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ANTENNAS AND TRANSMISSION LINES

AEA lsopole 2-Meter Antenna, The: 51, Apr,

Analysis of the Balun, An (Bggers): 19, Apr,

Antenna Corrosion Remover: 45, Feb.

Antenna Hint for DXers: 60, Apr.

Antenna-Pruniug Shortcut, An: 46, Apr.

Antennas and Grounds for Apartments
(O*Dell); 40, Dec.

Attaching Coaxial Connectors: 58, Apr.

Bencher ZA-1 and ZA-2 Baluns: 45, Oct.

Biggest Birdbath i llinois, The {Jablin):

78, Aug.

Bread-Band 80-Meter Antenna (Harbach): 36,
Dec.

Burndy Connectors Aid Lengthening or
Shortening a Dipole Antenna: 3§, Apr.

Changing Antenna Directional Characteristics:
43, Feb, ’

Chicago-Area Ham Wins Antenna Case: 75,
Apr.

Circular Polarization and O3CAR Communi-
cations {Glassmeyer): 11, May

Cotfee-Can Counterweight: 43, Feh.

Collinear Yagi Sextet, The (Clement); 52, June
Currespondence: 37, Sept.

Connectors for CATV “Hardline’” and Heliax:
43, Sept.

Constructing & Simple 578-Wavelength
Vertical Antenna for 2 Meters (Bauer): 22,
Sent.

Cusheraft 32-19 **Boomer'” and 324-QK
Stacking Kit: 48, Nov,

Deluxe RY S-Band Anteana, A (Schecter): 38,
Oct.

Effective Indoor Antenna, An: 36, Apr.

Flower Pot Hides Dummy Antenna; 49, fune

Grounding Guy Wires Eliminates QRM: 57,
Apr.

Half Sloper, The — Successful Deployment
is an Enigma {Belrose): 31, May

Hardline Coaxial Antenna for 2 Meters, A:
51, jan.

Heath SA-1480 Remate Antenna Switch:

43, July

Heath SA-TO10 Tri-Band Yagi: 45, Ang.

Hybrid Multiband Antenna, An: 57, Apr.

Marconi-Zepp Antenna, A: 59, Apr.

Maverick Trackdown (DeMaw): 22, July

More on Removing Tower Sections: 38, Apr.

Mnsley CL-33 and CL-36 Triband Antennas,
Tips for: 87, Apr.

Multielement Twin-Loop Array for
VHF/UHF (Okagaki): 28, Jan.

New Look for QST°s Antenna Patterns, The
(Hall): 26, July

Nonconductive Guy Lines: 5§, Apr.

Portable Quad for 2 Meters, A {Decesari):
26, Sept.

Preventing (¢e Buildup on Antennas: 46, Mar.

Remember the Wonder Bar Antenna — A
10-Meter Bow Tie?: 59, Apr.

Remotely Controlled Antenna-Matching
Network, A (Drake): 32, Jan.

Remote Switching for 3-band Quad: 56, Apr.

Rotor Control Cable Quick Disconnect: 58,
Apr.

The Shooter ~~ A 3-Band Portable Antenna
(Ljongauisty: 23, Sept.

Simple Coreless Baluns: 47, Oct.

Stacked Antennas, Kilowatt Transmitters
Cause Receiving Prohlem Solved hy Traps:
37, Apr.

28 05%= . ... ...

Tandy Wire and Cable RG-8/M Coaxial
Cable: 49, Dec.

TET 3F35DX Tri-Band Antenna: 33, Apr,

T-Network Semi-Automatic Antenna Yuner, A
{Imamura): 26, Apr.

Toward Safer Antenna Installations: 56, Jan.

Traveling Ham's Trap Vertical, A (DeMaw):
28, Oct.

Tri-Yagi for 50 MHz, A (Quaresima): 14, June

Tuned Feeders are Better: 47, Agpr.

Two-Band Half-Slaper Antenna, A (Myers):
32, June

Vacuum Capacitor for Antenna Trap; 48, Oct.

Verti-Beam [l — A Multidirection 20-Mster
Antenna (Turner): 26, Aug.

VHE-UHF 3-Band Mobile Antenna, A
Harris: 16, Feb,

Walking Your Tower Up? Can You Do Lt
Sately? (Marthewson): 32, Mar.
Technical Correspondence: 40, Tuly

WAILAKR 40- and 75-Meter Slopers, The: 42,
Alg.

13-Meter Beam for $10, A (Burnhamj: 18,
Nav.

BASIC AMATEUR RADIO

Antennas and Grounds for Apartments
(G'Dell): 40, Dec,

Beginoer’s Look at Op Amps, A {(Woodwardi:
15, Apr.; Part 2: 25, June

Beginner's 3-Band VFO (DeMaw and Shriner):
19, Jan.

Checkerboard Checker, The (0 Dell and
Shrinery; 36, June

Designing and Bending Metal Enclosures
(Smith): 32, Oct.

IMUS Control {O’Dell and Shriner): 32, july
Feedback: 42, Oet.

Matching the Transmitter to the Load
{DeMaw and Shriner)y: 22, Feb,

Newcomer’s Guide to FM Terminoiogy, A
{’Dell): 35, Ang.

Nirty-Gritty of Simple Receivers, The {DeMaw
and Shriner)s 21, Mar.; Feedback: 43, June

NOR-Gate Break-In, The (O’Dell and
Shrines): 22, May; Feedback: 43, June

Rewinding Transformers (O'Dell and Shriner):
34, Oct.

S0 — Yon Want to Work DX (Cruciger):
53, Oct.

What Is A Filter? (O’Dell): 28, Sept.

Zero-Cost Key (CGelinean): 32, Nov.

5-A Loater (O’Dell and Shriner): 43, Nov,

20, 40 and 80 Meters with the **Basic Radio
Receiver” (DeMaw and Shriner): 22, Apr,

CANADIAN NEWSFRONTS

Amateur Rules Amended: 51, May

Antenna Covenants Questioned: 69, Apr,

Canadian Amateur Satellite Project Moves
Ahead: 62, Oct.

Canadian Hams Assist in Northwest Passage
Attempt: €9, Apr,

Canadian Novice Certificate?, A: 51, May

CARF Merger Proposal Rejected: 72, Dee.

Charles Powers, VE3APK: 31, Aug.

CRRL Amateur of the Yegr: 68, Mar.

CRRL Certificate of Merit and Amateur of
the Year: 65, Jan.

CRRL Film Library of 16-mm Sound Films,
‘The: 69, Apr.

CRRE News: 66, Nov,

CRRL Newsletter Available: 51, Aug.

CRREL Update: 62, Oct.

DOC Amateur News: 75, Feh.; 68, Mar.;
57, June; 58 Sept.

DOC Examination Nates: 72, Dec.

Ham Ceilidh 80: 69, Apr.

If I Join CRRL, Do | Get QST?: 57, July

Marshall Killen, VE3KK, Receives Certificate
of Merit: 37, June

Meet Your CRRL Director: 635, Jan.; 68, Mar.

Meet Your CRRL Vice President: 57, June

Mississauga . . . Your League Was There:
75, Feb.

Moved and Seconded: 5¢, Aug.

Noel Eaton Appreciation Night: 57, July

Noel J. EBaton Honored: 75, Feb.

President Hesfer Resigns: 37, July

Recently Released [nformation Documents:
69, Apr.

Red Cross/Ontario S¢ction Agreement, The:
66, Nov.

Ride for Fricndship, The: 65, Jan.

Those JSL Bureans . . . 72, Dec.

Weutheradip Canada: 57, June

Your New CRRL Organiration: 68, Mar.

1979 “* Amateur of the Year™ Plans New Radio
Museurn: 58. Sept.

1980 RSO Convention, The: 51, May; 62, Oct.

CIRCUIT BOARD ETCHING PATTERNS

Adjustablc-Ciain Microphone Amplificr, An:
60, Apr.

Clrcuit-Board Making, Aids tor: Hints and
Kinks; 43, Feb,

Deluxe NiCad Charger for Hand-Held
Transceivers: 42, May

Heath HW-104, 8B-104 RIT Modification: 54,
Jan.

NOR-Gate Break-In, The: 42, May

Liniversal Digital Frequency Readout, A: 54,
Jan.

CLUB CORNER

Activities: 72, Jan,; 89, Fcb,

Adrian Club Has Devilish Good Time: 70,
Aug.

Attracting Members: 72, Jan.

Club Election Campaigning: 8%, Feb.

Keld Day's A-Comin’: 61, May

Fund Rasing: 72, Jan.

In the Good Old Summertime: 64, june

Program Suggestions: 72, Jan.

Q&A on Your Club Goblin Patrol: 96, Oct,

Special Fraternity, A: 85, Dec.

The Three Little Pigs (or What You Might
Waat to do With Your Club Before it's
Too Late): 70, Nov,

CONTESTS & OPERATING ACTIVITIES

Armed Forces Day, 198(: 75, May

ARRL April Morning Special: 73, July

CD Party: Results, October: 93, Jan.
Announcement, April: 92, Mar.

January, High Scores: 71, May
Results, April: 73, July

Clontest Disqualification Criteria and Club
Competition Rules: 90, Jan,

Contest Notes: 58, Tuly

DX Century Club Awards: 80, Jan.: 88, Feb_;
30 Mar.; 84, Apr.; 68, May; 68, June; 62,
July: 68 Aug; 70, Sept; 70, QOcty 74 Nov;
T8, Dec.

Fieid Day: Rules Changes: 92, Mar.; Rules:
72, May; Feedback: 43, June; Resuits: 80,
Nov.,

Frequency Measuring Test: Results: 96, Feb.;
90, May; 74, Aug.; 94, Dec.

IARU Radiosport Championship: Results,
1979: 86, Mar. Rules, 1980z 73, May

International DX Contest: Awards Program:
32, Feb. Results: 76, Oct. Rules, 1981,
92, Dec.

international EME Competition: Rules: 92,
Feb. Results: 73, Sept,



Major ARRL Operating Events and
Conventions — 1980: 92, Jan.

Midnight Special: Results: 96, Mar,

November Sweepstakes: Results, 1979:
77, May Rules, 1980: 75, Qct.

Novice Roundup, Announcement: 88, Jan.;
Results, 74, June

Straight Key Night: Results, January;
87, Apr.

UHF Contest: Rules: 72, July. Results: 90, Dec.

VHF Q80 Party: Rules: 74, May; Results,
June: 74, Sept. Rules, Sept. 76, Aug.

VHF Sweepstakes: Results 1980: 76, June
Rules 1981: 93, Dec, .

YLAOM Contest Results: 66, July

10-Meter Contest: Results, 1979: 67, July
Rules, 1980 92, Nov,

160 Meter Contest Results, 1979: &8, Apr.;
Rules, 1980: 92, Nov,

EDITORIALS

Deregulation: Are We Ready?: 9, Aug.

Digital Licenses: Yes or No? 9, lune
Correspondence; $7, Sept.

Malicious Interference: 9, Mar.
Correspondence: 57, May; 61, June; 53, July

Malicious [nterference — Round Twa: 9, Dec.

New Hamn Bands — No Longer a Dream: 9,
Jan. Correspondence: 73, Apr.: 61, June

Press On: 9, July

Proof of License at Point of Sale: 9, Apr.
Correspondence: 33, July

Spectrum Management: 9, Feb.

Rewrite — Write Now!: 9, May

The ARRL Flag: 9, Oct,

The International Amateur Radio Union — A
Vital Foree in Post-WARC Planning: ¥, Sept.

FM/RPT

ASCII/RPT: 83, Feb.
Feedback: 47, Apr.

Behold the Noble Repeater: 70, Dec,

FM/RPT Down Under: 66, Jan.

FM Without Repeaters: 63, July

Hot Stove League, The: 70, Mar,

Obewan/RPT: 63, July

Of Cabbages and Kings: 68, Nov.

Op Guide: 63, July

Pause for Station Identification, A: 60, May

Two-Meter Band Utilization: The Abitabilo-
Reilly Report: 60, Sept.

Why ASCII?: 70, Apr,
Technical Correspandence: 39, Aug,
High-Performance Synthesized 2-Meter
Transmitter, A (Helfrick): 17, Sept.
Portable 2-Meter Repeater for Emergency
Communications, A (Beall): 31, Apr.

HAPPENINGS

Amateur Exams at Conventions, Hamftests

Discontinued: 70, Jan. Correspondence: 77,

Feb,

Amateur External Amplifiers Acceptable for

Marketing: 74, Mar.

Amateur License Plate Actions: 55, May

Amateur Operation in Airports: 59, June

Amateur Radio at Broadcast Stations: 37, Oct,

Amateur Radio Scholarships Awarded: 37, Oct,

Amateur Rules Amended to Protect FCC

Monitoring Stations from Interference: 72,

Mar.

ARRL Advisory Committees: 81, Feh.

ARRL Camments on RM-3618: Responsihility

tor Repeater Violations: 37, Aug.

ARRL Election Results for 1980-1981 Term;
69, Jan.; 80, Feb,

ARRL Elections — Slate of Candidates: 62,

Nov,

ARRL Qrganizational Matters: 74, Mar,

ARRL-Organized [EEE Technical Sessions:
58, Aug.

ARRL Technical Excellence Awards: 68, Dec,

Automotive [gnition Interference Docket Held
Open: 55, Sept.

Behind the Diamond:
W. Dale Clift, WAINLO: 58, Aug.
Robert M. Booth, Jr., W3PS: 63, Nov.

Brewer Labs Hit with Amplifier Injunction:
56, May

California Ham Wins Precedent-Setting An-
tenna Case: 68, Dec,

California Law Against Pay TV Bootleggers;
68, Dec.

Canada’s One Million CB Radio Users to get
Computerized Licensing Service: 56, May

Canadian Amateur Rules Amended: 75, Apr.

Chicago-Area Ham Wins Antenna Case: 75,
Apr.

Clara Reger, W2RUF, In Memory of: 58, June

Club Calls — Those That Have Them Can
Keep Them: 54, May

Continuing 420- to 450-MHz Radiolocation
Proposed: 51, fuly

Enforcernent Actions Ordered Against
Improper Amateur Licenses and Call Sigas:
71, Jan.

Exemption from Amplifier Ban Denied: 58,
June

FAR Scholarships: 36, May

FCC Asked to Fault User for Repeater
Violations: 39, June

FCC Bureau Chief Retires: 75, Apr,

FCC Catches Two Repeater Violators: 69, Dec.

FCC “Censure-Y" Club: 58, Qct.; 63, Nov,

FC'C Declines to Assign Phonepatch Sub-
bands: 62, Nav.

FCC Bxplains Novice 250-Watt Rule: 70, Jan.

FCC Proposes Formal Rules for the Amateur
Satellite Services: 80, Feb,

FCC Proposes Program: Reimburse Needy
Rutemaking Participants: 55, May

FCC Reconsiders Computer tnterference
Control: 38, June

FCQC Releases OMficial Wording of New
ASCII Rules: 74, Apr.

FCC Relaxes Emission Limitations in 6-Meter
Band: 56, Aug,

FCC Returns More Than $43 Million in Phase
l of Fee Refund Program: 58, Oct.

FCC Scorecard: 74, Mar.; 39, June; 63, Nov,

FCC Stalf Clarifies Rules for Generating
RTTY on Hf Bands: 35, May

FCC To Study New Technologies for
Increasing Radio Spectrum Efficiency: 69,
Dec.

FCC Will Continue Type Accepting Broad-
Band Amplifiers: 30, Feh.,

Flash! 420-MHz HIRAN: 56, May

Frank L. Baker, Jr., WIALP, Lang-Term
SCM: 58, June

Gant Resigns, Wangler New Director;
Comstock Becomes new V-Director: 74,
Mar,

Good News For Connecticut Hams: 51, July

*Grandfather Clause™ to End for Amateur
Extra First Class: 73, Mar.

Hams Participate in ELECTRO/80: 55, Sept.

Hawaii and Pacific Island FCC Matters
Transierred to Seartle Field Office: 56, May

ingquiry Begun on Changes to [nternational
Radio Regulations for Mobile Services
WARC: 58, Aug.

James R, Fisk, WiHR, Editor-in-Chief of
Ham Radio and Haem Radio Horizons:
38, June

Launch Vehicle Fails, AMSAT Phasc (1[-A
Crashes: $1, July

League Advisory Committees and Their
Members: 38, Oct.

League Asks FCC to Lift 160-Meter Band
Restrictions: 57, Oct.

League Comments on Del Norte Proposal to
Continue Radiolocation in 420 to 450 MHz;
58, Aug.

I.eague Favors Proposal to Simplify Amateur
1-D: 54, Sept.

Eeague Favors TV and FAX for General
Class HF: 69, Dec.

League Files Comments on 6-Meter FM,
Biological Effects of RF Radiation, and
900-MHz CB Dockets: 72, Mar.

League Members Will Decide on Board of
Directors: 50, July

Letter from ARRL President Dannals to
President Cavter: 70, Jan.

License Plate Bill Filed in Massachusetis:

82, Feb.

Licensing and Call Sign Assignment
Simplified: 56, Aug.

Maritime Mobile on the High Seus: 58, Junc

Move to Ban Closed Repeaters, Lower Pawer,
Fails: 55, Sept,

Needed: Advisogs to the ARRL Board af
Diirectors: 57, Oct.

New Bands Reminder: 69, Dec,

New FCC Examination Schedule for Washing-
ton, DC, Area: 54, May

New Rules Under Study for Nationwide Civil
Disaster Radio: 55, May

New Washington Area Coordinator, New
Department Manager at ARRL hq: 76, Apr,

New Washington, DC Newsletter: 53, Sept.

Petition for More “*Grandfather Credit®
Denied: 73, Mar.

Petitions Dismissed by FCC: 75, Apr,

Petitions Filed With FCC: 74, Apr.; 62,
Nov.; 9, Dec.

Petitions for Spanish Exams Dismissed; 62,
Nov, :

Phase IH Launch Day Approaches: 54, May

Phone Patch Sub-bands Proposal Dismissed:
55, Sept.

Plain-English Radio/Control Rules Proposed:
76, Apr.

President Dannals, Washington Area
Coordinator Williams Meet With FCC
Chairman Ferris: 56, Aug.

Proposal to ('ombine Amateut and
Commercial Exams Denied: 71, Jan.

Proposal to Combine CB/Radio-Control
Licenses Withdrawn; Petition to Cambine
Amatenr and CB Licenses Dismissed: 59,
June

Radar **Jammers" Declared Illegal; 59, Oct.

Receive-Only Satellite Earth Stations
Deregulated: T1, Jan.

Recent Petitions for Rulemaking Affecting the
Amateur Service: 36, Aug.

Repeater Endorsernent on License Not
Feasible — FCC: 55, Sept.

Rules Adopted for Amateur Satellite Service
(ASAT): 54, Sept.

Second Notice -~ ARRL Elections: 57, Aug,

Secrecy Provisions Applied to FHams, Guyana
Tapes Withheld: 34, Sept.

Simplifying Amateur [dentification Proposed:
58, June

Single-Sideband-Only Frequencies in the (B
Radio Service to be Proposed: 73, Mar.
Correspondence;. 57, May; 61, June

Staff Notes:

John Pelham, WI1JA: 82, Feb.
Peter O°Dell, AEBQ: 76, Apr,
Sally O’Dell, AESP: 76, Apr.
Andrew Tripp: 78, Apr,

Bruce Kampe, WAIPOI: 76, Apr.



Gerald Hull, AK4L/VELIBXC: 56, May
Bill Grim, WOMHK: 36, May
Mark 1. Wilson, AAZZ: 59, Oct.

Third-Party Traffic Must be Logged: &1, Feb.

TV and Facstmiie Proposed for General Class
HE: 57, Aug.

Two Major CB Linear-Amplifier Manutac-
turers Have Inventories Seized; 69, Dec.

[1.S. Court of Appeals Upholds Amplifier
Ban: 74, Apr.

Volunteer Examiners: License Photocopy Nat
Required: 76, Apr.

WAPLIZO Donates Emergency Repeater to
ARRL: 51, July

We Goofed: 76, Apr.

Y LISSB Memorial Scholarship Fund: 54, Sept.

10-Meter Amplifier Ban Lawsuit, Update on:
&1, Feh,

HINTS AND KINKS

Accu Hints: 53, Jan,

Additional Safety tor the Field Day Over-
voltage Protection Cireuit: 47, Oct.

Adjustment of Speed Keys: 41, Aug.

A Method of Calibrating the Speed Control
of an Electronic Keyer: 41, May

Antenna Corrosion Remover: 45, Feb.

Antenna Hint for DXers: 60, Apr.

Attaching Caaxial (Connectors: 58, Apr.

Burndy Connectors Aid Lengthening or
Shortening a Dipole Antenna: 38, Apr.

Capacitance- and Inductance-Measuritg
Devices: 42, Feb.

Cavity Duplexer Construction Nates: 42, Aug.

CDE Ham-LI1 Rotator, for a Slow-Turning:
53, Jan.

Cirgnit-Board Making, Aids for: 43, Feb,

Cleaning Variable Capacitors: 54, Dec.

Cotfee-Can Counterweight: 43, Feb.

Collins 758() Calibration Injection Level,
Increasing the: 45, Feb,

Competition-Grade Receiver Modifications:
46, Mar.

Connectors for CATV “*Hardline’” and Heliax:
43, Sept.

Coonversion of Single-Channel Receiver to
flunlti-Channel Operation: 41, May

Coupling Two Low-Voltage Power Supplies:
52, Jan; Corréspondence: 41, Oct.

C'uring High-Power TVI: 33, Jan.

Dentron MLA-2500, Insulator Cleaning Solves
Fuse-Blowing Problem: 47, Mar.

Desk-Top Equipment Shelf: 37, July

Drake T-4XB, Anti-TVT Modification for the:
45, Mar.

Effective lndoor Antenna, An: 36, Apr.

Eliminating RF o FT-101Z Microphone
Clircuit: 54, Dec.

Eliminating 2-Meter Amplifier Spurious
Emissions: 32, Jan.

Flower Pot Hides Dummy Antenna: 49, June

Frame Receiving Antenna: 43, Jan.

FT-101E, o Cure for Unwanted Oscillation in
the: 53, Jan.

FT-1012D, a 500-ohm Awndio Output for the:
42, Feh,

FT-101ZD Final-Ampfifier Current Monitor-
ing: 40, May; Fecdback: 43, June

FT-101ZD Frequency Shift; 37, July

FT-101ZD RF Feedback: 40, May

FT-301 Hints: 41, Aug,

Crounding Guy Wires Eliminates QRM: 57,
Apr. :

Hardline Coaxial Antenna for 2 Meters, A:
51, Jan.

Heath “SB’* Series, Zero-Dial Madification
for the; 44, Feb.

Heath SB-101, Low Sensitivity and RE Drive:
53, Dec.

Ana

Heath 8B-104 Talk Back Solution: 53, Dec.
Heath $B8-220 Moditication, Comments on:
44, Feb,
Heath $B-230, Tuning Aid and Protective Cir-
cuit for the: SI, Jan.
Hints and Kinks from Abroad: 42, Jan.
Hybrid Multiband Antenna, An: 57, Apr.
Improving Ripple-Free Current Capability of
Low-Vaoltage Power Supplies: 52, Dec.
Improving the Swan 500 CX Calibration
Oscillator; 54, Dec,
Inexpensive Nameplates: 44, Feb.
KDK-144, Additional Scanner Modification
tor the: 53, Jan.
Kenwood T8-820 Crystal-Filter Switching: 36,
July; Feedback: 42, Oct.
Keving-Polarity Inverter, A: 49, June
Longer Life for Front-Fanel Lighting:
43, Feb.
Making Husky Ground Terminals and Tips
for Your Soldering Gun: 54, Dec,
Matching Coaxial Cables: 42, Jan,
Meter Amplifier, A Useful: 60, Apr.
MFJ Cw Fitter: 37, July
Mini-Misei’s Dream Receiver Modification:
36, July
Mobile Holder for Hand-Held Radio: 43, Feb,
Modified Capacitor for the Universal
Transmatch: 39, Apr.
More Thoughts on the Avcu-Keyer: 44, Sept.
MOSFET SSB Adaptor: 42, Jan.
More on Remaving Tower Sections: 58, Apr.
Mosely CL-33 and CL-36 Triband Antennas,
Tips for: 57, Apr.
Nanconductive Guy Lines: 58, Apr.
Note on the Clipperton L, Ar 54, Dec.
Oilers for Mechanical Parts: 48, Oct.
Oil Where You Want It: 53, Jan.
Old Timer’s Notebook, The
Changing Antenna Directional Characteris-
tics: 45, Feb.
Chassis and Panel Layout: 49, Junc
Fixture for Centering Holes in Shafts or
Screws: 42, May
Marconi-Zepp Antenna, A: 39, Apr.
Remember the Wonder Bar Antenna — A
10-Meter Bow Tie?: 59, Apr.-
Sticking Relays: 54, Dec.
Overvoltage Protection for Field-Day Equip-
ment: 47, Mar. Feedback: 35, May
PEP Wattmeter Modification: 48, fune
Power-Connector Standardization [mproves
Emergency Communications: 40, Aug.
Power Supply Crowbar Overvoltage Protec-
tiow: 47, Oct.,

Preventing lee Buildup on Antennas: 46, Mar.

Radio Shack Board Well Suited for
Calibrator: 54, Dec,

Regarding TS-520 CW Modification: 54, Dec.

Relay Chatter; 43, Feb,

Remedy for Crystal Calibrator: 52, Nov.,
Remote Switching for 3-Band Quad: 56, Apr.
Rotor Control Cable Quick Disconnect: 58,

. Apr.

RTTY Paper: 53, Dec.

SB-104A/644A, More on Improving The: 41, .

May
Scanaing Kdea for the Kenwood TR-2400: 53,
Dec,

Sheoting a Fishing Line Over a Tree: 59, Apr.

Simple Coreless Baluns: 47, Oct.

Smooth and No-Stip Drive for Heath VFOs:
48, Oct.

Soldering Tarnished Copper Wire: 53, Jan.

Solving Broadband Amplifier Harmonic
Problem: 33, Dec.

Spurious Emissions From HX-{0 Transmitter
Traced to Misaligned Switchable Traps:
41, May

Stacked Antennas, Kilowatt Transmitters
Cause Receiving Problem Soived by Traps:
57, Apr.

‘Tailor-Made Enclosures tor Projects: 52, Nov,

Tape-Recorder-Diriven Solid-State Kever
Modification: 53, Jan.

Telephone RFI: 31, Nov.

Think Clean: 49, June

Thoughts on the Heath HD-1410 Electronic
Kever: 53, Do,

Too Much Gain for the “*ACT" Causes
Problem: 52, Jan.

Torpid Mounting, Corks for: 44, Fcb.

Updating the Extended Frequency Range
Modification for the Collins 758-1; 31, Nov.

Vacuum Capacitor for Antenna Trap: 48, Oct.

Varactor Tuning the Mini-Miser’s Receiver:
52, Nov.

Versatile Calibrator: 43, Jan,

VK28V Modification for the Heath Noise
Blanker/755-3 Combination: 48, June

WATAKR 40- and 75-Meter Slopers, The: 42,
Aug.

When Rf Upsets Electronic Ignition: 52, Dec,

Wrinkle Finish: 52, Jan.

Yaesu CPL-2500R Manual-Scan Moditication:
44, Sept.,

Yaesu FI-7B, Emproved Keying for the: 45,
Mar,

INTERNATIONAL NEWS

Four New Members for TARU: 59, Aug.

Hamming in Charlie-Five: 59, July

JARL Hosts Chinese Amateurs: 67, Nov.

Lima to be Site of 1ARU Region 2 Conference:
59, Aug.

More ITU (onferences Planned; IARU to
Participate: 59, Aug.

New Executive Committes for |ARU Region
2: 73, Dec,

MNew Vice President for 1ARU: 59, Aug.

New Zealand Adopts 2-Meter Plan: 59, Aug.

Operating Privileges Restored in Liberia: 59,
Aug.

Solomon Island Radio Society Formed: 59,
Aug,

Sri Lanka, Chapter Twor 67, Nov,

WARC Honors: 59, Sept.

West Germany Revises Amateur Regulations:
59, Sept.

What About the International Future of
Amateur Radio?: 74, Feb.

IN TRAINING

Keving on ASCLL: 58, July

Of Classes, Teaching and New Exams: 63, Oct,

Old and New FCC Study Guides: A Com-
parison: 64, May

Potpourri of Classroom ldeas: 73, Jan.

Pretest/Posttest: 60 Aug.

KEYING & CONTROL CIRCUITS

Absolutely Clickless Keying: 46, Apr.

Curtis EK-480M CMOS Deluxe Keyer: 46,
Tune

C'W ASCII Keyboard, A (Carter): 26, Oct,

Lixternal Paddles for the Heath HD-1410
Keyer (Ashenfelter): 25, Cct,

Improved Keving far the FT-7B: 45, Mar,

Keying-Polarity Inverter, A: 49, June

MEJ-484 Grandmaster Keyer; 44, Aug.

Mare Thoughts on the Accu-keyer: 44, Sept.

MSL Digital QSK Kit: 46, Oct.

NOR-Cate Break-1n, The (O'Dell and
Shrinery: 22, May; Feedback: 43, June
Static Motse Keyboard, A (Isley): 44, Jan.

Feedback: 47, Apr.



Transmitter Keying Circuits for CW (Phillips):
4. June

Variable Memory for the “TO Msg, Kever’:
36, Jan,

Zero-Cost Key (Gelineaud: 32, Nov,

MEASUREMENTS & TEST EQUIPMENT

Accurate Transistor Voltmeter Corrections:
47, Apr.

Bird 4381 RF Power Analyst, The: 43, July

Capacitance- and Inductance-Measuring
Devices: 42, Feb.

Capacitance Meastrement with a Dip Meter
(Noble): 23, Dee,

Checkerboard Checker, The (O'Dell and
Shrinerk 36. June

E-Tek FR4TR Frequency Readout/Counter:
46, Oct.

Heath HM-2140 Dual HF Wattmeter: 40, Feb.

Heath HM-2141 VHF Wattmeter: 41, Sept.

Heath [B-5281 RLC Bridge: 47, Dec.

Heath IM-2215 Hand-Held Digital Multimeter,
The: 45, June

Impedance-Match Indicator, The (Geiser): 11,
July

Little Gem Mixer Box, The (Jones): 29, July

Meter Amplifier, A Useful: 60, Apr,

New Look for QST's Antenna Patterns, The
(Hall): 26, July

Reflectometer for Twin-l.ead, A (Brown): 15,
Qct.  Feedback: 58, Dec.

Stmple, Accurate Resistance Measurement
(Koch): 30, Jan. Feedback: 40, July

Siraple and Sensitive Impedance Bridge, A
(Thompson): 29, Mar. Feedback: 47, Apr.

Trio-Kenwood DM-81 Dip Meter: 30, Dec.

Universal Digital Frequency Readout, A
(Torres and Schrick): 11, Jan,
Feedback, 47, Apr.

WRBGZNL Beacon, The (Troster, Villard,
Ouimet and Pierce): 57, fan.

1980 Dipper, A (Brown); i1, Mar.

MISCELLANEQUS GENERAL

Advertising Aceeptance — A Membership

Service (Aurick}: 8§, Nov,

Amateurs Assist in Cuban Refugec Operation

(Kandel): 45, Sept.

Amateurs in the Thick of Volcano Action

{Brown and Lievsay): 47, Aug.

Amateur Radio at Mitarod, 1980 (Lee): 46,

Nov, .
AMSAT-OSCAR Phase 11 on the Horizon,

Part 2 {Place): 64, Apr.; Part 3 (Davidoft):

46, May
Arctic DXpedition Falls Just Short of Pole

iTripp): 50, Aug.

ARRL’s Long-Range Planning Committee -~

A Progress Report (Clark): 34, June
Biggest Birdbath in Illinois, The (Jablin) T8,

Aug.

California Hams Assist During Mud/Flood

Crisis (Jenseny: 11, June
CMP Plan for 20-Meter DXing, The

{McCarthy): 62, Apr.

Correspondence: 53, July; 60, Oct.
Collinear Yagi Sextct, The (Clement):

§2, June Correspondence; 57, Sept.
Decade Ends, The (Bristol)y: 72, Feb.
Discover an Endless Adventure: 30, June
France: Land of the Friendly Ham: (Keenan):

39, Jan.

Geneva Story, The (Baldwin and Sumner):

52, Feb. Correspondence: 77, Feb.

The Handicapper's Special — Wheelchair

Mobile (Christopher): 62, Dec.

Hurricane Anthology (Naftzinger, Denniston,
ct al); 46, Feb, Correspondence: 73, Apr.

Jubifant Board Welcomes WARC Win
(Williams): 62, Mar.

King of the Hill (Troster): 59, Dec.

Low Power Operating from the Continental
Divide (Link): 64, Dec,

Major ARRIL. Operating Events and Conven-
tions — 1980: 92, lan.

Mect Your ARRL Officers (Tripp): 49, QOct.,

Mississauga Evacuated — Hams Help (Gold-
stein and Pawers): 50, Mar.

Mount St. Helens Eruption Buries Ham
Project: 28, July

New Lcague Film Promotes Amateur Radio
(Pasternak): 48, Aug.

Organizing Amateur Communications for
Puhlic Events (Diefenbach); 11, Dee.

Phase 11t Suffers Watery Fate (Place): 45,
July

PR in Palos Verdes (Overbeck): §6, Nov.

QST Abbreviations: 65, Dec.

Radio Camp — A Visit with the HANDI-
HAMSs (Patm): 60, Dec.

Radio Frequency Encrgy: A Primer for
Amateurs {Wangler): 48, Sept.

Red Cross Division Bmergency Communica-
tions (Mallette): 50, Oct.

Rollerbalt — Amateur Radio-Style.
(Chamalian): 43, May

“SEA-BOARD 80" -~ The Summer ARRL
Meeting (Williams): 50, Sept.
Correspondence: 67, Dec.

Show-offs, The {Troster): 59, Mar.

Snowless Wanderland, A (Canning); 60,
Nov.

VHF Mountatntopping in America: A Travel
Guide (Overbeck): 46, july

WBG6ZNL Beacon, The (Troster, Villard,
Quimet and Plerce): §7, Jaw

With NBVM to China (Lott): 53, Mar,

World Friendship Through Amateur Radio
{Brown): 61, Apr.

Your [Incoming QSL Bureau (Bicberman): 54,
Nov.

MISCELLANEOUS TECHNICAL

Active Filters (Bloom): 17, July

Adding Receiver Incremental Tuning to the
HW-104 or SB-104 Transceiver (Bradshaw):
16, Jan. Feedback, 49, Mar,

Adjustable-Gain Microphone Amplifier, An
(Thome): 11, Apr.

All Solid-State QSK for the Heath SE-220
(Clements): 25, Jan,

Analysis of the Batun, An (Eggers): 19, Apr.

Another Look at an Old Subject: The Bug
Catcher (Frazell and Allison): 30, Dec.

ASCIT, Baudot and the Radio Amateur
(tenrev): 11, Sept.

Aatomatic CW Identifier, An (Savagej: 18,
Feb.

Broad-Band 80-Meter Antenna (Harbach): 36,
Dec, -

Bug Box QSK (Shafer): 30, Feb.
Feedback: 49, Mar.

Capavitance Measurcment with a Dip Meter
{Nobic): 23, Dec,

Cheapie-Charger for NiCad Batteries, A
{Schroder): 33, Feb. Feedback: 47, Apr.

Circular Polarization and OSCAR
Communications (Glassroeyer): 11, May

CMOS Command Decoder for Repeaters and
Remote Bases, A (Jogoleff): 20, Qct.

Coaxi-Match, The (Guild)y: 24, Dec.

Collinear Yagi Sextet, The (Clement): 52, June
Correspondence: 57, Sept.

Computer-Operated Rotator-Contro)

interface, A (Blakeslee): 21, June

Constructing a Simple 5/8-Wavelength
Vertical Antcnna for 2 Meters (Bauer);

22, Sept.

Converting Pawer-Line Transformers for
Transmitter Service (Seawright): 38, Nov,

Crystal Controlled AFSK CGenerator, A
(Mclntire): 27, Dec.

CW ASCII Keyboard, A (Carter): 26, Oct.

DeLuxe NiCad Charger for Hand-Held Trans-
ceivers, A (Shrinery: 28, May
Technical Correspondence: 40, Aug.

Deluxe RV 5-Band Anterna, A (Schecter):
38, Oct.

Electronic Switch tor a Solar Panel, An
{Blakeslee): 12, Aug.

Electronic Voice-Saver, The (Bredey: 18, June

External Paddles for the Heath HD-1410
Keyer (Ashenfelter): 25, Oct.

FDX — A Challenge Accepted (Thyme): 37,
Apr.; Correspondence: 61, June

Half Sloper, The — Successtul Deployment is
an Enigma (Belrose): 31, May

High-Performance Synthesized 2-Meter
Transmitter, A (Helfrick): 17, Sept.
Feedback: 53, Nov,

Hints and Kinks from Abroad: 42, Jan.

Impedance-Match Indicator, The (Geiser): 11,
July

Improved RTTY Reception with the Yacsu
FT-101 (Sherwood): 24, Nov,

Increasing Receiver Dynamic Range (Rhode):
to, May Feedback: 4G, July

Ladder Crystal Filter Design {Hardcastle): 20,
Nov.

