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...pacesetter in Amateur radio

220: Kenwood Style!

@f%@ﬁ e Big multi-color LCD and back-lit con e Freguency lock switch
i n

™ trols for excellant visibility s Digifal Channel Link (DCLY eption

The fir ¢ COptional front panel programmablg 38- = Umque offset microphone connector
225 h’ﬂﬁi%?\?ggﬂ;i’;ﬁ:‘;? tone CTCSS encoderincludes 97.4Hz - —relieves stress on microphone cord
TM-3530A—25 watts of 220 MHz FM— _y TH-31AT/31A optional accessories:
Kenwood style! Features include TH "j‘l /?“T/ 31 A e HMC-1 headset with VOX
built-in 7-digit telephone number Kenwood’s advanced tech- .« SMC-30 speaker microphons
memory, auto dialer, direct frequency nology brings you a new @ PB-21 NiG:dl 180 mAH battery
entry and big LCD. All this makes the | standard in pocket/handheld ? PB-21HNICd 500 maH battery
TM-3530A the most sophisticated transceivers! ropuse Comventeror
rig on 220 MHz! - o fwatt high, 150 mW low = BT-2 manganese/alkaling battary
= First mobile transceiver with tela- # Super compact and lightweight case

phone number memory and auto- (ahout & oz, with PR-21) = EB-2 axternal C manganese/

dialer (up to 15 seven-digit telephone e Frequency range 220-224895 MHZ alkaline battery case '

numbers) E@‘E:F:;r (t)"fg"t L6 M1 » SC-8/8T soft cases with belt hook

., , . & a el—1. Z, reverse, e TU-6 programmabile sub-tone unit

= Frequency rdng_e 220-225 MHz simplex v AJ-3 t%re%c%loc to BNEZ famaie
e Automatic repeater gﬁset sefaction— @ Supplied accessories: ribbet fex adapter

a Kenwood exclusive! antenna, eaiphone, wall charger, 180 & BG-6 2-pack quick charger
# Direct keyhoard entry of frequency mAH NICd battery and wrist strap » BC-2 wall charger fof PR-21H
& 23-channel memory for offset, fre- s gk rjhar_wge.l locking battery case  » RA-9A StubbyDuk antenna

guency and sub-tone & Rugged, high-impact case ¢ BH-3 belt hook

& 16-key DTMF pad, with audible
monitar

e Center-stop tuning--another
Kenwood exclusive!

2 New 5-way adjustable mounting
system

e High performance GaAs FET front
end receiver

e HI/LOW power switch (adjustable
LOW power)

KENWOOD

"ENTY YT

CER Oy
L3
o

MIFAHT § M THAN

FESET  ZOHL, muct,

g ] ) TH-31AT wath DTME pad shown
TM-3530A optional accessories; Optnnal RA-DA atached

+ PS-430 00 power Suppw & MC-60A/MC-80/MC-85 desk mics.

=TU-7 38-tone CTCSS encoder & MC-48 extra DTMF mic. with UP/DOWN switch

& MU-1 DCL modem unit = MC-428 UP/DOWN mic, KE NWO O D
e V8-1 voice synthesizer e MC-55 (8 pin} mobile mic, with time-out timer

2 PG-2K extra DC canle & §P-40 compact mobile speaker

s PG-3A DC line noiss filter » SP-50 mohile speaker TRIO-KENWOOD COMMUNICATIONS

= MB-10 extra mobile bracket = SW-200B SWR/pawer meter 111 West Walnut Street

® CD-10 call sign display » SW-100 compact SWR/power meier Caompton, Caltornia 90220

avaplabie for alf Tno-Kenwond transcevers and most aCeas3008s.
funst o chanpe pufhout PGS Gr aDhgahion.




1.2GHzx Pioneers

AT

;i

ICOM 1.2GHZz

THE ONLY 1.2GHz SYSTEM... ANYWHERE

@ [C-1271A Base Station
® IC-12AT Handheld

® [C-120 Mobile

¢ |C-RP 1210 Repeater

Explore 1.2GHz with ICOM. Only
ICOM offers the most complete line of
ham gear for 1.2GHz...the IC-1271A
fuli-featured base station transceiver,
the new [C-12AT handheld, the IC-120
mobile and the IC-RP1210 repeater. So,
get away from the crowd and be a
pioneer on 1.2GHz.

The IC-1271A 1240~ 1300MHz
base station transceiver features [0
watts of RF cutput power, 32 memo-
ries, scanning and multi-mode opera-
tion including ATV tamateur TV).

A variety of options are available
for the 1C-1271A including the IC-EX310
voice synthesizer, UT155 CTCSS en-

coder/decoder, IC-PS25
internal AC power sup-
gl ply. AG1200 preampli-
. fle and the TVI200 TV
interface

unit.

TV-1200

The new EC-J12AT covers from
[260-1299.990MHz, has ten memory
channels, memory scan, program scan
and programmable offset. It also features
an LCD readout, RIT and VX0Q, 32 built-in
tones and a DTMF pad,

The 1C-120 [.2GHz mobile trans-
ceiver has six memory channels, scan-
ning, an HM-14 up/down scanning mic,
RIT, LED readout and three tuning
rates. Accessories include the ML12
10 watt amplifier and the PS45 slim-
line external power supply.

The IC-RE1210 completes your
.2GHz system, It features a field
programmable {198 channel, DIP
switch), high stability PLL. repeater
access to
CTCSS,
three-
digit
DTMF
decoder
for contro]i :
of special ]
functions, §
10 watts,
select~
able hang}
time and
iD'er. '

g

ICOM America, Ing., 2380-116th Ave NE, Bellevue, WA 98004 / 3150 Premier Drive, Suite 126, Ir
1777 Phoenix Parkway, Smte 201 Atlart v@A«&D&iQ
ICOM CANADA, A Division of ICOM America, Inc., 3071 - #5 Road, Unit 9, Richmeond, B. C VEX 2T4~Canada

All stated specifications are dpproxicmate and subject 10 change without notice or obligation. Al ICOM radios sighiticantly exceed FCC regulations limiting spurious smissions, 1 20HzTEE
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RS8-232 Compatible

Goodbye to Packet Only Controllers

PAKRATT ™
Model PK-232

Late last year AEA broke new ground by introducing the first five mode amateur radio computer interface
with Morse, Baudot, ASCII, AMTOR, and Packet...the PK-64. Now AEA has another breakthrough....the PK-232.

Five Mode Versatility

The PK-232 makes any RS-232
compatible computer or terminal
the complete Amateur digital
operating position. By using a
simple terminal program any com-
puter with a standard BS-232 /O
can connect directly to the PK-232
and be ready for operation in
minuies. The internal autcbaud
program aliows 300, 1200, 2400,
4800, and 9600 baud communica-
tion between the computer and
the PK-232. All decoding, signal
processing, and protocol soft-
ware, for Morse, Baudot, ASCI,
AMTOR, and Packet, is on ROM in
the PK-232, The PK-232 is a Z-80A
based sysiem and has hardware
HDLC using the Zilog 8530 SCC.
The internal modem of the PK-232
can transmit Packet at baud rates
of 300 and 1200, with the option of
using an external modem for 2400,
4800, and 9600 baud.

Prices and specifications subject {o
change withoat notice or obligation

AEA Quality and Price

An Operators Dream

With twenty-one front panel in-
dicators it's easy to monitor
operation.  Separate indicators
show opserating mode, current
operating status, and data carrier
detect. A front panel switch
allows selection of two separate
radio connectors, no more swit-
ching cables when jumping from
HF to VHF. The front panel
threshold control adjusts squelch
for both HF and VHF. The AEA
standard discriminator style tun-
ing indicator makes tuning easy in
any mode and on any band.

Serious VHF/IHFICW Modem

The PK-232 also includes a no
compromise VHE/HF/CW modem
with an elght pole bandpass filter
followed by a limiter discriminator
with automatic threshold correc-
tion. Once the operating mode is
selected the modem automatical-
ly selects the proper bandwidth,
200 hz for CW, 450 Hz for HF, or
2600 Hz for VHF. Transmitter
tones are low distortion sine wave
phase continuious AFSK. The

PK-232 will receive wide shift RT-
TY signals, but only transmits 200
Hz shift on HF.

All this plus the high quality you expect from AEA. An easy to read

and understand manual, most cables and connectors included, and a

service department to answer your questions. The PK-232 is the one

unit that does it all with your 1BM, Apple, Radio Shack, or almost any
computer. With an Amateur Net price of $319.95 you can’t wait any

longer. Call your local AEA dealer and order the new PK-232 today.

Advanced Electronic Applications, Inc.

P.O. Box C-2160, Lynnwood, WA 98036-0918 (206} 775-7373 Telex 6972496 AEA INTL UW

4 119 o8

Brings you the
Breakthrough!

¢ 1966
AEVANCED ELEC IRONIL APPLIC ATIONS, iNC



COHFORATION

A4, with wideband performance, easy installation, 4
band operation and moderate price will give you more
enjoyment and satisfaction from your hobby. You'll
like the 40 meter operating possiblllties with the A744
add-on kit,

A4 is designed with you in mind because it has fewer
parts to assemble, less weight and minimum wind load
on your tower. With the 18 ft. boom, A4 gives ex-
cellent gain and front-to-back ratio. If your interest is
rag chewing, DX-ing or contesting, A4 is the perfect 4
band beam for you.

MODEL A4 10, 15, 20 METERS
MODEL A744 40 METER ADD ON KIT

SPECIFICATIONS FIB ratio 25 dB, SWR 1.2-1 band-
width 500 + KHz, boom 18 ft., longest element 32 ft.,
wind area 5.5 ft.?, turn radius 18.4 ft., weight 37 Ibs.
Excellent gain. - v

MORE CONTACTS, MORE SATISFACTION WITH

CUSHCRAFT BEAMS

More contacts, less interference and a better signal at
the receiving end are yours with this 2 element 40
meter Skywalker Yagl. The computer design max-
imizes gain and reduces side lobes, The design also
gives low SWR with exceilent bandwidth,

Holder of the North Amierican contact record, This
compact two elemjent antenna has quickly become
“the most wanted 40 meter b‘%am. Make it your first
choice.

MODEL 40-2CD 40 METERS

SPECIFICATIONS F/B ratio 20 dB, boom 23 ft.,
longest element 42 ft., beamwidth 70%, 1.5-1 band-

width 180 KHz, turn radius 24 ft., windload 6.3 ft., P.0. BOX 4680 $ 3 48 PERIMETER;kaAD
1.5-1 bandwidth 180 KHz, turn radius 24 ft., windload
L5 A pmadeide 100 Kbt e 2 Mmﬂfgg«ggg_ Oguggg{gog 6277871
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66

E %:jﬂ [ﬂ LJ%F "' ='=
The new TS 9403 isa serious radio
for the serious operator. Superb
interference reduction circuits and
high dynamic range receiver com-
bine with superior transmitter
design to give you no-nonsense, no
compromise performance that gets
your signals through! The exclusive
multi-function LCD sub display
graphically illustrates VBT, SSB
slope, and other features.

= 100% duty cycie transmitter.
Super efficient conling system using
special arr ducting works with the inter-
nal heavy-duly power supply to allow
continuous transmission at full power
output for periods exceeading one hour,

= High stahility, duai digitai VFOs.
An optical encoder and the flywheei
VFQO knab give the TS-940S a positive
tuning *feel”

& G3raphic dispiay of operaiing
feaiures.
Exciusive muiti-funciion LCD sub-

POWER i TIMER
| .
U
- .
- MOX FULY !MQNI [ ]

HF TRANSCEIVER TS-8405

' ' Anr
o SEND AUTO NAR-

Ill*”)

& WC THAY WINF
- - BT
I ne uz\m. ' "““‘"1\?3&

PHORES  * .

H ~ 4 .r" )
A Ao
. "

. PROC

NBY ‘NB2 iy

X-cellence!

display panel shows CW VBT, 888
slope tuning. as well as frequancy,
time, and AT- 840 antenna tuner status.
& Low distortion fransmitter.
Kenwood's unigue fransmitter design
delivers tap “quality Kenwood” sound.

¢ kevboard enitry frequency sefection.

Operating frequencies may be directly
entered into the TS-240S without using
the VFO knob.

¢ RM-fighting feaiures.
Remave "rotten QRM” with the SSB
slope tuning, CW VBT, noich filter, AF
tune, and CW pitch controls.

= Built-in FM, pius $S8B. CW, AM. FSK.

= Zemi or full break-in (GSK) CW.

= 40 memory channeis.
Mode and freguency may be stored in
4 groups of 10 channels each.

= Programmabie scanning.

