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NOTHING COMES CLOSER THAN THE SWAN 500CX

ELECTRON ICS

305 Airport Road
Oceanside, California 92054
A Subsidiary of Cubic Corporation

The 500eX installs conveniently under the
dash of most cars, and the power supply goes
under the hood. Add the Swan Model 35 high
a single band mobile antenna, or your choice
of either the Swan Model 45 or 55 band switch
ing mobile antenna, and you can enjoy mobile
operation to the fullest. Home station perform
ance with a mobile rig? Nothing comes closer
than a Swan transceiver.

ACCESSORIES:

Model 500eX $565

ModeI14-117 DC Supply $130
Mobile Mounting Kit _ $12

Model 35 Single Band Antenna, from .. $20.90

Model 45 5 Band Manual Switching
Antenna $79.50
Model 55 5 Band Antenna
(Remote control band selection) . ... $129.50

The performance of the Swan 500eX in your
car may not quite equal your home station, but
you will be amazed at how often the difference
is very small. Many Swan mobile operators
have established enviable DX records. aSL
cards on file here at the factory verify solid
contacts from all continents, including stations
in Antarctica.
Old timers who have fought aRM with old
style AM equipment have discovered a new
world of mobile communication thanks to the
power and punch of the Swan 500eX trans
ceiver. The efficiency of the SSB mode coupled
with the convenience of transceiver opera
tion and a power level unmatched in the
field represent a combination well worth look·
ing into. So if you haven't heard ZL,
DU or JA say .. "stand by, the mobile
station," then put a Swan 500 ex in
your car this summer!

See your Swan dealer today.
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Amateur i-abin News age
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FCC PETITIONS IN PROCESS
While attendmg the recent- American Medical Association convention in
Chicago, ham doctors communicated with fellow doctors in the earthquake
disaster area near Lima, Peru. Each member of the Medical Amateur Radio
Council (MARCO) used amateur radio equipment donated for the vital occasion
by Hallicrafters. Standing and listening to the voices of doctors from Lima and
other parts of the world was Bud Drobish (W9QVA), Assistant Sales Manager
of Hellioretters. MARCO held its fourth annual meeting and conference during
the AMA convention. From left to right: Dr. Earle E. Weston (W8SXO),
Birmingham, Mich.; Bud Drobish; Dr. Maurice N. Richter (K7UWP), Phoenix,

now
New

The major purpose of MARCO is
to establish personal communications
among its members and their ham
colleagues for dissemination of factual
medical, electronics, and communica
tion information. both theoretical and
practical. It was formed in 1966 as a
charitable and scientific membership
corporation designed to meet the
medical-electronics and radio com
munication needs of its members. It
now has over 400 members.

MARCO. headquartered in Man
chester, Conn.. has identified itself
with doctors in the United States,
Canada, and other countries in the
world where there are doctor hams.
The doctor members get to know
their colleagues and develop profes
sional, avocational, and social associa
tions.

only radio equipment used by the
members.

SUBSTANCE
Use of other than 220 MHz to remotely control

RACES stations.

RM,
968

The following is a comprehensive tabulation of amateur petitions
awaiting action by the FCC. Thanks to Bob Chapman (WIQV). ARRL
England Division director.

DATE
FILED
3/66

Communicating with doctors in
the earthquake disaster areas in South
America to provide medical aid and
with its international ham doctor
members were some of the additional
activities carried on by the Medical
Amateur Radio Council (MARCO)
members attending the recent Ameri
can Medical Association Convention
in Chicago. Over 10,000 doctors were
in attendance.

MARCO members talked via Halli
crafters amateur radio equipment to
fellow doctors in the earthquake dis
aster area near Lima, Peru and also
handled vital medical messages
between doctors from all parts of the
world attending the AMA convention
and their home offices.

The Hallicrafters Company, RoIl
ing Meadows, Illinois, a subsidiary of
Northrop Corporation donated the
use of the radio equipment to
MARCO for its convention. It was the
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history, the lTV, and the FCC. Slides
were shown of his recent tr ip to Jordan
and his visit with King Hussein as well
as a prev ious trip to Nepal. All ques
tions were answe red, pertinent and
impe rti nent.

On Sunday there were RTTY d is
plays, FM get-toge thers, DX d isplays, a
couple of acres o f swap-fest, Bingo for
the XYls, and frequent showings of
the Dave Bell film on ama teur radio.

No mina tions for QS L Manager of
the Month shou ld be sen t to Sco tt' s
QSL Se rvi ce, 15 10 Ly n nview,
Houston, Texas 77 055 . Include name
and ca ll of manager to be nomina ted
and a sho rt summa ry of wh y he de
serves to be nominated.

George Studd (ZL2AFZ) has been
named QSL Manager of th e Month by
Scotty (WA5UHR) , who makes such
awards period ically on behalf of his
QSL service.

According to Scotty, George is a
great DX'er and a credit to our hobby.
Along with severa l DXpcditions, he has
traveled 45,000 miles, covered 33
sta tes , 6 Canadian provinces, and
visited the north Arctic ci rcle and
Ala ska. When he was in the S ta te s he
took over 1200 color slides, spoke on 2
TV shows , 2 BC stat ions, dozens of
radio clubs, Ki w a n a s , sch ools,
churches, e tc . George has received a
number of DX awards. li e is QSL
manage r for VR IQ, ZL2AFZ/C,
ZN IBN /A , ZM3 PO / C, AXQLD,
ZM IAAT/ K, ZL2ANX . lie was pre
vi ou s ly manager for ZLlDS/C,
ZLITU/C, and ZL IIL/e.

Alabama Hamfest Success

Ariz., Dr. William L. Sprague (WA6CRN)~Whitt~Caljf:; Dr.-Walter -Shriner
(W9CBG), Springfield, Ill.; Dr. Edward A. Holyoke (WAOVSR), Omaha,
N ebraska; Dr. Orin Q. Fling (WAZWAU), Delh i, N .Y. Sitting is Dr. J. Stanley
Carp (iOEEGJ, Saugus, Mass. and directly behind h im is Joseph G. Boris,
Ex ecutive Secretary of MARCO.

QSL Manager of the Month

Eigh t hund red ham s and their
families braved the summer sun of
Northern Alabama to a ttend the
Hu ntsville hamfest o n Augu st 16 th.
The eve nt, held in the air-cond itioned
splendor of the Huntsville Mall, was a
comple te success by any sta nda rds.

The hamfest star ted Saturday nigh t
wit h a talk by Wayne Green giving
some perspective to the presen t situa
tion of ama teu r rad io in terms of its

Am at eur and Special Services Divisio n
Federal Commu nica tions Com missio n
Washingto n , O. C. 2055 4

RACE S-rules, co n tro l of nonamateurl ic ensees.
Expand 10, 15, and 20 meter phone.
Senior Citi zens license .
Expand phone privileges for KP4 licensees.

"Advanced" T echnician License.
Permi t RTTY speed s of 60, 7 5 , and 100 words

per minute .
Permit F·4 at 144 MHz.
Allow T echs to u se CW. 80 through 10 m eters.
Counterpart call signs.
Permit T echs to have sa me CW privileges

as Novi ces.
Expand phone bands fo r DX QSOs on ly.
Permit 40F2 em issio n by RACEs sta tio ns on

14 4 and 220 M Hz.
Exsand Extra phone bands.
80 W output ab ove 420 M H z.
Tech privilege s. 21 MHz Novice band.
CW and ph one segme n ts, 6 meter Ad vanced band.
Technician CW privileges,
Technician CW privileges, 10 m e ters.
Technician r rlvileges. 29.5-29 .7 a nd 14 4-148

MHz: dua holding, Novice and Technician.
Counterpart call signs.
High er RTTY sp eeds of 60 , 67 , and 100 wpm.
New repeater rules .
Extra class phone, 40 a nd 20 meters, o r expand

20 p h one Cor Extra .
E xpand phone band s, So-15, h alf Co r Extra, half

for Advanced .
Novice privile~es for Technicians.
"Grandfather old Extra Firsts.
One-year wait for Extra .
Am en d incentive licensing Irequencv aUocations.
1 x 3 ca U sign s Cor new Extras.
Novice privileges for Technicians.
Expand p hon e fo r Extra and Advanced.

Change 10 ru les Cor sh or t QSOs.
Expand phone bands Cor Advanced a nd Extra : widen

General Class phone: permit Techs o n 28 MHz.
Conditional Class limited to o ne year : no new

Technician: create Intermediate and Communicator
licenses.

Expand phone, abolish rese rved ba nds.

Create a milit a ry examining point in Germa ny for
FCC amateur exams.

SpeciCically provide Cor d iscu ssio n o f po litical
ma t t ers and other con troversia l sub jec ts in the
ama teur bands.

Create a "hobby" license 2 20.5- 2 2 4.5 MH z, 5 k Hz FM,
F M, 10 0 W, mail exam o n ru les only , NA I -NZQ call
ca ll signs.

Expand phone band s fo r Advanced and Extra : widen the
General portio ns o C the present phone bands: reduce
Novice band o n 15 to 2 1. 1-21.2 , but add a n ew o ne
28 .1-28 .2: permi t Extra class to u se 7075- 71 00 k Hz
for SSB and add a note to the rules restric ting
7 100- 7300 Hz wo rk to Region 2 o n ly .

For co pies an d additional information o n th ese p e t it io n s, write to : (re fe r to R M
nu m b ers )

1116 3 /67
130 6 5 /68
13 4 6 8 /68
1349 9 /68

136 3 10 /68
139 2 12 /68

1429 3 /69
1454 5 /69
1455 5 /69
1 45 6 5 /69

147 7 9 /68
1 4 78 4 /69

1 4 79 5 /69
1512 9 /69
1516 10/69
1520 9 /69
1521 10/69
152 6 10 / 69
15 3 5 11 /69

15 3 6 11 /69
15 38 11 / 69
15 4 2 12 /69
154 4 11 /69

1550 1 /70

15 68 2 /70
159 0 3/70
1591 3/70
159 3 3 /70
1597 4/70
1602 4/70
1603 4 /7 0
1604 4/70
161 4 3/70

161 5 3/70

161 6 4/70

16 29 5/70

16 31 5 /70

16 3 3 5 /7 0

164 4 6/70
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FCC REGULATIONS PROHIBIT CONTESTS! •

ARRL in Chaos
FCC Amateur Radi o Ru les and Regulations

Part 97.1 25 says, "No licensed rad io operator shall
willfully or maliciously interfere with or cause
interference to any radio commu nica tion or sig
nal."

Could that ru le be clea rer? No willful inter
ference with an y radio signal. That means exac tly
what it says. If you have even the slightest reason
to believe that your signa l might cause interfere nce
to another signa l it is against the ru les for you to
transmit.

Con tes ts. those giant exercises in willful inter
ference , are obviously absolu te ly illegal.

The preponde rance of con test activity in the
U.S. is sponsored and promoted by th e ARRL.
Since we mu st assume that the directors and
office rs of the League are familiar with the
amateur regulations. then th e only conclusion•
possible is that th ey arc knowingly promoting and
encouraging an illegal ac tivity wh ich causes tens of

thousands of amateurs to break the FCC regula
tions.

DX Pileups Illegal

If it is illegal to cause interference to o ne
station. just think how illegal it must be to cause
willfu l interference to dozens or even hund reds of
stations. Think abou t that the next time you are
about to add your potent signal to a pileup calling
a rare sta tion. Is working that sta tion really worth
the tormen t you will suffe r knowing that yo u have
committed multiple vio la tions of the regula tions.
not to me ntion the suffering and anguish you have
caused the poor chaps on the channel whom you
clobbered. O ne wou ld have to be a p retty lawless
and callous individual to cha se OX in view of all
that.

WI AW Breaks Regulat ion s
Yes, even sacrosanct W IAW is in conti nuous

violation of 97.125. Just tune in anytime to the
broad casts of League affairs and you will notice

that WIAW co mes on frequ ency on schedule and
causes wi llful in terference until everyone moves
off channel for them.

Is T h is Serious?
The law is th e law a nd many bleed ing hearts

fee l that all laws should be observed, no matter
how inappropriate they may be. When a law is bad
the question ari ses, should we ignore the law or try
and cha nge it?

The idea behind 97. 125 is fin e and the law will
cause litt le troub le if everyone co ntinues to ignore
tha t it exis ts. Unfo rtu na te ly, the lid has been
opened recen tly by the FCC. Two amateu rs, both
call ing a third sta tion simultaneous ly , wi th the goa l
of seeing which had the stronges t signal. rece i-ved
an FCC ci ta tion cit ing 97 .125.

The cure is simple. If one of yo u will writ e a
letter to the FCC. with the usual 14 copies, asking
that th e words "willfui or" be rem oved from
97 .125, then we would . have the same law, bu t
without the bad part.

OX NlWS ROUNOUP-NlWS fROM AlBANIANew OX Certificates
Available from 73

WORK ED NORTH AMERICA
Card con firming two-way contac t

with ama teurs in each of the fo llowing
areas must be furni shed : WI through
W0 , KL7, VEI -8, including sepa ra te
cards for PIE, CHI, NS'aml NB in VE I .
F I)8, VP7, and both Yukon and NWT
in VE8, a total of 27 cards. Ca rds
shou ld all be dated 1970 or later.

WO RKED CENTRAL AMER ICA
Cards confirming two-way radi o

contac t with ama teurs in each o f the
fo llowing areas must be furni shed
XE I-2-3, XF4 , VP l , TG, YS,IIR, YN,
T I, HP, KZ5 (a total of 12 cards).
Cards should be dated 1970 or later. It

From the We st Coast DX Bulletin
comes this late report filling in details
on the OH/ZA effort. The OH group
drove by car some 700 miles to Copen 
hagen and flew directly from there to
Tirana. No answers had been received
to their letters of inquiry for infor
mation and they went on the trip to
see what might be accomplished. At
customs they were passed through
without any examinat ion and they
carried their rig to their ho tel. They
then learned that they would not be
perm itted to go on to Tirana. With the
help of their Albanian guides they set
up their an tenna and started working
the pileups. This lasted for about nine

During the balance o f the stay the
OH group tried to get a special vise to
visit Tirana and discuss the si tua tion.
Direct efforts did no good, bu t finally
the Albanian guides were persuaded to
make arrangem en ts which would per
mit them to visit the Albanian capi to l.
They went there on th e last day of
the ir stay and had a one hour meeting
with the vice director o f the Ministry
of Communications. They learned that
their letters had been received, but had
not been answered because there wa s
no provision for ama teur radio in
A lbanian law, it being neither allowed
nor prohibited. He asked that more
information be sen t before any future

Rogues Gallery . This photo of C. R.
Lander (ZL 3ACY) won first prize in a
recen t competition sponsored by the
North Canterbury Ama teur Radio
Club, Canterbury, New Zealand. As
winner, Lander received a subscrip tion
to 73 Magazine and his photo appeared
in several in ternational publications.



Haiti Active for DX Contest
by W6GC

W6WLlI , W6EJJ , and W6GC will be
operating HH9 DL during the CQ
worldwide DX contest o n October 24
and 25 . T hey will operate 5 bands, 10
through 80 meters. for the entire 48
hours of the co ntest. There arc no
particu lar frequencies chosen ;IS ye t,
but some opera tion will be out sid e the
American phone bands using spli t fre
qu ency. For a pa rt o f the time the
listening frequ ency will be in the
General portion of the bands so every
one will have a chance.

This is reportedl y the first time any
Haitian sta tio n has o perated the con
test. The group plans to arrive in Haiti
about October 20 and will be on the
air both SSB and CW fo r ab ou t 3 days
before the co ntest.

QSL Delays
A note fr om Gart h (5 H3 LV!A)

exp lains that QSLs for the Zanzibar
exped it ions have been delayed a b it
du e to their being sent to U.S. QSL
bureaus d uring a Canad ian postal
strike.

A cab le from Ki ng Hussein tells us
that all QS Ls for JYI have been
forwarded through the bureaus.

While mo st of the individual
bureaus work quickly and efficien tly ,
the biggest holdup seems to be at
ARRL headquarters, which reportedly
holds cards up to six months or so
before sending th em along to the indi
vidual bureaus.

trip and 'asKecf'That th-e"'in form ation6e
sent two m on rns in advance so arrange
ments could be made.

The Albanians had apparently set
up a monitoring station about 200
yards from the hotel before the visit,
The transmissions were recorded and
checked by English-speaking Alban
ians. The Off group kept all trans
missions in English, com m en ting favo r
ably on the A lbanians and their trea t
ment a t frequent in tervals. Whenever
they left the ho tel they were followed.
Why was th e rig im pounded? Perhaps
the authorities wanted to examine it or
possibly they were not anxio us to sit
and m onitor the pileups for a f ull
week. It was returned in good condi
tion . In retrospect the OH group felt
that the decisive fa ctor in the future
A lbanian attitude would be what bene
fit th e coun try might derive from
amateur activity.

Look ing ahead, the OH group are 1-------- - - - - - - - -
making plans for another effo r t in June
1971. Documentation has been for-
warded to A R RL and DXCC credit is
expected. Some 600 WIK's were
worked. The OH group is grateful to
the International DX A ssociation for
making a m odified H W-32 available for
. , trip.

7 3 Magazine, Peterborough, N.H.
03458. Foreign ama teurs may apply
through their national socie ties and
send along an affidavit attesting to the
inspection of the cards and seven IRCs.

hours.
The next morning the Albanian

authorities were at the door, apolo
gizing for not having noted th e declar
ation o f the radio gear on their entry.
They advised that the bringing of radio
in to the country was prohibited and
the eq uipment would have to be held
until th ey left th e country. Th e opera
tion was over by 0700Z on July 11 tho

Canada- Swcdcn Rcciprocity
Ottawa. Canad a's d irector of Tele

communicatio ns, Mr. W. 1. Wilson, has
announced that his country is now
recognizing reciprocity with respect to
" temporary ama teur opera ting privi
leges with Sweden." For Swed ish
permits issued fo r a period of less
than 30 days, Wilson sta ted, th e fee is
40 Swed ish kro ner. Wilson also sup
plied the following ex cerpt from the
Code of Sta tutes of the Swed ish Tele-
commu nicatio ns Admin istra tion :

Any foreign radio am ateur applying
for a temporary permit . . . shall sub
mit his application via the authorities
issuing permits in his native coun try,
wh ich authorities will forward it to the
Cen tral Adminis tration of S wedish
Te lecommunication s together with
th eir commen ts. Th e application,
which may be written in Swedish,
Danish , Norwegian , En glish , French, or
German, should be su bmitted early
enough to rea ch the Central A dminis
tra tion no t later than two m on ths
before the permi t is requ ired. I t shall
be accompanied by a certifica te of
good condu ct issued by the pollee
authorities o f the applicant 's na tive

f'I'" .... n <In " I coun try.

WORKED EUROPE
Cards must be furnished confirming

two-way ama te ur radio contact with
each of the fo llowing areas : G, GM,
GW, G I, GC Jersey, GC Guern sey, C D,
EI, F, 0, DL7 , OM, EA, EA6, FC, C3 I,
1111 , lI E, OE, OK, HA, YU, OZ, LA,
SM , 0 11, 0 110, OJ, CT, YO, AZ , SV,
SP, I, MI , IIV, IS, IT, SV0 Crete, SV0
Dodccanesc, LZ, TF, OY, ON, PA, LX,
ZB2, 4 U (Geneva) , 9 Hl , TA (Euro
pean) , SMOM, JX, JW Svalbard , JW
Ilear , UA2 , UA, UB5-UT5 , UC2, UD6,
UF6, UG6, U05, UP2, UQ2, UR2 , a
total of 65 areas. Certificates are avail
able for 50, 60, and 65 areas.

Contac ts may be made ~. - --'J I 1
amateur bands using any mode. All
cards mu st be dated not earlier than
1970. Send cards with note describing
certificate applied for and listing the
areas confirmed along with one dollar
to cover the cost of handling. Send to

WORK ED SOUTH AMERICA
Cards confirming two-way ama teu r

radio con tact with each of the fo llow
ing areas mus t be furnished : HK, YV,
PZ, SR, FM7, PY, LU, AP , CE, HC,
OA , CP and CX, a total of 13 cou n
tries. A ll cards must be dated 1970 or
later.

is the areas that are important, so
special call prefixes are acceptable.

WORK ED TH E CARIBBEAN
Cards confirming two-way amateur

radio contact with each of the follow
ing areas mu st be furnished: KS4 Swan
Island, KS4 Serrana Bank , KS4 St.
J ohn, VI'2M, VP2S, VP2V, VP5, FG7 ,
FM7, FS7, PJ St. Martin, PJ St. Eusta
tius, PJ Aruba, PJ Curacao, PJ Bon
naire, PJ Saba , 8P6, 6Y4 Trinidad , 6Y4
T obago, YV0, IIK0 San Andres, IIK 0
Baja Nuevo. Cards should be dated
19 70 or later. Certifica tes are available
for 20, 30 , and 40 areas worked .

Page Two



73's New Award lineup Hallicrafmrs Wins Cleveland fM 2-Way Contract

Lieut. Gen. Benjamin O. Davis, Jr., Director of Public Safety, City of Cleveland,
points to a diagram of Cleveland 's new police com mu nications network. A vita l
link in the system will be the new HC·400, UHF portab le radios for which
Hsuicretters was awarded a con tract. Shown at th e ex tre me lef t : Lewis Coffey,
Cleveland police chief ho lding the Hallicrafters HC-40 0 w ith wh ich h is policemen
\l,.iJ1 be equipped; Walter Sutter, Hallicrafters vice president and general manager;
Safety Director Davis; and Bob Long, Hallicrafters' Sales Manager.

To Increase Public
Ham Awareness-
Several radi o clubs in the South

ea stern Pennsylvania area have gotten
together for the purpose of pu tting on
a di splay of amateur radio eq uipmen t,
and uses of ham radio in he lping the
nation and public. The disp lay will be
know n as the " MacDade Mall Amateur
Rad io Display" and will be he ld Sept.
17- 19 at the MacDade Mall, Glen
olde n, Penna.

Several MARS sta tions will also be
in live act ion.

Worked QST Certificate
In an effor t to promote activity on

ou r amate ur bands where little or none
ex isted befo re, and to bring prom i
nence 10 a handful of amate urs who
w e re a lmos t complete ly obscure ,
despi te their unt iring effor ts to be well
kn own . we are offering a se t of award s
suitab le for framing. Probably th e
rarest of all of awards will be this gem,
available to any licensed amateur who
can provide undeniable proof of con
tact over the air on a chance, not
schedu led basis, wi th bo th the editor
and managing ed itor of QST, WI LVQ
and WI CUT. Both contacts should be
with in one yea r of the application for
the award . Please include one dollar to
cove r th e costs of mailing. handling,
and medication for any ill effec ts
caused by anoverstrain ing of cred ulity
by the 73 staff.

Worked the ARRl Certificate
This award is ava ilab le to any

lice nsed am ateur who can pr ovide
proof of contact with any four of the
curre nt sixteen ARRL d irectors, all
within one year of the date of applica
lion . St ickers arc ava ilab le for proof of
co ntac t (withi n one yea r] of eigh t or
twelve direc tor s. with a special st icker
for proof of con tac t with all six teen
directors. 1\ special slid er is available
for proof of contact with John
Huntoon WI LVQ , manager of the
ARRL. a t an y time on any band .

Please send $1 to cover cosIs of
postage and hand ling o f this award o r
sticker. 73 will consider it a news even t
o f the fir st order when the first 16
director ce rtifica te is award ed and asks
that you have a photo of yourse lf and
your shack available , along with a brief
biograp hy and a story on how yo u
accomplished th e seemingly impossi
ble.

Worked CQ Cer tificate
A beautifu l illumina ted certi fica te

is availab le to any licensed amateur
who can p rovide proof of contact with
th e editor and managing editor of CQ
Magazine . K2MGA and K2EEK , both
wi thin on e year of th e applica tio n for
the award and both through cha nce ,
not sched uled contac ts. Please send $1
to cover th e cos ts of mail ing and
handling...and good luck!

Worked Ha m Radio Certificate
A new and exciting award is avail

ab le fo r licensed ama teurs who can

A whole new spect ru m of ce rtifi
ca tes arc being awarded by 73 fo r
amateurs who manage to fulfill the
sta ted requirements - w hich won ' t be
easy .
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provide proof of con tact with both the
editor and publisher of Ham Radio
magazine, W1 NLB and W1DTY, both
with in one year of the applica tion fo r
the award and both through chance,
not sched uled con tacts. Please send $1
to cover th e costs of mailing and
handling.

Worked 73 Certificate
If you manage to get con tact and,

even more difficult, get a QSL from
both W2NSD/I and K6MVH /I you
have the privilege of sending in one
dollar for a certi ficate of questionable
value which may lend some dignity to
your effort. Contacts should be within
on year of the application and be
through chance , not schedule. Don 't
forget the dollar. ..we won 't.

"Big Blow" Award
The Windblowers VHF Society will

sponsor the 16th annual " Big Blow"
contest on Saturday, September 19,
1970 from 13:00 to 20: 00 EDT. There
will be four sta tions opera ting on 2
meters. Certificates will be awarded to
those contac ting all four stations.

Location and call letters will be as
follows:

W2 ZDR/2 Washington Township,
NJ

W2RRP/2 Sam's Point, NY
WA2ZAU/I Topstone, cr
W2ERZ/ 3 High Knob PA

National Amateur Historical Radio
Conference, Canandaigua, NY, Oct.
9 th and l Oth, sponsored by th e
Antiqu e Wireless Assn. Program
includes well known speakers from
coast-to-coast, early transmitting and
receiving demonstrations with prizes

K3WA S A ward
On Wednesday, 11 Novem ber,

K3WAS, a mili tary amateur rad io sta
tion at Aberdeen Provi ng Ground,
Maryland, will be operating in conjunc
tion with Veterans Day. A very attrac
tive commemora tive certificate will be
mailed to all persons who contact
K3WAS on this day. The operating
schedule is as follows:
50.3 MHz +.3 MH z 000 1- 2300 GMT
14.320 MH z ±lO kHz 0001 -2300 GMT

7.280 MH z +10 kHz 0001 -2300 GMT
3.970 MHz +10 kHz 0001 - 2300 GMT

To qualify for a cert ificate, just
make two-way contact with K3WAS
and send QSL card to K3WAS, Special
Servi ces Craft Branch, Aberdeen
Proving Ground, Maryland 21005.

lAWAS Homfest
The losco Amateur Radio Club is

again presenting its Annual "Tawas
Hamfest" in Tawas City, Michigan th is
year . The affair will be featuring a
gigantic ','swap & shop," eq uipmen t
d isplays, banquet, Ham-of-t he-Year
award , and auction. The hamfest will
take place on U.S. 23, 60 miles north
of Bay City. Plenty of activities for the
ladies, such as: boat trips, air base tour,
ladies luncheons. Bring the family for a
week end of fun. Addition information :
Hamfest, Box 3321 , Jeff. Sta. , Detroit,
M148214.

plus old equipment auction . In addI
tion to amateur programming, there
will be special events for the old time
commercial and broadcast operator.
Write for details: Lincoln Cundall,
W2QY, 69 Boulevard Pkwy., Roches
ter , NY 1461 2.

1 ne LHy 0 1 cteve tan u , UIUO nas
awarded Hallicrafters Co. a contract
for approximately $75 0,000 to supply
Model HC-400 FM 2-way po rtable
rad ios ope rating in the newly expanded
450 MHz frequency band for its police
d ep artment's new communications
system.

When signing the con tract, Lt. Ge n.
Benjamin O. Davis, Jr . (U.S. Air Force,
retired) , Director of Public Safety , City
of Cleveland, said that the Hallicrafters
award was based on the "most cost
effec tive bid" submitted for portable
FM units. Hallicrafters was awarded
the Cleveland portable radio con trac t
in compe tit ion with Motorola and the
General Electric Co.

The new HC-400 is small, light, and
utilizes integrated circuits and the
newest discrete componen ts. Helical
resonators are used instead of coils in
critical rf circuits to give the high
performance requ ired in the newly
assigned UHF frequency bands.

The 856 UHF type radios to be
supplied (Hallicrafters Model HC-400)
are an advanced communica tions
d e sign developed by Hallicrafters
engineers. Each unit is battery oper
ated and provides a minimum of 2W rf
power outpu t with a ba ttery life of 8
hours at a 10-10- 80% duty cycle.
Each unit has 4 transmit and receive
channels and is equ ipped with contin
uou s tone sq uelch. The Cleveland ver
sion of the Hallicrafters HC-400
utilizes an ex te rnal wearable speake r/
microphone/antenna combina tion. All
three functions are comb ined in a
compac t unit that can be handheld or
worn on a quick-disconnec t patch
attached to a policeman's uniform.

The Hallicrafters HC-400 personal
portable I'M 2-way radio is designed to
work as an integral part of the " new
trend" Cleveland police communica
tions system opera ting in the UHF
band. The prime contractor for the
sys tem is Page Communications Engi
neers of Washington , D. C.

Morro Bay Award
The Estero Rad io Club of Morro

Bay, California, announces th e Morro
Bay centennial award, in honor of
Morro Bay's 100th yea r. The cen ten
nial celebration runs from July 1970 to
July 1971. Contac ts for the award
must be made with in this period . To
obtain the award, work eigh t stations
in San Luis Obispo County, includ ing
three members of the Estero Radio
Club. Any mode and any band may be
used .

The members of the club include 
K6TOE ; WB6s: BNF, JTA, STG,
TYR, PPZ, ZRR , ECM , ROG, PGK,
SBH, VKN, YCIl ; WA6s, DDQ , DEI,
FHV, GOR , MGG, QDA ; and WN6s,
DHS, KOG, NFB.

Send a list showing sta tions, times,
and freq uenc ies and $1 to WA6DEI ,
custod ian, Box 1118, San Luis Obispo,
CA 93401.

If It Ain't One Thing
It's Another!

Two issues back 73 published a
new-product writeu p describing the
FM Schematic Digest, a comprehensive
sourcebook of Motorola transmitter,
receiver, and power supply schematics.
The only trouble with the writeup was
that a price of $3.95 was quoted, while
the actua l price is $6.5 0. As might be
expected, myriads of customers com
plained to the publisher that they had
been overcharged . The publisher , in
turn , asked 73 to rectify the situa tion
by printing a retraction. This is it.
Please, all you FM enthusiasts ou t
there in Radioland , stop bugging the
people at Two-Way Rad io Engineers,
Inc., 1100 T remont St. in Boston. It
wasn't their fault. Besides, $6.50 is a
mighty good price for 136 ex tra-large
pages of Motorola circuit diagrams,
alignment dope, and crys tal ordering
info .
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Classified

Caveat Bmptor? ~

Price - $2 pe r 2 5 w o rds fo r n on.
commercial ad s; $ 10 per 2 5 w o rd s for
business venture s. N o displa y ad s o r
lI.~encydiscount . In clude yo u r check
with order.

Deadline for lid s is the lst o f the
month tw o m onths prior t o publica
tion . F or e xampfe': January lst is the
d eadline for the Ma rch issue which will
b e mailed o n the 10th o f Feb r uary .

T ype co py . Phra se a n d punctuate
exactly a s yo u wish it to appear . N o
all-capital ads.

We will b e the judge o f su itab ility o f
ad s. Our re sponsibility for er rors e x 
tends only t o printlne a co rrect ad in a
later issue.

For $1 extra w e ca n m aintain a repl y
b o x for yo u .

We ca n no t che ck into e ach advertiser,
so Cavt'at E m ptor• . .

FOR SALE : Brand ne w G amet Com
m unica tor IV , 2 m eters. Com plete with
m an ual, $250.0 0 . Cer ti fied c hec k o r
m oney o rder . T im Gvsa n . 53 Lo thro p
sr., Beverly M A 01 9 0 5.

TIME BASE CR YS T A L OV EN . Cen te r
temp . 7 5 ° C. Cycli n g .0 SoC. llSV ac .
1 1,7" dia. x 3 " tall. Oc tal b a se. Holds
HC-6 / U xta l. Made b y Ove ne tre . R e
pl a c ement for Berkley Cou n ters.
$10.00 include s sh ip p ing . Never used .
Guara n teed . YeUo w Cab R ad io Dep t .,
PO Box 58 7. K ansa s City MO 6 4 10 8.

SELLING: $ 23 0 o f rad io gea r . Hal
licrafters SX 120 ge nera l receiver , $30;

Octo b er 2 4, ther e will b e a get-toge t h er
a nd t echnical p r o gra m pre sented .
T here w ill be n o c har ge o r o t h er fe e
m ad e to attend . F o r part iculars wri te
A . C , Ha r bin WASLWT, 204 Cedar,
Bro wnfield T X 79316.

BEST OFFER: Ha m marlund HQ-llO,
H ea thk it sup p ly HWA-17-1 , Monarch
F SI-3. B&W 7 5 o h m filter, 73 Maga
zine fr o m J st copy. R o y A. McCart hy
K 6 EA W, PO Bo x 3712, Anaheim CA
9 28 0 3 .

SWAN 2 50, 117 x c su p ply , T V2 B
(new) . S8S00 t ransceiver . C legg Venus
xcvr, 416 ac supply . S A SE for de tails.
Scotty , 145 34 Vaughan, Detroit MI
48223.

HW12, 22, 32. Owner : Convert your
rig t o three band SSB/CW t ra n sceiver.
Co nst r uct io n m anua l, $ 3.00 ppd .
Ca melot Co m pa n y , 215-28 Spencer
A venu e. Queens Village NY 11427.

NATIONAL 1000, one kilowatt t ra ns
ceiver, 8 0 - 10 meters, brand n e w, used
for shor t t e st for 7 3 . Cost $ 1 1 0 0. Send
check for $ 9 0 0 a nd it is yo urs. Factory
guaran tee. 7 3 Magazin e, Pe terbo rough
N H 03458.

AMATEUR EQUIPMENT REPAIRED,
ca lib ra ted, kits asse m b led and aligned,
d e -b ugged b y holder of Amateur and
F irst C lass Com me rcial FCC license s.
Write T om H opkins, Bo x 396 Faison
NC 2834 1 .

FACSIMILE MACHINES: RD9 2 A / UX
a nd TXC-IB. Your choice , w ith 100
she e ts pa per . $ 12 5.0 0 . N eed Mite
m otor. F .K. M cGinni s, 4 304 l\lcFarli n
Blvd .. Dallas TX 7 5205.

WANTED! Numerous back issue s o f
different radio m agazines. Huge Free
List. Trading o ld radio shows, air
checks. interested in co m m ercial movie
m aterial. Thomas King, Auxier.
Kentuc k y .

DRAGON FLY . ..antenna, for
20 -40 -75 m eters• . .no traps.. .n o com
promise • ..eight m o n t hs in develop
m ent•.•o ne fe ed line . • .SWR one to

. SWAN 250. p o wer su p p ly. x tal calibra
tor, s -meter, in o riginal carto ns $300.
G ettin g TR - 6 . KJ FM U /WB 8 FVL
G eo rge D e sser t, R F D 4 , Parke rsb urg
WV 2 6101 (3 0 4-863-5 405).

SWAN 250. p o we r su pply, x ta l c a lib r a
tor, s -meter, in original cartons $300 .
G ettin g T R -6 . KIFM U /WB8 F V L
George D essert, RFD 4, Pa rk e rsburg
WV 26101 ( 3 0 4-863-5405) .

WANTED: Used MN-2000 Drake
Ma tching Ne twork. M u st be in mi n t
co n d ition a nd reaso na b le p r iced.
Edward K o valan, 2 27 Wild wo od St .•
Clarksb urg WV 26301.

GREAT BRITAIN t o th e U .S.A. Let u s
quote yo u fo r a ny e q u ip me n t or com
ponents. Fre e li sts a vailable . Enquir ies
a nswer e d b y return Air Mail Po st. We
require go od clean job stocks o f elec
tronic comp onents . Eleko n E n ter
p rise s, J 2A T ottenlam S t ., London
WI P 9PQ, England .

GET YOUR " F I R S T !" Memorize,
study-"197 0 T ests-Answe rs " fo r F CC
First Class License . pl us " Self-Stud y
Ability Test ." Pro ven. $5.0 0 . Com
mand, Bo x 263 48 -S, S a n Francisco CA
94126.

TEST EQUIPMENT : S ignal G enera 
tors : Meas. 80, 2-400 M Hz, $250 ;
URM 2 6A, 3-405 MH z, $225 ; Meas.
65 B, 15 k Hz , 50 MH z, $ 350 ; HP608 A ,
10-500 MH z, $ 4 25 . Coun ters : Berk e.
ley 5 5 0 0 , Un iv. EPUT, 100 k Hz, $ 165 :
HP524B, 10 MH z, $ 495 ; HP525A ,
l a-100 MH z plu g-in, $ 1 15; HP626B.
Time Interval plug-in , $95. All guara n 
teed . Many m ore , sen d SASE for list.
Grattan Gray, PO Bo x 9 4 1 . Monroe MI
48161.

NEW SB 400 x m t r w /xta l pak , never
used and factory a lign ed, $ 3 00; N C
303 re conditioned a nd beeuurur. $ 20 0 ;
Collins mint KWMI. ac, d e, a nd mobile
m ount , $325 : Collins KWM 2 , 6
months old with CC2 case a nd ac
power, $750. N eed 2 kW linear and
will swa p . WB8F UG , PO Bo x 2 3,
Conway MI 4 9722.

LISTING SERVICE - gear to se ll ?
Need r ig? Sellers, $J .OO ; lists informa 
t io n year. Buyers, free. SASE brings
d e tails. W8TX X lis t ing servic e . Bo x
1111. Ben t o n Ha rb o r 1\11 49 022.

OTL INTEGRATED CIRCUITS: G uar
a n teed ne w : gates 704 , buffers 804.
F/F' 904. d u al F/F $ 1.15. Ad d 20%
po sta ge . SUMME R S PECIAL : su b tra c t
10% disco unt, Se p tember o n ly . Mitch 
La n Electron ics Co., De p t . 1070, PO
Box 4822, Pa norama City C A 9 140 2 .

TE CH MAN UALS: R -390/ URR .
R -3 9 0 A / UR R , TS -186D /UP , BC-6 39A ,
R - 274 /FRR, ARR-7 , $6.50 eac h ;
T S-174 / U , TS-17S / U , T S-323 /UR ,
$5.50 each . Hundreds m ore . S . Co n 
salvo, 4 905 R oanne Drive , Wash ington
DC 20 0 2 1.

RG8U o r RGIIU: Lo w loss fo am coa x
104 fo o t . PL259 , S02 39 404 each .
J 5 /$ 5 .00. J a c keted " inch a lu m in u m
5 0 o h m F oamrIe x 204 fo ot . New
Ham-M R oto r $95.0 0. Every th ing ne w!
Monte Sout hwa rd, Co. RD 5 1, Upper
Sandusky 0 11 4 3 351.

FOR SALE: Best o ffe r DX 100 ,
SX I 0 0, O X 40, Globe 9 0, TBS 5 0 . BC
348 , R C A 8 8 L F, ip501. Ma rconi LF ,
Ome ga 4 x5 e n la r ger , HT40 R CA
8506B, AR 850 3 , all in wo rk ing
con dx , Write Bo x 8 352, Sava nnah GA
31402 .

NOVICE C R YS T A LS : 40-1 5 M $ 1.38 ,
80M $ 1.83. Free Fl yer . Nat S t in nett e
Electron ics, Umatilla F L 3 2784 .

TELETYPE PICTURES FOR SALE:
Volume 2 , 16 pages con t a in ing 5 0
pictures $ 2.0 0. Volume 3 co mi ng
$1.50. Also au d io and perforated
ta pes. W9D GV-c . 2210-30th S t., Rock
Island IL 6 1 20 1.

TAMPA HAM FEST Low ry Park , S ligh
A ve & N o rht Blvd ., Tampa , Ffa ., S u n 
d a y, O cto b er II , 1970. Lots o f prizes ;
plenty o f fre e pa rking. Fun for a ll.



in the TO-59 package which is com
patible with the TO-60. The new tran
sistor is a product of TRW Semicon
du c tor Div ision. Communications
Tran sistor Plant . 14520 Aviation
Blvd ., lawnd ale, Calif. 90260.

30 WATT SSB TRANSISTOR

Representatives from five major distributors of Signal/ One's Model CX7
transceiver inspect the new radio in a familia rization seminar a t the Signal/On e
facility in St. Petersburg, Fla.

From left are Otto Hagendorff of Harrison R adio Corp., New York City; Park
il Young of Henry Radio Stores, Los Angeles and Anaheim, Calif.; Signal/One 's
Charles Brock; Doug Murray, owner of Amrad Supply, Inc., Oakland, Calif.; Miles
Cundy of Amateur Electronic Supply, Milwaukee, Wise. ; Signal/ One's Amory
Planchard j and John Capone, owner of CW Electron ic Sales, Denver, Colo.

The Signal/One program is a part of the Data Communications Group of
Electronic Communications, Inc.

Th e CX7, described as a "deluxe integration station in a single compact
package," incorporates many new design features, m ost of which stem from the
app lica tion of advanced aerospa ce elec tron ic technology to the amateur radio
field.

A new single-sideband transistor
furnishing 30W PEP across the 1.5 to
18 MHz band is announced by TRW
Semiconducto rs. The new PT6738 has
a gain of 13 dB and intermodulation
distort ion guaranteed 30 dB or be tter.
Operating voltage is 28V. The unit is

SEL L : Two Synchro Tape Machines
(Re mington TYPewriter /F riden
Tape /Card Punch and Reader) $150.
Operation in st ru c ti o ns and manuals fo r
F rid en units only . Some tape and cards
included. Complete d escri p tion in la te
19 6 8 issues of 73. Tektronix 5 llAD
$95 . Tektronix 514AD $150. Manuals ,
probes. a nd so me spare tubes in cl uded .

H AL L ICR AF T E R HT·33 kW linear
(need s 2 tub es) $75. HT-30 Exciter
$75, Drake lA rcvr . $100, aU for $200.
Phil Windolph W9NEP. 10737 S. Mich
igan , Ch icago IL 60628.

SELL or trade for h am eq u ip men t :
H /P micro-wave inst ru me nts : 4 15B
$50, 416B $7 5. 4 30C $75. p lus ship
ping . WA8JEH. 23 Coolidge Ave .•
Columbus OH 43228. .

GR EEN E cen ter dipole insu lator
with . . . or without balun . . .see
November 73, page 107 .

SAROC January 7-10. 1971, F la
mingo Hotel Co nve nt io n Center, Las 1,"."-"-'=="'--":.:..:::2=--::..=== :..::=--==-=- - - - - - - - - - - - - - - - - - - 
Vegas, Nevada . Sp onsored b y Southern
Nevada AR C. rn c. , Bo x 73. Boulder
City, Nevada. Ad vance registration
$14 .50 per person accep te d until Jan
uary 4. regular registration at door.
includes F lamingo Ho tel Late Show
and drinks. Su nd a y breakfast. co cktail
parties. t echnical seminars and meet
ings. ARRL. OX. FM, MARS. QCWA.
WCAR S ·7255 . WP S S -3952. an d
WSSBA. Ladies Program. F lamingo
Hotel SAROC room rate $12.00 plus
room ta x, per night, single or d ouble
occupancy January 3 thru 12. 1971.
Mail accom moda t ions req uest to Fla
mingo Hotel. Mail advance registration
to SA R DC. W7PRM. Club President.
W7PBV. SAR OC Co n vent ion Chair
man .

one guaranteed. Co nst ru ction drawings
$5.00. Box 423. Wakefie ld R t 02880.