Little Gem Mixer Box, The (Jores): 29, July

The Magnetospheric Echo Box — A Type of
Long-Delayed Echo Explained (Villard,
Muldrew and Waxham); [1, Oct.

Maverick Trackdown {DcMaw): 22, July

Medium-Scan Television Update (Miller); 27,
Feb.

Memory for the K2BLA (MOS Keyboard, A
(Helfricky: 33, Dec.

Microcomputers and Radio Lnterference
(Cooper): 17, Mar, Feedback: 47, Apr.
Technical Correspondence: 35, May

Microprocessor and Slow-Scan Television, The
(Jessop): 36, Jan., Feedback: 17, Feb,

Microprocessor-Based Audible Clock, A
(Wagner): 28, Feb.

Modern Design of a CW Filter Using 88- and
4d-mH Surplus Inductors (Wethechold): 14,
Dec.

Modifications ta a Micrepracessor-Based
Keyboard (Donaldson): {8, Oct.

Modulation Systems and Their Noise Pertot-
mance (Greavesk: 23, Aug.

Multiclement Twin-Loop Array tor VHE/
UHF (Okagaki): 28, Jan.

New Look for QST's Antenna Patterns, The
(Hall): 26, July

Observance of Long-Delayed Echoes on 28
MHz (Geodacrey: 14, Mar,

Optimized QRP Transceiver, An (Lewallen):
{4, Aug.; Feedback: 53, Nov.

Oriental Wedding, An (Pagel): 44, Apr.

Over-the-Horizan or lonospheric Radar
{Villardy: 39, Apr.

Correspondence: 53, July

Portable Quad for 2 Meters, A {Decesari):
26, Sept.

Portable 2-Meter Repeater for Emergency
Communications, A (Beall): 31, Apr.

Radio Parts Eldorado, A {DeMaw): 20, Ang.

Reflectometer for Twin-Lead, A (Brown): 15,
Oct. Fredback: 58, Dec.

Remotely Controlled Antenna-Matching Net-
work, A (Drake): 32, Jan.



Results, Great Ionespheric-Hole Experitent
(Simpson, Velez, Bernhardt, Pierce,
Klobuchar and Reisest): 26, Nov.

S-hand Receiving System for Weather Satel-
lites, An {Emitani and Righini}: 28, Aug.
Feedback: 53, Nov.

B[ - fangerous Crippler of Radio Amateurs
(O Del: 34, Nov.

The Shooter — A 3-Band Portable Antenna
(Ljongquist): 23, Sept.

Silk Screen QSLs for the **Gypsy® Radio
Amateur (Murphy): 44, Dec.

Simple, Accurate Resistance Measurement
(Kochy: 30, Jan. Fecdback: 40, July

Simple and Sensitive lmpedance Bridge, A
{Thompson): 29, Mar. Feecdback: 47, Apr.

Smart Push-to-Talk Circuit, A (Stuarty
38, Dec.

Solar Powering a Ham Station (Hallidayy:
11, Aug.

some Thoughts About TV Sweep Tubes
{DeMaw): 1], Feb.

Spread-Spectrum and the Radio Amateur
{Rinaldo): 13, Nov,

SSTV in Colour (Rovle): 11, Nov,

State-uf-the-Art Terminal Unit for RTTY,
A (i Julio): 20, Dec.

Static Morse Keyboard, A (isley): 44, jan.
Feedback: 47, Apr.

Telephone-Line Repeater-Control Device, A
{Nery): 16, June

T-Network Semi-automatic Antenna Tuner, A
{Imamuraj: 26, Apr.

Tower Alternative, The (Wolfert): 36, Nov.

Transrmutter Keying Cireuits for CW (Phillips):
40 June

Traveling Ham’s Trap Vertical, A {(DeMaw);
28, Oct.

Tri-Yagi for 50 MHz, A (Quaresima): 14, June

I'wo-Band Half-Sloper Antenna, A {Myers):
32, June

Universal Digital Frequency Readout, A
(Torres and Schrick): 11, Jan.

Feedback: 47, Apr.

Universal Touch-Tone Decoder, A (Shriner):
34, Mar.

Versatile Timer Circuit, A (Coleman): 36, Feb.

Verti-Beam III — A Muttidirection 20-Meter
Antenna (Turner): 26, Aug.

VHF-UHF 3-Band Mobile Antenna, A
(Harrisp: 16, Feb.

Walking Your Tower Up? Can You Do It
Safely? (Mathewson); 32, Mar,

Yechnical Correspondence: 40, July

Zapping Lifc Back into a Nickel-Cadmium
Cell (Schleicher): 35, Feb.

10-Minute Témer That Just Won’t Quit, A
(Cebik): 35, Sept.

15-Meter Beam for §10, A (Burnham): {8,
MNov,

144-MHr Stop-Band TVI Filter: 34, Aug.

1980 Dipper, A (Brown): 11, Mar.

NEW BOOKS

Hlustrated Dictionary of Electronics, The
(Turnery: 31, Nov,

Man-Made Radio Noise (Skomaly: 41, Feb,

Morse, Marconi and You (Math): 41, Feb,

Technology — Fire in 2 Dark World
(Pascarella): 21, May

OPERATING PRACTICES

How’s DX? (Greene):
Back to the Drawing Board: 71, Nov.
Century Clubhouse Visit: 77, Jan.
DXpeditions for Fun, Not Profit: 65, Aug.
DX Portfolio: 68, Oct.

Hamming in Charlie-Five: 59, July

It’s About Time: 77, Mar.

Most Everyone iNeeds Something: 77, Mar.

New Operating Aids for the DXer: 66, Aug.

Novice DXCC? WB3JRU is (n His Way:
85, Feb.

Operating from Where the Grass Really is

Greener: Beaches, Palms and QRP: 65, June

Polls, Pirates and Prefixes: 67, Sept.

Station Design for DX - (980, Part I
67, Oct.

USSR QSLs: 67, Sept,

Visit With Uncle Bill, A: 77, Mar.

What’s That [ Hear?: 65, May
Correspondence; 53, July

When the Stadium is the Whole World:
81, Apr.

Operating News {Lindholm):

A Consumer Advocate’s Report: The Price
of A=1: 80, Sept.

From KBNCB03S5 to KA4NID: My First 19
Days: 71, Aug,

Hurricane Hurts vs. Hertz: 90 Oct.
Correspondence: 64, Nov.

Jargon: 96, Mar. Correspondence; 53, July

Meaningful Q50s: 93, Nov,

Meet Youwr SCM: Rager D, Coady, NSFN

New ARRL DX Contest Ushers in the 80s,
The: 93, Jan.

October CD Partiey Results: 93, Jan,

Official Observer Programy 96, Feb,

Post-WARC is Herel Now What?: 97, Apr.

Repeat SCM Nominating Solicitation: 93,
Jan,; 98, Apr.; 91, May; 73, Juily; 7t,
Aug.; 91, Oct.; 92 Nov;

SCM Appointment: 73, July: 71, Aug.;
94, Dec.

SCM Eleciion Natice: 93, Jan, %6, Feb;
98, Apr.: 90, May; 73, July; 71, Aug.:
91, Qct.; 93, Nov.;

SCM Election Results: 93, Jan.; 97, Feb,;
96, Mar.; 91, May; 71, Aug.; 91, Oct.;
93, Nov.

Up. Up and Away: 90, May

&4, lune Correspondence: 55, Aug.

Wanted: More Workers in the Traffic
Vineyards: 94, Dec.

Will the RS(T) System Last Until Judgement

Day?: 73, July Correspondence: 57, Sept.

WITAW Schedule: 97, Apr.; 90, Oct.

You're In Good Hands With All States:

PRODUCT REVIEW

AEA Isopole 2-Meter Antenna, The: 51, Apt.

AEA MorseMatic MM-1 and MK-2 Kevers,
The: 43, Oct.

Alliance HD-73 Heavy Duty Rotator: 51, Dec.

Apollo Products Cabinets: ¢, Jan.

Apollo Trans-Systems Tuner 2000X-2, The:
39, May

Autek QF-1A Active Audio Filter: 44, July

Azden PCS-2000 2-Meter FM Transceiver: 43,
Aug,

Bencher, The Improved Paddle: 49, Dec.

Bencher ZA-1 and ZA-2 Baluns: 45, Oct.

Bird 4381 RF Power Analyst, The: 43, July

Broder Logic Trainer Model 100, The: 41,
Feb,

Clegg AB-144 Ali-Bander Receiving Converter:
44, Ot

Communications Specialists TE-64 Tone
Encoder: 41, Sept. Feedback: 53, Nov.

Comtronix-FM80 10-Meter Transceiver: 48,
Dec.

Curtis EK-I80M CMOS Deluxe Keyer: 46,
June

Cusheraft 32-19 “*Boomer™ and 324-QK
Stacking Kit: 48, Nov.

Datak Titles, 5¢, Nov.

Drake R-7 Receiver: 49, Jan.
Feedback: 17, Feb.,

E-Tek FRATR Frequercy Readout/Counter:
46, Oct.

Flesher TR-128 Baud Rate Converter: 53, Apr.

HAL DS3100 ASR Video Display T'ermuinal,
The: 48, Apr.,

Heath HM-2140 Dual HF Wattmeter: 40, Feb.

Heath HM-2141 VHF Wattmeter: 41, Sept.

Heath {B-5281 RLC Bridge: 47, Dec,

Heath IM-2215 Hand-Held Digital Multi-
meter, The: 45, June

Heath SA-1480 Remote Antenna Switch: 43,
luly

Heath SA-2040 Antenna Tuner: 49, Nov,

Heath SA-T010 Tri-Band Yagi: 45, Aug.

Heath $B-221 Linear Amplifier Kit: 43, Mar.

{RL FSK-1000 RTFTY Demodulator, The: 44,
June

Kenwood R-1000 Gieneral Coverage Receiver:
46, Dec.

wenwood TL-922 Linear Amplifier: 39, Sept.

kenwood TS-1808 Transceiver: 36, May

Macrotronics Ritty Riter, The: 51, Dec.

MEJ-484 Grandmaster Keyer: 44, Ang.

Mity-Time 1.CD Clock, The: 49, Dee.

MSL Digital QSK Kit: 46, Oct,

Mureh UT-2000-B Transmatch: 50, Apr.

Optoelectronics, Inc. Nigital Thermometer:
54, Apr,

Optoelectronics TRMS:5000 DMM/
Thermameter: 47, Nov. =

Optoelectronics 8010 Frequency Counter, The:
37, May

Soundpower SPI00 Audio Speech Processor,
The: 49, Jan.

Swan Astro-[50 Transceiver, The: 41, July

Tandy Wire and Cable RCi-8/M Coaxial
Cable: 49, Dec.

Tedeo Model 1 GRP Transceiver: 49, Nov.

Ten-Tee OMNI D Transceiver, The: 47, Jan.

Ten-Tec 247 and 277 Antenna Tuners: 52, Apr.

TET 3F35DX 'Tri-Band Antenna: 53, Apr.

Travel-Pak QSL Kit: 47, Junc

Trio-Keawood DM-81 Dip Meter: 50, Dec.

Trio-Kenwood T8-120S HF 8SB Transceiver,
The: 38, Feb.

Yaesu FT-7R Mobile/Base 1JF Transceiver and
YC-7 Frequency Display: 41, Mar.

Yaesu FT-207R Hand-Held 2-Meter fm
Transceiver: 49, Apr.

Z.R.C. Cold Galvanizing Compound: 45, Oct.

1980 Archer Semiconductor Replacement
Guide, The: 47, June

3rd Hand, The: 47, June

PUBLIC SERVICE

Amateurs Assist in Cuban Refugee Operation
{Kandel): 45, Sept.
Amateurs in the Thick of Volcano Action
{Brown and Licvsay): 47, Aug.
Amateur Radio at Iditarod, 1980 (Leei: 46,
Nov.
California Hams Assist During Mud/Fleod
Crisis (Jensen): 11, June
Hurricane Anthology (Naftzinger, Denniston,
et ak.): 46, Feb, Correspondence: 73, Apr.
Mississauga Evacuated -~ Hams Help
1Goldstein and Powersy: 50, Mar.
Qrganizing Amateur Communications for
Public Events {Diefenbach): 11, Dec.
Public Service (Halprin):
Amateur Radio ard the Tall Ships: 96, Dec.
Another ARTS: 95, Nov,
Around the Bands: &2, June
District Emergency Coordinator Now
Oficial: 93, Mar.
From the Mailpouch: 93, Febh.
Handling a Hurricane Net: 92, Oct,



Handling Instructions — Who Needs "Em?:
73, Aug.
How Can My Net Join NTS?: 95, Nov,
National Traffic System Meeting Report:
94, Apr.
Net Managers — Air Tratfic Controllers:
87, May
Oklahoma Story, The: 75, July
RTTY — The Story Continues: 83, jan.
Traffic Pipeline: 82, Sept.
Red Cross Division Emergency Communica-
tions {Mallette): 50, Oct,
Rollerball — Amateur Radio-Style
{Chamalian): 43, May
Simudated Emergency Test: Results 1979: 91,
Apr.” AnifSuncement 1980: 78, Sept.
WAQUZO Donates Emergency Repeater to
ARRL: 51, fuly
QST PROFILES
Amateur Radio is in the Movies — Dave Bell,
W6AQ: 71, Oct.
After 66 Yvars, Coggie Hasn’t Lost His Spark
— lvan 8. Coggeshall, KAIAVG: 70, June
Amateur Radio and Medical Research — Ted
Henry, WelOL: 76, Mar,
tourage in Minnesota — Bruce L.
Humphrys, KBHR: 78, Jan,
72 OM — Thomas Clarkson, ZL2AZ: 83, Dec,

RECEIVING

Adding Reveiver Incremental Tuning to the
HW-104 ar 8B-104 Transceiver (Bradshaw):
i6 Jan,  Feedback: 49, Mar.

All Solid-State Q5K for the Heath $B-~220
{Clements): 25, Jan,

Autek QF-1A Avtive Audio Filter: 44, July

Clegg AB-144 All-Bander Recciving Converter:
44, Oct,

Collins 755 (} Calibration Injection Level,
Increasing the: Hints and Kinks: 45, Feb,

Competition-Grade Receiver Modifications:
46, Mar.

Drake R-7 Receiver: 49, Jan, Feedback: 17,
Febh,

Improved RTTY Reception with the Yaesy
FT-1801 (Sherwood): 24, Nov.

Increasing Receiver Dynamic Range (Rhodes:
16, May Feedback: 40, July

Kenwood R-1000 General Coverage Receiver:
46, Dec,

Mint-Mtser’s Dream Receiver Modificatton:
36, fuly

Nitty-Gritty of Simple Receivers, The (DeMaw
and Shriner): 21, Mar.; Feedback: 43, June

S-band Receiving System for Weather Satel-
lites, An {Emilani and Righini): 28, Aug,

Varactor Tuning the Mini-Miser’s Recefver:
52, Nov.

20, 40 and 80 Meters with the “*Basic Radio
Receiver™ (DeMaw sod Shriner): 22, Apr.

REGULATIONS

Extracts from the Table of Frequency
Allocations for the Amateur and Amateur.
Satellite Services: 62, Feb.

License Renewal Information: 91, Jan.
Feedback: 17, Feb.

New FCC Study Guide for AR Amateur
Exams: 55, Mar.

U8, Amateur Frequency and Mode Alloca-
tions: 91, Jan.

Currespondence: 64, Jan.
Washington Mailbox (Palm):
Alien: 77, Apr.
Antennae: 61, Oct.
ASCIL: 60, June
Technical Correspondence; 39, Aug.
Behold the Noble Repeater: 70, Dec.

Call Signs Revisited: 75, Mar.

Contester's Rule Book, The: 52, July

FCC Rulemaking Primer, An: 52, May

Licensing, Exams -~ and the Gettysburg
Address: 78, Feb,

RACES: 67, Jan.

Safari Through the Technical Standards
Jungle, A: 56, Sept.

Surprise Quiz, A: 64, Nov.

Traffic Handler's Rule Book, The: 64, Aug.

SATELLITES

AMSAT-OSCAR Phase 11 on the Horizon,
Part 2 (Place): 64, Apr. Part 3 (Davidoff);
46, May

Circular Polarization and OSCAR Communi-
cations (Glassmeyer): 11, May

Launch Vehicle Fails, AMSAT Phase [11-A
Crashes: 51, July

Look at OSCAR-7 Telemetry, A: 38, July

Phase I1F Suffers Watery Fate (Place): 45,
July

Press On: 9, July

Kules Adopted for Amateur Satcllite Service
{ASAT): 54, Scpt.

S-band Recelving System for Weather Satel-
lites, An (Emitani and Righini); 28, Aug.

Where Do We Go From Here?: 62, Aug.

TECHNICAL CORRESPONDENCE

Absolutely Clickless Keying: 46, Apr.

Accurate Transistor Volimeter Corrections:
47, Apr.

Aireraft ELT Mouitor Control for Repeaters:
42, June

Antenna-Pruning Shorteut, An; 46, Apr.

ASCII Standards Proposal: 41, Oct.

Broadband Balun Benefits: 36, Jan.

Conversion of Surplus Relays to Other
Opcrating Voltages: 34, May

Clothes-Dryer QRN: 47, Apr.

Corrections for a Simpte RF Sniffer From
Qctober 1979 @ST: 48, Mar.

Dor't Break the Seal; 34, May

Extending Transmatch Range: 46, Apr,

Frequency-Black Programming of CES 800
Scanners: 40, July

Hand-Powered Radio: 40, July

Improvecd Program for Low-Pass Filter
Design, An: 34, May

Improving The “Basic Radio" Power Supply:

41, Oct.
Look at OSCAR-7 Telemetry, A: 38, July
Microcomputer RFI Addendum: 35, May
Maontgomery Ward Dish for WEFAX, The:
48, Mar.
Only an Ember Remains: 55, Jan,
Poisor in the Har Shack: 42, June
“QRT” Antenna Impedance Matching: 42,
Oct.
CQuad Correction: 48, Mar,
Quantitative Noisc Blanker Tests: 39, Aug.
Q&A Correction; 35, May

Solid-State PA Matching Networks, Mare on:

33, Jan.

SSE Operating Frequency: 43, June

Stable Transmissivn-Line Osciftator: 39, Auy.

Temperature Effects On Bypass Capacitors:
40, July

Toward Safer Antenna Installations: 56, Jan.

Tuned Ferders are Better: 47, Apr.,

Tune-up Bridge Note, A: 46, Apr.

Twist Called ““Twist,” A: 43, June

Ultimate Transmatch Improved: 39, July

Variable Memory for the “T0) Msg Keyer™:
56, Jan,

VHF Receiver Dynamic Range: 48, Mar.

Woodpecker Thoughts, More: 56, Jan,

4:1 Unun) Az 41, Oct.

TRANSMITTING

Automatic CW Identifier, An (Savage): 18,
Feb.

Beginner's 3-Band VFO (DeMaw and Shriner):
9, Jan,

High-Performance Synthesized 2-Meter Frans-
mitter, A (Helfrick): 17, Sept.

Matching the Transmitter to the Load (DeMaw
and Shrinerk: 22, Feb.

Ultimate Transmatch Tmproved: 39, July

VHF & MICROWAVES

VHF Mountaiotopping in America: A Travel
Guide (Overbeck): 46, July
New Frontier, The:
Free for AlI? (Cooper): 68, Jan.
Microwave Activity (Atkins): 66, Gct.
Simple Microwave Video (Cooper): 71, Mar.
New DX Record on [0 GHz (Atkinsk: 69,
Naov.,
The Record — Straight and Otherwise
{Cooper): 33, May
Warld of Gunn Diodes, The (Coaper): 78,
Feh,
10 GHz News (Atkinsy: 69, Nov.
1296 Power and SWR Indicator (Atkins): 69,
Nov.
$30 Video Microwave System (Cooper): 71,
Apr,
World Above 50 MHz, The (Tynan);
Another Chanee: 72, Oct,
ATV Frequencies: 72, June
Central States VHF Coaference Report;
76, Nov.
Coming Decade, The; £3, Jun,
Golden Opportunity for 2-Meter Ops A
62, May
Our Forgotten Bands: 84, Mar.
Frogress Toward A Worldwide Locator
System: 62, Sept,
Sun, From Whenee Our DX Comes, The:
64, July
VHF Coordination, a New Facility for:
90, Feb.
WARC und the World Abave 50 MHz;
85, Apr,
Where Do We Go From Here?: 62, Aug.
220 — The Coming Band: 76, Nov.

WORLD ADMINISTRATIVE RADIO
CONFERENCE

Dateline Geneva: The Closing Days: 62, Jan.
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A Universal

Digital Frequency Readout

Weary of counting frequency calibration marks on your
analog readout VFO dial? Why not go digital? Here is a

simple-to-build four-digit frequency display.

By Alfonso Torres,* KP4AQI and Gerd Schrick,* WB8IFM

D tgital  frequency  displays  for

amateur cquipment have heen available
tor 1 number af years, Most circuits have
heen desiyned for use with specific picees
uf eyuipment. The complexity of these
Jusizns is reflected on the price tags —
around $200. On the other hand, a
straight frequency counter can be pur-
vhased for under $100. Some amateurs
use  these counters tn indicate their
operating frequency. This works fine for a
¢w transiission; however, an ssh signal
tends to ““jugele’® the numbers. And, on
receive, there is nothing to be measured!

This article describes & rolatively in-
expensive  und  simple-to-build  digital
readout that is adaptable to almost any
piece of dmatedr equipment which is of
the superheterodyne variety.' it can alsc
be used as an ordinary frequency counter.
The design has evolved over more than six
years of building similar <ireuits, This
design makes use of CMOS, TTL and
low-power Schottky devices.

Fhe measurcment principle is simple:
the frequency of the VFO is counted and
the freguency of the i-f is added or sub-
tracted from the VFO count {depending
on  the equipment  frequency-mixing
seheme). The frequency dial of the equip-
ment is either complemented or replaced
by the digital readout. Although the ¢ir-
cuitry deseribed has the potential of being

*esa Torrestronics, [ne.,
Dayton, OH 45424

'|Editor's Note: 1t should be noted that this digital
display may not be more aceurate than the analog
VFO dial since other oseillators within the equip-
ment that affect the actual frequency of operation
are not counted. ]

4850 Hollywreath Ct.,

DISPLAY
COUNTERS
BATING PRESET
LOSE
PRESE
NABLE TIME BASE

LATCH

Fig. 1 — Block diagram of the Universal Digitai Frequency Readout.
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squeezed info a small space within existing
eyuipment, it was Jecided to build the
urit tn a separate eaclosure, This allowed
for the use of farger size circuit boards,
which are casier to assemble. Alter all,
working on vrowded 1C cireuitry is not
everyone's cup of teal

The Circuit

A block diagram of the digital fre-
quency display i shown at Fig. | and the
detatled schematic at Fig. 2. The pre-
amplifier/buffer  consists of a  two-
transistor circuit (Q1 and 2) which pro-
vides gain, hwolation and an impedance
match between the input and the first TTL
counter. A combination common-cinitter
and common-collector  ¢ircuit, using
600-MHz t; transistors, provides a
vounter sensitivity of 30 mV up through
50 MHz.

The particular time-base scheme used in
this display required that a divide-by-eight
“prescaler”” (US) be used. This arrange-
ment has the advantage of reducing the
last-digit tlicker by slowing down the
nperation of 14 through U7,

The heart of the readout consists of the
vounter, preset, latch and display cir-
cuitry, Four counters (U4 through UIT)
are connected in vascade to form a four-
decade ripple up/down counter. Thirty-
two diodes and as many individual pe-
board switches permit the use of any two
preset intermediate trequencies which can
be seiected by a front-pane! switch, The
caunter outputs arc connected to U10
through U113 which vontain latches and
seveni-sepment LED drivers. Three MAN
72 and voe MAN S2 are used for the
dispiay,  Thesc  are  seven-segment,
vammon-anode LED type readouts.

Ut functions as the time-base oscillator
with  the 2.4576-MH7z  crystal  and
associated components. Several stages of
oscitlator buffering are provided by gates
tn UL, The output of the oscillator is
applied to a divide by 16 (29 1C and an to
a CMOS divide by 2* IC. Thus the crystal
frequency is divided by a total of 2™ or
262,144, U4, a 68-pF capacitor and the
transistor inverter generate the preset,
latch and count information from the 2*2,
2'" and 2" divisions of the divider chain.
A 3:4 counting duty cycle results and the
crystal frequency can be computed in the
tallowing manner;

3

. 1
F = X X100 21
tal T 3 X

where

n is the prescale factor,

34 indicates the counting duty cycle,

00 is the resolution (100 H7) and

2'* is the oscillator division factor.,

Listed in Table | are the crystal fre-
quencies and display update rates for
given prescale factors. A 3:4 counting
duty cycle is assumed. Any of the com-
binations, of ¢ourse, could he selected,
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Fig. 2 — Schematic diagram of the digital trequency readout. Component valugs shawn on the
schematic but net called out in the parts list are for text or parts placement reference nnly.

F1 ~ Fuse, 1/2 A,
41 — Phono jack.
51 — Toggle switch, spst.

For prescale factors up through n = 5,
the update rate is sufficiently fast so that
no [atching would be needed; instead, the
counters could provide storage during
their off-count time. Using prescale factor
of six through [0 an intermediate
storage/latch becomes mandatory or an
intolerable amount of flicker would
resitit. However, even a prescale factor of
n = 10 resulting in 7.5 readings per
second is still quite fast, and thus the
readout follows nicely even when the fre-
yuency of operations is changed rapidly.
The urystal chosen for a prescale factor
of eight is of the same type used in the
Fairchild F8 microprocessor. Stability of
this crystal, which in tuen determines the
accuracy of the readout, is quite good
with & maximum frequency deviation of
0.01 percent hetween 0 and 70°C, This

$2 ~ Toggle switch, spct.
33-86, incl. — DIP switches, 8 spst sections
per switch.

would transtate to a frequency deviation
of 300 Hz on the 1S-meter band for 4
vhange in room temperature of 10°C or
18°F.

The power supply consists of 4 12.6-V
ac center tapped, 1.2-A transformer, tull-
wave bridge-rectificr  assembly, filter
capacitor and three-terminal reguiator.
Logic and switching circuits are provided
with regulated 3 V de. The displays are
supplied with 6.3-V rectified full wave de
from the center tap of the transformer, A
|7 2-ampere fuse protects both supplies.
Maximum direct current drawn from the
power supply is 600 mA and. this occurs
when all four digits are lit up with the
numeral eight,

Construction
The majority of the components that
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T1 — Transformer, 117-V ac primaty, 12.6-V ag
secondary. 1.2 A, center tapped.
1, U4 — 74LSOC.

make up the universal digital frequency
readout ate mounted on the three vircuit
boards: the nain copunter board, the
display board and the oscillator board.
Double-sided boards with plated-through
holes are used for the main counter and
dispiay boards. Plated-through holes are
not a requirement i the  builder
remembers to solder the feads to cor-
responding pads on both sides of the
hoard, The display board is joined to the
main counter board at a vight angle with
the aid of four 4-pin **L’" connectors,

Etching patterns for the three circuit
boards are shown in the **Hints and
Kinks® section of this issue, Parts place-
ment guides arc shown in Fig. 4. Arrange-
ment of the boards and power supply
components within an enclosure is not
critical.

U2, U5 — 74L583.

U3, Ut4-U17, incl. — 9374
UE — MAN 52

u7-U9, ingl. — MAN 72.

The authors are making available
assembled units, complete parts kits or cir-
cuit boards for those builders who might be
interested. Send an s.a.s.e. to the address
given on the fivst page of this article.

Programming

Programming the digital readout is as
simple as addition or subtraction. The
four DIP switches (one for, cach digit)
control the starting point of the counters.
DIP switches | and 2 will produce an *“8”’
depending on whether the front panel
switch is in the F4 or Fg position. Refer to
the table and Fig. 4. If all of the DIP
switehes are in the off position the display
will be hlanked. All switches in the on
position, fur either F4 or Fp, will produce
all zeroes on the display.

As an example, assume that you have a

1H6-U13, incl. — 74L5190.
18 — Fuli-wave bridge rectifier assembly.
U18 — LM309K regulator.

Drake R-4C receiver. Initially, set the DIP
switches so that the display reads 000.0.
Connect the input of the digital display to
the INJ. OUT jack on the receiver and tune
the receiver to 14.000 MHz. The display
shouid read 645.0. To make the display
read 000.0, disconnect the readout from
the receiver and program in the numbers
355.0 (this is the Jdifference of 000.0 and
645.0). Reconnect the readout and the
display should indicate 000.0. Tune the
receiver to 14.010 MHz, If the dispiay
does not indicate 010.0, the counter is
counting in the wrong direction. By con-
necting or disconnecting a wire between
points x and ¥ on the tmain board, the
direction of the count can be changed,

Calibration
The calibration procedure described

_. January 1980____ 13




TO DISPLAY
BOARD T0O DISPLAY
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BOARD
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BOARD CONNECTIONS

j(e]
f + SYDC
TP2

QUTRUT
™mu3

Fig. 3 —~ Gircuit-board layouts for the main, display and asaillator boards, The main and display boards are double sided with a foil pattern on each
side. Here the two sides are shown superimposed 10 aid in parts location. The oscillator is built on a single-sided hoard. Etching patterns for these
boards are shown in the “Hints and Kinks” section of this issue.
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Fig. 4 — Numbering of the DIP switches and
related information for programming of the
courrter.

Table 1
n FxHz) Rate
1 19.680.8 75
2 9830.4 50
3 6553.6 25
4 4915,2 18.75
5 3932.16 15
31 3276.8 12.5
7 2808.69 10.71
8 24578 9.4
9 2184.53 8,33
10 1966,08 75

where n is the prescale factor, fyy is the
srystal frequency and rate is the display
update rate. A M4 time base duty cycle is
assurmned,

Fig. 5 — This is a photograph of the inside of the cormpleted frequency readout. The oscillator is
maunted above the main board by means of a spacer and associated hardware.

Strays

SAFETY FIRST

7] There are reasons for accidents in-
volving radio gear, but never good
reasons. A recent incident at a commercial
radio station illustrates the
present in radio equipment. The station
engineer bypassed safety  knockout
switches on the station transmitter and
accidently came in contact with about
3000 volts while working on it. The
resuiting shock knocked the engineer into
a wall and inflicted third-degree burns on
his hand, face and arms. Take no chances
with electricity, Even a low-voltage shock
¢an be serious -— sometimes fatal.

dangers.

Heed the ARRL safety code: While
there’s no reason for vou to be involved in
a ham-related accident, that possibility
always exists if you are not thinking
safety. Following the ARRL safety code
will make your ham experience more
enjoyable, Read it aiul practice it.

i) Kill all power circuits completely
hefore touching anything behind the panel
ar inside the chassis or the enclosure,

2) Never allow anvone else to switch
the power on and off for you while you're
working on equipment.

3} Don’t troubleshoot in a transmitter
when you're tired or sleepy.

4) Never adjust internal components by
hand. bise special vare when checking
energized circuits.

5) Avoid bodily contact with grounded
metal {racks, radiators) or damp floors
when working on the transmitter.

here requires no external calibration
spurce or measuring cquipment. It s
assumed at this point that the digital
readout is connceted to the receiver and
that the appropriate intermediate fre-
quency has heen programmed into the
counter. To calibrate the counter some
high-order harmonics of the ¢rystal time
base are injected into the input of the
receiver. In this case, signals available
from test point TP1 emanate from the Qy
stage of U3 A 9.6-kHz square-wave
signal which is rich in harmonics is present
at this point. A wire is run from TP1 o0
the receiver antenna terminal, Tune the
receiver, preferably on one of the higher
bands (15 or 10 meters) to one of the
many harmonics that appear every %.6
kHz. Assume that a beat note is located at
21,390.5 kHz. Divide this frequency by
9.6 kHz, The number 2228.18 is obtained.
Since this number (which is the order of
the harmonic) contains a tractional part
{0.18), the time basc is not properly set.
Having computed the harmoenic order,
we can determine the frequency which
should be read while abserving the beat
note: 2228 X 9.6 = 21.388.8. Since the
display indicates a number rather close
(1.7 kHg) to this frequency, the VFO can
be set to the correct frequency and the
crystal trimmer adjusted for the proper
heat note — tor most ssb equipment this
would be 1500 Hz. To tind this exact fre-
yuency take one-half of the difference
between the upper- and fower-sideband
BFO crystals in the receiver. Should the
zero-bedt method be used, this frequency
must be subtracted from the new (re-
quency for ush and added to the new fre-
quency for lsb. There is some mutual
dependence between the display and the
beat note so that the readout has to be
obscerved  closely and corrected to the
proper frequency as the crystal trimmer is
adjusted. JEET

6) Never wear headphones while work-
ing on gear.

7 Follow the rule uf keeping one hand
in your pocket,

8) instruct members of your household
how to turn the power off, and how to
apply artificial respiration. lInstruction
sheets on the latest approved method of
resusvitation can be obtained from your
lacal Red Cross office.

9) If you must ¢limb a tower to adjust
an antenna, use a safety harness, Never
work alone.

10) If you must climb inio a tree, or
work on a roof, remember that you’re not
standing on the ground. That first step
down can be a very long and painful one.
Never work alone.

11) Develop your own safety tech-
nique. Take time to be careful. Death is
permanent.
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Adding Receiver Incremental
Tuning to the HW-104
or SB-104 Transceiver

Leapfrog may be a great game for the kids, but a real pain in
the knob for transceivers without RIT! Add this simple circuit
to your ‘104 and fret no more.

By Norman Bradshaw.* WBEEF

The frant-panel view of the HW-104 shows the placement ot the RIT function control switch and potentiometer, Each conteol is located 4-1/2 in. {114
mmj} from the outer ediges of the cabinet. Othet possible locations are discussed in the text. (photo courtesy of Harold Hansen}

One desirable feature that’s missing in
the Heath HW-104 and SB-104 trans-
celvers s receiver inciemental tuning or
RIT. This function may be added to these
units by inclusion of the circuitry shown
in Fig. 1. The tuning range is approxi-
mately plus/mminus 1500 Hz from the nor-
mal (RIT off) receive or transmit frequen-
¢y. The incremental tuning is activated

*646 E. Glenlord Rd., Saint Joseph, M1 49085

16 119 23

only during receive periods.  During
transmission, the VFO frequency is unaf-
fected,

One ¢uestion comes to mind when at-
temipting to install the circuit components
in the "104 — where to mount the front-
panel controls. This is answered by fitting
the potentiometer and push-button switch

into the rad plastic bezel, with the pot on.

the left-hand side and the switch on the
right. The front-pancl layout photo

depicts this instalfation. Two other alter-
natives exist, If your transceiver does not
have the noise-blanker accessory, consider
using the noise-blanker push-button
switch to activate the RIT funetion. The
original 100-k§} VOX-gain contrel may be
used for the RIT control. Since the VOX
gain is seldom changed once adjusted, this
function may be relegated to an added
potentiometer mounted on a bracket and
secured to the VFO enclosure, Then extra
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1 — 4.7 pf.

02, C3 — 0.1 uF,

G4 — 50 4F, 50 V, electrolytic.
1 — 1N4002.

holes in the front panel will not be re-
guired.

Circuit Description

With the RIT switch off, transceiver
operation is unaltered trom its original
state. With the push button in (RIT on),
the receiver control line (B7) turns Q1 on
through S1A. This allows the 11-V supply
at the collector of Q1 to be applied to R4,
the RIT-frequency control, By varving the
voltage applied through R4 to DI, the
dinde-junction capacitance is altered. This
variable capacitance, in conjunction with
C1, s felt at the VFOQ FET gate thereby
changing the oscillator frequency. R2 is
necessary for halancing purposes so that
when R4 is centered, one half of the
voltage available through Q1 will be im-
pressed upon D1. This provides the zero

D2, D3 — IN4149 or 1N914.

04 — 91V, 172-W Zener diode.
Q1, Q2 - MPSAZ0.

A1 — 100 kq.

R2, R3 — 56 kA

or center frequency position of the RIT
control,

The transmit-control line (BY) is cou-
pled to Q2 via D2. R2 and R3 act as a
voltage divider with the transceiver in the
transmit mode to return the VEQ to the
centter frequency, regardless of the setting
of R4, This same action occurs via SIA
and D3 during receive when the RIT iy
switched off. D2 and D3 act as an Ok gate
so that the receive and transmit control
lines do not interfete with one another,

Installation

The RIT pc board is mounted between
the osvillator circuit board and the tuning
capacitor, C1201. First, drill & 1/4-inch
(6-mm) hole in the bottom of the YFQ
enclosure, {SB-104 owners will have to
plan a different exit-hole location as the

R4 — 100 k2.

/8 — 820

R6, R7 — 10 k4,

31 — Dpdt push button.