# {aeneral coverage receiver,
Tunas from 150 kHz o 30 MHz.

= 1 yr. limited warranty.
Another Kenwood First!
Opiional accessaries:
& AT-940 full range (160-10m) aute-
matic antenna tuner « SP-840 external

MIG-@- PR
£ & o

Complete senace maniuais are avanable
far all Trio-Kenweod transcevers and
mgst aceessiies

FRECHIeANOnNS Ao Bricas are supject ta
change without nolice of obugaiion,

y”

Interface IF-232C/IF-10B

speaker with audio filtering » YG-455C-1
{500 Hz), YG-455CN-1 (250 Hz),
YK-88C-1 {500 Hz) CW filters; YK-88A-1
(B kHz) AM tilter ® ¥§-1 voice synthesizer
e S0O-1 temperature compensated
crysial oscillator « MC-425 URP/DOWN
hand mic. s MC-80A, MC-80, MC-85
deluxe base station mics. ¢ PC-1A phone
patch o TL- 9224 linear amplifiar

= SM-220 station monitor e 85-8 pan

cisplay e SW-200A and SW-2000 SWR
and power meters.

More TS-9408 information is available
from authorized Kenwood dealers,

KENWOOD

TRIO-KENWOQD COMMUNICATIONS
1111 West Walnut Sirest
Compten, Calitornia 80220




...pacesetter in Amateur radio

Kenwood’s TR-2600A and TR-3600A feature DCS (Digital Code
Squelch), a new signalling concept developed by Kenwood. DCS
allows each station to have its own “private call” code or to respond
to a “group call” or “common call” code. There are 100,000 different

DCS combinations possible.

5 o

LoW  TONE MIC 5P

FIRAEF =ma N
YL, o SOL

# Simple to operate
Functional design is "user friendly?
Built-in 16-key autopatch encoder,
TX STOP switch, REVerse swich,
KEYboard LOCK switch, high effi-
ciency speaker.

@ Large LCD
Easy o read in direct sunlight or in
the dark with convenient dial light
that also llluminates the top panel
S-metar,

¢ Extended frequency coverage
Allows cperation on most MARS
and CAP frequencies. Receive

The Kenwood TR-2600A and the

TR-3800A pack "big rig"” features

imto the palm ot your hand. It's

really a "handy handful"!

{Jptional accessories:

= TU-35B built in programmable
sub-tone encoder

& VB-2530 2-m 25 W RF
power amp,

& 3T-2 base stand/charger

¢ MS-1 mobile stand/charger

& PB-26 Ni-Cd battery

e DC-26 DC-BC converter

& HMC-1 headset with VOX

» SMC-30 speaker microphone

s |.H-3 deluxe leaiher case

o 3C-8 soft case with belt hook

s B37-3 AA manganese/alkaline
battery case

» £B-3 external C manganeses
alkaline battery case

#» RA-3 Z-m telescoping antenna

# RA-5 2-m/70-cm telescoping
antenna

# AX-2 shoulder strap w/ant. base

& CD-10 call sign display

e BH-2A bell haok

Handful...

JOA/36004

PSIMB~3)

frequency range 1s 140-160 MHz.
(TR-3600A covers 440-450 MHz )

« Programmabie scan
Channel scan or band
scan, search for open
or busy channels.

« SLIDE-LOC batiery
case

& 10 Channeils
10 memaories, one for
non-standard repeater
offsets.

e 2.5 walig high power,
350 mW low
TR-3600A has 1.5 watts
high or 300 mW low,

More TR-2800A and TR-38004 infor-
mation is available from authorized
kKenwood dealers.

TR-L2G0O0A |

KENWOQOD

TRIQ-KENWOOD COMMUNICATIONS
111 West Walnut Street
Comptan, California 90720

TR-26004 shown. TR-36004 is available tor 70 cm operation,
Complele service manuals arg dvatable for all Trio -Kenwood transcevers and most accessorles,
Specificalions ard prices dre sybyect 0 change without nothee or abligation
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THOMAS B. J. ATKINS, VE3CDM,

58 Havenbrook Blvd, Willowdale. ON M2J 1A?
(416-494-8721)

Vica Diractor: Harry MacLean, VE3GROQ,

500 Riverside Dr, London, ON NéH 2R7
{519-473-1668)

Atlantic Division

HUGH A. TURNBULL," W3ABC, 69038 Rhede Island
Ave, College Park, MD 20740 {301-927-1787)

Vice Diroctor: James M. Mozley, W2BCH, 126.
Winderest Dr, Camilius, NY 13031 (315-488-9051)

Central Division

EDMOND A, METZGER. W9PRN, 1520 South
Fourth St, Springfield, IL 62703 (217-523-5861)
Vice Director' Howard 8. Huntington, KIKM,
65 South Burr Qak Dr, Laka Zurich, iL. 80047

Dakota Division

HOWARD MARK, W@OZC, 11702 River Hiils Dr,
Burnsville, MN 85337 (512-890-9114)

Vice Director: Richard Whiting, WETN. 4749 Diane
Dr, Minnetonka, MN 55343 (612.870-2071)
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Great Lakes Division
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Ave, Lakewood, OH 44107 (216-521-1565)
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Clinton Corners, NY 12814 (314-266-53498)

Vice Director: Stephen A. Mendelsohn, WA2DHF,
318 New Miliord Ave, Dumont, NJ 07628
(201-384-0570/0680)

Midwest Division

PAUL GRAUER, " WOFIR, Box 190, Wilson, KS
67490 (913-658-2155)

Vice Director: Richard Ridenour, KBOZL,

9 Lake Pembroka Dr, Ferguson, MO 63135
(314-521:2520) _

New Engtand Division
TOM FRENAYE, KiKl, 23 Pinahurst Rd,
Bax 62, Unlonville, CT 08085 (203-673-5429)

Vice Director: Richard P, Besbe, K1PAD,
6 Tracy Circle, Billerica, MA 01821

Northwastern Division

MARY E. LEWIS, W7QGP, 10352 Sandpoint Way,
NE, Seatlle, WA 98125 (206-523-9117)

Vice Diractor; Bush 8, Drake, W7RM, 41385 Foul
Weather Biuff Rd, NE, Hansville, WA 98340
{206-63B-2330)

Pacific Division
RODNEY J. STAFFQRD, KB6ZY, 5155 Shadaw
Estates, San Jose, CA 95135 (408-274-0492)

Vice Director: James Knochenhauer, K&ITL,
133 Sylvan Ave, Ban Matso, CA 94403

Roanoke Division

GAY E. MILIUS, JR, W4UG,

1416 Rutland Dr, Virginia Beach, VA 23454
|804-481-5095)

Vice Director: John C. Kanode, N4MM,

RFD 1, Box 73-A, Boyca, VA 22620 (703-837-1340)
Rocky Mountain Divigion

L.Y8 J. GAREY, KDPGM, 13495 Wast Center Ur,
Lakewood, CO BU228 (303-986-5420}

Vice Dirgctor: Marshall Quiat, AGEX, 1660 Wynkoog,
Suite 850, Lenvar, GO 80202 (303-333-0819)
Southeastern Division

FRANK M, BUTLER JR,* W4RH,

323 Eliott Rd, SE, Fort Walton Beach, FL 325848
[904-244-5425)

Vice Directar: Mrs, Evelyn Gauzens, W4AWYR,
2780 NW 3rd St, Miami, Fl. 33125 (305-642-41.38)
Southwestern Division

FRIED HEYN, WABWZO), 962 Chayenna St,

Costa Mesa, CA 92626 (714-549-8515)

Vice Dirsctor: Wayne Overbeck, NENB, 900 Avenida
Salvador, San Clemente, CA 92672 (714-492.8025)
West Gulf Division

HAYMOND B. WANGLER, W5EDZ, 642 Beryl Dr,
San Antonio, TX 78213 (512-733-9632 home,
512-522-2221 business)

Vice Director: Thomas W. Comstock, NSTC,

1700 PomiriK, College Station, TX 77840
(408-693-1181)

*Executive Committes Member
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Section Managers of the ARRL

Reports Invited: The ARRL Board of Directors (see list at left) determines the policies of ARRL.
The 16 divisions of the League are further arranged info 73 administrative ''sections,” each
headed by an elected Section Manager. Your SM welcomeas reparts of club and individual activity.
ARRL. Field Organization appointments are available covering & wide range of Amateur Radio
volunteer interests. Whatever your license class, your SM has an appointment available, Check
with your SM (below) tor further information.
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THE AMERICAN RADIO
RELAY LEAGUE, INC

The American Radio Relay League, Inp, is a
noncommercial assaciation of radio amateurs,
arganizad for the promotion of interest in Ama-
teur Radio communication and experimentation, for the
establishment of networks to provide communications in
the evant of disasters or other emergencies, for tha
advancement of the radio art and of the public welfare,
far the reprasentation of the radio amateur in legislative
mattarg, and lor the maintonance of fraternalism and a
high standard of conduct

RAL is an incomporated association without capital
stock chartered undar the laws of the Stete of Connec-
ficut, and is an exempt organization wnder Section
501(cK3) of the Internal Revenue Code of 1554, Iis affairs
are governed by a Board of Directars, whose voting
members are elected avary two years by the genoral
membarshlwp. The cfficars are alectad or appeintad by the
Pirectors. The League is nancomnmercial, and no ote whe
could gain financially {rom the shaping of its affairs is
aligible for membership on its Board.

“Of, by, and for the radio amateur,"” ARRL numbers
within its ranks the vast majority of active amateurs in the
nation and has a proud history of achiavement as the
standard-bearer in amateur affairs.

A bona fide interest in Amateur Radio is the only assan-
tial qualification of membership; an Amateur Radlo license
is not a prarsquisite, although full voting membership is
granted only to licansed amateurs in the US and Canada.

Membership inquiries and general correspondence
should ba addressed to the administrative headquarers at
225 Main Streat, Newington, CT D6111 USA,

Telephone: 203-666-1841 Telax: 650215-5052 MCI,
MCI MAIL {slectronic mail system) ID: 215-5052
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Station E, London, ON M5Y 49, tel 518-226.2188.
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“It Seems to Us ...”

A Home for Our History

On this page we often speak of the need to
look to the future. Promoting healthy growth
in the ranks of radio amateurs and League
members, defending our radio spectrum
allocations and operating privileges, pushing
the state of the art ahead so we can offer ever
more effective public service communi-
cations—these are our usual preoccupations,
as well they should be.

But even as we look ahead, there is much
to learn from the past. And as we ook ahead
to the League’s Diamond Jubilee celebrations,
less than three vears away, we can look back
on nearty three-quarters of a century of or-
ganizational accomplishment. We can and
should look even further back, to the ex-
perimenters of the 19th century—men like
Faraday, Maxwell and Hertz-~for Amateur
Radio has every right to ¢laim them as its
forebears.

1t is a proud history, and one that must be
passed on to future generations if the tradi-
tions of Amateur Radio are to be kept alive.
But it is also a history that is fading from our
institutional memory as our pioneers join the
ranks of Silent Keys. As each month goes by,
the accurate re-creation of the formative years
of Amateur Radio history becomes ever more
difficult.

It is with these thoughts {irmly in mind that
the ARRL Board of Directors, at its July
meeting, approved in principle the construc-
tion of an Amateur Radio Museum and
Visitors’ Center on the League’s property in
Newington, to be opened in conjunction with
our 75th anniversary in 1989, In terms of
scope, importance and cost, the project would
rank as the largest capital project ever under-
taken by the League—equivalent in sig-
nificance to the construction of the present
administrative headquarters building in the
early 1960s.

The Board’s action could not have been
more timely. The possibility of relocating the
League’s Headquarters to another part of the
couniry was put to rest at the JTanuary meet-
ing, so it is now appropriate to make long-
range plans for the development of the
existing property. The building that houses
the Maxim Memorial Station, WIAW, is
nearing its 50th birthday and is in need of
some repovation {o offset the ravages of as
many winters. Recent communications emet-
gencies in which we have gotten national
media attention have revealed a need for a
suitably equipped room, preferably adjacent
to WIAW, that can be used as a command
center during such crises. We've come to the
realization that suitable space must be found
for an Amateur Radio archive, to protect our
carly written history for future researchers.,
Finally, as much as visitors tell us they enjoy
their visits to Headquarters, they deserve
more than we are now able to provide: a tour
of the office building, the chance to meet a
few staff members, a browse through the dis-
play cases of pre-World War IT equipment in
our present Museum of Amateur Radio and
a visit to WIAW. When they coms to

Newington not only long-time League mem-
bers, but also their family members, newer
hams and potential hams should be able to
participate in an enriching educational
experience.

If the new Museum and Visitors' Center be-
comes a reality, future visitors to the Head-
quarters site will pull into the driveway to find
WI1AW flanked on two sides by, and con-
nected to, a larger but unobtrusive building
housing the new facilities. The entrance to the
new building and to WI1AW will be opposite
the entrance to the administrative head-
quarters, creating a courtyard effect; staff
parking will be moved to the rear of the
property, with visitors’ parking convenient to
both buildings. Inside the Museum and
Visitors’ Center will be some 6500 square feet
of exhibit space in which eight or more typical
Amateur Radio stations from as many
decades will be depicted. Other exhibits will
document the contributions made by radio
amateurs fo the development of electronic
communications—a story well worth teiling,
since it includes innumerabie illustrations of
how the work of one individual can make all
the difference. Who can estimate the value of
the inspiration that young visitors may gain,
when they see that those who have lett a mark
on history were just like themselves?

