l e eurately ealib
DC-tO MHz. 7 mv r m s se n si t . Sw ps 0 .2 u se e &. u p.
I I " x 8"x I 7". 20 lb . .. 339.5
LBO_::03B; 5" Veetorsc ope . D C- IO MH z . H ybrid solid-stat e ..
tubes. ~-ET 's d imi na t .. d isp la }' boun e.. from li ne u-a nsie n t.s.

' .. a r Ve c tor Pa U .. rn d tsp lAy . t I " x 8"x 1 7 " . 30 Ib s .. 229.0
lOX P r o bes f o r above , L PB -I0X, ea d l . 1 5 .9

2O-LB NA V Y PORTABLE 4 MHZ SCOPE

AN/US M -3 2 : 10 H z t o 4 MHz ± 2 db. L lne 1t 8 v, 50 -400
H z. 3 WPI CR t ube with rectang ul ar ma~k & gra ti e u le .
Sensit. 40 mv r m s/em & up, a n d inclUdes c a li b ra t o r . 350
nse c video delay li n e. In£ u t 1 me~. 28 pt. Sweef t ri i:ge r ed

~ia~l~:~'b~~i~~~~ce~. d~~ : ~ "o;'if~~~~~.iS ~ arkers f o r
G ood used . . 1 29.50

(ORC at cost if d esired, grtd not o ver $50..)
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P.O. BOX 942 A
Ly n n f iel d . Mass.

0 1940

6 AM P 2000 PIV

SiLIC ON STt/P
R ECTIFIE R

D
O n i )'

$1

Ty p e Descr ip t ion

0 909 Bu ff e,

0 912 Holf Add ".
0 913 Shift R"g iste .
0 91. 0\101 2 In . Galli
0 923 JK Fl ip Fl o p

GIANT SALE ON NEW TTL
TEXAS & NATIONAL IC.

GlJ ofonf e edl W / Sp e c S h e e ts

A nv J - JO,-. Di scou ntl

75e 3 too" 52.0 0 tt1:\.

FAIRCHILD IC SALE

o 15¢ CATALOG on Fiber Optics, ' Its', Semi' s, Parts

Ter....s : a dd p o"taJl:e. R ated: nel :10, cud'., 2 5 c;;. •
Phone Ord e rs : W a kefiel d . M ass . ( 6 1 7 ) 2 .£5_3829
Re t a il : 2 1 1 Alb io n St. , Wakefie ld, ~l au.

T~'pe F unc t io n .~ a l ..
o 7 0 9 C " Ope. ational . . . . . . . . . . . / . S _5 9
o 7 10C" HI- _ ed Dlt . Comp.. r.. tor 10 , . .59o 711C" Du al Comparator . ~ 0" 1- , . 5 9

8 723 VoI U ... R egu lator . t->fo \0 ~,. 1.49
741 .... q . Compo 709 . '" ~e O'fl. . . 9 5o 709 · 709 D u.. 1 7 09' s ~'fI. -<,. 4' . . 1.49o 741·741 Du .. ' 741 ' s <>-.. . 1.98

State Ca$l! desir.. d: DI P , T O_5 , nAT P AK

o 2 . 5 AMP 1 0 0 0 PIV
S I LIC O N RECTIFIE R

• EPOXY
• Micromin iature
• Obsoletes "bull ell"

4 for $1

Bu)' An)' 3 - T a k e 10% Discou nt!