VFO enclosure mounts directly on the
chassis in that unit.) Locate this hole so
that the four-wire cable used for intercon-
nection will come straight down from the
RIT pc board when it is installed. A one-
inch square (25-mm) piece of sticky-back
foam rubber is attached to the foil side of
the board for purposes of insulation and
tor space the RIT board from the oscillator
board. The ground-bus wire is soldered to
the ground hig on the tuning capacitor,
This should be a short, stiff lead which
will aid in rigidly mounting the circuit
hoard. The other side of the board is held
in place by the four-wire cable and by the
4.7-pF capacitor (C13 which is connected
to 11201, & short piece of hookup wire is
run from the +11-Y position on the RIT
board to the exposed resistor lead of
either R1225 or R1226 on the buftter cir-

e mee [mapnae OO0 ) 4
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Fig. 2 - Parts placement diagrarn tor the RIT
circult, shown trom the component side,
Shaded areas represent copper foil as viewed
trom the component side. The etching pattern
is shown tn the “Hints and Kinks" section of
this fssue.

vt board. Cantion — be sure (o connect
tothe +1[-V «ide of this resistor. The two
1N4149 diodes are mounted on the push-
bitton switch, St. Only one hatf of the
dpdt switch is necded for actual switching;
the other haif is used for tie points. Color
code ot otherwise mark the leads for the
new circuit to ensure proper connections.
The four-conductor cable used in this iu-
stallation has approximately 4 inches 1102
mm) ot plastic covering left on the end in-
side the VFO compartment, No grommet
way used in the exit hole, The value of C4
iy not ¢ritical — any value from 10 uF to
100 uF will suffice.

A short, shielded lead is connected
from the VFO output jack on the inside of
the back pauel to vne of the spare jacks
located there, This enables the VFO out-
put to be dvailable for use with a frequen-
vy counter when realigning the VFO,
Realignment is necessary because the ad-
ditional capdcity presented to the VFQ
tank due to the presence of C1 and D1
changes the VFO calibration slightly.

When usiog a frequency counter for
realignment, adjust the VFO for a display
uf 5.3 MHz with the HW-104 dial at “0"
and Yor a 5.0-MHz indication with the dial
at **500. These steps will have to be
repeated several times hefore the VFO will
track properly. Alternativeiv, the VFO
alignment procedure described in the in-
struction manual for use without a fre-
Jguency counter is adequate, However, the
counier methad is much simpier. Once the
realignment of ithe VFQ is completed,
you're ready to go! e )
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Feadback

1 Disregard the parts-layout guide for
the “Single Channel VHF Monitor
Recciver’ {Bryant, Fig, 3, December 1979
(IS8T, page 20), and use the information of
Fig. | hers instead. The reassignment of
compenent numbers from the author’s
wrigingl to QST stvle was completed n the
schematic diagram but was not carried
through in the layout puide. The vtching
pattern as published in the December
“Hints and Kinks™ section is correct,

I Heavy borders idenoting Committees
and Working Groups of particular in-
terest to amateurs) were left off the boxes
in the diagrain in “*“WARC Countdown®’
{December ST, page 73). The tollowing
boxes should have had heavy borders:
SBA, Below 4 MHz; 3BB, 4-27.5 Mtz
3C, 27-960 MHz; 3D, 960 MHz-40 GHz:
SE, Above 40 GHz: 6A, Coordination
Procedures; and 7,  Cieneral  Ad-
inistrative.

Fig, 1 — Gaorrected parta-placement guide tar the single-channel vhf receiver, as viewed from the
component side of the board. The shaded arex represents an X-ray view ot the etched pattern on
the apposite side of the board. The board has copper on both sides, with clearanse holes tar coii-
ponent leads being the only copper removed on the component side.

L1In “Tune Up Swiftly, Silently and
Safely' (December (ST, page 41), Rl in
Fig. 1 should be 180 k, In Table 1. the first
line should read:
Fwd Ref
50 0

SWR
1.0

L.F Details for T1 of Fig, 2, page 12, of
December 1979 QST (**Transmitter Fun-
damentals™'}, were not given in the cap-
tion. T1 consists of 36 turns of no. 28
enamel wire on an Amidon FT-50-61 (125
mu) toroid core (90 ut). The secondary
winding has 4 turns of no. 28 wire over all
of the primary winding.

I Two items were omitted from the
obituary notice of Edmund B. Redington,
W4ZM, which appeared in Iecember
1979 QST, page 27. For 13 vears, Ed
served as  assistant  director of the
Roanoke Division of the ARRL, which
gave him its service award in 1975, He aiso

served as president of the Foundation for
Amateur Radio, which has formed a
wholarship fund in his memory.

-} Percy Crosthwaite, VESRP, is the im-
mediate past SCM of Saskatchewan, not
Alberta as reported in “*Canadian
Newsfronts™ {December 1979 QST, page
75).

tecs are appointed by the President, not
by the Board of Directors, as stated in
“Contest Mysteries Unraveled,”
November QST page 64.

[71 On page 69 of December QST, the call
sign of John Champa should be K8OCL.

{J OSCAR 8 orbit numbers listed in
November 1979 ST, page 113, starting
with 2 Nov, are in error. Subtract 400 or-
hits. Orbit for 2 Nov. should be 8458A, 3
Nov, 8472J, etc. [:EL]



® Basic Amateur Radio

A Beginner’s 3-Band VFO

Crystal control can be constrictive for the QRP operator or
Novice. Build this stable but simple VFO if you're tired of
being “rock bound.” Learn some basics, too!

By Doug DeMaw,* W1FB and Bob Shriner,** WA$UZO

'f you built the QRP solid-state
transmitter from December 1979 QST
you're apt to be singing the ‘‘quartz-
vrystal blues™ by now. There’s probably
pothing more annoying to & cw operator
than being a prisoner to a few crystal fre-
guencies; invariably, or so it may sesn,
there's a Q80 in progress on the crystal
frequency which is available. The jogical
sciution to the problem is to construct a
VEOQ, This will give vou freedom to roam
throughout your segment ot the chosen
amateur band, Our project this month is an
uncomplicated VFO which provides direct
output on 80, 40 and 20 meters by virtue of
band switching, The foundation unit is
again the “Universal Breadboard’ from
Basic Radjo in September 1979 QST.

What Is a YFO?

The term ““VFQ” stands for variable-
frequency osciflator. Other names for
similar circuits are “PTO (permeability-
tuned oscillator) and “LMO”* (linear
master oscillator). A PTO is similar to a
VFO except that the frequency is changed
hy means of a movable powdered-iron or
ferrite slug in a tuned-circuit coil. The
VFO, on the other hand, is generally tuned
by adjusting a variable capacitor. Some
VYFOs employ a varactor or VVC diode for
tuning purposes. These diodes are sub-
jected to different amounts of de voltage
which change their internal capacitances.
VVC means voltage-variable capacitance.
The primary difference between a VVC or
varactor diode and a tuning capacitor is
that one is tuned electrically and the other
is tuned manually. The result is the same —
an exeursion in operating frequency.

From the December 1979 installment of
this series we learned that in order for a
crystal to oscillate we must supply feedback

*Senior Technival bditor, ARRL
**Box 969, Pucblo, CG 81002

Exterior view ot the comp|eted 3-band VFO. Double-sided pc board material is used tor the panal
and hox walls in this version by Circuit Board Specialists.

voltage in the oscifiator stage; some of the
ascillator cutput power is routed to the in-
put of the oscillator (collector-to-base for a
bipolar transistor, drain-to-source for an
FET and plate-to-grid in a tube type of
oscillator). This changes the stage from an
amplifier to an oscillator.

The foregoing concept applies also to a
VFO. The major difference between a
crystal oscillator and a VFO is that the
cryvstal comprises the resonant cricuit in the
first example, while a ¢oil and capacitor are
used as the resonant circuit (resonatory in a
YFQ, PTO or LMO. It might be worth
mentioning that linear master oscillators
(LMOs) provide linear tuning, hence the
name, More specifically, for each degree of
mechanical or electrical tuning there will be
an identical shift in frequency in terms of

Hz, kHz or MHz. Some VFQs don’t act
quite that way. Instead, a large part of the
tuning range s “‘crunched’ at one end of
the dial, while the remaining part of the
frequency coverage is spread out over the
other end of the dial. This is a nontinear
tuning characteristic. A {inear response
makes it easier to calibrate the VFO dial
and provides smoother tuning when
changing the operating frequency.

YFO Design Points

Let’s examine the fine points of VFQ op-
eration. Categorically, here are the primary
design objectives for good performance.

1) Good frequency stability versus
time. Most designers prefer to have less
than 100 Hz of frequency drift (change)
from a cold start to a period an hour later.
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2) Purity of the output waveform. This
means that we want only the desired out-
put frequency. Harmonics, parasitics
{random oscillations) and noise should be
kept to the lowest level possible.

3) Acceptable mechanical stability. The
circuit should contain components which
will not cause changes in operating fre-
yuency when the VFO is subjecied (o
~vibration or shock.

4) Adequate VFO output voltage or
power, The VFO should be capable of
supplying sufficient output voltage or
power to properly excite the stage in the
transmitter or receiver to which it is con-
nected.

3) Satisfactory electrical jsolation he-
tween the oscillator and the VFO-chain
Ioad. This means that one or more butfer
{isolating  stages) or  amplifier stages
should be emploved between the VFO-
chain oscillator and the first stage of the
transmitter. This helps prevent frequency
pulling (chirp) when the transmitter is
keyed. The chirp is caused by load
changes at the VFO-chain output which
are reflected to the oscillator. The more
buffering (isolation) used, the lower the
chanees for unwanted *“pulling.”

6} Electrical shiglding of the VFO cir-
cuit, ideally, the VFQ and its butfer stages
are contained in an enclosure which pro-
vides isolation from stray rf and air cur-
rents.

‘These six performance goals have heen
taken into account for our workshop
project of this mstallment.

Types of YFO Circuits

Rather than devote countless pages of
text to the myriad tvpes of VFQs which
exist, let’s turn our attention to the more
cammon ones used by amateurs, We will
avoid a discussion of vacuum-tube YFQs,
as they are less effictent, overall, and more
difficult to stabilize (heat) than their tran-
sistor equivalents are. Instead, let’s ex-
amite the vircuit at A in Fig. 1. Here we
have what is known as a Hartley oscillator
YFU, Years ago this type of circuit (but
with a tetrode-tube oscillator) was re-
fereed to as an “ECO.” The output is
taken in our circuit from the source ter-
minal of {}1. Part of the output energy is
fed back to the gate of (1 via L2. This
technique supplies the necessary positive
Jeedback to make Q1 oscillate, The
percentage of power (typically, 25 percent
or Qessy fed back is determined by the
placement of the coil tap on L2, The
closer the tap is to the transistor gate the
greater the feedback. Generally, the tap is
located between 10 and 25 percent of the
total coil turns. The tap point is made
nearest to the grounded end of 1.2, A
good rule is to use no more feedback than
is necessary to ensure reliable oscillator
starting. Too much feedback can cause
oscillator dnift and spurious oscillations
apart from the desired ones, C3 should be
made small enoagh in vaiue to minimize
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Fig. 1 — Exampies of currently popular VFO circuits. A Hartley oscillator is shown at A. The cir-
cuit at B is that of a parallel-tuned Golpitts psciflator, A series-tuned Galpitts circuit is shown

at C. Feegback here js from source to gate.

the coupling between the tuned circuit
(1.2-C1-C2y and the gate of Q1. However,
it must be large enough to permit Q1 to
oscillate reliably, Using a small-value
capacitor at C3 will aid in keeping the
{quality factor) of the tuned circuit high.
This is desirable in the interest of frequen-
¢y stability and purity of the output wave
form from 1. Qutput can be taken from
asmall winding near the ground end of L2
{output no. 1, LI1) or by ‘means of
capacitive coupling from the Q1 source
via (4. If the L1 method is used, the
winding should be very small (minimum
turng) to minimize loading of the tuned
circuit. Similarly, if rf output is faken
through 4, the capacitor shouid be the
lowest value which will provide ample ex-
citation to the following stage. in a prac-
tical VFO the value of C4 ranges trom 20
to 100 pF for operation from 160 through,

say, 20 meters, C5 is used as an ef-bypass
capacitor. The drain should not have rf
erergy present in this cireait, € is for
main tuning and C2 is used to calibrate
the VFO dial. (n this application C2 is
called a *“trimmer.™

A more popular variety of oscillator is
shown at B of Fig. |. Here we have a
parallel-tuned Colpitts VFQ. It s called
tparallel” because L1 and Cl are in
parallel. Instead of a coil tap, a5 in Fig.
A, the feedback is provided by means of
a capacitive divider (C3 and C4). The cf-
fect is the sume as when a coil tap is used.
The ratio of the values at €3 and C4 will
determine the amount of feedback energy.
1f C3 is small in value and C4 is large, the
feedback amount will be s»mall. If the
situation is reversed the feedback will be
high. Some VFOs of this type use a 1:1
capacitor catio (see Fig. 23 RFCl is
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-- A practical BO-meter VFQ which uses a bipolar transistor is shown at A, The diagram at

B illustrates the same type of oscillator in which a dual-gate MOSFET is used. VFO buifering is
depicted at G, where Q2 and Q3 help to tsolate the oscillator from the load (see text).

emploved to keep the source of Q! gbove
rf ground. The coil tap in Fig. 1A serves
the same purpose. If RFC1 were not used,
or if it were too low in inductance for the
operating fregquency, the transistor would
not ascillate, C2 and C5 in this circuit
should be as small in value as practical,
consistent with reliable oscillation and-
ample output power. A trimmer capacitor
is not shown in this circuit, since L1 in this
example is shug tuned: The slug can be ad-

justed to provide VFO dial calibration.
At C of Fig. | is a variation of the
parallel-tuned Colpitts VFO, [t is called a
series-tuned Colpitts  oscillator. It 5
known in some circles as a series-tuned
Clapp oscillator. 1t differs from the circuit
of Fig. 1B only in the tuned-circuit ar-
rangement. If offers the advantage of
higher inductance at L.1, which is
sometimes desirable in terms of frequency
stability at the higher operating ranges.

Furthermore, C1 need not be as large in
Fig. 1C to obtain the sarme tuning range ds
C1 provides in Fig, 1B,

JEETs are shown in the circuits of Fig.
1, but ual-gaie MOQSFETS or bipolar
transistors can be used with good results
(see Fig. 2). The basic advantage in using
JFETs is that the parts count is jower than
with the other transistor tvpes. All the
oscillators in Fig. 1 are capable of ex-
cellent stability. Care must be given to the
type of capacitors used in the tuned circuit
and feedback networks, Generally speak-
ing, disc-veramic capacitors are. un-
satisfactory  unless  they are  the
temperalure-compensating variety, Poly-
styrene  capacitors are highly recom-
mended in the interest of frequency
stability. A second choice would be silver-
mica unfts. [f siug-tuned coils are used in
the oscillator tuned circuit, make certain
that they are mechanically firm and that
the slug core material is suitable for the
operating frequency. The wrong core can
spoil the <oil Q. ideally, for minimum
long-term drift, the coil slug should just
enter the coil when set for the required in-
ductance. The farther it is inserted in the
coll winding the greater the chances for
drift caused by heat: the core properties
change with temperature, and the greater
the core penetration the larger the change
in inductance.

Practical Circuits

Fig. 2A illustrates a practical VFQO in
which a 2N2222A bipolar iransistor is

~used. With the values shawn the approxi-

mate operating frequency is from 3.5 o
4,1 MHz, The nominal inductance at L1
should be 7.5 uH. R2 and R3 provide
necessary forward bias at Q1 to ensure
oscillation. [t vhf parasitic (random}
oscillations occur in a VFG, RI can be
added as a parasitic suppressor. Alter-
natively, a single miniature ferrite bead
(950 mu) can he slipped over rhe Q1 base
[ead near the transistor body to prevent
vhi ascillations.

Fig. 2B illustrates a practical V¥Q in
which a dual-gate MOSFET is used. Gate
no, 2 has forward bias applied by means
of Ri and R2 (necessary). A O.01-uF
bypass capacitor is used at gate 2 to keep
that terminal of Q1 at rf ground. The
drain is bypassed in a like manner, D1 has
been added to show how improved stabili-
ty can be obtained when using an FET in
an oscillator. The diode should be a high-
speed (high frequency) type, such as a
IN914 silicon unit. It prevents the positive
half of the sine wave at gate no. | from
swinging beyond specific limits imposed
by the diode. This in turn limits the FET
transconductance, which keeps the tran-
sistor juaction capacitance relatively con-
stant. Without D1 acting as a clamp, the
positive sine-wave cxcursion will cause the
internal capacitance to vary considerably.
This increases the junction heating, which
also affects the internal capacitance.

- lamnarc 1080 21
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C1-C7, incl. - -~ Numbered tor text discussion
and parts-placemant purposes

CH — Mintature 8U-pF variable (Hammarlund
HF-50 or equiv),

D1, D2 — High-frequency switching diode,
1N914 or equiv.

41 — Miniature ciosed-circuit phone jack,

. J3 = Insulated binding post, one red ( +3
and one black {— ).

Another advantage of DI is that through
a reduced  junction-capacitance change
there will he much lower barmonic output
trom the VFO: rapid changes in internal
capacitance contribute substantially to the
generation of harmomic currents, DI can
be added to any of the FET oscillators
shown in this article. They do not aid per-
formance when applied to the bipolar-
transistor oscillators, This is because the
base-emitter junction of a bipolar tran-
sistor serves a similar function to that of
D1. A simple explanation of D1 is that it is
4 ‘*bias stabilizing component.”

YFO Isolation .

Buffering of the osvillator is seen in our
vircuit of Fig. 2C. QU is followed by an
FET svarce-follower. Input to that stage
i~ applied to the gate and output is taken
from the source. This type of circuit,
whether it's  tube (cathode-follower) or
transistor variety, does not have a voltage
gain. Rather, some of the applied signal is
inst. The theoretical output is 0.9 times
the input voltage. This checks out when a
resistor is used in place of RECI.

2

oS

J4 — Single-hole-mount phono jack.

L1 = 30-uH nom, inductor, sfug tuned
(J. W. Miller 42A335CBI or equiv. hi-Q type).

12 - 7.5uH nom, indugtor, slug tuned (J. W.
Miller 42A826CB! or equiv. hi<Q type).

L3 — 1.3uH nom. industor, slug tuned J. W.
Miller 428156081 or equw. hi-Q type).

21, Q2 — Motorola MPF102 JFET {or 2N4416).

Howuver, slightly greater output voltage is
usually obtained when a choke or tuned
cireuit s used in the source circuit (see
voltage notations in Fig. 3), The drain is at
rf ground by virtue of the 0.1-uF bypass
capacitor. The prinicpal advantage of the
FET source-follower is that it exhibits 4
high input impedance — I megohm or
yreater. This assures minimum loading of
the oscillator, and hence excellent isola-
tion from the VFO-chain (Q1. Q2 and (3)
load. Remember, the doad is the transinit-
ter to which we will attach the circuit of
Fig. 3.

Qutput from (2 of Fig. 2C is fed to the
base of Q3, which functions as a broad-
band Class A amplifier. Q3 adds to the
isolation we desire between the oscillator
stage and the load. It also amplifies the
VFO signal.

Voltage Regulation

A stable dc operating voltage is vitally
important to ¥FO stability. For that
reason we have shown a Zener-diode
regulator in Fig. 2C and Fig. 3. The
voltage §s regulated at 6.8 to 9.1 volts in

oltage notations are ncluded on the diagram as an aid to

Q3 — IN2222 ar 2N22224, any brand. Hse
2NS179 as substitute if necessary.

R1 — 5008t linear-taper compasition controf.

RFG1-RFC4, incl, —~ 120-uH miniature rf
choke {J. W. Miller 72F124AP or equiv.i.

1 ~ Double-pole, 2-pusition singie-water
phenolic water switch, The unit shown In
Fig. 4 has sevaral unused contacts.

most VEOs, The appropriate Zener diode
s chosen tor the desired operating
voltage. Not only is the oscillator supply
voltage regulated, but regulation is ap-
plied to the drain of €)2 and the base of
Q3. This helps to prevent load changes
within the VPO chain when variations in
the =upply woltage ocour. A stuble
operating valtage is the most tmportant
cxternal consideration for the VFQ stage,
since even slight changes in drain voltage
van cause a significant shift in operating
frequency,

Drrift Characteristics

There are two significant drift traits
that we must concern ourselves with when
designing or building VFOs. One iy
known as shori-term drift, When a VFQ is
turned on after a period of non-use, the
components and the transistors are con-
sidered “‘zold.’” Thus, we hear the expres-
sion “cold start.” When the operating
voltage is applied there is heating within
the transistors until their junctions reach a
stabilized operating temperature. Short-
term drift generally completes its cycle




during the first three minutes of opera-
tien. In severe cases the drift can be many
LHz. The usual cause of excessive short-
term drift is too much feedback or un-
necessarily high forward bias on the tran-
sistor, It is always best to use the least
amount of fecdback and forward hias
possible, consistent with good perfor-
mance., The VFO should be operated at
minimum power “dissipation to enhance
stability, The power can always be built
up after the oscillator stage, easily and in-
expensively,

Long-term dritt is caused by a host of
operating events, One contributing factor
i orf current which flows through the
various components in o the oscillator.
Such components are the VFQ coil, the
coupling capacitors and the feedback
capacitors. These rf currents cause inter-
nal heating of the components, however
miniscule the amount may be, Heat will
vause the inductance to change slightly. It
will also lead to changes in writical
capacitance. Since the heating is gradual
until it stabilizes, the frequency drift is
also gradual. Ordinarily, long-term drift
slows down or stops after a period of ane
hour. From that time on a properly
Jesigned homemade VFO shouldn't dritt
mwre than 50 to 100 Hz per hour. After
long-term stabilization is reached, most
VFOs will drift upward and downward
{““hunting’") in frequency a few Hz in ran-
dom fashion. Few VFOs will remain
“vack sulid” all of the time after warmup.

Ambient temperature changes also play
a trig role in long-term stability. This ¢con-
cerns the temperature within the VFQ
compartment. If the VFO assembly is part
ot a large picee of equipment, such as a
solid-state  transmitter  or  receiver,
numerous components and transistors ex-
ternal to the VFQO will heat up, causing a
continual change in  cabinet internal
temperature., This temperature change iy
induced gradually into the VFO compart-
ment until the entire system stabilizes.

We can learn from the foregoing
statements that best long-term stability
can be achieved if the VFO chain is kept
isolated from sources of heat. Many
amateurs use their VEOs outboard from
the transmitter or receiver to enhance
stability, It is well to note that radical
changes in room temperature will also
have a marked etfect on long-term VFQ
stability. The extreme example is seen in a
mobile installation, where the
temperature can change in a startling
manmer on a hot day after the air condi-
tioner is activated, or on a winter day after
the car heater is turned on.

This Month’s Project

We will construct a VFQ which has out-
put on any of three bands — 80, 40 or 20
meters. [t can be used with most solid-
state transmitters, but has been designed
specifically  for the QRP rig from
December 1979 QST (Basic Radio).

#ig. 4 -~ Interior view of the VFO. The polystyrene caparitors between C8 and $1 are paralleled
groups which were needed 1o arrive at the standard values specitied tor C4, G5 and C8 of Fig. 3.

3ingle units are recommended.

Stmplicity of construction is provided by
means of the Universal Breadboard and
double-sided pe board, the latter of which
iv used for the cabinet, panel and top
cover,!

The cireuit tor our 3-band VFO is given
in Fig. 3 Q1 is the oscillator. The
wperating frequency is chosen by means of
the band switch, 31A-S1B. Part of the
fecdback network (C4, €5 and Ceo) is
changed by the switch, SIB, Similarly, the
tuned circuits for the three bands are con-
nected to QI via SIA. DI has been in-
cluded to reduce harmonics and stabilize
the oscillator, as discussed earlier in this
article,

D2 serves quite a different purpose. [t
aperates as ai electronic switch to offsel
the VFO operating frequency during
receive periods. Were this not done, we
would hear the VFQ signal on top of the
signal we were copying. Since the VFO is
ieft operating at all times {this climinates
short-term  drift), the offset circuit is
necessary, The circuit is closed at fl
during transmit. This turns off the switch,
When the circuit at Il is open (receive),
the [2-volt line reaches D2 and
““saturates’ it (turns it on), This places 9
in the circuit (Q1 source to ground),
thereby shifting the oscillator frequency,
J1 can be vonnected to the station

‘Circuit boards, negatives andd complete parts kits
for this project are available from Circuit Board
Specialists, P. Q. Box 969, Pueblo, CO 81002

transntit-receive control switch or relay to
provide automatic offset actuation. The
offset amount on 20 meters is 100 kHz,
during 40-meter vperation it is 34 kHz and
on 80 meters the shift is 67 kHz.

C8 serves as the main tuning controf.
The shaft of C8 is coupled to a Radio
Shack or Calrad vernier drive to provide
smooth YFO tuning.

QOutput is taken from the oscillator at
the source of Q1. 1t is routed by means of
light capacitive coupling to the pate of
source-follower Q2. The rf energy is next
ronted from the spurce of 2 to the bage
of broadband amplifier Q3. RI has been
added as a convenience to those who wish
to reduce the VFO output power, This is
useful if the VFO is to be used as a signal
generator, or to excite a circuit which re-
quires less rf voltage than is available
when R is set for maximum output. If
this VFQ is to be used only with the
December 1979 Q8T transmitter, then R1
can be climinated. If that is done, the
[00-pF coupling capacitor should be von-
nected directly to J4,

Qutput from this circuit is 5 volts peak-
to-peak across RI, as measured with a
5)-MHz scope. If an rf probe and VTVM
are used for measuring the of vircuit
voltages, the rms reading with the probe
will he 0.3535 x the listed peak-to-peak
voltages. De voltages are indicated on the
diagram at significant points. The values
tf and dc voltage given were obtained with




the VEQ opcrating on #0 meters, Fig. 4
shows the inside of the assembled VFO
chain.

Construction Notes

We need not follow the layout in Fig, 4.
Almost any format and packaging tech-
nique will he suitable, provided the signat
ieads are kept as short and direct as possi-
ble. Those who are adept at laving out and
etching their own pe boards van make this
unit much more compact through that
technique., Single-sided pc board should
be uscd for the VFO circuit hoard if this is
done — double-sided board creates un-
wanted capacitors  between  the  foil
clements and the ground-plane side of the
hoard. This can cause poor performance
and drift with the vircuit of Fig, 3.
Adthough the Universal hoard for this
project iy double-sided, no problems will
result, This is because the critical com-
ponents are not mounted on the pe-hoard
pads. The VFO case is 4-1/2 x 374 %
2172 inches (114 % 98 w0 63 mm), wide,
deep and high, respectively. The front
panel measures 2-3/4 % 3 inches (70 ®
i27 wun). Installation of the Universal
Breadboard chassis is accomplished by
soidering it to the front panel und rear
wail of the assembly. The panel and side
wulls of the box are joined in a like man-
ner. Note: The bottom plate is the
ground-plane  side of The Universal
Breadboard. Four adhestve-backed plastic
feet are affixed to the bottom plate atter it
is soidered in position. The top cover is
sevured at each corner by means of 4-40 or
6-32 screws. Hex nuts of the appropriate
size are soldered to cach upper inside cor-
ner of the VFO case to accommodate the
SCrEWS,

The main tuning capacitor is sub-
mounted on a U-shaped bracket which is
made from pieces of doublesided pe
board. It is 1-1/2 x [ X 5/8 inches (38
A 28 % 16 mm) HWD. This bracket is
soldered in place on the inner surface of
the front panel.

A parts-placerment guide is given in Fig.
5 for the main chassis. Parts which do not
appear on the drawing are located on the
tront panel or rear wall of the VFO com-
partment, as shown in Fig. 4.

Concluding Comments

So that we will not have any unwanted
“fireworks®’ or damaged components, we
should examine the assembled VFO
caretully hefore applying the operating
voltage. Be sure the diodes are connected
for the proper polarity in the circuit,
Check also for unwanted solder blobs be-
tween adjacent circuit-board pads. Be cer-
tain that chips of metal or solder have not
become lodged between the plates of the
main-tuning capacitor. J2, since it carries
+12 volts, must be insulated from the
front panel. Check this and the + 12-volt
lines in the circuit to ensure that there is
no short-circuit to ground. A YOM can be
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Fig. & — Saale layout and parts-placement guide, The scale black-and-white pattern 1or this board

was presented in Basic Radio for September 1979
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Fig. & — Original oscillator circuit (A} of the Decamber 1978 QST Basic Radio transmitter. At 8 is
the circuit madifled for use with this VFQ. Y1 and one {00-pF capacitor have been removed. A
jack and 0.1-4F blocking capacitor have been added.

used for this part of the checkout. Finally,
he very sure that the three transistors are
connected to the cireuit correctly. If the
leads get mixed up, the transistors can be
ruined quickly.

The major cause of malfunction in pro-
jects of this variety is inferior soldering. If
the circuit fails to operate, but the wiring
is correct, rcheat the solder joints to be
sure they are secure,

Calibration can be effected by connect-
ing a length of wire (3 feet/0.9 m) to I4.
Set R1 for maximum output. Place the far
end of the wire near the antenna terminals
of a calibrated receiver. Adjust C8 of Fig,
3 so that the plates are fully meshed. Set
the receiver at 3.5 MHz and adjust the

slug in Li until the VFQ signal is heard
{zero beat). The same process is used for
calibration on 40 and 20 meters.

B this VFO s to be used with the QRP
transmitter from December 1979 QST it
will be necessary to make some minor
changes to the transmitter oscillator,
These changes are shown in Fig. 6B, The
ariginal oscillator is depicted at A of Fig.
6.

We hope you have learned some of the
fundamental considerations for VFQ design
and use from this article. The workshop
project of this instaliment will permit you to
move around in the amateur bands. Your
QSO score should rise greatly after kicking
the crystal-control habit! G )




All Solid-State QSK for the
Heath SB-220

If you enjoy QSK cw and want the extra ‘“‘sock’ of an
amplifier without pedaling a foot-switch, here’s the answer.
With prolonged tube life and reduced power consumption,
you’ve got a deal that’s hard to beat!

By Phil Clements,* K5PC

Spoi]cd by full break-in ¢w aperation
and being involved in long-haul traffic
handling, t made a long search for a com-
patible *“*legal-limit** amplifier. It was im-
mediately evident that the commercially
available full-QSK type of units were out
of reach of my packetbook. An article by
Dick Frey, K4XU, of Ten-Tee and a
“crash® course on hiasing in the ARRL
Handbook helped the circuit evolve.'?
To meet the “legal-limit’” requirement
an almost-new Heath $B-220 amplifier
was purchased, The SB-220 is a real
workhorse —- very reliable and reasonably
priced. it aiso lends itself nicely to
modification, with ample room for addi-
tional parts. Along with the 8B-220, an
Ameco PLF-2 receiver preamplifier was
purchased to serve as the T-R switch.

Circuit Theory

The next reguirement was to devise a
tully solid-state switching system for both
the hiasing and antenna changeover fune-
tions. An rf-sensing circuit in a Darlington
canfiguration is used to remove the cutoff
hias front the amplifier, See Fig. 1. Under
standby conditions, Q2 is an open circuit
allowing the full 120 V dc of the bias sup-
ply to cut off the 3-500Z tubes. When ex-
vitation is applied, Q2 conducts and the
operating bias becormes the sum of the
Zener diode voltage of ZD1, the collector-
to-ciitter saturation voltage of Q2 and
the voltage drop across the grid-meter
shunt, R3, for a total of approximately
-6 Vdcat an input of | kW. The switch-
ing speed and reliability of the Darlington
vircuit far surpass those of a mechanical
relay. When the amplifier is in use one
might think it is operating Class C because

*1313 Applegate L., Lewisville, TX 75067
'Notes qppear on page 27
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Z01 ANODE
CONNECTTON )

Fig. 1 — Diagram of the rf-actuated Darlington bias switch. All components are mounted on a
small perf board secured to the chassis wall.

This photo shows the refative size of the pert board and assembly of the Darlington rf-actuated
switch. The T-R switch coupling capacitor may be seen in the background. (photos by Ken Seals,
KASQ).
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Fig. 2 — DY, the 1N4004 diode added at point G, acts as a protechive ciamp in case of blas-supply taillure, The luyout at B is viewed trom the foil

sde.

the final amplifier plate cureent is roero
with no rf escitation present, In reality,
the mode of aperation is «till Class B, The
added bonus (for both cw and ssb opera-
tion) is reduced guiescent plate dissipation
~- from an approximate 400 watts to
almost nothing! This increases tube lite
and reliability while also lowering the
operating  temperdture and  consequent
heat generation.

The switching circuit is vperated by the
rectification of 4 small amount (about 400
mW) of rf excitation which s fod to the
base of (J1. This turns on Q2 which
restores the vriginal circuit configuration
for proper Class B operation. This switch-
ing is done at very high speed in response
ta the applied excitation voliage,

Construction

All components {with the ¢xception of
the bias-current limiting resistor, R1,) are
mounted on a small pert hoard which is
sectred to the vertical wall between the
plate current meter and the input coil
assembly.t A single hole is drilled from the
plate tank side of the final-amplifier com-
partment, This is positioned just above
the plate-foading capacitor, ('57, to ac-
vommodate the metal standotf used to
mouit the peri board, The rf pickup cable
is touted through the grommet below.*

The lead to the anode of Yener diode
ZD1 fram the circuit board is removed
and discarded, The Darlington switch is
inserted at this point by installing a lead
from the Q1/02 collector junction to the
anade of ZD1, Then a lead from the emit-
ter of (32 is attached to the point on the
cireuit from which the ZD1 anode lead
was previously removed. This places the
newly constructed  switch  assembly in

26 5T

sertes with ZD1 and the arid mctering cir-
cuit,

A IN4ON4 dinde {D3) is vonnected be-
tween  point 0 on the circuit-board
assembly and a convenient ground point.
See Fig. 2. The diode serves as a clamp to
prevent that point from going negative
with tespect to ground should the biay
supply fail. Shonld any of the added

devices open, the amplifier will remain in
a cutoft condition.

As shown in Fig, 3, RT (5.6 k{1, 5 W) is
installed from tug 11 to lug Y of relay RL1.
This resiston limits the current drawn trom
the bias supply, R27 (100 ki3, 172 W)
5 removed from lug Y of the relay
and Jiscarded. Remove the black lvad
from lug 6 of RLI and connect it to

@4
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Fig. 3 — R1 is installed at the relay and acts as a bias.supply, current-imiting resistor. R27 is

remaved from the circuit,
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" =25.4 mm

Fig. 4 — A single plate for the T-R switch
coupling capacitor is fashioned from either
scrap aluminum or a modified Heath bracket.
See text,

[ug 9 of the same relay.

The center conductor of the rf pickup
lead previously routed beneath the chassis
is now soldered to lug 4 of RL1. The relay
now functions simply as an amplifier
insout switch aftecting only f connec-
tions hetween the esciter, amplifier and
antenna. RL1 may be operated remotely
thréugh the relay jack or from a tront-
panel switch. [f desired, the relay can also
be removed completely and all connec-
tions wired to a terminal strip mounted in
its place. | chose to ground the blue lead
from RL1 at the antenna relay control
jack on the rear panel and vse the jack for
the receiver coaxial cable connection,
Thus, when the amplifier is furned off,
the transceiver is connected directly to the
antenna.

T-R Switching

Now that the transmit functions have
been taken care of, the remaining step is
to couple the receiver to the station anten-
na electronically. Electronic T-R switches
developed a bad reputation hecause they
were usually placed at a low-impedance
point — the output of the final amplifier
tank circuit. This alfowed the transmitter
final tank circuit to act as a *‘suck oul”
tiap, greatly reducing -received signal
strength. To eliminate this problem and
obtain optimum operating conditions,
one plate of a low-value capacitor (1 to 3

ANT. INPUT

Qf i 5tn
v wais h 4 h 1(:4:14? o

Fe

Fig. % — Protective diodes are added to the
ameco PLF-2 preamplitier to prevent damage
to the input FET.

The T-R switch coupiing capacitor is shown
here. It is mounted by ineans of a standoff in-
sulatar secured through one of the perforated
holes on the side bf the amplifier cage. This
permits adiustment of the distance between
the plates of the capacitor, The coaxial cable
runs acrass the inside of the frant panel, down
the far side and through the cooling-fan cutout.

pF) s fabricated from some  scrap
aluminum having 4 thickness of (.060-in.
(1.5-mm). (The other plate of the
capacitor is formed by the existing plate
coil bracket,} The dimensions are shown
in Fig. 4. As an alternative, another Heath
plate coil bracket (P/N 204-2102) may be
used. The lower one inch (25 mm) of the
bracket is removed to provide the proper
dimensions. The capacitor plate is install-
cd at a high-impedance point which is
available at the stator of €35, the plate-
tuning capacitor. This placement may he
<gen in the accompanying photograph.
The presenee of high voltage on the tube
side af the plate blocking capacitor, C29,
and the high rf voltage present at this
point mandate proper installation of the
vapacitor. A capacitor much larger than
approximately 3 pF will affect amplifier
tuning andd could overload the FET in the
receiver preamplifier. The Amecy PLFE-2
preamplifier is connected via coaxial cuble
from the fabricated capacitor to the
veceiver and operated as directed in the
PLF-2 instruction manual, For added
protection, a pair of parallel, reverse-
cannected IN914 diodes was installed
across the rf input jack of the PLF-2 as
shown in Fig. 5. The 20-dB gain of the
preamplifier more than makes up for the
fosses in the voupling method vsed.