Plans include a members’ library and
lounge, where the more serious visitor
can leaf through an extensive library of
publications at his or her leisure; & renovated
WIAW with four guest operating positions,
each easily observed by other visitors; ample
exhibit space for the display of artifacts on
loan from other coilections; a small gift shop;
a room where several dozen visitors at a time

. can view films, videotapes and slide shows,

and which can be converted into 2 command
center when the need arises; and ample
space for the storage and restoration of
artifacts that may come into the League’s
possession—1$4,000 square feet in all, The
plans show a fine building, one in which all
League members could take pride: not
elaborate, but built to endure,

The next step is to answer the all-important
guestion of funding: Is adequate financial
support available for such an ambitious
project? The cost of the entire project could
run as high as $2.7 million. Will members
provide support equivalent to what built the
Headquarters some 25 years ago? If so, cor-
recting for inflation and for a larger number
of members today, this would account for
about 55% of the necessary funds. We’ll be
addressing this question through a survey, and
will be seeking commitments from other
sources, in the coming weeks. We'll also be
working with the town of Newington to
answer the myriad questions that arise in con-
nection with any construction project.

In Fanuvary, the Board will know whether
the dream of an Amateur Radio Museum and
Visitors’ Center can be turned info reality.
With your help and support, the answer will
be YES.—David Sumner, K1ZZ
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the next logical step.
Yaesu's Dual Band Handie.

‘Two affordable radios in one—that's
exciting.

Yaesu'’s dual-band FT-727R
packs our best HT know-how into
one compact design. At a price
that’s in step with your ham
budget.

it hard-to-reach repeaters 3
with a powerful 5 watts on both
2 meters and 440 MHz,

Work the bands quickly
and easily with a wealth of
microprocessor-controlled
gommands:

Jump between the separate
VHF and UHF VFO registers. Te
metnories store any VHF or UHF
frequency, and tone encode/deco
information. (Four memories
retain repeater shift data).

Scan the memory channels
the entire band, or a band seg-
meni. And return to any special -
frequency with the priority featu

Use link repeaters by progra
ming TX on one band and RX on
another.

Jonserve power with the bat
tery saver. It lets you monitor silenti
while drawing negligible current.

And measure your batfery level
with the digital battery volimeter.
There’s even a “Low Battery” LED.

Finally, your operation is
rounded out with features like VOX
capability. A one-touch repeater
reverse switch. An LCD readout with
illumination lamp. A high/low power
switch, Remote computer control
capability. An optional CTCSS mod-
uie. And Yaesu’s full line of optional
ACCESSories.

5o step up your operating capa-
hility now with the logical choice in
HT operation.

Yaesu's dual-band FT-727R.

YAESU

{ur Z9th Anniversary.

Yaesu USA

17210 Edwards Road, Cerritos, CA YUT(L
£213) 404-2700

Customer Service: (213} 404-4884

Parts; {213) 404 - 4847

Yaesn Cincinnatd Service Center

9070 Gold Park Drive, Hamiltor, OH 45011
(HI3) 874-3100

Prices and specifications subject to change
without notice.
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Operation Sail: As an international parade of Tall
Ships sailed majestically up the Hudson River on the
Fourth of July, Amateur Radio helped ensure that
everything went smoothly. During Operation Sail, part
of this nation’s celebration in honor of the Statue of
Liberty’s 100th birthday, radio amateurs helped officials
monitor the progress of the parade as well as handled
emergency medical traffic while stationed amaong the
crowd of thousands who viewed the event, Shown
here is Linda Sau, KAZVVS, one of more than 100 hams
who took part in the amateur operation. The Lady in
the background needs no introduction. (WB2ZTH

photo)

OSCAR 10 Makes Comeback!

After being nearly put out
of service for good by
radiation damage while in
orbit May 17, AMSAT-
(OSCAR 10 is back on the
air. Thanks go mainly to
AMSAT DL engineers, who
were able to locate and
reprogram the affected
areas in the satellite’s on-

board computer. Use of
the Mode B transponder is
limited, but will serve to
help extend the life of
AQ-10 until the launch of
the Phase 3C amateur
satellite, scheduled for
sometime in late 1987, See
this month’s Happenings
for details.

ARRL Comments on Novice Enhancement

The 220-MHz band needs
to be made available to
Novices immediately, and
there should be two, not
one, examiners giving
Movice class exams. To
date, these are the
League’s recommendations
to the FCC concerning
Novice Enhancement. As a

result of the July Board
Meeting, the ARRL will
also request that the
Novice segment in the
1240-MHz band be
changed to 1270-1295 MHz
to conform with the
existing band plan. See
this month’s Happenings
for details.

i

PURISHED Y Jreib 2 aFRIC aid REDIO RELAY LEAGUE §

Story Behind the Cover: We're all familiar with the
story between the covers of the new ARRL book, Gil: A
Collection of Classic Cartoons from (35T—about 40
years worth of Amateur Radio as seen by Philip
Gildersleeve, W1C]D. But there’s also a story behind
the cover. It's not of a self-portrait, but a caricature of
the cartoonist sculpted with newspaper and plaster.
Credit goes to ARRL Assistant Production Supervisor
Debbie Strzeszkowski, whose handiwork adds just the
right touch to a very enjovable trip down memory

fane. Jeeves would be proud.

September 1986
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Happy Golden, DXCC: The DXCC award, which has
heen a measuring stick of success for serious DXers
for years, will reach a special milestone in 1987—its
50th anniversary. To celebrate the event, the ARRL
Board of Directors has proclaimed a yearlong oppor-
tunity for DXers worldwide to earn this Golden Jubilee
of DXCC Award. For details on how you can get
involved, see the article on page 60.

Young People: This Award’s for You!

One way to attract youth is
to recognize the ac-
complishments of those
who already are amateurs.
To that end, The Westlink
Report has created the
Young Ham of the Year
Award, to be given each .
year to a US licensed ham
18 or under who has

contributed to the com-
munity and to Amateur
Radio. This year’s nomina-
tions must be received no
later than September 30.
For details, write fo Young
Ham of the Year, cfo
Westlink Report Editorial
Qifice, 28197 Robin Ave,
Saugus, CA 91350,

The Golden Touch: Like
any contester, Pete
Peterson, K6EDV, knows
the rigors of competing.
But he also knows the
thrill of victory—by earning
this Gold Medal of
Achievement and the
UN-DU Award, both
sponsored by the
Philippine Amateur Radio
Association. Pete won the
Cold Medal in 1980 by
becoming the first to have
a QSO with 150 of the
member-countries of the
United Nations. The
UN-DU Award is given to
any radio amateur con-
firming contact with 100 of these countries. He visited

Manila in ‘1984 1o receive the Medal from PARA officials.

The Gold is gone, but what about the Silver and
Bronze?

ATV Comes to Cmaha: Some Nebraska hams have
designed and built a repeater that not only repeats
what it hears, but also what it sees. Mounted atop a
television station tower, about 900 feet ott the ground,
the 420-MHz repeater operates like any other
repeater—with a few added teatures. Far instance, the
repeater’s remotely steerable fast-scan camera gives a
panoramic view of the Omaha area, providing
up-to-the-minute weather pictures that can help alert
residents of impending storms. The repeater group also’
has other plans for the repeater in the future, such as
helping in damage assessrment for the Red Cross.
Amateurs with portable television gear could do a wind-
shield survey of a disaster site and relay the video
information via the repeater. Here, one of the repeater’s
designers, John Gebuhr, WBECMC, enjoys a view of the
area from aside the camera, mounted in a weather-
proof, glass enclosure. (WBBHEL photo)
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Help for the Asking: If
you‘re fooking for some
heip in resclving an in-
terference prohlem, look
no further. The FCC has
published a new edition
of this comprehensive
handbook on [ocating and
solving the most commaon
sources of interference.
Included is an exhaustive
list of equipment manu-
facturers you can contact
for alternative solutions.
The FCC sends the pub-
lication to interference
complainants and radio
amateurs asking for help.
Copies are also available
for $2.50 from the Super-
intendent of Documents,
US Government Printing
Office, Washington, DC
20402. The order number
is 604-000-00450-7.

DOTO—D=n—sDrt Do

Trivia Quiz

We all know (or should knowi what The Amateur’s
Code is. But how many of us know who authored the
Code and what two positions he held with ARRL?
Stand by until next month for the answert,

Good in any Language: Teaching English as a second
language requires a special kind of communication.
S0, occasionally, George Kerasiotis, N2DCB (center),
uses Amateur Radio as a too! to teach English to these
students in the Adult Basic Program at the Dr. White
Community Center in Brooklyn, New York. With radio
gear set up in the classroom, the students can practice
their English and learn about the US through conversa-
tions with hams across the country. In one QSO, one
of the students, who is from Egypt, and a ham in
Youngstown, Ohio, swapped cultural and culinary
information about their respective countries.

Never Too Late: Fred Hird, KCBRX, has been intrigued
by Amateur Radio since high school, but it wasn’t until
his retirement that he decided to become a ham. At
age 69, the Minneapolis resident set his sights on—and
earned—the Technician license, figuring the Advanced
class would be his ultimate goal. But the deeper Fred
got into Amateur Radio, the higher his aspirations be-
came. Seven years after he first began, Fred earned his
Extra Class ticket, at age 76. Fred didn‘t stop there,
though. He has since become an active Volunteer
Examiner in his area, which he says i5s a “very reward-

ing endeavor,” and he likes to experiment with anten-
na designs and to practice copying CW in his head.

Certifiable Fun: Aside
from the fun of operating
itself, awards chasing is a
good way to get maximum
performance from your
station, to become better
acquainted with propaga-
tion, and even to learn
about the geography, his-
tory and culture of peo-
ples around the world.
And what better decora-
tions are there for the
walls of your ham shack
than an attractive certifi-
cate or plaque? From the
Rag Chewers’ Club to A-1

Op, there’s an ARRL award #

waiting just for you. Find
oul more by sending for a
copy of this pamphlet,
available for an SASE from
the Awards Branch, ARRL.

License Manual Available on Tape

The ARRL Techni-
cian/General Class License
Manual has been recorded
on cassette tape by
Recording for the Blind,
Inc, and is avatlable on
ioan for free to persons
registered with the organi-
zation. To use the tape, it
is necessary to have a cas-

sette player of the type
distributed by the Ameri-
can Printing House for the
Blind, Inc: GE Model
3-5194. For more informa-
tion, write to Recording
for the Blind, Inc,

20 Roszel Rd, Princeton,
NJ 08540,
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League Lines

A new visitor's center/museunt at headquarters? This is one of the possibilities arising from the second 1986
meeting of the ARRL Board of Direciors. A summary of actions taken, together with the complete minutes,
can be found beginning on page 61.

Junior High School Teachers: We've got what you need to promote Amateur Radio among your students.
ARRL and the Amateur Radio industry are offering a new publication targeted especially for students, a
comic book that introduces them to many of the more exciting aspects of Amateur Radio. For details, see
Happenings, page 67.

Have you ever considered writing for QST or QEX? If you have an article in mind—or on paper or on
disk—we’ve got the publications that will give it the best exposure to the Amatenr Radio community. And
now there’s still another reason to think first of OST or QEX: The ARRL Board of Directors has now
authorized payment for articles published in either of these two periodicals.

Want more information? Write Artinfo, Dept SR, ARRL HQ, 225 Main St, Newington, CT 06111,

Headguarters will close Thursday, September 4 at noon EDT because of our annual office picnic.

ARRL 10-GHz Cumulative Contest enthusiasts are reminded that the contest will be held on September
26-27 (note slight correction to June QST announcement) and Qctober 10-11. Contest periods begin at 1800
local on Friday and end at 2100 /locel on Saturday. Be sure to send your registration information to H(Q.

An FIFT 4-element Yagi array for 1296 MHz has been installed as part of the antenna system at WIAW, as
have 144- and 432-MHz Cushcraft boomers. Also on the VHF front, WIAW code practice was heard on
6 meters in Great Britain during a major opening on the afternoon of July 21.

The ARRL Technical Information Service is alive, well and living in the ARRL Field Organization! If you
have technical questions on anything from Amplifiers to Zepp antennas, or if vou're suffering through a
thorny RFI problem with vour neighbor, contact your ARRL Section Technical Coordinator for assistance.
The name, address and phone number of your TC is available from your Section Manager (see page 8, this
issue), or check the new ARRL publication Amateur Radio Field Resources Directory ($10 plus $2.50 USPS
shipping from ARRL HQ). Your ARRL Technical Coordinator will more than likely have the answer!