RBB-RBC MANUALS. New. $5.00;
Used. $4.00. 0 5-8 o sc illosco pe manual,
$3.00. So m e QST 1929.30.31, etc .
Radio .1939. 40. 41. e tc . Write for list.
James W. Holloway W6LFL, 2027 Har
ton Rd .• San Dteao CA 92123.

CHARTER JET FLIGHT to SAROC.
Roundtrip New York City to Las
Vegas $229.00. d epart JFK 10:00 a.m.
Jan uary 7th. Roundtrip Ch icago to Las
Vegas $199 .00, d ep art O'Hare 12:00
noon January 7th. Return Ja nuar y
10th. Includ es meals and drinks aloft,
F lamingo Hotel Ro om three nights
double occupan cy. transportation and
baggage in and o u t o f Flamingo Ho tel.
dinner show, midnight show. Saturday
buffet luncheon. Su nday buffet break
fast. SAROC tickets. ta x a nd gratuity .
$60.00 will co n fir m reservation . in
cludes one d o llar service fee . Final
payment due before Novemb er 25th.
Flight cancellation o r writ ten request
fo r d eposit refund will b e accepted
until December 1st. SAROC. Box 73.
Boulder City NV 89005.

HI GH-PO WE R MOTOROLA Handte
Talkie Motorola PT 30 0. Practically
new. Two frequency . Tuned up and
operating perfec tly o n 146.76 a nd
14 6 .9 4 . Includes mash bar handset with
curlvcord , cry sta ls, new ni cad re charge
able battery. battery charger. Puts o u ts
about 6.5W. R ecei ver sensit ivity 0 .25
J.N . A steal at $325 and the first check
buys it . Manual included . Ken Sessions.
73 Magazine , Peterborough NH 03458
(603-92 4-3873) .

TE R RY COUNTRY A MA TEU R
RADIO CLUB will ho ld its 16th
Annual Ha m fest and Swap fest o n Sun
day . October 2 5 , 1970 in the Nati o nal
Guard Armory , Brownfield. T exas. For
those who co me early on Saturda y

AT T EN TIO N : Gala xy V Mark 2 , A.C .,
Console, V .D.X.• $ 370. Gon se t G-50,
$150. CV-71 T .V., Lab Aligned. $65.
Bill Handel K8 SSY, 95 Murwood
Drive. Ch agr in F aUs O H 44022
(2 16-247-6 130).

Heathkit HW30 t woer ground plane
an d beam. $50; Clegg 9ger for six
meters and Drake TI00 high-pass fil ter
and six m eter b eam, $90; an te nna
rotator and mast, $ 60. Ho ward Apple
gate. 1 59 Sh erida n Square, Brigantine
NJ 08203. Phone: Y09-266-3106 .
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EDITORIAL BY WA YNE GREEN

A nole from one of the officials running the
ARRL National convention in Boston

explained that Huntoon again has forbidden
them to allow anyone from 73 to appear on any
program.

There being more than one way to skin a cat,
we have arranged to have an auditorium room at
the convention in which to fun OUf own program.
This is more than sour grapes, judging from the
number of letters we have had asking if we were
going to be able to show my slides of King
Hussein, if Ken were going to be able to organize
an FM repeater forum to coordinate ac tion for
getting the proposed FCC regulations straigh t
coed out, etc. There are a number of things tha t
should be brought up for discussion at the
National Convention and we intend to bring as
many up for discu ssion as possible.

To those of you famili ar with the usual
ARRL open forums, let me say that the forums
we organize will no t be the rigged affairs th at you
have experienced in the past. I have ye t to see an
ARRL forum that didn't appear to be me ticu
lously planned with the end of preventing the
members from asking any embarrassing ques
tions.

If you have any ideas for forums that would
be of benefit to our hobby please take the time
to work ou t some details on your ideas and send
the m to me.

The schedule of talks in our room .. . room
437 .. . will be available at the 73 booth. Among
some of the talks and forums being sched uled are
the following:

DX coffee klatch
160-80 DX forum, KV4FZ modera tor
Foreign visitor get-together, Y02BO modera-

tor
Forum : Where do we stand with the lTV?
Forum: Do we need more phone allocations?
FM coffee klatch
Forum: FM repeaters and the FCC
Forum : FM the sta te of the art.
Forum: Do we need a Washington lobby?
Forum : 146. 76 or 146.94 as a repea ter

ou tput?
Forum: DX
Slides: Trip to Jordan and JY l
Slides: Visit to Arecibo and the big dish
Slides: YA-YK-YI-EP

10

Slides: FK-VR2-5W-KS6-FO
Forum: Mandatory tone for repeater control?
Forum: VHF
Forum: RTfY
Forum : Moonbounce
Forum: New blood for amateur radio?
73 boosters open house (cider - doughnu ts)
Forum: Incen tive licensing?
It is hoped that all sides will be present for

the open forums so that the best thinking of
everyone involved can be used to provide solu
tions to our problems. We plan to record these
forums and present the highl ights of them in
future issues of 73. We will do wha t we can to see
that a representative of the ARRL is present at
all forums to provide an explanation of the
official ARRL explanation for what has been
happening.

Since mos t of the action of the convention is
on Saturday we have scheduled all of the activity
on our program for this one day .

Schedule Canc eled
In the August issue of 73 I announced that I

would be standing by as nightly as I could on
14.300 at 0200 GMT for anyone with any traffic
for me, particular ly for news items that might be
of value for the news pages.

After trying this scheme for a little over a
man th and meeting the schedule most nights, I
can see that it is time to call a halt to this
madness. The interference in this General part of
the band is beyond belief and more than 1 care to
continue to face. Sure, I can hear the fellows in
there calling me, but the noise from other
sta tions is so bad that I can't even get call letters
through unless the caller has a kilowatt and a
good beam to back him up.

The General class operators who are trapped
up in that 75 kHz of the band have more
patience than I. The Advanced part of the band is
relatively free of interference and the time is rare
indeed when I can 't find a reasonably clear
channel there for working OX. I suppose that it is
a lot easier to pu t up with the mess in the
General section of the band than to try and
change the band .

It is not likely that I'll be missed too much on
14.300 as one signal more or less on the channel

(cont . on page 31)
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A ccording to a report in a recent issue of
Popular Elec tronics, one of the CB clubs

has established an office in Washington for
lobbying purposes. The item al so sta tes that a
nationwide cn organization is probably in the
offing, to be coordinated in to a program through
which they hope to influence the ac tions and
attitudes of FCC. They claim to have an ex-White
House staffer and several Texas Congressmen
interested in Citizen Band Radio.

There can be little doubt that such an
organized lobby, if properly financed and well
connected politically.
can become a strong
force in representing
the more than
875,000 person s
licensed in that ser
vice. But what about
us hams? What will
happen to the Ama
teur Radio Service if
the CB interests suc
ceed in gaining an
inside track, and we
continue to go on,
living in a fool's para
dise?

At 73 , Wayne has
bee n advocating a
change in perspective
for a long time. There
are many valid rea
son s why the Ameri
can Radio Relay
League ought to
change its inflexible opposition to the idea of
representation in the nation's capital. It is no
longer enough to maintain a laissez lau e attitude
toward this necessary change on the so le ground
that we must preserve a tax-free status for the
organization. While it may be perfectly true that
the League saves a great deal .of money through
this posture, if we were to lose prestige in the
eyes of legislators and members of the FCC,
merely because of our failure to propagand ize
(and yes, wheel and deal) with persons who
simp ly do not recognize that there is a vast
difference between amateur radio and Citizen
Band rad io, we are a cinch to wind up ho lding
the smelly end of the shaft. No ma tter how
exalted the position in governmen t a person may
hold, he cannot be ex-ected to suck the true
picture from his thum There are some very
intelligent people who still d o not know that we
are different from CB'ers, and they actually think
that persons who run the little five-watters are
ham opera tors. They simply have no idea th at we
are a group which participa tes in a wide spec tru m
of public service activity ... and how in the
wor ld could they be expected to know the truth
if nobody points it ou t to them?

It has become more urgent than ever for the
League to get off its duff and begin to do
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something about this. We can straighten out our
image in short order if only we fo rge t abou t our
own exalted op inion of ourse lves. We must get
over the idea tha t we are above getting our h ands
soiled .. . tha t we are too good to engage in
struggle with our adversaries . .. that we mu st
not show bad manners by sinki ng to the low level
of ot hers. There is absolute ly nothing to be
gained by sneering and making snide remarks
about the 11 meter bunch. While we arc scoffing
and rid iculing them among ourselves, they might
very well be getting some naive Congressmen to

pressure FCC for ad
d it io na l f requency
gran ts, and I would
jus t like to ask you ,
where would that in
c reased spec trum
come from? I 'll give
you three guesses!

We cannot rely
upo n "The Ham's
Wide Wide World" to
d o the job . It does
some good, of course,
but it's simply not
eno ugh. Ten , twenty,
or thirty film s like it
would also be good,
but would not be
enough to handle the
job. We have got to
embark on a much
broader program of
public education and
o rie n ta t ion, which

will penetrate into t he consciousness and aware
ness of this en tire coun try . We have got to make
sure that everyone in America recognizes that
amate ur radio contribu tes toward the general
welfare and heal th of our nation, and it is a viable
and indispensable part of our system. We must
point ou t, so tha t all our people know it
unmistakably, that ham rad io is not a toy or an
idle pas time for a set of superannuated playboys,
retirees, and young kid s. There are far too many
folks in this coun try who think that ham radio is
like stamp collecting, bowling, fishing, ki te
flying, and o ther such recreational hobbies. They
must be made to realize that amateur radio is a
meaningful activity which is vital and necessary
to the ongoing development of our socie ty. This
can only be accomplished through public educa
tion on a wide and universal scale.

It does us little good to proclaim to each
other, either verbally or in our own ham publica
tions, which are rarely read by ou tsiders, how
much good we do in programs like AREC,
RACES, MARS, or in all ou r other work . We
already know all of that. We don't need con
vincing. It is the general public and those who
represent them in governme nt who must be made
aware of it! If we fail to get off our fat behinds
and do some missionary work, we may find

(can t. on page 94)

73 MAGAZINE



~onel
AN OLD FRIEND (HENRY RADIO) INTRODUCES A NEW NAME, .. A NEW VALUE
... A NEW TRANSCEIVER. THE TEMPO 'ONE'SSB TRANSCEIVER REPRESENTS
THE CULMINATING ACHIEVEMENT OF MANY YEARS OF EXPERIENCE IN THE
AMATEUR RADIO FIELD. MODERN DESIGN, SUPERB PERFORMANCE, HIGH
STYLING, STURDY CONSTRUCTION, OUTSTANDING RELIABILITY, EXCEPTIONAL
VALUE - ALL THESE FACTORS COMBINED FOR THE FIRST TIME IN AN AMA
TEUR SSB TRANSCEIVER MAKE THE TEMPO'ONE'THE OBVIOUS CHOICE IN TO
DAY'S AMATEUR MARKET.
Fi\(e Band Coverage: 80 thru 10 meters· Power Input: 300 watts PEP· Selectable
Upper and Lower Sideband • Built-in VOX • Built-in Calibrator • ALC • AGC •
Y2 Microvolt Receive Sensitivity • Receiver Off-set Tuning • All the features you
want at an unbelievably low price .. . only $298.00
AC/one, 1 1~220 volt SO/50 ; cycle pOWer supply . . . $99.00 DC/one, '2 yelt DC power supply ... $107.00

TED HENRY (W6UOU) BOB HENRY (WflARA) WALT HENRY (W6ZN)

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

"World's Lars esl Distributor of Amateur Radio Equipment"



T here's an ugly rumor floati ng arou nd abou t
an idiotic FCC interpreta tion of what con

sti tu tes misuse of spectrum; and if the rumor is
proved true, t he new bad guys will be the reds in
Washington. And the good guys will include
Wayne G reen and John Hun toon , as we ll as -all
the ham opera tors who participa te in service and
medical-aid nets.

The to-do sta rted when th e FCC lowered the
boom on the eye ba nk net. According to the
F eds' new interpretation of an ovc rapplied ruling,
suc h opera tio ns arc now illegal. T he FCC
dropped a note to some of the fe llows in the eve
ba nk net and advised them th at their hammi ng
was "for the use of" an organizatio n. and was
thereby an impro per operation.

A t the League, Hu ntoon got wind of the tlap
and protes ted to the FCC. The West Coast DX
Bulletin also made noises of dissent. Bu t so fa r
the cries have gone unheeded, and the eye bank
net - as well as thousands of o ther service
grou ps - stands on the verge o f disbanding.
Huntoon voiced his comments to AR R L direc
tors in a ge nera l letter las t month , sta ti ng that th e
FCC is in e ffec t actu ally reversing its prio r policy
of encouragi ng service organiza tio ns.

"These newest interpre tations," Hunt oon
said, "strike at the hear t of organized ama te ur
rad io in denying our right to con tinue to engage
in such activities as vo lun ta ry communica tions
for most boat races, parades, car rallies, chari tv
drives, election results, eye bank network, and th-e
like. ..

And from the West Coast DX Bulletin came
the comme nt: " ... it would be wise for every
ama teur - DX' er or o therwise - to watch this
matter, keep informed of developme nts, and
sup por t th e ARRL in it s protests to the FCC."

T o give the devil his due, I must say that in
this issue, the League must be supported. John
Hun too n is righ t in his reference to the new
threat to o rganized ham radio. The FCC must be
made to see tha t these service func tions and
organiza tions are the stuff that hamdom is all
about. The consideration that I think should be
fo remost in the minds of the Feds is the one
stipula ted mos t clearly in the FCC rules - about
the principal purpose of amateu r rad io being for
the conve nie nce, necessity, and in th e bes t
interest of the public.

If the e ye bank net is no t in the best interest
of the commu nit y, how can ama teur radio itself
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be" "'ven the Saturday Evening Post h a ~ ac
claimed the amateur CYl' bank net for ir -, ..crvice
to humanity. In a com prehensive story en th e
wo rkings of the net. \Ia:\ Gun ther 's Po-t article
laid of how the hams work with surgeons to win
the race against blindness. The story goes. in
part:

Early in the morning of May 2, 1963, at the
Indiana University Medical Center in Indianap o
lis, a man died of a heart ailment. He was 57,
During his lifetime he had become interested in
new medical techniques for saving sight, particu
larly in the fact that parts of the eye can be
transplanted from one person to another. Like a
growing number of Americans, he had authorized
surgical use of his eyes alter his death .

The dead man's eyes were promptly removed,
sterilized, packed in small glass bottles, and
carried to the In diana Lions Eye Bank in the
same building. 1f, within 48 hours, an eye patient
needen them, th ese eyes co uld be used. A f ter
that, they would rapidly deteriora te.

Later that morning in Io wa City, Io wa, a man
visited eye surgeon Dr. Alson Braley. The patien t
was a dark-haired, handsome young engineer who
worked for the May tag Company in Newton,
Iowa. Since his boyhood his left eye had suffered
from an inflammatory condition which had
damaged the cornea , the transparent outer cover
ing of the eye. On this May morning the eye had
suddenly become very painful. Doctor Braley
found that the cornea had rup tured, and rushed
his patient in to the University Hospita l. 1£ th e
eye were not repaired before the day ended, it
would be lost.

Doctor Braley's jo b was to cut o ut th e
damaged section of cornea and replace it with a
piece of healthy cornea from a donor's eye - if
he could find one. He telephoned the local eye
bank, but they had no fresh eyes available that
day.

Local eye-hank workers might have spent aJl
day telephoning the 80 other eye banks scattered
across the nation, and it co~ld easily have been
too late by the time the eyes were lo cated in
Indianapolis.

Fortu nately for Doctor Braley 's patient, a
m ore effective link existed - a coast-to-coast
network of amateur, or ham, ra dio operators who
make it their hobby to provide emergency
communications among the far-flung eye banks.

The staff of 73 joins the staff at ARRL
headquarters in an appeal to the FCC to give
fresh consideration to federal rulings and official
in terpretations. All amateurs working in public
service and all ama teurs who believe that public
service is vital to the ultimate preservation of our
hobby shou ld voice their opinions to ~lr. Bill
G renfe ll, FCC, 191 9 1\1 5 1. N. W., Washing ton, D.
C.2 055 4,

. , . K6:-'IVII •
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TEN-T E e,IIIC.
SEVIERVilLE, TENN ESSEE 37862

Mr. J ohn H . Thompson, W IBIH/PJ9JT, re
cently packed his Ten-Tee Power-Mite PM 3A
transceiver into a suitcase and headed for the
Coral Clif f H otel, Curacao (Netherlands An
tilles) . From there he worked the world.

" Final tally on the PM 3A results at PJ9JT are 261
QSOs on 14 MHz and 41 QSOs on 7 MHz for a total
of 302. This includes 32 different countries in 5
continents. I operated only with the PM 3A on 7 and
14 Me. CWo No contacts were set up first on high
power, nor was any auxiliary receiver used. It was
all done with the PM 3A. Of course I had a FB
location and the call didn't hurt. Among the OX
worked were f ive VKs, a ZL, VU and 4X4. Only
Africa was missed and I did get a PJ? response

from an EL. The batteries, a pair of 6V lantern
balleries in series, lasted the entire operation

and showed no signs of failing. Some comments
from stations worked :

W8KIT: 'Congrats on that signal with real QRP'
WIlOPK: 'Unbelievable'
W5IUW: 'Ur really busting my ears'
W3KR: 'Boy, ur 5 walls FB here on my allic antenna'
W4KC: 'Did you say 5 walls?'
W2GA: 'Boy, ur rig doing FB'
W4YWX: 'Unbelievable - if I didn't know you I'd

swear you're pulling my leg because ur
hilling 20 DB'

K3CUI: 'Are you really runn ing only 5 walls? FB'
OK1AOR: 'Sigs 589 FB'
K6IC: 'Your 5 walls sure good here'
UK2KAF: (ex UP2KNP) : 'Ur low power sure doing FB'
K4ZA: 'Ur sig has real punch'

< I did other hamming, making some 400 contacts on
the other bands, both CW and SSB using high power
equipment. Could have made many more QSOs in
the same time using the high power rig but it
wouldn't have been half the fun."

Power-Mite PM 3
PM 3: 20-40 meier bands
CW only - power input 5
watts power required 12
V e .e. - 500 rna. HIgh lm
pedance output for neee
phones. $69.95

Power-Mite PM 3A
PM3 A: Same features ex
cept with break- in keyi ng.

$79.95

--------------------------------------
Order today from your distributor, or direct:
Please ship my D PM 3 $69.95 prepaid at once.

D PM 3A $79.95
I enclose my 0 Personal 0 Money order In fu ll

check

Satisfaction guaranteed or money back.

Name' _

Address _

Cily ~State' _<Zlp,-- -



Robert A. Hirschfeld W6DNS
Section Head, Communication Microc ircuits
National Semiconductor Corp.
Santa Clara CA

T he t ran sistor was horn amid predic 
tions that vacuum tu bes would soon

disappear: then , some tcn years ago , the
first integrated circuits led to speculatio n
that both tubes and transistors would be
replaced . While neit her of these pred ictions
has yet been completely fulfilled , the last
few years have seen substantial sh ifts
towards exclusive use of ICs. It is becoming
increasingly profi table for equipment
manufacturers to substit ute inexpensive,
co mplex "subsyst ems" for the array of
co mponents form erly used , eliminating at
the same time much of the assembly work .

For ama teur radio , par ticularly the
"homcbrew" man, the wide availabil ity of
cheap ICs opens up new possibilities.
Commercially built ham equipme nt should
simultaneously improve in performance
and decrease in cost. As spectrum space
becomes more precious, and more so phis ti
cated modulation methods become neces
sary . ICs will allow un complicated design
and construction of transmitters and
receivers wh ich would have once caused
casual weekend experimenters to give up in
despair.

What Is an Integrated Circu it?
There's no reason to be myst ified. An

IC is simply a garden variety transistor
circ uit, in which a number of transist ors,

e
• ,

,
,

b • b • b

,
,

- •

F ig. 1. An NPN transistor as two back-to-beck
diode!>.

diodes and resistors have been made at the
same time, by photographically and
chem ically treating a piece o f the base
transistor material - si licon. The fC, or
microcircuit , is a natural o utgrowth o f the
process used to make single transistors, so
let's use the transistor as an fC primer. In
its simplest definit ion , the NPN tra nsistor

16 73 MAGAZINE



of Fig. I consists of a fo rward-biased diode
(emitter-base junction), and a reverse
biased diode (collector - base ju nction),
which can be made from a slab of silicon
by " diffusing" P- or N-type chemicals, in a
high-temperature fu rnace, into selec ted
regions of the slab .

Assuming that we start with a slab
already containing N-type chemicals. Fig .
2A, and chemically "grow" a thin layer of
glass (silicon dioxide) on top, the glass
layer is now a shield aga inst penetra tion of
the slab by other chemicals. Using the same
kind of photo-etchihg techniques used in
the making of newspaper ty pe and photo
plates, we make a "window " in the protec
tive glass, Fig. 2B. and then place the slab
in a furnace containing P-type chemical
gases. The result is Fig. 2e. a " diffused"
region under the wind ow in which the
majority of atoms are now P-type, plus a
regrown layer of glass over the window. A
second window, smaller than the first. is
opened, and the process is repeated in an
N-type furnace, giving the struc ture of Fig.
2 D. Windo ws are then opened, and con
tacted by a thin layer of aluminum, for
each of the three regions in the slab , Fig.
2E. Attached to wires, and brought ou tside
a can enclosing the slab , these three regions
become the collector, base , and emitter.
We now have an NPN transist or!

Why make just one transist or? Why not
use a photo-etching process that makes
many transistors, side by side, on the same
slab? This is in fact how most single
transistors are made today, Starting with
one N-type collector region, many bases
and emitte rs are di ffused, with the resu l
tant tho usands of transistors, being cut
apart afterwards and put in individual
packages.

Suppose we want to build other
compone nts - for exam ple, a resistor 
using the same processing steps employed
in making transistors. Why not use the
built-in resistivity of the chemically treated
silicon as a resistor? And why not cut apart
the transist ors in intercon nected groups,
rather than into individual pieces? One
problem exists: isolating one element from
another. Remember, in a slab , or "wafer,"
of NPN tra nsis tors, all collectors are in one

emltttf

"

"

c

"

"

"n" diffusion

B

A

"

E

D

collector

"e" diffusion

j j j

silicofl dinid. ,p..1

m,ulhlld connections

A....

Fig. 2. Construction of a silicon NPN transistor
(cross-section view).

OCTOBER 1970 17



This photomicrograph of an IC rf amplifier shows NPN transistor elements (T), diodes (D), resistors (R)
and the wire bonding pads (W).

region, and are thus shorted together. The
solution is a fourth , P-type region, separ
ating each transistor or resistor region (Fig.
3). If we bias this "isolating" region so that
it always forms a reverse-biased P-N junc
tion with everything it surrou nds , each
"component" in the IC will be effectively
isolated by a nonconducting, open diode.
We can now form any combinatio n of
transistors, resistors, and diodes we like,
simply by choosing which "windows" we
open at each step in the fabrication pro
cess.

What Are the Advantages of ICs?
Economy - Since we must go through

the photochemical process to make tran
sistors anyway, it costs very little more to
make several of them; putting many tran
sistors in one package is more economical
than separating them. In the long run, an
IC gives a lower " cost per transistor" than
a discrete transistor circuit.

Ease of Use - Most of the signal pro
cessing and dc biasing is done within the
microcircuit , so less wiring is needed to
bring signals in and out of individual

• • • • • • rWstor
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Fig. 3. Cross--section view of an IC, showing two NPN transistors and a resistor.
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uses the NPN collector region as base, with
P-type emitter and collector formed by
two adjacent diffu sed-base regions. Current
flows sideways , or laterally, from emitter
to collector. Since the width of the base

~u bstrille

Fig. 6. The "Parasitic " collector-substrate diode .

region is much wider than used for an
NPN , the lateral PNP has poor frequency
response and a low beta . Thus, lateral PNPs
are no t used as gain stages, but only as d c
level shifters, where necessary . The sub
st rate PNP use s the same type of emitter
and base as the lateral ; however, its col
lector is the P-type isolation region, or
substrate , which lim it s the usefulness of
this transistor, since it s co llec to r is always
grounded, and its characteristics as poor as
those of the lateral PNP .

Medium-power NPN transistors are now
practical ; they take up a great deal of ch ip
area because of the need to spread their
dissipation over a larger region . Their co l
lector saturation resistance is not as good
as very inexpensive "discrete" power tran
sistors, because IC collector contacts are
necessari ly made from above , while ordi
nary power transistors, which don't have
isolation regions, have bottom collector
contacts, with a shorter current path , and
hence lower re sistance. For most practical
designs, an IC can handle power outputs to
a watt or so , but must drive an external
power transistor to obtain power levels.
This also keeps IC power dissipation with in
the limitations of its small package .

Parasitics - Here is where the ac tual
characteristics of an IC depart in unex 
pected ways from those of the sa me circui t
in discrete form . The culprit is the P-ty pe
iso lation region, which separa tes the
vanous IC elements; it is a reverse-biased

20

PN junction (Fig. 6) , which is assumed to
be an open circu it. But such a ju nctio n
produces a parasitic sh unt capacitance
from NPN collector to ground , which can
deteriorate high-frequen cy performance of
the IC. While IC sche mat ics rarely show
this PN junction, it must be remembered
by the use r who applies supply voltage
other than those recommended ; since the
substrate is co mmonly connected to the
most negative point in the circ uit, normal
operation does indeed keep it reverse
biased , but an attempt to operate an NPN
collec tor more negat ive than this voltage
will fo rward-bias the junction , drawing
possibly de st ructive cur rents . Fi nally, this
seldom-ment ioned junction can produce
undesired subst ra te PNP action , or eve n act
as an SCR.

Recalling tha t one definition of a t ran
sistor is that it conta ins a forward -biased
and a reverse-biased junction, it can be seen
that if the collector- base ju nction of the
NPN is inadvertently fo rw ard -biased, it will
form the base-emitter junction of a sub
st ra te PNP whether we like it or not.
Moreover, this condit ion produces exactly
the same trigger condit ion in the fou r-layer
NPNP IC st ructure as is used to turn on a
fo ur-layer SCR. Unde r so me circu mstances,
this produces " latchu p," wh ich holds until
the su pply is turned off , or draws enough
current to damage th e IC. In properly
designed ICs, used accord ing to ma nufac
ture rs' recommendations, parasitic prob
lems will no t ar ise. Experimenters, using
nonstandard external ho ok ups, however,
may find "parasitics" the explanat ion for
the IC's unexpected beh avior.

Conclusion
We 've peered inside the marvelo us,

widely acclaimed IC, an d found it to be a
logi cal extension of known circuit designs
and transistor fabr ica t ion te chniques. It has
a few peculiarities, but offers conven ien ce ,
performance, and economy in building all
types of ham eq uipment. A basic u nder
standing of what goes into an Ie, its
advantages and inhe rent limitat ion s, will
prepare us to loo k at availabl e ICs, an d
learn how to put them to work .

. . . W6DNS •
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Fig. 4. Lateral PNP (cross section ).

ponent matching is guaranteed . For this
reason . integrated circ uits are available
which simply are impractical using single,
hand-matched transistors a nd resistors.

What Are the Ie's Limitations?
La rge Compone nt Fo ie ra n ces »

manufacturers, despite th eir most careful
con trols, cannot prevent a wider variation
in resistance. transisto r beta , etc., than
would be allowed in conventional circuits .
A I kn resistor might well be 750 kn on
units from a given production ru n, and as
high as 1.25 kn on the same type of device
from a different ru n. This was considered a
problem in the early da ys of ICs, but
designers soo n discovered circuit t ech
niques wh ich overcame uncontrolled to ler
ances. While value of monolithic elemen ts
va ries from run to run. the ratio of

••,

adjace nt componen ts is very accurate ly
controlled. For this reason , most ICs arc
designed to rel y mainly on ratios. rather
than component values.

l. im ited Ty pes of Components - Since
the basis fo r the IC process is t he same as
that used for NPN sil icon transistors. we
might expect NPNs to be the best com
ponents resul ting from that process.
Adding resistors, d iodes (which are really
transistor base -emitter junctions ), and
zcner diodes (which arc reverse-biased
base-emitter junctions) , there is a mu ch
more limited select ion of practica l com
ponents available to the IC designer than
with conven tiona l circuits. Capacitors of
any reasonable value tak e up too mu ch
chip space, which increases the fC's cos t. A
0 .0 1 pF capacito r. made eithe r by using
the capaci ta nce of a large, reverse-biased
PN junction . or by using the "glass" layer
as a dielectric, with a me talized to p plate
would be several t imes larger than the
largest ICs comme rcially mad e today.
Thus. when a ca pac itor is needed fo r an lC,
it must be placed ex te rnal to the IC itse lf.
In an attemp t to min imize t he number of
external capac itors, many new ICs depart
from the usual RC-couplcd interstages, and
arc instead co mplete ly direc t-coupled.

Similarly , inductance on a chip is
impractical, so that ICs designed for tuned
amplifica tion generally require exte rnal
tuned circuits.

While PNP transistors are used . they a rc
not capable of nearly as good performance
as NPNs, since the chemica l processing is
not o pt imized fo r them. Two types of PNP
are available : th e la teral PNP (Fig. 4) and
th e substrate PNP (Fig. 5). The lateral PNP

Fig. S. Substrate PNP (cross sect ion ).

•••

transistor stages, or to interconnect bias
voltages.

Perf ormance - As we've seen , there's
not hing magic abou t th e individua l tran sis
tor s used in an IC; if a ny thing, they may
not be q uite as good a t high frequen cies as
their discrete cou nterparts . because of the
capac ita nce to the "isolation" region. Their
real advantage in performa nce is that we
arc no longer limited to design ing circui ts
to use a minimum number of expens ive
transistors : we can design a better circ uit
that uses four or five times as man y
transistors, at less to ta l cost than th e
di screte circuit. Moreover , interstage
coupling and capac itance is much less of a
problem than with "d lsc retes." because o f
the microscopic lead lengths be tween com
ponents. Finall y, becau se all parts of the tC
arc made simu ltaneo usly , by accurate
photographic techniques, excellent com-
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SAROC
Another First From

ASTRO
International

in conjunction with

SAROC

presents a

From NEW YORK only $22900per person
las. .. Crllu ity Included

From CHICAGO only $19900 per person
Tu .. G"tuily Included
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Bill Ho isington KI CLL
Far Over Farm
Peterbo ro ugh, N.H.

Y OU may no t like parts of th is art icle.
but then a lot of real life isn 't all that

likable eithe r. I'm jus t going to put down
my viewpoint of fCs as related to ama teur
use at the present time as I fin d them.
Some can be very useful, and some are not
so useful , even though they work well fo r
the ir origina l purpose.

I hope this article will help you de cide
which kin d to experiment with , and how
to te ll the useful ones from the kind that
are good for compu ters only .

Integrated circuits are simply very sma ll
transistors, diodes. an d resistors, con
structed on tiny di ce , so met imes called
chips, of substrate material.

Capaci to rs and inductors are not gener
ally included in these devices ; therefore , in
communications systems the external com-
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ponents are often many ti mes larger than
th e IC itself. The benefits of ICs can be
considerable , however , as in an example
suc h as the HEP 590 , which has high gain,
low inte rnal feedback, and absence of
det uning effect over the entire avc range.

Compuler ICs
This is where the wh ole thing started ,

and it was a fascinating story, for the
science of electronics at least. In a com
puter t here is a tre me ndous need for
hundreds, thousands, and millions of
memory cells, switches, gates, adders, sh ift
r eg is te rs, "sc ratch" pads, inverters,
counte r- divide rs, delay lines, digital-to
analog converters, analog-to-digital con
verters, flip-flops, buffers, comparators,
parity generators, current drivers, differ
entia l and operational amplifiers, binary
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decoders, and a host of other device
types - all of which are geared not for the
ham but for the computer specialist.

In spite of the cumbersome logic that
early Scientific American articles declared
to be about ready to topple from sheer
unreality, some computers can do things
that cannot be done by men, such as
computing an astronaut's course correction
in a few seconds, solving vast and complex
urgent equations also in seconds, etc.

But what concerns us as amateur
experimenters building new amateur com
munications equipment is the IC itself.
Today's computers use, as one example, a
14-pin f1atpack about \4 in. long by ab,?ut
1/8 in. wide, and very thin. The particular
one I have in mind contains some 32
transistors and is the great-grandchild of a
two-transisor flip-flop multivibrator, which
can "stand on one leg or the other but not
Qll .both." To make the pesky little thing
foolproof, they included a variety of "con
stant-current transistors, lockup prevention
transistors, phase reversers, (which reverse
the "truth table'.'), and heaven knows what
else.

1 did detail all the functions in there at
one time, a few years ago, and believe it or
not the specs on this thing do include a
truth table. They do work, even though
there is not one capacitor in there. Every
thing is direct-coupled. With 5V at several
hundred amps total on a computer power
supply they're happy with I V in the off
state and 4.5V in the on . They work fast,
too, like being clocked (pulse driven) by
2,10, or 20 MHz oscillators, or even higher
as each year goes by. Yes, this does mean
exactly what you're wondering about 2,10,
or 20 mil/ion pulses, or "clicks of the
clock" per second.

So the computer can work fast - so
fast even that they're now worrying about
the time it takes for a signal to travel over
printed ribbon connectors from one tray to
another. Sound familiar? Like short leads
at VHF and UHF?

MSI and LSI
Just another word to let you know that

the big manufacturers are not content with
just 30 transistors in an IC. No siree!

Medium-scale integration, or MSI, which

OCTOBER 1970

is just a way station, puts a lot more
than 30 devices - really invisible to the
human eye now - in that little can.

Large-scale integration (LSI) really gets
to be high-density. I have one with 156
leads and 774 announced functions on a
single chip.

There are manufacturers who make ICs
that amateurs can use, as well as some
transistors for TV front ends that look
great for VHF and UHF.

Adding another transistor to the design
of a chip is a matter of around 3¢ or 44,
maybe even less today. You draw up a set
of masks and red uce them down photo
graphically to where each individual tran
sistor-to-be cannot be seen at all except
with a good microscope.

Then these masks are used one after the
other to diffuse various materials going
onto the chip, such as properly doped
silicon. aluminum, gold, etc. - and event
ually you have a wafer with fifty or a
hundred, or some other larger number of
ICs on it. One transistor more or less is
thus only a matter of dividing the time
involved in drawing it once - plus the
engineering time of thinking about how to
do it, and how to test it afterwards. This is
one of the main reasons for the seemingly
large numbers of active devices in some
ICs. If there's any possible advantage, in
they go! Why not?

Communication ICs
Here is a different story right away.

Practically every "radio set" for communi
cation work that I've ever seen or heard of
has coils in it (or at least resonators if you
go to UHF and microwaves). Now in a
little f1atpack only a few mils high how are
you going to put in any tuned circuits? The
answer is, of course, you don't. They go
outside. So now where are you? You're up
against a conflicting set of requirements.

There are some "natural" divisions of
rf, af, and i-f circuitry where attention
must be paid to the proximity of the
components, as illustrated in Fig. 1.
Shielding, or great care, or both, should be
used at these points. They are;

1. Rf amplifier input-output.
2.I-f input -output, in particular from

the diode region back to the front end -
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Fig. 1. Block diagram of typical receiver showing
"trouble spo ts. "

Fig. 2. Internal structure of Motorola's HEP 590
and pin identification data.

Diode D 1 is for de biasing of Q 1, under
conditions of varying temperature . Being
laid out on the same silicon die as QI , their
currents will be closely similar, even with
severe changes in tempe ra ture , with conse
quent de stabili ty.

The noise figure of a two-transistor pair
is lowest when the input device uses the
common-emitte r connection . The second
device will then have little effec t on the
noise figure.

The actual measured gain at 60 MHz is
over 30 dB in suitable circuits, which
consis t of no more than tuned and im
pedance-matched inductors.

By the use of two of the se devices in
cascade , bandwidths of over 10 MHz may
be obtained at 60 MHz, which shows
considerable possibility fo r ama teur micro
wave amplifier service.
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particularly touchy on ce rtain i-f harmonics.
3. Af input - output.
4 . Overa ll feedback from the af output

to the front end, even spea ker to antenna,
this being oft en just a loopstick and close by .

In the following rf-i-f IC example you
will see that certain things can be done on
those tiny chips which are very inter
esting - not only for i-f work but fo r rf
also .

Motorola's HEP 590
Motorola has a very interest ing Ie

device for high frequency amplification ,
the HEP 590. Two outstanding advantages
can be noted : low internal feedba ck, even
when using the maximum gain o f over 30
dB, and large ave action without detuning
of the circuits

It is packaged in a l I l-pin can some
5/16 in. in diameter. The leads can be
soldered or inserted in a socket. The
present suggested net price is $3.99 , which
is quite low considering what it accom
plishes.

How the HEP 590 Works
Figure 2 shows the internal schematic .

When ave voltage is applied to the base of
Q2, Q3 is turned off and the ac gain will be
at a minimum. This act ion takes place
without noticeable change in the opera ting
point of QI , whose input imped an ce re
mains constant , with very little detuning
effe ct on the input tuned circuit even wit h
ma ximum ave voltage on Q2 .

The configuration of Q I and Q3 re
duces the internal feedback to a low figu re,
which is generally immeasurable up to
seve ral hundred megahertz. With the 30 dB
of gain obtainable at 60 MHz, this is a great
advantage.
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Single Sideband:
Theory and Practice

b y HARRY D. HOOTON, W6TYH

This one-source guide em .
phaeizes basic principles a nd
c ircu itry of sab . Covers the
origin of ssb, t he d eriva t ion
of ssb signals, carrier-sup
pression techniques, s ide
band selection. and a com 
p lete analysis of all ty pes of
ssb eq ui p ment. O rder 24014, only . . . $6.95

73 Dipole and
Long-Wire Antennas

b y EDWARD M . NOLL, W3FDJ

This is t he fi rst compendiu m
of virtually every t ype of
w ir e a ntenna used by a ma
teu rs. I ncludes d imensions ,
con fig ura t ions, and d etailed
const r uct ion data for 73 dif
ferent a n te n na types. Ap
pendices d escribe the con
str uction of noise bridges ,
line t u ners, and data on m ea suring resonant
freq uency, v eloc it y factor, a nd SWR. 160
p a ges. Order 24006, only $4.50

New 18th Edition of the famous E & E

RADIO HAN DBOOK
by WILLIAM I. ORR. W6SAI

Completely u pdated ed ition of the famous com 
munications handbook which is the electronics
industry standard for engineers , technicians
a nd advanced a mateu rs. Explains in a ut horita
tive detail how t o design a nd build all types of
radiocommunications eq uipment . Includes SSB
design and eq uip ment , RTTY circu it s , latest
semicond uctor circuits a nd I e 's, as well as
special-p urpose and com pu ter circuit ry . 896
pages; hardbound. Order 24020, only . . $13.50
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73 Vertical. Beam, and
Triangle Antennas

by EDWARD M. NOLL W3FOJ

Describes the d esig n and
construction of 73 d iffe re n t
antennas used by amateurs.
Each d es ign is the result of
t he a u t hor's own experi
m e n ts with variousantenna
configurations ; each ha s ac t ually
b een buil t a nd a ir- t ested by t he
a u t hor . Includes a p pend ices cover
ing t he construction of noise bridges
a nd a n ten na line tuners , as w ell as
m ethods for m ea suri ng r esonant fre
que ncy , velocity factor, and stand 
ing-wave ratios. 160 pages .
O rder 24021, only $4.95

•

The Radio Amateur's
F-M Repeater Handbook
by KEN SESSiONS, JR .• K6MVH

This is t he definitive work
on the momentous a nd
cha llenging s ubject o f
a mateur f-m repeaters, a
vital new d evelopment
which has been virtually
undocumented . Chap ters

include: Preparing and Obtain ing S ites for
R epeaters; H ow to Build a Repeater; R e
pea ter Applications. Includes an F-M R e
peater Directory. There is no ot her com 
parable book ava ilable. 228 pa ges; hard-
bound. Order 24008, only $6.95
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reduce the gain of that receiver by a large
amount. That HEP 590 really has a lot of
sock.

Putting the HEP 590 on 6 Meters
After removing the 40 me ter coil and

putting in the required values for 6 meters,
signals came in right away. Plenty of

The HEP 590 on the Breadboard
The 40 meter amplifier circuit of Fig. 3

was set up on a copper-clad baseboard with
soldered connections to terminal st rips .
The antenna was brought in to a connec
tion on LI at 16 turns from the cold end
and the 590 input lead (pin 1) tapped at 5
turns. The 100 pF capacitors (CI and C2)
are too large for in-band operating units
but are all right for experimental use.

Manual control of the gain was accom
plished with the 5 H1 pot, ave tests to be
done later in i-f service.

The output of the device (pin 6) was
connected to the top of L2 J and 6 turns of
small wire wound around the cold end.

I started out with loose-coupled an
tenna, base input, and out put link, but
soon discovered this is not the way to go
with the 590. It likes lots of coupling, on
both input and output. When this was
done , the really large gain of the device
became evident . Various signals from 80 to
below 40 meters sounded like reception
with a superhet receiver (except for the
selectivity).

When I used the device as: an rf ampli
fier in front of my lab receiver , I had to
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$50 $73 $73

LAST CHANCE!

o 3 yrs 5 12
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LIFE

With thi s issue of 73 we close out our
first ten years of pub lication . In an era
of unprecedented inf lation we have done
well, we think, to kee p our subscr ipt io n
rates as low as we have. We started out at
37fl a co py, went to 40« when the
newsstands protested the odd figure,
then went to 50fl. 75«, and finally a
dollar. Our subscription rate started at
$ 1 a yea r. and went to $ 12 fo r three
years back in 1966.

If congress and the adm inistra tion
wou ld try and cut expenses down we
suspect that the inflat ion would stop. As
long as they keep the Bureau of
Engraving busy three shifts a day print
ing more money. we can' t have anything
except inf lation . and (as has been proved
ra ther clearly) c urb ing consumer credit
on ly makes t he sit uat ion worse by add 
ing a recessio n to the inf lati on .

S uff ice it to say . we must inch our
subscri ption rates up a litt le bit more
just to stay in one place. The new
subscription rates will take effect with
the next published issue of 73, thus
giving you t ime to repent over dawdling
on send ing in your money.

Current U.S. After Oc t . 1. 19 7 0
Term & Foreign U.S. Foreign

The Amperex TAA300
The home of Amperex being not too

far away in Rhode Island , I visit ed
down there for half a day and was well
rewarded with some new VHF transist ors
that look swell, and also in meeting some
topnotch engineers in the lab .

The TAA300 is a co mplete af amplifier
in one of those litt le l Uepin cans, and puts
out a watt of audio -when required 
enough to modulate a couple o f watts of rf
on 6, 2, or 432 - which , along with the
exciter section , will take just about all of
the de power of two lantern batter ies,
rated at 12V and O.SA.

And it's good for the receiver also . Plug
the i-f dio de output into it and there 's your
loudspeaker banging out a wa tt. Let's take
a quick look at one of these .

With LCs, allow for lots of t ime. Some
of this time will be spen t in puzzling o ut
three things : the internal circu it , the ex
ternal circuit, and how to draw one schem
atic that has both .

I am counting on the TAA-300 to do a
lot for use as a I W af amplifier; b ut on ce
again, remember that these lit tle gems are
not primarily mad e for experimenters 
they're made to be wavesoJdered into sma ll
radios and TVs by the hundred thousand s.