Tnle Function Sa le
o SN7400N Q.. a d 2 inpu t NAND g ate . . . . S .45o SN740 1N SN7400 w ith open c ol le c t .45o 5N7402N Qu ad 2 in put NOR gate .45o 5N7404N He ll rter . . . . . . . . . 4 5o SN 7405N H. ll In " rte r . open c o llec t _45o 5N741 0N Triple 3 inPUt NAN D « a t . .45
o SN7420N 0 ....1 4 inpu t NAND lIl: a t . .4~o 5N7430N 8 Input NANo gat " . . . . . . . . . 4 5

BS N7 440 N Du al 4 in p ut NAND buffe r . . . 45
5 N7 4 4 1 N BC D· t o _De cl mal dri.... r 1.50o 5N7446N BCD.to · 7 s .. g . dec. /d ri .... r 2 .25

8 SN7447N BCD. to·7 seg . d e c . /drlve r 2 . 2 5
5N7472N J ·K Masler $lave fl ip . flo p . . . . .69o SN7473N Du a l J -K Master s la ..... fllp.flop . 8 8

8 SN7474N Du al D trlgge..., d ft;p flop _6 9
SN7475N Qu a d bistable latch . . . . . . . . 1.50

o SN7476N S N7473. w ith p res e t · n . d ea r . 8 8o S N7481N IS· bi t m .. m o ry (scratch pad ) 1 .5 0o SN 7483N 4 .blt b inary t un add er 2.25
o 5 N7 490 N Dec a d e cou n ter . . 1 .50o 5N7491N 8 ·bit s hltt ",gis te r 1.5 0
o 5N7492N ol", fd .. b y 12 c oun l .. r 1 . 5 0

BS N7493N 4 ·bit bi nary counto! r 1. 5 0
5N7494N 4 - blt sh ift rel':lster . . . . . 1.50

n SN7495N 4 · b i' ' e g id er ,ight.N _left 1 .50
n 5 N74 154N D I...lde by 16 . .. .. . . 3 .45
n SN741 92N B i ·dlntctlo",,1 counter . 3 .45o S N7 4 1 9 3 N Binary .. p ·do....n c o u nt.r 3 _4 5

6-AM P F U LL WA VE RECTIFIE~S
PR \' S ,\I,..~: U 400 1 .5 0 ~

§ 50 S.8 8 0 600 1.75
1 00 . 9 9 0 8 00 1. 9 5
200 1. 2 5 0 1000 2 .2 5

•
' J~\ 12AM~~O, J ' ~800 P IV

.~. . ~ SI LIC ON S T UD ;
V R ECTI FI E R ~

o 3for$1

/I

P,. lAmp· 2Amp .JAmp
5 0 S.OS S .OS · S.08

&0" $. 00 .0 . . 0 . ."200 .07 .0 7 ." SILICON'00 .0' .0 ' .2 2
.00 .xz ,,, .2.

RECTIFIERSen0 ." ••• .3 '
1000 ... . 2 2 .5'

LINEAR AMPLIFIER SALE!

GET YOUR NEW
ISSUES NOW!

Over 285,000 QTHs in

~
he U.S. ed it ion $8.9~

Over 165,000 QTHs in
, the OX edition $6.95

. '
'y,- ' ..?, NEW ED ITION EVERY:

~~_~~ MARCH 1 - SEPT. 1
;,;;..-- JUNE 1 - DEC. 1

RAD IO AMATEUR116 kca 00 INC

Dept. 8 925SherwoodDrive
lake Bluff, III. 60044

These valuable EXTRA f eatur es Included in both editions!
• QSl Manaeers Around the • Prefb:es bJ Countries!

Wor ld! • Zips on all GTN's !
• Census of Radio Amilteurs _ A.R.R.L. Phnnetic Alplla bet!

thr outhOUIt he world ! Where To Bu, '• ~f:~:! Amate urs' l icense Great Circ le B'earin gS!

• World Prefi. Map! I nternatj~na l Postal
• Internatinnal Radio Information!

Amate ur Prefi xes • Plu$ much mGre!

See your favorite dea ler or order dire ct (add 25¢ for ma iling
In U.S. , Possessions & Canada. Elsewher e a dd 50¢).