A reminder: Extra Class certificates are available from the ARRL HQ Awards branch for $3. Just enclose a
photocopy-of vour Exira Class license. Why continue to hide your Extra Class status in your wallet? Hang
this certificate on vour wall for the world to see.

Attendance at Friedrichshafen 86, Europe’s major Amateur Radio convention, was estimated to be over
15,000. Amateurs attended from all Western and many Eastern European countries, as well as the Middle
East and Japan. The US was represented by ARRL President Larry Price, W4RA, and ARRL Executive
Vice President Dave Sumner, KI1ZZ, who attended meetings with representatives of TARU Region .

The cover article of September Popuiar Communications is a close-up on WI1AW! The article, written by
Chief Operator Chuck Bender, WIWPR, gives a complete history of the station, along with an explanation
of Amateur Radio and the work of the ARRL.

The Club Services Department is looking for an Affiliated Club Program Manager. This full-time staff
position guides the HQ administration of the ARRL’s over 2000 affiliated ¢lubs. The position includes the
opportunity for creative writing on a wide range of Amateur Radio subjects., An Extra Class license and
word processing experience preferred. Salary range from $18,226-25,306 depending on experience. Contact
Curt Holsopple, K9CH, Manager, Club Services Department, ARRL HQ.

14 05T=



An All-band, 1500-Watt-0utput
8877 Llnear Amplifier

Part 1: This rock crusher,

rated for continuous

full-legal-limit output, can
be built at home. It is,
however, a major project

requiring dedication
and commitment.

By Jerry Pittenger, KBRA
2165 Sumac Loop South
Columbus, OH 43228

his article is the result of a 10-month

project to build a legal-limit linear

amplifier, The amplifier uses the
popular EIMAC 8877 (3CX1500A7) high-
mu power iriode that can provide a con-
tinnous RF output of 1500 W to the
antenna.

In recent vears, I have built several differ-
ent linear amplifiers, and I must admit that
this previous experience was necessary to ob-
tain the results achieved with this project.'
I hope that by sharing this experience, others
will benefit from it, Any amplifier design
depends on the various components used
and individual preferences. Therefore, you
may not want—or be able—to duplicate this
amplifier exactly.

The comment I receive most often from
the amateur fraternity is about the high cost
to build an amplifier like this, The criticism
is valid. This amplifier is not inexpensive to
build. Plan to spend from $1000 to $1200
for the RF deck, and another $500 to $600
on the power supply. If vou really think
about it, though, these costs are a bargain
when vou consider the performance and
guality of the final product and the cost of
an eguivalent commercial unit.

This article is presented in two parts. In
this part, I will describe the RF deck and
power supply in general terms. Schematic
diagrams and paris considerations are in-
cluded. Part 2 gives detailed instructions for
constructing the two units and con-
siderations for the final testing and
aperation.

Notes appear on page 21.

Tahle 1
Recommended Tools

* Drifl press or drill fixture (with set of high-
speed bits)

* Band saw capable of cutting 1/16-inch-
thick metal

¢ Chassis punches (5/8 inch to 1 inch)

e Fly cutter, 2-inch radius

* Vise

« Set of taps

* Common handtools (screwdrivers, pliers,
soldering iron and gun)

* Volt-ohmmeter

* Variable power suppiy (5-28 V, 1 A)

 Dip oscillator

Preliminary Thoughts
Finding Parts

Finding parts can be 2 big task. Even the
most difficult parts to find, such as the
vacuum variable capacitors, vacuum relays
and door-knob capacitors are available,
however, and appear for sale in the ads
(QST Ham-ads and the Yellow Sheets), or
at hamfests and flea markets.? Probably the
best source of parts is other hams who are
actively building equipment. Go talk to these
people and let them know what you are
looking for. {t’s amazing how others will
help, and even let you into their personal
stores. There are people, like myself, who
like to build amplifiers. Once you learmn who
these individuals are, keep in touch with
them. They can help find the key parts.

Parts that are not available in the surplus
market can be purchased new. This will be

necessary for some parts, such as cabinets,
ete. Just remember that when you buy a new
comurnercial amplifier, you pay the new price
for every component.

Tools

A good assortment of hand tools, as well
as some power tools, are necessary to com-
plete this project. Table | shows the tools
I recommend. In particular, I recommend
that a drill press and band saw be available,
You can do the job without all of the tools
listed, but the job will be much more
difficult,

Time

Time is probably the most valuable
resource for most of us, and the one that
may prove hardest to find. This project took
well over 250 hours to complete. The key
is to do each step right, and not hurry. Build
the amplifier in a place where you can leave
the project on the table and walk away. Plan
each step and build in discrete modules.
Work an hour or so whenever possible, and
slowly, but surely, the modules will take
shape. It is amazing how much you can ac-
complish vsing these small time segments.
Also, great strides can be made on a Satur-
day or a Sunday. Commitment and con-
sistency are the virtues required to finish the
job.

R¥ Deck Circuit Description

The RF deck is designed to be a table-top
unit (see title photo). The power supply is
remotely controlled and can be located
almost anywhere. The amplifier design is

based on proven circuitry. Included are all
circuits required to provide a clean signal as
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well as adequate protection devices for the
metal-ceramic 8877 tube.

Control Circuitry

Fig 2 shows the schematic diagram for the
amplifier control circuitry and low-voltage
power supply. The 117-V ac input from the
high-voltage power supply enters the RF
deck through a 5-conductor interconnecting
control cable, Bach control line is ter-
minated in a pi-section filter as it enters the
RF deck, to prevent RF from getting into
the control cable and power supply. The pi-
section filters are constructed as an indepen-
dent module,

The amplifier is powered up by the FIL
ON/OFF switch, $1. Engaging S1 turns on
the blower, filament power and 26-V dc
power supply. The current inrush to the tube
is limited by R1, in series with the filament
transformer primary. After approximately
1 second, K1 energizes and K1A shorts RI
thus providing full filament voltage to the
tube. The K1 delay is controfled by R2 and
C1 across the relay coil. R3, in series with
the other leg of the filament transformer
primary, is adjusted to provide the proper
filament voltage (4.85 V ac) to the tube
under load.

The 3877 requires a 3-minute warmup
period to reach proper operating tempera-
ture. A solid-state timing circuit, formed by
Q1 and Q2, locks the amplifier out of oper-
ation until the warmup period has elapsed.
When the 26 V dc comes on, C2 charges
through the 500-kilohm time-delay adjust
and 1.2-megohm resistors. Q1 and Q2
form a high-impedance Darlington circuit,
and the emitter of Q2 follows the voltage
rise on 2. The high-impedance Darlington
circuit is required to prevent the capacitor
charge from draining through the transis-
tors. After approximately three minutes, the
potential at the emitter of Q2 reaches 18 V
at which point the 4PDT relay, K2, engages.
K2A applies 26 V dc to the K2 relay coil,
removing the refay current load from Q2.
The voltage also turns on the TvME pilot
light located on the amplifier front panel to
indicate that the warmup period is over. The
same line also applies 26 V dc to 82B of the
HV-ON push-button switch, which, when
engaged, sends 26 V dc to the RF input/out-
put relay circuits, K2B connects a
100-kilohm resistor across C2 to drain the
charge from (2. This resets the 3-minute
timer should the amplifier be turned off and
immediately back on.

K2C and K2D are wired in parallel and
apply 117 V ac to Hv-ON switch S2A to
energize the high-voltage power supply. The
high-voltage power supply can’t be turned
on even if the HV-ON switch is engaged until
after the 3-minute warmup period has
ended. IN/OUT switch S3 allows the ampli-
fier to be put in the standby mode with the
amplifier turned on. Both Hv-ON and
IN/QUT front-panel push-button switches
must be engaged to key the amplifier, there-
by making it impossible to operate the am-
plifier without high voltage on the tube.

16 s L ES

Fig 1—Top interior view of the 8877 linear amplifier RF deck.

The amplifier is keyed by grounding the
base of Q3 through the exciter TR-relay con-
tact. A transistor is used to limit the cur-
rent switched by the exciter VOX relay. This
avoids a potential problem if the exciter
VOX relay sparks on closure, which could
damage the relay contacts. The *“‘grid trip”’
break in the relay line causes the refays to
drop out if the grid trip circuit actuates from
too much grid current (approximately
120 mA), During normal operation, the grid
trip break is shorted by a normally closed
set of contacts on K3 (see Fig 3).

When the amplifier is keyed, the output
RF relay must be closed before drive is ap-
plied to the tube—ctherwise the tube will
transmiit for a brief period without a 50-chim
antenna load. This would not only be harm-
ful to the tube, but also cause the grid-trip
circuit to actuate. Therefore, a timing cir-
cuit, comprised of a 50-ohm resistor and
100-xF capacitor, i3 included across the RF
input relay K4 to allow vacuum relay K3
time to close, The capacitor value depends
on the relay used. Do not make the delay
too long, since during the delay time, the
exciter does not have a proper 50-ohm load.
Check the time delay by placing a low vol-
tage across the relay contacts and monitor-
ing the contact closure on a dual-trace
scope. | used a delay of about 20 ms.

RF Amplifier Circuit Design

The RF amplifier circuit is shown in Fig
3. The amplifier uses a tuned input network
to minimize distortion products and provide
a proper impedance match between the ex-
citer and the tube. The input network is re-
motely switched, using small DPDT relays,
to comnect the correct pi-section for the
selected band. A homemade switch deck is
mounted on the band-switch shaft, in front

of the subpanel, to ground the 12-V dc line
for the proper input relay as selected by the
main band switch. On 160 meters, the switch
also controls a solenold relay to add a
160-pF capacitance in parallel with the
TUNE vacuum variable capacitor.

An effective ALC circnit, adjustable from
a front-panel control, is included to avoid
overdriving the tube. This feature is essen-
tial in this amplifier because the drive re-
quirernent is only about 80 W for 1500-W
output. The ALC circuit samples the RF
drive level through a 27-pF mica capacitor
to generate a dc voltage that is fed back to
the exciter for drive-power control.

The grid-trip-protection circuit shuts
down the amplifier if grid current exceeds
120 mA. This protects the tube from tuning
errors or other problems such as losing the
antenna, or a tube flashover during
operation. Although grid current flows
through all paths from ground to the B—
line, most of the grid current goes through
RI1. The current passing through R1 develops
a voltage drop. For example, if 100 mA of
grid current is drawn through R1, 1 volt is
developed (E = IR = (L1000 x [0). This
voltage is used to turn on the transistor
switch, Q1. When Q1 turns on, the grid-trip
relay, K3, energizes and opens the grid trip
break in the RF relay control line to shut
the amplifier down. R2 sets the current level
at which Q1 turns on. The front-pane! GRID
TRIP lamp goes out if the trip circuit is ac-
tivated. The switch is reset by pressing $3.

The plate tank circuit uses a pi-L config-
uration because this design provides approxi-
mately 20-dB better harmonic suppression
than the conventional pi design. The TUNE
and LOAD capacitors are vacuum variable
types to minimize space requirements and
also optimize performance on 12 and 10
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meters where small capacitance values are
needed to achieve an acceptable tank-circuit
Q. The 10- to 40-meter tank coil is home-
made from %4-inch copper tubing that is

silver plated to minirnize skin resistance. The
80-meter, 160-meter and L-coils are toroid
designs to minimize space. Using a toroid
for the L coil also helps isolate the L net-

Fig 2--Amplifier control circuit and low-
voltage power-supply schematic diagram.
Part numbers shown in parentheses are
Radio Shack.

B-—Blower, Dayton 4C004-1.
D1-D—Diode, 1 kV, 2.5 A,
FB—Feirite bead.

K1-K4—4PDT 24-V dc relay,

Potter & Brumfield KHU17D11.
K5—SPDT vacuum relay, 26-V dc ¢oil.
Q1,Q2—2N3053 NPN transistor.
Q3—TIP31 NPN transistor {276-2017).
R1—25 {1, 20 W,

R2—150 2, 2 W.

R3—25 1, 25 W variable.

RFC—10 turns no. 14 enam wire on Ya-in-
diam ferrite rod.

51,83—Alco 16TL5-11 SPST.

S2—Aleo 16TLS-22 DPDT.

S4—-Alco 16TZ pilet light.

Ti1—Filament transformer, 5.0 V ac, 10 A,

Peter Dahl Co.

T2—252 V¥ ac, 1.0 A, Stancor P6469,
U1—50-v, 4-A bridge rectifier.

work from the rest of the tank circujt
because of the toroid’s self-shielding
characteristics.