An engineer in a large company can
afford to sit down at his desk and spend a
week or two figu ring how to best put this

sta tions were hea rd , and in part icu lar, us ing
a 100 ft wire , Q5 signa ls were heard that
co uld not even be found on the dial
without the 590 preamp . It works! The 6m
values for the inductors are as fo llows :
L l - 4 turns at 8 turns per inch , 9 /16 in .
diameter; L2 ~ 5 turns at 4 per inch , 9/l6
in. diameter L3 - 4 turns, wound on L2 .
Figure 4 shows the 6 meter versio n of
th e HEP 590 amplifier.

So the Motorola HEP 590 IC linear ampli
fier works as claimed . It is a relatively easy
Ie to pract ice on, with o'nly th ree act ive
devices inside , and can be built up into a
circuit and tested in a day 's time .

From working with it So far, I can
verify that excellent reduced-size , high
-freq uency i-f amplifiers for amateurs can
be made with it.

OC TO BER 1970 27



..

•

,

,. ."or
ea .. ...ca

"" ..
f¥,,. " .

..~

" J TR3
T';!-...,.

'" .. ''0 1' 00 "'"" ." .",,. .., ..,
) T~

• 0' y .., ,. ,.

'" ~)
TRII

" " ).. " ".~. '0' ""
,

~

Fig. S. Amperex TAA300 - a 1 Waudio empsitier i C.

•,

,
•

,

•

device into a set because tha t week ca n be
spread cost-wise over (hopefu lly ) a large
number of se ts if he does a good job . Can
you do this just fo r one item '!

Does the circuit of Fig. 5 look like an
audio amplifier? Where 's the input and the
output? What are those five d iodes doing in
there? Why I I transistors just for an af
amplifier when the "All-American Five"
design will give you mixer, oscillator, i-f, af
driver, and af Rower stage?

Do n' t think I'm ru nning th is th ing
down, because I intend to use it. I just
want you to be prepared for a little "new
th in ki ng."

With printed circuitry it has always
been my feeling that why sho u ld anyone
build just one? To learn the printing
process invo lved , yes. For building o ne
circuit, no . Now so me of these little l Dcpin
jobs are good for experimenters, and you
may also be in terest ed in learn ing about
them for business reasons, too - or for
size , a lthough to really cut down in size
ca lls for some pretty expensive external
com ponents. Look at Fig. 6, the external
circu it. There is a .64 J.lF capacito r on p in
6, 400 /IF from pin 2 10 pin 5 . a 25 /IF
capacitor on pin 8, and 47 JlF from pin 2
to ground . With " ordinary" size electro
lytics three o f these values are each four
times the size of the device it self, but I
expect with voice frequencies some of
these can be cu t d own a bit.

Then there are a few applica tion no tes
to t hin k abou t, like t he stab ility q uest io n ,
and a few others, b ut they are no t bad .

28

All worth-while things take ti me, and
this is one of the m. Be advised, and allow
yoursel f time enough to study it out before
you pick up that little solde ring iron .

Amperex TADIOO
Ambi tious, knowledgeab le , hard work

ing people have looked at the several
million-per-year market for just pla in old
radios (new ones, of co urse) and thought
about making lCs for them. And they
made so me . I have worked with one of
the m, the Amperex T ADlOO , and here is
the sto ry as I foun d it.

There are a d ozen o r so trans isto rs in
the little plastic bo x only 3/4 in . io ng, as
you can see in Fig. 7, the internal circuit ry
of this one. These transistors are pretty
close together in there - much too close
for an amateur experimental unit, as you
will see .

The manufacturer, ambitious as he was,
did produce large nu mbers of excellent and
very tiny rece ivers with th is IC. It has a
mixer, oscilla tor, i-f, detecto r, and an af
amplifie r - bu t no po wer stages. Almost
everyth ing you might need, excep t yo u
have to add a few things on the outside, of
co urse . as sho wn in Fig. 8.

There are so me good ideas in corporated
into this baby - like using two transistors
for the mixer. So are three for one i-f stage .
I don't particularly go for the four transis
tors in the af stage , without even the power
ou tput unit yet , but it d oes work.

What d oesn ' t go fo r the amateur ex peri
mente r is the fantast ic proximity o f the
in put , the mixer , the oscilla tor, the i-f and
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Fig. 7. A m perex TAD1 00 is a comple te broadcast receiver in one tiny package.

the af - all in there together on that one
t iny chip. Just too , too close for me. When
every thing is running right with all the
pre cautions advised and an exact copy of
the original printed board is made up and
all the components are in exactly proper
places, it do es work as a Be set.

One of the precautions listed: "The
oscilla tor must be limited to 100 mY ;
otherwise it will get into the i-f and the
af." It did! I worked I0 days o n th is

OCTOBER 1970

part icular Ie and to make a long story
short, the mixer and the i-f ran okay at
times (and at times not), but when the
internal local oscillator was used, I kept
running into trouble.

Bear in mind, such an Ie d oes work fine
for mass production of Be sets . It's just
that for an ama teur experimenter as a
single unit, there is too mu ch feedback
involved. Also, the oscilla tor is strictly
limited to the Be band service, which
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precl udes using it as an amateur converter.
The people handling this unit are exce llen t
engineers and have some other very good
devices; and they are still working with

newer and better devices for a complete set
(including an FM job l), so we will almost
certainly see them again soon.

. . KICLlII

UHAM-M" ROTOR
DESIGNED EXCLUSIVELY FOR HAMS

Super Accurate Calibration Supports
1000 Ibs of Dead Weight

The Famous CDR Ham-M
Rotor comp lete wi th control
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fo r unheard of price.
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t• M ai l O rders , ch ec k
w ith P.O. For Ship ping
c harges

• S h ipp ing wt 30 Ib s
I nelude p o stage w / order

• N o C.O.D .

(215) OL9·59OQ
80 N. York Road, Willow Grove, Penn. 19090

• B ra nd New
• A regu la r T op V a lu e o f

$ 139.95
• Limited Quant ity
• PA Resid en ts ad d

$ 6 .54 sa les ta x
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(Cant. from page 10)
is irrelevant. I did notice that most o f the fellows
that man aged to work through to me were
interested in a New Hampshire con tac t or else
wanted to just say that they enjoyed the
magazine . No traffic for the news pages ever
developed.

I'U try and get on around 14.21 0 or so at
2100 and 0200-0300 whenever I can. If you
have news items please just mail them in and let's
forget that General section of 20 meters.

News Pages
If you are involved or get word of any th ing

that you think wou ld be of value to the 73
newspages please take it upon yourself to act as a
repor ter and get the news in to us. The last
minute for each month is the 20th.

The news pages not on ly are of considerab le
value to our regular readers, but we go to the
trouble and expense each month of reprinting the
rust two pages and sending them to every
congressman in Washington. Thus yo ur news
stories can do a great deal towards crea ting a
favorable climate for our hobby in Washington .

In addition to the news story having your
byline, we will also send you a PRESS pass which
can help you get in to restricted places fo r futu re
news stories.

In addition to news which is of national or
international interest we also would like to have
news of activities on the various ama teur bands
. . . par ticularly interesting nets unusual
con tac ts DX sta tions of note VHF band
openings con test annou nceme n ts ... special
awards e tc. These announcements won' t war-
rant a press ca rd and byline, but they will help to
make amateur radio more fun for all of us.

Your Vo te Cou nts
Half of the sixteen ARRL directors are up for

reelection each year. When those of yo u who
have not dropped ou t of the Leagu e cast your
vote this fall you might keep in mind that little is
to be gained from keeping the same old faces in
office. A reading of the minutes of the last board
meeting will tell you the story . . . most of them
are sales reps coming to you from headquarters
rather than your representatives runn ing your
club.

More Phone Bands?
The September issue o f QST carries an article

on why the ARRL directors decided against
expanding the U.S. phone bands. The article is
interesting, bu t completely out of touch with the
realit ies of 1970, expressing the leftover concep ts
of twenty years ago.

The main theme is that if we expand our
phone bands, phone operators in the rest of the
world will move into the CW bands to get away
from us. Back in the AM d ay s th is would have
been so. It is unfortunate that so few directors
and HQ personnel are active ama teurs ; otherwise,
they would cer tainly have realized how com
pletely ou t of date the arguments were.

Few DX con tacts are made cross-band these
days compared to the old AM days. Twen ty years
ago it was unusual to work a DX sta tion
operating inside the U.S. phone band. Today it is
extremely unusual to work one outside our band,
with th e exception of a few DXpeditioners who
have curious reasons of their own for split
frequency opera ting. There are times when it is
better for a rare OX sta tion to work split. but the
need for this is unusual. There seems to be little
need for a " DX" portion of the band today fo r
phone .

While operating from JYl I tried opera ting
above and below 14 200 and I found vastly more
OX ac tivity above 14200 than below. The lack of
U.S. phone sta tions below 14200 has encouraged
commercial occupa tion of these frequencies and
few of them are free of this sor t of interference,
and thus few are of mu ch use to anyone
anywhere. If this band were opened to U.S.
phones I believe that the periodic assaults of
QRM from the U.S. would drive a great many of
these in terlopers to clearer channels, thus benefit
ing ama teurs everywhere .

It is unfortunate that the ARRL directors are
so inactive that they are not aware of cond itions
as they are in 1970 and thus were talked into
comple tely giving up the weak try they made to
get HQ to push for more phone frequencies.

If you think ·1 am exaggera ting or coloring
this then please take the time to read the Walker
article in QST and the board minutes. Ugh.

. . . Wayne _

WHEN IT COMES TO ANTENNA SYSTEMS... IS YOURS
a space -prnblem? a budget problem? an applications problem? an installation problem?

or simply a problem of where to buy?
Your one-stop solutio n is ANTENNAS . IN C.
Exc lusivelv specia lists in rad iating systems. c o m p le t e systems o r any component part .
Arrays-comp lete o r in kit form . Quads, vag is, d ipo le assemblies, vert ica ls -fixed or rocbne, towe rs,
masts . rotor s, guy and cont ro l c ab le. transmission . line. coax rel a ys and swi tc hes . c o n n e c t o rs and
adap to rs, test ge a r. tech nical p' ublic atfons, c o r ro sio n re sista n t h ard ware, c o rro s io n p roof in g c hem icals.
insu la t ors. installa tion and wiring hardware, aluminum tUbing and p late , wi re . a nd mu c h . much more .

If vou r req u ir e m e n ts are for a complete system. major c o m p o n e n ts, o r t he smal lest vet important
piece of ha rdware -

Our prices and deliveries are hard to bear _. . anywhere.

ANI[NNASINC Dept. B, 512 McDonald Road ~:T.~:~~:: ~~~~~~~;f~~~U~~:;:~=:
[ , • Leavenwort h. Kansas 66048. 52.00, refundable. first ord er.
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Don Nelson WB2EGZ
9 Green R idge Road
A shland NJ 08034

Fig. 1. Sch emat ic diagram of RCA CA3018. Num
bers refer to pins of I C.

others. there is diode action bet ween the
su bstrate and some elements of the circuit.
You can see this characteristic using an
ohmmeter between the collectors and the
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T he experimenter has broad horizons
with the many low- cost ICs and semi

conduc to rs available today . While many of
the lCs have bee n designed for a specific
service, such as an audio amp lifier or a
logic switch. there are types which con ta in
several transistors to be used in almost any
ap plica t ion. The RCA CA3 0 18 exemplifies
th e second category . Let's examine the
device as an introduction to integrated
circ uitry.

Four silicon t ransistors are formed o n a
common monolithic su bstra te within the
CA30 18. Two of these transistors are
int erconnect ed by having the emitter of
one ti ed to the base of the other. Eithe r o f
these transist ors may be used separately
since an external lead connects to the
emit te r-base link . The int ent of the inter
connect ion is to use t he transistors in a
Darlington circuit. The other two tran
sistors are iso lated as shown in Fig. 1.
No tice the substrate is important enough
to have it s o wn lead. In this IC, as in most
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NEW SINGLE-BAND BEAM
FROM MOSLEY

Model CL-20

•

•
aSSICe

WITH
EXPANDED OX
CAPABILITIES

ON 20 METERS
DON'T LIMIT YOURSELF!

When you install a 20 meter beam. there is only one
antenna investment you can afford . .. The NEW CLASSIC 20
with expanded OX capabili t ies. thanks to the new
Classic Feed System. " Balanced Capacitive Matchi.Ll9.:.::
This new array promises to be the most universally accepted
amateur beam ever developed for 20 meters.

TA KE A LOOK AT THE VITAL STATISTI CS I
• FORWARD GAI N: 9 .8 db compared to reference dipole:

11. 9 db over isotropic source.
• POWER RATED: 1 KW AM / CW; 2 KW P.E.P. SSB input to t he final.
• SWR: 1.5/1 or better.
• I\AATCHING SYSTEM: Balanced Capacitive.
• FEED POINT IMPEDA NC E: 52 ohms.

• NUMBER OF ELEMENTS: 5. A luminum tubing; 6063' T.8:3,::2:.,. _-=:::::::::...~
• MAXIMUM ELEMENT LENGTH: 38 ft . 1l> in. ....
• BOOM LENGTH: 46 ft.
• RECOMMENDED MAST SIZE: 3 in. 00. .
• TURNING RADIUS: 28 ft . ~'r
• WIND SURFAC E: 18. 7 sq. ft . .~'" a• . ~
• WIND LOAD (EIA Std. 80 MPH): 364 .45 lba.
• ASSEMBLED WE IGHT: Approx. 139 Ibs. u , S. PAT. NO. 3419872
• SHIPPING WEIGHT: Approx . 145 Ibs. v ia truck.

For deta iled brochure write •.. De pt. 19SG

Manufac turing TV An tenna-Accessories
for nearly a Quarter of a Century.

Write for the Free Booklet.
" How to Improve Your TV Picture"

Department 198TV

&.1111'1~~ 4610 N. LINDBERGH BLVD. , BRIDGETON, MO. 63044



substrate. These diodes are reverse-biased
by connecting the substrate to the most
negative point in the circuit , thus isolating
the transistors. If the substrate is not
connected in such a fashion, you may not
get transistor action from the circuit.

The transistors in the CA30 18 are useful
from dc to 120 MHz. One of the big
advantages of integrated circuitry is the
matched characteristics of the transistors
within . Gain, for example , is mat ched
better than 10% and the base- emitter
voltage match is better than 2 mV over a
wide temperature range. Because o f these
characteristics, this and other integrated
circuits are excellent for temperature
compensated circuitry .

Another plus for most ICs is the excel
lent low-frequency noise figure . Transistors
in the CA3018 array boast 3.2 dB of noise
at I kHz. At 100 Mllz, the noise figure is
typically 7 dB, so this device is favored for
operation below VHF.

Learning to use the best characteristics
of a device and learning to design ·around
its limitations are good engineering prac
tices. 1 once heard a ham brag, "The 4X 150
is a great little tube - mine is dripping
solder from the radiator, but my power

output hasn't dropped ." Well, those good
old days are gone when you use
semiconductors - so learn what the ratings
are all about . Maximum and minimum
values for the CA30 18, which must be
observed, are listed in Table I.

Table I. i c Parametric Limitations at 770 F.

Param e t er CA3018 CA3018A

Maximum power d issip ation :
any si ngle transistor 3 00mW 30 0 m W
total package 4 S0 mW 4 S0mW

D erat e S m WroC f or T A
>BSoC

Maximum eoneeror- rc-emtrter
vo ltage '5V 15V

M ax im um cct tec tc r- t c-bese
vo l tage 20V 30V

Max imum couectc r- t o. substrate
vo ltage 20V 40 V

Max imum srnhrer- t o-b ese
vo ltage 5V 5V

Max imum co llec to r current SOmA SOmA

Those readers who are familiar with
transistors will find only two new ratings; a
total-package power rating, and a collector
to-substrate voltage rating. The first is a
limit for the sum of the power dissipation
of the individual transistors. For example,
if one transistor operates at the 300 mW
level, the average power of the remaining

,

Exterior view of the 500 rnA power supply . The case used is a Bud CMA 1930.
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Placement ofparts is only
critical with respect to
squeezing everything into
the box. The 2N5295
transistor is outside the
rear apron and insulated
from the main chassis. A
piece of copper 2·1/2 x
2 x 1/32 in . forms a heat -
sink for the power tran-
sistor.

three may not exceed 50 mW each (300 +
3 x 50 = 450). The second new rating
refers to the breakdown voltage of the
collector-to-substrate diodes. These diodes
are always reverse-biased because the sub
strate has been connected to the most
negative part of the circuit. It is easy to
determine the exact voltage in a circuit
because the collectors are frequen tly at the
most positive voltage.

Many le s have lo w breakdown voltage
ratings, which can be a serious disadvan
tage. In some cases, you may be able to
design around the problem. Another prob
lem at the experimenter's level is the fact
that if one transistor is destroyed, the
whole IC has to be replaced . This disadvan
tage is somewhat offset by the low $1.62
cost of the CA30 18, but it is hard to
rationalize soldering 24 leads for each
mishap . A discrete transistor cou ld be used
in a crisis with the CA30 l8. Better ye t, use
a socket for breadboarding.

OCTOBER 1970

•

Applica tions
The CA3018 is a natural choice for a

power supply regulator amplifier. Such an
application, I feel, is also interesting for
analysis. In Fig. 2, I have drawn a very
basic regulated power supply using three of
the transistors . Let's examine its character
istics from the ratings of the IC.

Nearly all the curren t to a load will flo w
through Q4 (p ins 12 and I); therefore, we
are limited to 50 rnA, which is the
maximum collector current of any single
transistor . If you think about it, this is all
the current required by many circuits. The
power supply could service almost any
circuit now operated on small 9V batteries.
An FM portable receiver draws peaks of
less than 20 rnA; AM radios draw even less.

The second rating to consider is the
co llector-to-emitter voltage . The grea test
pe rmissible value is 10.5V, which is well
under the 15 V rat ing of the transistor. The
collector-base breakdown voltage is no t
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Fig. 2. R egulated 9V 30 rnA power supply using CA3018.

exceeded and the emi tter-base junc tion is
never reversed-biased, so the design is clea n
in those respects. Don't forget the co llector
to-substrate rating. In this case. the maxi
mum voltage seen is 18V : okay for this
circuit, but not for the next one.

When considering the power rat ing, it is
safe to assume we will no t exceed 85°C (no
derating necessary). and the power diss ipa
tion of Q4 will be much greater than the
total power of 01 and 03. At 50 rnA of
current, the power (P=IE) would be .050

(l8 -9)=0.450W, which is high for a single
transistor. A reduction in output current o r
lowering the input voltage on pin 12 is
necessary to operate within ratings. In any
case, it would be wise to heatsink the Ie
for this circuit . You may expect it to get
hot above 30 rnA.

T he shortcomings of the CA3 0 18
become apparen t as we attempt to design a
more versatile supply such as the one in
Fig. 3. A 2N5295 power transistor was
added to the basic circuitry in order to

,
CA30le A

R-20" eo ",A
10 ... 100 ",A
2" !500 rnA

" TO ev

UTILITY POWER SUPPLY

Fig. 3. "Utilitv" power supply with 7- 18V output. Resistor R determined by current requirements:
20U-sO rnA; l OU -1 00 rnA; 2U-sOO rnA.
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SWAN 260 Cygnet 80-1 Om AC/DC (SSO Bonus ) S43S.00
SWAN 270 De luxe Cygnet (S50 Bonus ) 525.00
SWAN 3S0C aD- lOrn Transce iver . (S50 Bonus ) 420.00
SWAN SOOCX SO- IOm-De lu.e .. (SSO Bonus ) 565.00
SWAN 250C 6m Transceiver .... ($50 Bonus ) 450.00

NS-I 6m Noise Silencer . . . . . . . . . . . . . . . . . 36.00
TV-2B (Speci fy 14 or SOme if) .. (S30 Bonus ) 350.00
CYGNET 1200W Lin ear (S2S Bonus ) 295 .00
Mark II SO-10m Linear-w/tubes (S50 Bonus ) 395 .00
Hark 68 6m Linear -w/tubes (S50 Bonus ) 395 .00
Power Supply (or Mar k II & 68 . . . . . . . . .. 265 .00

117XC AC Supply w/spkr . in cab inet 105.00
14-1 17 12v DC Supply w/ Cab le 130.00
S IOX MARS Oscillator - le ss crystals .. _.. . 55.00
508 Full Coverage VFO . . . . . . . . . . . . . .. 145.00
2 10 6 Mete r VFO 120.00
VX-II Plug- in VOX . . . . . . . . . . . . . . .. . . . . . . . 35 .00
IOOke Calibrator for 350 19.50
100ke Calibrator kit for 350C only . . . . . . . . . 19.50
SOOke Calibrator kit for 250 or 250C .. . . . . . . 19.50
FP ·I Phone Patch . . . ... ... . ... . . . . . . . . . . 48.00
AF-SOO Aud io Fil ter . . . . . . . . . . . . . . . . . . .. . 2S .00
14C 12v DC Modu le/ c abl e S 65.00
14CP As above . but Pos it ive Groun d . . . . . . . 15.00
111X Basic 111 vACSuppl yONLY 65.00
230X Basic 230v AC Supply ONLY . . 15.00
111 or 230vac Line Cord ( s pe ci fy) . . . . .. . . . . S.OO
8' Cable w/plug (Supply to Transce iver). . . . 6.00
230XC 230v AC Supply. speaker, cabinet . . . . 115.00
14-230 12v DC Supply w/230v Bas ic 140 .00
Un iversal Mobile Mount ing kit . . . . . . . . . . . . . 12 .00
55- 16 Cu stom Crys tal Latt ice Filter . . . . . . . . 95 .00

SWAN HORNET TRI-BAND BEAMS (2 kw P .E .P .)
TB -2 2 E le ment (s tandard) S 99 .00
TB-3 3 El ement (standard) 119.00
TB-3H 3 Element (Heavy Duty) 139.00
TB-4H 4 Element (Heavy Duty) , 169.00

1040 10-40m Trap Vertical . . . . . . . . . . . . . . . . 59 .95

"MODEL 35 " SINGLE BAND MOBILE ANTENNAS
5' top sect ion wit h kwi k-on S 11 .95
15m coi l with kwik-on 2 1.95
20m coil wit h kwik-on 23. 95
40m coil wit h kwik-o n 25 .95
15 m coil with kwik-on 21 .95
IS" Base Sec t ion . . . . .. . . . . . . . . . . . . . . . . . . 8.50
36 " Base Sect ion . . . . . 8 .95
48" Base Sect ion . . . . . . .. 9.50

SO-10m MOBILE · SWANT E NNAS ··
Mod el 45 (Manua l Band switch ) , . , . , S 19 .50
Model 55 (Rem ote Ba ndswi tch ) , 129.50

Custom Co ntour Bumper Hount . . . . . . . . . . . . . 24 .95
I(wik-on Antenna Connector . . . . . . . . .. .. .. . 5 .95

AMATEUR ELECTRONIC SUPPLY
4828 W. Fond du Lac Ave . ; Milwaukee . Wis . 53216

Phone (4 14) 442-4200
ST O R E HOURS: Mon & F ri - 9 am to 9 pm; Tue s , Wed &
T hurs - 9 am to 5: 30 pm; Sat - 9 am to 3 pm

* TOP TRADES for your good clean equipment* STAY-ON·THE-AIR PLAN-Enables you to keep
your trade-ins until your new gear arrives - Lose
no operating time!* Convenient Revolv ing Charge Plan* PERSONAL SERVICE from fellow hams who
understand your problems* SAME DAY SERVICE on most Orders and
Inqu ir ies from our Centrally Located Hodern
Facilities* Top Notch Service Department* UP TO S50 CREDIT may be taken towards other
merchand ise when on a unit that indicates a
Bonus is purchased without trade-in and at the
regu lar pr ice .

GET OUR

DEAL TODAY!

Use Handy
Coupon
Below

Terry Sterman . W9DI A Ray Grenier . K9KHW
Propr ietor Mg.'r . Mail Order Sales

••••••••••••••••••
• To: AMATEUR ELECTRONIC SUPPLY •
• 4828 West Fond du Lac Avenue •
• Milwaukee, Wisconsin 53216 •
I I am interested in the foll owing new equipment: •

• •
: I have Ihe fol lowing to trade: (what's your deal?) :

• •
• Ship me the following New Equipment: •

• •• •
: I enclose $ I will pay halance(il any) :

• D CO 0 (20% deposit) D Revolving Ch arge Plan •

• Nane •

• •• Address •

· Cr~ •• •• State Zip •

••••••••••••••••••
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Fig. 4. This meter faceplate can be glued to any
appropriate sized meter with a 5 rnA full-scale
rating.
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A word about the operation of the
current limiter is in order for any prospec
tive builder. Transistor Q2 is normally
turned off until an overload occurs. At this
time, the voltage drop across R is enough
to turn on the 1N400 I and the emitter 
base junction of Q2 . As the transistor is
turned on, its collector is pulled toward
ground , thus turning off Q3, Q4, and the
2N5295 . As soon as the overload is
removed, the supply recovers to its former
voltage. This limiter may be made variable
fo r limiting at lower currents. Approximate
limiting values are shown in the schematic.
Under extreme current limiting conditions,
the collector-to-base voltage of Q3 and Q4
will approach 26V. This is acceptable for
the CA3018A.

While the CA3018 is not truly a circuit,
it provides an interesting introduction to
the technology and charac teristics of
integrated circ uitry. Its versa tility invites
experimentation . For those who would like
to duplicate the regulated power supply
shown in the photos, I include a full -size

copy of my meter panel as Fig . 4 . This can
be copies or cut from the magazine and
glued to the face of an appropriate 0 - 5
rnA meter.
Reference :
Several other interesting circuits for the CA3018
are discussed in the RCA integrated circuits
manual, where complete ratings and typical
characteristics are listed.

The completed 500 rnA regulated low-voltage
power supply.

operate to supply to 18V and 500 rnA.
Other changes include the use of a
t e m perature-compensated z~ner diode,
variable voltage output, and current limit
ing by use of the fourth transistor on the
IC. Incidentally , you might just want to
build a power supply like this if you are
newly acquainted with semiconductors.

The 2N5295 will handle 500 rnA and
higher voltage with ease. If we assume the
beta of that transistor is 50 at full load, the
base drive required would be 500 /50, or 10
rnA. That is no problem for Q4 of the
CA3018 . On the other hand, it soon
becomes apparent that we need higher than
20V breakkdown. Some relief is obtained
by using the CA3018A, but not quite
enough to handle the collector-emitter
voltage drop across the Darlington pair. By
using a zener diode between the high
voltage po int and pins II and 12 of the IC,
the collector-to-emitter voltage require
ments are reduced, as is the collector-to
substrate voltage.

It is not necessary to use a temperature
compensated zener here. Collector-to
emitter voltages are the only ones above
ratings now. Three CA3018s tested had
collector-to-emitter breakdown voltage
ratings in excess of 23V ; however, this is a
weak point in the design .

Power requirements are lower with the
addition of the 2N5295. The maximum
power through Q4 is 23V x O.OIOA=
0.230W, enough less than the maximum
rating that no heatsink is necessary .
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COl>£ '~A.CTKt OS(lllATOR
CW MONITOR

....,.,u oe,.

----AMECO----

• Monitors Transmitter's CW • Transistor ized
• Kit or Wired • Built-in Speaker • Low Cost
The Model OCM is a combinat ion Code Prac tice Oscil lator and CW
Monitor. It mon itors your CW sending with a simple (no modif ication)
connect ion to the keying terminals transmitter. It may be used with
any transm itter or transceiver employing negat ive bias keying. Atone
cont ro l, as well as volume control, and head phone jack are inc luded
on the front panel. Built-in back-to-back diode switching makes it
unnecessary to turn the unit on and off, even when switching from
CW to Phon e. Current drain only takes place when the key is actua lly
depressed. The model OCM contains one transistor and two diodes.
Size: 6" x 3" X 2/1

Model OCMW (Wired & Tested) (less batteries)
Model OCMK (Kit form) (less batteries)

Leader in Compact, Quality Ham Gear
P.O. BOX 6527, RALEIGH, NORTH CAROLINA 27608

A Division of Aerotron, Inc.

•••••••••••••••••••••••••••••••
• , •• •• • •• •• S. W.R. BRIDGE •
•

• M ODEL S W B · 2 •
• READS F ORWARD AND

•
REFLECTED POWER ' ~a . .
SIMULTANEOUSLY se- .,2 J

• • " E ASY READ" M ETERS ..~~ •

•
• USE FOR REFERENCE -, S. W, A. •

P OWER METER . ;;) " ..

• . DU~~;~~-~~::':EM:TS A •
•

• L OW INSERTiON L O S S «iJ~6 •
• S IZE.S"X2 "X2" "'ff.• .. •• •

•

THE BEST MAY BE LEFT •
VALUE W E

III" II. r.. " AVE IN LINE, UP GOOD THROUGHm... l_

•
• WI"''' IIlIft." EVER TO 2000 WATTS. 2 METERS •_ 11I1; " I

OFFERED!

. ~~aT~3---~---T~mro~---~---~ho~4M.~~~.

: QUEMENT ELECTRONICS :
• 1000 SOUTH 8ASCOM AVENUE SAN JOSE, CALIFORNIA •
• "Northern California's Most Complete Ham Store" 95128 •
••••••••••••••••••••••••••••••



M ost 73 articles te ll. hut th is o ne ask s.
T he usual how-to piece gives counsel

fro m one ham to many on what need be
done to solve a stated problem, but th is
olle reverses the process.

Because a quarter-million heads are
better than one, advice is sought from the
collective conscience of hamdom for the
im media te be nefit of one umateu r c

na mely me .

In exc hange for such desperately needed
aid. I am prepared to provide Similar-type
advice in the same field acquired the hard
way, through personal experience involving
cut-an d-try methods refined in the crucib le
of actual domesti c confrontat ion.

Camouflage !
A recent proof of this pudding In my

own background went this way :

Like this :
If you've bought a new piece of gear

you' re unable o r unwilling to explain to
your XY L, eq uipment costs being wha t
they arc and "holdout" money piling up in
your wallet's secret compart me nt the way
it does, here's the formula to follow:

Stopping off at a hardware store on my
way home fro m Happy Harry 's Ham Head
quarters with a shiny new Drake R-4A
under my arm in its shipping box , I bought
the things a fellow needs under such

40

Guy S laught er K9AZG
753 W. Elizabeth Drive
Crown Point IN

circumsta nces.
The clerk said, point ing to my burden ,

" What ya go t in the carton there , Charlie '!"
Knowing him to be a big-mouth type

who some times waits on my wife, I told
him, "Frabbersnatches for my flibbergist,
and the danged things leak , Yo u got
t r a nsparent masking ta pe and some
window putty'!"

He did have, so I bought so me , added a
can of red Rustoleum, and re tired to my
private - if shabby - office.

After sending my secretary (a nosy type
who thinks more of my wife than she does
of me) across town to get a signature on an
obsolete deed from a guy I kne w to be
vaca tioning in Guatama la, I we nt to work .

Inside my sanctorum with the doo rs
locked and my phone off the hook , I
taped , painted and puttied .

In half an hour the new Drake loo ked
like a World War II field telephone junction
box nine years out in the rain . Swi tching
the shiny black kno bs for so me assorted
beat-up brown and gray o nes I keep in my
desk for just such purposes comple ted the
transition .

I then ca refu lly shredded the new ship
ping carton and t he bi ll o f sale into lit tle
pieces, flu shed them do wn the office
dooley , and stuck the Drake into a bat
tered cardboard box the janitor used for
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his supplies.
Then I went home with it.
The XYL m et me at the door, where I

avoided he r glassy eye by staring at her
messy hairdo . "Been to the beauty shop
today , Honey?" I asked in hearty gree ting.

She mumbled some thing uninte lligible,
turned up her nose at the Dra ke , and
uttered those welcome words.

'"I wish you 'd quit hauling that ju nk
home to fix for your rotten frie nds,"
quoth she.

See how easy it is?
Of course, after a few weeks the paint

streak rust spots and the putty scars can be
wiped off the gea r, a little a t a time. the
protecting tape stripped away. and the
origina l knobs replaced one by one .

I[ the transitional work is done gradu
ally, your resident enemy won' t no tice th at
the beat-up box has been t ransformed into
a thing of beauty .

On the other han d , if she or the spies
she has mothered are the observant type,
you can leave the camouflage in place until
you're ready to trade it off fo r a new

••••••••••••••••••••••••
HATRY ELECTRONICS
500 Ledyard 51., Hartford, Conn. 06114

203·527-1881
11 Block bst of W.th.rsfi.ld Av• • off

Airport Rd., Rt. 6)

See CORKY, W1KXM orWARO, W1WRO

ANTENNA STUFF
In 100 fool rolls only

450 ohm open w ire. Per 100 fee t . .. • . . .. . • •. $ 4.95
300 ohm open w ire. Per 100 feet .. . . • . . . • • • • 4.65
Standoff·Mast or Screw-In •••• • •• •• • • • • • • • •• . .19

In 100 ft . int.rconnected coils
18 Copperweld. Per 100 feet : . . $ 1.19
14 Copperweld . Per 100 feet . . . . . . . . . . . . . . . . 2.95
12 Copperwe ld . Pe r 100 feet . . . . . . . . . . . • . . . 3 .99
14 Copper·Solid . Per 100 feel. . . . . . . . .. . . . . . . 4.29
12 Copper-Solid. Per 100 feet . . . . . . . . . . . . . . . . 5.79
Times 1-4·50 L/ Lon 8U. Per foot ... . . . . . . . . . . .18
Times 15·50 l /lon ;;j9U. Per foot •.• . •. .. •. •. .10
Times So lid Sheath Alumafoam in slock
Kits with connectors 50 /100 ft
Glass Line-guv wire . Per 100 feet 500 Ibs Tesl 3.79
Glass Line-g uv w ire. Per 100 feet 1000 Ibs Test 5 8.5
Hy-Galn Balun. Each • •• . • ••• ••• • • • • • • • . . • •. . 14.95
W2AU Balun. Each • . . . • • • • •• • .•. • • •••••••• •• 12.95
Blitz: Bugs. Each ... . ... . ..... . . . .. ... . . .. . . . 4.95
All ma lar lines of Amateur gear. Rohn "'25 towers
end ac;:c..uorie• • Water. Prota x swit ch es. Dow
Key relay•• Greene Bal un•• N_·Tron ic. Hustler
Mobile. All entenna in~ laton in st oc k.

(Co nod io n Amoteurs Send U.S. Fund. Only)
F.o.b . Hortford

P'ease Indude Postage
CONNECTICUT'S OWEST IIAM ST ORE

••••••••••••••••••••••••
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goody.
Eit he r way, sca rred up or cleaned off,

the receiver's utility as a signal-catcher
won 't be affected by it s exterior appear
ance, though your well-being may be.

In the same way, I've quietly acquired
through the camouflage sys tem a 24-hour
digital readout station clo ck, swr bridge ,
coax switch , elec tronic bug, VTVM, scope,
mo bile rig, and beam rotator, all on h old
ou t money and all without attracting my
wife's attention .

I recommend the system unequivocally.
But now come s the problem, an d here's

whe re I need help and advice .
So far, my camouflage activities have

been relatively minor-league, not really
preparing me for the major-league o rdea l
ahead, the crucial crisis that separates the
men from the bo ys.

Please , you out there, rescue me wit h
some counsel: How do I smuggle up in my
back yard (without the XYL noticing it)
the new 50 ft mast and tribander hidden in
the basement of my office building?

. .. K9A ZG •

(ft/,tw(tAIJitA",)!
It t rtruly for tM

SAROC
... unollAl COIl'/OOlOll
JANUARY 1 TO 10, 1971

CONVE NTION CENTER

LAS VEGAS, NEVADA

SAlex:. ne,,"n~ H(\fel 100
, _ ...-;:;; rete 512.00 plus 'e. , SIngle Or double
- occulN'llCy, M all '0 rI.Im,nflO Hole!, LoIs YqilS.

5AROC. ed vance fPJ~lra llOn 5 '4.50 per pel'MMl . fPJu lar fPJISlre·
,_ el lhe door. r1amlnltO HOle! Lale 51looot . s..nday BreaUur.
CocUal1 ram",. semInaR and M",," n~. M all '0 SAROC.

SAROC. sponsored by Soulhern Nevade ARC, Inc .• 80. 11. Boulder
CHy. Nevada 89005.

Contact SAROC lor

Charter Fi2hts Irom Chica20 and New York

THe FABULOUS
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Mr. Jim Kyle KSJKX
2612 NW 24
Oklahoma City OK 13101

I t 'S been a little more than 13 years now
since the idea of "synchronous detec

tion" entered the ham radio world - and
the odds are, unless you're a dedicated
VHF and DSB (yes, we said DSB) nut like I
am, you still haven't heard very much
about it.

Not that some of us haven't done OUf

part. The initial publication of an article of
the subject back in 1957 (three years
before 73 's birth) was accomplished under
Wayne Green's guiding hand in CQ Maga
zine, and the next synchronous-detection
bombshell (conservatively titled 50 dB
Under the N oise - A Breakthrough) saw
the light of day in the short-lived pages of
6-Up, 73 's subsidiary VHF magazine of the
mid-60s.

But all the way through, the synchro
nous detection idea has had a tough
obstacle to battle : While it does give all the

42

performance claimed for it, it requires
several times as many components as does
a conventional detection circuit. The 1957
version used eight double-section tubes to
give 16 stages; the 1964 edition (actually a
completely separate implementation of the
same basic idea but giving other features)
was solid-state and required 24 transistors.

Quite obviously. this is a larger stage
count than that of many complete receiver
designs. So long as so many devices were
necessary, the synchronous-detection idea
just couldn't make it in the face of its
much simpler competition.

But all that was changed in the last year
when a major manufacturer of integrated
circuits put together a single-chip circuit
which does just about everything required
for the synchronous detector, in a single
standard-sized 16-lead dual-inline Ie pack
age. Although it contains approxima tely SO
transistors, the whole thing takes only
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• • and SB-3LA... ,

great new linear .
The SB·3LA Linear Amplifier
• 5 bands: Phone and CW sections. 80-40-20- •

15-10 meter bands.
• 2 kilowatts. p.e.p . power input on SSB· ·IKW

on ew.
• Drive power needed is approxima tely 100

watts , easily suppl ied by 58 ·35 transceiver.
• 3rd order distortion is down 30db or more.
• Uses 2, Type 3-50Ql triodes in grounded grid.
• Adjusta ble solid-state ALe .
• Input is 52 ohms with bu ilt-in fi xed tune pi

net s for each amateur band.
• Output. 50 ohms. Adjustable pi network.
• Power supply built-in, 115/ 240VAC, 50-60Hz.
• Built-in relays .
• Size: Approximately 14 V.. " W, 8 1f4 "H . 14V.." D.
• Weight: Approximately 50 pounds.

See these great ones at your SBE dealer and also
write for full line brochure.

The 5B-35 Transceiver
• 5 bands: 3 .5 ·4. 7·7 .5. 14· 14 .5. 2 1·21.5.28·

28.5. 28.5·29. 29·29.5. 29.5·30 MHz.
• 260 watts p.e.p. input .
• Built-in. power supply, 12VDC and 117VAC.

• Selectable SS's: LSS.USS CW w/zero car.shift .
• CW keying-vshaped-carrier re-insertion type.
• Offse t-no leapfrogging on transceive.
• Double conversion receiver.
• Crysta l lattice f ilter in 2nd I·F with shape factor

of 1:1.9 !
• 97% all solid state! 30 transistors-B FET's.

low noise hot carrier diodes in balanced mixer.
• Only 2 tu bes. Type 84 17 hi-f types matched

for low distortion. Not TV sweep types.
• Accessories that fit inside of cabinet wi bottom

of cabinet con t ro ls include VOX,
25kHz calibrator.

• Externa l VFO accessory .

•

ISSEI
LINEAR SYSTEMS INC.

220 Airport Boulevard. Watsonville. California. 95076.



Fig. 1. Basic phese-tccked loop or synchronous
detection hookup for FM reception uses voltage·
controlled oscillator in a servo loop . Output of
veo is con rinuaJIy compared with input signal in
phase detector, which produces an output con
sisting of dc voltage which varies as input
frequency changes (which amounts to superim
posed audio). Low·pass filter wipes off audio and
dc goes to veo to keep it locked to input signal.
Unfill ered error voltage from phase detector is
the audio modulation of the signal.

is, so long as both inputs are in the same
phase relation to ea ch other (usually 90
degrees), ou tpu t of the phase detector is
zero. If the phase of input A begins to lag,
output goes positive , and if input A begins
to lead the o ther, ou t pu t goes negative.

If we could keep an oscilla tor absolutely
stable on the center frequency of an F M
t ra nsmission , we could feed its output to
one input of the phase de tec tor, and fee d
the othe r input wi th the FM signal. The
output would then fai thfully reprod uce the
phase d iffere nces, which would reproduce
the audio signal envelope.

If we co uld keep an oscillator absol u tely
stable on the center frequency of an FM
transmission , we could fee d its output to
one input of the phase detector, and fee d
the other input with the F M signal. The
out put would then faithfully reproduce t he
phase differences, wh ich would reproduce
the audio signal envelope.

And that's the way the phase-locked
loop (abbreviated PLL) works. The phase
det ector outpu t is filtered to remove any
audio and retain only the de com ponen t,
which is a measure of the drift in the local
osci llator , and then applied as an "error
signal" to the lo cal oscillato r to keep it
locked in phase with the incoming FM
signal.

The filter keeps the voltage-controlled
osci lla tor (VeO) from following the audio,
so we pick the audio off ahead of the filter ,
and we have an FM detector (Fig. I) .

about 10 rnA from an 18 V supply , and is
hardl y as large as a commemorative postage
stamp .

And to top it off , the price of the device
is surprisingly low, considering what you
get. There are several different versions
with different features, but the least costly
of them is still a complete FM receiver
which accepts a minimum 300 flV signal
(across 3 kQ) at any frequency from 100
Hz up to 60 Mllz or so , with any deviation
up to +20% of ce n te r frequency , and
produces 60 mV of audio o ut put across 8
kU. This one costs $30 in single-lo t quan
tities. accordi ng to the most recent price
list , but t hat 's all you need for a com plet e
receiver wit hin its frequency range and
sensitivi ty .

On top of t his, remember that these are
curren t prices, and t he unit is not yet in
wid e usc . If it ca tches on as it apparently
should , the cost is bound to co me down .
Remember when the CK-722 transistor
sold fo r $7.5 0 each? And now they're
down to 4 fo r $ 1 from the mail-order
houses?

What Is Synchronous De tection?
T he words "synchronous detection "

have been applied to many different dete c
tion sche mes, but all of them share the idea
of using a stable local oscillator to mix
with the incoming signal, and developing
an error signal should the local oscillato r
get off frequency. You might call it a sort
of supe rhet receiver , with automatic fre
quency con tro l and a zero-frequency i-f, if
that br ings any reasonable pic ture to mind.

T he most common type of synchronous
reception curren tly used (yes, it is being
used - by radio as tronome rs, space com
mun ications systems . long-range radar, and
any place else that the ultimate in radio
communications is required , thus just ify ing
the complexity and cost of the o lder
app roaches) invo lves a " phase-locked
loo p."

The phase-locked loo p includes a phase
detect or, a low-pass filter , and a voltage
con trolled oscilla tor. The phase detect o r is
a ci rcu it which accep ts two d ifferent rf
input signa ls, and produces a de-to-audio
out put signa l which reflects the phase
differences between the two inputs. That

F.