Summary

For a very modest investment, [ have
achieved the goal of a legal-limit, full-
QSK station with no relays or mechanical
parts. There are also added bonuses of
longer tube life, better reliability and a
cooler ham shack! g}

Notes

‘Frey, “How to Modify Lincar Amplifiers for Full
Break-1n Operation,” Ham Redio, April 1978,

‘Bryant, “Electronic Bias Switching for RF Power
Amplifiers,” QST, May 1974, [This presentatinn
included oscillascope wavefurms of the bias switch-
ing avtion and muy be ol isterest to some readers,

"SB-220instruction manual, pictorial 4-4, above point
[

$See note 3, pictorial 4-4, position T,

Strays

ON PROGRESS AND PROGNOSTIL-
CATION

[} Nostalgia-oriented old-timers may get
a chuckle or two from the following ex-
cerpts  trom  The Marconigraph  for
February 1913, Not only do we find an air
of exuberance concerning what was then
considered (and rightfully so) a scientific
breakthrough in communications (via
mobile radio), but we learn what fools
mortals can really be when it comes to
forecasting  the future of  progress.
Perhaps there is still a lessan to be learned
from all of this.

“Demonstrations which have been
given in practically all of the countries of
Europe caused a general revision of ideas
in transmitters and receivers, until today
the apparatus proves an ungualified soe-
cess when subjected to the most rigorous
tests. The automobile atations, the largest
for which any great demand for military
use has been found, are of the 1-1/2
kilowatt power. with a range of 150 to 200
miles,”” This excerpt was taken from page

On page 215 we find the following pro-
clamation, “Trips to the Plancts?” It
savs, ‘A Paris literary man predicts that
trips to neighboring planets will be possi-
ble some day. It is just a prediction,
however, There ate no grounds for it. He
thinks it is not more impossible than
wireless telegraphy would have seemed
300 years ago. But, perhaps we are near-
ing the ¢nd of the scientific age, instead of
being at the beginning. It has accom-
plished quite epough in the field of
transportation, and mankind should he
content if it turns its time to improving the
quality of things that the world has now
gained.”

Interestingly, there are people today
who subscribe to the foregoing doctrine.
We are fortunate, indeed, that scientific
endeavor did nof come to a screeching
halt in 1913! Anyone for spark transmis-
sion in and below the standard broadcast
band? — Doug DeMaw, WIFB

DO YOU HAVE “MOVING UP?”

L) I any members or clubs have perma-
nent copies of Moving Up to Amateur
Radio and would be willing to loan the
film to people in their area, then we need
your help. Hq. does not have enough
vopies to keep up with an ever-increasing
demand. Members must now reserve the
film two to three months in advance, If
you're willing to help, contact Donna
McManus, film librarian, at ARRL hg.
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Multielement Twin-Loop
Array Antennas for VHF/UHF

Want to stack two antennas on a single boom? Here's an
effective array for experienced experimenters.

By Hiromu Okagaki.* JA4VWK

This article  deseribes  patred  loop
antennas for the 144- and 432-MHz
bands. Each e¢lement is a figure-cight con-
figuration of two one-wavelength loops.
A figure eight has a gain of about 2 dB
over a single [oop. This antenna is in-
herently broadbanded.

A I5-element array for 432 MHz
mounted atop & mast is pictured in the
title photo. ‘Table | lists the construction
information. The dimensions are given
first in millimeters because the original
work was done in those units. The editor
has inserted near-equivalent English
dimensions,

The radiation resistance of a one-
wavelength circular loop is on the order of
130 ohims, As ittustrated in Fig. 1, we have
a choice of terminal tmpedances when we
connect two loops in a figure eight, The
proximity of the parasitic clements
reduces the radiation resistance. Direct
S0-ohm coaxial feed 5 used in the
432-MH?z antenna pictured,

As mounted in the photo, the antenna
radiates 4 vertically polarized wave. For
horizantal polarization, the [cops shouid
he stacked vertically rather than horizon-
tally. Avoid placing conductars {such as
metallic masts) between the clements,
because to do so will distort the radiation
pattern.

Fwo reflectors are used in the 432-MHz
array to improve the front-to-back ratio. =

Y504 Sukae-nachi, Tottort-shi, Japan

28 05T

A 432.MHz twin-loop array, supported by vinyl
tubing. Direct 50-0hm coaxial teed is used.

S0-ohm matching section of the 144-MHz
antenna, Note that the inops are cross-
nonnected for end-fire phasing.
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Fig. 1 — (A} Parallel-connected inops present an impedance of approx:mately 75 nhms {0 ohms
in a parasilic arrayl. {B) Series-connected loops present an impedance of approximately 300 okms

{200 ohms i a parasitic array).



Table 1
15-element Twin-Loop Array for 432 MHz (Direct Fesd)
Spacing
Efement from the
length, preceding
each side element
Element  Material immj} finches)  (mm) finches)  Notes
Reflector [I 3.9-mm (31&-inch} dia aluminum 750 28-1/2 Lattice
rod
Reflector | 10-mm (3/8-inch) dia alurninum 750 2912 215 812
tube, tlattened
Radiator  2.5-mm dia (no. 10 AWG) enam. 680 27-1/8 85 338
coated copper wire
Director | 3.8-mm (3116-inch} dia aluminum 640 2514 85 338
rod
Director Il " 630 24314 63 212
Directors " 630 24-3/4 135 558M6
1-X1
Dirgctor X1 " 630 24-3/4 120 4-3/4
Boom 22-mm (7/8-inch) dia polystyrene l.ength
tube and 18-20-mm (3/4-inch) 1810 mm
dia fiberglass tube (71-1/4 inches)
Table 2
Y-element Twin-Loop Amray for 144 MHz, End-Fire Driven, Lambda-Matched
Spacing
Element from the
length, preceding
each inop element
Element HMaterial imm) (inchesj (mm) (inches) Notes
Retlector  4.1-mm (3/18-inch} dia 2180 851316 Twin-loop
algminum rod supported
by a ither-
Glass arm
Hear 10-mm {&/8-inch} dia 2120 83-1f2 a0 14346
radiator aluminum tube
Front " 2030 791516 250 &5i8
radiator
IMatehing " 440 {7616 “Lambda-
rody match”
Direcior | 4.1-mm {3/16-inch) dia 1940 7B38 280 11 Supported
aluminum rod by spacers
to front
radiator and
director 11
Director (1 " 1910 75318 180 718 Supported
by a fiber-
glass arm
Directors » 1880 T4 410 1618
i1y
Director VI " 1880 74 380 1514 *
Boom 26-mm 11-inch) dia alisminum length 2700
tube and 22.mm (7/8-inch) mm (106-

dia aluminum tube

516 inches)

The rear reflector consists of a rod folded
s0 that the long members are parailel to
the polarization plane.

A different scheme is used in the
144-MHz design. Two driven clements in
& log-periodic cell illuminate the array.
The most convenient way to Feed the
antenna.is by means of a quadruple lamb-
da match. The feed system is shown in
detail in the ciose-up photograph. The
matching method can best be described as
four half-delta/gamma sections fed from

4 common coaxial center conductor. The
driven element loops are grounded to the
boom, as is the coax braid. Construction
information is given in Table 2. The
dimensions for both antennas were deter-
mined empirically.

The parasitic elements of both antennas
must be closed [oops. They may be
grounded to the boom at a common
point, or left floating. The transmission
line is secured to the boom and exits at the
rear of each antenna. [FET=]

Strays -4*

Fred Hyde, K8LIS, Prairie Village, KS, was ene
of four ¢rew members on the DaVincl Trans
America Balloon, which set a long-distance
flight record for balloonists in the continental
U S, before crash-landing in Ohio because of a
severe storm. Amateur Radio kept the crew in
touch with hams ort the ground. This photo
was taken near Topeka, KS, from a light plane
piloted by John Shilder, WBENEV. (photo by
Dale Monaghen, WOHSK)

NEW ADDRESS FOR MICHIGAN
AREA REPEATER COUNCIL

7] Raleigh L, Wert, W8QOI, secretary of
the Michigan Area Repeater Council, re-
quests that all mail be directed to:
Michigan Area Repeater Council, 309 E,
Gordonville Rd., R 12, Midland, MI
48640,

1 wauld like to get in touch.with . ..

{1 anyone who has information on
special radio aids for blind operators, to
be included in a new manual. Please con-
tact  Byron  Eguiguren, WDITAN,
WASWHS A.R.S. Trustee, Hadley
School for the Blind, 700 Elm St.,
Winnetka, 1L 60093,

Hunt Turner, KBHT (left), and artist John
Adams regently presented an art exhibit to
hams in six call areas via SSTV. A comic strip
sertes especially written for slow scanners is
caming next. {photo by Lynne Glaeske)
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Simple, Accurate Resistance
Measurement

If you're looking for close-tolerance resistors, this little gem
could save you time and money. You may have the creatures
right in your junk box!

By William D. Koch,* WD3BFI

One of the frustrations that tace most
builders of equipment these days is the
dwindling number of sources and quality
of electronic components. It seems that
building even relatively simple equipment
requires shopptiig and scrounging from
several sources before all the parts are
located. But woe be unto the ham who
tries to purchase precision components —
he'd better have a rich aunt!

Not too long ago, 1 became interested in
huilding @ phasing type ssb transmitter
and receiver.' As you might guess, the
design called for some [-percent resistors
and 3-percent capacitors for the audio
phase-shift network. After searching
through several catafogs, 1 managed to
Incate only about half of the close-
tolerance components required, 1 was
ready to scrap the project when )
wondered if there was an casy way 1o ac-
curately measure resistors and capacitors
obtained trom my junk box. Assuming
that reasonable accuracy could be ox-
pucted, it seemed possible to use series and
parallel combinations to fabricate the
needed values. A dependable, yet inexpen-
sive, measuring device resulted from this
thoughttul moment, Other amateurs may
find the approach and technigues |
cmiployed a practical solution for con-
ducting similar measurements.

Circuit Theory and Description

A simplified  circuit  diagram iy il-

lustrated in Fig. 1. Most readers should

immediately recognize this circuit as the
classical  Wheatstone  resistance-bridge

*1138 Stockton $t., Indianapols, IN 46260
'Reforences appeit on pape 31

30 asT=

Fig. 1 — & basic Wheatstone resistance-bridge
cirauit

configuration, Current through Mi will
be zero when the voltages V| and V are
equal. When V= V,, the following reia-
tionship holds:

Ry _ R,
Ry 7 RZ

R2
where Ry = Ry x _R,z_g_

It can be seen that, as R2,/R2y is a
dimensionless quantity, there i no need to
actually know the values of R2, and R2y,
We only need to know accurately the ratio
of R2, and R2j.

One way to take advantage of this ratio
property is to use a potentiometer for R24
and R2y. The slider is connected to the
point where R2,, and R2y are wired to the
meter. The ratio of the two end-to~slider
resistances will vary according to the slider
position. The problem is to accurately
determine the actual slider position. Use

of a very linear 0.25-percent 10-turn
potentiometer neatly solves this matter.
Such potentiometers are  oceasionally
available for a nominal price as surplus
ifems.

By coupling a 10-turn counter to the
potentiometer, you can easily determine
the position ot the slider to better than
17100th af a turn. As an example, let’s
presume we have a maximum counter-dial
scale of 1000, The ratio of R24.'R2j then
ts 1000 - X1000, where X is the dial
reading and can be read to a 3.5-place ac-
curacy (e.g., 437.0, 437.5, 438.0). With a
dial reading of 437.5, the ratio Ry, /Re is
128 or Ry, = 1.286 x Rq. If Rq cguals
10,000 ohms, then Ry vquals 12,860
ohms.

For best accuracy, strive to have
readings close to 500 or mid scale to
minimize effects of any dial backlash.
Presume  that we have a  half-digit
backlash (437.0 v, 437.5). The error caus-
ed by this backlash at 100 and 900 is 0.6
percent while at 500 it is 0.2 percent,

The particular end-to-end resistance of
the potentiometer is not too  critical.
However, with lower values, current draw
vould become high enoungh to dissipate ex-
cessive power in the potentiometer, (n
the other hand, with values higher than 20
to 50 kL, detection of the exact null
becomes more difficult unless a more sen-
sitive meter is used.

In Fig. 2, Rl is the sensitivity controf.
When 4 measurement is first started, the
bridge can be unhalanced enough to cause
excessive current to flow through the
meter, R1 adds series resistance to prevent
meter damage. As the null is approached,
R1 can be rotated to reduce the resistance
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Ry

+
DAL o - BTt

Ry

Fiq. 2 — WDEBF! uses this circuit configura-

ilon tor determining the values of unknown

resistors where accuracy is desired.

BT1 — 6- to 18-V battery,

By — Unknown resistor.

Rg - Standard resistor.

R1 - 1-megohm potentiometer, audio taper.

RZ - §0-kilohm, 10-turn, wirewound linear
potentiometer,

M1 — Surplus O- to 15-uA zero-center meter,

thereby increasing circuit sensitivity.

Construction

The resistance bridge can be built on
aimost any junk chassis you happen to
have. When | was testing the idea, 1
havwired the circuit in an old chassis
scrounged from a 6V6 crystal-oscillator
transmitter built when | was a Novice,
same 17 years ago. Construction is not
critical, although the. I0-turn counter
should be sofidly mounted for minimum
hacklash and best accuracy. ln my unit,
Rg was mounted outhoard between two
five-way binding posts, although a rotary
switch and wultiple precision resistars
could be used just as well. The battery
sypply in the original unit contained four
pentight cells wired in series, although a
9.V radio battery is a satisfactory
substitute., Ry is suspended between two
five-way binding posts on the top of the
¢hassis.

Only one adjustment needs to be made
hefore the unit is operational. The counter
must be set at 500.0 when the potenti-
ometer is in the exact center of travel. This
is casy to do. Find two 10-kf) resistors,
ane to serve as the unknown and the other
for the standard, Balance the bridge. Note
the reading. Now, switch the two
resistors. Balance the bridge again., and
note the reading. The difference of 500
minus reading no.. I shouid be the same as
reading no. 2 minus SO0.[f not, adjust the
cotnter-to-potentiometer. voupling  and
redo the entire procedure. Keep adjusting
the coupling until the two differences are
the same,

Resistance Standards

There are at least two ways to acquire
an accucate set of standard resistors. You
may elect cither to buy surplus 0.05- to
0.25-percent accuracy resistors or use cer-

tain characteristics of commercially
available  S-percent  resistors  and
mathematically calculate a given standard
value. In effect, the second method relies
on the manufacturing tolerances and
statistical analysis of resistors in your junk
bax to measure the value of a standard
candidate resistor.

The first technigue is by far the
preferable one, although the second can
give acceptable results if enough patience
is exercised. [ picked up my ‘“‘standards’
at hamfests for next to nothing. Keep
your cyes open. Many times you can
bargain for a handful of precision
resistors for a few doflars. Beware,
however, of castoffs and damaged
resistors! Before accépting the marked
value as gospel, test it apainst several of
the other values vou acquired.

Testing the value of a prospective stan-
dard is not all that difficult, but it does
take a little thought. Suppose the pro-
posed standard Ry is marked 9380 ohms
+ | percent. The value of the resistor
could range between 92862 and 9473.8
ohms, assuming the tesistor {5 within
specifications. Suppose yvou are testing it
against a 10,000-ohm {-percent resistor,
Rg. which can have an actual vaijue from
9900 to 10,100 ohms. The maximum ratio
these two resistors can have while remain-
ing within the specified bounds is
0, 100/9286.2 ohms or 1.0876 with a dial
reading of 479.0. The minimum ratio is
1.0450 with a dial reading of 489.0, 1f a
dial indication between these two limits is
obtained, then vyour proposed standard
resistor is likely within tolerance. This test
should be performed several more times
against other resistors to make certain that
hoth the standard and original test
resistars are not off by the same amount
(2 percent) in the same direction. Using
several other resistors to test the proposed

_standard reduces the probability of such

an occurrence. After passing a number of

such tests, it is probably safe to presume-

that your standard is within the marked
tolerance. The procedure can be repeated
for other standards, but keep in mind the
hacklash issue mentioned earlier.

The second procedure for testing a stan-
dard candidate involves an approach
similar to the first, aithough it is more
tedious. Basically, a number of like-
tolerance, like-resistance values are com-
pared against the proposed standard
resistance with the potentiometer ratio be-
ing recorded for each comparison resistor.
The results of the comparison resistor ist
is scanned for obvious *‘ringers’ which
are discarded from further analysis. A
simple average of ratios is then taken.
This ratio is then multiplied by the
nominal value of the comparison resistors
to determine the value of the standard,

Table 1 is an vxample showing a ratio
comparison  between a  comparison
resistor and a standard resistor. In this
case both the standard and comparison

Table 1

A comparison between a standard resistor and
a comparison resistor where both are rated at
10 kO with 5-percent folerance.

Ratio of
Comparison Resfsior to
Standard Resistor

1.056

1.128 discasd
0.9948

1.046

1.026

1.005

Test

= 5 SR RN C Y

resistors are rated at 10 k2 and 3-percent
tolerance. Reading number 2 is discarded
because the ratio of two S-percent
resistors of the same nominal value must
lie between 0.90476 and 1.1052 (0.95/1.05
and 1.05/0.95). Since only comparison
no. 2 does not lie within this range, very
likely it is the oply one out of specifica-
tion. Discarding this reading leaves us
with five. The arithmetic total of readings
is 5.1278, or an average of 10256 per
reading, This means that R/Rq = 1.0256
or Ry = 9750 ohms.

I emphasize that the second approach
to validating standards is more subject to
error than the first. For best accuracy and
minimum chance of error, a large number
of comparisons shouwld be made. Ewven
more important, ane should make certain
that the comparison resistors are from dif-
ferent sources and not all from the same
manufacturing lot. If this precaution is
not taken, the standard resistor may be
biased inasmuch as there could have been
a production run in which the resistor
values tended to be higher or lower, on
average, than the nominal value.
Amateurs who are ambitious enough to
try this second technique should have a
number of resistors acquired over the
years. 1 do not mean to seem too negative
on this approach, if vou try it, use a little
discretion. I have employed both pro-
cedures with equally acceptable results,

Conciusion

The technique described to measure
resistors has proved quite satisfactory.
First of all, when measuring [-percent
junk-box resistors, [ consistently find that
[ can measure them accurately. Further~
more, the ssh phasing receiver has been
completed and it works well. Sideband
suppression, which s significantly  af-
fected by phase-shift network inac-
curacies, appears adequate. [ 2]

References

'Shubert, “*$olid-State Phasing-type 5SB Communi-
cations Receiver,” Ham Radio, August 1973, p, 6.

*Shubert, “*Phasing-type Single-Sideband Transmit-
ter,'t Ham Radi, June 1975, p. 8.

U V- Y TUE T TR [ <7 -7 . |




A Remotely Controlled
Antenna-Matching Network

Want to get rid of feed-line losses caused by antenna
mismatches? Put the matching network right at the antenna
feed point. Here’s how!

By Herbert Drake, Jr.,* N6QE

Yuu can’t dispute the benefits of full-
size, resonant antenna systems as part of a
vomplete amatetr station. But there are
many amateurs who can only consider
sinall, bighly reactive random arrays or
verticals because of real-estate limitations.,
Presented here is an approach that makes
such types of antennas mare acceptable in
terms of overall station etficiency. This is
accomplished hy placing an antenna-
matching network right ar the feed point
and controlling it remotely to provide
vonvenient  band-changing  capabilities
without compromise,

The basic theory applied is that any
antenna, be it vertical, horizontal or a
combination of both, can be a satisfactory
radiator provided it is praperly matched in
a low-loss manner, In other words, all of
the transmitted power must be radiated if
there are no mismatched feed lines and
ather lossy elements to convert this power
into heat. The energy may not go in the
vhosen direction, hut at least it will be
radiated!

The antenna-matching network may be
placed anywhere between the transmitter
and the antenna it the intention is simply
to match the fransmitter to the load. It is
assumed that the transmitter nutput tank
is vapable of handling the impedance of
the line conmected between the matching
network and the transmitter. In this vein,
many older fransmitter pi-network output
tanks were sutficiently flexible in match-
ing range to dispense with the need for an

*40 Pikes Peak Dr., San Ratael, CA 94903
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external matching network. The reasun
for locating the network at the antenna
feed point is to ¢liminate transmission-line
iosses while matching the wide range of
impedances that result from the use of
random-length antennas  operated  as
multiband radiators, [n such vases, the
VSWR on a coaxial feed line becomes so
severe that high losses are the resutt. OF
vourse, it is possible to use open-wire
tfeeders with a atching network at the
aperating position, but often the aesthetic
appearance and inconveniences resulting
trom this approach are unsatisfactory, in
industrial and military hf radio installa-
tions, remotely controlled matching net-
works are commonplace. Some of them
contain servos and phase detectors that

‘“(&

10 ’

CPERATING

ms\rmul
7

Fig. 1 — The hasic circuit of the antenna.
matching metwork, Bath the rotary inductor and
the vacuum-vanable capacitor are motor con-
trolled. K5 is used to select either mode ot
operation. (See taxt)

van automatically adjust the matching
network within seconds,

The system presented here contains
many features that are ottered for con-
sideration aad not necessarily for exact
duplication. This antenna-matching net-
work has performed reliably since installa-
tion. A 60-foot (iR.3-m) horizontal
random-length antenna about five feet
(1.3 i) above the surface of the roof was
used at the time. The matching network
components  ciimloyed are vapable of
vperation at a sustained 1-kW input level
during RTTY operation. Only  two
motorized adjustments (L and ) are re-
quired and both of these are meiered at
the control point to permit coarse tuning
from tabutated settings. ‘The control
switches are duplicated inside the remote
unit v that maintenance may be uc-
vomplished  without  the need for
assistance.

The Circuit

The circuit of the antenna-matéhing
network is shown in Fig. 1, Successful
nperation depends upon the use of com-
ponents displaying a wide tuning range,
such as the 7- to 1000-pF vacuum-variable
capacitor. Fig, 2 shows the range of com-
plex impedances that may be matched at a
frequency of 3.5 MHz io a sowrce re-
quiring a 50-ohm resistive load. The two
modes are relay-selected. Fig. 2B shows
the detail near the vrigin. Fig. 3A presents
the same data for 28 MHz. It is assumed
that almost all random-length antenna im-
pedances  will fall within the arcas



+Jdx

2.5 kL -

2k =

AkQ =~

MODE B
RN

O=—225uH

ANT

T-1000 pF

kL =

2k -

2.8 KL e —

%

)

O~225 4H
XMTR

] A /I

4%

QHMS T-1000pF
300 =
200 —

00 —

E M R OHMS
100 D!
200 — B
38
300 ~ MHz

400 —
500 =

=
THMS

B}

Fig. 2 - Diagram showing the 3.5MHMHz complex impedance matching range. At A, the whole plot is shown, while at B, the area neat the origin is

shown in greater detail.

representative of one of the two modes of
operation @t any  given  freguency.
However, should an “unmatchable’ im-
pedance be presented, a small amount of
pruning of the antenna would no doubt
hring the feed-point impedance into range
of the matching network.

Fig, 4 shows the schematic for the
remote box. A duai-field, serivs-wound
24-V de motor with a built-in gear train

was chosen to drive the rotary inductor at
approximately 120 rpm. ks operation is

controlled by K1, K2 and two limit
switches (ST and 82). A 27-V de
permanent-magiict  ficld  motor  and

assoctated  limit  switches were  already
mounted on  the variable capacitor
assemnbly and it was anly necessary to add
a potentiometer and suitable gearing for
the logging-meter feature. Note that this

motor is driven by a potential of only 10V
in order to slow it down. Both control
relays are wired so that the accidental
simualtancous operation of a clockwise
and counter-clock wise relay will not result
in a short ¢ircuit.

The Jogging potentiometer assoviated
with the inductor is operated with a dial
vard and pulley arrangement. A stand-off
insulator is mounted on the sliding tap of
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Fig. 3 - The 29-MHz compiex impedance matching range diagram. The entire plot is at A, with detail near the origin shown at B.
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Parts List

1 — Jennings UCSL-1000 vacuum variable
sapacitor,

C2 — 5000uF, 15V electrolytic,

33 — 40,000-uF, 40V slectroivtic.

C4, C5 — 1000-uF, 50:V electrolytic.

D1-D4 — 1N4001.

D5 — Zener diode, 10V, 1 W,

DE-DY — Motorola MRS, 100 PIv, 3 A,

J1 — TRW/Cinch S310AB.

J2 - Part of P2 assembly.
K1-K4 — Knight KN105-2C-24D, dpdt, 24 V de.
K5 — Hart-Advance AT/2C/115VA, dpdt,
118 V ac.
L1 — E, F. Johnsan 226-1-4 rotary inductor.
M1, M2 — 0-1 mA.
P1 - Amphenof 3102A-18-1P, 3106A-18-8, and
3057-10A,
P2 — Cinch DB-15-8.
P3 — 3-wire ae plug.

81 — 5k potentiometer.

R2 . 10:kQ potentiometer.

B3,R4 — 2.2k, 1 W,

5154 - Spst Microswitches.

35, 86 — 2-pole. 3-position rotary.

§7, 88 — Spdt, Centralab 1455,

53, 510 - Bingle pole. 3-position rotary.

T1 - Stancor RT-202.

T2 ww Stancor TR-2,

LIt —~ Diode hbridge, Motorola MDA 9702, 100
PV 4 A

the inductor and serves two purposes; it
Activates the limit switches and drives the
dial vord and L potentiometer, The limit
switches for the [ motor were placed in
the ¢oil ¢ircuits of relays K1 and K2 rather
than in the motor-field leads. This was
done to protect the switch contacts from
the high current present in the niotor
ficlds, Both the vapacitor and inductor
logging  potentiometers  are  adjusted
mechanically so that the wipers are at
ground potential with either € or . at
minimum. The wipers travel c¢lose to the
end of their rotation with cither of the
units at their maximum positions.

The power supply for the motors, test
switches and meter circuits are lucated in
the remote box in order to minimize
power [osses in the control wcable.
Although the inductor motor draws
several amperes, the primary current of
the power transformer is considerably
less, resulting in a lower control-cable
volitage drop. The Zener diode in the
meter supply and the separate ground
return ensure that the meter readings do
not fluctvate with line-voltage variations
during the vperaiion of either or both tun-
ing motors.

Fig. % is a sketch of the component
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focation within the remote hox. More ex-
act data are omitted since a builder would
probably use different motors and alter-
native components, depending upon
sotrces of supply.' Sheet aluminum and
P74 % feinch (6 X 25-mm) aluminum bar
stock were employed in construction, A
surpius aluminum box with a well-sealed
“suitcase” type of removable top was
selected. Components were mounted to an
independent frame rather than to the box
itsedf in order to obtain good mechanical
stahility and to avoid drilling too many
holes in the outer box. All holes that were
drilied for screws or connectors were
carefully waterproofed by means of rub-
ber  pasketing  materfal, including the
80-239 chassis connector. The Ciuch

'Possible sources of supply for companents simitar
to thase used by the author are Radiokit, Box
429, Hallis, NH  030d49; Multropics, Ine.,
905 Red Branch Rd.. Columbia, MD 21045;
tair Radio Sales, Box 1108, Lina, OH 453802,
Herbach and Rademan, Ine., 401 kast Frie Ave.,
Philadelphua, PA 19134; Newark Electronics, 112
Cottage  Grose  Rd.,  Bloomficld, T 06002,
tNewark has coast-ta-coast dealershipg,) For relays:
Allied EBlectronics, 845 Woburn St., Wilmingion,
MA OIBRT (Allicd has coast-tocaast dealerships;
the relays are hsted in the Engineering Manual
and Purchasing Guide, No, 790,

Table 1

Frequency

(MHz) L [ Mode
3.528 45 91 A
3.600 42 86 A
3.700 37 83 A
3.800° an 7% A
3.900 11 73 A
4,000 22 100 A
7.025 68 39 8
7.300 &1 40 B

14.025 54 50 A
14.350 &7 49 A

21.02% 16 4q B

21.450 17 39 8

28.000 17 42 A

29.700 5 42 A

DB-15-8 connector specitied for P1 and
J1 was the fitting required to mate with
the surplus  vacuum  capacitor/metor
assembly: [t was not my choice, The Am-
phenol numbers listed for P1 represent
one  of those “military”  conncctors
ordered by specitying the shell, clamp, in-
sert, hoot, etc. My concern was that the
connector be waterproof. Finally, an am-
ple supply of hlue/pink indicating silica-
gel desiceant was placed in the box. This

wel must be renewed periodically in the
oven because of the accumulation of
moisture.

QOperation

The control circuitry mounted near the
station equipment 15 shown in Fig. 6. The
two  control  switches are  mounted
horizontally  beneath their associated
meters, Operating either switch left or
right results in the meter indicating the
satte  direction. The meter calibration
potentiometers are set so that the meters
read full scale when their motors operate
the appropriate limit switch.

The operation of the matching network
is simple ance the tasks of “homing in”
the L. oand C values, logging the meter
readings and noting the mode scttings are
accomplished. T have found that a table
(such as that shown in Table 1) posted
near the rig is helpful. Additional columns
can be provided to show the tune and load
control settings of the transmitter. After
setting the inductance and capacitance in
accordance with the logging meters, a
VSWR indicator can be used to aid in
nulling the residual reflected reading by
alternately operating the 1 and C
switches., Happy matching! inE™ |

Strays

MOYING?-UPGRADING?

L1 When you change your address or call
sign, be sure to notify the Circulation
Department at ARRL hq. Enclose a re-
cent address label from a QST wrapper if

at all possible. Address your letter to Cir-
culation Department, ARRL, 225 Main
St., Newington, CT 06111, Please allow
six weeks for the change to take effect.
Once we have the information, we'll make

sure your records are kept up-to-date so
vou'll be sure to receive QST without in-
terruption. if you’re writing to Hg. about
something else, please use a separate piece
of paper for cach separate request,

Jannarv 1980 K14




The Microprocessor
and Slow-Scan Television

Put your 6800, 8080, or whatever microprocessor you may
own, to work. It can become the heart of a video processing
system for reception and transmission of SSTV pictures.

By Paul M. Jessop,* GBKGYV

Slow—scan television (SSTV) is one of
the more interesting modes available tn
the radio amateur. But at present, much
equipment is cither a bit primitive,
homemade using long-persistence phos-
phor tubes, or else very expensive com-
mercial, using slow-to-fast conversion.
These latter use dynamic shift registers
which are now more expensive than the
more modern equivalent, the random ac-
cess memory (RAM). They are aiso more
temperamental and  require  awkward
high-level clock drives.

This article describes how the owner of
a microprocessor  with a reasonable
amount of memory can decode, display
and process SSTV signals received off the
air or from tape and also send user-
generated pictures, The term *‘reason-
able’” here means that 8-K bytes of
memaory are required for picture storage
and there s an additional software
averhead of perhaps I K on top of this.
Another requirement is a display device
capable of displaying a matrix of 128 x
128 dots in 16 tones. This must use direct
memory access (DMA) and can derive
many of the signals it requires from an
existing video display. Such a device is
not, to the author’s knowledge, commer-
cially available.

To survey quickly the SSTV technique,
a picture is sent by frequency modulating
an audio suhearrier according to the in-
tensity at that point in the picture, This
subcarrier is fed to the transmitter which
is normally operated in the ssb mode, but
fm is not unknown and has advantages
for short-range work. Syne puises are
added at the end of each line (3 ms) and

137 Warwick  Rd., Solthall, West Midlands
BY91 3IH(, Fngland
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WITE aSPECT RATID nF
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NORMAL iV HASTER OF 262 LINES
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Fig. 1 =~ The way in which the 35TV piature 1s
displayed on a normal television screen. Each
line of the 128-line S8TV plcture is disptayed
twice. The cross-hatched arga represents a
blanked border created by displaying a
1:1-aspectratio picture on a screen surface
having a 4:3 aspect ratio.

Table 1

Information  Freguency
Sync 1200 Hz
Biack 1800 Hz
White 2300 Hz

frame (30 ms). The lines are scanned at
about 16 lines per second and there are
about 128 lines in a frame, A complete
frame thus takes about eight sevonds. The

frequencies used are shown in Table 1.

In the system described here, each line
is divided into 128 dots {pixels), each of
which can take one of 16 values of inten-
sity, white through black, Each pixel thus
occupies 4 bits of information (4 bits
represent 16 discrete values) and there are
128 x 128 = 16,384 pixels. Thus 65,536
or 64 K (1 K = 1024) bits are required to
represent the whole picture. Since most
microprocessors work in terms of 8 bits (1
hyte), the memaory requirement is for
64 K - B = B-K bytes, a standard size of
memory board.

To turn now to the hardware required,
cach of the dots must be dispiaved on a
domestic television. A proposed scheme is
shown in Fig. [. A noninterlaced scan of
262 Tines is produced, with each line of the
55TV picture duplicated. This leaves a
small gap at the bottotn and & rather
larger gap at either side. The latter occurs
because the SSTV picture is square
whereas the television screen is ree-
tangular, The scan rate of the Jomestic
television is 15.75 kHz and therefore the
time for one scan is 64 us. Some of this
time is used by the line sync and blanking
periods and only 75 percent of the image
width is used by the S3TV picture.
Therefore, the time in which the 128 pixels
making up the SSTV line are shown is
about 42 ps. Hence the time between con-
secitive pixels is 330 ns, but this does not
mean that the memory must have an ac-
cess time of less than 230" ns, This is
becauserof a trick in the way the informa-
tion is stored; more on this later. ‘The ac-
tual required memary access time is 600 ns
or less. This is a normal speed since a
microprocesor running at 1 MHz (e.g..
6300, 8080) necds an access time of 575 ns.
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Thus standard memory parts can he used,
a major factor since the assembly of the
memaory could be a headache unless a
ready-made unit or at least an etched cir-
cuit board is available,

The overall system block diagram is
shown in Fig. 2. The large block labeied
“microprocessor  system’’ covers  a
multitude of sins. Any microprocessor
will do and the choice is governed largely

by availability, since it is unlikely that
anyone should cousider buying a micro-
processor solely for use on 38TV and its
suitability for other tasks would be a
primary consideration. There are many
circuits for the SSTV demodulator and
this choice is clearly with the builder, who
may well already have a unit availabic. It
is ponsible to perform the demodulating
function in software but this is not as sim-

ple as it might at first seem. A hardware
system which in essence is very similar is
shown in Fig. 3. The principle is to count
how much longer the pulse length is thana
pulse representing white picture informa-
tiont (172300 Hz or approximately 435
ms), While the output of the counter
vould be fed to the microprocessor or the
hardware vould be emulated in software,
there is a major difficulty. The system

Fig. 3 — Biock diagram of a circuit to demodulate incoming 88TV audio signals for the microprocessor. At 8 waveforms for carresponding peints
indicated at A are shown, The duration of the incoming-wavefarm pulse (A} is greater than that for white picture intormation (B). The principie is to
count how much longer, represented by the number of spikes in waveform E. -
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Fig. 4 — A technique tor frequensy doubling
with a 74121 monostable multivibrator. (See
text.)
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Fig. & — Frequency multiplication “by divi-
slon,” using a phase-locked loop. (See texty

requires E28 samples per line but in a line
of black, there are less than 100 cycles
{1500-Hz tone for approximately 1/16
second). Thus to utilize this scheme, either
some complicated software or modifica-
tion to the hardware is required. One way
around this is to multiply the frequency of
the signal cither directly (Fig, 4) or by

diviston'" (Fig. 3). Frequency doubling
still gives less than 200 cvcles per line so
some fairly sophisticated software is yet
called for. If this method of demodulation
really must be used, the easiest way is to
time.the pulse in hardware, convert to an
anzalog signal and smooth this. The signal
can then be converted into a digital form
and sampled by the micraprocessor as re-
quired.

The multiplexer of Fig. 2 serves to share
the 8-K RAM between the microprocessor
and the TV display gencrator (TVDG).
The memory is normally connected to the
TVDG but when the microprocessor at-
tempts & read or write on the aemory
block, the multiplexers switch the controi
to the main boses: Thus the micro-
processor has priority in accessing the
memory; this vould cause glitches on the
serecn unless the soitware were so written
that all transters take place during the
frame blanking perind. It is generally
found, though, that with this type of cir-
cuitry, the glitches are not objectionable,
and of course only nccur when a signal is
actually being received.

By far the most complicated part of the
cireuitry is the TVDG. However, no new
boundaries are being broken as it bears
much resemblance to a pormal video
Jisplay teminal. It one of these is already
in use, many of the signals required by the
TVDG can be derived from it (syne and
blanking pulses). A more detailed block
diagram of this part of the circuit appears
in Fig. 6. Its operation is perhaps best

understood if the actions taken im-
mediately after a frame-syne pulse arc ex-
amined. This pulse clears the row and col-
umo counters which keep track of which
cell is being accessed. The next line-syne
(LS) pulse triggers a delay circuit which
defines where the left edge of the picture
falls on the swreen (see Fig. 1). The
delayed pulse gates the master clock which
vontrols the rate at which the pixels occur
across the sereen, i.e., the width of the
picture. This is about 3 MHz. This pulse
train teeds the column counter which is a
7-bit binary divider, The most significant
6 bits act to address the 6 feast significant
hits of the RAM. Ancd the leust significant
hit ol the counter is fed to a data sclector
which cffectively muitiplexes the 8-bit
memory word onto 4 lines. As mentioned
carlier, a trick in addressing the memory
allows the use of slower (and therefore
vheaper) RAM. This is that trick, but it
has another advantage up its sleeve. Since
the data are stored in &-bit-wide hytes,
standard nterory hoards can be used.
Two vonsceutive pixels are <tored in the
same byte su when theyv are accessed o=
quentially, the memory need only he
referenced once. The access time require-
nrent of the inemory is theretore halved.
The data selector has the tunction of
separating the two pixels.