Metering circuits monitor plate and grid
current, as well as filament voltage, Plate
current is raonitored by placing a meter in
series with the B — line. Therefore, only a
small dc voltage is across the meter. An ad-
ditional position can be included on the
FIL/GRID meter for plate voltage, but one is
not shown in this design because a separate
high-voltage meter is included in the power
supply. It would be a good idea to include
a high-voltage scale on the meter in case the
RF deck is ever used with a different high-
voltage supply. Grid current is monitored
by measuring the voltage drop across R1.
R3 is adjusted to give the correct grid-
current meter reading. Filament voltage is
measured by converting the ac voltage to dc
and displaying the dc voltage on M2. The
3.1-V Zener diode expands the meter scale
by not allowing conduction until the voltage
reaches 3.1 V. )

A vacuum relay is used for the amplifier
output. The relay is small in size, quiet and
capable of handling large RF currents.

RF Deck Parts Selection

Finding all the parts for the RF deck is
a major task. [f you are planning to build
an amplifier, begin collecting parts as soon
as possible. 1t is the first step because the
physical layout of the amplifier will depend
on the components available, Don’t try to
exactly duplicate the components I used. For
example, vacuum variable capacitors come
in many different shapes and sizes, with
different mounting provisions. Actually, the
parts you find may be better than the parts
used in my RF deck. As an example, a
1500-pF vacuum variable LOAD capacitor
would be much better than the 1000-pF unit
I used. Therefore, use whatever resources
vou have available to acquire the parts—
but a word of caution! Do not compromise
tou much when gathering components. If
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Fig 3—RF amplifier schematlc dlagram.
C1—¥acuum variable capacitor, 375 pF,
10 kV.

G2—Vacuum variable capacitor, 1000 pF,
10 kV.

C3—Mica transmitting capacitor, 100 pF,
5 kV.

C4—Mica transmitting capacitor,
3 x 400 pF, 5 kV.

vou cannot find what you need on the sur-
plus market, buy the parts new. It may cost
a little more, but if the project is not done
right, you will never be happy with the final
result.

18 5T

C5—Fixed vacuum capagitor, 2 x 80 pF,
20 kv,

D1—DBiode, 600 V, 1 A

D2-D9—Diode, 1 kV, 2.5 A, HEP 170,

D10—2Zaner diode, 10V, 1 W.

D11—=Zener diode, 3.1 V, T W.

K1-K7—DPDT 12-V dc DIP relay (275-213).

K8—3PST 12-V do relay (275-241).

Vacuum Variable Capacitors

Vacuum variable capacitors are often
difficult to locate at reasonable prices. Plan
to spend about $50 for the TUNE capacitor
and $75 to $100 for the LOAD capacitor if

RFC~10 turns no. 14 enam wire on
Ya-in-diam ferrite red..

BFC1—Piate choke, 2 A, Peter Dahl Co.

RFC2—Air-wotnd coil, 15 turns, l2-in diam.

RFC8—Choke, 1 mH, 800 mA.

RFC4—110 turns no. 20 anam wire on
Y2-in diam fiber rod.

RFCE—Filament choke, 18 bifilar turns

vacuum capacitors are used. The TUNE
capacitor should be at least 300 pF at 7T kV,
and the LOAD capacitor should be at least
1000 pF at 3 k¥V.

An air variable capacitor can be used for
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no. 14 enam wire on ‘4-in-dlam ferrite
rad, 6 inches long.
PC—Three 150-ohm, 2-W carbon resistors
in parallel with 2-inch horseshoe loop
of Ya-inch silver-plated strap.
L1-L5—8ee Table 2.
M1,M2—Simpson Wide-VYue panel meter,

the LOAD control, if desired. The minimum
capacitance for the LOAD capacitor is
112 pF for 10 meters, which is not difficult
to obtain with an air variable type, A rating
of I kV, minimum, is recommended.
However, it is a different story for the

01253 bezel and 01165 lighting kit
{See text).
S1—-8-positlon, 2-pole switch, Radio Switch
model 88, 13-kV, 30-A. .
S2—Selenoid-controlled switch; see text,
S3—S5PST normally closed momentary
switch, Alco 16TL-11 with 8T-2 red lens.

TUNE capacitor, The minimum required
capacitance is 26 pF. The direct inter-
elecirode capacitance of the 8877 tube in
grounded-grid service is 10 pF: therefore,
the TUNE capacitor must have a minimum
value of not more than 16 pF for 10 meters.

This is nearly impossible with a 300-pF air
variable. In addition, the voltage require-
ments for the TUNE capacitor make any air
variable rather large. For these reasons, a
vacuum variable is recommended for the
TUNE capactior.

Meters

Good-quality meters with berels are
essential for good appearance. The Simpson
Wide-Vue® meters | used were purchased at
a hamfest. The bezels were ordered direct-
Iy from Simpson because they seldom ap-
pear on the surplus market. Actually, almost
any meter movernent can be used, so don’t
pass up a good meter just because it reads
30V oor 100 mA on the scale. Any meter
with a movement from 100 gA to 5 mA can
be used. This allows use of approximately
90% of the meters available ot the surplus
market. I will give instructions later for
calibrating any meter to read whatever cur-
rent or voltage is required. ‘

RF Band Switch

Good RF band switches are very difficult
to locate. More problems are experienced
with arcing band switches than with any
other amplifier component. If the band
switch selected has insufficient voltage in-
sulation, it will arc to the wiper rotor on the
high-impedance 10-meter position when
operating on the lower-frequency bands. 1
obtained the band switch for my amplifier
from Radio Switch Corp.® The model 88
switch is a 2-pole, 9-position unit with a
13-kV peak flashover/30-A contact rating.
This switch will not arc] Its list price is cur-
rently $107, and it is well worth the money!

Miscelluneous Parts and Materials

Many of the small parts (capacitors, re-
lays and resistors) can be purchased at Radio
Shack. Their parts selection is good, and
continues to increase. You can usually find
a store around the corner in almost any city.
Pioneer Electronics is also a good source for
commercial-grade components.” Good-
quality PC-board material can be found at
almost any hamifest. Don’t corpromise
here—use G10 glass-epoxy board. As for
coils? Make them. Complete *“how-to’’ in-
structions are given later,

High-Voltage Power-Supply Circuit
Description

The key to continuous duty in a high-
power linear amplifier is the power supply.
it must be able to deliver the required
voltage and current on a continuous basis.
Power supplies are usually the limiting
factor in commercial linear amplifiers.

A WORD OF CAUTION IS IN
ORDER, The power supply is a very
dangerous piece of equipment! Give it
proper respect, One mistake can be faial,
Use proper precautions in the construction
and testing of this unit, and be coreful to
build a safe unit,

I recommend that the power supply be
built first. The construction is not complex
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Fig 4—High-voltage power supply top interior view.

and it can serve as a training groumd foram-
plifier building techniques, particularly for
the first-time builder.

Power-Supply Design

The power supply is shown in Fig 4, and
the schematic diagram is shown in Fig 5.
The hypersil power transformer has a 234-V
ac primary, and a 3300-V ac secondary that
is tapped at 2600 V. This selection of two
output voltages allows for a high- and low-
powet capability. An alternative to this ap-
proach is to include a Variac® or
Powerstat® autotransformer on the trans-
former primary.

The primary circuit of the power trans-
former includes a step-start circuit to pro-
tect the diode bank during the initial charge
of C1, the 53-uF filter capacitor, when the
power supply is turned on. Two 50-ohm,
25-W resistors, one in each leg of the
primary, are shorted by time-delayed relays
approximately 3 to 4 seconds after applica-
tion of power. The more current drawn
through the resistors at start up, the more
voltage drop realized and this, in turn,
protects the diode bank. The delay is provid-
ed by the time constant of the 500-ohm resis-
tor and 100-gF capacitor. The relays must
be de types. Those 1 used have 90-V de coils
which allows power to be supplied from one
117-V leg of the primary. [f 90-V relays
can’t be obtained, 24-V dc relays can be sub-
stituted. A 4-V dc power source must be
provided if this is done.

The rectifier unit is a full-wave bridge
with eight diodes in each leg, A 47(0-kilohm
resistor and a 0.01-gF, 1-kV capacitor are
wired in parallel with each diode to equalize
the voltage and protect the diodes from
voltage spikes.

The power supply is controlled remotely
from the RF deck. A test switch has been
incorporated to allow the supply to be
energized without the RF deck. A shorted
Cinch-Jones plug must be inserted into a

2 o5

socket in the rear of the supply for test
switch S1 to operate.

Two pilot lights are mounted on the front
panel. One pilot light is on whenever 234 V
#¢ is present in the supply. The other lights
when the power supply is activated.

A high-voltage meter is included on the
front panel. The metering is done across a
25-ohm, 5-W resistor in series with the
bleeder resistor. This voltage divider keeps
the total high voltage off the meter. A
50-ohm, 50-W resistor in series with the
high-voltage B+ circuit protects the tube
and power supply from any current surge
resulting from a tube flashover or other
cause. ln addition, a (.6-ohm, 1-W resistor
in series with the B+ line acts as a fuse rests-
tor. A large current surge will cause the
resistor {o explode—an inexpensive protec-
tion device should a problem occur.

High-Voltage Power Supply Parts Selection
Transformer

1t is important to find a good power
transformer that can provide the proper
operating voltages for the tube. Remember
that some voltage drop will occur when
current is drawn from the transformer. The
voltage drop depends largely on the quality
of the transformer (core and wire size), and
can range from 200 V to over | kV. The
transformer should have a 234-V ac
primary, Transformers with 117-V primaries
are usable only if two identical units can be
wired in series to provide a 234-V primary.
The secondaries can by wired in series or
parallel, depending on the voltage require-
ments. Remember that the transformers
must be identical.

The required transformer secondary
voltage depends on the final voltage require-
ment of the tube and the power-supply cir-
cuitry. If a bridge rectitier is used, the
power-supply high voltage will be about 1.4
times the secondary voltage, If a voltage
doubler is used, the high voltage will be

about 2.8 times the secondary voltage. A
voltage doubler requires two filter
capacitors, or more, 50 if a single oil-filled
filter capacitor is to be used, the design can’t
be a voltage doubler. The ARRL Handbook
contains circuits for both types of power
supplies.®

The power-handling capability of a trans-
former can usunally be estimated by its
weight. As a rule, the heavier the trans-
former, the greater the power capability.
The transformer for a 1500-W, continuous-
duty amplifier will weigh 60-80 Ib. The
transformer used in this power supply was
obtained from Peter Dahl Co.” The hyper-
sil design provides a good ratio of power
capability to size and weight. | have used
several Peter Dahl transformer designs in the
past and found them to be of exceilent
quality and reasonably priced.

Filter Capacitor

Enough filter capacitance is required to
obtain good voltage regulation. What is
enough? I have used as little as 18 xF and
as much as 100 uF in power supplies. The
required capacitance can be obtained with
a single oil-filled capacitor or with a seties
string of computer-grade electrolytics. Either
way, I recommend at least 25 pF be used,
with at least a 10% voltage safety factor.
The filter capacitor used in this power sup-
ply is a single oil-filled unit rated at 53 pF
at 5k V de. The capacitor was obtained from
Peter Dahl Co, and is physically very small
for the voltage and capacitance rating.

Dinde Bridge Rectifier

The full-wave, diode-bridge rectifier
is made up with 1000-P1V diodes rated at
3 A. The unit is a commercial module
sold by Peter Dahl Co. Each diode string
is built on a separate glass-epoxy board.
The module is supplied with [-inch angle
brackets on each end, but because of
space restraints, the angle was removed
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Fig 5—High-voltage power supply schematic diagram. Part numbers in parentheses are Radio Shack.

C1—0Qil-filled capacitor, 53 xF, 5 kV,
Peter Dahl Co.

D1—Diode bridge rectifler assembly,
Peter Dahl Co, see text.

D2,D3—Diode, 1 kV, 2.5 A,

F1,F2-—Fuse, 15 A,

K1—2PDT mercury plunger relay,
Dayton 6X598-3.

K2,K3—SPDT relay, Potter Brumfield
PRD1DYO/A0VDC.

and the module was mounted in a vertical
position using two Nylon bolts.

Should you decide to build the rectifier
assembly, use good-quality diodes, such as
HEP-170s or iN5408s. Be sure 1o parallel
each diode with a 470-kilohm resistor and
a 0.01-uF, 1-kV capacitor.

High-Voliage Switch

The transformer has two taps on the
secondary to provide a high- and low-
voltage capability. The front-panel
VOLTAGE 36004600 switch is fabricated from
a 6-position, heavy-duty ceramic switch
{Radio Switch Corp p/n 65). The switch de-
tent and all but the second and fifth contacts
are removed, New stops are fabricated from
glass-epoxy board. Full high voltage appears

M1—High-voitage meter, 3%2-inch Simpson
Wide-Vue, 01253 bezel and 01165
lighting Kit.