"
PHASE

r-< D£TECTOR

"" VOLTAGI:- DC LOW-PASSCONTROl I ED
FILTEROSCILLATOR

AU"'"OUT
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For AM reception, we do things a little
differently . We lock the yeO to the
incoming signal, just as before, but we add
things.

It works out to be something very much
like SSB reception; many years ago QST
pushed something they called "exalted
carrier reception," which involved using
two i-f strips, one extremely sharp to pick
out the carrier from between the sidebands
for high-gain amplification, and the other
to accept the sidebands.

Our phase-locked AM reception is just
about the same, except that we generate a
new carrier in the veo which is phase
locked to the incoming carrier, and use
that to demodulate the sidebands. The
demodulation is accomplished in a "multi
plier circuit" which is more familiar to most
of us as a "product detector" or "mixer."
Another low-pass filter shaves off the
original input-frequency signal, the veo
signal, and the sum frequency from the
product detector's output , leaving us the
difference frequency, which turns out to
be the audio we wanted to recover.

Note that this arrangement (Fig. 2)
cannot demodulate an SSB signal since

Model 3001 identical to Model 3002,
but without built-in compreamp

MODELS 3001 and 3002

Barker &
Williamson

UNIVERSAL HYBRID

• Connects receiver and transmitter to
phone line for remote voice opera
tion!

• Connect Tape Recorder for recording
and playback!

• Built in compreamp speech
preampl ifierII imiters!

• Mounts vertical or horizontal!

1#
OUT=~~

LOWfIIISS
I'LTEIt

I wi' DCPlI'SE "".TSHFT

~joF
PlI'SF <>C lOOI'

DEIECIOR FLTEIt

...
I.

Fig. 2. AM detector using phase-locked loop is a
bit more complex. Incoming AM is shifted 90
degrees in phase and veo is then locked to it.
veo output is used as bfo input to product
detector, to recover audio. Low-pass filter in
audio signal path removes intermediate, veo,
and sum frequencies, leaving only the difference
frequency output of the product detector.

This B & W Universal Hybrid Phone
Patch is another of the fine Waters
Amateur Radio Communication Prod
ucts now manufactured and marketed
by Barker and Williamson.

@'W) ~a:rker &
Wl1hamson

there is no carrier present for the phase
lock loop to lock onto. In such a case , it
would attempt to lock on the strongest
sideband component present with notably
less than satisfactory results.

DIVISION OF SUNSHINE MINING CO.

CANAL ST., BRISTOL, PA. 19007

See your local dealer or write dept D for
descrip tive literature.
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Practical versions o f PLL using
ated circuit with external resistors
epecitom to select frequency of
ion. FM input may be applied to
pin 12 or 13 (or push-pull to
•
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The 1957 circuit, by Dr. John Costas
W2CRR and G. K . Webb W\!A HM/2 (both
with General Electric in Syracuse , N. Y. at
that time), overcame the problem by
deriving the contro l volt age for phase
locking from the sidebands rather than
from the carrier . Unfortunately , their
circuit has not yet been implemented o n an
integrated-circuit ch ip so far as we have
been able to learn and so we must wait a
bit longer for that happy time .

Right now, though, we can build an FM
receiver with excellent performance which
will also be able to detec t convent io nal
AM, for a small fra ction of the cost of
conventi onal re ceiver circuits.

How Can We Use Phase-Locked Loops?
No new component, no matter how

interesting it may be, is of much good to
many of us unless we ca n put it to use. The
logical question at this point , then , is
"How can we use ph ase-locked loops?"

In the initial report describing the lC
phase-locked loop, .or. Alan B. Grebene

listed nine elec tro nic circuit fun ct ions fo r
which he felt it was well suited :

I - FM i-f strip and demodulator for
commercial FM receivers.

2 - Commerc ial TV sound i-f and
demodulator .

3 - T uned AM detect or.
4 - Se If-c o n ta ined SCA (storecast

music) receiver.
S - FM/mult iplex telemetry receiver.
6 - Signal condit ioner and limiter.
7 - Frequency-shift telegraph receiver.

8 - Freq uency selec tive multiplier and
divid er.

9 - High-linearit y FM det ector for
wide-deviation EM.

To his list , we can add severa l more
directed specifically at amateu r use:

] 0 - VHF FM mobile receiver fo r com
pact cars.

II - VHF FM handheld receiver.
12 - Frequency syn thesis for high

accuracy VHF FM transceivers (Roelke , 73,
Feb. 1970).

Some of Dr. Grebene's suggested appli
ca tions are outside o ur scope , such as the
telementry receiver , signa l condit ioner , and
TV sound demodulator. Several of the
o the rs telescope into a single applica tio n
when signal freq ue ncies are ignored - that
of a versatile FM receiver. So let's see how
to use the PLL ( phase-locked loo p) IC as
an FM receive r, as an AM receiver, as a
freq ue ncy multiplie r, and as a FSK RTTY
converter.

Let 's emphasize tha t the circuits which
follow are taken from the manufacturer 's
published applications notes and literature ;
we have not breadboarded any of th em and
so cannot guarantee results (but let us
know if you have troubles with any of
them).

FM Receiver
FM reception is sim ple with the IC PLL ;

that 's the job it appears to have been
invented to do in the first place . When it's
running "locked" to a signal, the average
dc level of the phase-detector output is
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I f y ou h aven ' t

al ready rec eived

II copy of our NEW

19 7 0 Catalog of P recision

Q uartz C rysta ls & Ele c t ronic s

f or t he Commu n icat ion s Industry ,

SEND FOR YOUR COPY TODAY!

Somewhere along the line. in v i r
tually every ham repeater in the
world, you 'll find a co up le of Sentry
crystals.

Repeater owners and FM "otd
t ime rs" don't ta ke chances w it h
f req uency - t hey can' t afford to. A
lot of repea ter users depend on a
receiver to be on f req uency . rock
stable... in the dead of wi nter o r the
middle of July . The repeate r crowd
took a tip from the commercial
"pros" a long time ago - and went
the Sentry Route.

T hat 's one of t he reaso ns you can
depend o n your local repeater to be
the re (precise ly t here ) w he n yo u' re
ready to use it . FM'ers use the
re peater o u tpu t as a fr equ ency stan 
da rd . And for accu racy. crysta ls by
Sentry are TH E sta ndard.

I F Y OU WANT THE BEST.

SPEC IF Y SENTRY CRYSTALS.

"A sk the Hams and Pros

Who Build Repeaters!"

TT

SENTRY MANUFACTURING COMPANY
Crystal Park, Ch ickasha, Oklahoma 73018

PH 0 NE: (405) 224 - 6180
TVVX-91 0-830-6425
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a f/)i erence 4n

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

WRITE FOR CATALOG

INTERNATIDNAL

'" 94' Q
CRVSTAL MFG. CO., INC.

10 NORTH LEE
OKLAH OMA CITY, OKLA. 73102



directly proportional to the frequency of
the input signal. As the input frequency
shifts with modulation, it's this de output
that changes and causes the YCO to shift
its frequency to remain locked on the
input signal.

The only problem to face in building an
FM receiver with the IC PLL is that of
setting it up for the proper input signal
frequency. The YCO center frequency is
set by an external timing capacitor, and by
varying the value of this capacitor we can
work at any frequency from 100 Hz up to
a guaranteed 15 MHz, with typical units
operating to 30 MHz and operation as high
as 60 MHz possible by a trick we'll pass on
a little later.

AT LAST
A SPEECH COMPRESSOR THAT

REALLY WORKS
• Low distortion circuit
.5-10 dB improvement in

TALK POWER
• Fully wired & tested

not a kit
• Several models to

cho ose from
• Works with phone patch

• Quality construction includes Silicon transis
tors. FETs, Glass circuit boards

• FULL WARRANTY - ONE YEAR

• Performance second to none

• INTRODUCTORY LOW PRICES
$20.50 - $34.95

(Illinois residents add 5% Sales Tax)

The connections necessary, as well as
the external components required, are
shown in Fig. 3. Capacitor Cl is for timing;
its value in picofarads for frequencies in
the range from 100 Hz to 30 MHz is shown
in the left-hand graph of Fig. 4 . This
capacitor provides a "coarse" adjustment
of frequency which can be trimmed by
variation of capacitor value. For "fine"
frequency adjustment, current must be
injected into pin 6 through a series resistor
from the power supply ; the right-hand
graph of Fig. 4 shows the percentage of
frequency change achieved for various
values of current injection.

Write for specifications and information sheets
(FREE)

Demonstration Tape cassette available
($2.00 deposit)

Rp ELECTRONICS
BOX 1201B

CHAMPAIGN, ILL. 61820

The other capacitors shown in Fig. 3 are
bypass capacitors (C2), coupling capacitors
(C3), and low-pass filter capacitors (C4).
Their values are dependent to some degree
upon the center frequency chosen . The
deemphasis capacitor (C5) should be larger
than 200 pF for commercial FM reception;

o
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Fig. 4. These two graphs show how operating frequency of VCO in IC PLL is set. Graph at left shows
approximate center frequency as value of C1 is changed through the range from 1 /-IF to 10 pF. This is
coarse frequency setting, determining lowest operating frequency. Graph at right shows how
frequency increases as current is fed into pin 6; approximately 45% increase in frequency can be
attained by this means. This provides "fine tuning" control.
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its value is subject to experimen t for
communications purposes.

Resistors R 1 together with capacito rs
C4 form the low-pass filte r; it's fed by an
internal impedance of 6 kn at pin 14 or
15. Typical values for R I and C4 are 50U
and 1100 pF.

The locking threshold of the circuit may
be controlled by connecting resistor R2
across pins 14 and 15. Resistor R2 is
normally left out, but at high input signal
levels or high input signal frequency this
reduction in threshold may be necessary to
prevent instability . Approximately 6 kn is
a typical starting point; the value of R2

should be as high as possible in any specific
case, though.

Tracking range may be contro lled by
current injection into pin 7 through resis
tor R3 . If R3 is omitted, t racking range
will be approximately 15% of center fre
quency. When R3 is set to a value which
permits 0 .65 rnA of current to flow in to
the 600n impedance at pin 7 , this figu re is
reduced to approximately 3%.

Other controls are possible , but should
not be necessary when the PLL is used as

+12V

1

1PLL 8
2 3

CI

10K 10 K

~K

C2

an FM receiver. Input signa l level should be
at least 120 /-IV to either pin 12 or 13 (the
unused input pin should be ac-grounded
through a bypass capacitor). Output at pin
9 across a 15 kn external resist or (which
mu st be in 'the circuit; this is an open
emitter in the IC) should average 60 m V.

For VHF operation of the PLL, two 10
kU resistors and a 5 kU pot should be
added externally as shown in Fig. 5.
According to applications engineer Ralph
Seymour, this modification extends the
frequency range up to 60 MHz. The 5 kU
pot provides convenient fine -tuning of
center frequency, and may be omitted.

Because of the comparatively high signal
level required, and the low input frequency
(when co mpared to the 2 meter band, for
instance) a VHF FM receiver for ham use
of the PLL would require a converter
ahead of the PLL circuit. A block diagram
of such a hookup appears as Fig. 6 . Note

\V
XTAl IN

144- 148 CONVERT ER 28-32
PLL

MH, MH,

AF

~
AMPl

L

Fig. 6. For ham use as a VHF FM receiver, a
crystal-con trolled con verter ahead of the PLL is
necessary. This conver ter need only provide a
moderate output signal level, however, and can
be broadband with all receiver tuning being
accomplished at the PLL circuit.

-6V

Fig. 5. The NE560/NE561 tc PLL is ra ted for
operation only up to 15 MHz., although many
units operate satisfactorily up to 30 MHz. Oper
ating frequency for all units can be increased to
approximately 60 MHz by connecting pins 1, 2,
3, and 8 as shown here. This modification can be
applied to any of the accompanying circuits. The
5 kn pot serves as a fine-tuning control, replacing
the current injection into pin 6. If current
injectipn is to be used, the pot can be omitted
from this circuit.

50

that the converter could be crysta l
controlled to produce a 28 MHz output; by
adjustment of current into pin 6 the PLL
can easily be tuned over the full band from
a 30 MHz center frequency . This provides,
for less than $50, an FM receiver based on
the time-honored 75A4 principle of
crystal-controlled front end and tunable i-f.

AM Receiver
The AM reception capability of the PLL

IS something of an "extra ." The PLL is
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Fig. 7. This is a Be-band AM receiver using th e NE561 Ie PLL (the NE560 does not include AM
detect ion capabili ty ).

locked to input signal ca rrier frequen cy
an d its output is used as the local oscillator
to a built-in product detector. A 90-degree
phase sh ift IS required to obtain proper
opera tion .

Figure 7 sho ws the hookup. Bypass and
coupling capaci tors , all shown as 0 .1 JIF,
should have low impedan ce at operating
frequency (this circuit is intended to cover
the BC band rather than IlF or VHF) .
Capac itor C I IS selected to obta in the
proper cen te r frequ ency, a nd C2 sets the
bandwidt h by filt ering off high-frequency
audio ou tput.

The phase-shift network ( R 1- 2. C3 - 4 )
provides 90 degrees of phase shi ft fo r the rf
input signal; the sum of R I a nd R2 should
be less than 5 kn (2 kn each was the value
used In the prot otype) a nd C3 and C4
sho uld have reactance equal to the values
of R 1 and R2 . For BC operation , 82 pF
was chosen.

In this hookup, the low-pass filter is not
criti ca l, since no audio is taken from the
loop itself ; so a simple 0 .0 I J.lF ca pacitor
fro m pin 14 to pin 15 suffices.

Tuning may be done in ei ther of two
ways. The first is more straightforward but
the second is elegant. The first way is to
vary the value of timing ca paci tor C I . For
BC operat ion , C I should tune fro m a
minimum of 220 pF (for 1600 kHz) to a

OCTOB ER 1970

maximum o f 620 pF (for 500 kHz) . The
classic receiver alignme nt technique o f
padding ca pacitance is used at the high end
of the range, but at the low end vary ing the
current into Pin 6 (fine-tuning con tro l)
t a k e s t h e place of adjus tmen t of
inductance.

+18V
()

5K

",
Fig. 8 . Th is sim ple arrangemen t for connection to
pin 6 of NE560/NES61 provides fine tun ing over
a 3 : 1 range. Th e 1.2 kn resistor limits maximum
injection curren t. Timing capaci tor sho uld be se t
for lowest freq uency with pot arm at ground, and
1.2 kn resistor then trimmed to set highest
frequency desired, with pot arm at hot end.

The second me thod of tuning the
receiver uses a fixed value for C I . Th is
value is wha tever is required to make th e
veo opera te a t 940 kH z (geomet ric mean
freq uency) wh en t he curren t at pm 6 is
zero . Pin 6 is then connected through a 1.2
kn resistor to the arm of a 5 kn pot (Fig.
8) across the l 8V power supply . Varying
the pot tu ne s the receiver across the Be
band using o nly the fine-t uning feature .

5 1



This receiver requires an antenna and a
good ground ; it must get at least 100 IlV
from pin 9 to ground . Operation will be
improved by using a broad band u ntuned rf
amplifier , but care is necessary to assure
that the PLL is not overdriven (maximum
input signal if I V rms) . Maximum audio
output is 2V P-P. and typical output is
about 60 mY.

Frequency Multiplication
The PLL Ie can be used as a frequency

multiplier in several ways. The simplest is
merely to set the center frequency to some
multiple of the actual input signal fre
quency. However, as the higher (and thus
weaker) harmonics are used for locking,
the lock range decreases. If input fre
quency is fairly stable and rapid tracking is

an opportunity for use as a frequency
marker. Two PLLs in series could produce a
I MHz standard from a 100 k Hz crystal,
and in turn a 10 MHz standard from the I
MHz standard . One great advantage of the
PLL multiplier as compared to a multi
vibrator or a convent ional tuned-amplifier
multiplier is that the order of multipli
cation can be changed merely by changing
center frequ ency (such as with switched
timing capacitors). This would permi t
generation of a 3.5 MHz square wave as the
seventh multiple of a 500 kHz standard ,
giving you strong markers at the bottom
edge of every HF ham band .

The PLL multiplier will divide fre
quency just as easily as it multiplies. If
center frequency is adjusted to be one
third that of the input signal, the circuit

AAtoIGE FINE
COtol TRO!. TUtoI[ VCO OU TPUT

OIA[CT

'ICO OUf f' UT
AM PLIFI[ O
. 18'1

'0' '0' " ~'i-,,!, ',' ','
• 7 e 5 4 3 a 10

NE561B

• 10 " " 13
"

15 ,.
.I- I I

I ~ "Ie
1100 :: goo

L "
,

..~ 41 ~ ! 47 ~ ! ; :;;;: ,1

"

-1
PUSH-f'UL

INPU fS

:-l
,;,

Fig. 9. PLL makes fine frequency multiplier or divider. For [his application, audio output connections
are ignored and the veo output is used instead. If input is single-ended, one of the two push-pull
input leads should be bypassed to ground as shown by dotted lines. Circuit will multiply up to 10
times, and divide inpu t frequency by 3, S, 7, or 9. CI and f ine-tuning adjustment must be se t for
operation near desired output frequency. When input is applied, VCO will lock to exac t multiple or
odd submultiple of input if it is within locking range and o f adequate strength .

not required, this technique can be used to
multiply by 2, 3, 4, or 5 times any input
signal. Output of the veo at pin 5 is a
square wave.

Action of the PLL as a multiplier can be
improved by converting the input signal to
a square wave, which has much stronger
harmonics than does a sine . When this is
done, any output frequency up to 15 MHz
can be produced from its tenth subhar
monic (multiplication o f up to 10 times).

Sin ce the PLL out put is already a
square wave , rich in harmonics, this offers

still locks. This action occurs only for odd
submult iples , however ; for even divisions
(half, quarter, eighth) it doesn't work . You
can divide 3 , 5 , 7 or 9 only.

Extensions of these features make pos
sible the construct ion of simple frequency
synthesizers; too many PLLs are required
to make them practical at present prices,
but when costs come down they may well
be worth investigating. Collins Radio 's
book "Fundamentals of 55B" (out of print
since 1962, unfortunately) gives the prin
ciples involved if you're interested .
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Snide
Some Remarks about Raytrack
There are some people who marvel t hat a sho rt
wave receiver can t une in stat ions thousands of
miles away . You and I know tha t t h is is normal
and natural. There are some people who bel ieve
that only a linear whose name matches that of
their transceiver wi ll perform appropriately.
You and I know thei r t h ink ing to be w rong.
But perhaps this confining view is just as
well - for J doubt if Dan E isenmann, for exam
ple, could make his Rayt rack Hori zon V I
Amplifier the beaut ifu l linea r it is if greater
customer p ressure existed.

This six meter linear does not have a Ray track
transceiver to drive it with, it does not have a
spurious input filter, it does not have au tomatic
tun ing, i t does not have A LP l lAutoma t ic
L egal Pow er limiting) , and it wasn't designed
to turn itself off in a microsecond if the
antenn~ load wasn't connected to it. Worse, i t
does not have the la test zero drive t ubes paralle l
connected to enab le it to f unct ion at the mere
t hought of exc itat ion. Dan wanted these fea
tures and more bu t we dealers did succeed in
exp laining that some of the six meter boy s
cou ld tune an amplifier and read the ir meters
cor rect ly and that there we re a few "techni
cia ns" who had been known to understand
VSWR , and furth er if this new am plifier were
made comp lete ly "idiot proo f " that he did not
have enough money t o fin ance the deluge of
orders that wou ld result. Then w e showed him
he wou ld have to borrow at the ban k, and w it h

• 2000 Watts PEP and SSB
• Two Eimac 3-5OOZ Zero Bias Triodes
• Adjustable "ALC" Network
• 1000 Watts AM, CW, and RTTY
• Exciter Feedthrough
• Relative Output Indicator
• Tunable Input
• Separate Heavy Duty Solid State

Power Supply
• D esigned for Continuous Duty
AMATEUR NET $659.00

interest the way it is today t he bank would be
taking in more than Raytrack. And . damn it ,
the boys in the shop wou ld u nionize lall three
of t heml and t hat too would mea n mo re
expense. T hen if that wasn't enough the I AS
wou ld suddenly take not ice and offer to carry
thei r side of the wheelbarrow to the bank. A nd
Dan, if that kept up f or long, the next th ing
you'd realize is that our cousins in JA land
would put their noses into the air and sniff a
good thing, too. (Where wou ld you be t hen, M r.
F rank enstein Eisenmann?)

And so reason prevailed. Ray track did t he
proper th ing, they concent rat ed on making an
honest 2 kW six meter li near w ith real trans
mitting tubes that cou ld be fed from anybody's
Swan, Drake, or Heath exciter and w it h simp le
connections - only t hree of 'em - so clear ly
labeled that even Johnny N ewham cou ld hook
it up r ight the first t ime.

A nd they solde red every jomt and put a lock
washer where a lockwasher was supposed to be
and fin ished their unit by testing it on the air
and into a dummy load w it h proper instru
men ts - and 10 f ell ows, look what we got - and
don't say that the price is high 'cause it ain't!

St ud y the photo and the specs and if you have
somet h ing to listen w it h , tune me in, t hat is
presuming that my demonstrato r has not been
sold (the last time it lasted 1 Y. h o urs - s' h elp m e ) .

HERBERT W GORDON COMPANY
HELPING HAMS TO HE LP THEMSELVES

PHONE 6-1 7"56 3548
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Fig. 10. RTTY con verter circu it is tak en from computer data set applications note ; data set is same as
AFSK converter, but gets inpu t signal from telephone lin e an d so is not subjec t to such h igh levels of
interference as is RTTY. Input ma y be either at i-f or audio frequencies; table shows values of Cl for
both cases. Output consists of pulses which may drive a k eying circuit f or selec to r magnets.

The hookup for use of the PLL as a
frequency multiplier or divider is shown in
Fig. 9.

FSK Converter for RTTY
Using the PLL as an RTTY FSK co n

verter is almost identical to it s usc as an
FM receiver, because FSK (or AFSK) is
merely a means of carrying binary or
te legraph (mark - space) information by

means of frequency modulation. The
frequency sh ift involved is usually rather
sma ll - but so is that fo r FM, in com
parison with the center frequency.

The FSK input, eithe r at comm unica tions
receiver i-f for FSK or at audio freq ue ncy
for AFSK, is applied to the FM input of
the PLL. The loop filte r capacitor is made
smaller than usual to eliminate any possi
bil ity of "overshoot" in the output pulse •

' SK-----J,.V""""'l

SKl. 'r-'"
:r~ .02 ;,.02.02

+1 2 '1

, • '0 'OK 'OK ' OK '<,2 7 :mO'\ • -,'"
NE&6~

•b,
e• ,

60Q

+0', ~ r:

.,.

OUT

, v

Fig. 11. Alternate RTTY circuit uses NE565 Ie, wh ich is so new that its price is not listed ye t.
Maximum frequency of 565 is 500 k Hz . This circ uit is designed to drive digital IC devices, and type
5710 voltage compara tor is included to adjust output level to values suitable for digi tal ICs. Pot is for
frequen cy adj ustmen t.
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and a three-stage ladder fil ter removes the
carrier component from the output (this is
necessary only for AFSK). The center
frequency is adjusted to produce about
12V at the output when the input fre 
quency is at its lower figure. When input
frequency rises to its other figure, output
will rise a maximum of 4Y as the YCO
tracks the input-frequency change. This
voltage change is coupled ou t through
output coupling capacitor to drive any
external circuits desired, such as a magnet
driver.

The circu it is shown in Fig. 10 . Figure
II shows an alternate circu it using a
different type of PLL chip together with
an Ie voltage comparator at the output to

for a center frequency of 67 kHz and tap
off an output from your FM receiver ahead
of the deemphasis filter (which bypasses
the 67 kHz signal to ground) to feed the
PLL. PLL output will then be the back
ground music, which is free of all inter
ruptions such as commercials or even
station identification.

One precaution may be necessary. The
signal from the FM receiver to the PLL
input should go through a high-pass filter
to prevent any possibility of overload by
the much stronger audio of the normal
broadcast program or any accompanying
stereo information at 38 kHz. A typical
hookup using the NE565 PLL is shown in
Fig. 12.

'CA
AUDIO
OUT

+IO -24V

>800

'0. , ,. .018 .047 .0 18

He
';' "0 • '0 7

,. ,. ,.
, 2

4 70 0 NE!S6!5
4700 e ]3 44700 9 ,

4700
; ::::;: .001

,

,
F.~

'" ...,-----,

Fig. 12. Background music adapter for FM receivers uses type 565 rc PLL. 510 pF capacitors and 4.7
kH resistors at input form high-pass filter to keep audio from FM set from overloading PLLj ladder
filter at output removes everything above about JO kHz to keep from overloading audio amplifiers
following. Pot allows frequency to be adjusted to 67kHz to pick off SeA subcarrier.

change the output levels to values which
are compatible with normal digital IC
chips. In this case. center frequency is
adjusted to produce a slightly positive
voltage at the output, when input is at the
low frequency.

Se A Adap ter
The PLL's capability to receive FM at

almost any center frequency comes in
handy if you like background music from
the "storecast" services sold by ma ny
commercial FM sta tions. These storecast
signals are transmitted as F M of a 67 kHz
subcarrier which is itself a part of the
normal FM signal. To receive them with
the PLL, all you need do is set up the PLL

The Source
About the only thing we haven't yet

told you about the PLL IC chip is who
makes it and where they can be obtained.

The manufacturer is Signetics Corpor
ation. a subsidiary of Corning Glass Works
and one of the leaders in the integrated
circuit industry for a number of years now.
The PLL IC is only one of ma ny chips in
their line (their price list as of 4 May 1970
required 21 pages merely to list prices of
current IC products) .

Signetics is located at 811 E. Arques
Avenue. Sunnyvale CA 94086. and we
obtained our information from Ralph
Semour, linear applications supervisor.
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Three le s Contain Entire Phase-Locked
Frequency Synthesizer Loop

Excep t for the reference frequency
component, des ig ners can build the phase
locked frequency synthesizer loop portion
of a system using just three Ie packages.
This is possible through the use of three
new Motorola TTL circuits: a dual
vo l tage-controlled muJtivibrator, type
MC4324/4024; a phase frequency detec
tor, type MC4344/4044, and one of two
soon- to-be introduced modulo-N progra m
mable counter, types MC4018 . These
three func tions rep lace from 8 to 15 Ie
and discrete packages in a conven tional
phase-locked loop system .

The MC4324/4024 is a monolithic lC
that contains two independent voltage
con trolled multivibrators (oscillators). The
frequen cy of the MITL-compatible
ou tputs can be varied over a range of 3.5
to I by using a de con trol voltage of
+1-5V.

The MC4344/4 044 is a monolithic
phase detector that conver ts TIL logic
levels to a de voltage level for use in
frequency discrimination applicat ions. In
operation, the output from either of two
internal phase detectors is fed to a charge
pump that conver ts the outputs to fixed
amplitude posit ive or negative pulses.
These pu lses are applied to a lag-lead
active filter that genera tes a de voltage
proportional to the phase error between
the input and reference signals at the
inputs of the phase detectors.

They make the PLL in several different
models, with model numbers to match.
The one shown in mos t of these diagrams is
the NE56 1B, which is the most general in
applicat ion . It includes the AM--detection
capability, and quoted price in lots o f 1-24
is $37.50 each. The NE560 B is virtually
identical but does not include the AM·
detection featu res, and lists at $30 each.
Mod els NE565 and SE565 (Ihe N indicates
commercial tempera ture range ; th e S
means military range) are too new to be
listed ; they operate only up to 500 kHz
and so presuma bly would be lower in cost.
The 565 is used in the circui ts of Figs. II
and 12. Fi nally, the NE5 62 is intended fo r
direct interface with digital logic systems
and, like the 565 it is too new to have an
established price ye t.

Pin connections for the 560 , 56 1, and
565 are sho wn in Fig. 13.

56

,~ '" '"00' '"'" III. N(;£ T UN[ I ' 1-' ',', , ,
• 1 6 e 4 3 , ,.

560
(TOP VIE W)

• '0 " " " 14 " ~, ,
Of FIS£T ~~ '-~

,,. ~- ,-,- .. ",. lleV)". ....,,, FILT£R.. •

'",~

"" ~ ". ~
~, iliAi'" "';" "(' • -- "(', , , ,
• 1 6 e 4 3 a ,.

561
(TOP VIE W)

• K> " ra " 14 e ,.
I , I ~-.J I I I.. ~- Of FS£ T - - ,.,- .. ,~

,~,

'" .....s FILT£III.. •

,.
llZV)

It.L L \}f\IlT!io H• ve P'U!ioH -PULL
Flol I/\IP'UT !io.
0 111 1.,,[ ONLY ONE SlOE .NO
. e GlllOUNO TH£ OTH£1l FOil
SING(.[ -[NOEO OPEIIl"'- TlON .

Fig. 13. Pin connections for types 560,561, and
565 PUs are shown here. Only difference between
560 and 561 is that 561 has Am detector
included where 560 has additional veo o u tpu t
lead.

The N57 10T comparator shown in F ig.
II sells for $2 .62 each in lots of 1-24.

All of these (wit h the possible excep tion
of the 562 and 565, which were still
preliminary designs at this writing) may be
obta ined on special order from the manu
facturer. In addit ion. the major mail-order
houses ca tering to the industrial electronics
trade may be able to obtain them although
no ca talog available to us lists Signetics as
one of the lines car ried in stock ( the firm
deal s p r ima ri l y with the origina l
equipment-manufacturer market). Inquiries
should be addressed to Mr. Seymour and
sho uld mention this article .

. . . K5JKX •
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TRI ·N MANUFACTURING COMPANY
4908 Santa Anita Avenue

EI Mon te, California 91731

MOBILE COMMUNICATIONS

MATERIALS AND WORKMANSHIP GUARANTEED
SPECIFICATIONS AND PRICES ON REQUEST

Don't limit your signal with an ineff it ie n t a n te n na
system. Use a quality system th at will radiate the
sign al that your rig was designed for.

E LI M INATE R US T A ND CO R ROS ION PR O BL EMS
WITH TH E US E OF S T A I N LESS STEE L MASTS
FOR YOUR AN TE N NA SYSTEM .

Masts a re handcrafted , simp le to
install , and are const ruc ted of
ste tn tess steel tube fo r light _
weight! maJilimum ri g id it y and
durabi it y. They are Electro ·
Polished for lasting beauty and
finish . Fixed masts a re a Vlilable in
4 diameters. 3 /B " to 3 / 4", and 5
lengths, l' to 4 ' . The smaller
diameters would apply to t h e
shorter le n g t h s. Telescoping masts
a re availab le in 3 / 4 " d iameter ,
le le sco p in g fr om 3 ' to 5' and a
t e le sc o ping le ng t h o f 28" t o 4' .
A LSO N EW. F old ing t el esc o p in,q
masts a re a va ilable in 3 / 4
d iamete r, t e le sco p ing from 3' 10
5 ' fold ing at the 3' heigh t , a
telescoping length o f 28 " to 4'
folding at the 28" height , and a
telescoping lenglh of 2 0 " to 3'
fold ing at the 2 .. height.

ALS O NEW F OR ADDI TI ONAL IMPROVEMENT .
We h a ve a 5 band c oil all in ONE. The c o il as well as
the ma sts, is handicrahed ( n o t a production iteml. A
precision e n g m ee red unit which has been thoroughly
tested in actual u se under va ry in g c o nd it io n s, it will
give yo u me ultimate in perfo rmance fo r your m obile
rig. The d esign makes it possible to c h a nge bands in
S EC ONDS (no t o ol s required) and no extra co ils t o
b uy o r c a rr y a rou nd .
Ma sts and c o il come re a d y to in stall , comp lete w it h
n ec e ssary c la m p s and nylo n c overed guy w ire to u se if
desired .

ONLY
$1.00

MADE ESPECIAllY FOR DX'ERS
Buy lavishly! Order today from:

73 MAP, Peterborough NH 03458

eWall sized (23" x 3 1")
OSh ipped flat in ma iling tube
O Suitable for f raming
o Most complete map availab le
o Up-to-date world prefixes shown

POSTPAID O Co lo r in count ries as worked
USA OS hows islands, reefs, rare OX spots

o Use colored map pins for
different bands

o Dresses up the OX shack

Fabulous OX Map of the World
r-

. 1I
SHOW VISITORS OX YOU'VE WORKED

•

Modol407
$39.95.pd.

THE BEST

2 METER
CONVERTER

•

144-14' MHI I•. 21-30 "HI; ...
or '46-1.1 MH. wltll a .uo.d cryttol

Ava ilab le at $ 4 .95 each .

A full description o f this fantastic convert er
would fill this p age, b ut y ou can take o ur word
for it \or tho se o f t housands o f sa tisfied users)
that it 5 t he best. The reason is sim ple-we use
three R CA dual gate MOSFETs. o n e bipolar,
and 3 d iodes in the best circu it ever . Still not
con vinced ?T hen send for our free catalog and
get the full description , plus phot o s and even
the schemat ic ,
Ca n't wait?Th e n send u s a postal money o rder
for $39 .95 a nd w e'll rush the 40 7 o u t to you .
NOTE : T he Model 407 is a lso availa b le in any
freq uency combination up to 450 MH z (som e
a t higher prices ) as listed in o ur catalog.

-N . w York C ity e nd Stat. resid e nts .dd local wl.s te•.

VANGUARD LABS
Dept, H, 196-23 Jamaica ....... Holik, N,Y. 11421

See your favorite dealer or
order d irect (add 25C fo r
mailing in U.S., Pt'uessions
& Canada . Elsewhere add
SOC).

• Radio Amateurs ' Prefins
by Countries!

• • .A.R.l. Phonetic Alphab,t!
• Where To 8uy!
• C.real Cirel! Btarin,s!
• Int!rnatlonal Postal

Information!
• Plus muth morl!

GET YOUR NEW
ISSUE NOW!

Over 283,000 QTHs
in the U.S. edition

$7.95
Over 135.000 QTHs

in the OX edition
$5.95

" AAD IO AMATEUR 116 k
J.t

c a 00 INC

Dept. B. 925 Sherwood Drive
lake Bluff. 111 .60044

• QSL Mana,ers Around the
World !

• Census of Rld io Amateurs
thr'Ulhout the world!

• Radi, Amateurs' Litens!
Cll ss !

• Workl Prl fi x Map!
• Intl fl' l tional Iidio

Amatlur Prefi~'~":" "::"':;:::":::::::~:::':'- -1

These valuable EXT RA fu tures
incruded in both edit ions !



Rjchard Factor WA2IKL
30 West 60 th St.
New York NY 10023
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M ost experimenters have au dio fre
quency oscillators, yet their use is

severely limited by the lower frequency
limit of about 20 Hz in mo st low-cost
units. This limitat ion exists because of the
extremely high impedan ce necessary to
avoid load ing the freque ncy determining
network. Until t he adven t of the field
effect transistor (FET) it was almost
impossible to build a low-distortion, low
frequency transistor signal generator. It is
still difficult to lower the output frequen cy
significantly without introducing severe
distortion .

The unit described in this article has
none of the low-frequency limitation s of
bridge-type oscillators. It genera tes signa ls
in the range of 4 k Hz down to ab out 10
mHz ( that's 10 millihertz, o r 0 .01 cycle per
second!). Such freq uencies have many uses,
such as genera ting slo w-sweep displays,
checking the respo nse of low-freq uency
filters , and voltage-control applications in
electronic music generation, instrumenta
tion, etc. The circuitry is similar to tha t of
a h igh-priced laboratory inst rument known
as a "function generator," but by taking
advantage of low-cost Ie s and nonprecision
resistors, it can be built for substantially
less than most kit-type audio generators.

Circuitry
Most audio oscillators directly genera te

a sine wave. Sine-wave oscillators usually
are much more critical than other types.
The oscillator of Fig.· 1 generates a tri
angular wave which is then shaped into a
sine wave using a FET instead of a reactive
filter. This renders it insensitive to fre
quency, enabling the distortion to be con
stant over the entire range. Due to diffi
cult ies in obtaining precise symme try in
F ET characteristics, plus nonideal cha rac
teristics of the transfer function itself, it is
difficult to get the distortion lower than
about 1.2%. This is adequa te for almost all
applications.

Integrated-circuit o pera t ional amplifiers
(opamps) are used to generate the tri
angular wave . Unit A2 is connected in a
circuit arrangement known as an integra
tor. Time-determining cap ac itor Ct is
charged at a rate directly proport ional to
the current fed into pin 2 (the inve rting
input) of the opamp. Pin 2 is kept at
ground potential by feedback through the
capacitor, so the cur rent equals the vo ltage
at point Vc divided by the total series
resistance, consisting of the resistor on the
octave switch and the range trimmers.
Thus, it is possible to control the charging
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Fig. J. Function generator schematic diagram.

rate with R 1. and the high curren t capacity
vs lo w lea kage current of the opamp allows
the charging rate. and hence the frequency;
to be varied over a 500-to-1 range. com
pared to the normal 10-to-1 range fo r
normal capacita nce-cont ro lled oscillators.

If a cur rent were just fed into the
oparnp, the capacitor would continue

charging un til the limit imposed by the
opamp and the power supply voltage was
reached. However. A J is connec ted to the
frequency control pot. and su pplies the
voltage that is converte d into the charging
rate by the various resistors. Al is co n
nected in a positive feedback loop with high
hysteresis. The opamp is sensitive to the

Front panel of function generator.
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voltage between the two input terminals. If
the difference is only a millivolt or so, the
amplifier goes to either its fully positive or
fully negative limit, depending on the input
polarity.

Feedback to the input is through R2
and R4. Assume the output of Al is fully
negative. This voltage is clamped to about
4V by D2 and Z2 (Dl and Zl when
positive). This 4V is connected back to the
input through R2 (and the 3.9 k!1 pro
tective resistor). As the voltage at the
output of A2 gets increasingly more pos
itive, a point is reached where the current
through R4 becomes opposite to and
slightly greater than that through R2.
When this happens, the amplifier instantly
(in a few microseconds) changes state,
aided by the positive feedback through R2.
Of course, when the opamp changes state,
the integrator starts to charge in the
opposite direction, thus creating the tri
angular wave. The zener diodes insure that
the wave is highly symmetrical. If your
zeners are out of tolerance, or distortion is
critical, connecting a small resistor in one
leg or the other might help a little.

The sine wave, square wave, and triangle
wave are all synchronous and available
simultaneously. To conserve panel space on
my unit, I used a switch to connect either
the square or the triangle to the binding
post, though this is not necessary. What
ever arrangement you use, avoid loading
the output on the oparnp by more than

Front panel view of frequency control dial and
step attenuator dial.

about 2 k!1. It won't harm anything, hut
the output frequency may change slightly
when connecting and disconnecting loads if
this precaution isn't observed. It is nor
mally very difficult to measure the

Interior view of unit with step anenuator resistors in front.
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Fig. 2. Output amplifier and attenuator schem atic.

S''OE OUTJ'UT

frequency of V LF sine waves. Connecting
the square wave output to a counter while
using the sine output is a grea t con
verucnce.

The sine wave shaper takes advantage of
the sy mmetry of the source and drain with
respect to the gate of the 2N4360 J-FET.
(This unit was chosen primari ly for its very
low cost, as well as it s relative ly high
pinchoff voltage which gives a grea te r
output voltage.) The output of A2 varies
symmetrically about ground, and as the
absolute value of the voltage increases, t he
FET resistance also increases due to the
gate bias. Incidentally , no te that the power
to drive the FET circuit is sup plied directly
by the opamp ou tput. Proper bias polarity
is insured by D3 and D4 _

Since the output is symmetrical about
ground, no coup ling capacitors are neces
sary. It wou ld be hopelessly unwield y to
use one fo r 0 .0 I Hz anyway . The output
amplifier is designed for unity gain with no
voltage offset. Simplicity is achieved
through the use of complementa ry tran
sistors. The output impedance is under
100rl. Resistors R6 , R7, R8, R9 , and
diodes D5 and D6 are the bias ne twork,
wh ich elimina tes crossover distortion in the
amplifier.

If you plan to use the equipment fo r
checking professional audio equipment,
you might de sire to add the attenuator
sho wn in Fig. 2. It provides 89 dB of
attenuation into a 600n load. Two con-
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centric Single-pole, la-posit ion switches
break the 89 d B into I d B steps.

To simplify the attenuator design an d
allow the usc o f stan da rd resistors with 5%
tolerance, an un ususal circuit was use d .
The 10 dB steps are provided by a
constant-impedance (200n) "T" attenu
ator, and the single dB steps are provided
by switching in series resistors. Thus, the
attenuator is not of a consta nt-impedance
design, although the voltage into a 600n
load conforms to the proper sett ing.

If you arc using a high-impedance load ,
the output should be bridged with a 600n
resistor. A low-impedance load will exag
gerate the effect of the I dB step switch.

I emphasize that this whole assembly,
while desirable , is purely optional.

Adjustment
As you can see from the photograph ,

the fre quency control is a 100 turn pre
cision potentiometer. These are rea dily
available for a couple of dollars in the
surplus market. Using one, it is possible to
calibrate the unit so that for the top 900
divisions, the output frequency is correct
to within I%. As the octave select switch is
swit ched to a lower series resistan ce, the
linear it y of the frequen cy control is
decreased. The full-scale adjustment pot
sets the output frequency to 100 Hz on the
range with the .0 1 J.LF capacitor when the
octave switch is in the X I position ( 100
kn series resistance) . Then the various
range adjust pots are set until each range
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has the appropriate full-scale value: I kHz,
roo Hz, 10 Hz, I Hz, 0.1 Hz.

Potentiometer R2 is adjusted so that the
triangle amplitude is proper for conversion
to a sine. This co ntrol interacts with the
full-scale adjustment pot, so they both may
have to be readjusted several times. Wave
shape pot R6 is adjusted for sy mmetry in
the top and bottom halves of the sine
wave. A scope or harmonic distortion
meter is advisable for the above two
adjustments, although a reasonable null can
be achieved by a musically trained ear,
especially if there is an undistorted signal
available for comparison .
Construction

The circuitry is noncritical and any
convenien t layo ut may be used. Power is
provided by fo ur 9 V batteries. Do not
exceed this voltage as the operational
amplifiers are rated for a maximum power
supply potential of +18V. The batteries
should be bypassed with 0.1 j.lF capacitors.

pico farads at a time unt il oscilla tion stops.
The values given in the diagram are calcu
lated to work with almost all production
opamps, but occasionally one will be near
the edge of the specificat ions and req uire
the extra capacitance .

If you don't need precise freq uen cy
calibration or a ttenuat ion, su bstan tial cost
can be save d by eliminating these features.
The range trimmers can also be eliminated
Ous t replace with a short circuit) . The
octave switch can be replaced with a fixed
resistor down to 15 kn or so. The output
attenuator can be replaced with an ordi
nary pot ; and substitute the SOOn pot and
470n opamp resistor before the a mplifie r
with a 240n resistor; and connect the
opamp input directly to the FET. The pot
must be connected to the amplifier output
to attenuate the amplifier noise as well as
the signal. Use any convenien t pot for the
frequency control, and calibra te the dial
yourself.

Closeup view of circuit board.

If any trouble is encountered with the
opa mps oscillating at high frequency , it
will probably be eliminated by bypassing
the power supply pins to grou nd as close to
the IC as possibl e. If th is doesn't work , add
capacitance to CI, C2, C3 , and C4 a few
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Following these procedures can redu ce
the cost to under $ 10 a nd ye t provide you
with an oscilla to r that , in the lo wer fre
quency ranges, is better than anything
selling for under t he price of a lab oratory
function generator.