A carry or overflow from the column
counter has three erffects, First, it disubles
the clock gate so that no further counting
takes place until it is cleared by the next
LS pulse. Second, it blanks the video
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Fig. 8 — Detalled block diagram of the television display generator (TVDG). Operation of the circuit is discussed in the text. The bt column
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autput 5o that spurious picture informa-
tion is suppressed. And third, it clocks the
row counter, Since each row of the $5TV
picture is fo be displayed on two con-
secutive lines of the video output, a
divide-hy-2 flip-tlop is inserted between
the column and row counters, together
with a pate which prevents  further
counting,

The output of the data selector feeds a
D-A converter which generates 16 discrete
andlog levels. This, in turn, feeds 2
blanking/syne mixer, for which many
cdesigns extst, This concludes the details of
the ain features, at least ot the hardware
side, We now turn Lo the software re-
guired to use the hardware to the best ad-
vantage.
software Techniques

The objective of the software control-
ing the system is to receive the signal, store
it in the mumory of the display generator
and also to process the data to make the
picture more intelligible. A bhasic routine
for reading the 85TV information from
the input port and writing it to the picture
memaory is-shown in Fig. 7. i followed
through, the process is self-explanatory
but one thing should be noted, namely the
difference between the two types of ree-
tangular (process) boxes. The boxes with
single sides represent hasic operations
such as can be performed by the micro-
Processor in one or twa instructions but
the double-sided boxes represent more
complicated  processes  typically repre-
wited in the program by a subroutine. [t
should be noted that this is by no means
ait optimum algorithm but was designed
nierely to ilfustrate the basic principles in-
volved (n transferring the data from input
port to memory. Other hells and
whistles™ are within the grasp of the user
merely by modifying the program. Some
additions will be examined here, namely
buffered read, 9-cell averaging and frame
averaging.

Buffered Read

It was mentioned earlier that if the
I'VDG and the microprocessor attempt to
access the 8«K memory block at the same
time, the microprocessor  will  win,
possibly causing g spurious vesponse on
the screen. This can be avoided if, instead
of writing received data direct to the
TVDG memory, it is stored in a buffer
and transterred to the TVDG memory
when the TV display is blanked. There are
four FSTV half-frames during each SSTV
ling and thus there are four vertical blank-
ing periods during which the transfer may
be made. These tast rather more than |
millisecond so at least 4 ms is available to
transfer 128 four-bit data items which can
in fact be treated as 64 eight-bit bytes,

In order to varry out this task, the
micropracessor must clearly know when
the display is blanked and another input
line would be required, earrying the FSTV
frame blanking signal. However, the pro-
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cess of unloading the huffer must not be
allowed to interfere with the timing of the
input sampling or the timing of the SSTV
sync pulses. These difficulties mean that
there is a strong argument for an
interrupt-driven system, This is a system
where the microprovessor has a “fore-
ground”’ task of unloading a buffer into
the TVDG memory and a **background”’
task of sampling the incoming data and
writing it to the buffer when an interrupt
oceurs, i.e., every 480 ps (the duration of
each pixei). This interrupting signal can be
derived from a crystal-controlled ¢lock.
Flow charts for performing these func-
tions are shown in Fig. 8. The effect of
this process is to have two tasks for the
microprocessor which appear to be hap-
pening at the same time, but in truth, they
happen sequentially but very quickly. The
buffer requires some comment since the
normal type of last-in-first-out device is
inadequate. This is because the buifer is
required to access both ends of data. The
type of buffer needed is a circular buffer,
such as is shown in Fig, 9. This sort of
buffer occupies a finite area of memory,
and both ends are in fact accessible, These
are addressed by pointers which are in-
cremented after each read or write opera-
tion and reset to the beginning of the buf-
fer when they exceed the highest address
of buffer area. Thus, aithough the buffer
is implemented in linear memory, it ap-
prars to the program to be circular, The
length af the buffer is clearly a matter for
same thought and is dependent on several
factors, for instance the processar speed
and the time taken in responding to an in-
terrupt request in reading the data on the
input port and writing it to the buffer.
Under any circumstances, 64 bytes should
suffice  and this can probably be
significantly reduced.

Nine-Cell Averaging

When noise is present on an audio
signal, it is possible to reduce this by
passing the signal through a iow-pass
filter. The same is true of the SSTV video
signal; unwanted high-frequency cam-
ponents appedr as snow on the picture and
redave its readability, Fhese unwanted
components can be removed by a normal
RC or active filter hut they can also he
reduced by the use of a technique best
known to statisticians, the wmoving
average. In statistics, the fluctuations in a
set of results can be reduced by replacing
each data item by the average of those on
either side of it and the item itself, The
result is that the new data show the trend
of the results without being obscured by
individual variations. The same technique
can be applied to 88TV processing and is
wery easy to operate under the control of a
meroprocessor.,

Because an SSTV picture is a two-
dimensional medium, the averaging is ex-
tended from three data items to nine cells,
that under consideration and the eight
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Fig. @ — The circular butfer as it physically
axists in memary (A) and as It appears to the
program (B). The shaded areas represent the
amolmt of butter astually in use. This can con-
tract until the twa painters are adiacent or ex-
pand until the same situation gecurs, but they
must not pass,

surrounding it. However, despite the ap-
parent simplicity of the scheme, there are
two problems which arise. 1The first is that
when the cell in yuestion is received, that
following it and those on the next line
have not vet been received and are tor-
ward references. The other is that unless
iwo separate blocks of memory are avail-
able, it is imperative to varry out the.
averaging process within one block, with
the result that it is inevitable that already-
processed data will be used to influence
the new value of another cell. This means
that the averaging process is being ex-
tended beyond the 9-cell block and while
this may not be detrimental, it is not what
was wanted. The only real answer to the
second problem is to install another
memory block but the first may be readily
overcome hy a software technique. This is
as follows: When the bottom right cell of
the 9-cell square is received, the square is
complete and the averaging process may
take place. The values of the intensity in
all nine cells are added together and the
sum is divided by nine (this is not easy,
but there are alternatives; these will he
discussed in due conrse) and the resuit is
written back into the center cell. This iy
quite easy to achicve since it is the value in
the list, 129 cells back from the current
ceil. The division by nine still remains as a
major stumbling block, however, since it
cannot he performed quickly by the
microprocessor. The only numbers which
are easy to divide by are powers of two so
here 16 is suitable. The division can now
take place by shifting the result in binary



Fig. 10 — Weightings for 8-cell averaging for
cotventent division by 16.

by four places to the right. As it happens,
the necessity to divide by 16 provides
another advantage, that is that the
average valne can be weighted toward the
center ecll, This means that instead of
merely adding all the cells together, sone
are added in more than once and the result
is divided by the total number of addi-
tions, Now the weightings must add to 16
and be larger toward the center of the
sguare so the result is biased toward the
center cell. A suggested plan is shown in
Fig. 10. In practice the numbers would
not be individually added a number of
times but a process akin to Fig. 11 would
he carried out. This achieves the same
result but uses far less memory space to do
it. Clearly, there are many possible
weightings; cach experimenter can easily
determine the best arrangement.

Frame Averaging

This technique is very similar in essence
to the averaging method described above.
The averaging is not carried out within the
same frame, however, but between suc-
cessive frames. When a pixel is received,
instead of storing it at its memory loca-
tion, it is added to the previous value and
the sum is divided by two. This is then
returned to the previous location. The
result is that the display shows the average
of the frame just received and the
previous frame. The previous frame was
made up of that frame and the one
previous to that, however, which was in
turn made up of two frames. Thus each

Strays

BORROWED A LEAGUE FILM
LATELY?

L4 The evaiuation forms that we have
heen sending out with film, slides and
tapes are considered first class mail when
filled in. As a result of this, we will not be

new frame is dependent upon all the
previous framws, with the contribution
made by cach successive frame halving.
Thus the contribution scon becomes so
small that it cannot be resolved by the
grey-scale of the TVDG, This means that
when the received picture changes, the old
picture is soon swamped by the new pic-
ture. The cffect of individual noise pulses
is much reduced, however,

‘Transmission

To turn now to the gencration for
transmission of SSTV signals, it turns out
that the microprocessor is very versatife in
the functions it is able to perform.
Keyboards which allow the user to type to
an internal memory have been available
for a considerable time. The stored infor-
mation is then sent in an SSTV picture by
use of & dot-matrix character generator.
This generator was vriginally made froma
diode matrix but dedicated ICs are now
available to perform the same function
more efficiently and with much less in-
convenicnee Lo the constructor, Although
4 microprocessor can easily perform the
function of an SSTV typewriter, the
designer has a few decisions to make
about the way this works.

The first decision is in the way in which
the character gencrator is implemented.
The vbvious way is to include the Jata for
the generator in the software which runs
the SSTV system, but this is wastefol of
memory space and there is an casier solu-
tion. This is to “hang” a character-
geterator IC on the microprocessor bus.
This IC is much cheaper than the
equivalent amount of RAM because it is
mass produced and it need not be loaded
from paper tape ¢ach time the system is
initialized. The wider type of character-
generator 1Cs is easiest to interface since il
docs not contain the shift registers which
make the new ones so casy to use in a
television typewriter. The sccond design
decision is whether the transmitted picture
is penerated directly from alphanumeric
data stored in the computer memory or is
first translated into the actual intensities
for cach point in the frame, stored in the
TVDG wmiemory and then transmitted
straight from the memory. The second
method has “the advantage that any

transmitted data  are  automatically
displayed but if it is desired only io
transmit  alphanumetic  information,

using this form any fonger. The return
label has been changed to include an area
to comment on necded repairs. The Post
Office may require extra postage on the
return labels, « Donna McManus, Filin
Librarian, Club and Training Dept,

WELDING? WATCH IF

1] There is the same amount of force in
an exploding butane lighter as in three

1y V=20 . Clear v _ .

2) V=V + Center ——

B) V=V x2 Shitt left

4) V=V + Edges e

B) V=V xz2 Shitt left

(6 ¥ =Y + Coters -

(H V=V -16 Shift right feur times

Fig. 11 — A procedure to generate the
weightings shown in Fig. 10. At the end ot this
pracedure, the variable V contains the
averaged vaive.

either method iv  quite suitable, Lf,
however, it is also desired to transmit pic-
torial or diagramatic infarmation, the sec-
ond method is mandatory, and, of course,
some method of vreating the picture in the
first place is required. This can be based
on & cursor, moved about the screen
depositing, bright cells as it voes. This is
slow but very accurate results ate oh-
tained. A much quicker alternative is a
light pen, but this can produce rather rag-
2ed results and use very complicated hard-
ware.

Other Applications

One clear candidate for microprocessor
use in SSTV iz in the generation of
animated scguences. Here, memory space
can be saved by storing only changes to
the frame. Or the nicroprocessor can be
used to produce tapes which can be
transmitted later. This latter is possibly
more practical and shows that high
technology is not necessarily the best way
to solve a problem. An area where some
research is required in the amateur ficld is
in the use of random sampling to reduce
the bandwidth of a signal. The principle is
that instead of sending a row of a picture
at a time, one dot from each row, chosen
by a pseudo-random algorithm, is sent
and the receiving equipment, by the use of
the same algorithm, can reconstruct the
picture and display. Clearly, the use of
microprocessors makes this much easier;
it may even be possible to transmit actnal
animated sequences within the contines of
a voice band by the use of this technique.

The experimenter with a micro-
processor at his command can contribute
much in development work. Complexity is
not an economic factor because all the
work is done in software. If the individual
has almost unlimited time at his disposal,
he can perform feats which would not be

considered economical in industry.  [OF7

sticks of dynamite. Two Union Pacific
Railroad employees experienced tragic
accidents when butane lighters exploded
as the result of welding accidents. A
welding spark can come in contact with
the lighter and burn through, exposing the

fluid, resulting in  an  explosion.
Remember, safety is  everybody’s
business. — Dial Radio Club, Mid-

dletown, OH, Newsletter
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Hints and Kinks from Abroad

Edited by Doug DeMaw,* W1FB

Pat Hawker’s monthly column in Radio
Communications, ““Technical Topics,””
voniains some reelly great data. Here are
a few of the gems from pust issues of
the Radio Society of Great Britain
{RSGBI) journal.

MOSFET SSB Adaptor

The March 1978 “Technicai Topics*
eolumn included an item from ionel
Sear, G3PPT, ubout & combined product
detector/oscillator arrangement that he
had found suitable for use in a direct-
conversion receiver. He explained - that
this had stemmed from an item in Elekior
twwombined July, August 1977 issue, page
T2) where 4 435-kHz version formed the
basis of a MOSFET ssb adaptor intended
for use with any hf receivers not already
fitted with a product detector or BFO.
The original cirevit is shown in Fig. |
although, of course, it could he adapted
fur use at other intermediate frequencies.

ft ix noted in Elekior that sclf-
oscillating product detectors tend to force
the oscillator into resonance with the in-
voming signal, but that the dual-gate
MOSFET appeats to he reasonably tree of
this vice. Howcver, by increasing the
signal applied to the adaptor, this forced
resonance effect can be used deliberately
to achieve synchronons demodulation of
a-1n signals over about a £ 1-kHz range.
The oscillator arrangement is based on the
Clapp configuration,

Matching Coaxial Cables

Wyn Mainwaring, GBAWT, has made
effective use of a novel technique for
matching different coaxjal cables ar cur-
ing sucket-to-cable problems, Although as
indicated later, 1 am not sure whether this
i5 45 easy to implement as an alternative
idea that was drawn to the attention of
readers by  GIKYH  in *“*Technical
Topics,” October 1971, and subsequently
has been included in several editions of
ART. But first let GRAWT explain his
technigue. He writes;

"Much radio equipment is built to pro-
tfessional standards, including 50-¢ im-
pedance coaxial feeds, of which there are
many {and an expensive range of inter-
series connectors). The well-established
BNC devices are ample for the power
[evels found in amateur radio and they are
usable to 10 GHz; it is small and positive

*Senior Technical Editor, ARRL
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Fig. 1 — MOSFET ssh adaptor teaturing combined product detectorrosaillator circint described In

Elektor.

in a quick connection with no threads to
cross or bind,

“However, alder pear is more likely to
have 7541 outlets or feed impedance, via a
B-L connector. The nickel-plated versions
of B-L. are a better long-term proposition
than the more common aluminum-bodijed
plug, mating with a nickel or cadmium-
plated socket. it depends on a firm push
“‘home’ to minimize diclectric air-pap
and to ensure reflection-free connection at
very high freguencies.

“How can we join the two svstems? A
A/4 coaxial matching transformer (taking
into account the velocity factor of the
cable) can provide the answer if this can
be made by using a solid polyethylene
cable of an impedance that is the
geometric mean of 75/50-8 systems, i.¢.,
61 42, or in terms of sulid polyethylene
cables, 67 pF, {00 pF and 82 pF per meter-
length of cable. But how can we make a
61-Q length of cable?

““This can be done without disturbing
the inner part or cutting the outer conduc-
tor of a picce of single-cored 1JR43 (or the
flex-cored UR76) as follows: Start with
the cable correctly terminated at one ¢nd
with 4 50- BNC connector. Then,
caretully strip the black PVC sheath from

a goud 474 length at the other end (68 in.
[1.7 wj tor 28 MHz, 23 in. [0.7 m] tor 70
MHz, 13-1/2-in. {343 mm] for 144 MHz;
cte. )y the onter shield can then be pushed
back like a sausage skin to roveai the solid
polyethylene  dielectric,  Next, some
readily available plumbers® PTFE pipe-
thread tape {0.06 mm thick sewms a com-
mon type) is lap-wound over the [ength of
polyethylene, faorming two layers from the
braid toward the free end, then returning
toward the braid, forming a three-layer
lap, totalling five layers over the
polycthylene. 1t is this taped length that
forms the new-impedance vcable, an
overall diameter of 3.5 mm being needed
for this mixed diglectric length of cable.

“The hraid now needs to be eased back
over the taped section resulting in o
shrinkage of about four pereent. As much
vare as possible shouid be exercised in
replacing the braid smoothly and keeping
it in place with adhesive PVC tape, which
can be multilayered to bring the diameter
up to & convenient size for the B-L plug at
the 75-8 matching end, or for accepting a
larger PVC tube {trom some domestic
fringe-type cable) which may be svaled
from the weather with Bostick no. 1 or
PVX adhesive,”



Fig. 2 - Transmission-line transtormer used to
provide a simple means of matching 50-8t and
5.4k coaxial cables,

GBAWT sent along a short length of
modified cable showing that it makes up
into a very neat arrangement with the A/4
matching section built into the cable.

However, the alternative technique sug-
gested in 1971 by G3KYH and based on
an article in Elecrronic Engineering (April
1962) is shown in Fig. 2. This permits any
two cables of different impedance to be
matched together by using appropriate
fengths of the cables as shown, thercby
avoiding the need for a cable at the
peemetric mean  impedance. GIKYH
simplified the original formula to that
shown and noted that *““for a 50/75-Q
transformer this works out to an electrical
length of 29.3° for cach section of cable,
The physical length must of course take
into account the velocity factor of the
vables (typically about (.66-0.80).”

Versatile Calibrator

““FPechnical Topies,” November 1976,
showed how the 7490 IC decade divider
cail, by variation of connections, function
ds 4 divide-by-n device, where n is any in-
teger from 2 to 10, An interesting example
of how this facility can be put to very
practical use is to be found in a handy
crystal calibrator designed by GEIKL and
Ci8ISY. This provides marker points for
use up to vhi at intervals of t MHz, 100

kHz and then the option of either 10- or
i2.5-kHz markers.

G8JKI. writes: “‘Since operation on
fixed channels has become the vogue on
vhf and | use a tunable receiver, the need
for something better, in the way of crystal
calibrators, than the original band-edge
marker soon became apparent. To this
end the TTIL calibrator shown in Fig. 3
was designed by GBISY and me, The
switching allows netting on to the fm
channels which are 25 kHz apart by ar-
ranging the second 7490 to divide by
either 8 or 10, The unit can be built on
Veroboard and conveniently fits into a
tabacco box together with three no. 8 cells
making a *jam’ fit.””

Frame Receiving Antenna

On several ogeasions we have men-
tioned hriefly the use of simple franie
antennas, with single-turn coupling «oils,
for DX reception of medium-wave broad-
cast or 1.8-MHz stations. Each time in-
quiries have been received secking further
constructional details, although these are
not particularly critical. As such a design
has recently appeared in  Efectromics
Australia (Octaber 1976), the opportunity
is taken of reproducing it (Fig. 4.

About 100 feet (30.4 m) of plastic-
covered wire (about no. 22) should be
used for the main winding. This should be
wound 1o a whole number of turns; if it
will not tune fo 1.8 MHz with seven turns,
take one off and try again. Coaxial cahle
(75 ) can be used instead of 300-0 bhal-
anced line to the receiver, but aim at
making the windings and general con-
struction as symmetrical as possible, stnce
the depth of the rejection null depends on
the ¢lectrical balance, Tune in signals on
the receiver, peaking the antenna tuning
control and adjusting direction of loop
for maximum pickup or for maximum re-
jeetion of interference.
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fink over
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Turns
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Fig. 4 — Constructionzl details ot loop anten-
na for operation on medium waves and/or 1.8
MHz and capabie of providing deep null on in-
terferting signais (Elecirontcs Australla).
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I A Static Morse Keyboard

Build this Morse keyboard for your cw station and send
“perfect” code. Its static design will permit separation of the
keyboard and code-generating circuitry — and no EMI

problems!

By C. T. Isley,* W7KIM

A recenit ST article by Al Helfrick,
K2IBLA, described an inexpensive Morse
kevboard that atilized a  scanned
kevhoard.” The desien desciibed in this
article, on the other hand, utilizes a static
keyboard, A static keyboard gencrates the
appropriate digital code for the Morse-
code character selectad, as soon as the
corresponding key is closed. The dJigital
cade is the same seven-bit binary **word”’
uscd by K2BLA in his design.

Why a static kevboard? [n my case, a
separate keyboard was preferred with the
code-generating  circuitry  jn  another
crivlosure. Nince ! planned to add other
functions in the near future, this approach
appeared to offer greater flexibility over a
unit where all functions are packaged in-
side the keyboard. Several feet of connect-
ing cable would be required for this type
of design and it was felt that a potential
for EM1 (electromagnetic interference}
problems might arise with a2 scanned
keyboard. A static keyboard will not
cause EMI. From the standpoint of exter-
nally induced EMI, it might be argued
that a relatively long length of unshiclded
interconnecting cable would pick up
erough ¢f in a strong field to cause
spurious operation of the keyer. While
this has not happened in my case, it would
appear that such an occurrence could casi-
Iy be suppressed by the instaliation of sim-
ple single-section LC or RC filters at the
mput of the keyboard circuitry. The
“hrute-force” approach using  fufly
shielded cable could also be used (which
might solve all EMI problems), however,

*Rd Cortez Ea., Foster City, CA 94404

'Hellrick, “An Incxpensive Mnrse Keyboard,™ QST,
lanuary 1978, p. 24,
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Table 1

Keyswitch Connections for the Morse
Kayboard

CGonnect keyboard switches as indicated. “A”
coordinates represent vertical matrix lines; "B
«oordinates represent horizantal matrix lines

Connect tonnect
Character From  To  Character From Yo
A A7 87 W A7 Bi5
[} A6 Bz X Ab B10
[ A6 B Y Ad B14
8} A7 B10 2 AG 84
E A7 83 1 Ad B15
F AB By 2 a4 B13
G AT B2 3 Ad =2
H AG B1 4 Ad 81
| AT B5 5 AS B1
J AB B15 6 A5 B2
’® A7 B14 7 Ab B4
L AB B3 8§ AS B8
M AT B8 4 AS B16
N A7 86 A4 816
o] A7 B16 AS AB B3
p AB B7 AR Al B11
Q AB B12 BT A4 B2
R AT B11 8N A5 B10
3 A7 B9 ER AZ B9
T A7 B4  Comma Al B4
i AT 813 Period a2 B1t
v AS B9 7 A3 B13

using multi-conductor cable this approach
becomes physically unattractive,

Design of the Matrix

The design of a static keyboard general-
ly implies the use of a diode matrix. Using
the direct approach to designing a diode
matrix for this application would calt for a
farge number of diodes — obviously
oncrous and undesirable in this instance.
If the seven-bit binary “word™ is parti-
tioned so that the first four bits (in the

sense of right to [eft) are used to specify
the matrix column, then a relativeiy sim-
ple, tractable design approach results. Fig,
| shows the matrix circuitry. Only 41
diodes, three transistors, and four 1€ are
needed for this matrix hardly for-
midable or costly to fabricate. As cun be
seen in Fig. 1, depressing a particular key
completes the cireuit hetween the basc(s)
of the sclected transistor(sy (1-€33) and
the terminating resistors vorresponding to
selected rows for the desired binary code.
Table 1 shows the connections from the
matrtx to the kevboard switches. The
steering diodes associated with each row
and column (respectively) effect this selee-
tian process. The strobe signal needed to
indicate the presence of a character code is
developed by U4, Actually, the circuitry
used to convert the seven-bit *word™ into
Morse cade requires the complement of
the strobe (STR), so one of the inverters in
U3 is used to implement this operation.

Circuit Operation

The method for generating the actual
Morse-code character is the same as that
described by K2BLA with only minor cir-
cutt  modifications. The  schematic
diagram  for  the  Morse-character
generator and keving circuit is shown in
Fig. 2. The operation of the shift register
and character generator has been describ-
ed in K2BLA’s article, and will not be
covered in detail here. Each of the parallel
inputs to the shift registers (U6 and 1J10)
has been labeled with the binary weight
corresponding to the output line from the
keyboard encoder. When §TR is low, the
output of U13C goes high. This positive
step triggers dual multivibrator {U5SB)
causing the Q output to go high. After
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caption,

about 40 us, USB resets itself. A nepative-
going step will cause the output of U13A
to go high. This positive transition, gp-
plied to the clock inputs of Us and U10,
effects transfer of the binary word present
at the parallel inputs, When the shift
registers are loaded, gate U7 senses that
the binary word in the registers is no
longer all ones. As a result, the reset lines
to flip-flops U1B, U2A and UZB are
caused to go low, allowing the dit-dah
timing to start. This same level change is
applied to the CD input of U5B. So long
as CD is low, USB cannot be triggered.
Thus, during the generation of the Morse-
code character, further entry of data from
the keyboard is locked out. After readout
of the encoded **word®” plus one character
space, the output of UBC goes high, This
positive step resets flip-flops UIB, U2A
and 2B and inhibits any further dit-dah
keying action. The positive step also trig-
gers USB, resulting in the appearance of a
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positive pulse of about 2-us duration, If
the sTR signal is present {low), the output
of gate WI3C will first go iow, and then go
high on the trailing edge of the pulse, This
positive transition will trigger USB and
cause a repeat of the sequence just
described. If sTR is not present (high), fur-
ther operation ceases until STR is again
present.

Since the strobe and the data bits are
developed by a single key closure (when
the TR signal is at a level adequate to trig-
ger UiSB), the “*high™ data lines will also
be at a level suitable for reading into the
shift registers. This is true even if the key
closure has not completely stabilized. As
long as the delay in the dual multivibrator
{U5B) is small enough, the keying action
is effectively *‘debounced.” No difficulty
was cncountered with the time constant
used in the timing network for USB. It
difficulties are encountered the time con-
stant should be decreased.

While n-key lockout is provided during
the character zeneration, only the in-
tended key should be closed at the time
USB is reset; otherwise, ‘‘garbage’ may
he transferred into the shift registers.

No evaluation has been made of opera-
tion at low supply voltages, since the
[5-volt supply was already constructed. |
suspect that unreliable keyboard opera-
tion might occur with supply voltages well
below 5 volts, since there is approximate-
Iy 1.5 volts total drop across the matrix
diodes themselves. With respect to the
transistors (QQ1-Q3) there must be suffi-
cient voltage developed across the respec-
tive 10-k{ bias resistor to drive the tran-
sistor into saturation.

The keyboard is working fine in its
breadboard form and I’m currently work-
ing on a more suitable layout. | hope all
who build the keyboard will enjoy sending
perfect code as much as [ have. See you on
the air! g



Product Review

The Ten-Tec OMNI D Transceiver

The OMN! [ completa with the optional matching power supply and remote VFO. The bails on the
transceiver and VFO may be used as support brackets as shown and double as ¢anying handles,

or they may be removed entirely.

Once there was a valid argument that ew ops
had to take a back seat when it came to equip-
ment choice. That is to say, most transceivers
appeared to be designed primarily for ssb use
with ew *“thrown in* as an atterthought. Then
along vame Ten-Teo. Anyone tuning the cw
hands and listening to the descriptions of the
equipment being used will attest to the fact that
& great many. ¢w ops have made a hame for
their faverite piece of Ten-Tew gear. Not anly
dre they used in the house, but in the car, in
vampers, and while mountaintopping as well,

The latest otfering from Sevierville is the B
version of the OMNL. This updated model,
complete with optional 1.8- and 0.5-kHz
tifters, noise hlanker and model 243 VFO ar-
rived at the Product Revicw desk one after-
nuon, That evening it was on the air,

CGeneral Description

The OMNI series transcetvers ave dight in
wefght and ideally suited for mobile or portable
use as well as fixed-station applications, A
clam-sheHl aluminum cabinet houses the com-
ponents @nd is finished with a black vinyl-
vonered top and bottom. A complementary-
colored dark gray panel and satin-ctched trimt
provide the finishing touches, The power sup-
ply may consist of any source vapable of sup-
plying 13.8 V dc at 18.5 A, The 252 MO supply
was received with the review unit, This supply
has aver-current protection and is equipped
with a front-panel-mounted meter. An op-
tional over-voltage protection feature is
available, too. This provides for instantaneous
removal of the power supply output voltage
should it rise above 15 volts for any reason.

The transceiver covers 160 through [0 meters

*Assistant Technical Editor, ARRL

with WWYV reception at 10 MHz. There is also
an AUX position for future band additions and
the 10-MHz position may be converted- for
transmission should the need arise, The OMNI
s fully transistorized, A total of 20 1Cs, 44
iransistors and 63 diodes is used along with 23
cirenit boards. ‘i'he only transmitter *‘tuning””
necessary i the setting of the PRIVE and ALC
controls fur the desired power output. The
receiver RESONATE control is peaked to op-
stimize the presefector tuning when changing
bands. There are ny tuning or loading controls
per se. The final amplifier transistors are war-
canted fully for the first year and prorated for 5
vears. To chevk the “*100-pereent duty cycle’

Fig. | — This photo shows a worst-case condi-
tion with the OMNI operating at rated input
power on.cw at 28 MHz. The vertical divisions
are 10 dB each. Horizontal divisions are 10
MHz each. The spurious emissions close to the
carrier frequency are 48.dB down with respect
to the fundamental. Other spurs are at least 51
dB down. The OMNI D meets present FCC ra-
guirements tor spectral purity.

Conducted By Paul K. Pagel,* N1FB

The Ten-Tec OMNI D Transceiver

Claimed Specifications

Frequency coverage: 160 to 10 meters, plus
WWV raceive at 10 MHz.

Modes: Gsb and cw.

Power output: 85 10 100 watts, typical,

Power requirements: 12 to 14 V dc, 850 mA
receive, 18.5 A transmit.

Receiver sensitivity: Tailored from 2.0 x¥ on
1.8 MHz to 0.3 4V on 28 MHz for 10-dB
S+ NiN ratio.

Weight: 14-1/2 pounds (32 kq).

Dimensions: (HWD) 5112 x 14-1/4 x 14
inches, less bail (140 x 362 x 356 mm).

Price class: OMNS D, $1120. 252 MO power
supply, £140. 243 remote VFO. $140.

tating given the transceiver, we locked the key
down at full power putput {into a dummy load)
for over an hour. During that interval. the out-
put power decreased from (00 watts to 82
watts, No tuning touch-ups were made, The
final-amplifier heat sink was warm to the touch
after that episende, but not unduly so. A fan
was used 1o cool the heat sink of the power sup-
ply, not that of the OMNI, (This procedural
step iv outlined in the power sipply mannal).
Operation of the transceiver under conditions
producing a VSWR of 3:1 {during antenna-
matching-tetwork adjustment) produced no
failures.,

The ‘““B"(asic} Differences

There are a few differences between the
earlier OMNI and the later OMNI B. The first
units had a syuelch control. This has been
replaced by a notch filter which is quite effec-
tive in eliminating bothersome heterodynes . . .
and there can be fots of those on 40 meters! A
close look at the selectivity switch will disclose
anather vhange., The earlier OMNIL had an
audio active filter for use on cw which had
three selectable skirt contours. The B model
has both an optional 0,5-kHz ¢w crystal hilter
and a 1.8&-kHz crystal filter for ssb, The audio
filter is retained and used in conjunction with
the crystal filters for providing additional selec-
tivity. Both of these filters may be switched in
cascade with the standard filter. The switching
is arranged so the operator may sunultaneausly
smploy the audio filtering as well, Ten-Tec is
offering Factory conversion of the garlicr
OMNI series to the series B at 2 nominal cost,

The Receiver
The receiver employs an 8-pole ladder filter
with a 2.4-kHz bandwidth and {.7:1 shape fuc-
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Fig. 2 ~ The output of the GMNI D during a
full-power, 14-MHz, two-tone test. Each vartical
division is 10 dB and each horizental division
is 1 kHz. The third-order products are approxi-
mately 30 dB down from the PEP level

tor. The two optional filters available display a
1.8-kHz bandwidth, i.8:1 shape factor for the
narrow ssb filter and 500-Hz bandwidth, 1.9:1
shape factor for cw., A single-conversion
system s used with a 9-MHz i-f. The rf
amplifier stage is fixed-biased and has no age
applied to it. The rf-gain control is actually
used to control the i-f gain. A guad diode,
high-level, doubly halanced mixer circuit is
used, This type of mixer circuit is characterized
by its ability to handle high signal levels
without being adversely affected, Receiver
dynamic-range measurements were made in the
ARRL lab, These are worst vase figures
developed at 30 meters: MDS (minimum
discernible signal or.noise floor) ~128 dBm;
blocking dynamic range 115 dB; IMD dynamic
range 94 dB, This provides an input inteccept
figure of +13 dBm. At 20 meters, the follow-
‘ing figures were obtained: MDS —139 dBm:
blacking dynamic range 125 dB; IMD dynamic
range Y0 dB. The resulting input intercept
figure is ~4 JdBm. The sensitivity of the
receiver is tailored to produce a 10-dB 8 + N/N
ratio with input signals of 2.0 4V on 160 meters
and 0.3 wVY on 1) meters.

There are 4 number of receiver '‘birdies’
and the instruction manual points out a couple
of strong responses that will be encountered.
The strongest was that on 10 meters at 28.980
MHz (89 + 20 dB). This response may he
hypassed by switching to the mext higher band
segment and tuning appropriately helow that
segment edge. (ther in-band responses were
found at: 3.600 (83), 7.181 (S3), 21.320 (S4),
29.234 ($4), and 29,984 (34).

The tuning rate is a comfortable 1§ kHz per
tevolution of the &nob. A small amount of
hacklash was noted when tuning in one direc-
tion only. This is because of the action of the
tension spring in the PTO. If present, backlash
may be eliminated by simply loosening the set-
serew on the knob and pushing the knob a bit
further in toward the panel. Operators ate cau-
tioned that touching the metal insert or the
knob skirt will shift the frequency of the PTO
slightly. This is because the PTO shaft is ahove
chassis potential. The actual frequency change
is slight and during operation this never oc-
varred unless a deliberate attempt was made to
touch these areas. Frequency readout on the
OMNI D is by means of six 0.43-inch LEDs.
All are red in color with the exception of the
100-Hz unit which is green. The PTO stability
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is excellent. It took an awful lot of physical
abuse to persuade the PTO to move a few
hertz. The OFESET control has two ranges:
plus/minus 0.5.kHz and S kHz. This function
is usedd for receiver offset tuning only and is
disabled during transmit.

The RESONATE knob controls the preselec-
tor for the receiver, Care should be taken to en-
sure that the control is peaked correetly as it is
possible to peak at an fmage frequency of the
internal 9-MHz oscillator frequency on all but
the two lower bands, One spucious response
was noted while listening on 20 mcters. An
&sd0-meter inverted V was being used ay a
receiving antenna and the antenna-matching
network hadn’t been tuned for 20 meters. The
response heard was that of a strong 16-MHz
RTTY signal and resulted from mixing with the
fifth harmenic of the VFO signal, The frequen-
¢y of the signal was verified by means of a
separate receiver, Even with the RESONATE
control properly peaked, the signal was still
audible. it wasn't until the matching network
was tuned correctly tor the band in use that the
response  was  eliminated.  This  example
underscored the usctulness of an antenna-
matching network in cejecting  unwanged
vignals, - Use of a properly designed and
matched-antenna system is also emphasized,

There is plenty of audio output both with the
internal speakers {two bottom-mounted 2-1/2
inch [64 mm| types) and with headphones, In
fact, Ten-Tec recommends a pad be used when
employing Jow-impedance headphones, This
consists simply of a couple of resistors which
may be hidden within the body of the phone
plug.

The Transmitter

- The power output on all bands was in excess
of 90 watts except on 160 meters. There, the
power was measured at between 80 to 82 watts
from ame end of the band to the other using a
Bird wattmeter and dummy load. On 10
meters, the output was a healthy 98 watts. QRP
operation is readily accomplished by using the
ALC and DRIVE controls to vary the level of
cutput power,

The transmitter was subjected to specttum
analysis in the ARRL lab and the results are
shown in the accompanying photos of Figs. i
and 2. Audio quality reports received while
operating $sb were vomplimentary. A high-
impedance microphone is required and a stan-
dard _ 3-conductor plug is used for the
microphone connector, A speech processor is
not. supplied with the QMNI, but since the
reviewer 35 not an avid ssh DXer, it wasn't
missed, VOX system sensitivity is excellent and
it operates noiselessly. The YOX controls are
readily accessible at the front panel and have
no effect on the ¢w QSK operation of the
transceiver.

OSK . . . now, there’s where the ¢w en-
thustast van really *do his thing’*! Operating
QSK allows vou to hear what's happening on
the frequency between dits and dahs. It can
mean preventing the loss of a contact due to
fading, QRM, etc., and gives the other
operator(s) a chance (o interject ¢ comment
now and then. This has the effect of lending a
truly conversational air to a cw QS0. Two
speeds are provided for QSK operation which
should suit most any type of operating condi-
tion. The SLOW position has a smooth
receive/transmit transition which “holds’ be-
tween code elements. The FAST position allows
the operator to hear between the code clements
but is somewhat *“‘noisier” to the uninitiated.