Z1,22--MOV transient suppressor, 117 V
ac (278-568)

P1—Twe-pin Cinch-Jones socket and plug
(274-201 and 274-202)

P2—Eight-pin Cinch-Jones connector,

81—8PST switch (275-690)

across this switch, and therefore, it must be
well insulated. The switch is mounted on
two pieces of ¥4-inch Plexiglas® to provide
2-inch spacing from any chassis or panel
ground. A fiber shaft protrudes from the
switch through the front panel. To protect
the contactsy this switch must never be
actuated when the power supply is on.

Consiruction Details

Next month, | will describe the unique
construction details for building this
high-power linear amplifier and power
supply. In the meantime, should you
be so inclined, get out there and find
the parts! Remember that you should
build the power supply first, s¢ concentrate
on those components.

S2—Modified APST switch, Fair Radio Sales.

Ti—Power transformer, 2600/3300-V ac
sec, Peter Dahl Co.

T2, T3—Transformer, 26 V¥ ac, 300 mA
{273-1386)

Miscellaneous

Pilot lamp—Alco 16TZ, 6T-4 (yellow) and
6T-2 (red) lenses.

Cabinet—CTS model MCLS 10-17-14 black
and white, SPP 10-14 hiack side panels.

Notes
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3J, L. Pittenger, ""3CX1200A7 10 to 80 Meter
Amplifier,” Ham Racfio, Aug 1985.

4W. |. Orr, ed, Radio Handbook (Indianapolis:
H. W. Sams, 1975), 20th edition, Sect 22-4,
“A Modern 3-1000Z Linear Amplifier for
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SHam Trader Yellow Sheets, PO Box 2057,
Glen Ellyn, IL 60138-2057,
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07746, tel 201-462-6100.

TPipnegr Standard Industrial Electronics,
1900 Troy St, Dayton, QM 45404, tel 513-
236-9900.

i, Wilson, ed, The 1956 ARRL Handbook
(Newington: ARRL, 1985).
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Electromagnetic Pulse and
. the Radio Amateur

Part 2: This month, we present the method and results of the first of two
series of tests of EMP/ransient-protection devices.t

By Dennis Bodson, WAPWF
Acting Assistant Manager
Office of Technology and Standards
National Communications System
Washington, DC 20305-2010

components to damaging transient

electrical energy has stimulated the
electronics industry to develop a large
variety of transient-protection devices, In
order to identify low-cost, commercially
available devices capable of protecting
Amateur Radio equipment, an extensive
market search was made and a repre-
sentative number of protective devices were
purchased. The protection devices pur-
chased were the most current types availa-
ble for use with Amateur Radio equipment
where it connects to power lines, antenna
gystems, communications lnes and other
potential transient sources. The test pro-
gram was divided into two stages: First, the
proiection devices, then the Amateur Radio
equipment.

T he inherent weakness of solid-state

Test Objectives

No common test procedure existed for
determining the effectiveness of different
types of protection devices. Therefore, we
sought to develop a common test procedure
to ascertain the average performance of a
wide variety of devices against the fast-
rising and powerful transient pitlses that are
generated by lightning and EMP, Three
standard electromagnetic pulses were used
to simulate the expected transient wave-
forms associated with ac power connec-
tions, short interconnecting wires and long
exterior conductors that are found in the
typical Amateur Radio installation.

Protection devices that allowed a voltage
spike to exceed their rated clamping volt-
age by 100% (6 dB), or exhibited a signifi-
cant delay in response time, were rejected.
The 6-dB overload level was selected
because it is commmon to design electronic
circuits to withstand such an overload for
short durations. Those devices that sup-
pressed the initial voltage spike to an ac-
ceptable level, less than twice the clamping

tPart 1 appears in Aug 1986 QST. Part 3
will appear in a subsaequent issue.

Table 3

Peak Voltage and Current Values vs Conductor Type

Conductor Peak Voltage Peak Current Test
{Volis) {Amperes) Class
Power Connections 600 120 A
Box interconnectlons 600 20 B
Exterlor Conductors 4500 1000 C

voltage, were accepted for further testing,

Test Program
Threat Definition

Other than in the case of a direct light-
ning strike, EMP is generally considered a
more stringent threat to electrical systems
than lightning. Consequently, the test
pulses approximated the characteristics
of EMP, rising to full strength in approxi-
mately 10 ns and decaying exponentially in
about 1 us. The waveform that is frequently
used in unclassified work was used for this
test; it is expressed as:

B(t) = 5.25 x 104 exp (—4 x 06 1)
- exp (- 4.76 x 108 t} {Eq 1)
where

E is volts per meter
t is time in seconds

The transient threat to electrical hard-
ware does not come directly from the free
field, but from the interaction of the elec-
tric and magnetic fields with electrical con-
ductors. Current peaks in excess of
thousands of amperes are predicted as a
response to EMP. Similarly, voltage levels
may reach hundreds of kilovolts, in prac-
tice, however, the physical dimensions and
characteristics of the conductors themselves
tend to limit current and voltage ampli-
tudes, although not always without physi-
cal damage to the conductors. For example,
it has been proposed that the highest tran-
sient voltage transmitted through a residen-
tial power-distribution breaker box would
be limited by air-discharge breakdown.

Conversely, in an Amateur Radio station,
the transients experienced, if limited at all,
would be determined by the lengths and
configurations of conductors exposed to
the fields, und the dielectric strength.

The peak values shown in Table 3 were
used in the protective-device qualification
tests for this program. These peak values
were used because they are representative
of the transient pulses expected in a typi-
cal Amateur Radio system, and they could
be readily reproduced in a laboratory test
environment.

To test for insulation breakdown of the
protective devices, the highest pulse level
obtainable in the laboratory (25 kV) was
used. Each protective device was subject-
«d to ten eyual pulses in order to ensure
that protection was not circumvented by
the first transient received. A cooling time
of approximately one second was allowed
between puises.

Direct Testing

Direct device testing consisted of driving
the device terminals with a differential-
mode signal from a pulse generator. The
test was conducted once with a source im-
pedance appropriate to the voltages and
currents listed in Table 3, and once with the
tabulated voltage and a source impedance
of 530 ohms. This impedance was chosen
because it is encountered most commonly
in house wiring and antenna circuits, The
input- and output-pulse magnitudes were
recorded photographically. A comparison
was made of the input and output voltages
with and without the device in the circuit,
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and a transient-rejection ratio (in decibels)
was calculated using the relationship:

peak signal in
peak signal out
(Eq 2)

From one to 15 devices of each type were
tested, When 10 identical devices of any
one type had been tested with forward and
reverse polarity, the data were statistically
analyzed to determine if further testing was
required. For statistical analysis, 10 items
were considered to provide a representative
sample of the device’s performance, since
the devices performed consistently.

RRdB = 20 Iogm

Test Equipment
Two pulse generators were. used. One
provided pulses below 5 kV (600-V and
4.5-kV tests), the other produced pulses
above 5 kV (25-kV test).

Pulses Below 5 kV

Transient pulses for this test were genera-
ted by manually firing a mercury-wetted
switch to discharge a storage capacitor
through a copper-sulphate source resistance
of the appropriate size to generate the
desired current pulse (see Fig 8). The capa-

citor was charged to the desired voltage
fevel by a quick-recovery, high-voltage
power supply. Transients were fired across
a 100-ohm load resistor protected by the
device under test.

Data were recorded by photographing a
properly calibrated oscilloscope display.
For repeated pulse requirements, the
camera shutter was held open to record all
{nominally 1) of the pulses of one polari-
ty, and then, after removal of the device
under test, to record the applied transient
with the same exposure. Reverse-pulse
measurements were obtained by reversing
the leads of the device under test and
repeating the photographic sequence.

Pulses Greater Than 5 kV

Transient pulses for this test were gener-
ated by manually firing a 2-inch spark gap
to discharge a 0.1-xF storage capacitor
through a 5-ohm copper-sulphate source
resistance to generate the desired current
pulse {see Fig 9). The capacitor was charged
to the desired voltage level by a gquick-
recovery, high-voltage power supply, The
transients were fired across a 100-chm
load resistor protected by the device under
test,

Apain, data were photographically
recorded. Current and voltage were record-
ed for the initial pulses of each device. The
voltage probe was attenuated by a flexible
copper-sulphate resistance of suitable
value. For repeated pulse requirements, the
camera shutter was beld open to record five
of the puises and the reference in 2 manner
similar to that of the lower-voltage mea-
surements described previously. The polar-
ity of the second set of five pulses was not
reversed, and the current trace was usual-
ly omitted from the second data set.

Small-Device Tests

For physically small devices, test mea-
surements were conducted inside a metal
enclosure. Penetrations of the enclosure
were made by the high-voltage lead from
the mercury-wetted switch, the system
ground and the voltage probe. Currents
were measured by a sensor on the system
ground, but were not regulariy recorded as
part of the test data. The voltage probe was
run in solid-sheath coaxial cable to the
metal enclosure, and the internal probe was
shielded by a metal braid to within a few
millimeters of the probe tip.

Shunt-protective devices were connect-
ed between the high-voltage input terminal
and system ground. The voltage probe and
load resistor were also connected to the
same terminals. For device combinations
containing series elements, the line side of
the device was connected to the input ter-
minal, and the voltage probe and load resis-
tor connected between the load side
terminal and ground.

Large Devices

For devices with special connectors too
large to fit within the test chamber, con-
necting adapters were made of straps and
braid to provide the lowest-impedance cir-
cuit available, In many cases, however, the
inductance of the connection did affect the
measurement, particularly in the case of de-
termining the reference grounds.

Ac¢ Power Tests

To test the ability of the devices to func-
tion when connected in a 117-V ac cireuit,
ac was provided by an isolation transform-
er connected to the device through a large
inductance. [f the device continued to arc
or pass current after the pulse, the rrans-
former was manually disconnected (but not
always before the device had melted).

Test Results

A total of 56 different devices were
tested. All of the devices substantially
suppressed the test pulses. However, not all
of the devices suppressed the test pulse to
an acceptable voltage level on every test.

Twenty-six of the 56 devices passed the
low-impedance drive tests and 40 passed the
high-impedance drive test, To pass the
particular test, the device had to suppress
the peak-voltage pulse to less than two
times its published, designed clamping
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Table 4

Devices with Acceptable Clamping Voltages

Low-Impedance Drive Tests

Manufacturer Designed Maximum Average Acceptable Manufacturer Dasigned Maximum  Average Acceptable
and Davice Clamping Voltage Measured Clamping and Device Clamping Voltage ~ Measurad Clamping

(MCV) Peak Clamping  Voltage MCV) Peak Clamping  Voitage

(Volts) Voltaga at 600 V. (APY = Voits} Voltage at 600V {APV =

and 4.5 kV <2 MCV) and 4.5 kV <2 MCV)
(APV) (Volts) APV} (Volts)
Fischer
FCC-120-P 300 (1) 200 300 B1-C90/20 90 (2) 600/938
FCC-250-300-UHF 300 1333 B1-C145 145 (2) 600/8580
FCC-250-300-UHF 350 1633 B1-A230 230 22; 600/960
FCC-4508-75-BNC 78 670 B1-A350 350 (2 6321020
FCC-250-150-UHE 150 1700 88-C150 150 (2) 650074500
FCC-250-120-UHF 120 1700 T&1-C350 300 (2) 672/990
FCC-450-120-UHF 120 200
Alpha Delta Communications, ihe (4)
Josiyn LT 635 (1) 4500
2027-23-38 230 600 R-T 635 (1) 400 B35
2027-35-B 350 1840
1970-02 190 400 Gioneral Semiconductor
1250-32 a5y 2300 587851 850 200 850
1663-08 66 ICTE-S (Al 112/560 60 (3
2027-09-8 a0 1820 ICTE-15 20,1 116/580 &0 (3]
2027-15-8 150 1620 ICTE-BC 1.4 119/510
202244 250 1460 LCE-6.5A 11.2 ¥39/780
2031-23-8 230 1560 LCE-15A 24.4 158/590
2031-35-8 350 1368 LOEST 911 188770
Ganeral lectio LCE 208 209 270530 200
V39ZAB 76 132 78 GHV-12 8 155/590 80 (3
Va2zZaiz 147 230 147 GEV-101 0.85 115/500 B0 (@
V180ZA10 300 428 300 Gsv-20t 1.7 120/570 BO (3
VazA2 20 120/630 BO (3} . X
V36ZAS0 63 120 63 {3} Electronic Protection Devices, Inc
Lemon 300 (1 380 300

PolyPhaser Corporation Paach 00 { 1% 350 750 (3)
I8-NEMP 200 (2) 380 200
IS-NEMP-1 200 (2) 380 200 8. L. Waber
IS-NEMP-2 200 (1) &no LG-10 300 (1) 550 300
m Archer (Radio Shack}
Model 428 280 350 280 61-2785 300 (1) 90 300
Siemens (1) Estimated or calculated
S10K11 40 1201690 _ (3} Dc break-down voltage
S20K25 a0 131/720 80 (3) Acceptabla abova 2 MCV
$14K50 125 220/620 125 (4) Alpha Delta recently reloased new versions of their Transi-Trap™,
510K80 160 265710 160 These units are the Model R-T and LT having an “EMP” suffix. In
814K130 340 48411050 340 these units, the EMP ¢lamping leval is thres times Jower than previous
B1-C75 75 (2) €00/910 designs.

voltage, or exhibit an acceptable response
waveform.* The manufacturer of the pro-
tection device normally establishes the
maximum clamping voltage using a much
slower pulse (8 us rise time and 20 ps decay
time) than the expected electromagnetic
pulse and the test pulse (10 ns rise time and
a 1 us decay time). In some cases, the dc
braakdown voltage is used as the reference
clamping voltage. Therefore, the measured
clamping voltage of the devices was ex-
pected to be higher than the published
figure. During the tests, these higher
clamping veltages were found with few
exceptions.