... WA2IKL
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CONTROLLING

elIters

WITH TONES

by Ken W, Session s, Jr. K 6MVH

A few years ago, an amateur repeater
typica lly consisted of not much more

t ha n a transm itter and a receiver , inter
connected to operate as a repeater. But a
number of factors have served to bring
about a trend toward limited con trol of th e
repeater through the usc of audio tones
transmitted on the repea ter 's inp ut fre
que ncy. When two repeaters arc close
enough to one another so that a user
station triggers both repeate rs when he
attempts to use but one, a tone syste m is
called for. When a group of amateurs band
together to put up a repeater for the
exclusive use of material supporters, again
tones are required . When the repeater input
frequency is commonly used for a simple
channel {point-to-point, o r d irect), a tone
system is the only way to insure that the
repeater is only triggered when it is ac tua l
ly being used by one of the sta tions on the
freque ncy.

Today, the toned repea ter is at least as
common as the straigh t "carr ier-operated "
repeater, and the trend to wards tone con
tro l is certain to increase from here on ou t.

The three most common me thods of
tone contro l for amateur repeaters are, in
order of popularity , "tone burst,"
"whistle-on," and "continuous-tone-
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carrie r-squelch:' The first two systems
employ the use of a relatively high-pit ched
audio tone of short duration . The la tter
employs a continuously transmitted very
low-frequency "subaudib le" tone o f a
specific and usu ally quite critica l fre
quency. Each system has advantages the
o thers do not sha re . It is up to the repeater
designers to look at the merits of the three
systems, the n adopt the one that best
meets their par ticu lar needs.

A tone-burst system insta lled in a re
peate r will require each user to tra nsmi t a
short tone "burst" each time he wan ts to
communicate through the repeater. T he
only practical method of utilization in such
systems is for each user to install a tone
oscillator in each of his transmitters, along
wit h a simple ti mer to limit the duratio n of
each tone burst, and a met hod for au to
ma tically keying the oscilla tor each time
the t ransmitt er push-to-tal k circuit is ac tu
ated. Each user shou ld also install a switch
so tha t he ca n take the tone oscillato r o ut
of the circ uit when he is not operat ing
through the repeate r.

But on t he plus side, the tone-burst
system is the simples t of all the sys te ms to
insta ll at the repeater; it will consist of
nothing more than a single relay and a
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timer to limit length of each transmission
(assuming that a tone decoder is already
inst alled at th e repeater site) .

The whistle-on system is the nicest fro m
the standpoint of the users, who mu st
possess no osc il la to rs o ther tha n the o ne
with which they were born . A simple brief
whistle will t urn o n the repeater , a nd the
repeater wi ll ope ra te from tha t point o n in
a purely carr ier-opera ted man ner. After a
specified ti me period of inactivity ( say. no
incoming repeater signals fo r five minutes) ,
the re peater will shu t down . To turn it o n
agai n. the nex t use r will have to co mmand
it wit h another orally produced whistle . As
with the tone-burst system, the whistle-on
approach includes a transmission-li mit ing
timer of a min ute-and-a-ha lf o r so .

The whistle-on co ncept offers the most
in te rms of fl exibility , bu t it req uires two
timers and a relay (in addition to the b road
tone decoder) . Interco nnection . however,
is q uite simple.

The third ap proach, con tinuous-tone
carrier-sq uelch (most frequently referred to
by Motorola's tradename o f PL , for " Pri
vate Line" ). is the least flexible. the mo st
di fficult to im plement , and the mo st crit i
cal with respect to audio stability. It is also
the most secure of the three, which is one
of the reasons many ama teurs elect to u sc
this system for the ir "closed." repea ters .

There is litt le complexity at the repea ter
site with a PL sys te m. since nothing o ther

than the decoder itse lf is ac tua lly requ ired .
eve n tho ugh mo st ama teurs like to add a
delayed-dropout relay to avoid " cho p
ping." But the pro blems faced by the users
are manifold . Here, every t ransmitter that
is intended to be used with the system
must be eq uipped with highly stable lo w
freq ue ncy tone gene ra tors. And , u nless
great care is taken in the setup of all the
stat ions, the re peater in use will so und lik e
a bunch o f sta tions who use unfilt ered
power su pplies. A good P L system should
be subaudible, but ama teur setups 
commercials, too , for that matter - seldom
are .

Basic Control Logic

Once the type of tone access approach
is chosen , t he repeater sho uld be se t u p to
provide the widest possible number o f logic
ou tpu ts, which can be used for an almost
endless a rray of later co nt rol functions.
The tone decoder. fo r example , shou ld
drive a relay to provide voltage and ground
outputs when the proper incoming tone is
sensed. And the ca rrier-operated relay
should likewise be se t up to drive a
multicon tact , heavy-du ty " slave" that pro
vides voltage and ground out put signals for
both the signal an d th e I/ O signal sta tes.
These logic signa ls will prove inval uable as
ad ditional cont ro l functions a re imple
mented .
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F ig. 1. A heavy-duty relay slaved to the carrier-operated
outpu ts from the tone decoder , can be used to provide a
all repeater contro l f unc tions.

re lay, along with groun d and voltage
variety of very useful logic signals f or
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The circuit of Fig. 1 shows how the
logic signals are obtained and what they
are . The cont rol circuits described here and
in other "repeater control" articles will
always require at least some of the logic
signals available on the terminal board .

-_.
T.- .. ..."• • '

r -----',
i 0 I· ,· ,· ,,,,,,L J
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Contro l Logic and PL

A good example of how the logic signals
can be used appears in Fig. 2, which is the
heart of a PL control system. The coil of a
delayed-dropout relay is fed with the
ground output of the tone decoder and the
voltage output from the carrier-operated
relay. If the tone is erra tic , the relay stays
keyed because of the timer's delay of a
half-second or so. But, since the carrier-.
operated relay ground output signal is used
to key the transmitter push-to-talk circuit
directly ( through the contacts of the delay
relay), any loss of signal will cause the
repeater to shut down immediately. Thus,
there is no "delayed squelch" arrangement,
yet the users are protected from fl uttering
of the repeater that might be caused by
borderline settings of their tone units .

Fig. 2. There are many methods for keying con
tinuous-tone-carrier-squelch (PL) systems, but
those employing delayed dropout relays are the
most successful. Here, the tone and the signal
must be present to hold the repeater on the air.
Momentary tone varia tions because of weak
signal will not cause "cycling" because of the
delay, but the repeater will drop out instantly if
the carrier itself drops out.

Control Logic and Tone-Burst

The relay and timer circuit of Fig. 3
shows how the basic repeater logic signals
can be used to control the tone-burst
repeater. When a signal appears without the
proper accompanying tone, the normally
open contacts of the repeater control relay
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Fig. 3. Tone-burst repeaters can be set up with
nothing more than a relay and a timer if the
decoder and COR logic signals are available. Here,
a short tone burst will energize the control relay,
which latches as long as a carrier stays on the
input. If the carrier stays on more than 1.5
minutes, the repeater will go off the air and a
new tone will be required. Each transmission
must be accompanied by the proper tone burst.

keep the COR ground signal from being fed
to the repeater push-to-talk circuitry. When
the correct tone appears, however , a

ground signal from the tone decod er ener
gizes the coil of the repeater control relay
(whose vollage is supplied through the
no rmally closed contacts of a I .S·minute
timer). The co nt rol relay pulls in and is
latched by the COR ground signal now
being supplied through the relay's own
contacts.

Even though the tone burst is short, the
repeater control relay will keep the trans
mitter on the air as long as a signal stays on
the input frequency - unless that time
period happened to exceed a minute-and
a-half.

The timer is keyed at the same time the
push-to-ta lk circuit of the t ransmitter is
energized . And if the same signal is present
for the ti mer's full period, it will pull in to
break the circuit on the repeater control
relay. The only way to get the transmitter
on the air again if this occurs is for a new
carrier to come on the frequency with the
proper tone.

The control relay also drops out wh en
any carrier disappears, so that each station
who wants to use the repeater must either
"tail-end" (seize the frequency before the
preceding user drops his carrier) or be
equipped himself with the proper access
tone burst.

The diode in the circuit, by the way, is
to keep the tone decoder ground signal
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from being overworked . Without the diode,
the decoder ground signal would have to
key the transmitter push-to-ta lk an d the
transmission-limit ing timer. With the diode.
the tone decoder ground can only trigger
the repeater con trol relay.

repeater will shut down. Another whistle
must be sent to bring the repea te r on agai n .

As with the tone-burst syste m. a timer is
ty pically employed to limit the leogth of
transmissions going through the repea te r.
Figure 4 shows the circuit and the logic
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Fig. 4. The complete whistle-on con tro l system con tains two timers and an ordinary relay. If a carr ier
stays on for more than 1.5 m inutes, the push -to-talk circuit is disconnected. If the carrier stays on
6.5 minutes, the repeater shuts down and m ust be whistled on again . A lso, if nobody uses the
repeater for 5 minutes, shu tdown will occur.

Control Logic and Whistle-On

Not many people really underst and the
"whistle-on" approach . Some amateurs
seem to think that if they can whist le to
bring a re peater on the air, that process
constitu tes a whistle-on system. However,
in spit e of the fact that many tone-burst
syst ems can be accessed by a whistl e, a true
whistle-on syste m is one that has been
designed for access by whistl ing. And to be
convenient , no whistle approach can re
quire the users to whistle each time they
transmit.

A whistle-on repeater may stay off the
air for long periods. Stations can transmit
as mu ch as they want o n the input fre
quency , but no repeater will be around to
assist in the ir communica tions unless one
of the users decid es to call up the repeater
by uttering a brief whistle . When the tone
decoder at the repeater senses the presence
of the whistle. on co mes the repeater, as a
conven tional carrier-operated system as
long as the repeater is active with users .

When the users all drift away , and th e
repeater becomes inactive , the repea ter
sta rts count ing time. After a specified
period , usually five minutes or so. the
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required to produce a sound whist le-on
repeater sys te m.

Normally (when the repeater has not
been whistled on), in coming signals cannot
be fed to the push-to-talk because the CO R
ground signal goes no fu rther than th e
norma lly open contacts of the repea te r
control relay. When the whistle is sensed .
however. decoder voltage causes the con
trol relay to pull in (and latch), Now all
signals, tone eq uipped or not, will be
repeated .

When a single transmission exceed s 1.5
minutes, the COR ground signal causes the
timer to pull in and disconnect the push
to-talk . If the user was simply longwinded ,
he'll quit t ransmitt ing in a minute o r two
and the syste m can go right back into
normal opera tion , wit h no new wh istle
required . But if the problem is mo re
serious than a Iongwinded ragehewer, the
whole repeater will shu t down completely
in five more minutes. The COR gro und is
rerou ted after the firs t minute-and-a-half to
the five-minute timer, which causes de
ene rgization of the repeate r control relay
at the end of its period .

The five-minute timer is also used to
shut down the system when nobody is
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Tone Access and the FCC
The Federal Communications Com

mission has been riddled with requests
from amateurs seeking to get a relaxation
in the rules governing remote control and
general operat ion of repeaters. The indica
tions are quite strong that the relaxation
may come , but not until repeater designers
and builders prove beyond doubt that
effective, failsafe, and adequate measures
for autocontrol and subcontroI (tone ac
cess) can be demonstrated.

The need for monitoring from a fixed
UHF facility has been challenged by ama
teurs and defended by the FCC. Commis
sion spokesmen say they will not even
consider allowing un monitored repeaters.
or control from a mobile, until a positive
means can be sho wn for provid ing certa in,
reliable control under all operating condi
tions. Tone-access repeaters with backup
timers for passive control are a giant step
toward meeting this goal.

Ed. No te. A series of three articles
describing tone generators and decoders
appeared in 73 Magazine, Feb 1970. The
series includes "En coders fo r Subaudible,
To ne-Burst, or Whistle-On Use," by Joh n
Gal/egos . (W6ZCLj, " To ne Decoders for
Remote Switching Applications," by Ken
Sessions (K6MVHj, and "Setting Up the
Tone-Burst System," by Les Cobb
( W6TEEj. The reader is referred to this
series for encoder and decoder circuits and
for installing tone units into user trans
mitters.

. . . K6MVH·

using the repeater. A ground signal from
normally closed contacts on the COR slave
relay completes the circuit on the timer
coil. This " double duty" provides for an
extremely safe and self-controlling repeater
system.

As with the tone-burst circuit , the di
odes in the whistle-on system are for
isolation. The one in the no signal present
ground line keeps the circuit isolated from
the signal present logic. The diode in the
negative voltage line isolates the tone pre
sent signa] from the continuous - 28 V
terminal.

BRAND NEW IlJT MAKES
ASSEMBlY EASIER AND
MORE FUN THAN EVER!

..~ THE tWU oen 5ll.Ip·STATE
CMl£U lIT AVAIlABlE .

VIDICON • ClO I.........,.... • AUlQllATIC
~.., "_HUc .. VioM.. IF .....' ell. 2-6e- , ....1;1 ..,. TV HI

- ...... TV.. . .... ,..........,.. ....., to coo, lUi ' ....

,

,

,

NEW FOR 1970!
The above models now have rf gain control.

For 300 to 470 MHz
See Model 202 in our cata log.

• Available from 5 MHz. to 450 MHz. Bandwidth is
approximately l % of fr equ ency.

• Voltage gain 30 to 40 DB de~ndlng on frequency.
• lwo Dval Gate MOSFET a mplifier stages with each

having a tuned Input and tuned output. Each Dual
Gate MOSFET Is .sctuallv an Integrated eesecde clr
cuit thus 91"lng you 2 cascode circuits equivalent
to 4 triodes.

• Erception.slly low noise 12.5 DB at 17SMH1.), great·
Iy reduced cross modulation and 10 times the dy.
namlc range (signa l handling capabtlity) of tile best
bi.polu t,.nslstor$. Aho superior to preamps using
'\unction FEll end Slng 'e Gate MOSFEls.

• nternal connections for high Imped anc e AGe or
manual qaln control if needed.

• Ty~ BNC input and output recepta cles for mInimum
loss at UHF. Standard Impedance Is SO·7S ohms.

• Carefully tuned at our laboratory with ,weep gener.·
tor and oscilloscope for the best bandpass character·
ntte.

• Full wave UHF diodes protect Input transistor.
• Operates on 6 to 16 volts DC,S to 15 Mol .
Ne.. York cav and State residents add local sales tax .

DUAL GATE MOSFET

PRE-AMPS

Dept. H
196·23 Jamaica Ave" Hollis, NY 11423

to 175 MHz. $21.95 ppd,
to 300 MHz. $25.95 ppd.

ANGUAR..'.. "'" ...-.,
f> ' p/lle "' '''',.

w " _ ,• • •

VANGUARD LABS

Be a PIONEeR in HAM TV
•• •build you,. own camel"a!
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SIMPU RlRUlAUD
POWlR SOURCl fOR ICs
yntegrated circu its and so me transisto r
~unit s require low su pply voltages at re
latively high currents. While dry cells can
meet the requirement temporarily, serious
work and finished units are conveniently
fed with line-operated su p plies. The usu al
answer is a transistor regulated supply of
ten more comp lex than the device it feed s.

The circuit shown in Fig. I was de
signed to supply an lC logic sec tio n of a
business ma chine . It would make a com
pact low-cost supply for an lC keyer or fo r
general experimental work .

Digital
F,.equency Mete,.

• Monitors your "transmitted" signal
• Measures Khz and Mhz
• Operates with a ny exciter-transmitter

(1 to 600 watts-up to 30 Mhzl
• Large-bright "Nixie" d isplay

FM-6 Kit .. . . $139.95
e.a

~OmA ow

""J 82

,W
6 .3 V 1!X) mA

• 500 pF
6 V

VO·5 .0.7
- 3.5V

Micro-Z CO.
Box 2426 Rolling Hills. Calif. 90274

CUSTOM MAUl UX CHARTS
Fig. 1. Simple regulated power source for Ie s.

Basically . it take s advantage of the 70 0
mV forward voltage drop of silicon diodes
which varies only slightly with curren t
change. A little time spent selecting indi
vidual diodes can provide a regulator for
the exact voltage de sired , including those
values for which standard zeners are not
available . Best of all , it can be assembled
from parts commonly lying idle , thus
freeing the regular bench supply for more
demanding work.

The 4 .1 n limiting resistance provides
short-circu it protect ion fo r the 750 rnA
rect ifiers, and is a necessary part o f the fil
ter circu it. A load current variation from 0
to 50 rnA causes a supply drop of just
1.65%. To improve regulation at higher
currents , increase the size of the filte r capa
citor.

Edward L. Raub , J r. WI RAN

OCTOBER 1970

When you need a DX bear
inq you need it immediately.
You don 't want to have to
look it up on a map or fiddle
w ith a globe.

These Custom DX Charts
are computer print-outs for
your exact shack location and
give the bearing and mileage
for every country in the world.
They are printed out by call
prefix for speed of location
and the capito l cit y is indi
cated .

Custom 0X Chart $4.00
postage prepaid

RADIO BOOKSHOP ~;~~=o,oU.h NH
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ASOliD-STAU lO-MINUU lIMlR

Walt Pinner WB4MYL
7304 Loren zo Lene
Louisville KY 40228

T his IO-minu te so lid-state station t imer
is a simple economical, one-evening

project whose application is only governed
by your imagination . An indicator is illu
minated by a set button and burns for 10

1201l .AC
A, ,

~ ~

." ~ ~ I CI0 6 (GEI. "
'-J o

~,

'"
~I
1/4 .....

,,,

MEM-~ II l. - r-(G f ~ In , tr ) RESET

r>---.Lo-
100 Mf G 3, ~ r

/I
10 0 V

Fig. 1. Sch emat ic diagram of the MOSFET 10
m inute timer.

70

minutes before ext inguishing, t hereby
reminding you longwinded ragchewcrs or
break-in operators to ident ify as required
by the FCC. The unit , made up of II
components, is installed inside my 58-100
tran sceiver with the indicator lamp located
behind the main tuning dial, where it is
readily visible (eliminating the need for
hole drilling).

As shown in the circuit diagram (Fig. 1),
th e heart of the unit is a MOSFET which
gates an inexpe nsive SCR to turn on an
indicator lamp (or. if you prefer. energize a
relay) . Voltage pulses are applied to the
transistor and the RC t iming circuit , 100
MQ low-lea kage diod e, and a 3 IJ.F I OOV
capacitor.

When 6V appears at the capacitor , the
FET is turned off, t urn ing off the SCR and
the indicator lamp. Pressing the set switch
d ischarges the capacitor. recycling the
circuit for an addi t iona l 10 minutes.

Because the circuit is line-operated. all
compone nts should be isolated from the
chassis. In view of the high impedances

73 MAGAZINE



Fig. 2. A relay and associated fiJ ter network may
be used as shown for switching loads in excess
of 2A.

drilling should you wish to preserve the
original appearance of your equipment.

Wiring is not critical and a circuit board
(full size) is shown Fig. 3. After soldering,
it is suggested that all connections on the
board be cleaned with a solvent such as nail

involved do not attempt to measure volt
ages, as any but the most sophisticated test
equipment wil1load the circuit .

Caution . . . The FET is supplied with a
shorting wire around its leads; this should
remain in place unt il the transistor is
soldered in the circuit .

Precise t iming is adjusted with the 50
kS"2 pot, which will compensate for com
ponent tolerances. Any neon panel indica
tor with a built-in resistor can be used in
place of the NE-2 and 6B kn resistor.
Color the bulb to contrast with existing
panel lighting. Should you wish to power
other de loads up to 2A merely subst itu te
your choice for the lamp . For loads in
excess of 2A, the NE-2 may be replaced by
a I 15V ac relay with a series 600 n lOW
resistor and fil ter (Fig. 2).

The 600S"2 resistor limits the direct
current through the ac relay to a safe level,
and the 20 IJ.F capacitor insures that the

,
20 jl.F

+

200V

I'lELAY
120 V.A.C.

120V.A.c.
•

600n

lOW

.O ~

.I

10K

,

N[-'

•• -

rf~
•••

-i1 [1" • I''"

r- -,
I ~I
I II SCR I

17K
'77

~~ 10 '

D'~

][ : ' , F

~OOM 0,' ~

.. MAY BE REPLACED
BY CIRCUIT OF F lO. 2
FOR >2 A LOADS

Fig. 3. Layout is shown actual-size alongside a composite view which gives com ponent p lacem en t data.

relay will remain on during the half-cycle
the SCR is off. The reset switch may be
any unused contacts on your rig, such as
spare positions on your 100 kHz calibrator
switch. It may also be convenien t to
replace a control with one having a pull
switch. thus eliminating the need for hole-

OCTOBER 1970

polish remover to eliminate leakage via
flux, etc. The zener and low-leakage d iode
were obtained from surplus boards. The
SCR is not crit ical, and any type with
l20V ratings that will trigger at O.BV is
acceptable.

. .. WB4MYL·
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William A. Brink WA6COB
415 Conestoga Way
San Jose CA 95123

men ts were all made with homebrew eq uip
ment that shows a good null on a Heat h
antenna . While t he measurements are not
precise due to the fact tha t 750. coax was
used (rather t han 500.), they are close
enough to prove the effec tiveness of the
antenna system.

I have been using this antenna for the
past six months and have achieved good
results on both CW and RTT Y. While I
don't operate SSB since the fu nny license
plan went into effect last year, I do want
to point out that the antenna loads well in
that portion of the band and should give
the same results as at the bottom end .
While I have not attempted to guess at the
radiation pattern, I have worked a good
many states on RTIY since I installed the
Four-Wire Inverted Vee .

yn a search for a better broadband
.1.ant enna for 80 meters, I have devised
one that works beautifully fo r -me . Since it
is possible that some of our readers migh t
also be interested I will attempt to describe
it to you .

I call this anten na the Four-Wire
Inverted Vee , as that seems to best describe
it. In the past I have used the conventional
inverted vee on the lower bands with good
results. This one seems to work better for
me. Each side of the vee consists of two
wires, one 60 ft long and one 65 ft lo ng.
This gives me one conducto r near reso
nance at the top of the band and one near
resonance at the bottom of the band . The
center of my antenna is about 35 ft above
the roof of my house (on top of a 40 meter
vertical) which gives me an overall height
of about 50 ft.

The best feature of this antenna is that
it is coax fed with RG-ll {U and tunes the
whole band with a very low vswr. If it were
fed with RG-8 /U, the vswr might be even
lower. Any rate, the highest vswr indica
tion was 1.5 :1 at 3 .8 MHz. My measure-

72

Freq uency. MHz
3.5
3 .6
3.7
3 .8

3.3.9
4.0

Vswr with SOn bridge
1 : 1
1 : 1

1.35 :1
1.5 : 1

1.2 2 : 1
1.2 2 : 1

William A. Brink WA 6COB.
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President Nixon
White House
Washington, D.C.

ACTION COUPON

When you've been done in by a company you get the best results if
you take your gripe to the president of the company.

We've been done in by the FCC and the just-announced substantial
increase in amateur license fees. We have a legitimate beef coming...one
that we should take to the boss.

Use the 73 ACTION COUPON below to register your complaint with
the Top Man. If you don't like to chop up your magazine, write the
message on a separate paper or make a photocopy. Make a few for friends.
too .
Send it to:

Dear President Nixon:

The first Russian Sputnik aroused considerab le concern in the U. S. about our need fo r more
engineers and technicians. Now, when we need technically trained people more t han ever befo re, we
see ou r teenagers turning away from the technical fields.

Amateur radio can fire the imaginations of our teenagers and lead them into technical
careers. . .at least it can if the new higher tax on amateur radio licenses (just raised from $4 to S9)
doesn't turn them away. This tax, quickly pushed through by the FCC to help balance thei r budget,
increases the fees paid by radio and television stations (which seems reasonable since these a re licenses
to make money) as well as amateur operators, but does not increase the fee fo r commercial licenses
(also licenses to make money).

Our country can ill afford this ext ra hu rdle for teenagers wanting to come into amateur rad io.
T his could have profound repercussions o n t he fu ture economy and even the survival of our count ry.

Is this fee even fair? Some 40% o f all amateur license exams are admin istered by t he amateurs
themselves, t hus saving the FCC the expense. The whole wo rks is on computer, so renewals are
prac tical ly automa t ic. A do llar or two wou ld be a fa ir fee for the ac tual service provided. Why should
amateu rs have to pay fo r the other services?

T he Commissio n has refused to reconsid er thi s ma tter. Please do what you can to intercede for
us.

OCTOBER 1970

Slqned _ Cal l _
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73 USEFU L T RANSISTOR CIRCUITS
If y o u 've b een looking f or a transistor circu it to do
a specia l j o b , c hances are there is a circu it in t h i s
boo k that w ill g ive y ou a head start. I t covers
c ircuits f or audio, rece ivers, transmitters and test
equ ip m en t . $ 1

VHF ANTENNAS
Th is handbook is .. complete collection of up-to
d ate information abou t V H F and UH F antennas,
with d esign hin ts, co nstruct ion and theory . I f
you've been wondering w h at arra y YOu n eed . this
book wil l give you enough back ground t o make t he
r igh t decision . $3

ADVANCED CLASS STUDY GUIDE
12 8 peges of up-to -t he-minute simplified theory.
written w ith t h e beg in ning rad io amateu r in mind.
Th is un iq ue book cove rs all aspects o f t h e theo ry
exam for the Adva nced C lass license and h as
h el p ed hu ndreds o f h am s to sai l t h ro u gh t he
exam. . .nothi n g else li k e it in p r in t . $3

DIODE CIRCUITS HANDBOOK
An invaluab le reference book. Co ve rs rectifiers,
mixers, detec tors, m o du lators, F M detectors, noise
lim it ers, AGe. BFO/a-mu lt ip lier. A FC , Varicap
t uning audio c lippers, balanced mods, field 
strength meters, A F probes, zeners, contro l cir
cuits, etc . 111 different circu its. $1

COAX HANDBOOK
I nva luable book for the ham or the lab and for
everyone else w h o d oesn 't want to have to keep a
whole library on hand for reference.. .or even
worse, have to write to the manufacturer f or co ax
spec. $3

INDE X TO SURPLUS
DO y o u have a piece of surplus equinrnerrt that you
w an t t o conver t but can ' t find an artic le? If so , t his
is the book you need. It l ist s all of t h e su rp lus
articles and conversi o n s in popular electronic and
amateur m agaz ines from 1945 to 1966. $1 .50

OX HANDBOOK
I n c ludes giant world count-v -eo ne w al l map.
Artic les on OSL des ign secrets, w in n in g O X co n .
tests, excc rules, o xcectt tcne, rec ipro cal l ieerr 
sing and many more. World postage rates, WAZ
record lists, time charts, p ropagation, etc . Special
ham maps and bearing charts. A must fo r the
oxe-. $3

SIMPLIFIED MATH
Does math scare you? - It shouldn't. This eesv -tc 
understand book expla ins the simp lified expo
nent ial sy stem of arithmetic , simple formu las,
l ogari t h m s, and their application to the h am
sh ack. 50i

FM ANTHOLOGY

Vol. I. This book is largely a collection from FM
Bulletin. edited by K6MVH and WABUTB.
The materia l is taken from the editions of
February 1967 through February 1968.

NOW AVAILABLE FOR ONLY $3

•••••••••••••••••••••••••• ••••• ••••••••• • •• •• ••••• •• ••••• •• •••••••••• •••••• •

Address ..

Na me .•....•.•.••.•..•.••.•.••••_ .

Please send me the books cheeked at left:

••.•.•.. ..•....•....•.•..•.•..•.••.• Sta t e .•.••••••••••.•. Zip
Books shipped prepaid in US and Canada.

••••••••••••

••••Call ••.••.•..•.•..•. •••••••••••••••••

73 Magazine
PeterborouCJh. N. H. 03458

City

VHF Antennas $3.00
Ad vanced Class $3.00
Diode Circuits Handbook . $1.00
73 Transistor Circuits. . . . $1 .00
Index to S urplus.. . . • . •" , $1 .50
OX Handbook $3.00
Simplified Math $ .5 0
Coax Handbook $3.00
F M Anthology $3.00

•••••••••••••••••••••



AN Ie MARKER GENERATOR

D.A. Poole K4BBC
1223 Brookwood Drive
Win ston-Salem NC 27106

Simple tC device gives marker
signal when you approach the
edge of your au thorized band.

T he incentive licensing regulations have
c re a ted a need for identifying

restricted band segme n ts . The easies t
method of doing this is by using a crystal
con tro lled oscilla tor to provide marker
signals at the edges of the subbands {get
ting the Extra license is ano ther good
approach).

The marker generato r described here
provides calibrat ion signals at 200 , 100 ,
50 , and 25 kH z interval s, usable up
through the 6 meter band . Although the
basic co mponents shown were purchased
in a kit (R&R Electronics, December,
19 69 . 73 Magazine) containing the two
circuit boards, the genera tor could be

--
, .•

--_ ....
•

R&R (311 E. South
St., In dianapo lis IN
46225) supplies all
components and PC
boards in kit form.

OU TPU T

L9 25L913L92 5•

oob~c

r , • soc "6,,,,, ,,, , 0 , c r-'
, c

r I , r
' r ' . 9 ?UTP U T

Y-"' T-o eec 0- ,. ,J O~
SElE CfOIi '~ I O '

L ,. ~ ': 01'- ,f-o,,, 0 " 0 0

r

•

,0·,
L9'"

• L913

•
-..e-o~ TO P' '" Il 0 '" Al. L ,C,

.1.

.1.
T ~o TO P,," 4 " .. Al.L IC,

Fig. 1. Ie interconnection and base diagram {or the band-edge m arker genera tor.
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OTHER AMATEUR HARDWARE

built on perforated board from individu
ally purchased components.

The circuitry consists of a 200 kHz
oscillator and three divide-by-two stages.
In the oscillato r, a Fairchild ilL 9 14
integrated circuit is connected as a
crystal-controlled multivibrator. A 200
kHz crystal is used because it is cheaper
and more stable than the 100 kHz crys
tals usually used in marker generators.
With the values shown the frequency is
within a few cycles of zero-beat with
WWV.

The output from the 200 kH z oscil
lator is successively fed to three III 923
integrated circuits, each connected to
divide the frequ ency by two. A rotary
switch selects the desired output. Three
penlight cells su pply the 4 .5V required by
the integrated circuits.

The generator in the photo was built
in a 4 x 214 x 2~ in. aluminum box. The
printed circuit boards with integra ted cir
cuit s are attached to the box with screws
and small spacers . The small rotary

NEIt'.. .. From ITU II illITU
ANTENNA MOUNT KITS

QUAD MOUNT KIT

OM·' (21 1%" Hub Spiders (Small Spider for VHF )
111 114" Boom to 1%" Mast T·Mount Net $ 10.85

QM-2 121 114" Hub Spiders
(Hea...v Spider for 6M & 10M)

(1) 1%" Boom to 1%" Man T·Mount Net $13.75

OM·J (2) 1%" Hub Spiders
(1) 1%" Boom to l '1t Mast T-Mount Net $14.65

OM-4 (2) 2" Hub Spiders
II I 2" Boom to 1Yo" Man T·Mount Net 122.45

OM ·5 121 3" Hub Spiders
111 :r- Boom to 2~ MilSt T-Mouflt Net $36.95

DELTA LOOP MOUNT KIT

lY, . Hub v ·s...pporu
I II." Boom to I II." Ma51 T·Mount . • • • • • • Net $14.65

2- Hub V·Supports
2" Boom to 1%" MiJSt 1 ·Mount Net $22.45

3" Hub V·Supports
3" BoOm to 2" Mast T-Mount Net $36.95

DL·l '"111

DL-2 121
11)

OL·3 121
II I

CO~PLETE PACKAGED KITS INCLUDING

SPIDERS OR V·SUPPORTS • BOOM TO MAST MOUNT

_Al l NECESSARY ASSEMBLY HARDWARE

_INSTRUCfION MANUAL

HEAVY DUTY CAST ALUMINUM

COAXIAL REACTANCE GAMMA MATCH

6 mc • $6.95 I lOme . Sl.95 ) 15 me · SS.95 l20mc .S9.95
The finished marker generator. Note that pen"
light cells mount handily in cover section of
minibox .

TAPERED FIBERGLASS ARMS - ALL LENGTHS

S",t4 MOBILE COM~tuN ICATIONS FILTERS

BROAD BAND BAlUNS
HANDLE IN EXCESS OF 2000 WATTS

DI POLE , BEAM , ETC. I SP~~FY I $12.95

ORDER DIRECT DR FROM 'fOUR DISTRIBUTOR

~
K I RK E LECTRONICS DIVI SIO N

"r IU..HcrROTEC CORP.

1 18 ..... EST P... RO; RO "'D. O ... y TO ... . O H IO ~~S9 . S ' 3I~33 3102

switch, battery holder. and output jack
are from Lafayette .

The genera tor has proved to be reliable
and stable. providing subband identifi
cation at a flick of the switch. Because
the harmonic output of the divider is
quite strong , tight cou pling to the receiver
or transceiver is not necessary. Good
results ca n usually be obtained by slipping
the end of the output wire down into the
shield of the first rf amplifier tube.

. K4BBC ·
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associates, inc.

TIR BOOSTER

e. t.

U ,TELL RD.. EAST HANOVER. N. J . 07936

IF YOU WORK 2 METERS

YOU NEED THE

your antenna feed l ine is longer than 40 feet
some of the signals you hear are less than 05
the other fellows hear more than you do
you r present 2 meier receive r lacks gai n or sensitivi ty

Regardless of how big your 2 meter antenn a is 
Regard less of how good you r 2 meter antenna Is _
The Tf R BOOST ER Is guaranteed to Improve yo ur "hearing
power" if you have more than 3 dB of feed line loss!

Ask your local Clegg Dearer or write to us today for full
details on th is remarkab le $47.50 gadge t that establishes
your receiving capabil ity up at the antenna whe re it counts.

1.96
.5O
.ae

3.95
4.95
2.96
4.96
2.96

.5O
3,95
2.9 6

.5O

.ae

.se

.5O

.ao
ee

9 .95
11.9 l1
&.95
3.9l1
7.95
6.9l1
2,95
4 .9 5
4 .9 5
4 .9 5
lI.95
4 .9 5
5.96
5.96
4.96
6.96
9.96
9.9 6
9,95
6.95
6.96

SPIt'"
$3.95

4 .96
4 .9 6

1 1.95
11.9 5

2.9&
6 .9 5
4.9l1

$6.96
7 .9 6
7.96

I B 96
20.00

6 .9 6
10.96

7.95

20.00
18 .00
9.96
6.96

12 .9 5
7.9 5
5.00
7,96
7 .96
6.96
7.96
6,96
7.96
7.96
6.95
7 .9 6

15 .00
9.96
9.96

3.96

."3.96
6. 96

10,00
4 .9 6

10.00
6.76

HARDBOUND BOOK SALE I
I',,~

T V S • • ~j~lnu Guld. Boo~
Semlcglld"c'O,I: From A 10 Z
T,a " h llll h o <> rln ll , ho Sali<J 5111111 Ch ... '_
Ad"'" Dll' lIcUon
HandlJaGlc 0 1 1'0"1"'0'1. lind Microeloc l ronic.
Redia No..... . H an d b o ok
T'.'..,llo, CI' c " ill & Apflilcetlon i
MOdern TV CJn,, 1I & Wllv"lorm Anlll Vli,
E llle lrOm llc h lln lc ll' Devlcu lor E"",gV

Con"."lon lind COIll ,ol SV llem l
111M E l&elronl<; C I,c"U A n a l",,!, Program
O.",Je 10 p,olanlono' H,olldcUI AnnounCIng
On lh. Colo. T V 5 ..,,,1<; 11 Bench
Mllnlll;ling T O" IlV ' , R edlo Sfllllon
E ' lle 1' 0 nk I A ll' e •• nCII 0111111>001<
Thll 1'""1111<;>' R ad io H endh oo k
Audio SVllllml Hllndbook
Work Inll Wl lh SlImlconduCIO"
.64 Prg)lIClilo. H o me end Ca.
I" " " lt lng end Servicing Homll Aud io SVnlml
S Ingl, S 1<l lIl>lIn<l, T hoo.y lind 1"lIe uce
Tap e Reco,d ing 10. F u n and Prof II
How 10 F'MT ra nl ll lOr Radlol
CB Oparalor'l Guida
Tho OICII.oICopo
FrOQuo ncy MOdul"lon R ecol~o..
Modern Elec tr o n ic Clrcuil Delilln
eleclronk TU Ii & Menuremonll
Eleclrlc Ci rc u li•. AHarnaling Curran I
EII'Cfflc Clrculll. O lracI Currlln!

SALE of Softbound Books
EleCffon)c Hohbyill'. IC Projacll Handbook
Integ,elad Circu lll, Fundllmantlli. & Proia"'"
Sam)conduclor Powllr Clrcul" Handbook
Inlorp reting FCC Brolldcnl Ru le.
Radio SalOl PromOtiOn.
Work lnll wilh the OICliloICoP.
Englnoorlng Con far.n"a Tllch n lca l Pope..
Semlconducfor Hllndhook
Solid 5111111 Pro jllc ," from f.1olorola
NAB 19 G7 Engin ell r lng Conference Pro c. 10 .0 0
Pin Po in! TV Tro u b le. 4.9 l1
Your Cili~en. RediD Slalion 1.0 0
AB C' I 01 ClIl~en. Sand Radio 1.9 6
Be1l0r Short Wa~. RKepllon 2.B6
AnlOnnn ' o r Clllnn. Radio 1.00
How 10 Innall TV A nlonnn .5 0
RCA l- inoar In l"ll'Olod r.l rc" lll 2.00

Prlce_ Ire pu~tp ilid In USA. U OltuUI o f .lock. o ne OI l kind.
fjr~l come. ere.

RADIO BOOKSHOP Peterborough NH 03458

IMPROVING REGUlATION IN HIGH VOlTAGE SUPPliES

Some improvement in the regulation of
a high voltage semiconductor power

supply system with capacitor input can be
obtained by shorting out the protective
surge resistors placed in the secondary
leads of the power transformer by means
of a delay circuit. The amount of improve
ment, naturally, depends on the values of
the resistors.

One method of accomplishing this
objective is shown in the diagram.

When the plate switch in the primary of
the high-voltage transformer is closed, the
RC tim e constant provides a delay of abo ut
one second .before the contacts of relay K2

close and sho rt the surge resistors. Vari
ation in delay from milliseconds to several
seconds can be achieved by choosing values
of R between 10 and 20 kn and/or
substitut ing different values of C.

Since the time constant in the filter
circuit of the power supply is so small, a
delay of one second is sufficient to provide
ample protection in short ing out the surge
resistors when the power is turned on . A
115V isolating transformer must be used
between the plate switch and the diode if
the ll5V line polarity is not observed.
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And more power to you.

I t may seem that we're putting too much
emphasis, in this study course for the

General license examination, on the ult ra
basic fundamen tals of electricity and elec
tronics. After all, nearly three-quarters of
all the questions on the FCC's offic ial
"study list " deal with matters mu ch more
complex than those we have been exami
ning since we bega n.

However, our stress on the ul trabasics is
deliberate. With a strong understanding of
the major principles of electrical physics as
a foundation, the more specialized matters
met on the actual examination will be
much more solidly seen. In othe r words,
we 're going a bit slowly at t he begi nning,
so that we can do a be tte r job late r on and
make it all ap pear to be as simp le as it
reall y is.

Already covered has been the propaga
tion of elect romagne tic energy, through
both wires and space, as well as the ideas of
voltage and current, resistance and reac
tance, and Ohm's Law for both ac and dc.
We' re now ready to attack such puzzlers as
power, decibels, and harmonic frequencies.

Specifically, this time we' re go ing to
look at the following three quest ions fro m
the FCC study list ( the numbers arc those
appearing on the official list);

15. What is a decibel?
16 . What is a ha rmonic? List ways of

minimizing harmonic generation in fre
quency doublers, vacuum-tube amplifiers,
transmission lines, and antennas.

30. Define instantaneous power, average
power, sideband power, audio power, and
peak envelope power. How is each rela ted
to the voltage and curren t t ha t produce d
it ? How is each related to the unmo dulated
carrie r po wer?
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Most of the questions that appear on
t he official study list are extremely specific
ones dealing with so me narrow aspect of a
general subjec t, and to provide you a
broade r base of knowledge we have fol
lowed the practice of rephrasing t he ques
tions into more general forms.

This time , we'll do that with two of
them - but one is alrea dy abou t as general
as it ca n get.

O ur questions, therefore, will be a mix
ture of our own rephrasings, and the study
list question which is already general. We 'll
start by asking "what is Power?" , which
will build us a bridge fro m what we already
know abou t energy, voltage, and cu rre nt,
to the many ways in which power ca n be
specified . We'll follow that up by learning
"How is Power Measured ?" to determine
how the various kinds of measurement an d
specifica tion of power relate to each ot her.
Next, we'll fin d an answer to " What is a
Decibel?" - and in the process we may be
able to remove some of the tradit ional
confusion which always seems to su rround
this su bject.

We will then direct our atten tion to
harmon ics, asking first " What Are Har
monics?" and then " How Can Harmonics
Be Controlled?" By the time we complete
our look at these , you should know more
than you rea lly wanted to abou t the
subject.

What is Power?

" Power" is one of those words we all
think we know the meaning of - and
because of this, it's ext reme ly important
that we be sure right at the sta rt of our
studies of electrical power that we're all
using t he same mea ning for the word .
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Dictionaries list many meanings for
power. In everyday conversa tion, we speak
of political power and powerfu l mo tors, of
the power of public opinion, and the
power of the individual. There's the power
we get from the wall plug, and the power
to keep going we get from our food. All o f
these are different kinds of power.

So let's ignore what we think we know
about the meaning of the word, and
develop a brand new definition to use
during our examination of this subject.
Let's begin by going back to what we
learned in the first chapter of this course,
about current and voltage.

There, you may remember, we found
out what " current" and "voltage" were by
relating them to the two kinds of energy
involved in the magne tic field and the
electric field . We found that either of these
two kinds of energy ("actual energy" and
"potential energy") could apparently exist
indefinitely by itself so long as nothing
moved, but that as soon as "motion" came
into the situat ion the total energy present
began changing fro m one form to the
other, and that this change of form of the
energy was what we know as "elect ric " and
" magnetic" effects.

While we didn't bring it ou t in so many
words at that time, " motion" itself
involved the use of energy - which might
mean that putting motion into our bal
anced situa tion simply unbalances it by
adding additional energy . T his is one of the
areas in which physicist s are still uncertain
as to exact ly what goes on, but the
assumption appears reason able in view of
the current belief that every thing in exis
tence is either energy, or equivalent to
energy, and that the to tal amount of
ene rgy in the universe cannot increase or
decrease but must remain forever un
changing.

What all of this means to us at this point
in our studies is simply that any use of
electricity involves a use of energy.

We also found , earlier, that resistance in
a circuit causes some of the electrical
energy present to be dissipat ed in the form
of heat - which, again, is another kind of
ene rgy . If it won't cause too much con
fusion, we can consider that elect rical
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energy which is changed to heat energy has
been " used up" ; we do not mean by this
that it's no longer energy, but merely that
it's no longer in the right form to be used
electrically . In con trast , electrical energy
which has been "locked up" by a change of
phase relationships in an ac signal is not
used up, because we can easily get to it
again by changing the phase relationships
back again.

When we do anything at all to electrical
energy by means of our circuits, we must
"use up" at least a part of that energy .
Some of the energy we "use up" is
wasted - that is, it doesn't do anything
effective for us . If the circuit is operating
properly. though, most of the energy "used
up" will be used in doing what we want the
circuit to do .