Fig. 3 — Two waveforms are shown: The upper
wavetorm depicts the actual key-down time,
while the lower is the cw output signal of the
Ten-Tec OMNI D, serigs B, on 10 meters, Each
horizontal division is 5 ms. The “make™ of the
wave differs slightly between bands (only 1-114
ms). Here, the wave is shown starting approxi-
mately 1-1/4 ms after key down. On 40 meters,
this point shifts to approximateiy 2-1/2 ms
after key down. "Make” and “break’ time con.
stants of appreximately & ms will produce ab-
solutely clickless keying. (An excellent
treatise, “Some Thoughts on Keying,” was
presented by Goodman in April 1941 QST

Unlike some VOX keying systems (commonly
called **semi-break-in'* keying), no part of the
initial code ciement is lost in going from receive
to traasmit . . . it’s instantancous. A presenta-
tion of the keyed cw waveform is shown in Fig.
3. The ew monitot note s internally generated
and both volume and pitch are vontrolled by
two  thumbwheel potentiometers  {ocated
bencath the OMNI These are accessible
through a hoie in the bottom piate and may be
adjusted during operation.

A ZERO BEAT switch on the front panel
allows the vperator of the OMNI to adjust his
transmit frequency exactly to that of the re-
ceived signal frequency, When this button js
depressed, the receiver carrier oscillator fre-
quency iy shifted a nominal 750 Hz to match
the transmit frequency offset. The OFFSET
cantrol is automatically disabled. The operator
then tunes the QMNI for an exact zero beat or
null) of the received signal. When the button is
released, the reveive and transmit frequencies
will be the same and the beat note will again be
heard.

The Remote YFO

The 243 remote VFO (optional) supplies
more fiexibility to the OMNI. In addition to
the normat splitting of reccive/transmit func-
tions with the transceiver, there are two other
positians available which allow simuitaneous
duai-frequency reception. The digital readout
of the transceiver is not to be trusted during
this mode as it will lock onto whichever VFO
signal is the strongest or display random digits.
To check the frequencies properly, the
operator must switch o & single receive fre-
quency positton. The remote VFQ readout is
an analog readout and proved to be quite ac-
curate,

The Ter-Tec OMNI appears to be ideally
suited for the cw and ssb DXer. The rapid QSK
and band-change features should appeal to
many. RTTY cnthusiasts will welcome the
long-term powcr-handling capabilities of the
final amplifiers, too. — Paul K. Pagel, NIFB



Presenting the Drake R-7 receiver. A synthesized, general coverage receiver, it offers a wide range
of features. Govering the frequency range of 0 to 30 MHz, this receiver is at home in both the ham

shack and the laborataory.

R. L. DRAKE R-7 RECEIVER

The beholder of this fine new product may
regard it initially as just another “super-duper
signal scooper,’” but it is, in fact, anything bur
just another fancy receiver, The Drake R-7
(model 1240) is a synthesized general-coverage
(0- to 30-MHz) unit with no gaps. in the fre-
qQUENCY coverage.

The utility of this new product can be used to
advantage in the ham shack or laboratory, with
or without the many available options. Ameng
them are the MS-7 speaker, i-f filters for 300,
500 and 1800 Hz. One can also purchase filters
for 4,0- or 6.0-kHz bandwidths. Other ac-
vessories are the NB-7A noise blatker and
Aux-7 range program/fixed-frequency board.
The latter permits programming cight addi-
tional 500-kHz range segments in the 0- to
30-MHz range, irrespective of the existing
eleven 500-kHz range increments.

Specific Circuit Features
The receiver front end employs 4 high-level

Drake R-7 VLFIHF Receiver

Claimed specilications

Sensitivity: 1.8-30 MHz less than 0.2 uv for
10dB S+ NIN with preamp on; less than
0.5 pV with preamp off. From 0.01 fo 1.5
MHz, less than 1.0 uv.

Dimensions (HWD): 46 X 13.6 x 13 inches
{116 » 346 x 330 mm).

Weight: 18.4 Ibs (8.34 kg).

Power requirements: 100 to 240 V ac, 50/60
Hz, 60 watts, or 11to 16 Vdcat 3 A
{13.8 V d¢ nom.).

Price class: $1300.

Manufacturer: R, L. Drake Company, Miamis-
burg, OH 45342. Tel. 513-866.2421,

doubly balanced mixer. As an enhancement to
image rejection, the first i-f {s derived at 48
MHz by means of “up-converting,”* Froat-end
bandpass filters are used from vIf through ht,
A broadband preamplitier can be switched in
from the front panel at all frequencies above
[.5 MHz. This adds 10 dB of front-end gain
when it is needed,

A multiposition antenna selector switch is
Iocated on the front panel. [t cnables the
operator to receive simultancously with the R-7
and a TR-?7 for split-frequency reception.
Other positions can be used to select alternate
antennas and outboard vhf and uhf converters.
This receiver can be used for transceiving when
utilized with the TR-7,

A tunable i-f notch filter is included in the
circuit. It is used for reducing unwanted
heterndynes from interfering strong signals.
Electronic passhand tuning is still another
feature of the R-7. It can be adjusted for use
with any of the filter bandwidths listed earlier,

There are three sclectable age time constants
in addition to an *‘off”’ position. Alse, the
receiver is equipped for digital and araiog fre-
quency readout. A frant-panel switch enables
the operator to use the internal courter as a
150-MHz  external trequemcy counter, if
desired. A 25-kHz calibrator 15 included for
alignment of the analog dial.

A low-distortion ““syncfiro-phase’” a-m
detector iy included in the receiver, This circuit
perntits a 3-kHz a-m sideband response when
using a 4-kHz filter. The technigue provides
better interference rejection than is possible
with conventional systems. The principal ap-
plication for amateurs would be in the
monitoring of international shortwave broad-
casts, but amateur a-m dichards might ap-
preciate the feature also!

Performance
As one might conclude from reading the

specifications for the R-7, the receiver dynamic
range is cxcellent. The worst-case numbers
were obtained on 80 meters with and without
the preamp switched in. They are, with the
preamp actuated:

Noise Floor Blocking M0
—139 dBm 112dB 91 dB
Without the preamp turned on: -

Noise Floor Blocking IMD
—133 dBm >120 dB 100 dB

The tests were based on the WTZO! measure-
ment techniques described in July 1975 QST
These numbers equate to a third-order input in-
tercept of 2.5 dBm on 80 meters with the
preamp turned off and +17 dBm with the
preamp turned on. The League’s product-
analysis engineer reported difficulty in identi-
fying the IMD responses, as they were among
other responses within the receiver, presumably
caused by the frequency synthesizer. Qur pres-
ent measurement capability prevents us from
making definitive L0 noise-floor measure-
ments.

In actual amateur service at WIFB (iwo
short blocks from WI1AW), the receiver per-
formed extremely well in the presence of very
strong signals. There was no evidence of
overloading when W1AW was operating, [m-
age rejection appears to be excellent: Prake
rates it at greater than 80 dB (48.05 MHz first
i-f, 5.645 MHz second i-f and 50 kHz third i-f).

The antenna input impedance is 50 Q. The
audio vutput is rated at 2. watts with less than
10 percent total harmonic distoetion (THD) in-
to a 4-12 load. The frequency drift checked out
at 85 Hz after a 30-minute warm-up period.
‘This is quite good, considering the power sup-
ply is buift in and the heat from the many active
devices contained in the circuit, - Doug
DeMaw, WIFB

THE SOUNDPOWER S$P100
AUDICG SPEECH PROCESSOR

Many of the new transceivers and transmitters
being sold today inctude either an rf or audie
type of speech processor. Processors are
designed to provide that extra *punch’ on oc-
vasions when recetved signaly at the other end
are weak or the QRM makes the going tough.
Rf speech processors employ <lipping circuits
and utilize expensive filters to “clean up® the
signal. Most of these types uf processors are

1f yow're looking to add a little more “punch”
to your ssh signal, here's an accessory that
may prove to be the answer. The Soundpower
SP100 is simply Installed in the mic line and
provides a unique method of audio processing.
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designed-to be nstalled in the transmitter i-f
vircuit.! Audio processors, on the other hand,
are plugged directly into the microphone jack
and perform their function at audio frequen-
cles,

The Soundpower SPHOQ audio processor is
housed ina compact 5-3/16 x 2172 K 2-7/16
inch (132 X 64 X 62 mm) cabinet. It is sup-
plied with a female 4-conductor jack similar to
Radio Shack 274-00f. The review unit came
with a mating power supply, the PS9, although
any power source ¢apable of providing 6 to [S
¥ de at 30 mA may be used. A manufacturer’s
OHE-YRAT gudrantes accompames the SP100.

During the ruview period, the SP100 was
used with a Kenwood Y-599D rtransmitter
which dpes not have a built-in apeech pro-
cessar. Previous on-the-zir reports indicated
that the audio quality and “punch™ of the
transmirtter alone swere vury pood. in fact,,
many stations contacted had indicated that the
“*processor was working well’” when none was
in use! Under such circumstances, it appeared
this would be a gowd proving ground.

Hooking up the 3P100 proved to be no prah-
lem, though the instructions could have heen
made a little olearer. Two adjustments bad to
he wrade from the back of the unit — the gain
and output level settings. My initial attempt at
using the pracessor was not suceessful, Reports
indicated too much gain or output and a cor-
respondinely distorted signal. The instructions
suggested the gain should be adjusted until the
LED en the front panel was on almost con-
tinuously, With my Astatic 10- microphone

ta high-impedance microphone is to be used .

with the SP100Y, [ found output quality to be
better when the fight was on only intermittent-
tv. In any case, the adjustment requires a fine
touch, but once set, can be left alone.

As with any such piece of equipment, the
proof af its worth is it the on-the-atr Jeports,
The station wattmeter indicated a significant
increase in average output power with the
SPIO0 in use. My on-the-ais voive was definite-
Iv tifferent™ as the progessor is intended to
utilize only those speech components that con-
tribure o high articulation and intelligibility,
in other words, concentrate the anlio power ut
those frequencies imost needed for communica-
tion. Qperators who could already hear me well
said the processor didn’t help and most pre-
ferred that it not be used. But, when my signal
was weak, the processor made a definite im-
provement in getting through, During a con-
test, a DX pile-tp ot even attempting a
iagehew when QRM is rough, the SP100D will
give you that added **edge’” in intelligibility, -—
Tom Fremaye, KIKT

' speech provessors, such as the Daiwa RF
E onneeted in the mic line. {See *“Product
ONTL il 1979

Soundpower §P100 Audio Speech Processor

Specifications

Input level: 0.5 to 500 my.

Output level: Constant amplitude, adjusiable
Jto0av.

Power requirements: 6 to 156 V de, (.01 to
003 A

Weight: 1 pound (0.5 kq).

Case: Aluminum.

Color: Two-tone, gray and black.

Price class: Processar, $80; power supply, $6,

Manutfacturer: Soundpower, P, . Box 426,
Bergenfield, NJ 07621.
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APOLLO PRODUCTS CABINETS

Whether we like to believe it or not, eye appeal
has a lot ta do with our choice and appraisal of
anything we buy, be it a car, house or a piece of
¢lectranic equipment. And no matter how good
the design, how painstaking the circut
assemnbly,  the  finished  product of  any
hometmade piece of amatcur cquipment can be
made or broken by the enclosure chosen to
house the assembly. If your eyes haven’t been
captured already, a glance at Figs. 4 and 3
should- got your mental ‘‘gears”. in mation if
you’'re contemplating another construction
project.

Apollo. Products has a cabinet, enclosure,
hox, housing or reliquary for virtually any item
you may have that’s loaking for a home. The
panels are made of 20-gavge brushed-chrome

steel and may be finished with a touch of
wood-gramned adhesive-backed vinyl or baked
enamel. Covers have a baked-on wrinkle finish
of different colors. Certain chassis are nickel-
plated copper to exhibit good rf conductivity.
All cabinets are fully assembled and supplied
with rubber fect.

Some of the units shown in Fig. S are sup-
plied with red dpdt rocker switches. There’s
even 4 ready-made housing for an antenna-
matching network. That's not all = there are .
mtore items available than meet the eve in the
two photos, For instance, Apollo also
manufactures minall aluminum chassis which
may be used to fabricate a coaxial switch —
complete with prepunched holes for the S0-239
connectors and the switch. A vatalog and price
list are available from: Apollo Products, Box
245, Vauvghnsville, OH 45893, — Paui K.
Pagef, NIFB~

Fig. 4 — Here's a sampling of the oftering tfrom Apollo Products.. The smaller, sioping-front
- cabinets are ideal for mounting meters and make periect housings tor smaller pleces of test

2quipment.

Fig. 5 — Power supplies, antenna-matching network, amplifier or oscilloscope — one of these
cabinets should it the bill for your next project.




Aints and Kinks

A TUNING AID AND PROTECTIVE
CIRCUIT FOR THE HEATH $B-230

The following information, which is intended
particularly for the $B-230, is applicable to
other amplifiers, provided appropriate changes
are made, Excessive plate and grid current in
an rf amplifier can easily result from improper
tuning, loading, drive or switch positioning.
With a single meter which is switched from cir-
cuit to circuit for metering, excessive current in
an unattended cirenit could go unnoticed for
an extended period of 1ime. In order to protect
my amplitier from such a situation, I’ve in-
stalled the circuit illustrated in the accompany-
ing diagram. It is designed to limit plate and
arid current to a desired level and provide a
measure of protection in the cvent of an arg
within the tuhe.

Compenents illustrated n solid lines have
been added to ny Heath $B-230, Q1, Q2 and
123 provide an aic voltage, If the plate current
exceeds a value which causes the voltage across
RP and the {.5-ohm resistor in serfes to be
slightly in excess of that specified for D3, these
components provide a clamping action. Q3 and
Q4 alsa turnish an ale voltage if the grid cur-
rent through RG causes Q3 to turn on,

* Assistant Teehnical Editar, 987

All added components fit easily in space that
is available in the amplifier. They can be sup-
ported by their leads. Additional water-style
terminal strips may be mounted, using hard-
ware that is already in the SB-230.

This modification requires that the original
ale eircuit in the 8B-230 be removed. Addition
of ale feedback from the $8-230 to the exciter
may slightly disturb the cxciter alc circuit.

A 120-0hm, 40-watt resistance composed of
four 30-ohm, i(l-watt resistors was added in
series with the plate voltage. ln the event of an
are, this resistance will limit the plate currents,
D will help protect the grid during an arc and
also the metering in the geid circunit. D2 pro-
tects the plate mctering and current limiting cir-
cuits.

The cireuit, as shawn, has heen in use for
some time and has proven satistactory, While it
prevents excessive currents, it will not prevent
exgessive dissipation if the tube is operated
unloaded or mistuned for tov long a time. The
grid-current level of the 3B-23¢ tends 1o
become excessive if the load contral is not ad-
justed properly (this is true of many grounded-
prid linear amplifiers). As a result, the
amplificr with the above grid-current Himit can-
not be driven to rated plate current if the load
adjustment Is not correct, Inability to drive the
SB-230 to rated plate current with improper

Conducted By Stuart Leland,* W1JEC

load adjustment is an indication that the grid-
current limiting is working. The plate current
will be driven to the limit if the [oad control is
adjusted improperly. This happens when the
drive is set too far beyond the point where the
grid-current Himiting is in effect hecause of im-
proper loading. The vircuit is Fast-acting and
will function as an rf campressor if the
microphene gain is set too high.

Installing the foregoing modifications in the
$B-230 shouid be attempted only by persons
who are knowledgeable about high-voltage
operation and semiconductor circuits, The
plate-current limiting resistors can be mounted,
preferably with the aid of at least one high-
voltage standoff insulator, in the shielded cage
containing the tube and tuning components, —
Wray U. Shiplev, N2Y(, Owensboro, KY

A HARDLINE COAXIAL ANTENNA
FOR 2 METERS

[ ran across Phil Rand's antenna article in
November 1951 QST while searching for data
un coaxial antennas that could be made from
obtainable materials and fabricated without
the betefit of a machine shop. A sumilar anten-
na could be made from CATV Hardline cable,
Often, odd length pieces of such cable are
available from CATV companics,
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This transistorized modification of the Heath $B-230 offers protection against excessive plate or

grid current. Resistances are in ohms.

D1 — Silicon rectifier, 1000 PRV, 3 A, GE512
or ECG158, or equiv:

D2 — Zener diode, 8 V, 5 W, GE5ZD8 or
ECG5122A or equiv.

D3 «- Zener diode, 5.1 V, 5 W, GESZD-5.1, or
EGG135A or equiv.

Q1-Q4, incl. — GE228 or 2N5415.

RG — Chosen to set grid current limit = 56 Q,
14 W. -

RP — Chosen to set plate current limit = 82 @,
2w,

-
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WEKPG suggests this antenna design for
2-mgter aperation. it is constructed from
Hardline CATY coaxial cable. Measurements
shown are for the 144-MHz end of the band.
The measuremnents should be shortened to 18
Inches for the fm segment.
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I have correspanded with Phil about my idea
tas shown in the accompanying diagram), He
advises that there is no peed to consider the
velowity factor, inasmuch ay the coaxial cable
feeds only the top element. He also suggests
that I keep the same ratio of mast-to-skirt
diameters, stating that the skirt diameter
should be 1-1/4 inches, Additionally he advises
that the 19-inch dimensions are for the
i44-MHz end of the 2-meter band, Thesc
measusements should be changed to 18 inches
for the fm segment, — Harry H. Heinrich,
WOKPQG, Green Bay, WI

WRINKLE FINISH

I read with interest Doug DeMaw’s explanation
in September 1979 (ST about using a drying
oven e paint finishing of radio projects, |
thought some readers might be iuteresied in my
method of getting a iather nice wrinkle finish
un 4 pancl.

A bare pancl can be primed with standard -

sinc-chromate_spray primer. Allow 1t to dry
vaturally. What 1 do next is to wait until my
wite has gone for the day so that | ¢an heat the
panel far about X0 minutes in the oven at 4
300°F temperature. After ['m sure the panel is
vompletely heat-soaked, [ remave it from the
oven, place it on a piece of wood and spray it
with the finish paint. The finish coar dries in-
stantly. But rather than settling flatly, it pro-
vides an attractive wrinkle. Anyone trying this
method should not et the paint can get too
close to the project, iest runs appear.

wo ather tipy — aluminum should always
be primed hefore painting. Zic-chromate iy
the better choice for this purpose. For finish
paint [ prefer the tvpe used on machinery, It is
known as “‘machine geay.”' Most industrial
supply honses carry it in spray cans, The price
is ahout the saing s vne would pay at ordinary
outlets, but the paint scems to be tougher. It is
avaidable in several tones and brands. | find
that | can mateh S-Line colors faicly well and
the tinished work takes transfer letters nicely.
— R. C. Locher, Jr., WOKNI, Deerfield, IL
{Editor’s Noter Readers who pian (o have a wrinkle
tinish on panels and cabinets may also like to know
ihat the llinois Bronze Paint Co,, of Lake Zurich, 11,
praduces wrinkle finnh paint in several volors. Their

Culestial Blue no. 338 closely matches Heath color-
ag.g

ELIMINATING 2-METER AMPLIFIFR
SPURIOUS EMISSIONS

Atter carefully constructing and adjusting iny
HA-201 2.meter amplificr according (o the in-
structions, [ was dismayed to discover that it
was einitting spurious signals. Repeated ad-
justments failed to solve the difficulty, My
Drake TR-22C was used to drive the amplifier.
The antenna system vperated with a low
VSWR. Neither of these appeared to be ut
fault,

Consultations with other engingers regarding
the amplitier design and circuit-board layout
indicated two [ikely trouble spots, The first,
9, an aluminum clectralytic capacitor, could
have been suffictently inductive to form a low.
trequency oscillatory circuit in conjunction
with other components, [ seplaced (9,
theretore, with two low-inductance 47-uf tan-
talum capacitors in parailel.

A sevond component that seemced gues-
tionable was RFCL. A high-Q choke in this
position could also contribute to unwanted

52 05T

REPLACE C$ WITH TWO . J
TANTALUM 474F, CAPAGITORS i \‘_g;y ]
; RED
it T} ‘fyl_'_,L ) 13.6 VDG
I *
8 ca co i
0.00wF | 100uF ]
aron I
oW RFCY E’ i
—c35 K05 W06 i
A s-e0 Tae- T se-56 i
56

I
! 1
= c4 I
7" 8-e0 - I
I I
7 vore | §
OUTPUT | i

N4GE suggests this modification of the Meath-201 2-meter amplitier to eliminate unwanted emis-
stons. Two 47-uF tantalum capacitors replace (9 (100 ¢F) and a 470-0hm resistor 1s bridged across

RFGC1.

oscillations. The remedy [ chose was to place a
470-0hm, |/2.-watt resistor in paralle! with this
of choke. These modifications, which are in-
dicated  in the accompanying  diagram,
climinated the spurions emissions, Another
amateur, two blocks away, who checked my
transmissions carctully, contirmed my obser-
vations. - Ron Baxiev, NiGB, Hunrsville, AL

COUPLING TWO LOW-VOLTAGE
POWER SUPPLIES

In order to provide an adequate power system
for my UV-3 or Midland 510 transceiver, {
paralleled two 4-ampere regulated power sup-
plies. They were purchased previously for
about $15 each. The arrangement for combin-
ing the twa supplies provides equalized carrent
drain and voltage. The design credits go to
Richard Frankentield, WA2QAF, of Trenton,
NI, who pravided the schematic diagram and
adjustment information,

Biodes for the parallel configuration must be
able to handle the maximum supply catrent,
Both power supplics (A and 13) must be imitially
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Two low-voltage power supplies may be
paralleled in the manner shown at A ahove, DT
and D2 must be capable of handling the maxi-
mum supply current. Part B indicates the
methods of providing inductive-kick protection
for an npn or pnp pass stage. W2DKH, who
submitted this idea, indicates that design
credits properly ga to WA2QAF.

independent of cach other. Fhere should be
separate supplics (as shown) or at least separate
sceopdary  windings. In o either case, hoth
sourees must have eguai current capabilities.

With the aid of 4 veltmeter connected be-
tween terminals | and 3, adjust supply A for
the desired output voliage. Next adjust supply
8 for the samc woltage. This measurement is
taken between terminals 2 and 3, The balancing
adjustment is made with the voltmeter con-
nected to terminals 1 and 2. Adjust only one
supply o altain zero voltage between the sup-
plies. Lise rhe inore wasitive meter scales. a»
rero s approached. After reaching a balance,
terminals 1 and 2 are jumpered to form a com-
mon + supply ling to terminal 4.

For inductive-kick protection for the pass

transistors, add the diodes shown 1o drawing 8.
These are rectitier types of siticon diodes, such
as IN3054 or N400Ss. Protection is provided
by kecping the reverse emitter-cotlector voltage
from excecding the dreakdown specifications,
Caution; Qbserve polarity — check with a VM
first! — Louis H. Roth, W2DKH, Jumeshurg,
NS

TOO MUCH GAIN FOR THE
"ACT" CAUSES PROBLEM

Fim Bartlett's May 1978 QST article concern-
g an audio continmity tester (ACT) impressed
e as a miehty handy device to have around
the workbench or tor use as o vode monitor. |
construceed a copy of his iastrument but faited
to get it to perform properly, Completely
rebuifding it from scratch did not correct the
difficulty.

I suspected the vhoice of transistors ! had
used might be at the cause of my problem. This
turaed out to be the case. The parts list had not
specifically indicated the transistors Jim had
used.

At the Morgantown, WV, hamfest, where
Jim gave a technical talk, he told me that the
transistors he used were a Radie Shack
RS-2010 far 1 and a 2N3904 for Q2. | was
able to purchase the RS-2010 but unable ro ac-
quire a 2N3904 for which | substituted an RS-
2023. With these transistors installed, the ACT
performed like a charm, Apparently I had pro-
vided too much gain by using a Darlington pair
for Q. — Alvin L. Leedham, WDENVG,
Zunesville, OH



FOR A SLOW-TURNING CDE
HAM-IIl ROTATOR

it vour CDE Ham-111 rotator is siow-turning,
try replaving the filter capacitor in the congrot
bok, Doing
operation. - Murray
Dawnsview, ON

Lampert, VEIMDL,

CURING HIGH-POWER TV1

fovompletely climinated & very sevious TVI
overload problem that dffected my XL-100 TV
selt whenever | operated my 2-6W PEP rig in
the 20-meter band. There has bevn no problem,
however, with low power. My method may
heip other amatcurs faced with a similar situa-
tion,

With a dip oscilfator meter set in the absorp-
tion rmode and tuned to the band causing the
greatest TV, turn the transmitter on and
it along the TV antenna with the dipper.
Start near the TV sct, No doubt you will find a
very noticeable indication on your meter as a
result of the standing wave developed on the
TV lead.

Addd spproximately 1/4 wavelength {based
on the band you have chosen) of Twin Lead to
vour TV line and reconnect it 1o the TV sot.
Now sniff along the line antif you find a
minimum reading on the meter, This will in-
dicate a low-voltage point of the stdoding
wave, Cut the line at this point and reconnect
the TV set, You should find the overloading
minimized or climinated. Be sure the antenna is
connected to the TV set whenever you snift
with the dip meter, — Sant Peck, WHCQOR,
Oxnard, CA

A CURE FOR UNWANTED
OSCILLATION IN THE FT-101E

A tip found in the “'Fox-Tango Newsletter’?
provided the cure for unwanted osciliation in
ray FT-JOTE. The vseillation would occur after
the set had warmed up aod when Lhe rig was in
the receiving mode, The interfering signal was
evident across whatever band was in use, at
times nearly blocking the receiver,

It turned out, as the tip suggested, that the
problem was an open resistar in the bias section
ol the circunt board, The open resistor affected
the hias of the driver tube, cansing it to go into
ascillation and making the fival ampilifier
overheat, After a quick fix, the trouble ceased,
It’s great to be back on the air free of the <fif-
ficulty., — Jim Hoffer, WASOVC, Marshall,
Mi

TAPE-RECORDER-DRIVEN SOLID-
STATE KEYER MODIFICATION

After constructing the cireuit described by
KINVH/B as presented in the Ociober 1971
QST and on page 93 of Hints and Kinks, Vol.
[X, I found the transmitter keying to be quite
heavy in weighting. The tape-recorder volume
adjustment was also critical. By removing the
S-ukF electrolytic capacitor connected hetween
the base of Q und ground, the desired
weighting of the transmitted signal was
achieved and adjustment of the recorder out-
put level became less critical,

The only change to the circuitry, other than
removal of the capacitor, was the use of a
IN290T  gyeneral-purpose  transistor.  This
replacement for the 2:N4126 in the original

s shanld destore it to normal ,

e | -1 ] == l'?U!ul“ a8
rog u3 7omes 2 {t WO De
~== {6 TIMER 3 /\Ap--—l‘ml’)k
oF
" 15 4 GHANNEL ]
sy LED
-
L
- oL ;mnn Ok
apb THIS LEAD ns SIMILAR CONNECTION
., &t HOING 10 B OF Q2 1%
\ woi ML )
~. T i + b2 TRANSFERRED TO
SREEN To N L 1ouf # § ©x  THIS LOCATION
LOW POWER 3
4z
BT =
1 MEL #
MICRO
HONE
" )+ 12y
o3
¥ VALUE DETERMINES HOLD TIME
T0 B OF Q2

This diagram is & sircuit change suggested tar use with the scanner designed for the KDK
2-meter transceiver and described in the October 1978 “Hints and Kinks." $¢e text for details..

D1-D3, mncl, — Small signal diodes, Radio
Shack na. 1123 or equiv.

diagram s available at Radio Shack stores,
The transmitter in use at my station (a much-
madified 32811 uses ouly =27 volts at the key
Jack terinwal. For simplicity, the cirenit cannot
be beaten: A straight key has more parts) —
Paul Pagel, NIFB

ADDITIONAL SCANNER
MODIFICATION FOR THE KDK-144

KDK-1dd owners who made the wanner
maodification deseribed in the October 1978
““Hiuts and Kinks,”’ should be interested in this
refinement which provides further operating
henefits, With this new modification the scan-
ner wilt [ock on a signal for about five seconds
and then resume seanming. The scanner will run
ooly when the power switch on the microphone
is in the L0 position. Switching to high power
locks the KDK on frequency for both receive
and transmit. The accompauying diagram, it-
lustrating the new moditication, was prepared
with the assistance of WIEEL,

Q3 and (4 can be mounted in the PLE com-
partmient of the KDK. Q5 and the $55 timer
must be mounted elsewhere, ! suggest a posi-
tion behind the front panet and above the main
tuning switch. As with the 1978 KDK modifica-
tion, no xiditional cxternal switches are
needed. ~ Robert Shoemaker, WIMTU,
Anderson, IN

OIL WHERE YOU WANT IT

When the blower motor on my TS5-82{ seemed
sluggish, [ pulled the fan, cleaned the hlades
and attempted to lubricate the motor. Because
the pin holes for oiling are so small 1 was not
able 1o insert the tip of a sewing machine vil
can. The dilemma was solved by my X¥L who
works at a local pharmacy. She suggested the
use of a no. 3CC25GS/8 hypodermic needle.
With this 18-cent plasticized syringe filled with
oil, 1 can now inoculate my motor when
necessary, with no spitls, no drips and every
drop of oil going where it belongs. With all the
blowers in rigs taday, 1'm sure many amateurs

Q3-Q5, incl. ~ Npn transistor. type 2N3692 or
equiv. Resistances are shown in ohms.,

will find this kink of itomense help. — Harry J.
Drurmmond. WEWX, Fairmonr, WV

SOLDERING TARNISHED
COPPER WIRE

To solve the problem of cleaning aged copper
ur copper-clad wire prior to soldering, beat the
wire ta a dull pink and then dip it in alcohol
keeping it there until the bubbling stops, Then
tesnove it from the fluid and the wire should be
very clean, In order not to uwe an eacess
amount of alcohol, I use & l-inch (25-mm)
diameter picee of pipe with a plug in one end
tor the container. — Clenn Markley, WRVLB,
Mansfield, O

ACCU HINTS

[71 T have found that the Avcu-Keyer and Aecu-
Mcemory work very well with type 741.S00 logic
devices. This low-power Schottky serivs is pin
compatible with the standard 7400 series, has
the same general speed characteristics, but con-
sumes only 1/3 to 1/4 the power of the stan-
dard series, However, it is important that if
you use the low-power Schottky series, all chips
should be of this same series, Otherwise, you
could run into problems with regard to output
loading. Thus, just substitute a 741500 for the
7400, 741502 for the 7402, 74LS74 for the 7474
and so on. This reduction in power has enabled
me to get by with a very simple power supply,
using a 7805 three-terminal reguiator,

In the original Accu-Memory article (August
1975 QST and supplemental notes (July 1976
@57, the decimal point in the display is shown
as connected to the run-switch return. This has
the decimal point on any time the unit is used
as a keyer, when loading the memary or when
sending memory. If you move the decimal-
point return wire (o pin 13 of U4 in the
memory, it will function as a memory
operating signal going on only when loading or
sending memory and will nat light when just
keying. -- Harlan Bercovici, WeMYN (Lufe
Member), Littleton, CO
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Circuit-board etching patterns for projects in this issue of QST, Patterns are shown at actual size from the etched side of the board, with black
representing copper. The boards represented at A-A and B-B are double sided with piated.through holes (ar appropriate through-baard connections).
Those at C and D have tail on ane side only. The patterns at A through C are for the digital frequency readout (see Fig. 3, p. 14). At A is the pattern
for the main board, at B for the display board, and at G tor the oscillator hoard. As shown here the lett edge of the lett-hand pattern at A aligns with
the right edge 0t the right-hand pattern, and the top edge of the upper pattern at 8 aligas with the bottom edge of the iower pattern, The pattern at D
15 for the Heath HW-104 RIT moditication (see Fig. 2, p. 18).
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Technical Correspondence

The pubtishers of QST assume no respontibility for statements made herein by correspondents.

ONLY AN EMBER REMAINS!

£1 1 thought you would be interested in the pic-
ture of my QRO moebile [oading-cail form {Fig.
1. Fhe g is an FT-301-D and a Metron
b A-1O0D Tincar amplificr. The voil was wound
with no. 1 wire, The cail farm shown in the
photograph is the outer enver iy the loading
inductor. [t is magde of PVC pipe, The end
plates are made of aluminum. The inner coil
form was alvo made of PVC tubing (graoved),
When the damage occurred there was a high
YSWR which was ceused by a camping trailer
being close to the van on which the antenna
was mounted,

QST seems to be neglecting the subjeet of
mobiles and related projects. 'm speaking
ahout hf-band mobile, that is. We need to see
stch  things  as  solid-state or  tube-tvpe

amplifiers, multiband antennas — the waolks,,

— wight McSmith, 500 Chapel S1., Hamnmp-
ion, FA 23668

|Eslitor’s Note: The charred outer sleeve shown in Fig.

1 is harr warning that PVC maferials are not wall suited.

*Senior Techpicai Bditor, ARRL

Fig. 1 ~- This charred PVC tube was the outer
covering for the loading coil of a QRO-mobile
setup. The dielectric broke down under candi-
tians ot high rt voltage.

to high levels of 1 £ voltage, Nylon insulating material
is very poar under similar conditions, This was oh-
served sore years ago when the column cditor
attempted top loading on a $0-font Rohn towwr for
operation on 160 meters. A PYC coil form was used.
It lasted only a fow maments after power was applied
to the antenna, The result a eoil form which close-
ly resemhbied the ane in # !

Concerning the QST articles on hi-band mobiling
o owll, the popularity of vhi and uhf fm-cepeater
operation has depleted the number of hf-mohile
OPETALOIS iN recent Yedis, As o vonsequence the vditars
of Q8T are ot recening artieles on the general sub-
Jeet. We would weleome confributions comneeenitg hf-
band maobile hardwarc and techniques. 11 same of you
are develaping equipment far that style of operating,
please send the details 10 us for possihle publication s
the journal.]

MORE ON SOLID-STATE PA
MATCHING NETWORKS

L't When | experimented with Class € tuned
transistor PAs about a Jecade upo | noticed the
same phenomenon that W7EL reported in
Qctober 1978 QST. [ also had the impression
that the wmatching sections derived  from
vhifutf ciremits are insutTicient far hf power
amplifiers.

The solution 1 adopted to cure this is
somewhat differenr, however, 1 alsa place a
capacitor (Cp) from collector 1o ground, but,
as 4 starting value, the reactance (chj of this
capacitor is about the same as the collector
load resistance (X = Yool 2P), giving a
[oaded Qof |,

tn multiband transmitrers, thercfore, the col
Iector choke remains the same aud is chosen for
the requitemoents of the lowest hand in use
(typically 80 uH for an 1&8-volf, 2.watt antput
FA), The capacitor, Cp, is being switched From
hand to band together with the other tank-
vtrcuit components,

The loaded (3 = 1 will stop the “ringing”
phenomenon, but wiil aise decrease the effi-
viency to 50 to 60 percent. Om the other hand,

Conducted By
Doug DeMaw,* W1FB

the PA hecomes.verv insensitive to mismatch,
evenr ar fult drive. For better efficiency and
slightly reduced mismatch satety the loaded Q
may be reduced to about (.7, In higher pawer
PAs where ftransistors with high internal
capacitances are used, the ) may he reduced
even further, depending on the efficiency ob-
tainable.

[ purpossly place this vapacitor (Cp) from
vollector to ground, not to the emitter. As an
additional measure for mismarch protection |
recommend  a small,  unbypassed  emitter
tesistor, which causes a de drop of about 0.8
volt when the stage is tuned eorrectly, Placing
Cp to the emitter in this case would form a
regeneralive circuit,

When using vhf/uhf transistors for ht PAsg |
further recornmend  reducing  Vee to 0.3
Virogys,y or bess for tuilsafe  operation,
hecause the breakdown voltages are lower at de
and [ower frequencies than at <ht/uhf,

Avnother trouble which may show up in
tuned Class C transistor PAs iy frequencv
dividing. The tank circuit, therefore, iust have
a contipuration without any resonance at ane
halt, one third, ete., of the aperating freguen-
¢y, This is especially important if multisection
pi netwaorks are to be used for high harmonie
suppression, or it a low-pass L section is to be
added for antenna tuning.

Subharmenic resonances may be avoided by
incorporating a parallel-resomant vircuit (Fig.
¥ or g series-resonant cireuit (Fig. 3). The com-
ponents marked * are selected by means of the
band switch. | have been ining the gircuit of
Fig. 2 in my portable S-band QRP transmitter
(IN3553 PA) since 1969, 1t will match all
random-length wires as well as coax-fed anten-
nas.