Low-impedance Testing

The low-impedance test was conducted
at two different voltage levels (600 V and
4.5 ¥V). The devices were tested with
positive- and reverse-polarity pulses. There
was 1o significant difference in response
caused by the different polarity pulses, with

*Notes appear on page 26.
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the exception of certain General Semi-
conductor TransZorbs® .

Twenty-six devices were considered to
have acceptable pulse-suppression charac-
teristics. The most consistent performer
was the metal-oxide varistor (MOVY,
Varistors suppressed the leading edge of the
pulse wave to less than two times the
designed clamping voltage. Table 4 shows
those devices that have acceptable clamping
performance. The accepted devices have
rejection ratios that range from 0.75 dB to
16.47 dB for the 60(-V test pulse, and from
13.06 dB to 21.47 dB for the 4.5-kV pulse.

Gas-discharge tubes and devices con-
taining only gas-discharge tubes did not
respond well to the 600-V pulse. The rise
time (10 ns) and the low voltage level were
not sufficient to cause the tube to ionize
and conduct the test pulse to ground within
the rise time. With 10 pulses being injected
at a 1-second injection rate, the gas-tube
ionization was delayed for periods of up
to 4000 ns for each pulse, and in some
cases, the measurements were off the
observabie scale. This slow response time
makes the gas-discharge tube an unaccept-

able device to use as the sole protection unit
for a iow-voltage pulse with a slow rise time
such as experienced with the 600-V pulse
that had a rise time of only 60 V/ns.

T'wenty devices were considered to have
acceptable measured clamping voltages on
the low-impedance test. Six other units had
a satisfactory response waveform and were
accepted although their clamping voltage
was over two times their published or
design clamping level. Not all of the devices
were tested at the 600-V level, Of the ones
that were, the varistors and the ac power-
line protection devices were the best
performers.

High-Impedance Testing

This test was conducted only at the
4.5-kV level, The devices were tested with
positive- and reverse-polarity pulses.
Again, no significant response differences
were noted with the different polarity
pulses, except with the TransZorbs. The
4.5-kV, 50-ohm test pulse is considered to
be the most accurate simulation of the
expected EMP energy that will be im-
pressed on the ac power and coaxial-cable



Tabie 5

Devices With Acceptable Clamping Voltages

High-Impedance Drive Test

Manufacturer Designed Maximum Average Acceptable Manufacturer Designed Maximum  Average Acceplable
and Davice Clamping Voitage Measured Clamping arid Device Clamping Voltage Measured Clamping
(MCV} Peak Clamping  Voltage (MCV) Peak Clamping  Voltage
(Volts) Voltage at (APY = (Violts) Voltage at APV =
4.5 KV 50 Ohms <2 MCV) 4.5 kV 50 Ohms <2 MCY)
{APV} {Volts} (APVY) (Volts)
Fischear :
FOC-120-P 300 (1) 420 300 B1-C90/20 a0 (2 210
FCC-250-3G0-UHF 300 393 300 B1-C145 145 (&) 200 145
FCC-250-300-UHF 350 260 350 Bi-AZ30 230 (2) 218 230
FCCH450B-75-BNC % 210 B1-A350 350 (2) 230 350
FCC-250-150-UHF 150 220 150 58-C150 150 (2}
FCC-250-120-UHF 120 240 120 T&1-CG350 300 {(3) 260 300
FCC-450-120-UHF 120 120 120 .
Alpha Delta Communications, Inc {4)
Joslyn LT 835 (1) 700 635
2027-23-38 230 310 230 RT 635 (1) 720 835
2027358 350 366 350 .
1270-02 190 600 500 (3) General Semiconduclor
1250-32 350 840 587851 650 600 650
1663-08 &6 90 66 ICTES 71 134
2027-09-B o 378 ICTE15 20,1 146
2027-15-B 150 242 150 ICTE-8C 11.4 124
2022.44 250 204 250 LCEB5A 1.2 250
2031-23-8 230 336 230 LCE-15A 24,4 200
2031-35-B 350 291 350 LCE-51 g1.1 oo
) LCE-130A 209 210 209
General Electric PHP-120 319 400 319
VI9ZAG 76 254 150 (3) GHv-12 8 218
Va2ZA12 147 54 147 GSV-101 0.85 168
V1B0ZA10 300 388 400 GSV-201 1.7 i74
VBZAZ 20 174 100 (3) ) )
V3BZA80 63 i70 100 (3) Efectronic Protection Devices, Inc .
, Leman 300 (1) 580 300
PolyPhaser Corporation Paach 300 (1) 1000 750 (3)
I5-NEMP 200 (@) 140 200
IS-NEMP-1 200 (2) 150 200 S. L. Waber
IS-NEMP-2 200 (1) 160 200 LG-10 300 {1) 800 300
m Archer (Radio Shack)
Mode! 428 280 410 280 61-2785 300 {1) 3060 300
Siemens (1; Estimated or calculated
S10K11 40 186 100 (3) {2) Dc break-down voltage
S20K25 80 190 150 (3) {3} Acceptable above 2 MCV
514K50 125 234 125 (4} Alpha Defta recently released a new version of thelr TransiTrap™. This
S10K60 160 232 160 unit has an EMP suffix. In these units, the EMP clamping level is three
514K130 340 436 340 times lower than previous designs.
B1-C75 75 (2) 220

interfaces to the amateur’s equipment,
Therefore, the results of this test were
expected to be the most significant of the
program. The devices tested are listed in
Table 5.

Varistors

Varistors performed adequately during
the test. The General Semiconductor,
General Eleciric and Siemens varistors
performed consistently, The varistors tested
had clamping voltages ranging from 0.85 V
to 350 V. The average measured varistor
clamping voltage ranged from a low of 168
V to a high of 436 V. Nine out of 12 varis-
tors were found to have acceptable clamp-
ing voltages. Three varistors exceeded their
designed clamping voltage, but performed
consistently and could be used at a higher
voltage level if desired.

Gas-Discharge Tubes

The advantage of using a gas-discharge
tube is in its ability to handle large power
transients for short periods.® Qne of the
disadvantages of gas tubes is that once they
begin to conduct, a continuous ac or de

operating voltage of the proper level will
keep the tube in the conductive state after
the pulse has passed. This characteristic can
result in the destruction of the tube, as was
experienced during another phase of this
test program. Several gas tubes were des-
troyed when attached to an isolated ac
power source and then exposed to a 25-kV
pulse. The pulse started the tube’s conduc-
tion and the ac power sustained the tube’s
ionization and conduction until the tube
was destroyed.

In a special test, two gas tubes were con-
nected in series between the pulse source
and system ground. An ac voltage was im-
pressed across the source cireuit and then
through a 100-ohm resistor to ground. The
gas tubes did not begin to conduct until
they were puised. When pulsed, the tubes
ionized and conducted the pulse to ground,
then shut off. The applied ac power did not
sustain the ionization across the series-
connected tubes,

Similarly, a gas tube and a varistor were
connected in parallel to ground with an ac
current in the circuit, When pulsed, the
tube ionized and conducted the transient

current to ground while sharing the current
with the varistor, then shut down without
being destroyed. It was concluded that gas
tubes could be used for their high power
handling capabilities, but only when used
af the proper voltage levels or with another
device to cut off the tube. 'This design adap-
tation is found in commercial ac-power
protection devices and RF devices using gas
tubes.

Coaxial-Line Protectors

Eleven RF protection devices from three
suppliers were tested. These devices are
designed to be placed in the coaxial trans-
mission line. All of the units, with the ex-
ception of the one with the lowest clamping
voltage, were accepted. This exception, the
Fischer FCC-450B-75-BNC, is rated to
clamp at 75 volts. It did suppress the 4.5-kV
pulse to an average of 210 V and was given
a rejection ratio of 26.62 dB, still very good
performance.

The measured clamping voltages ranged
from a low of 120 V (for a device rated at
120 V} to a high of 720 V (for a unit rated
at 635 V). The coaxial-line protectors ex-
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hibited a verv high rejection ratio to the
4.5-kV high-impedance pulse, starting at a
fow of 16,15 dB for the Alpha Delta Transi-
Trap R-T to a high of 30.14 dB for the
Polyphaser IS-NEMP devices. The Fisch-
er FCC-250-350-UHF clamped 90 V below
its rated clamping voitage of 350 V. This
was not considered to be a problem, but
a lower clamping voltage potentially could
interfere with the transmitted RF signal.

Power-Line Protectors

There dre numerous ac power-line pro-
tection devices available, but our selection
was limited to the lowest-cost devices. Ten
devices from seven sources were tested. All
of the units, with the exception of the
Fischer FCC 120 F-P, Joslyn model
1250-32 and the General Semiconductor
models 587RO51 and PHP 120, ¢could be
plugged directly into an ac wall outlet,

Internally, the devices consist of a com-
bination of gas-discharge tubes, varistors
or other protective circuitry. All except one
were found to be acceptable. The published
clamping voltages ranged from a low of
190 V to a high of 650 V. For several
devices, the designed clamping voltage was
not known, s0 a 300-V level was assigned
to them for purposes of comparison. The
measured clamping voltages ranged from
a low of 300 V to a high of 1 kV.

TransZorbs
Seven units from General Semiconduc-

tor were checked in an effort to find a
device that would clamp at a very low volt-
age level. The one with the lowest-rated
clamping voltage is the ICTE-5 (7.1 V); the
unit with the highest-rated clamping volt-
age is the LCE-130A (209 V). Average
measured clamping voltages ranged from
a low of 124 V to a high of 230 V. Only
one of the units was accepted -— the
LCE-130A. Rated at 209 V, it had an aver-
age clamping voltage of 210 V. All of the
other TransZorbs conducted only at levels
considerably above their ratings.

Test to ¥ailure

The larger of the two pulse generators
was used to generate a 25-kV pulse at £ kA
for 1 us. This provided a total energy out-
put of 100 J. Up to five each of the 36
devices were tested with only three of them
approaching failure. The three ac power-
line protection devices experienced exces-
sive internal arcing, although they did not
fail completely. All of the other devices sur-
vived the 10 pulses and suppressed the volt-
age transient voltage without failure.

Conclusions

O the 56 devices tested, there are many
that have acceptable transient-voltage sup-
pression capabilities and can be used for
the protection of Amateur Radio equip-
ment. These include ready-made units for
direct connection to the ac power lines and
coaxial antenna lines as well as smaller

devices that can be used alone (varistors)
or in combinations (gas-discharge
tube/varistor) to protect other points.

%Editor's Nate: This series of articles is condensed
rom the Natlonal Communications System report
NCS TIB 85-10) Electromagnetic Pulse/Transient
Threat Testing of Protection Devices for
Amatetr/Military Affiliate Radfo System Equipment.
A copé of the unabridged report Is available from
the NCS. Write (no SASE requirad) fo Mr Dennis
BRodson, Acting Assistant Manager, Office of
Technology and Standards, National Communi-
cations System, Washington, DC 20305-2010, or
call 202-692-2124 between the hours of 3:30 AM
and 5 PM Eastern.]

Notes

4The published clamping woltage of a device is
the average voltage level where the device
will change from a nonconducting state to a
canducting state.

SVaristors are voltage-dependent devices that
bhehave in a nonlinear elactrical manner
similar to back-to-back Zener dicdes. When

subjected to high-voliage transients, the varis- -

tor's impedance changes over a large range -
from a near open circuit to a highly conduc-
tiva circuit, thereby switching the transient
voltage o ground or some cother point
Varistors are deslgned for a large assortment
of switching (clamping) voltages.