For example, the whole purpose of a
radio transmitter is to transmit information
to one or more other locations by radiating
radio energy from the antenna. The energy
which we radiate is "used up" so far as the
transmitter is concerned ; we don't get it
back to use again , but must continue to
supply more energy in the form of the
operating voltages which keep the rig
going.

When ever we use up energy in this
manner, it 's convenient to be able to
determine how much we are using at any
specific time, as well as to know how much
we have used since we began to use it.

No w we get back to o ur immediate
subject, power. "Power," as it applies to
electricity, is simply the rate at which
electrical energy is used . This is not the
same as the amount of energy used, any
more than "miles per hour" is the same as
"distance." The power measures o nly the
rate of energy use.

Back in the first chapter, we learned
that voltage is a measure of electrical
pressure or potential, while "charge" is a
measure of the actual amount of energy at
any instant. "Current" is a measure of the
rate of " charge ," and so "power," which is
the rate of energy usage, must be related to
both "voltage" and "current."

And the formula for determining power
is simple : power equals voltage times cu r
rent. If potential is in volts and curren t is
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in amperes, the resulting power will be in
the unit of power, " watts" (for James
Watt , invent or of the steam engine ).

In physics, of which elec tronics is a
branch, " power" is the same kind of thing
as "work" and conversion factors exist,
which enable us to convert units of power
into units of work . For instan ce , 74 6 watts
equals I horsepo wer.

Notice that because power is a measure
ment of rate , like " miles per hour," rather
than an absolute measuremen t such as
" distance," it te lls us no thing ab out the
total amou nt of energy used . J ust as the
question " Which goes farther, a bic ycle
moving at 10 mph or an air plane doing 500
mph?" cannot be answered until the time
of t ravel of each is known (if the bicycle
goes for 72 hours while the airplane goes
for only hal f an ho ur , the bicy cle will go
nea rly th ree times as far) , nei the r can the
question " Which uses more energy , a 5W
tra nsmit te r or a 50 kW transmitter'? " be
answered until t he time during wh ich each
is operated is known . The 5W transmitter
must operate 10,000 times as long as the
50 kW one to use the same amount of
energy - but if it operates more than
10,000 times as long, it will use more!

To measure total energy co nsump tion,
we use such unit s as the kilowa tt-hour or
the watt-secon d. One kilowa tt-ho ur is th e
amount of energy used by a I kW device in
one ho ur , or a 1W device in 1000 hours, or
any othe r comb ina tion wh ich multiplies
out the same way when power in kilowatts
(t ho usands of watts) is mu ltiplied by time
in ho urs. Similarly, a watt-second is the
amount of energy used by a IW load in one
second, or simply power in watts multi
plied by t ime in seconds. The watt-second
is also known as the "joule," after th e
physic ist who first stated ma ny of the
fu ndamental ideas about energy and
power, and is the standa rd un it of elec trica l
energy usage. In pract ice, power co mpanies
charge fo r their product by the kilowatt
h our while photographers rate their
strobe-light energy storage capabilities in
watt-seconds or joules, and radio operato rs
seldom worry ab out either since they are
more concerne d wit h the rate of energy use
tha n with the total amount used .
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How is Power Measured?

We've just met one way in which power
is measured - in " watts." And we have
learned that 1W is the rate at which energy
is used in a circuit which operates at a
potent ial of I V and requires an energy
flow of I A. We also me t the "kilowatt,"
which is IOOOW. No w let's look at some of
the other measurements of po wer.

Suppose fo r a start that we wanted to
know how much power was required by a
circuit operati ng at 100V de, but that fo r
some reason we had no ammeter with
which to measure its current. We do kn ow ,
however, that it s resist an ce is 250n.

We can apply Ohm's Law using the
known values of volt age and resista nce to
determine how much curren t flows. This
tells us that current equa ls voltage divided
by resistance , so we know tha t th e 'curren t
is 100/250 or O.4A.

We can then plug th is O.4A figure into
the pow er equation P = EI to get power as
100Y times O.4A, or 40W.

For a shor tcut, we can co mbine the
equation of Ohm's Law that tells us
1 = E/R with the power equation P = EI by
substi t uting the entire right-hand half of
the Ohm's Law eq uation into the power
formula in place of the I. This gives us a
new power formula, P = EE /R. Since E
times E is usually written as " E squa red"
(E2 l , this gives us P = E2 / R, which de fines
power in watts as the square of the applied
voltage, divided by the circu it resist an ce.

The same thing can be done if we know
curren t and resist ance but do not know
voltage. In this case, we use Ohm 's Law to
determine voltage (E = IR) and substitute
the " IR" from that equation in place of
the "E" in the power formula to get
P = HR , or P = 12 R. That is, power dissipa
tion in a circuit is eq ual to the squa re o f
the curre nt, multiplied by the resistance.

The relation between power dissipation ,
current flow, and resist an ce which we have
just developed is ex tremely importan t
throughout electricity and elec tronics. It 's
the reason , for instance, that the power
distribu tion circuits which carry ac power
around the co untry from generat ing plants
to the ultimate users operate at such high
voltages. By using high voltage , curren t can
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be kept comparatively low while transmit
ting the same amount of power. Keeping
current low reduces the I R loss in the
power lines, so more of the energy gets to
the ultimate user and less goes to provid e a
foot-warmer for st ray birds.

It 's also the reason why a high-Q tank
circuit in a ham transmitter may get hot
enough to melt its plastic coil supports,
even when there's apparently very little
power going any where. A tank circuit with
high Q has high circulating cu rrent, which
may be measured in the hundreds of
amperes, and the wire of th e coil has a
definite minimum resistance. If circulating
current is 100 amperes and coil wire
resistance is only 0.0 I ohm, the 12 R power
dissipated in the wire is st ill 100 x 100 x
0.01 or loOW. And a hundred watts worth
of heat is quite a bit ; if you don't think so,
touch a lOOW light bulb after it 's been on
for an hour, or maybe the tip of a IOOW
soldering iron.

The three major ways of determining
power in watts, then , are by multiplying
voltage and current (P = E/) , by relating
voltage and resistance (P = E2 jR), and by
relating current and resistance (P = .' R).
These equations, like Ohm's Law, work fo r
all de circuits, and for resistive ac circuits
with certain restrictions.

The major restriction upon use of these
equations with ac circuits involves the units
of measurement to be used. With dc, a watt
equals the power of a volt at a current of
one ampere. When ac is introd uced, the
"voltage " and current are always
changing - and this means that the " watt"
becomes open to confusion unless we
restrict things.

Even if we follow the co nvent ional
engineering standard and ignore all ac
except the kind which has a sine waveform,
both the current and the voltage are
continually varying from a negative peak
value through zero to a posit ive peak value
and back again. To get a " power" calcula
tion , we must cho ose which of these
unlimited voltage and current levels to use.

While we might at first be tempted to
use the "peak" levels, if we did we would
find that "volts times amperes" would give
us a figure that represented more power
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than "volts times amperes" in a dc circu it
does. In fact, the figure would be just twice
as great as in a de circuit.

This, of course, is no t a happy state of
affairs . A watt should be a watt, regardless
of whe the r it's dissipated in ac or d c
circuits.

If , instead of the "peak" levels, we use
levels which will produce a "watts" figure
just half as large, everything will co me out
as it sho uld . But we cannot do this by
using half the peak voltage and half the
peak current, for that would give us half of
a half, or one fourth, the power.

What we have to do is find a voltage
level and a current level which multiply out
properly. If we divide the peak value in
each case by the square roo t of two , we
will have such levels.

What's more, these levels turn out to be
the "rrns" or "effective" levels we have
already met. In fact , the "rms" levels were
chosen as the "normal" values for ac
voltage and current specifically because
they do provide power figures which are
equal to those obtained with dc. Whenever
ac power is mentioned, unless it's qualified
with some sor t of modifying word , what is
meant is the power determined by multi
plying rms voltage by rms curren t.

Another restriction on the determina
tion of power in ac circuits comes from the
fact that power can only be dissipated
when voltage and curren t are in phase.
That is, nothing but resistance can dissipate
power. Ac circuits, however, normally con
tain reac tance as well.

Reac tance acts just as does resistance to
limit voltage or current in the circuit - but
this control is not achieved by dissipating
the power into heat energy. Instead , the
phase is altered . Since no power is dissipa t
ed by do ing this, the effect cannot be
expressed in "watts" or any other unit of
power.

To cover such situa tions, the unit
known as the "volta mpere " was invented .
Like power, it 's obtained by multiplying
rms volts times rms amperes, but it doesn 't
necessarily indicate any use of energy. If
the circu it is composed of resistance only ,
its "voltampere" figure will be the same as
its "power" figure; if reactance is present ,
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there will be more "voltarnperes" than
"watts," and the difference between them
indicates the amount of reactance . The
ratio of "voltamperes" to "power" is
known as the " power factor," and you
may see it in the ratings for transformers or
electric motors.

Now that we've seen how ac power is
calculated and why the nTIS values of
voltage and current are used, let's look at
some of the modifiers ofte n attached to
t he ph r a se - for instance, "average
power."

This is a term most frequently used with
respect to the power of an amplitude
modulated rad io signal, and has nothing to
do with "average voltage" or "average
current." Instead, it's the average of the
signal's rms power level , taken over several
cycles of the modulating signal.

For this to make any sense, we must
jump a little ahead of ourselves at this
point and take a quick look at amplitude
modulation (more exact discussions of
modulation will come quite a bit later in
thi s co urse) . Figure 1 shows the

MOWl'¢lED
Fig. 1 Wavefor ms of unmodulated or "carrier"
signal, and comp lete modulation envelope for
100% amplitude modulation are necessary to
illustra te some of the various power measure
ments often encoun tered.Peak envelope power,
f or instance, is the power calculated from voltage
and curren t at modulation peak, as indicated at
right.

"envelo pe" waveforms of both a modu
lated and an unmodulated AM signal, You
can see that the modulated waveform rises
to higher peaks than does the unmodulated
or "carrier" signal.

If the modulat ing signal is a sine wave,
and if the maximum amount of modula
tion is applied as it is in Fig. I, the total
power of the modulated signal (averaged
over several cycles of modulation) will be
half again larger than that of the carrier.
The "average power", then is 1.5 times
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greater with such modula tion than with
out.

" Instantaneous power," on the other
ha nd , refers to the power figure tha t results
from taking one specific instant during a
cy cle and multiplyi ng the voltage at that
inst ant by the curren t at the same inst ant.
These are not rms values - the "instanta
neous" values are used instead. If we
choose the instan t when both voltage and
current are peak, the "instan ta neous
power " comes out to twice th e " average
power" - and in the modulated signal with
its higher peaks, the ma ximum "insta nta
neous power" is four t imes as great as the
carrier 's "average power ."

The maximu m "instantaneous power"
level possible for a modulated signal - that
is, the ins tanta neous power at the peak o f
the modulation cycle - is called th e "peak
envelope power" or " PEP." This f igure is
often used to rate output power of SSB
transmitters, an d to compare the power
levels of various ty pes of modulation .

We have just noted that the average
power of a fully modulated signal (i f the
modulation is itself a sine wave) is 1.5
times that of the carrier alo ne. T he "ex tra"
power is con tained in the sidebands which
are produced by modulat ion, and so is
known as "sideband power. " From this, we
can say that " average power " of a modula
ted signa l of any kin d is equal to the
"carrier power " plus the "sideband
power. "

" Audio power" is that power at au dio
frequency which furnishes, either directly
or indirectly , the side band power. If plate
modula tion is used , audio power and side
band po wer will be approxima te ly the
same number of watts ( the on ly differen ce
is that caused by the fact tha t the modula
tion process cannot be 100% efficie nt).
The diffe re nce between the two in this case
is that "audio power" exists as an af signa l,
while "sideband power" is at rad io fre
quency .

All of these various kinds of power are
related directly to the voltage and current
which produce them, an d all except instan
taneous power and PEP are the produc t of
rms voltage times rms cu rren t. Their rela
tion to the "carrier" power level var ies
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with the waveform o f the modulating
signal an d the particular kind of modula
tion technique employed, and we'll go into
tha t more deeply when we get to mo dula
tion .

When we attemp t to measure the power
involved in an ac signal which is not a sine
wave, we have a problem. While it's theo
re tically possible (as we shall soon see) to
analyze any ac waveform into a combina
tion of sine waves, this is no t a practical
approach to po wer measurements.

The most accurate way to measure the
power content of a non-sine-wave ac sign al
is to dissipate the power into hea t by
means of a suitable resistor, and use a
thermo me te r to measure how much hea t it
produces. From this, we can de te rmine the
power figure by conver t ing degrees-of-

heat-rise to calories, and calories to watts.
Such an ins trumen t is known as a

"bolo meter," an d is often used in micro
wave work to measure the power of pulsed
signa ls.

If t he de par ture fro m a sine wavefo rm is
not extreme, many persons simply ca lcu
late peak instan ta neous power from th e
voltages and currents as displayed on a
scope, an d divide that by two to get
approximate rms power. Accuracy of this
method depends on just how close to a sine
wave the signa l happen s to be. For voice
signals, it 's not too accura te - but the
error is such as to make you believe you
have more power than is really present, so
it t urns out to be simply a safety fac to r in
practice .

What is a Decibel?

Contrary to wha t you ma y believe or
have heard , the decibel (a bbreviate d "dB"
and often pronounced " dee bee") was no t
inven te d so lely for the purpose of making
an already complex situation more co n
fusing. In fact , t he whole idea be hind the
decibel was to make things simpler !

And once decibels are adequately under
stood, they do simplify matters. The prob
lem is like tha t of ma king friends with a
porcupine ; no ma tte r which direction you
approach from, it 's only too easy to get
stabbed unexpected ly by something pain 
ful.
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Most textbooks approach de cibels from
a mathematical viewpoint, which isn't such
a bad idea, except that you d on't really
have to comprehend the math behind them
in order to make good use of them. We'll
try another approach.

In many situations involving a com
parison between tw o values of the same
quantity - such as the amount of light
present in a room, or the intensity of
sound produced by a PA system - it 's not
so much the absolute differen ce between
the values that's important , as the ratio
between them.

That is, you wouldn't compare the
brightness of tw o different light bulbs by
saying that one was "25 watts more power
ful " than the other. Instead , you would say
that it was "twice as bright. "

If one bulb was a 25-watter and . the
other rated at 50 watts , you might expect
twice the brightness from the doubling of
power, but you wouldn't expect to keep
getting twice the brightness every time you
went up another 25W in power. .

Actually, the relation between bright
ness and wattage of the bulb isn 't really all
that simple and we don 't mean to imply
that it is. Our purpose is to bring out the
difference between the ra tio of " twice" or
" double ," and the absolute in crease of
25W.

Musical tones offer an other example.
On most pianos, the note known as
"middle C" has a frequ en cy of approxi
mately 5 12 Hz. The next higher C is abou t
1024 Hz, and the C ab ove that is ab out
2048 Hz. The absolute valu es determine
whether the tone is at the top or bottom of
the keyboard's range , but the z-ro-I ratio is
what makes it a C rather than a 8 or a D .

Now we bring decibels back into the
picture. All that the decibel amounts to is a
unit for the measurement of power ratio
rather than any absolute value. Any time
power is doubled, it has been increased by
3 dB , no matter what the star ti ng point. If
the po wer is cut in half, it has been
decreased by 3 dB .

While the decibel is the unit normally
used in all technical work, it is not the
"basic" unit. The basic unit of power ratio
is the " bel," named for Alexander -Graham
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Bell of AT&T renown , and it 's defin ed as
being a power ratio of I 0 : I . The " decibel"
is one-tenth of a "bel" - but it 's not a 1: I
ratio (the 1: I ratio is zero bels or 0 dB).
And right here is one of those porcupine
quills.

The problem is that ra tio itself involves
multiplication or division . A 2: 1 rat io
implies multiplication or division by 2, a
10: I ratio by 10 , and so fo rth. The units of
ratio, though, are not multiplied or
divided , but instead are added or sub
tracted. a 10 :1 ratio is 10 dB . A 100 :1•
ratio is not 10 times 10 dB or 100 dB, but
rather is 10 plus 10 dB or 20 dB .

If you' re fam iliar with the math ematics
of a log table or of expone nts, you have
probably realized by this point that the
decibel behaves like the log of the true
ratio. The bel, in fac t, is the log of the
power ratio , and since 10 dB equals 1 bel,
the formula for calculating decibels
becomes merely " 10 times the log of the
power ratio." If you have a log table
handy , the ratio itself can be calculated by
logs - but that 's not requ ired in order to
make use of decib els, as we shall see
shortly.

Strictly speaking, the bel and decibel are
units for the measurement of power ratios
and cannot be used fo r measuring anything
else . This might appear to be rather con
fining until you recall that power is simply
a measurement of the rate at which energy
is used, so that whenever energy is actually
being dissipated you have power whe ther
you realize it or not.

The sit uation isn 't helped any, though ,
by the fact that many people speak (incor
rectly , as it happens) of "voltage decibels"
and "current decib els."

These "voltage" and "current" decibels
came into vogue because it's possible to
calculate power whe n only voltage or
current, and circuit resistance , are known.
We saw this in the previous section of th is
installment, and developed a pair of "short
cut" equations by combining the power
formula with the appropriate form of
Ohm's Law.

Since decib els are calculated by first
getting the rat io between two power
figures, then taking the log of that rat io
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and mult iplying by 10 , it's possible to plug
the "shortcut" power equa t ions in place of
the actual power figures, and come up with
a corresponding pair of decibel eq uations
which apparently compare voltages or cur
rents . Both the shortcut power equations
involve squaring the voltage or curren t
figure, and when we move this into the
decibel equation we do the squaring by
mult iplying by 20 rather than 10 .

But what we have is st ill a power ratio,
and in addit ion we have introd uced a
restrict ion tha t both voltage figures (or
curren t) must be in circuits of identical
resistance.

Since a 2 : I po wer ratio comes out to 3
d B and a 2: 1 voltage ra tio comes out as a 6
d B, people began calling the decibel values
obtained fro m the composi te equations
"voltage" or "current" decibels and the
belief grew that they were somehow differ
ent from "power" dB.

Actually, there's no di ffere nce between
one set of d B and any other. The apparent
difference is actually the difference be
tween a power ratio and a voltage ratio.

If we double the voltage prese nt across a
resistor without changing the resista nce
value, the curren t through it must also
double (Ohm's Law proves this) . That
means that when we figure the power , we
must mult iply twice the voltage t imes
twice the current, an d we co rne ou t wit h a
power ratio of 4 : I.

A power ratio of 4: I comes o ut to be 6
dB, and a voltage ratio of 2: I is also 6 d B.
Since a 2: I voltage ratio across the same
resistance (which you recall is a require
ment for using the "voltage decibel" equa
tion) is the same as a 4: I power ratio, you
can see that there's no difference in the
decibels themselves whether we get them
by voltage /current calculat ions, or by
power calcu lat ions.

If you're going to use log tables to deal
with decibels, here are the two eq uations:

decibels = 10(log power , - log powerg )
decibels = 20(log voltage , - log voltageg ]
For curre nt, use the "voltage" equa tio n

but substitu te current in place of voltage.
For either equation, the larger of the two
quantities is always used as the fi rst, so
that the resu lt will always be positive.
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But you don ' t need to use a log table or
a slide rule - or even know what they' re all
abou t - to figure out decibels accurate ly
eno ugh for all practical purposes. All you
need to do is memorize a co up le of facts
and four specific decibel values.

We've already met the fac ts - they are
tha t decibels add toge ther, so that if yo u
know a 10 : I ra tio is 10 dB , you can figure
out a 100 :1 rat io as bei ng 20 dB and 30 dB
as being 1000 : I. The process can con tin ue
as long as need be. Adding dB multipl ies
th e ratio , and subtrac ting dB devides the
rat io. If 100 :1 is 20 dB and 2 :1 is 3 dB ,
th en 50: I is 20 -3 or 17 dB .

Now for the values. One decibel is
1.25:1, or 5: 4. Three dB is 2 :1 ; 5 dB is
3. 16: 1, and 10 dB is 10 :1. From these, we
can get any other values we may need by
adding and subtrac ting. For instance, 9 dB
is 3+3+3 dB , or 2x2x2 or 8: I.

From just these values, you can find out
how many decibels any specific ra tio
amounts to, or converse ly what rat io is
meant if you have a known number of
decibels, because you can build up any
nu mber you want by proper addition or
subtract ion of 1, 3 , 5, and 10.

For instance , how many decibels strong
er than a 25W transmitter is a 500W one?
First, we conve rt the absolute power
figur es of 500W and 25W to a ratio by
dividing 500 by 25, and discover that the
ratio is 20: I . Next, we divide the 20 by 10
an d note down the 10 dB effec t of that
division ; the resulting ratio is 2: 1. But a
2 : I ratio is 3 dB , so we ad d 3 dB to the 10
we already have, and the answer is 13 d B.

Let's try another one . Good operating
practice requires that all spurious products
fro m a single side ba nd tran smitter be at
least 35 dB below the power level of the
transmitted side ba nd ou tput. If we have an
SSB rig with a PEP of 150W , how much
power can we let out as " garbage " without
violati ng these standards?

This time, let's take care of the odd 5
dB first. To do so, we divide o ur 150W PEP
fig ure by the 5 dB ratio equ ivalent, 3 .16,
an d co me up with about 47.4W . This
would be 5 dB below the PEP, but we want
to be 35 dB below, so we sti ll have 30 dB
to go. But 30 d B is a 1000: I ratio , so
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What Are Harmonics?

Back in the firs t cha pter of this course
we made the acquainta nce of ac, and met
one of the major characteristics o f any ac
signal - its freque ncy.

An ac signa l may have any frequency
greater than zero , alt hough most commo n
ac signals lie in the range from around 10

dividing 4 7.4W by 1000 gives us the
answer - 0.0474W, or a little less than 50
mw PEP of garbage would be permissible.

Wi th this technique, you don't need a
log table or a slide rule to be a decibel
expert - and comparison of power levels is
as simple as adding and subtracting.

One point deserves special mention
here; the S-mete rs on many receivers are
calibra ted in both US-unit s" and "decibels
over 59 ," and most operato rs believe an
"Seunit " equals 6 dB.

Actually, however, the "dB" indicated
on S-meters bear lit tle if any resemblance
to true decibels . We'll prove it :

Most S-meters will ind icate a signal that
is supposed to be " 60 dB over 59." That
means a signal having one million times the
power of one which produces an 59 read
ing, which wo uld require one thousand
times the voltage of an 59 signal at the
receiver input terminals.

Most Svmeters. also, are calibrated to
read "S9" at an inpu t signal level of 25, 50,
or 100 mY.

That means the "60 over 9" signal, if it
really were 60 dB over 59 , would be at
least 25V at the receiver input. If the
antenna is connecte d to the receiver via
52[2 coax, that 25Y level would amount to
about 12W of rf power coming into the
receiver. Many transmitters which won't
put ou t 12W to their o wn antennas, how
ever, will produce solid "60 over 9" signals
on receivers several miles distant! If the
S-meters were anything like accurate, th is
would mean that the signal 'had to gain
power between the transmitter and the
antenna - but in fac t it loses power rather
rapidly .

Had enough of decibels for now? Let 's
move on to ano ther subject which also
deals wit h ratio - but ratio of "frequen cy"
rather than of "power" or "energy."
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or 15 Hz up to several thousand MHz.
Physicists consider light itself as an ac
signal of exceptionally high frequency (so
high , in fact, that it's not normally
measured in hert z at all), and for some
purposes it turns out to be convenient to
treat dc as being an ac signal with a
frequency of zero .

Since an ac signal may have any fre
quency at all within this un imaginably
wide range , it's on ly na tura l that some
signal s must have frequencies which are
exact mult iples of those of other signals.
f o r instance , a 24 li z signal is at tw o t imes
the freque ncy of a 12 Hz one, o r 3 t imes
that of an 8 Hz signal, or 4 times a 6 Hz
signal, and so forth .

We can go the other way, too. For
instan ce, if we sta rt with an 8 Hz signal, we
co uld have signals at 2 times 8 or 16 Hz, 3
tim es 8 or 24, and so forth all the way up
unt il we run out o f numbers.

The point is that no matter what the
frequency of the signal with which we
start , o ther signals may exist at frequencies
which are exact multiples of our original.
As it happens, these other signa ls bear
some special relation ships to our original
signal, and for this reason are known as the
"harmonics" of the original (w hich is itsel f
known as the "fundame nta l frequen cy"
signal or merely "the fu ndame ntal").

One of the special relationships between
a fundamental and its harmonics involves
their mutual timing. If we start all the
signals from zero at the same instant , then
whenever the fundamental's voltage (or
curre nt) waveform crosses zero, so will that
of each harmonic.

This is always true, because of the
definition of a harmonic as " all exact
multiple" of the fundam ental frequency. If
the frequency is two times tha t of the
fun damental, then during the time that the
fundamental goes through one half of its
cycle and gets back to zero, the harmo nic
will complete a full cycle and reach zero at
the same instant. When the fu ndamental
has co mpleted one full cycle, the harmonic
has completed two, and again they reach
zero together. The harmonic also goes
through zero when the fundamental is at
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either peak - but we don't care about that
right now.

If the harmonic frequency is three times
that of the fundamental rather than twice,
then when the fundamental is half-way
through its cycle and reaches zero, the
harmonic will have co mple ted one full
cycle and will be half-way through another
one . At the end o f a full cycle of th e
fu ndamental, the harmonic will have com
pleted three cycles.

Harmonics are ident ified as second,
third , and so for th , according to th e
mu ltiplying factor involved . The second
harmonic is a t a freq uency t wo times that
of the fun da mental, the third at three
times fundamenta l freque ncy, and so on .
The "order" of a harmonic usually refers
to its separation from the fundamenta l;
second, third , and fourth harmonics are
oft en called "low-order:' while fifth and
higher are kn own as "high-order:' The
dividing line between "low" and "high"
harmonics, though, depends largely on the
particular problem under discussion .

The same arguments which we just
applied to the seco nd and th ird harmo nics
apply to all of h igher order as well. Those
which are at even mult iples (even harmon
ics} of the fundamenta l will be co mple ting
a cycle whe n the fun damental reach es the
midpoint of its cycle, and odd harmonics
(those at odd-numbered mult iples) will be
in the midd le of a cycle when the funda
mental is at midpoint.

Because the timing relationship between
a signal and it s harmonics is made constant
in this manner by the definition of har
monic, we can talk about "relative phase"
between a signal and its harmonics al·
though in general , "phase" and refer only
to timing differences between two signals
of identical frequency .

Tha t is, an odd harmonic which is "in
phase" with its funda mental crosses zero at
the same time as the fundamen tal, and is
going in the same direc tion (whether posi
tive or negative) .

The same signal " 180 degrees ou t of
phase" with it s fundamental will still cross
zero at the same instant as the fundamenta l
every time, but will be always going toward
opposite polarity .
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Fig. 3. Phase relation between fundamental and
even harmonics (second is shown here) is a bit
more con fusing, since both the 0- (in-phase) and
18()..degree relationships appear very similar.

When enough different harmonics are
present, and with the phase of each being
independe nt of all the rest, we can repro
duce any ac signal at all. This is another
reason why engineers deal only in sine
waves alt hough sine waveforms are rare in
nature ; any other signal may be treated as
merely a co mbination of sine waves, each
of appropriate phase and strength .

Even such decidedly non-sine wave
forms as the sq uare wave (Fig. 5C) can be
built up from sine waves. Figure 4 showed
the result of combin ing a fu ndamenta l and
its third harmonic. Figure 5A shows what
happens to this when the proper pro
port ion of fifth harmonic is added , and
Fig. 58 shows what happens when the first
lOa odd harmonics are included ; it's dif
ficult to distinguish between the wave
forms of Fig. S8 and Fig. sc.

So now we have met the family o f
harmonics, and have seen that they are
essential to most ty pes of ac tual ac signals.
Yet most discussion of harmo nics cen ters
upon methods of suppressi ng them, or
preventing them in the first place. Why?

A harmonic is good only if you want it.
Like anything else , an unwanted harmon ic
or one which you cannot control is to be
avoided whenever possible. FCC regula
tions prohibit transmission of excessive
amo unts of harmonic energy , and almost
anything you can detect is considered to be
"excessive." Yet we do make extensive use
of harmonics in ham transmitters - always
attempting to keep them u nder contro l.

Harmonics may be generated either
deliberately or by accident , whenever a
sine-wave signa l is distorted by any means.
If the signal was sine to begin with, and is
not now, so mething must have been either
added or taken away to make it different.

,•y •
• '\,I

If the two are " 90 degrees ou t of phase"
with each o ther, the harmonic will be at a
peak valu e whenever the fundamental
crosses zero. (See Fig . 2 for an illustration
of these phase relationships between a
signal and it s third harmon ic.)

The exact descrip tion of phase relation
ships between a signal and its harmonics
depends to a large degree upon the order of
the harmonic. Whether an even harmonic is
"in phase" or "180 degrees o ut of phase"
depends upon which half-cycle of funda
mental you star t from , as shown in Fig. 3
for the second harmonic.

Another special relationship between a
signal and its harmonics involves the way in
which they combine to produce signals
which are no t sine waves at all. Ta ke, fo r
example, a combination of fu ndamen ta l
and third harmonic such as that shown in
Fig. 4.

When both these signals are present in a
circuit which permits them to combine, the
net energy at each instant is the total of
the energy 10 both signals. At certa in
moments they add together, and at o thers
they cancel; the result IS the waveform
shown by the heavy line in Fig. 4.

If we change the phase relationship
between the two signa ls, the waveform
changes, because the addition or cancel
lation occurs at different times.

Similarly, if we introduce st ill more
harmonics into the mixture , we can pro
duce far different waveforms.

Fig. 2. Phase relationships between fundamental
and odd harmonics are illustrated here using third
harmonic. At 0 degrees, or in-phase condition,
harmonic and fundamental both cross zero line at
same time going in same direction. At 180
degrees, or opposite-phase condition, they cross
in opposite directions. The 90..cJegree phase rela
tionship is midway between these (do tted line).
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F ig. S. Square wave can be considered as sine
wave together with aU i ts odd harmonics in
proper proportions. At left (A ) is result when
fundamental, third, and nfth harmonics are
mixed. Center (B) shows waveform when firs t
100 odd harmonics are inclu ded. Idealized square
wave (C) is ditticuli to distingu ish from version
produced by first 100 odd harmonics; few scopes
would be capable of telling which is which.

To find out how to keep harmonics
from coming into existence, let's tu rn
things around and see what we do to
encourage harmonics whenever we deliber
ate ly want them (because most transmit
ters do make deliberate use of harmonics ,
in order to ge t improved frequency
stability).

Deliberate harmonic generat ion is
usually accomplished by circu its known as
"frequency multipliers," which look like
any other rf amplifiers so far as the
schematics are concerned. What makes one
generate harmonics fo r us is the specific
manner in which it is operated .

To get a good harmonic generator, we
bias the tube's grid much more strongly
than for normal amplifica t ion, so tha t its
switching action becomes more abrupt ;
then we apply much more driving power
tha n normal to the stage, again to make the
switching as rapid as possible and the
output waveform as close to square as we
can get .

When we do th is, the tube's output
signal has a high percentage of harmonic
energy, and it 's a simp le matter to pick off
the one we want with a selective (high-Q)
resonant circuit. Usually , we take eit he r
the second or the third , because it 's d if
ficult to get enough power at high er
multiples in a single stage . VH F transmit
ters often use an 8.3 MHz crystal follo wed
by a tripler to 25 MHz and a doubler to 50
MHz, before beginning real power amp lifi
cation.

Now if we want to generate as few
harmonics as possible, all we need do is

As it turns out, what was added was
harmonic energy.

The distort ion need not occur in an
amplifie r. Any action which distorts the
signal will suffice. Most harmonic genera
tion in ham transmitters, though, occurs in
the amplifie rs, because the "normal" rf
power amplifier circuit d istorts the signal
greatly in the inte rests of handling high
power with comparat ively sma ll tubes.

This distortion genera tes myriad s of
harmonics, because the waveform is very
close to a square wave. All of them mu st be
contro lled. How to do so? That's our next
subjec t.

Fig. 4. Sine waves can be com bined to produce
any ae waveform. Combina tion of f undamen tal
and third harm onic, shown here, pr oduces too th
shaped waveform (heavy line) which is firs t step
toward square wave.

How Can Harmonics Be Controlled?

Now that we have met harmonics, and
have seen tha t the on ly bad harmon ic is
one which we do not cont rol, we're ready
to try to find ways to cont ro l the m
effectively.

In general, harmonics can be controlled
by either or both of two major routes. The
first concentrates upon preventing their
existence, while the second places the
emphasis upon containing them so that
they cannot escape.

Most practical situat ions require both
types of con tro l. T he firs t, alone, is imprac
tical and probably impossible as well ,
because all the efficien t rf amplifier circuits
capable of handling high power also
genera te harmonics prolifica lly. Without
t he first, the second becomes an unimagin
ably large job.

Both together, tho ugh, hold down the
strength of the harmonics which are gener
ated, and make them easier to bottle up.
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Y ou can save eno rmous amou n ts o f m oney
w h ile choosing from a comple te line o f t rans-
ceivers. rece ivers, transmitters, etc.

WE HAVE EVERYTHING IN HAM GEAR
SAVE MONEY ORDER BY MAIL

CB Radio Co. , Inc. 89 A spen Rd .
Sw am psco tt, Mass. 01 901 6 17 -598 -9 700

Thousands ci Parts
Good Business for sa le

DOW TRADING CO ., INC.
ELE CTRONIC PARTS & EOUIPME NT

1B29 E. HUNTI NGTON DRIVE
OUARTE , CALI FORN IA 9 1010 357·3763

C USTOM TRAN SFORMER DESI GN &. MAN UFACTUR E
W rit e toda,. (or • frPft Quota t ion on ."7 t r.nsform..r , t'hoke.
or ••wr.bl.. reacto r. Each unit will be dullllll"d and manu-
(.ctured to )'oo r Ule~ Ip~lfleaUonl. Ht.ndard }: -I Ind t.al'f!
wound ..C'. corn Ire ua llabl ... Qu. nUtin f rom linllle Unl tl
to produetlon r unl ma y be accommoda ted.

PETER W. DAHL CO.
5125 Ann.tt. Aye.. El Puo. TU li 79924

Tele: 915·751· 4656

Before we do so. though , one point
needs special emphasis and a couple of
tricks with harmonic genera tors deserve
mention .

T he point which we mu st emphasize is
that a harmo nic cannot be genera ted by
anything which does not introduce dist o r
tion in to the signal, but that the radiation
of a harmonic can be suppressed by non
dist or ting devices.

In part icular, neither a feedline nor an
ante nna can generate harmon ics if it is in
decent working condition: about the o nly
thing in either which could generate a
harmonic would be a corroded connect ion.
However, if a harmonic is generated back
in the transmi tter, the feed line and the
ante nna can easily radiate it to the

• world - or just as easily can help you keep
it contained.

reverse this philosophy. We take special
care to bias the tube only enough to get

. the job done, and to keep driving power a t
the lowest level capable of producing
proper output. The outpu t will then be as
free of harmonics as we can get - bu t
they're still present , so our job is not ye t
done.

If we increase the Q o f our resonant
output circuit , we will make it more
selective and it can rejec t the ha rmonics
more effi ciently. This will red uce the ha r
monic level at the anten na . In an rf circu it.
we can raise Q by increasing the capaci
tance and then reducing inductance to
keep the circuit resonan t. Most of the
effective resistance of the circu it is in the
coil, and so when we reduce ind uctance we
reduce resistance as wel l. The resistance
decreases more rapidly than' the reactance,
and Q goes up accordingly.

When we have reduced harmonics to the
prac tical minim um by applying these id eas
to aU straigh t-through (input and outpu t a t
same freq uency ) amplifie r stages in a trans
mitter, we have almost exhausted the
possibilit ies of the first method of har
monic co ntro l and it's time to turn our
atten tion to the second - that of bott ling
up the remain ing harmonic energy so that
it c a n no t escape to cause trouble
elsewhere .
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even) harmonic, so by tuning the output
circuit to the desired frequency we can
recover the even-harmonic energy and
couple it out to a later stage.

All odd harmonics are canceled, just as
was the fundamental, because they are
effectively 180 degrees out of phase with
each other at the output.

If we want the odd rather than the even
harmonics, a minor modification to the
circuit as shown in Fig. 8 does the trick.

The input and amplification action is
the same as in the "push-push" circuit.
However, rather than the plates being
connected in parallel, they are connected
to the opposite ends of a "split" circuit
which reverses the action of the input
circuit, to combine the out-of-phase halves
of the signal into a single, in-phase, output.

The recombination is accomplished by
effectively reversing the phase of signals
from one side, and leaving those from the
other alone. This means that the previously
in-phase even harmonics are now out of
phase with each other, while the out-of
phase fundamental and odd harmonics are
pulled into phase.

This circuit is known as the "push-pull"
amplifier, because the phase relationships
make it appear that half the circuit is
"pushing" the signal while the other half is

Fig. 7. Input and output waveforms show how
push-push doubler works. Grid waveforms, at
fundamental frequency, are equal in strength but
opposite in phase. Same waveform, only ampli
fied and reversed in phase, appears at plates of
tubes - together with second-harmonic com
ponent introduced by tube's operating condi
tions. In output circuit, the two fundamental
waveforms cancel each other out, leaving only
the second harmonic.

,.

Now for the harmonic-generator tricks.
When we use a harmonic generator to
double or triple a frequency, we want a
single specific harmonic and we don't want
any others if we can help it.

As it happens, there's a special type of
circuit which can generate even harmonics
but suppresses odd ones, and another
circuit which generates odd harmonics and
cancels out the even ones. Use of these
circuits makes life much easier, because the
selectivity of the output circuits doesn't
have to do so much of the selection job.

The even-harmonic generator is usually
called a "push-push" doubler and the
schematic appears as Fig. 6. Here's how it
works:

Fig. 6. This circuit, known as "push-push" multi
plier, generates only even harmonics of input
sjgnal and cancels out fundamental and all odd
harmonics.

The centertapped grid circuit divides the
input signal into two independent signals ,
identical in strength but opposite in phase,
and applies each to its own amplifier tube.
Operating conditions for both amplifier
tubes are made identical by the common
grid resistance. Outputs at the plates of
these tubes will be 180 degrees out of
phase with each other at fundamental
frequency, but the bias is chosen so that
each output also contains an appreciable
amount of second-harmonic energy.

These second-harmonic signals are in
phase with each other (Fig. 7) despite the
out-of-phase condition of the two halves of
the fundamental signal.

When both plates are connected, in
parallel, to the same tuned circuit, the
fundamental portion of the output signal
cancels itself out. No such cancellation
occurs, however, for the second (or any

--- I
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mercial rigs suffer a shortage of tuned
circuits in the normal signal path.

We don't recommend redesigning equip
ment, but you don't have to. You can
always add tuned circuits between the
transmitter and the antenna by using an
antenna tuner, despite the fact that many
operators manage to radiate so me sort of
signal without one.

Another way of keeping down the
harmonic output by containmen t is to be
certa in the feed line and antenna are well
matched to each o ther, and that the
feed line is properly grounded (if coax ) or
isolate d (i f open wire or twin lead) to
prevent it from rad iating on its o wn .

Proper antenna choice helps minimize
harmonics. The popularity of "all-band"
antennas helps us forget that any wire
which works on 40 meters as well as it does
on SO cannot possibly help you reject the
second harmonic of an SO-meter signal.
Most " single band" antennas, on the other
hand, have such high Q that they refuse to
rad iate signals at even harmonics of their
band . They may perform nicely at odd
harmonics, but the antenna tuner can
easily take care of that by preventing the
third harmonic from getting to the feed
line .

When all these points have been
covered, the on ly ways left for harmonic
energy to get fro m the transmitter to the
outside are by direct radiation from circu it
components, and by conduction through
wire s which are not carrying the output
signal (such as power leads, audio cables,
etc.) ,

Direct radiation can be controlled by
complete ly sh ielding the transmitter. If
adequate ly done, this will make it impos
sible for rf to escape except by conductio n
on wires passing through the shield .

If we then add filters to each wire, to
make certain that no energy travels in or
on it except that which is su pposed to be
there, we can be fairly sure all harmonics
are under con trol.

The fi lte rs may range fro m simple by
pass capacitors on power lines, to co mplex
arrangeme nts of rf chokes, audio inductors,
and capacitors, for lines which carry ac.
Bypass capacitors often suffice.

Fig. 8. Push-pull amplifier reverses action of
push-push doubler to cancel out all even har
monics while amplifying fundamen tal or odd
harmonics. If plate circuit is tuned to harmonic,
it's a frequency multiplier, while if plate circuit is
tuned to fundamental, it operates straigh t
through.

Because tuned circuits cost money, and
add add itional con trols which mu st be
adjusted by the opera tor , many com-

.•::::J

"pulling" it and vice versa. It finds side use
as a straight-through amplifier as well as a
tripler, and always cancels out even har
monics without effec t upon the odd har
mon ics or fundamental.

When we're trying to reduce harmonic
genera tion to a minimum, use of either a
push-push doubler o r a push-pull tripler
will help; ei ther eliminates at least half the
harmonics which migh t o therwise be gen
erated in a frequency-multiplier stage.

Now Jet's move on to the o ther half of
the harmon ic-cont rol situa tion and see how
to bottle up or con tain harmonics wh ich
we cannot avoid generating.

The start ing point in containment of
harmonics is to make it as difficult as
possi ble fo r them to fo llow the normal
signal-energy rou te . This means using
enough tuned circuits in the normal path,
and having adequate selectivity in each, so
that harmonics will find it rough going.

To get selectivity we must have
adequate " Q" in the resonant circuits.
Attempting to get out the last particle of

. power by loading each stage to its limit or
above is a sure way to reduce the Q of its
tuned circ uits, because Q is among other
things a ratio of energy stored to energy
released, and when we load a stage we
force it to release energy. Harmonic output
may sky rocke t.
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New A N/SSQ·23A Sonobuoy for a quick & easy 2 meter Fun FM
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New - w ith tu bes - less Hydrophone. Battery & Antenna. with or iginal
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FOR TUBES
Lewispaul Electronics. Inc.
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Allandale. Hew Jersey 07401

In fact, the normal legal requirements
for co nt rol of harmonics are usually met
without needing to sh ield and filt er the
equipment an d its connect ions. but prob
lems with television interferen ce may make
some shielding and filt ering necessary.

We just ment ioned filters - and that
was gett ing ahead of ourse lves by a frac
tion . In the next cha pte r, we' ll go into
filt ers and their ac tion rat her deeply , along
with impedance mat ching an d so lid- state
devices. . . . Staff .

(Leaky Lines cont. from page 12 )

ourselves ou t of business complete ly.
I wa nt to tell you a little sto ry . A very close

and deur friend of mi ne owned a piece of
property ou t on Long Island , and it had been in
his family for genera t ions. It was operated as a
fish and game preserve whe re sportsmen could go
and par ticipa te in their ac tivities without any
crowding or congestion. It was main tained by my
friend through his own no t inconsiderable
resources. together with additional funds con tri
bu ted by us. the others who used it. All of these
were arden t conservationists. and all were fervent
in their desire to preserve it and keep it fro m
becom ing just another fond, dead memory in a
land in wh ich suc h places arc fast disappea ring
fro m the scene. All of us who used to wing shoo t
and angle there were qu ite convinced that we
would succeed in protecting it from ou tside
depredation. We felt th at because we were doing
what was clearly righ t, nobody would d ream of
changing things.