JEFF-TRONICS
S O LA CONSTAN T -V OLTAG E T R AN SFOR M -
ERS t y p e CV.
10 0 0 VA , 95-13 5 volt s in p ut, 11 8 vo lts ou t,
8 .48 Amp s. 60 c ycles. Brand new . S hip ping w t.
65 Ibs. $ 3 5 .0 0 eac h , 3 fo r $ 10 0 .0 0

FOR S L O W-SCA N T V : 5 FP7 C R T in assem b ly
w it h deflect i o n & focu s c oils , b right n ess &
f ocus ' con t rols, ID · 19 / A PS -3 rad ar in dicator.
Shpg. wt. 1 5 Ib s. E xc. cond o o nly $2.95.

L E D E X SO LE N O ID O PE R A T E D SWITC H ES
F OR R EMOT E S W ITCH IN G :
:.:fl . 2 -pa le s 1 2 -p o si t ions p lus 2 e x tra decks w it h

f ew c o nt ac t s . Approx . 1 3 /4" d ia m x 3 %"
lo ng . 1 2 v dc c o il. $ 2. 0 0 e ac h .

#2. ' .6 ,POL!!:s:" 6 'P Q~At ions, 4 dec k.s . A p p rox . 2 "
d tarn . 4Y." 10 g. 12 vdc cO IL $3.0 0 each .

H U M I DSTATS. W e' ve r eceived a ne w su p p ly o f
t h is popular item . H on ey well H468 1002 -1 hu-
midity c o ntroller. Co nt a in s a mic rcsw lt ch , clo-
ses the circ u it o n d ec reasing humidi t y . Use f or
re pl ac e ment. o r b uil d a hum id ifi er. O n ly 7 5e
each. 3 fo r $2.00.

Ail p r ices FOB Cleveland, Ohio. Minimum
order $ 2.00
Send for our catalog, 2Sd for handling, f ree
wi th order .

JEFF·TRONICS
4252 Pear l Rd•• Cleve land . OH 44109
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Ma il to : 73 IN C.• PETERBOROUGH NH 03458

Add ress _

READER SERVICE
Please ei ther tear ou t th is list o f adve rt ise rs and se nd

it in to 73 w ith as ma ny boxe s chec ked o ff as yo u
wo u ld like to see b ro ch u res, data sheets o r ca ta­
logs . . . o r else ma ke a copy and send that in . Do NOT
fail to se nd for d ata on t hose products a nd serv ices th at
inter est you. You r magazine w ill be as large a s the
number o f ads allow it to be ... so the more you
enc o urage the advertisers the bigg er magazi ne you wi ll
hav e. When you send for information, the advert iser s get
e ncou raged . Send.

November 1971

PROPAGATION CHART
J. II. Nelson

Good 0 Fair (open) PoorO

CENTRAL UNITED STATES TO:

EASTERN UNITED STATES TO:

SUN MO N TUES WED THUR FRI SAT

0 0 3 4 0 0
G) ffil 9 @ 11 @@
@@@@ 18 19 20
~ ~ 23 24 25 @ @

@@)@

GMT; 00 00 .. .. " .. 00

ALASKA .. ,. ,. ,. .. " ..
ARIi~ "T1"A .. .. " " " " '"
AUSTRALI A .. '" '" ,. ,. .. .. .. "CA.. ALIONE .. , .. " " " "
~NIiLANO

,. ,
'" " " .. '".. '" " '" .. " " "' NO' A ,. ,.

'" '" .. .. '"
,.

'".. '" ,. ,
'" ,. ..

ME>;ICO , .. " " " """L-...n .. -e '" ,.
'" '" ,.

'" •
PU ERTO R' CO '"

, .. " " " .. •
SOUTHA FROCA '"

,. ,. .. " ? 1I. ? , ... ". " •
U.S.S. R " ,. ,. ,

'" .. '" '"
,

",E ST COAST .. ,. , , .. " " " '"

.. .. ,. ,. ,.
'" .. " "

AAG~NTINA .. ,. " " " " "AUSTR ALIA " .. ,. ,. ,. ,. ,. '" .. .. .. "CAN AL ~O'<E ,. •• " " " "
~ fIKl L...NO .. ,. • " .. ,.
H........" " ,. ,. .. " " "' '<0 ,11 , ,

'" ,. '" '" .. .. .. '" '" '"w « '"
, ,. '" ..