The circuit of Fig. 3 will have somewhat bet-
ter harmonic suppression, but the antenna
must be safety-grounded by means of a
separate choke, Therefore, this scheme will be

L2 OUTAUT

8O ok
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O—'l me
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FOR THE HBAND IN USE

Fig. 2 — Details of the parallel-resonant circust.
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Fig. 3 — Circuit for the series-resonant condi-
tion.

gond for coax-fed antennas and may take a
rather high SWR, up to 3:1. — Hans-Joachim
Brandt, DJIZB, Lohensteinstrasse 77h, 8000
Munich 60, Federal Republic of Germany

TOWARD SAFER ANTENNA
INSTALLATIONS

P11 The article describing installation  tech-
niques for medium and large Yagis (June 1979
QY was read with considerable interest,
Much of the material will be guite helpful ta
our volleagues who have no previous ex-
perience installing such antennas. There are,
however, potentially fatal hazards in one or
more of the sugaestions, The following cam-
ments are offered:

1} Two pullevs, or blacks, should be used in-
stead of one. Professional tower and antenna
erectars never hoist i the manner K7MR sug-
wests. Rather, thev g a second block. usually a
snateh block for ease in rigeing the hoist line,
at the hase of the tower, Thus, the pulling ten-
siom s applicd horizontally along the yiound ta
this pulley, thenee vortically and parallel to the
tower to the top pulley, This results in only
thrust being imposed upon the tower, rather
than a possibly signiticant lateral strain. The
method shown in K7NR's skeich is particularly
dangerous, in that the pulling strain is oser the
tower and against the restraint of the tem-
porarily relocated guys. This could possibly
result in pulling the tower uver — even onto the
peopie pulling on the hoist line.

2y It is safer to use mechanical power, rather
than human power, to hoist an antenna, gin
pole and the like, With the rigging described
above, assuming forfunate lawn or driveway
space, one can use the family automobile to
pull on the boist line, Lacking adequate space
for such, a husky lawn ur garden tractor can be
ased anywhere there is room enough 1o put up
2 large antenna. My then-f Lycar-old son

56 5%

nperated my tractor some vears ago in helping
to install one of my Yagis, In any case, eveh
with people furnishing the motive forees,
horizental pulling is to he preterred.

3y The temporary relocation of guys is not
unusual in these kinds of installation jobs.
However, a guving angfe of 170 degrees is
potentially harardous to people on and near
the tower. With such an arrangenient it 15 dif-
ficult it not impossible to properly tension such
guys, An improperly guyed tower is no place
for sowneone to work, especially with a large
antenna swinging tfrom a hoisting e and gin
pale. It it s necessary to relncate one or more
vuys temporarily, 2 much smaller angle should
be used, It is penerally possible toorotate the
clements i a vertical plane as they pass the
goys to obtain the necessary ciearance. [F not,
<lements can be actually attached at the top af
the tower as the baom moves up. this latter
method is inconvenient, to say the (cast, ~ .
R. Gary, KECSG/S, 14834 Falting Creek Dr.,
Houston, TX 77068

MORE WOODPECKER THOUGHTS

L1 Regarding the WHiberian woodpecker™
which was reported in October 19, 1979, Ham
Radio Report, nv, 273, | too have noticed this
busz-saw phenomenon for the last several
years. At first, tikewise thought it was
deliberate jamming from some unwanted
SIUFCE.

However, since T have been checking WWV
every night for the last seven or eight years,
I’ve heard this jamming at times (even on
{’HU). [ am an amateur meteorologist and am
studying  the  weather. | noted  ihis
“woodpecker™ effect occurred whenever there
was & deep storm (ntense Jow presstire) over
the Midwestern states: The woadpecker would
b7z away, making reception intolerable.
When the storm center moved along, reception
would clear!

Rack in 1929 we thought the weather oe-
curred in only the troposhere. During WWII
the jet stream was discovered above this lower
level. To this day no one has a gaod explana-
tion for the cause of this effect. Anyway, this
means the weather extends into the
stratosphere.

Now, noting the propagation from WWV
and correlating it with the progression of
weather storms, the cffect of these deep lows
roust extend into the ionosphere, affecting the
Heaviside layers. The waves or ripples of thess
layers will seriously distort the reflection of
radio propagation, thus causing the so-called
woodpecker buzzing. 1f this is the case, don't
we owe the USSR, an apology? — Keith
Rhodes. WB2AQT, 448 Plvmmouth  Dr.,
Svracuse, NY [3206

[Editor’s Nore: it i entirely possible that other
phenamena canse huszing tvpes of radie interference,
but it 15 well establishedd that Kussizn over-the-
harizon, high-power radar is the primary source of
that woodpecker sound that hasy dissapred com-
municattons in many parts ot the world. Apologire?
The poverament thus far has been unable to get
conperation from the USSR, concerning the pro-
tests it has filed!]

BROADBAND BALUN BENEFITS

{1 This is a comment on WI1FB’s “Antenna
Accessories for the Beginpner” (Fehruary 1979
Q8T and KA4GMGs letter in *“Technical
Correspondence™ {November 1979).

In ST, baluns are offered for sale at prices
from less than $10 to almost $30. it is to he ex-
pected that there will be Jifferences in yuality
and perfurmance among them, and no balun is
perfect. Nevertheless, it is possible to hild
transmisston-linge baluns that are essentially flat
over a 100:] trequency range, particularly if a
furrite toroid core is used, See W2FMI's article
tJanuary 16976 OST),

It is not the purpose of 2 i1 balua to im-
prove SWR ar to increase radiated power. The
purpase is to franster power to 4 halanced
astenna from an unbalanced coaxial line. Chus
the wvame “‘halun™  trom  haefanced-to-
unbalanced.

If the balun is rerminated properly it can pre-
vent radiation from the coaxial [ine by ourrents
that otherwise may flow on the ootside surface
of the voaxial shietd. On transmit this probahly
is of little consequence, although it may caose
V1. But on receive it is a different stary, Most
mammade  noise s vertically polarized, A
horizontal dipole discrimmates agamst this
noise. But if there is pickop from the vertical
vaaxial cable the diserimination is reduced. |
have observed iiproveents m signal-to-noise
of 2ar 3257 upits by use of a balun in a noisy
iocation, - Jack Althouse, KeNY, P. O. Rox
455, Escondido, CA 92025

VARIABLE MEMORY FOR THE “1'0
MSG. KEYER”

F1 'This unit is made for the kever described by
Chet Opal in February 1978 QST The unit is
connected 5o that it counts bits after a
character has been seat. If space exceeds a
nwmber of bits selected on this unit, the binary
counter {CD4040BE) will be reset. The vireuit
diagram of Fig. 4 is shown wired for |2 bits. [t
will vary. however, between 12 and 13 hits.
Theoretically, distance between words is § hits,
and it space cxceeds this it mcans there i no
mere messape to be sent. But, ouly the weil-
trained operator can hope te keep this figure
strictly, and a higher number o bits xhould be
selected. {F 12 s used, that will sound like a
suitable space between the end of one inessage
and the repeated one.

In order to make the kever automatic
(repeating messages) an spdt switch should be
wired in parallel with 52. A switch should he
connected (as shown) to determine whether the
unit shall he owi or ir use, The erginal circuit
hoard must be modified by inserting a 33-kid
resistor between Q11 (CDA040) and &
{CD4013) as shown. - Jan Martin Noeding,
LABAK/GSBFV, A/STT Televerket, N-4801,
Arendal, Norway [l il
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Fig. 4 — Circuit for the variable rnemory.
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Some Thoughts About TV
Sweep Tubes

There’s nothing wrong with using TV sweep tubes as rf power
amplifiers. Here are some observations.

By Doug DeMaw,* W1FB

A stigma seems to have developed con-
cerning the use of horizontal-output tubes
{sweep tubes) in amateur transmitters.
Some aperators fear them because of their
thermal tragility and others claim they’re
no good as linear amplifiers for ssh opera-
fion. Sure, there’s a bit of truth connected

*Senior Technical Editor, ARRL

with both concerns, but there are some
zood features too!

In many parts of the world it is casicr to
purchase TV sweep tubes locally than it is
to find a 6146B. Surely this is a plus
feature. Also, a number of sweep tubes
cust fess than 6146s dao.

In simple terms, the thermal-fragility
problem can be explained by stating that

the key-down (continuous-carrier. mode)
is limited to short periods compared to
that of 6146s. Too long a period (gencrally
in excess of 30 to 45 seconds) will cause ex-
cessive  tube heating and  subsequent
damage or fuilure. The reason for this
limitation is that sweep tubes are designed
for high peak currents of short duration
(pulse service), hut not for high levels of
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Fig. 1 — A classic spectrum display of what
would be seen at the transmitter output during
a two-tane IMD test. The maximum power out-
put is represented by the peaks labeled tone 1
and tone 2. The 3rd- and Sth-order distortion
praducts aredisplayed to the left and right of
the desired signal. The 3rd-order products are
38 dB below full power and the Sth-order prod-
ucts are 50 dB below full output. Ideally, there
would be no IMD preducts showing, and there
would be some nolse appearing as “grass”
near the baseline of the spectral display, The
higher the level of the 3rd- and 5th-order prod-
ucts, the lower the quality of the ssb signal.

continuous <urrent. They are entirely
suitable, however, for [CAS (intermittent
commercial and amateur service) opera-
tyomn.

In linear-mode service, they do not
yield the IMD {intermodulation distor-
tion) quality which is typical of 6146 tubes
at full rated power, respectively, In a pro-
perly designed and operated amplifier,
however, it is possible to obtain sweep-
tube linearity which nearly approaches
that of the 6146 tube. For example, the
Yaesu FT-101E which was reviewed in
September 1976 QST exhibited 3rd-order
distortion products which were 34 dB
down from full output. The 101 uses
sweep tubes in the PA. The Kenwood TS-
é|32(), which contains 6146Bs in the PA,
was reviewed in the same issue. The 3rd-
order products from the "820 were 32 dB
below full power.

. The worst-vase IMD observed in the
ARRL lab from a rig which utilized sweep
tubes was ~27 dB, The ARRL techaical
staff feels that an acceptable level for 3rd-
and Sth-order distortion products (yee
Fig. 1) is 30 dB or greater below full
power, Therefore, the FT-101E and
TS-820 units are considered abuve average
in terms of IMD.

o The now-defunct Galaxy Company
once marketed a 2-kW PEP linear
amplifier (model 2000 + j which contained
10 sweep tubes in parallel. The amplifier
aperated Class AB1 and was grid-driven
across @ S50-ohm noninductive power
resistor. The measured 3rd- and Sth-order
distortion products were 31 dB below full
amplifier power output.

Another example of acceptable perfor-

12 | L L

Table 1
Some Sweep-Tube Parameters

C (Input) tnput Resonant  C (Output) Output Resonant Probable** Upper Frequency

Type {LF) Frequency (MHz) (pF)
BG5S 19.1 190 10.0
BHF5* 255 86 16.3
BHFG* 267 100 16.3
6486 19.1 190 10.5
BJEG 243 82 145
6JMB 17.2 200 10.3
B8JGE 229 187 4.7

«Cne gnd connection.
**Two grid connections.
75 parcent of seli-resonant frequency.

Data courtesy of Syivania

Frequency (MHz) Limit of Operation (MHZ}

190 150
141 60
141 [t
200 145
182 60
194 150
226 150

mance was seen when a linear amplifier
built by the author was tested by means of
a spectrum analyzer, The circuit con-
tained four 6KD6 sweep tubes in paralle],
cathode driven and in Class AB1. The
IMD products were observed at —30 dB
or better. Peak output power was 800 W !

Operating Frequency

Generally speaking, TV sweep tubes are
able to give acceptable performance up to
30 MHz. The 6146B, on the other hand, is
good well into the vh region,

The useful upper frequency limits of
sweep tubes are determined by the internal
lead lengths, the input capacitance and the
output capacitance. Since these tubes were
destgned for [ow-frequency TV service
{15.750 kHz), the manufacturers are not
concerned with the aforementioned
“problem causers.”” The high terminal
capacitances of the tubes tend to shunt the
rf currents to ground. This malady
becomes  wmore  pronounced as  the
operating frequency is increased. The
high-input C makes the tube hard to drive
and presents impedance-matching prob-
lems. The high-output C can cause ex-
cessive currents inside the tube, causing
gradual performance degradation or com-
plete failurc. Therefore, it is prudent to
choose sweep tubes with short internal
jeads and minimum terminal capacitance,
The eftect of long internal leads is one of
the lead inductance resonating with the in-
ternal capacitance at some specified high
frequency. This vondition can cause stray
rf currents to be high, ultimately harming
the tube. Vhf parasitic oscillation is
enhanced preatly if the tube chosen has in-
put and output self-resonant frequencies
which are close in frequency. Table |
shows how various popular sweep tubes
compare in this respect. Parasitic chokes
of the type shown in Fig. 2 (Z1) can be in-
stalled to prevent parasitics.

The writer made but one attempt to use
a sweep tube at vhi. A 6JB6 was hooked
up for grounded-grid operation and
driven from a 5-W exciter. An output of
25 watts was obtained, but the tube effi-
ciency was rather dismal - roughly 30

‘Nates appear onr page 15.

percent after considerable optimizing.
The tank circuit was designed to ahsorb
the tube output capacitance (Fig. 3). The
19 pt' of input € presented no special
problems.

The Problems of Parallel Use

Mo matter what tube a builder may
choose for the amplifier, paralleling two
ar more such tubes creates design prob-
lems. A matter of special concern is the
curtent drawn by each tube in the string.
Dynamic balance is essential to ensure
that no single tube in the combination
““hogs’’ the plate curcent. If, for example,
six 6HF5s were vonnected in parallel, and
the gn (transconductance) of one was
substantially higher than the rest, the one
with the high g, would probably be driven
well beyond its safe dissipation rating.
The result would be disastrous as vou sat
and watched the anode turn red, just
before the glass envelope melted or
cracked! Sweep tubes are especially prone
to this ailment because of their high g,
ratings: The 6KD6, for one, has a
transconductance ot 14,000 micromhos!

A not-so-practical solution to the prob-
lem of current sharing is to install a
matched set of tubes. For the amateur this
is not good news, as many tubes would be
necessary in order to grade them out for
the matched set required in the amplifier.

1

Fig. 2 «— Schematic illustratlon of an amplifier
which contains a parasitic suppressor (Z1).
This component can be fashioned from a
10002, 2-watt composition resistor. The coil is
wound over the resistor body and made com-
mion to the resistor pigtails. Eight turns of no.
20 enameled wire are suitable for the coil.



RF PA

'in’ﬂlasﬁ
RE 1§

144 MHr
L3

Fig. 3 — Circuit ot an experimental 144-MHz grounded-grid amplifier which used a 6486 sweep
tube (see text}. G, is the tube output C. L3 is dimensioned so that resonance occurs when C1is
set at 10 pF.

A simple method for balancing the
tubes was worked out by the author (note
i). The scheme is shown in Fig. 4. With
full drive to the amplificr, the bias-adjust
control for each tube is tweaked for equal
plate currents. The resting plate currents
may be unequal as a result, but they will
not be too tow to affect linearity of the
ampiifier. Although separate meters are
shawn for each tube in Fig. 4, they aren’t
necessary. A single 0-1 ampere meter can
he employed to meter all four tubes at one
time. Tube balance can be measured by
installing a 10-ohm, l-watt resistor in
series with each cathode lead. R1 through
R4 are then adjusted to obtain equal
voltages across the 10-ohm resistors at
peak drive, When choosing sweep tubes
for grounded-grid service (Fig. 4), it is
mandatory to select the types which have
the beam-forming plates brought out to a
separate base pin, This connection should
be returned to tf ground along with the
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Fig. 4 — A grounded-grid sweep-tube linear amplifier which contains four 6KD6 tubes. Dynamic balance is ensured by means of R1 through Rd,
Thesa contrals are set to provide equal plate currents for the four tubes at peak drive periods (see text and note 1). This circuit originally appeared in

July 1968 QST, page 31,

Faohriiary 1080 17




control and scieen grids. Some sweep
tubes have their beam-forming plates con-
nected to the cathode inside the tube. In
grounded-grid service, this will lead to
amplifier self-oscillation, especially as the
dperating frequency is increased.

. Another complication which results
from paralleling several tubes is a marked
increase in the combined input and output
dapacitance. Needless to say, as either of
these values become elevated, the greater
the unwanted rf-shunting effect discussed
nfarlicr. Severe limitations can be imposed
on the upper frequency range of the
amplifier. For example, the 6KD6 tube
has a rated input C of 40 pF and an output

C of 16 pF. Six of these tubes in parallel
would yield 240 and 64 pF, respectively.
The output capacitance could be absorbed
in the plate-tank circait, but the input
capacitance would have to be dealt with
hy means of matching networks similar to
those used with rf' power transistors. kn
fact, the plate impedance of several sweep
tubes in parallel becomes pretty low,
causing the designer to move in the direc-
tion of transistor matching networks. A
six-tube Class B amplifier (sweep tube}
might develop 1 ampere of plate current at
peak drive. [t the plate voltage were 900
- 2 tvpical value for amateur service —
the plate impedance would be approzi-

RF POWER AMP

L

s

=500

¥4 — TUBE UNDER TEST

Fig. 5 — Schematic diagram of the 30-MHz test circuit used by Sylvania to collect rf operating
data for six common TV sweep tubes. 21 ts simifar to that ot Fig. 2. L2 and L3 are chosen to pro-

Vide a high operating tank Q.

mately 572 ohms, as derived from
E
Ro= 1503

where.

E, is the plate voltage,

Ry is the plate impedance in ohms and

A is the plate current in amperes.
[n basic terms, the low-impedance and
high-output  makes conventional tank
circuits impractical at frequencies above
40 mcters. It a pi network with a loaded ¢
of, say, 12 were desired, the resultant
values of C and L would become guite im-
practical at the upper end of the hf spec-
trum. For this reason, transistor types of
networks become more desirable.

Operating Parameters

in 1964, Sylvania Electric Products Inc.
took the trouble to test their sweep tubes
for rf service up to 30 MHz. Data were
compiled for Class € and Class ABIL
operation for six popular tubes. Tables 2
and 3 contain the information as it was
presented in Sylvania Industrial News for
November and December 1964, Table 1
was published by Sylvania at the same
time. These are probably the only mean-
ingful rf data developed for deflection
tubes.

It was mentioned earlier that a plate
valtage of 900 was typical for sweep tubes
in  amateur service.’ That statement
should be ciarified by saying that 900 is
more  typical in  homemade lincar
amplifiers than it is in commercial coquip-
ment. Tables 2 and 3 speafy 500 volts as

Table 2

Grid 7
p . - H: Driving
Class G Operation ICAS — 30 MHz Power  Grid 2 Piate lnput RF Power Plate  {2) Gircuit
. i1 Egy (T Ega (D E, Peak Egy  {1) Iy gz tn (Approx.) Dissipation Power Output  EHiclency Dissipation Loss
ITyp.': Vde Vde Vde Vi mA decmA dc mA dc Watis Watts Watts Warts %) Wares Watts
6GJS ~75 200 500 61 5.0 149 180 0.43 2399 90.0 62.7 695 220 5.3
BHFS -85 140 500 87 8.0 125 232 Q.76 175 116.0 71.0 6.0 36.0 4.0
6JB6 75 200 00 81 5.0 133 180 0.43 2.66 90.0 62.7 695 22.0 53
6JE6 -85 128 500 2 8.0 172 222 0.82 218 111.0 5.3 9.0 30.0 4.7
8JMB 75 200 500 57 4.0 137 180, 0.32 272 90.0 611 67.9 220 6.9
6JGB 80 150 450 67 8.0 2000 202 075 30 91.0 63.0 593 21.0 7.0
{1}-Selected as optimum operating conditions.
(@) Calculated power lost in tank circuit.
‘Courtesy of Syivania
Table 3
Class AB1 Operation {CAS — 30 MHz
Peoak
i Nip Plate Power  Grid 2 Plate input  RF Power Envelope Plate {3) Clreuil
(1 Eqy (2) Ega (2) Ep 0 Signaf gz o 0 Signat Dissipation Power QOutput Power  Efficiency Dissipation Loss
iType VYdo Vde Vdc mAde mA de mA do Walls Watts Watis Watts (PEP)Watts( %} Watts Watts
BGEJ5 43 M0 500 30 2.8 85 5 0.6 428 175 350 41.5 220
BHFS 46 140 400 40 45 133 20 083 685 288 576 430 350
‘8JBE  ~42 200 500 30 42 85 i8 .04 428 175 350 415 fcde)
lﬁJEB ~44 125 00 40 a9 110 peia] 0.49 550 234 4638 428 300
BJME 42 200 500 30 44 85 15 088 425 183 3586 441 R0
6JG6 ~353 150 450 30 45 98 135 .67 440 189 378 430 210

(1) €y adiusted to indicated (, zero signal.
1{2) Optimum conditions for providing best. tinearity and eitictency.
it3) Calculated power loss in tank circuit,

‘Courtesy of Sylvania
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the upper limit, but some transceiver
manufacturers use up to 650 volts. Most
sweep  tobes have sufficient internal-
clement spacings and insulation to take up
to 1000 volts. The test circuit used by
Sylvania is given in Fig. 5.

Closing Comments

Are sweep tubes suitable for amateur
service? Tables 1, 2and 3 offer hard proof
that they can be used advantageously.
They seem to be especially suited to Class
C service in terms of efficiency, The ¢w

operator should find them excellent for
the purpose.

Practical experience has proved that
these tubes can be pushed in excess of
their ratings at low duty cycles. Remember
the days when some of us ran our Class C
807s or 16255 with 1000 plate volts and
higher-than-rated plate current? Rule
number 1 was ““don’t hold the key down
for more than a few scconds.”” IF this rule
were observed, many hours of operation
at clevated power output could be had,
but the longevity of the tubes was

shortened as a tradeoff. If the reader
wishes to ‘“‘push” some sweep tubes
{although it is not recommended), he or
she should be prepared to replace them
more frequently than if they are held
within the prescribed ratings.

Notes

‘DeMaw, “Sowe CGround Rules for Sweep-Tube
Linear-Amplifier Design,’” QST, Tuly 1968, p. 30

‘DeMaw and Haywaid, Solid State Design for the
Radia Amateur, chapter 4, ARRL, 1977,

‘DeMaw, *“A Husky Power Supply far Sweep Tube
Amplifiers,” QST, December 1969,

Strays s

ABOUT PROJECT GOODWILL . . .

tJ No, it’s nor dead! The project was put
on ice while the staff was at WARC-79,
but if is now back in full swing, and we’re
sfowly but surely matching a backlog of
generous donors to recipients in develop-
ing countrivs. We apologize for this in-
cvitable delay, but want to assure those
clubs and individuals who have been pa-
tiently awaiting some word from Hgq. that
your money is sate, and you will soon be
maiched,

The success of the project was evident
in Geneva during WARC, with favorable
remarks being received from a number of
developing countries’ administrations. in
addition, scveral kits were distributed on
site in CGieneva to delegates who expressed
a genuine interest in promoting the
Amateur Service in their countries,

Watch QST for periodic updates on the
project. And thanks!

DO YOU SEND QSL CARDS TO BOX
§8?

[J Walt Brown, KA®DMB, Omaha, NE,
recently worked his first Russian station, a
UA3Z near Moscow, Walt sent a4 QSL
direct, with an IRC to guarantee a prompt
refurn. Not only did Walt get a return, but
the Russian ham enclosed a very nice two-
page letter, The letter described his
homemade equipment, some personal in-
formation and Amateur Radio ex-
perience. fn addition, the Russian ham
asked that the following information,
concerning QSL procedures, be passed
on: (1) Please do not use call signs on
envelopes. (2) Only QSL cards, and not
enclosures such as 1RCs, should be sent
via the QSL bureau address, Box 88 in
Moscow. — Dick Jugel, K§DG, Omaha,
NE

This novel job of packaging the Herring-Afd Five receiver {July 1978 QST) in the Charlie Brown

tunchbox and the Tuna-Tin 2 transmitter (May 1976 QST), CB Slider (March 1977 QST and Codzila
1 {February 1977 QST) in the Muppet Show lunchbox was done by Bill Barfield, WE5PHR, Satartia,
MS. Bill built the panels with sheet metal. Since the thermos botties still fit in the urtits, carrying

liquid refreshment is easy.

Radio direction tinding is very popular in the Peopie’s Republic of China. This picture was taken
by a reporter from the Chinese Sports Hiustrated News Agency at a direction-finding contest.
Although the equipment is made in China, details on construction, frequencies, call signs and
modulationare as rare as a BY QSL. (photo courtesy HE9AQZ)
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A VHF-UHF 3-Band
Mobile Antenna

Three bands — 144, 220 and 440 — on
one stick sound interesting? This
antenna might allow you to condense
that stainless-steel and plastic jungle
atop your auto onto a single pole.

By J. L. Harris,* WD4KGD

n looking for a mobile antenna system for
my Drake UV-3, 1 rejected the notion of one
broadband antenna such as the discone
because of band-switching problems not to
mention its somewhat busy appearance. |
also rejected the idea of three separate whips
which I felt would give the relatively small
roof ared of my pickup truck a cluttered
look., Three separate antenmas confined to
50 small a space would also cast **shadows™
on the vertical patterns of one another. In
arder to take full advantage of the three
antenna terminals on the UV-3, 1 needed
tlhrec separate antennas, but [ wanted an
omnidirectional pattern with no **holes.”’
¢ The solution I chose was to use three
stub-fed verticals on one whip. The stub-fed
vertical, or J antenna, consists of a basic
half-wave radiator end fed through a
quarter-wave stub. This stub scrves as an
impedance transformer, [t transforms the
high impedance of the half-wave radiator to
that of the low-impedance coaxial line, Few
antennas iend themselves to omnidirectional
patterns and ease of matching to coaxial line
as well as the stub-fed vertical.

Construction .

.~ My approach is cheap, novet and effective
and uses only four basic parts except for the
coaxial linest the whip and three easily fab-
ricated blocks. These materials are available
at most hardware or hobby stores. The whip
i$ one piece of 3/8-inch (9.5-mm) aluminum
tubing 60 inches (152 mm) in length. Be sure
that the piece vou sefect is.straight and free
of nicks. or dents.

Overall construction is shown in Fig. L.
The three stub blocks are made from
*Rte. 35, Box 39, Henderson, NC 27536

L

3/8inch (9.5-mm) aluminum stock. Refer
to Fig. 2 and saw three blocks 3/8 x 5/8 X
I-1/8 inches (9.5 % 15.9 x 28.6 mm}. Drill
a 3/8-inch (9.5-mm) hole as shown so that
the piece will slip over the mast, Tap a no.
6-32 hole into the 3/%-inch (9.5-mm) hole
just drilled for a setscrew to hold the block
in place. The third-hole is used to connect
the braid of the coaxial cable to the mast. It
is at this point where the quarter-wave stub
begins and the feed line ends. For RG-58/1J
and similar size cable use a 13/6d-inch
{5.2-mmy) drill and tap the hole with 1/4-20
theead, For RG-8/U, use a 25/64-inch
(9.9-mm) or X drill and tap with 7/16-20
thread. Prepare the coaxial cables by
separating the center conductors from the
remainder of the cable to the lengths given
in Fig. 1. Cut off all but 3/8 inch (9.5 mm)
of the braid and fold this back over the
jacket. These sections can be threaded into
the tapped holes. The hlocks can then be
mounted to the whip as in Fig. 1.

Matching

As mentioned earlier, the quarter-wave
stub is an impedance transformer. The
spacing between the coaxial cable center
conductor and the whip (dimension **A” in
Fig. 1) determines the impedance of this sec-
tion and consequently the match to 50-ohm
line. Using an SWR indicator, determine the
optimum spacing **A.”* This dimension can
vary preatly depending on the size of the
cable and its dielectric material. Once |
determined the correct spacing, | stood off
the center conductor from the main support
with small styrofoam blocks. Electrical tape
was used to hold the guarter-wave section
and styrofoam block to the main support.

The three-band antenna system mounted atop
a pickup truck. [photo by WD4FNS)

FEET 1 L3047
s METERS

INCHES x 25.¢
%

.........._
l 134 Mtz ANT

Fig. 1 — Construction dimensions of the three-
band antenna. Cables. should be routed and
taped as shown.



DRILL 13/84"0R NO.7 AND
TAP 1/4- 20 FOR RGSB/S
OR DRILL 25/64"OR "x*
AND TAP 7/16—20 FOR
RG-8/U.
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Fig. 2 — Detail drawing of the stub blocks
used to connect and support and the quarter-
wave sections.

The cables from the 440- and 220-MHz
antennas should be routed as shown in Fig.
1 on opposite sides of the 1nain support and
away from other stubs.

The assembly is finished by taping all
cables in place and coating the stub blocks
with clear acrylic spray to prevent moisture
from entering the cables. Although this
antenna syster is intended for mobile use
and is vonstructed for this purpose, it should
not be overlooked as a base station system.
Just-add 6-meters and you’ve got a 4-band
array! E-plane patterns for the three bands
are shown in Fig, 3.

Feedback

3 An  omission occurred in “The
Microprocessor and  Slow-Scan  Televi-
sion,”” January 1980 QS7, page 40, Fig..
BA. The box-to the right of the “End of
Line?" triangle should read *‘Erase to
End of Line.”’

[J The input intercept figures for the
Drake R-7 receiver, “‘Product Review,”
January 1980 QST, page 49, were re-
versed. The corrected text should read:-
*“These numbers equate to a 3rd-order in-
put intercept of + 17 dBm on 80 meters
with the preamp turned off and ~2.5
dBm with the preamp turned on.”’

] The diagram for W6HPH’s two-
clement, 144-MHz antenna that appearcd
in *“‘Hints and Kinks,”” October 1979,
QST, should have indicated the part for
mounting the BNC fitting as a brass
bracket.

(1 Two SSTV frequencies were left off
““The Considerate Operator’s Frequency

"o
F e 447 MHz

)

Fig. 3 — E-plane patterns for the three-band antenna. The patterhs at A, B and C, respectively, are

measured responses for 147, 223 and 445 MHz,

Guide,” January (ST, page 91. Both
7171 kHz and 21.340 MHz are generally
recognized SSTV frequencies. Others are
3845 kHz, and 14.23 and 28.68 MHz,

] The list labeled **6-Meter Radio Cun-
trol Channels”” (*FM/RPT,"" December
1979 QST, page 77) is actually-a list of
*guard’ channels which could be allo-
cated for repeater use in the event that ad-
ditional repeater frequencies are needed.
It is suggested that frequency coor.
dinators do not assign these chaonels, Ac-
tual R/C channels are 53.1, 33.2, 53.3,
53.4, 53.5, 53.6, 53.7 and 53.8 MHz.

[l The accident involving two Union
Pacific Railroad employees (**Stray,”
January QST, page 41), did not occur, ac-
cording to John Champa, K80OCL, an
ARRL technical advisor on safety matters
from Columbus, OH. His information
was corroborated hy a Union Pacific
spokesperson. Although butane can be
considered dangerous if it is mishandled,
Champa reports, it is not nearly as ex-
plosive as three sticks of dynamite. The
“Stray” item was parapharased from a
¢lub newsletter, which had. published an
account of the supposed incident.  EsE

Strays

CALLING PROFESSIONAL
STUDENTS

I3 If you have received vour acceptance
letter from, or-are now attending medical,
dentai, osteopathy, nursing, veterinary or
other health-related professional school,
vou are ¢ligible to join the Medical
Amateur Radio Council, Ltd, (MARCO).
This group of ham/health professionals
meets regularly, on-the-air, to exchange
medical and electronic data. Further in-
formation and applications from Milt
Lowery, NSBLU, Bayior College of Den-
tistry, 3302 Gaston Ave., Dallas, TX
75246,

OST Congratulates . . .

LI fack Boyce, WDBGMR, Kansas City,
MO, who put the Kansas City Emergency
Preparedness Office’s radio equipment
which had been unused and in storage for
several years, back on the air. The four or
five afternoons of work, a major dona-
tion from any volunteer, is even more
significant because: Jack is legally blind.
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An Automatic CW ldentifier

Need a simple, reliable station identifier to prevent breaking
the 10-minute rule? Here’s one that meets all major

requirements.

By Earl R. Savage,* K45DS

With cach advance in the state of the

cw art, staying legal with i-ds becomes
more ditficult. First there was semi-break-
in and then reaf break-in. The straight key
was followed by the bug, the ¢lectronic
keyer and now the Morse keyboard. Soon
it will be computerized voice-to-Morse
corversion by means of the micro-
processor, With all this, sharp filters and
stable rigs, cw ragchewing is more like an
eveball QSO than phone can ever be.

Yet each advance makes ane problem
worse: It gets harder and harder to
remember to identify every 1) minutes,
One day the microprocessor will take care
uf such vhores, but in the meantime,
almost everything has been tried, tfrom
flashing lights and ringing bells on up.

Do you remember the revolving disc
and the cam-actuated switch? How about
the: Keying relay driven by an audio-tape
loob? Or the photocell and the perforated
dise? More recently the ROM has entered
the: picture with complex programming
problems.

What we need is a simple; reliable
sutomatic identitier. Here is one that you
will want in your shack. All the major re-
quirements are met: (1) fully automatic

operation; (2 manual  operation  as
desired; (3 ease of programming;

(dyiquick reprogramming  as  desired;
(S) dependability; and (63 use of com-
mon, law-cost components,

The AUTO-ID'ER keys your call sign
automatically cvery 10 minutes. I you
start it manually before the set interval, it
keys vour call sign and resets for 4 new
[0-minute interval. As a honus, you can
disable the timer and reprogram for your
standard contest response, Other uses will
present themselves. All this for a “new-
parts cost” of only $10 plus a modest
amount for the power supply and cabinet.

How It Works

A block diagram of the AUTQO-ID’ER
is shown in Fig. 1. Ul is an adjustable

*Rok 351, New Castle, VA 24127

18" O5&

The AUTO-ID'ER canstructed on & universal pe
beard and ready to be plugged into the
author's keyboard.

timer provided with a manual override
switch., The timer sends a pulse every 10
minutes to an R-5 flip-flop which enables
the key clock. U3, Both Ul and U3 are
5335 1Cs, the functions of which can he
enmbined by using one 556 if desired.,

The clock pulses the counters at an ad-
justable rate, which establishes the keying
speed. Counter L4 addresses all memory
ICs in paraiicl. Though only two are
shown, you can have as many memories as
needed. You will he pleasantly surprised
later to see that the memories are inexpen-
sive data selectors.

Two functions are performed by the
second counter, US. It addresses the
memory selector and also feeds a “*stop
and reset’” pulse to the control flip-flop.
The memory-select 1C, U8, sequentially
feeds the outputs of the memories to the
keying interface which you select to match

the characteristics of
ceiver/transmitter,

your trans-

Programming

tise of type 74150 multiplexers (1-of- 16
Jata selectors) for memories is the key to
the simplicity and low cost of the AUTO-
[D’ER. It is necessary to understand how
they operate in order to program them
properly.

A 74130 has 16 input lines, cach of
which may be high or low. When one of
the 16 lines is addressed, the complenent
of the information an that line appears at
the output. 1f each input line is considered
one Maorse bif, 16 bits can be wired in.
Thus, when sequentially addressed 0-15,
these 16 bits appear serialfy at the output.
If a transinitter is keved with the serial bits
shown in Fig, 2, the resulting signal is a
dah and 2 dits. Of course, this is the letter
2 and the bits can be programmed to pro-
duce any letter or letters. Bits are recorded
by these simple rules:

iY A dit is two bits — {8 (a high fol-
lowed by a low),

2) A dah is four bits — {110,

3) A letter space is two bits — (4.

41 A word space is four bits — 9000,
Following these rules, DE is recorded as
11100100018, That is 12 bits — three-
fourths of the 74150 capacity. But we can
do better than that.

In order to increase the storage capacity
of vach 74150, we will use a technique
called “*folding.”” If we run through the
0-15 addresses twice and fold the inputs,
the capacity will double — giving 32 bits!
Here is how to fold a data selector (DS).

For purposes of illustration, we’ll use a
[-of-4 DS. The sample DS will be pro-
grammed with the help of Table 1. At this
point we won't be concerned with Morse
output but with the four possible com-
binations.

Since we are going to address the DS
twice, we’ll start at pass no. {, inputno. 1.
We'll progress to inputs no. 2, ro. 3 and
no. 4, and write in the first four bits: $11¢.
(Note: The first bit is always @.) For the



lines. As a further example, Table 2 shows
how my call sign is folded into two
74150s. I you still have difficulty with the
folding technique, see pages 140-144 of
Don Lancaster’s TTL Cookbook.' The
process is not as complex as it may first
appear.?

When your first 74150 is full, continue to
the second and so on until your message is
complete, [f you get to the end of a DS
memory and need just a very few bits to
compiete your message, you can steal a few
rather than add another DS, If you are on
your toes, you caught the fact that [ cheated
on Table 2. | broke the rules and simply left
out two @ bits which kept me from needing
"Notes appear on page 21.

(4)

Fig. 3 - Qrigin of lines A and B in the
AUTOQ-ID’ER.

another 74150 {and it takes a very sharp car
to detect it on the air).

You may be able to use this technigue
to save a little money, space and wiring
time. If not, and you have unused bits re-
maining, be sure to fill them with @s.