Then along came Mister Robert Moses, the
former Parks Commissioner and h igh muc kc ty
muck from New York City. He d ecided that this
spo t wou ld make an ideal add ition to the Par ks
System for the ci ty. lie filed for the proper ty in
the cour ts. and started officia l proceed ings to
take it ove r by what is called in law the " Righ t of
Eminent Domain. " My friend refused to sell. bu t
in the end, he was literally fo rced to do so. Me.
Moses represented to the court that he needed to
acquire it fo r the ci ty so that it could be enjoyed

by "all the people," instead of ju st an " aristo
cra tic minority." And he succeede d in convincing
the cour t that if priv ate individuals were per
mitted to retain con trol. it would constitute a
den ial of the righ ts of t he majority. and that this
would be undemocra tic. So. my friend was
fo rced to relinguish ownership of a piece of
prime land to the City of New York. and Mr.
Moses lost no time in converting it to a recrea
tional facility " for the people."

The d uck blinds which used to line the river
are now popcorn vendors, hotdog and pizza
stands. and rest rooms. The herd of beau tiful
Japanese Sib deer has di sappeared ; so have the
mallard . teal, and wood duck. The broad fields of
millet and lcspedeza which she lte red and fed
pheasan t and quail arc now huge concre te and
asphalt pa rking lo ts, where hundreds of cars and
buses congest and pollute the air with their
stink ing exha ust fum es. The lovely little stream
has literall y becom e a cesspool. fo r those who
bathe in it use it in precisely that fashion. The
reverent silence which was unbroken save fo r the
sounds of na ture ... birds. wind. rain. thunder
... is now sha ttered by a madden ing bedlam of
transistor radios playing rock 'n roll. au to horns.
screaming teenagers. loud mo u thed and con temp
tuous misfits whose concep t o f the Oll tdoors is
concre te, steel. and glass. The grou nds are strewn
with fruit rinds. plastic con taincrs, beer ca ns and
bottles. di scarded sundr ies made of liquid latex
(the less said abou t which. thc better.) In shor t, it
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resembles the beach at Coney Island after a
Fourth of Ju ly weekend. All in the name of
" the people."

This happened because of one principal
reason. The courts which swallowed Mr. Moses'
grandi loquent plea in behalf of the " people" had
absolutely no idea of the far deeper values of th at
place. They had never been shown. We all
thought tha t they mu st surely understand th e
merits of our case by some natural instinct. We
though t tha t anyone wou ld tell the d ifference
between right and wrong. We simply did not
reckon with the awesome possibilities.

But nowadays, if Moses (or even Abraham or
Isaac) were to try to pull a swind le like that,
there would be an outraged outcry tha t would
drown ou t the sound of Niagara. He would be
swept away in the deluge of public ind ignation.
Why? Because we have all been educated in the
matter of pollution and conservation. Now we
know that we must preserve th e priceless heritage
of our natural resources against th ose wh o seek
constan tly to exploit them for money, power ,
political gain, or even for the " people." There are
far too many things in American life which have
been utte rly destroyed on the altar of fo rced
collectivism, and if we are not alert to wha t is
going on, we may find the same thing happening
to amateur radio!

All the good intentions in the world canno t
compensate for failure by default. Remem ber
that old tale; For want of a nail the empire was
lost? The feeble and impo tent program of the
League with respect to a real campaign of public
relations is to ta lly inade quate in representing and
safeguarding the interests of almos t 300,000
amateurs and the untold thousands yet to come .
QST periodically (no pun intended) beats its
tired tam bourine abou t public relations. A photo
is printed, showing one of ou r League function
aries posing with a mayor or chief of rolice or
councilman, on the occasion of the unvei ling of a
bust of Guglielmo Marconi, or the first ham call
license plates, or when some two meter hams
coord inate the Split Lip, Kansas jug-blowing and
Jew's harp tourname nt. Our activity is not a
minor ma tte r, to be trea ted like the grammar
school spelling bee! Amateur rad io is not a casual
thi ng to be sloughed off so casually! Anyone who
thinks it is, is just kidding him self. We have got to
make sure tha t every legislator in this land is
made familiar with the fuller and deeper signifi
cance of ham rad io, than its use in controlling the
floats in the Tournament of Roses, ski tourna
ments or boat regattas! We have got to make sure
that the general public understands tha t in our
rank s there reposes a nucleus of well-seasoned
communications personnel, full y trained and
equipped to assume vital obligations and duti es,
prepared to fu nction in cases of national crisis
and peril. We mu st educa te Americans so that
they will stop th inking of us (if they ever think
of us at all) in terms of a bu nch of hobbyists,
playing around with toys and gadgets. We are not
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the same as model railroaders, an tique collectors,
mushroom pickers, bird watchers, weekend golf
nu ts, rug weavers, skin divers, folk singers,
ama teur plumbers, hikers or spelunkers! We are
no t scrabble players or spa re time hypnotists and
magicians. Wh ile we are certa inly engaged in an
activity which we enjoy, our in teres t is not a
hobby! It is a service! And don' t let any body,
but anybod y, ever forget it!

The only way we can begin to do th e job
which need s doing, is to estab lish a pro perly
func tioning information office in Washington,
D.C., with fu ll-time people working at full time
jobs, seeking influence in government circles, so
that no one can throw a sneak punch while we're
not looking. And make no mistake abou t it .. .
there are many interests at this very moment,
scheming and plo tting, seeking ways in wh ich to
des troy our privilege, so they can get their hands
on our frequencies, and use them for their own
purposes. Any ham who feels secure ab out the
amateur spectrum in today 's dog-eat-dog world is
eith er an ostrich or an imbecile! Any ham who
would not be willing to bend all his energies and
efforts toward insuring th e future of amateu r
radio is either stupid or a scoundrel! And the
exact same sta tement applies to any organiza tion
- let the chips fall where they may !

Before World War II , there were many voices
which purred softly in ou r ears, "We don't have a
thing to fear from abroad . Why should we waste
all our mo ney in order to arm ourselves against
an attack which will never come? Our oceans will
protect us." Does this sound familiar? Well, th e
folly of such shor t-sighted ideas was clea rly
comprehended, thankfully, and we were able to
survive. We did not heed this siren song, chan ted
by doubletalkers who tried to lull us into a sense
of false security, while plotting our destructi on at
the same time. I do no t think tha t this compari
son is at all far-fe tched. We are being threa tened
at this very moment by forces which actively
seek to curtail our privilege or limit it. If we do
no t summon up the will and moxie to fight
against these groups, we may soon discover one
fine day that we are beyond the point of no
return. Then it will be too late to do anything
about it.

Can we allow our most prestigiou s single
organiza tion to cont inue on its presen t blithe
course, denying or minimizing the dire necessity
for decisive action, while all of our compe titors
are consolida ting their strength fo r a stab in the
back? For to me , a CB lobby in Washington
means only one thing . .. a grab for more fre
quencies at our expense!

Well, how abou t it? Isn' t it high time and
beyond, that every ARR L director and officer be
bombarded with mail, instructing him to call for
a change in the League's old approach to th is
vital question? I urge and entreat you to give this
your most profound attention and conside ration.
It may be the very last chance we will ever have.
Please think about it . 73...K2AGZ •
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George Paraki. ex Y02BO. Y02KAC
34-24 78rh Street
Jackson Heighrs NY 11372

interesting
OX

Y04Y09

~

Y06

Y07

yoa.....

'D 0 ma nia. the YO land . is a beautiful
.£\r.:ountry located in South Central
Europe on the Black Sea. north o f the
Danube. II has wide plains. which are
exce llent fo r farming . sheep and ca tt le
rai sing ; hill s wi th large vineyards; and the
famo us Carpat hian Moun ta ins covered with
d eep fo rests rich in coal, iro n, gold, co pper ,
and sal t. T he cit ies , growing ind ustrial
cen te rs, have good schools and un iversities.
Romania 's oi l field s and refi neries are
known worldwide. as is it s nicest region :
Transylvania .

Romania has eight amateur districts ;
from YO:! to Y09. Bucharest, the cap ita l,
is Y03 . It s neighbors are HA. YU. lZ .
VO S. and UB5 . In YO-land amateurs a re
organ ized by the (Romania n Federat ion of
Rad io Amateurs) which main tains a large
sta ff. So me o f t hem are at the cen t ra l
headquarters in Bucharest , bu t most of
t hem are in charge o f the district radio
cl u bs a ll o ver the coun try_ T he district
radio dubs have their o w n cou ncils which
guide the activities o f the rest o f the clubs
in the district , and the individual amateurs .

There are two basic forms of activity ;
the club and the individual sta t io n : co 
o peratio n between them is strong and
useful fo r h a th . In YO·land th ere arc a
lit tle over 120 0 licensed rad io amateu rs .

The Club S ta tio ns
The dub stations are easy to identify:

they have a K after the number indicating
the district . For example Y0 8K A N is a
rad io club in the city of Bacau . The
Romanians, being very sociable, lo ve 10

belong to a cl ub . T here they meet friends,
opera te the club sta tion, do some work in
the cl ub's shop, rea d hoo ks o r maga zi nes in
th e libra ry , ge t advice from t he more
experienced, o r - th is is very importan t 
they can boast of the la test DX QSO or
sho w around a rare QSL card .

The main task s of the district radio
clubs, which are financi ally supported by
the government. are to guide, advice , leach,
organize, and give ma terial help to the
o ther clu bs and individ ual sta tions in the
d istric t.

T he fo llowing district clu b stat ions,
each having many o perators. are very act ive
on the air : Y0 2KA B in the important
university city and industrial center of
Timisoara . "the city of gardens" ; Y03 KS D
in Bucharest. the modern capital of the
YO-land. Y04KCA in Constantza. the
famou s port on the Black Sea: Y0 5K A U in
Oradea. the ci ty of hospital ity , lo ca ted in
western Romania o n the Ttsza Plain :
YOS K A I in Cluj, the cap ita l of
Transy lvania, know n for it s very friendly
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schools also have radio clubs. Y04KCE in
Ga latzi- was built and is operated by t he
organizing teacher an d his best students.
The teachers an d the pa ren ts like to see the
kids spending the ir spare time in a useful
way. The st udents learn basic electronics
an d code. By operating the club station
t hey are also increasing t heir know ledge in
wor ld geogra phy, in fo re ign languages, etc.

In every city or vi llage in Roma nia
t here is a "pionee rs' palace" where the
chi ldren can learn t hings normally outside
the school cirr iculum. Y02 KAC, the club
stat io n of the pioneers' pa lace fro m
Timisoara and Y09K DP of Cimpi na are
opera ted mainly by young high school
students. Under the su pervision of thei r
teachers, they also do all the construction
wo rk and the maintenance of their stat ion.

Many factories also ha ve amateur radio
clu bs. For instan ce , Y03 KBC is the sta tion
of a large electronics plant in Bucharest ;
Y05 KDL is the radio club of a shoe
factory in Oradea, an d Y06 KE M is the
club sta tion of a tex t ile factory near Sibiu.
These clu b sta tions were built enti re ly by
tech nicia ns and engineers emp loyed by
those factories. •

, 03U! I
._-

......
11"'W

Y07DL_. .

YO OX CLUB ::

ROMANIA

YC>2BS............. .... ...

.....
• •

-
•••••

--

Y0 2 AP I

.... ,~<!, .,·.t·.... ...'..... ,o.,t· ...

i nhabitants ; Y06 KAF in Brasov, an
Su n-year-old town in the heart of t he
Carpathians, Y06KAL in beauti ful Sib iu,
an ancient to wn of med ieval ap pearance;
Y07 KAJ in Craiova, a large indust rial city

•
situa ted on t he Dan ube plain ; Y08 KAE in
lassy , the cultura l and un iversity center of
Moldavia ; Y0 8KG A in Suceava , ce nter of
the Bu kovi na region , noted for its 15 th and
16th century monaste ries, covered with
l o vel y a nd a uthentic frescoes ; an d
Y09 KAG in Ploiest.i , we ll-known for its
rich oil fie lds.

In t he capi ta l city of Bucharest ,
Y0 3K AA is the club sta tion of t he Central
Radio Club, the headquarte rs of the
Ro manian amate urs, and Y0 3K BN is its
second sta t ion.

Besides district clubs there are many
o ther clubs. For examp le, ma ny u niversi
t ies have their own rad io clubs. These are
generall y well-equip ped, with a group of
enth usiast ic st udents operat ing the stat ion.
Y0 5KDK is the club station of the Peda
gogic Institu te of Cluj. After gra duation ,
ma ny of its o pera tors, in love with ama teur
radio , organize new clubs in the schools
whe re they were sent to teach. Many high

Y020M Y09VI
.v.."e 1 K,}NI ... 10 ...._ ...... "O'l." ", ,,,,,,e

YC>3RF Y021X-
",. .. '........
VOl>

HI nz.

.. ~ ..,.
; 1 . "."

YOSGV Y02KAB
YO OX. CLUB

\lH'" Y0 1Aa W

YOl EL

Y06KFA

Y09Af Y

Y08KAE

Y08FR

" ."" I' l
Y05KAUY0711f

......... _ " .. , ...,..
Y06XI--

YO OX CLUB

Y021lB

Som e of the R om an ian QSL cards received by W, K amateurs.
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Aurel (Y02BS) Leo (Y02BM), and George (Y02BB) during their SSB expedition on the peak of the
Semenic mountain. The receiver is a Lafayette HA·350 and the transmitter is homemade, built by
George.

•

The Individual Stations
Many club members and operators of

club stations also have individual stations
at their homes. Some of them began in
radio years ago as young pioneers. Mircea,
Y02QM, and George, Y03FU, former op
erators of Y02KAC, are today top DX
men. Aurel, Y02BS, who started his hobby
as an operator of the district radio club
Y02KAB, is now a broadcast chief en
gineer. George, Y03RF. is an inter
nationally known oldtirner from Bucharest
and cofounder of the YO DX Club. He has
260 countries confirmed and received 150
awards and certificates. George is very
active on his own station and equally active
in club affairs, teaching and helping the
new generations of hams.

Cornel, Y03SCjMM, is on the trawler
"Constantza." he is working a lot of OX
and is visiting personally quite a few of the
fellows he contacts. Another very active
"Maritime mobile" is Stefan, Y04WV jMM.

Dfe t m a r , Y07VS (ex-OESZIM,
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·OK8AAJ) is a radio technician for the
Romanian Airlines in Craiova. He is an
excellent OX man but he is more famous
for his activity on VHF. On 144 MHz,
D ie t mar worked with 18 European
countries, and his record is 1330 miles.

Using the meteor scatter technique he
made 14 QSOs, the farthest with UA I DZ
with only 30W input, at a distance of 1134
miles. Presently he is looking for a W- YO
moonbounce QSO. Amateurs interested in
this kind of experiment should contact him
directly: P.O. Box 63, Craiova, Romania.

In Romania, there is a tendency to
involve every active ham in club activity.
Some teach code, others theory. Some are
in charge of the shop or the library or the
QSL bureau. Others are with the club
station. There are committees for VHF. for
field days, for organizing public exhibitions
with gear built by amateurs. Other hams
are managers for different YO awards and
certificates.

A good example of teamwork was
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shown in July 1968 by Y0 2BB , Y02 BM ,
and Y02 BS. They installed a rig in a chale t
on the peak of the Semenic Mountain , on
the so utheast corner of the Carpath ians.
The alt itude was 4760 ft ; the weath er was
co ld and rainy. But fo r 10 contin uous
days, thei r sta tion worked hund reds of DX
stat io ns on 15 , 20 , an d 80 me ters. They
used a homemade IDOW SSB transmitter
built by Y02BB , a Lafayette HA-350
rece iver, a single-element quad fo r 15m and
longwires for 80 and 20m.

Amateur radio act ivity in Romania is
regarded as a sp o rt and the ama teurs are
considered sports me n. T hey often parti
cipat e in co mpetitions. The scores o btained
on vario us national and in ternationa l sho rt
wave contests, code profici ency com pe ti
tions, the resu lts of the "foxhunts," like
the quality in designing and build ing ham
gea r , determine the rank of an ama teur
radio spo rts man .

For very high achievemcn ts, the
National Co unsel for Physical Educat ion
and Sport could confer special dist inctions
and honorary t itles. A short t ime ago the
follo wing to p YO hams received th e
"Master of Sport " title : Victor, Y06AW ,
from Brasov; Victo r, Y07DO , from
Craiova ; and George, Y03RF ; Pet re ,
Y03FF ; Vasile, Y03CR , from Bucharest.
Vasile has been a ham since 1948 , and has
made over 10,000 QSOs. lIe also has
nearly 200 countries confirme d, has mo re
than 180 awards and cer tificates and is
very ac tive in club com mittees.

The co mp etit ion among th e hams is
strong, bu t fri endly . Many tim es an ex
perienced ham will have around him at th e
club or in his home a group of youngsters ,
who help him and lea rn from him at the
same time. T he average age of the YO ham
is below 30 and the num ber of licensed
amateurs is growing rapidly .

In many t iny villages , as soon as ele ctr ic
power is in trodu ced a beginner will build
an amateur rad io st ati on. He is usually a
teacher, or the agronomist , or the doctor
of the village . Soon, o thers jo in him and
spend the ir evenings toge ther, wa tching
him making QSO after QSO, then helping
him bui ld a new transmit t er or install an
antenna. And suddenly a new club is born.
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YO awards
T he Romanian Federation of Radio

Amateurs issues 20 differen t awards, under
the fo llowing general ru les;

- Bands: 3 .5; 7 ; 14 ; 2 1; 18 and 14 5
MHz.

- Mode : CW, AM , SSB , Mixed .
- Mode : CW, AM , SSB, mixed .
- All con tac ts have to be confirmed by

QSL cards, YO cards being in the
applica nt ' s possession . Exceptions to
th is ru le may be granted fo r QSOs
made duri ng t he international con
t ests.

- YO awards are no t issu ed fo r various
modes, but each class is a separate
award .

The applica tio n a nd the log will be sen t
t o : Central Rad io Club, Box 139 5 ,
Bucharest 5, Romania . The log will be
cert ifie d eit her by the awards manager of
the asso ciat ion , or by two licen sed a ma
teurs, having checked the valid it y of t he
QS L cards.

The fee fo r any award and class is 7
IRCs or $ 1 ( packing and mailing included ).

All SWLs may get these aw ards in
accordan ce with the ru les.

The award s will be issued only after the
YO stations listed in t he applicat ion log
have receive d the applicants QSL card.
When there are fears that cards have been
lost, the applican t is urged to send new
QSL cards for the YO hams, together with
his applicat ion.

Here are so me of the YO awards :
YO - :D ( Wo rked All YO Districts ) .

T he awa rd is issued for two-way contac ts
wit h YO stat ions loca ted in all YO di s
tric ts, namely : Y02 , Y03, Y04, Y05,
Y06 , Y07, Y08, Y09.

T he award has 3 classes:
- Class 1: for working all 8 d istr icts,
- Class 2: for working 6 dist ricts ,
- Class 3: for working 4 districts .
Each YO district wo rked will be

awarded by a specific seal on the ce rtifi
cate .

A distri ct is cons ide red to be fu lly
worked , after t wo-way con tac ts with a
minimum number of YO sta tions located
in that d istric t , depending on the appl i
cant 's location zone, as fo llows :
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YO- A M ( YO Alma Mater ) . This festive
award is issued to celebrate the IOOth
anniversary o f Bucharest University.

- Class 2: 4 countries and 15 districts
- Class 3: 4 countries and 12 district s

including a minimum of 3 YO districts .

(b) Stations outside Europe :
- Class 1: 5 countries and 10 distri cts

A YO station may be worked but once.
YO - AM (YO Alma Mater). This festive

award is issued to celebrate the IDOth
anniversary of Bucharest Unive rsity.

Balkan countries and districts con
side red for this award are:
I. Bulgaria LZ I , LZ2
2. Greece SV
3. Crete SV
4. Dodecanese SV
5. T urkey TA (European part )
6. Albania ZA
7. Romania Y0 2, Y0 3, Y04, Y05,

Y06 , Y07 , Y08, Y09 .
8. Yugoslavia YUI , YU2 , YU3 , YU4,

YU5, YU6.
The award is also issued fo r two-way

contacts with o ne YO station , and tw o
different s tations in tw o different
countries, on 2m band .

YO-tO x 10 ( Worked / 0 YO on /0
Meters) . There are needed 10 tw o-way
contacts with 10 YO stations o n 10m
band .

A YO station may be worked but o nce,
regardless the mode of the contact. There
are similar awards for all bands (15 on
15m, 20 on 20m, etc.)

YO -DX- C ( Worked YO DX Club
Members) . There are needed two-way con
tact s with YO DX club members, as fo l
lows :

Romanian hams 10 QSO s
Hams in European countries 5 QSO s
Hams in the rest of the world 2 QSOs

The members of the YO DX Club
specify this qu ality of their QSL cards.

Foreign amateurs completing the re
quired conditions fo r the award during a
YO contest, may apply for ho norary mem
bership in t he YO DX Club.

YO -45- P ( Worked Parallel 45) . There
are needed contacts with radio ama teur
stations of the countries located on 4 5th
para lle l:

North America : W7, W~ , W9 , W8 , VE3,
WI , VEl , FP8

Euro pe: F , I, YU, YO, UB5 , UA I, 3, 4 ,
6

Asia : UL7, VI8 ,1T!, BY-BV. UA~ , IA.

6

Class 3
3
2
I
5

31

Class 2
6
4
2

10

2

Points scored
per contact

7 14 2 1 28 M Hz

1 I 4 8

4

8 3 1 2 4

3.5
3

Class 1
10
6
3

IS

Number of QSOs needed
for each district

60

40

20

Needed
points

15,1 6 . 20
14,1 7 , 2 1, 33, 34
All other zones
YO hams

Depending on his location , the appli
cant has to gather the fo llowing number o f
points :

Location
zone

Working the same YO statio n on several
bands, the points scored for the se contacts
will be multiplied by 2 for 2 bands, by 3
for 3 bands, by 4 for 4 bands, and by 5 for
5 bands. For instance : A ham located in
zone 33 had 4 contacts with the same
sta tion on 3 .5; 7; 14 ; 21 MHz ba nds. The
overa ll score for these contacts will be:
4+2+1+3=IOx4=40 points, which is enough
to get the award .

Y O - UBZ ( Worked Balkans Peace
Zone). This award is issued in 3 classes, in
accordance with the following rules :
(a) European stations must carry o ut two 
way contac ts with a minimum number of
countries and districts as follows :

- Class I : 6 countries and 18 districts
- Class 2: 5 countries and 15 districts
- Class 3: 4 countries and ) 2 districts

including a min imum of 6 YO districts.

15, 16, 20
14,1 7, 21,33,

34
All o the r

zones

Location zone
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New!

Shown above:
Model 3, for
10/15/20 meters.
Terminals: $0-239
S29.95 ppd.

MULTI-ANTENNA COUPLER
Eliminates Antenna Switching

eChange bands without having to switch antennas!
eCombine your antennas into a mu lti-band antenna system w h ile retain ing opt imum

antenna performance on each band!
eCoupler feeds any combination of antennas from a sing le transm ission l ine! Saves

operating time! Saves coax and switches!
• Coupler isolates t he l i n e from all antennas but the one in usa!
.Works with all types of antennasl Hand les full lega l power I
.Models available for any bands, 2 to 160 meters! Weatherp roof'

Write for f ree information on 8 coupler fo r your antenna system, listing antennas and
bands used. Non-amateur frequencies available. I n d ic at e impedance and t y p e o f line

~""' .

ardennalabs
POST OFFICE BOX 458, OCEAN BLUFF , MASSACHUSET TS 0 2065

•
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.RIE ILLUITRATED 'LYER

PEP's SPECIAL !
CIRCUIT BOA RD COLLOSSAL

loaded with components up to $ 100.00
value. 80uUhl OUI one supply house
FIRST come-FI RS T setved!

All Different! All Complete! F irst Line Units!
If you don't feet that you got your
money's worth-fu ll return guaranteed.

3 DIFFERENT GROUPINGS T O CHOOSE FROM
GROUP A - Actual Value $1 5.00 - PEP Price $1.25

SAMPLE A - 1: 200 diode _ 7 t tan,i,torl _
ever 50 resiltors - compl,te w ith
boerd.

SAMPLE A -2 : F o .... r I. C . Mou ntinu
Blockl - 3tr&nslstor, - Olle r 2 5
resistors - comp lete with board.

GROUP B - Actual Value $20.00 - PEP Price $1.75
SAMPLE B·1 : e t , c. Mo....nt lng b lo ch 

Oller 50 resiSlo rs _ 32 tranl isto r, _
ever 30 diodes - comp lete with b oerd.

SAMPLE B-2 : 32 tr,nsislon - Oller
100 resi'tot' - eeceeucrs - Oll, r
16 diOdes - comp let~ w ith bo e rd.

GROUP C - Actual Value $50.00 - PEP Price $4.50
SAMP LE c-t . 22 in-line I.C.' 

ever 75 d iodes - 20 trenl. 
Oller 50 resist ors - capacitors 
complete with board .

SAMP LE C·2 : 22 in ·l lne I.C.'
Oller 50 diodes - oller 50 re, ist 
cepacitors - complete w ith boetd.

LIMITED SUPPLY! Hurry and p lace your
order for the best buys!!!

NO SALES TAX -WE PAY POSTAGE

PARK ELECTRONICPRODUCTS
P.O. Box 99, N. Salem, N.H. 03079

U®~.

Please Use Your
Zip Code When

WritinC) 73

Campaigning for ARRL
Directors

It's nearing campaign time for directorships in
the ARRL, and a lot of good men - and bad 
will be actively seeking office, You readers have
practically convinced me that the best way to
improve the League is from the inside, so maybe
an effective group of directors wou ld be the right
start.

So, , . how about it? Do you know of any
candidates who arc especially suited to serve'! Or
who arcn 'f! Write 73 and give us the lowdown on
the prospective candidates in your division .

And how about the directors already in
office? How are they performing? You can do
something. Write your division director a letter
and ask how he feels about issues you consider
important. Docs he think a lobbyist in Washing
ton would help ham radio? How does he feel
about incentive licensing'! What arc his views on
repeater ru lemaking'! About the increase in
license fees? Does he plan to put any pressure on
the boys at headquarters?

l-Ind out if he keeps informed on League
affairs. Ask him if he knows what lawsuits
(invo lving amateurs) the League is helping with.

What kind of help is the League offering? How ~~~:;~~~~=::===========,
many dollars'! How much of the League attor- I
ncy's time'?

You hold a lot of power in your hand as a
League member. And you can usc it ve ry
effectively by telling the whole amateur world
which individual you think is best qualified to
hold office in your division , . , . K6MVH •

OCTOBER 1970



Minimum No. of countries
worked

Class 1 Class 2 Class 3

A YO contact is obligatory in all cases.

Y O- 5 ON 5 ( Wo rked 5 Con tinen ts on
5 Bands). There are needed 5 two-way
contacts with 5 DX con tinents, each on a
differe nt band ; 3.5; 14 ; 21 ; 28 MHz.

YO - 20 - Z ( Worked Zo ne 20). This
award is issued in three classes, for contacts
made with amateur sta tions of the
countries belonging to zone 20:

Bulgaria ( LZ). Crete (SV), Cyprus
(5 B4 ,ZC4 ), Dodecanese (S V) , Greece (SV),
Israel (4 X4), Jordan (JY). Lebanon (ODS),
Romania ( YO) , Syria (YK) . Turkey (T A)
as follows:

- Class I : 18 contacts with 18
countries

- Class 2: 12 contacts with 12
countries

- Class 3: 6 contacts with 6 countries .
One contact with each country. A YO

contact is obligato ry in all cases.
Valid contacts: after January 1, 1960

YO- 25 -M ( Worked Meridian 25)
There are needed contacts with amateur
stations of the countries on the 25 th meri
dian:

Europe : LA, 0 11. UP2, UQ2. UR2 ,
UC2, UB5, YO, LZ , SV

Africa: SA, SU, TI8 , ST. T L8, 9Q5,
9J2 ( VQ2), ZE, ZSI , 2, 4 , 5, 6 .

- Class I : 18 contacts with 18
cou ntries

- Class 2: 12 contacts with 12
countries

- Class 3: 6 contacts with 6 countries.
One contact with each country. A YO

contact is obligatory in all cases.

Location
zone
15,1 6 . 20 , 21

34
14. 17,22,23,

33,35.36.37
All other zones

10

8
6

8

6
4

6

4
o-

The pan pipes are played in Romania's southern provin ces (Y03, Y04, Y07, and Y09).
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Lugoj
Medgidia

Medias
Oras Gheorghiu-De]

Oradea
Petrosani

Piatra Neamt
Pitesti

Ploiesti
Resita

Roman
Rosiorii de Vede

Rimnicu-Vilcea
Sibiu

Sighetul Marmatiei
Sighisoara

Suceava
Timisoara

Tirgul Mures
Turda

Tuleea
Tumu-Severin

l20 Mdnfre Road Watsonville, Calif. 95076 408-72+7508

2.8lI
2.1I0

ORDER DIRECT
with check or money order to

Special Quantity Prices
to Jobbers and Dealers

20400. erntll Or•• 't. 11I)11'" '1.. ISIOI

~~fA 48hr.
DELIVERY

SPECIALS

NEED CRYSTALS?

AN

c etce TV cryst al (3579.1I411KHz) wire leads .1.604 for 1I.00
100 KH.,t frequen cy standard erydal (HC 13/UI 4.1I0
1000 KHz freq u en cy stand ard (HC6/U) 3.1I0
An y C B cr ysta l , t r anl. or r e c. 2.2t.

(exeept I ynthesizer cr y " a ll )
Any a mateu r b a nd e r ystal in FT.243 holden 1.604 tor 6.00

(ex ee p t 80.160 m eten)
Any m ari n e fr"Queney (HC6/U/
80 m .. t .. r e r Yl ta l1 In FT·24 3 ho den

We have in stock over six million crystals
which include types CRIAjAR, FT243,
FT241 , MC?, FT249, HC6(U, HCI3(U,
etc. Send 104 for our 1970 catalog with
oscillator circuits, listing thousands of fre
quencies in stock for immediate delivery.
(Add 104 per crystal to above prices for
shipment 1st class mail; I S4 each for air
mail .)

MODEL PS-2

The model P$-2 regulated power supply is
destqned to meet the needs of the experi
menter, technician, engineer, service facility,
etc. It features variable output voltage and can
deliver an output current of 2.0 amps contin
uously. The high degree of reliability and
ruggedness of all-silicon, solid state circuitry has
been Incorporated in this SPECIAL PRI CE
compact mexpe nsrve $
power supply. 34.95

ME CHANICAL SPECIFICATIONS
Dimensions S ·l /S"W x 4-1 12" H x 5"0
Mo unting position . • . . . . . . . . . . . . . .. . .. env
Weight 5 .5 Ibs.
S h ippi n g weight 7 .0 Ibs.

REGULATED DC POWER SUPPLY

ELECTRICAL SPECIFICATIONS
Inp u t 105-125 V, 60 cps
O u tp u t voltage 3 t o 14 V DC adjustable
O u t p u t c u rra nt 2.0 amps max . continuous
Lo ad regulation Better than 2 .5% at full

rcec
R ip p le (m a x.! 008%
Tempe rature rating . . Full c urr~nt output up to

o .LennmfllINDU;;;;;SM:NC.

There are 6 continents : Asia, Africa,
Europe, North America, South America
and Oceania. Own continent does not
count for this award.

Additionally are needed a number of
YO contacts as follows:

European stations : 3 YO contacts
DX stations: 2 YO contacts

YO-LC (Worked YO Large Cities).
There are needed anumber od contacts
with YO stations residing in the large cities
of Romania:
Bucharest
Alexandria
Arad
Bacau
Baia Mare
Birlad
Botosani
Brasov
Braila
Buzau
Calarasi
Cimpina
Cimpulung Muscel
Cluj
Constanta
Craiova
Deva
Fagaras
Focsani
Galati
Giurgiu
Hunedoara
Iasi

Only one contact is allowed with each
of the cities mentioned above, regardless of
band, or mode.

- Class'] : 30 cities
- Class 2 : 20 cities
- Class. 3: 10 cities

YO-NC (Worked Namesake Calls).
This award is issued for at least 'S two-way
contacts between partners having the same
personal I, 2, or 3 call letters after the
district (or state) figure.

For instance: II ACD, JAIACD,
LUI ACD, WAIACD, PY2ACD, etc. The
same station may be worked but once.

Radio amateurs having a callsign with
tw o call letters after the figure, must make
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"Get this, some lid's giving the call UFOI"

•
LLV >

.Y0 2KAC

with a YOcontact"namesake"

c~
l_~

~
c n
~ ~l

U
~f
IP

Or

also a
station .

Some of these awards are easy to
obtain, others are more difficult . It is a
worthwhile effort trying to get any of
them. Larry, K2UMM, found that he satis
fied the requirements for 9 different YO
awards. He made up the logs and sent for
them right away .

Romanian hams QSL almost 100% and
it takes approximately 3-4 months to get
these beautiful awards.

In YO land, the hams cannot subscribe
to the western radio publications and they
are always appreciative when they receive
some old copies of 73, QST, CQ or Call
books.

Romania is a very interesting country.
Its natural beauties and the friendliness of
its inhabitants attracts more and more
tourists. The YO amateurs stretch the rules
of hospitality when a foreign amateur visits
their country. In a short period of time the
following visiting amateurs got the red
carpet treatment : Franco, I I FO, from
Milan, Italy ; Zbyszko, SP5ZK, from
Warsaw, Poland ; Janos, Ha5AM, from
Budapest, Hungary ; Ludwig, DM2CHM ,
from Leipzig, Germany; Jim, W8FXP, from
Jamestown, Ohio ; George, K8NEY, from
Albion, Michigan; and Lee, W6MNN, from
Gridley, California.

Working an amateur in another country
is a little like being there. By talking to a
ham you can learn about his life, his
country, his goals: Why don't you try to
learn a little about a far away but inter
esting land, YO country?

All p. ieM F,D,B, All we ighu listed e'e net , Please . 110 .... l or peck llil ing,
Pie. ....\low enough fo r POIlI9/! . We will relurn .ny e xlre ,

JEFF-TRONICS
S U R P L US BA RG A INS

16 vo lts @ 15 a m p . transformer. Op e n
fram e . 3 Y," x 3 " x 4 \4" . S ib s. , .•. ... $ 4 .00

Power transfo.mer, 2 75V no c t. @ 125
mA , 12V @ 2 a mr-s. U pright m o unt
with e nd bells. 3 X, " x 2 ~" x 4 " . S
Ibs $ 2.0 0 , , , . . , 417 .50

1S,000 J1F 2 5 V d c S p rag u e "Power -
ly t ic ." 2 "0 x 4 \4"H , 1.00

JO H NSO N MINI ATURE VARIABLES
160-102 1 .5 ·5 pF SOt
160·127 2 .5 · 17 pF GOt
160·1 30 3 ·32 p F Sot
160.203 1.5 -3.1 p F butterfly sot
160·211 2 .7 -10.S p F b uttarfly Sot
160-30S 2 .3 ·14.2 p F diffarential sot

HUMIOI STAT S H onaywell
#4681002·1 humidity c o ntro lle r.
C ontains m ic.oswitch . clo ses o n de
c raa s in g humidity . 1-7 /S " x 1-1 / S" x
3 X, " d e e p. '/.0" d ia m. shaft for san ing
sw itc h in g p oint e xtends fr om e nd.
4 5t ea., 5 for $2.100 fo r $ 3 0 .

BC 3 4 S rec eive r 2 0 0 -50 0 k c , 1. 5 -18
m c , c o n ve r t a d '1 5 V to 6 0 cyc le ex cet -
lent u ~d , .. , 75.00

Be 221 frequency matar, 125 kc , 2 0 mc,
11 5 V 60 c yc le pow e r w/c. yst a l &
c alibra tion b o o k & instruction book .
E xca lle n t u sed , 75 .00

Please include sufficien t shipping charges with
your order. Any excess is refunded
Send 25d for la test catalog of surp lus elec
tron ics, new & used ham gear. Ca talog free with
or der.

JEFF-TRONICS
4252 Pearl Rd. Cleveland, Ohio 44109

749-4237

TRANSFORMERS
P·7 117 VAC P, i. Sec." l B5 VA(. @ 120 me, Sec. 12 6 .3 VAC ~ 4A .
Doub l, Hel l Shell Meil flo > Type. SX 14 6 ",pe. $ 2, 75 ea. ·2 lor $5,00
p-g 117 VAC P, i. Sec .t 900 VAC @l 300 me. Sec., 2100 VAC {il0 ma,
8 i... Sec. 13 12 ,6 VAC @AMP. WI, 16... l!>s. Doubl e Ha lf She ll $4,50
P-l0 117 VAC P.i. St<:. '1 960 VAC C.T.@ l 60",.. Sec , '2 4 25 VAC
C.T . end IlIP " l Oll VAC 10 ",. Bi... Sec, 13 12.6 VAC. 4 ,5 A Double
Sh.1I Meil Bo> lyPl· WI. 8'" IDs. $3.15
DUlpul I..n'fo.m... . . u lyPel 59 cef11. Or 3 to, $1 .50
OT·l T. en...lo, TO ·3 Power Diamond.. Imp. 15 Ohmt to 3.2 ohms DC
R.... P,i , .Sohm. Sec, .3 ohm.
OT·2 P,i. im p. 7000 ohm, Sec. 3-2 and 500 o hm 10' Phon.... 0' 70 '1'011
line 3 ..... n •. Full shi,lded Double Half Shell.
OT·3 P,i . imp, 5600 o h ms. Sec. 3.2 o h m. SC122 "'PI ,

TOWER
COMMUNICATIONS

1220-22 Villa St., Racine. WI <53403

RG 196 AU 50 o h m I.flon CO. xitll Clb l• . DuUid. di.met ,080" RF
10• .29 db pe. 1001 1\ 400 Mhz. Silv.. pletMl ....ield'ng d conduClo' .
Utld lor inlerne! ch ........." ing. an tlnn. cou pti"ll. RF coupling i)ltw"n
n_,lIc. Rendo m I.ngt h. I,om 3S fool 10 150 fool . Colo", blec k. 'Id,
b f'I)Wn, blu., gr.y. o..nge, R"lIU1. price- 23t pe, 1001. O u. priu!HII per
1001 $3.00 PI" 100 ft.
4615 Khz CI..m ic l ilt.... type 8F-455-A. Th.. lilter.....ill help 10 .h"pln
thellllCliYily 01 mosI ","I u. i"ll 45 5 Khz IF' •. U. ec ' O$O Cll hIxIe biM
....no, in pilei 01 e C8J)Eitor, 0 ' in Ir ....ino,;ud Mts, 1C'0. Ih••m itt ..
bi. resino' . ImpId.nCl i. 20 Ohm" 1 455KhZ .. DC ,..in ....ce i. inlin itl.
ImpldlnCl incr_ ,,,,idly. you I. ... "5f> Khz. PI.n you' o ....n LC
lilt.. circu 'ts II VII'y low COlI .
10fO'$I .00 2510'$2.00

TOROID POWER TRANSFORMERS
"T.:;> Th i, IO ro id WllS d,"igned 10' ull in e hybrid F.M. mob il. un il. u.i"ll
• ' ingl, 8 647 lUbe in Ih, RF ,mp. lor 30 wens outpu l . Sche m. l ic in
cluded. 12 VOC pri. using 2N1 554', 0 ' llQuiv.l,nl , Sec. ' l f>OOvo tts DC
OUI " 70 wens. Sec 12 ·65 vo lts DC b i... Sec. 13 1.2 vol " AC 10'
fi l. menl 01 8647 tu be, Sec, ' 4 CIT leed back ....inding 10, 2Nl 55.4',. 1\(,"
thick. 2"' '' di . . $2,9 6 11. ·210' $5.00
'T·3 HIS e powderltCl iron co.e .nd is bui ll like. TV f l.,. b eck tr. ...lormer .
Ope, ,, ... " ebou t 800 CPS. 12 v DC P.i. using 2N442'. Or lIquiv.lenl . DC
o ulpU I 01 VIDB l R 416 vo lU 90 walts , CIT feed beck winding 10' 2N442',

$2.9 5 II. -2 10, $5.00

104 73 MAGAZINE



" H e sta rted bui lding it 3 w e e k s, 8 blo wn fuses,
t wo h u ndred do lla rs ago."

SLOW SCAN TV
Now lor the first lime an S . S . mon itor
dessqned for you r own c u s to m mstauanon .
Available In 3 economy lots.

6 /500
3 /5.00

6 /500
5 ' 5 0 0

25 '5 .00
3 / 5 .00
6 /500

.. S 2 .50

. 1.0 0 e ..
. 2 .2 5 "a

1.0 0 "a
1.20 "a

25 "a
. 2 .00 " ..

1 00 e..

COMPUTER GRADE CAPACITORS
MALLORY-NEW lw/Brackets)

300 mfd 275 vee 75 ea 7 /5 .00
SOD mfd 200 vee 75 ea 7/5 .00
500 mfd 3 10 vee 80 ea 7 /5.00

1000 mid 14 6 vee 9 0 ea 6 /5.00
1000 mfd 150 vee 90 ea 6 /5 .00
1 10 0 mfd 250 vee 1 .0 0 ea 6 /5 .00
12 5 0 mid 180 vee 1 .00 ea 6 /5 .0 0
2500 m i d 80 vee 50 ea 12 / 5 .00
3 10 0 m id 25 vee 40 ea 14/ 5 .00
3 5 0 0 mfd 5 5 vee 50 ea 12 / 5 .00
3600 mid 75 vec 6 0 ea 10 /5.00
3750 mid 7 5 vee 75 ea 7 / 5.00
5500 mid 4 5 vee 5 0 ea 12/5.00

HYPA SS CAPACITORS · SPRAGUE
5 ' n f,1 50 VDC 40A 2 5 ea 25,500
5 mfd 2 00 v e e 2 0 A .3 0 ee 20 5 0 0
0 1 mfd 256 V AC 40A 2 5 ea 255 0 0

MISC. CAPACITORS
13 .500 m fd I S voc
8.000 m id 55 v e e

8 m Id 400 voc
.0 1 mId 10 ,000 vee
.0 5 mId 10K vocw

Capacitor Specials!

GATEWAY
ELECTRONICS

6150 DELMAR BLVD ., ST . LOUIS. MD 63112
314 ·726 - 6116

G,E. M O D E L AK 4 Clamp on Vo l tme te, 
Ammete, _ New with reetber case an d t est
lead S
Shipping wI. 6 Ibs 5 59 .50

STARRETT MASTER PREC IS ION L EVEL
" '99 - New in wooden c ase.
Shipp in\il wI. 10 Ibs. , 5 5 0 .00

SET O F 3 STARRETT MICROMETERS - 1"
to 3" - New In wooden case.
Shipping wi . 10 lbs 5 59 . 50

M ODEL 28 KSR TELETYPE KEYBOA RD -
good c o ndueo n .
Shopp ,ng WI . 3 0 Ibs . . . . . . . .. .. 5 9 5 0 0

100 MFD 3000 '0' 0 11 DC Capac. lor 14" x 6 "
x 8 " .
Sh,ppong WI . 4 0 Ibs. . 525.00

30 VOLT CENTER TAPPED TRANS·
FORMER - 115 VAC prr marv - 2 41030
'0' 01 1 sec o ndary al 10 amps or 12 10 15 vo lts
al 20 amps
S h,p pin \il WI . 15 Ib s. . . 5 10.00

6 .3 V O LT f olament Hanst ormer - at 10 amps,
Sh ipp ing WI . 2 Ibs. ,..... . S 3 .95

8URGLAR ALARM f O IL TAPE - 300 toot
ro ll .
S hipp,ng W I. 1 ~. lbs ..... ,. ... . . 5 3 .50

BUR GLAR ALARM KEY S W ITC H
Sh op p,ng wt . 1 lb. . . . . 5 4 .3 0

BUR GLAR ALARM MAGNETI C S WI T C H -
SPST
Sh,pp lng WI. ~. lb . . .