%The tubes tested are sealed gas-discharge
tubes consisting of two or three alaclrodes
properly separated by insulators and filled
with a rare gas. These tubes are designed to
switch rapidly at a specific voltage level from a
nonconductive to a conductive state (are moda)
when subjected to a fast-rising voltage
fransient. When the voltage across the tube’s
¢lectrodes is increased, lomization of the inert
gas occurs and the tube conducts across the
electrode gap. The breakdown-voltage level is
determinad by the design of the tube’s elec-
trode spacing and the gas pressure.®¥]

Strays

SEARCH YOUR SHACK

Help & museum get up and ronning.
Motorola Communications and Electron-
ics, Inc, in Anchorage, Alaska, is es-
tablishing a2 Museum of Early Two-Way
Radio Equipment. They have already
acquired a few post-World War 11 tube-
type items, but would greatly appreciate
any donations of eyuipment or assistance
from amateurs who may have interesting
or unusual examples of two-way radio gear.
Let's drag out those oid pack sets, turkey
roasters and other ancient radios in mint
condition, and help preserve our heritage
from the early days of VHF and UHF FM
communications, Contact curator Don
Parker, 5333 Fairbanks St, Suite 1,
Anchorage, AK 99502, (tnx E4TXK/KL7).

QST congratulates. ..
i1the following radio amateurs on
60 years as ARRL members:

¢ Shelley Trotter, W6BAM, of Santa
Ana, California

* Harry Legler, WAPB, of Hiawatha,
fiunsas
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CALL FOR ARTICLES

(1 ¥t is often stated that amateurs do not **roll
their own’’ anymore. Yet, almost everyone
of us has constructed some piece of equip-
ment, whether from a kit or something
completely homemade.

After our building experience is past and
the lessons are learned, we fail to realize that
a whole new generation of inexperienced
newcomers have entered the ranks of

hamdom. Why not share vour test circuits and
other building projects with them? How
about explaining soldering techniques or how
to prepare a printed-circuit hoard from
seratch?

You can be an **Elmer”” through the pages
of ST by preparing a technical article on
your workshop techniques. Submit material
to Paul K. Pagel, N1FB, Senior Assistant
Technical Editor, 225 Main St, Newington,
CT 06111.

Next Month in QST

Looking to improve your antenna systemn? October articles will offer a four-element
24-MHz Yagi that offers sxceptional performance, and examples of efficient broad-

band 80-meter dipoles.

Next month’s Affiliated Clubs in Action column is a photo essay of club activities;
perhaps you'lf rake in one or two ideas for your group's autumn schedule. The Public
Service pages highlight computers on the go—how one group used mobile packet
radio to monitor a marathon. In Training asks, What is your grade as an instructor?
Honest self-examination can bring genuing self-improvement as a ham radio teacher.

Two rare countries participated in the ARRL International DX Contest. Find out
which ones by reading the contest results in the QOctober issue.



A 1935 Ham Receiver

o

Radio childhood for many hams meant experiencing the magic of the
regenerative receiver. You can go home again—if you know
where to get the parts.

By Harry R, Hyder,* W7IV

crystal and one-tube broadcast sets to making two- and

three-tube shortwave receivers. I knew that there was such
a thing as Amateur Radio, but I knew no hams. Using a door
buzzer and a straight key built from parts of an old Erector toy
set, I had memorized the code to the point where I could pick
out an occasional word from the hams or commercial stations
I heard.

The shortwave sets I built did not look like much; I had neither
the money nor the skill to do better. My sets were made mostly
from parts of discarded broadcast sets of the 1920s, suitably
modified. I built these sets at the rate of about one a month.
Whenever | acquired an interesting new part or read of a new
circuit, I tore apart the older set and rebuilt it. The “‘chassis*’
was wood, and the panel was a piece of scrap metal that 1 had
managed to straighten out and paint. 1 had only a few simple
hand tools and no test equipment whatsoever. Getting a set work-
ing involved a ot of guesswork. But I read QST and The Radio
Amateur’'s Handbook at my high school library, and I learned
a lot, It was all fun.

In my dotage, my mind turned to those happy days. Nostalgia
overcame me. Would it not be fun to build the set I would have
liked to build in 1935, if only | had had the money and ability?

First, [ needed a circuit. This was no problem; regenerative
receiver circuits are engraved indelibly in my mind. I decided to
use two stages of audio, since it is always easier to reduce gain
after a set is buili than to increase it. I also put in more filtering
and decoupling than I would have thought necessary in 1935; I
have learned something since then! The circuit I decided on is

shown in Fig 1,

I n 1935 1 was 15 years old. 1 had graduated from building

Since [ wanted the set to be authentically **1935," I established
the rule that all parts [ would use had to have existed then. This
was not possible in all cases. About ten vears ago, I decided that
never again would I build anything that was not 100% solid state,
and as a result [ gave away all of my large stock of tubes, sock-
ets, high-voltage power transformers and other parts unique to
vacuum-tube circuits, Fortunately, [ kept parts that might be use-
ful in building more modern gear, including variable capacitors,
dials, and switches. But I saved no ““30s’’ under-chassis small
parts, including resistors and fixed capacitors—and these are hard
to obtain today. Even new fixed capacitors capable of with-
standing a couple of hundred volts are hard to find, but a source
was uncovered.' I got tubes, sockets, fixed mica capacitors and
one plug-in coil form from ham friends, who were all enthusiastic
about my praject and helped gladly. And so 1 accepted this com-
promise: In my re-creation of a 1935 receiver, modern com-
ponents are used where necessary, but all parts on the front panel
and above the chassis are just as they would have appeared in
1935 (see title photo and Fig 2).

I decided to wind my detector coil for the 7-me. band, since
there is activity on that band day and night. When the set was
wired and ready for a test, 1 reviewed in my mind the technigue
of tuning a regenerative receiver. I had not done this since be-
fore WW IL. Let’s see: ““Advance the regeneration control slow-
ly until the set goes into oscillation. Hold it just above that point,
then tune, re-adjusting the regeneration control as necessary.”

i did not get that far on the initial trial, because the first thing
that greeted me when I turned on the power was a loud hum,
When I removed the detector tube from its socket, the hum went
down to a low level. My immediate suspicion was heater-to-

*1638 W Inverness Dr, Tempe, AZ 85282

'Antique Electronics Supply, 668 W First 8t, Tempe, AZ 85281,
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cathode leakage in that tube. I went through six tubes. Two of
these tubes produced no hum, but they did nothing else, either—
they were dead!

When I held my hand near the detector tube, the hum increased
areatly, so I decided that | needed a tube shield. Pentode detec-
tors in regenerative receivers of 1935 were almost always shield-
ed. | had thought of this, but had not been able to locate a shield.
So 1 improvised one from an old coil shield can and consoled
myself with the thought that I might have done the same thing
in 1935. I also shielded the detector grid lead while I was at it.
This reduced the hum to a tolerable level, although it is stifl a
little higher than 1 would like. {Perhaps I am more critical in 1986
than I was in 1935.) I tried grounding, floating and balancing
the heater ciceuits with no improvement. Completely shielding
the set would help, but 1 did not want to go that far.

After [ had reduced the detector hum, no further troubles were
encountered. The detector goes into and out of oscillation very
smoothly. There is no trace of “*fringe howl"” or any of the other
problems that plague regenerative receivers. Audio output is more
than adequate.

in the 19305, few hams used the same antenna for both trans-
mitting and receiving. The receiving antenna was usually a
random-length wire, coupled to the hot end of the detector grid
coil through a small capacitor. [ made provision for this, but 1

also discovered that my modern 50-ohm antenna system works
well when connected to the cathode tap on the coil.

No one ever complained about the sensitivity of a regenera-
tive detector. This set will receive a 1-microvoit signal with a good
signal-to-noise ratio, as measured by my Hewlett-Packard 606A
signal generator. Selectivity is another matter. How did [ ever
separate those signals? On a regencrative set, every part of the
band sounds like a DX contest pileup! After using a modern trans-
ceiver with super-sharp crystal filters, | began to think that it
was 2 miracle that I was able to work anyone at all in the 1930s.
But | did, and, as [ remember, the ¢.w. subbands were more
crowded then than they are now. The human brain is a wonder-
ful filter, once vou learn to use it.

[ am very pleased with this set. Every evening I turn it on and
tune the band. 1t seems strange to be tuning a set without a digi-
tal readout or a calibrated dial. Finding the 7-mc¢. band is easy:
1 set the station transceiver to 7.000 MHz, put the three-tuber
into oscillation and adjust the band-setting capacitor until I hear
the oscillating detector with the transceiver. Regenerative sets do
radiate!

1 thank David Lowenstein, NTAF, Frank Alrich, WB7OMZ,
and Liscum Diven, W7IR, for their contributions to my 1935
receiver. Now, my thoughts are turning to building a compan-
ion 1935 transmitter. The Antique Wireless Association has yearly
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FiG. I — CIRCUIT DIAGRAM OF THE THREE-TUBE RECEIVER.
The tube heaters (6.3 volts} are wired in parallel. The B supply may be anything from 100 to 250 voits d.c. The negative-3 connection
is mmade to the chassis (ground). Heavy lines indicate “‘ground’’ connections which should be made to a single common point on
the chassis. Power-pack design for a.c. operation is given in The ARRL Handbook.

C,—30-mmfd compression trimmer
condenser (antenna coupling).

(;‘2, ‘3_5; Cq, Cm———iﬂﬂ-mmfdfixed mica
condensers.

C—100-mmfd midget condenser
(bandset).

Cp—i0-mmfd midget condenser
thandspread).

Cy Crp—001-mfd fixed mica condensers.

C - {-mfd paper condenser,
200-volt rating.

Cy Cro—10-mfd electrolytic condensers,
350-volt rafing.

Crp Crs—01-mfd piastic film condensers.

Cy-33-mfd electrolvtic condenser,
330-voit rating.

Cy;—47-mfd electroiytic condenser,
35-volt rating.

Cp—22-mfd electrolytic condenser,
350-volt rating.

C,.—22-mfd elecirolytic condenser,
St-volt rating.

Ciy—.I-mfd paper condenser,
350-volt rating.

L. —detector coil: 9.3/4 turns No. 20 tinned
copper wire, spaced t0 occupy a
length of 3/4 inch on a I-1/2-inch
diameter 4-prong coil form. Cathode

tap 475 turn from ground end.
R,—2. 2-megohm, 1/2-watt resistor.
R,—50.000-0fm wire-wound potenii-
ometer (regeneration control).
R, Ry—A7,000-0km, 1/2-watt resistors.
R, Rg—d70,000-0km, {/2-watt resistors.
R —2200-0kim, /2-watf resistor.
Ro—v 7,000-0hm, I-watt resistor.
R —22,000-0km. 1-watt resistor.
R, 1500-0hm, 1/2-walt resistor.
R, e 10, 000-0b7n, I-watt resistor.
Ryy--22,000-0hm, 1/2-watt resistor.
R H—«‘Moa-ohm. L-watt reslstor.
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FIG, 2 — A GLANCE REHIND THE FRONT PANEL OF THE
1935 RECEIVER SHOWS THE MODEST CONSTRUCTION
THAT MADE REGEN PERFORMANCE FAMOUS
The detector is a 77, hidden from view in the improvised shield can just
above the plug-in detector coil. A pair of 76°s fakes care of audic
amplification chores. Punel controls, from top to bottom, are regenera-
tion, bandspread tuning and bandset tuning. The detector grid coupling
eonndenser (Cy) and grid leak (R;) are mounted on the bandset condenser
bracket, The three binding posts to the left of the detector coil are antenna
terminals; connections for plate and heater power are made viu the four

binding posts at the rear of the set.

contests for hams using ancient equipment, What shall I use in
the final amplifier? An 8077 No; 807s weren’t available until 1936,
Maybe a 210 or a pair of 46s? I'll have to see what tubes and
parts my friends have.

How Regenerative Detectors Work

Regenerative detectors get a lot done with relatively few
parts—and in the lean '30s, those were the magic words
. responsible for the great pepularity of the *regen,” or “bloop-
er,"” as it was sometimes called. What made it tick? The usual
regenerator was a grid-leak detector with RF feedback. Fig A

T
o aubio

AMp

Fig A—A grid leak detector. Action of numbered components
15 discussed in the text.

shows a triode grid-leak detector. When an incoming signal
drives V1's grid positive with respect to cathode, current flows
from cathode to grid and returns to the cathode via R1, the
grid feak. This is rectification, here called defection because it
results in demodulation of the incoming signal. Rectified RF
charges C1. C1 is usualy 50 to 250 pF or so, and the
resistance of Al is between 1 and 10 megohms. Though the
charge on C1 tends to “leak off" through R1, the R1C1 time
constant is many times longer than the period of the applied
RF signal, providing steady hias for V1. C2 and the RF choke
bypass the plate for AF.

Rectification of any AM sidebands an the Incoming signai—
containing, say, speech or music—causes V1's bias to fluctu-
ate at the modulating frequenzy, since the R1C1 time constant
is tao short 1o smooth audio-frequency bias variations. Plate
current thus varies in step with the modulation envelope, and
audio may be recovered across V1's plate load. The triode
grid-leak detector combines diode detection with a stage of au-
dio amplification—an arrangement much more sensitive than a
diode. A pentode grid-leak detector would afford even greater
sensitivity,

- Ag sensitive as the grid-leak detector may be, however, 