Mf XOCO .. ,.
" ..

""LI",,"':S '" '" '" '" ..
PUE RTO ' ''eo ,. " " "SOUTH AFRlC '" ,. .. :n A :n ... " "U. S. S R. ,. ,. ,. 1. 1 1. '. '"
WESTERN UNITED STATES TO:

A LMK A ... .. , ,. ,. , ,. ,. , .. " "AAGE NTINA .. .. ,. , , , ,. .. " " " "AUSTRA LIA " " ,. ,. ,. ,. , , .. .. .. "CA.. A L l"O"f .. .. , , , , , .. " " " "ENGLAN O ,. , , ,. , ,. aa ,. .. .. ,. ,.
HAWAII ". " .. ,. , , , , .. " " "
' N OI ... ,. .. ,. ,. ,. '" sa se , ,

'"
,.

w « " ,. ,. ,. , , , , , ,
'" ...

"'fK ICO .. .. , , , , , .. " " " "P'Hll -.NU " '" ,. ,.
'"

, , , , ,.
'" ·PU ERTO RICO .. ,. , , , , , I" 11.0. " " "SOIJTH A F RICA ... , , ,

'" '" '" .. " " " •
U.S.S.R. ,. ,

"
,. .. '" .. '" .. '" '" '"EAST C04ST .. ,. , , , , , • " " " -

A "" N ex t higher fr eq u en c y may be u se ful al s o .
B :: Difficu lt circuit this p eriod .
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Call _

Z ip _

November, 1971
O K-Enterpr ises 38, 48
o Key Tetemeten nq 77
o Lew ispaul 11 1
o Motorol a Cover I V
o Mann 100
o Nationa l 20
o Pagel 9 2
o Pal 99
o Paloma r 56
o Paradd 78
o Park 97
o Payn e 77
o Pickering 48
o Poly Paks 127
o Robby 's Radi o 78
o RP 50
o Saroc 9 2
o Setect ron tcs 94
o Sent ry 67
o Simps on Cover I I
o Standard 33
o Tec h Med ia 62
o T ech Produc t s 62
o Te lrex 74, 75
o T ower 126
o V an 78
o V anguard 68 ,69
o Ve sto 32
o V ib rop lex 99
o Wo lf 1 11
o World QSL 99
73 Stu ff

Subscri ptions 34 ,35
FM A t las 64 I
FM Boo k 64
FM Reptr. ei re. Manu al 6 1 I
Gen' l Class Study Guide 70
Ad L etter 11 I
Novice Handbook 98 I
Rad io Bookshop 124 ,1 25
TVI 99 I

I
I
I
I
I
I
I
t

ADVERTISER INDEX
D A ll ied 84
o Amat. E lee . SuPP. 19. 24
o Am eco 16
o American Xtal 23
o A m idon 77
D A rn o ld 's 78
o A TV 92
o Bi rd 44
o Cal lbao k 60, 78, 127
o Circu it Sp ec. 1 12
o Com . Spec . 99
o Cornel l 99
o Craw ford 92
o CushC raft 76
o Data Engineeri ng 78
o Drake Cover III
o DXers 77
o DyComm 28
o EKY 77
o Ep silo n 62
D Erickson 12
o E.S. Ent . 60
o Estes 32
o Fa ir 126
o Frec k 50
o Gam 72
o Gateway 78
o G& G 23
o Goodheart 126
o Grego ry 122
o Hal 48,50
o Hale 78
o Hatrv 56
o Hen ry 4 0,41
o H i Par 97
o H&L 9 9
o James 97
o Jan 48
o Janel 62
o Jeff 127
n Juge 36

Name _
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