B URGLAR ALARM D O OR CO RDS
S h,pp, ng wI I lb. . . .. . 5 1 ,0 0

!\-finimum o rder $5.00. Sorry, no catalog at this
ume . Write for specifi c items . Watch for our
ad s in 73 . Stop in and se e us when vou 're in S t .
Louis.

S a n \l amQ
M allQ,y
M a tfQ,y
Gu.leman
P lnt ,c C , Inc.
SIJ,a'Ju l! T 's ' 10k

T V L2 767 eo SO m id 450WVDC
G ,E CP70Dlf·P504K .5 mId 6000 voc

$54.9 5
5298.00

580.00
5125.00

59.95 ea.

, .. :. ...-..
, ." ,,:':11 ,

-- - ---

-

K I T 1 P .C . BOARDS ONl Y (2 req.J

KIT 2 P .C . BOARDS (Both) & all
parts (UnwHed )

KIT 3 BOARDS W,red & tested

Power Supply KII - No chaSSIS
Complete mOnllor - III h ..n d sorne ca b llle l

E.K ,Y. V IDEO V ISION CO.
BOX 15 . STOCKHO LM NJ 07460

Neater Cabling with Nylon Cord
The November 1968 Issue of 73 con

tained an article describing some of the fine
points of cabling.

After your cabling I S complete and the
cord ends cut off to S/8" or so, ap ply the
flame of a match or cigare tte lighter. Ta ke
care not to burn the cable or components.
The NYLON will me lt very rapidly and form
a lump at the junct ion wi th the wiring. This
will simultaneously accomplish tw o ends.
The lump will prevent the end o f the cord
from pulling t hrough the knot and loosening
the cabling, and a t the same time the usual
frayed end will d isappear into a neater, more
finished looking terminat ion.

.. .. Bill Turner WA~ABI

All kIts t ube tvpe Wllh mstrucnons.

CRTs. Power Supplies, and cabinets nOI m ct coec .

CRT PRICES ON REQUEST
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the permaflexkey
• bod. • twrin I....., 60Rralght: hand br
I...~ 1 poNd" _1,'1.
• ,hrH 1 1lt choin of ...uc.
_l-auloMMlc w...."Itt u,;...
when u.... I:htovgh an ,I. It_Ie""'.
• dltMtl, wlth 1ft)' 1n".",Mer
• 8 " ..... <ill","," .1__.bLeb
-diud"'- 0-.060" tr s.so , ,.• •.
• dld:l~ .1... pHdl...... of
rull..! G-IO Gt-g _~••
• .1M...t I, 16 r"~ ch_
..1,1.9'" ",• • 3.75 .pMdI.. 1995 CD., ....
...... 1.2.5' .-I1.~ lOu. ppdUMI& ...
• t llicofl. ruW;;, for ..Wlitlo. MndO ct.ck _ iliA
• I~ US ..... 60 , ...,...... for I )'1'. sold by man only

JamesResearch company,dep't: AR- K
20 willits road, 91en cove n.y. 11542

WE PAY HIGHEST CASH PRICE
for Electron Tubes & Semiconductors
Immediate Payment on Unused Tubes

H & L ASSOCIATES
Elizabethport Industrial Perk
Elizabeth. New Jersey 07206

(201) 351 ·4200

AN/AI« .. 4Y fM & AM lKElYEl ~n" (OJ' kteUlt8~r
Rtell p~.IOll btl lu~ for mOlllCo"", ..
m-rn. r "'" ..-t ntaUn elpW iIlNIIClh.
II to tood" iJll tQ.DLQc,..... Fol' 110" 10 0)"-
01 , AC. "lU-la power W&lC'I1. Oncuw o l l' o li it
dtllp'&m 1Dol1Mled. a.oad -.
Perl_ . 1JU NEW $11.50
All tlIll1l11 IIIllta ...lI.aY. (OJ' .a.on.

H~Dm '1
~ llDll'd_. WIIIlI.ar'l'l oIwllob ... ouId_.4o-ft" oord pd
pllll. ft•• f1l. se. otJ1f lIPJ:ClAL PRICE ••••• • • $2.95
HlP Imped_ "".poor for Iboor•••• •

SCR·274-1l, AJlC.5 COMIIANO S£I HQI
r.=. "- =:. t.."': '&Itr_"!lIV.... D - ~......so Kc. . . . . • • • • . . . • . ••• . . . • ,.SO .... II'....... ..., . . . .. . . . . . .. .. ..0 .. . . .~l:=::: :: : : : : .n·. . : ::::: lItH ::::D::;::::I:::ft
ABC-BllA. ra Q-I ~""'.r lIMI - 610 lOla ~ $16.50
ABO-oW NO - 1110O Il:bI.~r _ lib IlmlIIC IJ'Ilb ••• • •• ••• $24.50
Jlo-6!AJlB-1 It.oe:Inr 1Sof,.:l6I Mba. 11~ NEW S 9.95

Tl:BlIlb :II" IIIpoHt wWI ordv. '-lull. C. o.Do _.- ....1"- la fall.
KWmwa o-..hlr 1&.00 r.o. .. lfYC. aabJeo' to prior ul. 1IIld prIw ....

GIG UDIO ELEOROMICS COMPAMY
47 W_ Sf (2nd R Nitw Yen tty.1OOO1 .... 212-267 4.05
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advised by my lawyers that
ou goons don't ever proofr

~
s b
ben

..........n•
I insist t ha t you print ev
should be boiled in 011 ov

Repeaten

Your articles and backing for repeaters (FM)
and associated operation are great, although your
open-repeater-directory was not fully accurate. It
was, however, stupendous, and of very effective
help during my recent trip across the country and
back. Maybe in a year or so, when the FCC gets a
decent repeater rules concluded, you can call for
info and publish a good, up-to-date list, under
separate cover and for $I, with a new directory
published yearly. Lots of luck.

Ray BtJaer W3TDF

Directories are hard to keep up-to-date, but we're
trying. The update currently being prepared has
more than 100 new repeater entries plus about
100 changes in existing relays.

. . . Ken

Prop....tton
Please convey my thanks to your propagation

analyst, Mr. John Nelson. His successive forecasts
of three poor Sunday's in a row have been 100%
accurate from this QTH. SO thanks for this
service.. .very much appreciated.

Neil JobnlOU W20LU
74 Pine Tree
Tappan NY

Our analyst has received national acclaim and
many honors for his predictions, many of which
baffled even government experts.

. .. Ken

Favoritism
Rev. Peter Gonos (K6GZN) takes the FCC to

task for not givin~ a blind person special consid
eration ("Letters, ' June 1970). I agree that the
examiner was a grouch, but publishing vague
accusations is not the way to handle this situa
tion . Public servants with a public-be-damned
attitude can be removed from contact with the
public if one complains in the right places. I
assume K6GZN could name names, place, time,
and other pertinent facts.

Robert Newman WA7lEH
BOlt 283

Emcada OR

Cerwordrlp

When I picked up a copy of the FM Repeater
issue of 73 at a local ham store, I was very
favorably impressed.

I then noticed a column which mentioned the
writer's objection to Latin America-to-Miami
phone patches (he"d rather that he use the
frequencies). Well, he's entitled to his opinion,
though I'd say DX phone patching is "more
important" than DX ragchewing.

He then goes on to suggest (very obliquely, of
course) that we ship the Latin Americans in the
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P h ill C h ase y WA9GAA
5 06 W. Ange la BI

South Bend I N

Alan P. Bid d le WA4SCA / 7
Box 10866
Tuscon A Z

Miami area back where they came from. He th us
shows his ignorance of what belongs in an
amatuer radio magazine , and, perhaps, of wha t it
means to be an American , and wha t makes this
country great.

Anyone who co uld wri te some thing li ke that
is beyond reac hing, bu t where was th e ed itor? I
hope to see a retraction in a fut ure issue of 73, so
tha t I may, in good conscience, subscribe to wha t
appears to be an excellent radio magazine , whe n
it sticks to tha t area.

Michael G ers h man WA300B
11550 Stewa rt L ane

Silver Spring M D

You are caWng for censorship . ..are you really in
favor of that? Do you really feel that I should
not print things in 73 that I do not agree w ith ?
73 prides itself for its policy . of p ublish ing all
in teWgent sides to vario us issues.

. .. Wayne

F eedback

The following is an adap ta tion of an experi
men t commo n in most basic college physics
courses.

There is an easy way to au tomate the com
par ison of light intensities used in K lCl.L's
watt me te r. (Aug ust 73) Mount the two bulbs
rigidly and place a small square of shopp ing bag
paper, which has a spo t marked in the cen ter,
with margarine or some other light oil , exactly
eq uidistan t be tween the two bulbs. When the
bulbs ha ve the same in te nsity, the spo t on the
paper will seem to d isappear. The paper mu st no t
be exposed to strong ex ternal sources d uring
!Deasuremen ts. This me thod sho uld also greatly
increase accuracy.

T he L e a g u e and 73

I notice yo u punch ing up the ARRL which I
th ink needs to get up with times. I don ' t
subscribe to QST; for one reason, it costs too
much for th e couple of writeups I could get some
use ou t of once in a while. T he rest of the
magazine is filled with contests and League
doings, and when you save a pile of QST you go t
abou t 9 times as mu ch paper as you need to
fumble through to find some th ing o n that
an tenna or wha t have you. I do think ARRL is
doing a good job on the code prac tice sessions
and I do think that our extremists sho uld q u it
QRMing that session each nigh t for the short
time they are on . After all , they have been doing
it for years now so the old timers should know it 's
there.

Orville G u lseth W5 PGG
1435 King S t .
Clarksdale MS

Moonboun c e

Anyone in Chicago/Sou th Bend area working
on moonbounce'? Would like to con tac t others
who share my interest.

L i cense Courses

Wh ile wa it ing on the PCC to send my Novice
license to me I haven' t le t any grass grow under
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oscillatOl/monitor
• udil.l. lone to onito.
the RF of .n)' CW h .n.mitt.r Fro...
IOMw to I Kw (,. IOOKc to IOOOMc.
... inll onl)' .n 8 " p;c"up . nt . ..... .
• c.n I.• •• If-tr igg.r.d k.r cod.
pr.dic. or the t .lti"l1 o~ -.o lid
.ht. co...pon. ..h . "d cire..itl .
• . id. i.. t ....; ..g up (,. t • • ti"g RF
oK ilId o• • nd p_.' ci.c..itl.
• 4 b .n.i.lor. 1 diode cireuit,
.p. ....., ton••dju.t, AA p. ..c.ll, 9
t.1t t ip. , 8 " . ..t., (,. .... gnel:ic I..... 14 5 co...plete,
• c.l.in.t i. 16 g.Ull. bl.c" (,. cl. .. ppd u•• & c.n.
."odi•• d .1.....;........ 3.4 . 1.3.1 .1" ••nd a check or m.o.
US ....d. (,. gu.r.nt.... for I ...... .old by moll only

James Research company,dep't: AR-M
20 willits road , glen cove n.v. 11542

Special-Purpose Receivers, Panadapter
RA K .7 comp lete, w /dwg, 15 -600 khz T R F . . . . 125.00
RF I ( No ise & F ield S t re ngth Meters ) are b asica lly
rad io rc v r s. TS ·587 / U (no a nt. accesso ries) so m e 
w hat m o d ified a s an R F I M e t e r , O K as rc vr . 15400
mha , $195.00 . F erris "/I32A , . 15-2 0 rnhz , comp le t e,
O HC . w/c harts & book. $ 175 . "/132 8 is la t er mod e l.
$ 275 . N avy O F 1 •.15-1 7 % mbz, O HC. with b o ok . $75_
MORE PRO FE SSIONAL set u ps, to $ 400 0.0 0 , S t o d da rt
a nd Empire D e vi c es : A S K ! A lso a sk a b o u t SPECTRUM
ANALYZER S , if interested.

4 5 5 khz Panadepter , variOUS models. a ll 100%
OK. a ll w it h inst ruction books _ , 57.50
wwv Com parator R c vr has meter to zero beat your
signal with WWV sw itched t u n ing at 2 Y, /5 / 10/ 15/20/25
mhz. Be ckman , 905 R sold for $65 0. F rom us '

175
00

O H C and with book ,.... . ... . .. .

Hi-Sensitivity Wide-Band AM/FM RCVR
38 - 10 0 0 MH z : AN /ALA ·5 corts-st s of brand n ew
Tuner/Converter DV-253/A LR in origi n a l factory p ac k
and an e xc., u sed. chec ked O K & gr td . main t cvr R- 4 44
mod if ied f o r 120 v. 5 0/60 hz. Pa ck ed w it h each tuner is
t h e fac to ry ch ec ko u t sh ee t. T h e one we ope n ed showed
SE NSITIV ITY : 1 .1 uv a t 38 .3 m h z , 0 .9 at 1 3 3 mhz , 5
at 538 m hz, 4 Y, a t 7 78 rnnz , 7 at 1 ghz ; w/book.,.
& p w r-in pu t plu g . a ll fo r , 1:75.00
A-39 0/U AA Ac vr : CO llins x t l-zerO-bea t ing ,
d ri ft less rec ei ver . gr td 1 0 0% p erfec t 795.00
A-3 90A/ U A A h as mec h . fi lte rs, g r t d p e rfect . ,_ 995.00

Regul. Pwr Sply tor Command, lM, Etc.
PP- 10 6 /U : Metered. Kno b ·adju sTBb le 9 0 -27 0 v up t o 8 0
ma dc; also se lec t a n AC of 6 .3 v 5A. o r 12 .6 v 2 %A or
28 v 2Y. A . W it h mating ou tpu t p lu g & a ll t ech.
data . S hpg. wt 5 0 Ib s 19.50
Bargains w hich the above w ill power :
LM ·( OJ F re q . Meter : . 125 -20 M Hz , .0 1%, C W o r AM.
w it h serte t-metc ned c a ne . b ook , tech. d a t a , m a ti ng
p lug.
S h ippin g w t. 16Ib s , 57 .5 0
S ame. less calib . book 27.5 0
A .R.C. A l1 A : Mode rn Q ·5' e r rc v r 19 0 - 5 50 k h z . . , 2.95
A.R .C. A22 : 5 4 0 - 1 6 0 0 kh z rcvr w /t u ning g raph . 1 7 .9 5
A.R.C. A32 : 10 8 - 13 2 m h z rcv ' 3 2 .50

I F Y OU DON'T SEE IT HERE, A SK FOR ITI But d olt ' t
ask for a general catalog. . .we believe that is nonsense in
surplus. . .we qet new things in almost every day! WE
ALSO BUY! So !ell us wha t yo u have, condi tion and
your asking price! '

R, E, GOODHEART CO., INC.
Box 1220-GC , Beverly Hills, Calif. 90213
Phones : Area Code 213 , Off ice 272-5707
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MODEL 15 TELETYPE, 60 wpm. With sync motor, table
and power supply. Used , good.
PRt CE; $50.00

M ODEL 14 TYPING RE PERFDRATO R , 60 wpm. W,th
sync mot or & power supply. Used , good.
PRICE ; ......... ... ... ..... ........•.... $35.00

MODEL 14 TRA NSMITTER DISTR IBUTOR , 60 wpm
with sy nc motor.
PRICE : $20.00

WINTRDNIX MQDEl850
INDUCED WAVE FORM ANALYZER

This unit, in conjunct ion w it h yo ur present oscilloscope,
permits you to view wave forms in the range from aud io
thru MHz without any d irect connect ion. The probe is
simply p laced over the t ube in question and t he wave
form is d isplayed on the oscilloscope. It mav also be used
as a high gain ampl if ier to increase 'scope sensitiv i ty.
Excellent for T .V ., Radio. Ampti fier, and T ransmi tter
repa ir and maintenance. BR A N D N EW, WITH PROBE.
PRICE ; ............. ...•.•........... $19.95 e...

COMPUTER G RA D E CAPACITORS
10,000 Mfd at 35VDC
20,000 M id at 25VDC
20,000 M fd 8t JOVCC

PRI CE : $1 .25ea.or 5for$5.00

OIL FI LLE D CA PAC ITORS. 4 Mfd at 10 kV . Perfect for
that ultimate li near.
PRICE : $24.95 ea. or 5 for $100 .00

EQUIPMENT CABINET, with front and rear coors. 54 " H
>t 24"W x 26" deep. For mounting 19" racks. Usable
panel space - 46" high.
PRICE : $29.95 cr 2 for $50.00

1 AMP JAG SLO·BLO FUSES. Special.
PRICE : ..... . .. .........•...... ..... 10for$1 .oo

E M ER G E N CY POWE R SUPPL Y . Western Union
' ,2 , 4A . Will p rovide 115V, 60 cv, 150 walU for a
rmormcm o f 8 hours f o llowing failure o f com mercial
power. Switchcver can be iMXompllshed wi thout loss o f a
cycle. Complete wi th 20 nIckel cadmium beuenes. each
rated at 95 A H.
PRICE : $195 .00

POLAR AELA YS
255A New $1 .25 ea. - 5 for $5.00
202A N ew $1 .25 ea. - 5 for $5.00

SPERRY MODE L FE H igh Band FM
Transmitter $24.95
Receiver $24.95

SI LICON STUD DIODES
1N249, 100 PIV, 20 A m ps. . 60. ea.

4 for $2 .00
1N338. 100 PIV, 3 A mps. . 4QC ea.

3 for $1 .00

UG·625B/U . BNC Female smgle hole mount .
PR ICE : 4for$1 .00

1500 pF Stud mount bv-oess ceoecuo- CK8QAW 152M.
PRI CE : 6OCea.or4for$2.00

SWITC HES, Compu ter ty pe lighted push button . Includes
SPOT micro swi tch. Less bu lb.
PRICE; 2 for $1 .00

A N/SRR · 13A High Frequency AM -FM Receiver . 2 t o 32
Mcvs, in 5 bands.
PR ICE : $150.00

RECT I F IE R TRANSFORMER . Open frame
PRI. - 115 V , 60 cv.
SEC. - 36-0·36V @ 15 Amps.

Special 59 .95

All prices are F,O.B. our w arehouse, Philade7fh ia, Po. All merchandise described accurately to th e best
of our knowledge. Y our purchase money re unded if not sa li.tied. Term. are cash and minimum order
is ' 5, 00. All merchandise subjec t to prior sa e.

SELECTRONICS1206 S. Napa St.
'1 Phila., Pa. 19146 Phone: 215-H02-5511 0' 215-H08-7891

my feet in preparing for the General class
examination. Having had some electronic instruc
tion at Fort Monmouth back in my Army days, I
have concentrated mostly on the code, believing
that the theory wouldn 't take much effort. I have
been brushing up on theory for quite some time
by studying an NRI course, supplemen ted with a
couple of AMECO books and several of those
published by the ARRL. It would seem that this
would be suffi cient prepara tion for the FCC
exam. However, I will have to admit that 1 have
never really understood some of the very basic
principles of electricity and electronics and I have
been relying on my ability to memorize what I
have repeatedly studied. hoping that someday the
understanding would finally dawn,

Last weekend I stopped by th e local elec
tronics store to pick up a copy of QST and I
happened to notice on the cover of 73 that here
was a new study series on getting the General
ticket, so I bought both the July and Augu st
issues. I can't explain what a stroke of good
fortune this has turned ou t to be for me. I had
just about decided that thorough understanding
of electronic and electrical theory required some
natural ability that I happened to be born
without.

Thanks to 73 I now have a much better
understanding of the relationship of circuit com
ponents, voltage and curren t in electrical circuits,
and that of resistance versus reactance. Looking
back on the past, I can see that my particular
problem has been that when I would read
something I didn't quite clearly understand, I
would skip through that section of the material

108

with a vague idea of what the writer was trying to
convey and go on to some thing easier to compre
hend, This, obviously, has hindered my ability to
approach new knowledge with comparative ease .

More specifically , I have been able to under
stand how each elec trical componen t works by
itself and have learned the characteristics of
various circuits, but I have always had trouble
understa nding the interaction of the componen ts
of circuits and the formulas used to arrive at
answers to required values. I am anxious to study
the next installment and I feel that when I take
the exam for the Genera l ticket I will be grateful
to 73 for giving me a sorely needed lift.

Having gained from studying this material, I
began reading some of the other articles in the
two issues and have discovered that 73 is the
most refreshing ham publication I have read. To a
beginner it is a big help to know that someone is
interested in his efforts to become an amateur
and willing to be of help, rather than taking the
attitude that amateur radio is for a selec ted group
in which membership is by invitation only.

John Leach
Metairie LA

Hobby License

Ap parently your left hand d oes not know
what your right hand doe s! I refer to your
coupon asking that the FCC give up the 220 MHz
band to a hobby type service requiring no
examination .

In your editorial you make the sta tement ,
"Since the ARRL has set aside $ 100,000 for the
defense of our amate ur frequencies it seems
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Johnson
Variab le

logical to me tha t it is up to them to make a
definite move in this direction. " Can you ex plain
to me whi in one sta temen t yo u ind ica te th e
ARR L is not defend ing o ur frequencies to the
utm ost , ye t in anothe r portion you are a ttemp t·
ing to give away one segme nt of our frequencies
to a group of people in the same ca tegory as the
CR'ers?

You ind icate in your Action Coupon ,
"A mateur rad io has been sta lled for seven years
now. . . ' Apparently you have not par ticipated in
the hobby of amateu r radio fo r seven years
because I can hardly see indica tions of ama teur
rad io be ing stalled . It would seem to me tha t
amateur rad io has made more progress in the last
ten years than they had in the preceding ten
years.

I canno t see how giving 220 MHz to a group
of people without examina tion could correc t the
present chaotic conditions in CR. If you will
th ink back a few years you will remember
citizens rad io originally was in the 450 MHz band
and was used very little by CB'ers.

Robert Johnson WA9 PVW
5544 Blue Ridge Blvd

R aytown MO

The proposal is not to GIVE part of 220 away. It
is to USE part of 220 to attract m ore hams. For
the past seven years the number of new ama teurs
has been declining.

. . . Ken

FM Callin g Channel?

The freque ncy mu st o f course be one no t
presen tly used , or used by the least num ber of
persons. I would suggest that 146 .910 be con
side red.

R obert S . Katson WIHBH
5 9 M e ad ow Brook Dr.

Monroe CT

Do we really need it? 146.94 is admit tedly a
national repea ter output frequency, but it IS
monitored by just about everyone on FM. FM'ers
in repeater areas can opera te through their local
systems and get a con tact almost anytime,
particularly where there is an emergency. Where
there is no repeater, there is stili. 94. When it is
so easy to contact another station on .94, why
try to se t up another channel - one that pro
bably wouldn't be monitored anyway? Repeater
transmissions are usually kep t short enough to

GUNSMOKE?
Blow your mi nd o n ou r back

! issue bargain bunch, 30 (count
'eml assorted (we hope) back
issues, all befo re 1968, for the
incredibly low price of $6 post
paid (hardly pays fo r the post
agel . These are packed by slave
labor (to cut costs) so p lease ig
nore notes calling for help. etc.
that may be sl ipped into the
bund les. 73 Gunsmoke, Peter-

/ b o ro ugh NH 03458. Send cash,
check or negot iable secu rit ies.

OCTOBER 1970

NEW
100 KC CRYSTALS

He 13/U case ..·_ _.._ _._...•......._ _......•........$3.95
Cryst al soc ket fo r He 13/U cl ip down hori-
zontal mo unt t ype ..... H •• ••••• _ •• _ •••_.H••••H .. •• _ ••49 t ea.

NJ-Cad BATTERIES Nylon ca se KAPIO 1.2
Volt 95 Am p. hour l1~"H x 5 1,4"0 x 3 "W
L ike N ew .._._._ _ _. H . ••_.$ 12.9 5
5 batteries with connect ing bracket .._.$59.00

METER 2 ¥.z" Round 0·250 V AC 60 eye
NEW -_.._._...__._-_._._--_.__.$3.49 ea.

VARIABLE CAPACITORS
# 157·5 5 to 75 PF;;:;:: 75t
SKY .5 to 12 PF . ..95,
5 Section 465 per sec %i /f shaft

$3.49
CERAMIC TRANSMITTING

Door Knob Capacitors
40 PF 5 KV .49,
50 PF 7.5 KV .._ ..__..._... . .49,

500 PF 20 KV _ .. ...75¢
600 PF 12 KV __.__ 75¢

~;,~~/~~~~rorL!~_~~_.~~~~_~~ tyP~31(1."
INTEGRATED CIRCUITS

FACTORY FRESH
NO REJECTS wit h spec sheet

- FAIRCHILD -

;8
~t ~~~ :13~e~roJi;ct-s'-'ciiag'ra-iT;;- 80¢ -"iij""$7~g
UL 923 J.K. Fl ipfl op..~ ....~..~....$1.50 10/'13.50

- MOTOROLA-

MC 789 P Hex Inverter
MC 724P Quad 2 Input Gate
MC 799P Dual Buffer

CHOICE $1.10 10/$9.95

MC 790P Dual J K Flipfl op
$2.00 ea. 10/$18.95

MC 780P Decade - $3.50
MC 767P Quad lat ch - $3.50
MC 9760 P Decoder Driver - $5.50

ALL THREE FOR $11.95

COOLING FAN blower, 4
pole l10v 60 eye mot or
with 4 bladed nylon fan.
Very qu iet, about 50 CFM.
21A" W x 3" H x 2 1,4 " D.
Shipping weil{ht 3# .

$2.25 e• • NEW

RELAYS NEW
Potter & Brumfield PR 7A 115V 60 eye
DPST NO 25A . $2.95
St ru t hers Dunn IBXX129 110V 60 eye OPST6 Amp . .$2.49

R & R ELECTRONICS

311 EAST SOUTH ST.
INDIANAPOLIS, IND.
46225
317-638-7213 phone

$2.00 m in imum o rder FOB Ind ianapolis.
Please add sufficient postage, we ref und
unused amount. Indiana cust om ers add

2 % sales ta x.
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Stock No. A9040
Honeywell Boards 5~" x 6". L oaded wit h
late no . t ransistors. diodes, resistors and cape
cito rs. 2 different boards S 1.00.

•

Stock No. A9082
Honey well Compute r boards, 4Y1" x 12 " .
Transistors, diodes, zeners, capac itor, pre
cision resistors, heat sink, t r immers, etc. 2
Different boards $ 1.00.

INTEGRATED CIRCUITS
S lk . No. T vpe c.~ F u nc llo n P " ce

A3000 9 0> 00' 4 m pu' gate "A3001 9 " 00' DUa l 2 ,n pU l g a l e 9a
A J008 9 " " Dual 2 ,npu t gale 90
A 3002 m TO ' Dual3 input ga le 90
A 3003 923 TO ' JK F I'pF IOp "0
A 3007 9 2 3 3M4 FP . JKF lo pFlop "A30 05 925 1M 4 F .P . DU al 2 mpu. 9a'e e_ p . rs
A3004 916 TO ' Bu lf ....ed J K F lop F lOp , 00
A3006 916 " Bu lle' ed J I< F l ,p F lo p 90
A,009 m TO ' Quad In~e"e ' "A J010 90' TO ' 3 mput ga te "A JOll 90' TO' R 5 F I,p Flo p 90
A J012 90' TO ' Half Adde. 9a
AJ070 900 TO ' F ull Adde' " 0
A 3021 990 TO ' JKF hpF lop 1 0 0

O H
A30n NE 11 2 r e , Dual 3 inpu t NAND ga,. 9a
A 3 0 7 3 N E17 4 " R S IT F lo p F 100 w i.h , OWle es
A3074 NE 175 " J K F ..O F lop "0
A3025 N E 15 6 " Dual 4 ,nput cloc~ 1m" d. ",,,, 9 0
A J 026 NE 110 f ,P, T"p le 3 ,nput NAN D ga." 9a
A307 7 NE 1BO F .P_ O uad 2 ,n'pu, NAN D ga.e .9 0

TH
A 307B S E 8 06 " D u al 4 m p u. e_ pande. ,8 5 •
A 307 9 5 E 8 OB " .P 5'no;;le B m pu ' NA ND 'il a te .,
A 3030 5E 8 16 f .P. Dual 4 m p u' NAND q;".. 9 0
A 30Jl 5F. 825 f .P . DC Cloc ked J K Flip °IOP " 0
A30n 5£ 8 4 0 " Dual 4 ,nput e_c t u~,~" O R 100
A 303 3 SE 855 " D ua l 4 ,n pu , pow e< g,ue "A30J4 SE 8 1 0 " . T " p le 3 ,npu ' NAND ga.e se
A3035 SE 880 f ,P, O uad 7 ,npu t NAND ga.e .,
IF P . - Flat P ack l

P ,n COnnec llo n ~ a nd log 'c d 'agram ••uPp ....., wqh
"II ,n leg."ted c "cu ,n

SPECIAL W ith every o rd er o f ten d o llars o r
m ore, c ho o se 1 more dollar FR EE .

I L o t6 of other items-send for free fl ier: A ll merA DELTA ELECTRONICS CO
chandise fu lly Ruaran teed. P lease in clude pos t - •

aRe' ex<e" w ill be ... f unded. 0 BOX 1, LYNN , MASSACHUSETTS 0 1903

Good Grief!

allo w any user to get in with in a minute or less.
A nd j f users get ou t of the habi t of "tail-en ding"
o ther use rs, a brief monitorin g period w ould be
available a t the end of each station 's trans
mission . Who could ask for a more , fficien t
emergency communica tions setup?

. . . Ken

Article Policies

Some o the r ham magazines may ta ke years to
pay for an ar ticle . but you guys are some thing!
You pa id me $20 for a short ar ticle which yo u
never printed (sent to you 1 year ago).

Gabe Gargiulo WA I G FJ
16 0 E lm

North Haven CT

We liked your article and bought i t. Now it 's
working its way toward the top of the heap.

. . . Ken

F rom t he L unatic F ringe .. .

I have been reading your magazine for many
years and have enjoyed it bu t I neve r felt that
your comments on the ARRL, and your advice
and insinuations were in good tast o r even good
sense.

I do feel that you are do ing ham radio and
ham s a great injustice. since your attacks on the
ARRL do incite the lunatic fringe that has
infiltrated ham radio, and these degenerate
vicious slobs play such tricks as jamming of the
CW practice sessions, hurting new hams or
potential ham s who arc trying to get that code
pra ctice, which is being denied them. In sho rt,

110

this is at least one of several fo rms of damage and
injury, you r ti rades may be responsib le for . Only
the luna tic fringe and the weak minded would
respond to those art icles and only in the modes I
have mentioned .

Also I noticed tha t when that gang of
long-haired cowards utilized the college rad io
clubs to propagate their destructive and idiotic
policies on the air and on ham bands, those who
wro te to your magazine and objected to same
were answe red with jeering and smart alccky
re torts. If you don't think that such use o f th e
ham bands could very easily result in total loss of
ham privileges, you are not fi t to be running a
ham magazine.

I have decided not to renew my subsc rip tion,
and if enough of us old timers feel the same abou t
it, you may find yourself going into bankruptcy,
unless of course. you are being financed by
Russia, Cuba. or dope sales.

Jacob D u b rusk y W2 L VR
Bo x 482 . F lushing
Q uee n s, N YC NY

... Ken

Code

I have been read ing with great interest the
comments by some ha ms abou t the new licensing
req u iremen ts. ..particu larly abou t code req uire
men ts. I wou ld very much like to become a ham
opera tor. Only o ne thing keeps me fro m fulfilling
tha t desire : CODE.

I have spent end less hou rs tryi ng to acqu ire a
code speed sufficien t to get a license, bu t have
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99c
Each

21or$1.01 ~

•• DTL. o t her .... tee R11..
••• T11. . F_t1 at pak ; :-; _dual in li ne
s-c ro. s

o

D. scrlptlofl Cas.
Buffer F
Du.l BuKer F
Dua l :I input 9.1• ........... 5
Dua l 3 input 9.11 F
Dual half add" N
Full ad d er 5
Buffer 5
Dua l two input 9.t 5
H. lf a dd er ,5
Shift rig is' " 5
Dual 2 input qa t 5
J -K fli p flop 5
Dual 2 in. w/ up.nd ,F

"'s The Biggesll Mos' Popular PENNY SALE IN THE INDUSTRYI--

TEXAS-NATIONAL DTL TTL IC,!

• DTL. o t her" TTL. F _n at p" k . :'\_ d u,, 1 in li n..

Typ e Otl crlpl ion Sol ,
SN7350F * Quad 2 input lI:a t p . •. •. . . . . .. . . 99

o FAIRCHILD 74 ICAMP'O" y $2.50
S. me ., 7O'i with fre quency c.Ompens. tion.

5N74ooN
5N7404N
SN74JOF
$N1440F
5N7 441N
SN74.UN
$N7470F
5N7472N
5N7473N
5N7474'"

§ 5N7..75N
5N7..9ON
5N7..92N

o 5N7493 N

Q ua d 2 i n p u t g at e . . . . . . • •...•99
He '" inverter . . .. . . . . . . • . . . . . 1 .19
8 Inp ut S a nd ga te ... . . . •. .. . .99
Dual 4 In. Sand butle r • . .... . . . 99
BCD·to _De c;mal deccde r -d rve .• . 5 .95
BCD-to_D.ci mal d.coder •. .•• .. 5.95
J·K nip n op ...... .....•.•.. .99
J- K muter fl ip fl or> 1.1 9
Dual J.K muter "l a~'e flip flop .. 1 ."9
Dual ' D' t)'pe ."h:e ,t riIUtered
fl; ip nop . ..............•. . . 1 ."9
Quad b i. "t"hle la tch ..... .••.. 3 .9 5
Oec ade counter 95
Di"ide b )' 12 counter 95
4 Bit b in" r )' counter " 95

n•
~•3
•

2·fT . fi nished fi ber o pt ic lit e pipe $1 .00
709 OP AMPli fi e r . .. .. . . . . . . . . ... • , •• $1 .49
2_N CHANNEl plu t ic Fe U 2S 3 8 1 9 Texas . $1.19
2-UNIJUNCTION tran.i.ton 2N 4 8 91 $1 .19
5 CLAlllfX pho t o elec c l!' l!s pa neakl!' $1. 19
3-TRIGGER di odu fo r S en. Trian $ 1 .00'_1 AMP 1 0 0 0 PH' .Ii I. rect itil!'rl $1.19

0 10--1 AMP flOO P I \" rec ti tie r•. . . . . , $1 .19o 4 NIXlf t uhe dri\' l!' r trans iRIIJ rll 2 :-;" 4 409 $1 .00
I.WATT Wf$lin ll:h uUI I!' WC3 34 audio a m p .. $1 . 49
1-15·AMP Triac 200 F R\' $1 ."9
Nli161J One shot m ulti vlbrator Sill:netie $1 .79
2 MICIO re.d . w it ch.. 1 " lo nll: ..• . • • . . . $1 .00
100 l,on,i,to'l aut npn . pnp· p....e- nc teat . . $1 .9'
WESlinlfho us e r>o l iti ve volt ' eculato r
o t o -1 0 \"UC .. . . . . . . . . . .. .. . ..... . • 1.19

Terms: add postage. Rated: net 30. cod's 25%
Phone Orders: W a kefi eld. Mass. ( 617) 2H.38 2~

Retail: 211 A lbion , S t.. W a kefie ld . Mas s .

P.O. BOX 942 A
Lynnfield, MISS.

01940

never been able to pass the test. At one time I
received three hours of code training daily, five
days a week for six months; but at the end I
could not pass a 16 wpm test.

However, I would make a good ham operator,
as far as technical ability is concerned . I have
held a First Class rad iotelephone license for over
25 years. During that tim e I have been ac tively
occupied in radio and electronics, in many
different areas_ The technical test would be no
problem and I might even con tribute some
worthwhile ideas to ham radio.

I don't believe that code will ever comple tely
die out, bu t it has been replaced in many ways
with other types of transmissions. Now you can
even buy an automatic code sender that will
convert typed characters to code equ ivalen ts.
Very little would be lost to the ham world if
noncode operators were licensed. Those who
wished to operate with code could pass a
supplemental code test.

But please let 's no t keep up the howl. ..
" anyone can pass the code if the y really try ,"
because I have really tried - and can ' t!

Ernest T . Robarge

10 WATT 2M AMPLIFIER

DyComm 101-500
30 mWdrive (or more) , 12V de powered.

FM - CW - AM - Etc.

15 95 ponag_
ONLY • p repaid

SOLD? O RDE R NOW!

NOT SOLD? Send for informati on.

DYNAMIC COMMUNICATIONS
30 1 BR OADWAY

R IVIERA BEACH F L 33404

F.M. Burton

Satisfied L ife r

The time has come for another auto de fe.
Please enroll my second son for life, for which I
enclose $50. You might be in terested to know
that this is the third li fetime subscription to your
magazine I've given away. T he idea is to lure the
recipients into the more technical end of the
sport.

SCHEMATICS AVAILABLE FROM 73
$1.00 each

ARR·15 from June 1965 73. page 78.
ARC·27 2M Guard Channel Receiver.
sse Transceiver, Nov. 1961 73, page 23.
R508/ARC , June 1965 page 48, before & ett er.

73 Magazine, Peterborough, N.H. 03468
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I 73 Reader Service Coupon I

I Now we do n't say tha t e very singl e read e r I
m ust buy eve ry last product adve rtised in 73.

I
We be lieve that, but we do n't say it . T he ve ry
least every re ad er c a n do is to put o n a show of

I' intere st in th e products h erein advertised. To I
ma ke t his a s imp le t ask , eve n f o r the laziest

1
reader (now t he re is a co n t est for vou t ) , we
have cleve rly a rra nged t h e ad vertising index t o I

I double as a re aders service cou pon. All y ou
h ave t o d o is t ea r it ou t (o r photocopy it) and

I send it in w it h the ap p rop r ia te b o xes marked.
(We h a ve a p r iz e f or the m ost b oxes marked I

I ...a silent pray er of thank s from the pub
lisher) . We' ll a ccept postca rds, s l ips o f paper, or II a lmost anyth ing e lse that lists th e com p an ies I
you wa nt t o hear fr o m a n d you r address.I No o ne li k es t o go into a sto re without I
b uyi n g so m e t h ing, right? It is t h e sam e with

I these in forma ti on requests. Y ou witl b e

I
expected t o buy so met h ing . Oh, it doesn't have
t o be a $50,00 0 anten na sy stem , bu t it should I

I be some t hin g modest , . . a transceiver . " a
linear .. . you k n o w, We' ll leave the decision up

I t o y ou , knowi n g t hat we can tru st you to do
t he r ig h t t h ing .

I And we a re definite ly n ot say in g t hat the
use o f t h is serv ice c o u po n has any c u ra t ive

I powers , but we canno t but not ic e that many
readers report rema rkab le re l ief from sim p le

I backache, h e ad a c h e s, lum b ago, and a cid

I
indigestion after send in g in th eir co u po n . Why
tak e any c h a nces?
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111 Washington St reet, Melrose , Mass. 02 176 ( 6 17-662-7700 )

by strong interfering signals. The result? High
performance f or 5S8, AM , CW, and FSK.
Sensitivity of 0.5 EMF microvolt (fo r a 10 db
S + N/N ratio) .

In the transmitter you 'll find three stages o f
speech amp li f icat ion fo llowed by a balanced
modu lator, a crystal- latt ice f ilter, a fil ter amp!i
fier, and an IF speech processor (cl ipped. A
mix er converts the signal to a first IF frequency
f or processing by two cry stal passband f ilters,
and two I F amplifiers. A second mixer converts
the sign al to t he t ransmitting frequen cy where
it is amplified in five RF stages before it gets to
the grid of the 6BM 6 driver. F inal power
amplif ica t ion takes place in a f orced-air-coo led
8 122 ceramic tetrode w hich f eeds the antenna
through a pi network . O t her feat ures? You bet !
Grid block keying for CWo Comp lete metering.
A mpl if ied auto ma tic level contro l (A AL CI.

So here's a package that can give y o u 1000
w atts PEP input on 80 through 10 m eters, 1000
watts on CW, and 500 watts f or AM and FSK .
The speech processor lets you dou b le y our SSB
average power ou tput w ith m inimum distor
t ion. N o frill s w it h the NCX -l000. Just top
perform ance.

For complete (and impressive) specifica t ions and details, wr it e:

NATlONAL RADIO COMPANY, INC.
NRCI

H ere's a transceiver designed fo r the am ateur
who would rather spend his hard-earned radio
d o llar on performance t han f r als. The
NCX-l000 is bu il t to meet the demands of the
operator who needs and desires a high perfor
mance SSB-AM-CW-FSK rig w ith sol id-st ate
d ependabili t y and plenty of power. A dd to thi s
t he convenience of having your transmitter
(includ ing linear amp li fi ed , receiver, power
supply, and monitor speaker in a single, com
pact, smart ly sty led 59 po und package.

So let' s look at the NC X·l000, start ing wi t h
the d ouble-co nversion, solid state receiver.
A fter the received signal is processed by a
d ouble-tuned preselector , a stage of R F amplifi 
cation, and another presetector. it is applied to
the f irst mi x er for co nversio n to the first IF
frequency . The fir st I F con ta ins passband f ilters
and a stage of ampl if icat ion. A second mixer
then converts the signal t o t he seco nd IF
f req uency for additional processing by a 6-pole
crystal-latt ice filter and f our I F stages. Finally ,
the signal is detected and amp l if ied by f our
aud io stages. The unpa ra lleled high dynamic
range lets you tune in weak stat io ns surrou nded



ACCESSORIES

AC-4 120V 50/60 Hertz
Power Supply . .. _...... $ 99.95

OC-4 12 VDC Solid State
Power Supply . . . _. _ $125.00

MS-4 Matching Speaker $ 22.00
RV-4 Remote VFO-

Separate Receive and
Transmit frequencies on
same ham band .. .. .. .. $110.00

H-t Crystal-Control Adaptor $ 26.95
MMK·3 Mobile Mounting Kit $ 6.95

DRAKE TR·4
SIDEBAND

TRANSCEIVER

Years of Draketransceiver design experiencemake the
TR-4 one of the finest available. Ahead in circuitry and
compact lightweight packaging, it is ideal for mobile
use, portable, and vacations. USB, LSB, CWor AM.

• 300 Walls PEP input on SSB. 260 walls input on CWo• Com
plete Ham Band Coverage: all necessary crystals for 80 thru
10 meter ham bands. • Separate Sideband Filters: • Nominal
1.7,1 Filter Shape Factor, • Crystal Calibrator' VFO Indicator
light . Automatic CW Transmit Receive Switching. Solid State
Permeability Tuned YFO for accurate 1 kHz divisions on all
bands. • VOX or PH for use on AM or SSB_

A GREAT BARGAIN AT $ 6 9 9 9 5

INCLUDING THE FAMED DRAKE RELIABILITY

WtllLE M0611£

Rearing ~ is believing!
\~mON NO\~E. I

\$ GO~~'-

R. L. DRAKE COMPANY 540 Richard Street, Miamisburg. Ohio 45342
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