Typical call signs will require three or
four 74150 data selectors. Put in as many
as you need. Connect all address and

12 u3 u4 us, u?
CONTROL KEY
FLIP-FLOP CLOCK COUNTER ___]\
4 LINES MEMORIES
T — "
K1
us XMTR
10~ i ey wreReaee | >
MINUTE
TIMER us
COUNTER
% B
e e
# PART OF U2
Fig. 1 — A block diagram of the AUTO-ID’ER.
second pass, we'll write in @101, power pins in parallel. Output pins (no.
Now, observe that input no. 1 is re- I0) are connected sequentially to the
quired to put out @@ on the two successive 74151 DS as indicated. Unused 74151 in-
passes. Remembering that the output will put pins are grounded.
be the complerntent, we'll wire the input to o
[ (+5 V or high). Input no. 2 will be The Circuit
wired to 0 (ground or low) since it is con- T 2 3 4 5 & 7 8 9 The schematic diagram of the timing
nected to output 11, SERIAL BITS and counting subcircuit is given in Fig. 4.
Input no. 3 is different, It must be 1 on Compaonents of the timer (U1) have been
the first pass and @ on the second. chosen to provide a range of about 7.5 to
Therefore, we must wire it to a line which Fig. 2 — This ke e s Lot th 11 minutes, This is determined by RI, R2
will change from ¢ to | between passes | 'g. 2 — This keying sample is typical of the and CI, any or all of which may be
and 2. We'll call this line A, Likewise, jn-  Poterns produced by the AUTO-ID'ER. changed to a)I(ter the range covered. ’
put no. 4 goes to a line which changes Not only is the value of C1 important,
from 1 to , which we’ll call line B, Table 1 the quality is important also; the same ap-
But where do these lines A and B come Sample P i plies to C2, Both capacitors should have
fram? They originate at the third address ~ope regramming low leakage. Excessive leakage will extend
line {sec Fig. 3). You will perceive that the the timing period and require more series.
output of the counter (4) will be on @ on Address  Input  Pass1 Pass2  Wire to resistance. Because of the long timing
counts 0-3 and | on counts 4-7. Therefore, 3(1] ; ? 'I’ (‘): period of Ul, a capacitor with high
we'll call it line A, By the same token, g 3 H a A leakage could prevent it from timing out
when line A is inverted, it becomes line B. 11 4 0 1 B at all. (If yours does not time out, you
Thus, we have folded a 4-mput DSintoan 1 = +5 volts; 0 = ground should. check the operation and your
8-input DS. wiring by substituting a smaller capacitor.
Exactly the same procedure is used to This check should be made before going
fold a 16-input 74150 into a 32-input DS. out to buy a hetter-quality capacitor.)
Of course, there are four address lines so — 0w The components associated with U3
. the fifth counter line becomes the A and B om0 @ establish the speed of the keying clock (the

actual speed is halved hy the first stage of
the counter). As shown, the range is from
about 10 to 70 words per minute.

The stop-and-resct line from US to the
flip-flop (two 7400 gates) must be in-
verted; this is done with another 7400
gate. The point of attachment to U5 will
depend upon how many memories vou
need to coatain your call sign. Connected
as shown, the AUTO-ID'ER stops at the
end of the fourth memory. You may have
to make an adjustment here. If so, con-
sider the 32 BCD line as | for memory
count; the 64 tine as 2; and the 128 line as
4. An anND gate will be required if the
number of memories exceeds 4.

Fig. 5 provides the schematic diagram
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Fig. 4 - AUTO-ID’ER timing and counting subalrcuit. Resistance values are (n ohms.

for the program subcircuit of the AUTO-
ID’ER. The input lines of U6 are
numbered in the order of their selection.
Programming is accomplished by con-
necting these lines to 1, §, A or B, as ex-
plained earlicr.. The vrigin of lines A and
B is also shown,

U8, u 74151 1-of-8 DS, supplies the cw
pulses for keying the interface. Qutput pin
5 does nof give the complement of the in-
put,

No power «upply is illastrated because
vou must be as tired of seeing them as [
am.  The AUTO-IER  requires a
regitlated power source that furnishes 5
volts at 300 mA or more. Any standard
vircuit should suffiee,

HKeying Interface

You must choose and build the keying
interface suaitable for your transceiver/
transmitter. Three chaices are given in
Fig! 6, Of course, you may build twa or all
three of them for maximum versatility, 1Y
vour rig has unusually high voltage or cur-
tent on the key line, be sure the keving
transistor/telay vou select can handle it.
The ones in Fig, 6 are <uitable for wmost
rigs.

20 Bb5%

Table 2

Completed Programming Chart for DE K45DS. See text.

First Memory

Second Memory

Pin Address -input Pass 1 Pass 2 Wire to Fass T Pags 2 Wire to
8 anos 1 a* i B i} L] 1
¥ 0001 2 1 1 4] i 1 0
5 0010 3 1 4] A ] 1 B
8 0011 4 1 1 0 1 1 4]
4 0100 o 2 q 1 1 ¥ A
3 101 6 1 1 0 1 i s}
Z 110 7 0 1 8 [ [} 1
1 011 8 1 1 0 9] 1 B

a3 1000 9 4] 4] 1 o} 4 1

2 1001 0 0 [¢] i 1 i A

21 1010 11 1 4] A 0 [} 1

20 1011 12 a 1 B 1 t il

19 1100 13 Q Q 1 0 0 1

18 1101 14 0 1 B 1 1 m

N 1110 1% q [( 1 [¢] 0 1

16 111 18 1 ! 0 0 1 5]

*Always O

Construction

Layout of the AUTO-ID'ER is not
critical. You may use any of the common

huilding

techniques.

With

1easonably

compact constriction, the AUTO-1D’ER
will £it into an 80 x 100 X 60-mm (3 x 4
¥ 2172-inch) cabinet and leave space {or
a power supply.
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Fig. 6 — Keving interface subcircuits for use with the AUTO-ID'ER. The circuit at A is for negative
(grid-block) keying, and that at B for positive keying. The relay keying at G may be used for either
positive or negative keying. Resistance values are in ohms; k = 1000. Transistors are Radlo

Shack components or equiv.

The prototype in the photo first was
constructed on a Radio Shack universal pe
board {(no. 276-i54), This board was
madified shghtly to increase the capacity
for the iarge 24-pin 74150s. Though only
two of these DS memories will hold my
call, there is obviously space for two
more, enough to hold almost any i-d.

A modification of the hoard was made
by dividing two rows of the multiple-hole
solder pads. [ used & ‘Radio Shack no.
64-2178 cordless drill/saw as shown in
Fig. 7 but the job can be done with a sharp
knife, & steady hand and patience. Using
this type of plug-in board with matching
connector is an excellent way to add the
AUTO-ID’ER to an existing piece of
equipment.

Operation
Operation of the AUTQ-ID’ER is

simplicity itself. With the keying interface
connected in parallel with your regular

Fig. 7 — Modifications being made to the
universal board to accommodate the 24-pin
data selector memories,

keying device, the unit begins aperating as
soon as power is applied. Ten minutes
iater it sounds off, unless you Kick it off
manually first,

There are two points vou may wish to
consider, The first is that you should not
cut the 10-minute limit too fine. It may be
advantageous to set Ul for 9 or 9-1/2

+5v +8v

R82023

RSZ00e

(FI6.5)

Al +KEY

LINE
RS2012

{FIG. &)

5 KEY

IN914 2

1" Re200Y

o

(FIG. 5}

{c}

Fig. 5 — Program subgircuit for the
AUTOC-ID'ER.

minutes, Note that the interval after a
manual trigger is a little longer than after
an automatic trigger.

The second point is that on occasion the
AUTO-ID’ER will sound off while you
are sending. That leads to a resulting mix-
ture of garbled cw, so you’ll just have to
stop sending and push the manual switch
for another i-d. You can avoid this an-
noyance if you have some space (bits} left
in the last 74150. In this case, move your
i~d down and place a signal {n front of it.
On hearing the signal, you stop sending
and let the AUTO-ID’ER take owver,
Another alternative is to add a cirenit that
will disable the clock of vour keyer or
keyboard when the i-d begins.

Summary

Your efforts in building the AUTO-
ID’ER wili be repaid many times over.
When the accessory is up and running,
you won’t have to keep one eve on the
clock as you ragchew. 1t is a relief to be
free of that chore.

Whenever you tap switch $1 your i-d is
keyed and the unit resets for a new
10-minute interval from that point. It you
keep ahead of it, fine. If not, don’t worry
- the AUTO-ID'ER will do it for vou
and keep vour operation legal. [CELS
Notes
‘Lancasier, ITL Cookbook, Howard Sams and Co.,

Inc., [ndianapolis, IN 4626%.

*Still have problems? Send your call with §1 and an

sase. 10 the author for peremnalized roding
instructions.

e .. ... Fabhrirare 1080 . . 2t



@ Basic Amateur Radio

Matching the Transmitter
to the Load

Most ham shacks contain a Transmatch, but do you need
one? Under some conditions, “‘yes.” Here's the rundown.

By ;Doug DeMaw,* W1FB and Bob Shriner,** WAQUZC

“M
y antenna won't load up prop-

erly because the feed line doesn’t match
the antenna impedance. Will a Trans-
match cure the problem?’” That’s a com-
rnofnly asked question among inexperi-
enced amateurs. The answer is *'no!™* The
cxeeption would be if the Transmatch
were installed at the antenna feed point.
Bul, Transinatches are normally used at
the transmitter end of the transmission
line. So, the device will aniy “‘fool” the
transmitter into *“thinking” it has a prop-
er load to Inak into. The mismatch condi-
tion at the teed point will remain the
same.

S0, why even use @ Transmatch
{transmitter  to transmission  line
matcher)? Well, presenting a flat load {no
redetance) to the transmitter has its ad-
vantages. First, the transmitter output
tank circuit can be tuned normally if it
Inaks into 50 obhms (most modern
transmitters  have a  S0-ahm  output
characteristic). Second, a proper lvad will
enable the trapsmitter to develop its full
rated power output. This is especially true
if & solid-state rransmitter with an SWR
shut-down circuit is used. The higher the
SWR (standing-wave ratio) the lower the
transmitter output power with most rigs
of, that type. A varrect load for the
:raln.sminer will also help prevent arcing of
the PA tank wariuble vcapacitors and
switches.

There remain two more advantages
whlich justify & Transmatch. If the unit is
vapable of functioning as a high~-Q band-
rass nietwork when adjusted to match the

*ARRL Seniar Fechnical Bditor
P (1, Box 969, Piebla, CO RGN

99 __NET.

B,

UNIVERSAL

ey

INDUCTOR
6 7

METER

QRP TRANSMATGH

Front-panel view of the GRP Transmatch with SWR indicator. Low-cost pe-board cunstruction 1s

used throughout.

Inad, a reasonable amount of harmonic
attenuation can resuit. Sonte circuits offer
as much as 30 dB of harmonic attenua-
tion. This, of course, aids spectral purity
and reduees TVI. The other benefit can be
seen (n the case of a narrow-band antenna
(75/80-meter dipole, for example) where
without a Transmatch the system warks
nicely over a narrow portion of, say, 80
ineters, But, when the antenna is used for
ssh work on 78 meters the SWR is sky
high. The Transmatch will again *‘fool”
the transmitter and provide a 50-ohm load
anywhere in the 75/80-meter range, The

SWR  which still ¢xists beyond  the
Transmatch is normally of little conse-
quence (minimum power loss) from 160
through 20 meters if the feed line 15 not
unusually long (more than 100 feet, or
30.5 meters) and if # is of good quality
and size, such as RG-8/11 or RG-11/1].
The losses are greater in the smaller-
diameter coaxial cables.

Transmatches are known by other
names, such as “antenna couplers™ and
““antenna tuners.”” Technically speaking,
cither name is inappropriate unless the
network is used at the antenna feed point,



or if it is actually used to tune the overall
antenna  system {0 resonance at  the
operating frequency. Some hams even call
them **Matchboxes,” which is a name
horrowed from the commercial product
of the same name that was manufactured
by the E. F. Johnson Co. (see Fig. 1). But,
i essence, all such  devices contain
capacitors and inductors, which when ad-
Justed properly will match ane impedance
to another.

When Isn’t a Transmatch Needed?

It would he rather pointless to install a
Transmatch in the antenna line if the
SWR was 2:1 or less. All vou would add
would he another gadget to tune as you
vhanged bands. A dreadful misconception
prevails whereby some amateurs become
distraught if the SWR indicator shows
anything greater than a ratio of 1.3:1; they
believe that their signal suffers im-

- measurably if the slightest amount of
reflected power is observed. Balderdash!
Very little (if any) difference will be noted
in the hf bands between a 2:1 and a 1:1
SWR condition. Honest an-the-air checks
with other amateurs will prove this to be
true.

What is being said here is that if you’re
using a coax-fed dipole, vertical antenna
or beam, and if the SWR is less than 2:1 in
the desired aperating range of the band,
don’t waste money and space on a
Transmatch. But, if you plan to use an
end-fed wire antenna, or operate over all
of one of the lower bands with a
frequency-restricted  coax-fed  antenna,
then a Transmatch  will he  quite
beneticial. If the system SWR is greater
than 2:1 at the frequency for which the
antenna has been cut, then you'd better
plan to correct the problem ar the feed
point, That's where the action really is!
The ARRI Antenna Book' is recom-
mended as a source of information on
antenna theory, matching methods and
practical cxamples.

Design Considerations

You will find some discussion about the
fine points of Transmatch design in the
“Product Review' column in an up-
coming issue of QST {(Murch Trans-
match). There are some major design con-
siderations which a builder must observe
if good peeformance is to be had.

1) Ensure a wide range ot variable in-
ductance,

2) Provide a wide range of variable
capacitance.

Xy Bmploy coils and capacitors which
can stand up under the planned power
level without arcing or overheating,

4) Keep all rf [eads as short as possible.
In addition, it is wise to sclect variable
capacitors which have the lowest possible
minimum capacitance. This will extend

‘Notes appear on page 26,
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Fig. 1 — Bandpass type of Transmatch network which is suitable for use between coax and

balanced feeders.

the impedance-matching  range  con-
siderably at the higher frequencies, such
as 15 and 10 meters.

Common Transmatch Circuits

A bandpass type of Transmatch circuit
is shown in Fig. 1A, The link (L1) must he
capable of forming a resonant circuit with
C1 at the operating frequency. Inductance
1.2 and capacitance C2 must also tune to
resonance at the chosen operating fre-
quency. The two taps (arrows) on 1.2 are
moved in from the outer ends of the coil
by cqual numbers of turns until the
balanced feeders are matched to the
S0-ohm fransmitter impedance, You will
note that in addition to an impedance
match there has been a transformation
from an unbalanced condition (transmit-
ter output) to a balanced condition
(balanced fecders). A single~wire, end-fed
antenna can be matched to the transmitter
hy connecting it to one of the coil taps as
shown. A bandpass type of response will
result if the Transmatch loaded Q is
reasonably high. This is shown at B of
Fig. 1. Frequencies above and befow the
operating frequency arc attenuated. This

is desirable in terms of TV reduction and
harmonic attenuation in general.

The popular  T-matching wnctwork
found in most of today's commercial and
homemade Transmatches is seen in Fig,
AL A variation of this circuit contains a
dual-scetion variable capacitor at C1. The
section which is nut shown would be con-
nected between J1 and ground, In prac-
tice, there is no difference in the matching
range and performance of the network
when a single-section variable capacitor is
used at CI.

Fig. 2B shows two possible response
curves. The sulid curve illustrates a band-
pass type of condition. The dotted curve
indicates a high-pass response (no signifi-
cant harmonic attenuation), The response
obtatned will depend upon the impedance-
transformation ratio being dealt with,
plus the final inductance-capacitance ratio
of C1, C2 and L1 during a matched condi-
tion. An in-depth technical expianation of
this phenomenon is well beyond the intent
of this article.. The user of this type of ¢ir-
cuit should never assunie that & T-network
Transmatch will offer harmonic attenua-
tion, however, 1f a rule of thumb is to be

HIGH PASS
3.5 29.7 MHz R
g o1 ce J2 BAND PASS
son (o W, ¥ ) coax
YMTR AL AT 10
250pF 280pF ANT,
$ T
L1 Ja g L1
L« z -
N SINGLE - WIRE
25 pH ANT.
MAX.
p
3 7 [l
FREQ. MHx
{A) (B)

Fig. 2 — Basic cirouit of the so.valled “Ultimate Transmatch” (T-network) is shown at A, The
curves at B illustrate two kinds of response (high pass and bandpass) which can result under dif-

ferent toad and tuning conditions.
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offered here, we might say, “‘use the
maximum amount of capacitance at 2
which will resalt in an SWR of [:1
through adjustment of Cl and LL”
LLaboratory tests at ARRL showed that
mié\imum power [oss  (insertion loss)
through the Transmateh will result when
C2is set for the greatest practical amount
of capacitance, Qur workshop project for
this Basic Radio installment contains the
cirenit of Fig, 2A. The most outstanding
fedture of this type of network is its very
broad range of impedance-matching
capability. Although a tapped inductor
L‘ar:l be used at L1, a rotary inductor will
provide the greatest flexibility in matching
a wide range of load impedances at J2.

An excellent matching network for har-
inonic attenuation is the low-pass type.
This is known also as a pi network. The
basic cireuit is shown in Fig. JA. The type
of response from this network is shown at
B of Fig, 3, The major limitation of this
style of Transmatch is its matching range.
In order for the circuit in Fig. JA to match
Ioafds from 50 to 2000 ohms, for example,
Cl, would require a maximum capacitance
of 4500 p¥ and C2 would require 9000 pF
of capacitance. L1 would require a maxi-
mum inductance of [0 «H and a minimum
inductance of (.4 uH. These values are
hased on 4 loaded Q) of 10 at 3.5 MHz.
The maximum capacitance values would
he used when matching 30 ohms to 50
ohins with L1 set at 0.4 gH. A 2000-0hm
load at J2 or J3 would reguire roughly
1100 pF at Ci, 227 pF at C2 and 10 4H at
L 1% What’s the point of explaining all of
this? Well, it was done only to illustrate
the lack of practical component values for
wide-range (3.5 to 29.7 MHz) frequency
use when a host of impedances needs to be
matched to 50 ohms, while maintaining a
foaded () (quality factor) of 10. Greater
network flexibility could be realized with
the specified L and C values, however, by
allowing the Q to vary all over the ball
park as the L and C values were juggled
simply to obtain a matched condition. [n
a real-life situation, this is how most
Transmatches are operated. Since the ex-
act, network Q is seldom known for a
given matched condition, the level of har-
monic attenuation is simiiarly unknowun.
Therefore, it is  fbest to regard 2
Transmatch purely as a matching device.
Whatever harmwonic reduction that will
resalt can be regarded as @ bonus.

Practical Use of a Transmatch

In order to adjust a Transmatch easily it
is necessary to use an SWR indicator with
it, This will tell the operator when the net-
work is tuned for minimum reflected
power from the load. Some Transmatches
have a built-in SWR indicator. Others do
not.

Fig. 4 shows a recommended setup for
using a Transmatch. A [ow-pass TVI filter
is iptaced in the line immediately at the
tre?nsmfttcr output. A guality earth
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" SINGLE | [ ]
WIRE T
Bl 43 ANt : )
BOLL .
XMTR COAX TO ol =4
ANT.
~ - T h
7 z ;
f ]
= i ‘;L ™
[] ]
1 55 7
FREQ. MHr :
(4) i)l

Fig. 3 — A pi-netwark (low-pass) type of matching network. This circuit has limited matching
range (see taxh) but 1s excallent tor harmonic attenuation,
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] L0-PRES SWR K3
*MTR FILTER INBICATOR TRANSMATCH
l RARTH— . .]..
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Fig. 4 — Block dlagram ot a typical setup in which a Transmatch and balun transformer would be

used,

ground is connected to the frame of the
transmitter, the case of the low-pass filter
and the chassis of the Transmatch, as
shown, Coaxial cable (3¢ ohms) is used
between the transmitter and the Trans-
match. The SWR indicator (somctimes
called a bridge) is always used before the
Transmatch, as illustrated. If we were to
locate it after the Transmatch we woutd
never be able to adjust the Transmatch ac-
curately. At best, we would be tuning the
mdtching network for maximum power to
the antenna (which should coincide c¢lose-
Iy with minimum reflected power in most
instances). This assumey that coax feed to
the antenna was being used and that the
antenna SWR was reasonably low,

What About Baluns?

First of all, let’s pronounce this popular
word correctly, 1t is a ““bal-un” {balanced
to wnbalanced transformeri. It is not a
“bal-oon” or a “bay-lun,” a many
amateurs pronounce it. [ts function is
vlearly defined by its name: It converts an
unbatanced condition {coax) to a balanced
one (balanced feeders).  Although the
typical balun has a 41 Impedance-
transformation ratio (e.g., 200 ohms
halanced to 50 ohms unbalanced), a balun
can be huilt to bhandle almost any
reasonable  transtormation  ratio.  The
transmission-line type of transformer of
Fig. 3A shows a 41 transformation. But,
the broadband conventional transformer

441
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Fig. 5 — The cirowt at A is for a transmission-
line type af balun 4:1 ratio). A conventional
balun transformer is shown at B.

of Fig. 5B can be made to handlc a wide
range of transformations. The circuit at B
is indeed a balun because of its tunction,
Trunsformers of the type shown at A and
B of Fig. 3 are used frequently in solid-
stdte  transmitters  to provide  dn



EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANGE ARE IN MICROFARADS { uF ) ;
OTHERS ARE IN PICOFARADS { pF OR yurl,
RESISTANCES ARE (N OHMS ]
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Fig. 8 — Schematic diagram of the QRP Transmatch/SWR indicator. Fixed-value capacitors are
disc ceramis. Resistors are composition types except far R1, which is a carbon type of control,

1, €2 ~ Miniature transistor radio 350.pF
variable. Set trimmers on variable capacitors
tar minimum C, it trimmers are included
as part of the uyit.

D1 — High-frequency, small-signal diode.
1N34A, 1N914 or equiv.

J1, 43 — Phono jack, singla-hole mount.

J2 ~— Miniature 2-circuit phone fack,

L1 — 44 turns no. 24 enam. wire spaced
evenly over an Amidon T106-2 toroid core

impedance match between a single-ended
transistor driver and the bases of a push-
jpull amplifier.

Many commercial Transmatches con-
tain high-power ioroidal baluns, These
are used when balanced line is employed
to feed an antenna, A good example
would be the use of 300-ohm twin-lead to
feed a folded-dipole antenna, or open-
wire feeders for use with a center-fed
Zepp antenna,

Since a balun is a broadband type of
transformer, it isn’t too effective as an rf
transformer at load levels above, say, 600
ohms. These devices work best at low im-
pedance levels. This is because at higher
impedance fevels the inherent built-in
reactances (unwanted) affect the phase
halance of the transformer, and this
hecomes more significant as the operating
frequency is increased. Additionally,
much higher rf voltages are developed at
high impedances than at low impedances,
and this can cause arcing between the
balun turns or between the turns and the
toroid core. Many baluns have been
destroyed quickly by amateurs who tried
to match the output of a high-power rig to
4 high-impedance load. A charred and
very hot toroid core resulted!

When a balun is used in a sensible man-
ner, a shown in Fig. 4, it will add flexibili-
ty fo the ham station. A typical case was
tried and proven at KAIBUQ when an
80-meter *‘inverted-V»’ antenna was fed

(26 yH). Tap at 8, 12, 15, 19, 23, 26, 28,
32,35, 38 and 41 turns from C1-G2 end. (See
text.)

A1, R2, R3 — See text.

R4 — 10,000-2 control, linear taper.

31 -~ Twa-pole, 3-position ratary water switch.
Threse-pole switch with unused fugs shown
in photograph.

52 -~ Single-pole, 12-position rotary water
switch.

with 300-ohm TV line, routed through a
4:1 toroidal balun and into a homemade
Transmatch. All-band (3.5.t0 29.7 MHz)
aperation with an FT-101E transceiver
proved effective, An SWR of 1:1 was ob-
tained readily on each band, and good
signal  reports  were  received,  The
Transmatch of Fig, | (without a balun)
would have worked nicely, too.

This Month’s Project

We shall build a simple SWR in-
dicater/Transmatch for the QRP rig
described  in Basic Radio  earlier
(December 1979 QST).* It can he used
with other QRP rigs such as the Ten-Te:
Argonaut or Heath HW-7 and HW-8
series. In fact, it is suitable for any rig
with up to 10 watts of rf output power.

The citeuit for aur project is shown in
Fig. 6. A resistive bridge (R1, R2 and R3)
is used to indicate 2 null when minimum
reflected power from the load is realized,
The Transmatch becomes the fourth
resistanee in the balanced bridge. Thus
when it presents a 50-ohm characteristic
to the bridge circuit, the bridge is nulled.
This will be indicated by no ncedle deflec-
tion on the dec meter which is connected to
12, If 51-ohm, S-percent resistors are
used, the bridge will be quite accurate for
50-ohm work. The huilder can employ 47-
or $6-ohm, 10-percent resistors at R1, R2
and R3, however. The end result will be
Menty good enough for any antenna-

Fig. 7 — Glose-up view of the tapped toroid
and 82,

matching situation. The important thing
is that afl three resistors are of the same
ohmic value. In other words, don't mix
47- and 56-ohm resistors.

The SWR bridge is followed by a
T-network Transmatch. Cl and C2 are
miniature transistor-radio tuning
capacitors. L1 is a tapped toroidal induc-
tor, With the taps at the turns specified in
Fig. 6, there will be inductance increments
of 1,2,3.5,7,9, 11, 14, 17, 20, 23 and 26
uH. This should be ampie for most match-
ing problems e¢ncountered from 3.5 to
29.7 MHz. If a perfect null isn’t at-
taipable, don’t worry.

Construction

We will follow the sarne format used in
the last several Basic Radio projects, using
the Universal Breadboard described in
QST for September 1979. Once more the
panel and the side brackets can he
fashioned from pieces of double-sided
(copper on both sides) pe board material.

A parts-placement  puide is  hardly
necessary for this project because only
three of the isolated pads on the bread-
board foundation are used. They serve
only as tic points for some of the parts,
You may use any pad you desire for these
terminals, but pick pads that are close to
the related circuitry (keep the leads short).

The shield braids of the miniature coax
cable leads should be grounded at both
ends. The coax is used between JI and
S1A, from S1B to RI1/R2 and between C2
and 3.

When winding the toroid coil, L1, be
sure that the insulation is not ruptured so
that any two turns short together. This
would lead to a shorted-turn condition,
thereby destroving the Q of the network.

There are two ways to place the taps on
L1. A small loop can be made in the wire
as the core is being wound — arranging it
50 that cach loop occurs where the tap
point belongs. A couple of twists in the

it ciie o Eahruans 090, . 98



wire at cach loup will keep tension on the
main winding. After the total winding
(with all 11 tap Joops formed) is finished,
werape the insulation off vach loop by
means of a knife blade. The bare loops
can then be soldered to the lugs un $2 of
Fig. 6.

" Author Shriner uscd a different tech-
nique in establishing the tap points. The
toroid was_ wound with the specified
aumber af turns, Next, insulation was
seraped carefutlv (and tediously) ott each
turn where a tap was required. Short wire
leads were then soldered to the bare spots
on the coil turns to permit connection to
the lugs of S2. A close-up view of LI
preparcd. in this manner is shown in Fig. 7.
Onee the Transmatch is built (Fig. §) and
checked out it would be & woud idea to
voat the toroid winding with Polystyrene
Q Dope ar some similar low-loss coil
dopant. If difficulty is experienced in ob-
taining a matched condition at 21 1 28
MU/, reduce the first tap on LT from 8 to
4 turns or less,

Transmatch Adjustment and Use
" The meter from the “RF Sniffer’’ can

ke plugeed into 12 of Fig. 6 for use with -

this unit.* Alternatively, any 50- or
100-pA instrument can be used as an in-
dicator, Even vour VOM can be von-
nected at J2 for a readout instrument.
Connect the  SWR indicator/
Transmatch between vour transmitter and
the antenna. Place 51 in the calibrate posi-
tion {(CaL). Set R4 far minimum sensitiviry
{counter-clockwise), Key the transoutter
and adjust R4 tor a fuli-scale reading on
the meter. Now, switch %1 to the tune
mode, Adjust C1, LI and C2 for a sero
meter reading (null). it may take several
reprats of the vantrol adjustments before
the mull is reached, Onee that has been
achieved, place ST in the aperate position
and you're ready to chase DX 1t’s & good
idea to log the settings of the three con-
trols {in terms of “o’clock’’ readings) to
save time when changing bands later and
readjusting the Transmatch. Don’t forget
that you have a built-in dummy load when
vou operate your fransmitter into the
SWR indicator while St of Fig, 605 ar the

Fig. 8 — Interior view of the Transmatch. J1 and J3 are mounted on a rear apron made from a

section of pc board.

<AL position, [t the transmirter delivers
more than 4 or S watts, it would be wise to
use Jowatt resistors at R1, R2 and R3 of
Fig. 6.

Closing Remarks

There are situations with any tvpe of
Transmatch in which it may not be possi-
ble to ubtain an SWR ot 1:1 with a given
transititter. The usual calise is a4 par-
ticularly high level of harmonic energy at
the transmitter autput (faulty design or
tuning). When fooking into & resonait
load such as an antenna, the harmonic
enerey will be rejected by the antenna and
will show up as reflected power. This can
cause misleading results when trving to
match an antenna dt the desired operating
frequency. it this happens to vou, better
vheck vour rig for harmonics! This condi-

tion will not he ahserved 1f the transmitter
is operated directly into a resistive dummy
inad, as the load will accept any frequency
vou supply to it.

Don’t  attempt  to substitute  an
unknown toroid core for the one we have
specificd. The cure has been chosen for
the operating frequency, power kel men-
tioned and inductance valled for in the
desiyn (26 pH). The wrong wore can
render the Transtnatch uscless.

Now the guestion of the day: Do you
really need 2 Transmatch? I so, warm up
that soldering iron and go to work!  mer=3

Notes

*Available trom ARRL or vaur local dealer; %5,

A itewit hoatds, neeatives and eomplete parts ks
bt this progect ate avaudable from et Board
seralists, Hos 969, Pucbla, O 81007,

7 Uctaber 1979, p. |5,
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HELP PUT SOLAR POWER
ON A FIRE TOWER

|1 Charlic Colin, KA6FVN, works for
the LS. Forest Service in California.
Both his iselated work location, a fire
lookout tower, and his nearby home are
without electricity, Charlie wants adyice
on building a solar pancl and regulator
virenit tAugust 1977 OST, page 24) and is

26 s

fnoking for a pen-pal Hlmer, Contact
Charlic via 611 Hilmar 5t., Santa Clara,
CA 950350,

1 would like to get in touch with . . .

'l the cight stations that contacted the
Musk Ox Expedition at the North Pole
in 1955 lLog misplaced i moving.
Please write Yandergrift, 2308 Zinma

Ct., Lilleen, TX 76541,

RAIN IN MASSACHUSETTS

1 The Radio Amateur’s Inferstate
weather Net — RAIN — now nicets night-
v an the Marlboro, MA, 01/61 repeater.
M you can reach this machine, we'd ap-
preciate your participation. - Robert
DeMatra, NIAMF



Medium-Scan-
Television Update

MSTV — a mode that adds motion

to SSTV images.

By Don C. Miller,* WANTP

During the last one-and-one-half
years weveral  developers of slow-scan
television have been working on a new
type wof television called medium-scan
television, or MSTV. MSTV will add
motion to the SSTV image. This series of
experiments was discussed in October
1978 (287! The article mentioned that the
Special Temporary Authorization (STA)
permit from the FCC is valid until July
19800 During this past period of time
several tests have heen conducted and
several cunclusions made. This update
provides the latest information for those
who are interested in the tests. This article
cannot include all the details of the equip-
ment, so anyone not on the current MSTV
mailing list should send a large maunila,
stamped, return envelope to WONTP to
heep up on the current status,

Equipment has been constructed for
demonstration purposes and displayed at
many hamfests and conventions across
the vountry. (bservations of many
viewers and the restrictions of bandwidth
on resojution have ied the developers to
specify a set of standards for the rest of
the test period. These standards are given
in Table I.

A beacon is currently operating from
Indiana on 29.150 MHz. This beacon
operates on  Saturday of c¢ach week,
transmitting the first 10 minutes of each
hour, starting when the 10-meter band
opens. Several messages and tests are
being transmitted. A voice-recorded
message gives the present status of MSTV
cach week, In addition, approximately
ong-half of the time period is devoted to
the transmission of a test image at the
standard specifications of Table 1. If the
beacon operator, WINTP, is home, a
call-in standby period will immediately
fullow the transmission of the recorded
sofce and test image.

How Is MSTV Received?

In order to receive the tmage it wili be

*Bax 95, Waldron, IN 46182

Table 1

Medium-Scan-Television Standards

These standards are being used for 10-meter
transmissions during current experimentation
under Special Temporary Authorization of the
FCC. (See text)

Frame rate 2 framesis
Line rate 286 linesis
Horizontal line resclution 128 pixels
Vertical line resolution 128 lines
Honizontal sync pulse width 0.5 ms
Vertical sync pulse width 39 ms
Base video bandwidth 16 kHz

Type of modulation

Nacrow-band fr
Rt bandwidth 36 kHz

necessary to have a wide-band (36 kH2)
10-meter receiver on 29,150 MH7z. In the
United States there are old two-way fm
Lecetvers available very cheap but the
writer has not found any type that is
recommended. The development of a new
cconomical receiver is being attempted in
a short time period by one commercial
company, Scicnce Workshop? is currently
developing a small receiver that will he
crystal controlled and will have a
discriminator and sufficient bandwidth to
receive the low-frequency video. in addi-
tion the writer is working with a GLR?*
front vnd that may convert into many of
the repeater kits that use 10,7-MHz i-f
strips for 2-meter repeaters. [f anyone
would like to work in this arca to speed up
the development of MSTV it would be
greatly appreciated.

There are several approachces to re-
celving the MSTV image. The most attrac-
tive onc at the moment from economic
and simplicity viewpoints is to use S-100
memory computer boards. This will re-
quire two memory boards and a video in-
terface board. The computer memory
boards are standard but the video inter-
face board is unique. The design will be
furnished to anvone wishing to build the
MSTV system.

Another approach which is very atirac-
tivee is to use a Robot 400 monitor with
two memorvies. The added second memory
board can be purchased at cost from the
writer. This makes the Robot 400 useful
for color S8TV and for graphic applica-

tions as well as for MSTV experiments.
The problem of usitig the Robot 400 is the
requirement of slow readout of the
dynamic memorics which must be re-
freshed at a faster rate than the MSTV
pixel rate. For this reason it is required to
ha»e an external siatic buffer memory to
do the actual data rate conversion. The
5-100 memory hoard can be used here
also. Only part of the 8-K memory is used
in this application.

The third approach is to use a converted
SSTV P7 monitor. The detlection circuits
are triggered directly with the recovered
horizontal and vertical pulses, Yery little
actual conversion is required from the
35TV mode. The image viewed is quite
good and will permit anyone to take part
in the reception experiments without
much expense or development time,

Singe only the individuals listed on the
original STA are allowed to transmit dur-
ing this phase, all other participants
should apply their efforts to the reception
of the image. There are many unknown
factors in the reception of wide-band
signals on an unpredictable band like 10
meters. Selective fading could easily tear
the signal apart so that it would be tim-
possible to synchronize the image. It is
therefore recommended that the reader
build some kind of a receiver that can
receive the video and then apply the out-
put to a P7 monitor or a digital scan con-
verter as mentioned above. Those of you
who may be tov young in SSTV to know
about the development of 88TV in the 605
will he able to experience soine of the ex-
citement of developing a new mode that
was experfenced by SSTV and ssb ex-
perimenters earlier.

After this initial phase of getting the
first pictiure across the Atlantic Ocean has
passed, the expertments will include com-
puter processing of digital pictures o
enhance and to simplify the data to do
bandwidth  reduction. Bob  Suding,
WOLMD,* has experimented with the
transmission of digital slow-scan data and
has had very good results. He believes that
eventually a moving image can be
transmitted with computer processing at
normal TV rates in a bandwidth as low as
36 kHz. This st wait for the future. 1.0t
us try to keep the experiments going at a
fast pace and record as much data as
possible so that when we submit our STA
report to the FCC next July we can show
the inventiveness of radio amateurs.
Thus, they will continue the STA and in-
vlude more names to complete the
development of medium-sean television to
a successful new mode of aperation for
the radio amateur. insT- |

Notes

‘Miller,  “Medium-Scan Television — A New
Aumatear Frontier, OS7, October 1978, p, 30

‘Box 3931, Bethpage, NY 11714,

1952 Ciinton St., Buttalo. NY 14206,

“The new address af Dr. Robett Suding, WOLMD,
is 1161 Reston Ave., Herndon, VA 22070,

.. Fahrnans 1080 _o7



A Microprocessor-Based
Audible Clock

An audible clock has many applications in Amateur Radio.
Use this information to get started with one.

By Dr. William S. Wagner,* AAJWW

An carlier issue of QST presented a
“talking™ voltmeter, one that could be
programmed either to beep or to send
IMorse code for a measured potential.' A
6800  microprocessor-based  microcom-
puter, appropriate interfacing, and a soft-
ware package van also make an audible
12-hour «lock. For example, a time of
02:41 would be sounded audibly as dah
(pause) dit dit (longer pause) dit dit dit dit
{pause) dit. A time of 12:09 would be dit
(pause) dit dit (fonger pause) dah (pause)
rlﬁne dits, ete. The clack gives a reading
once every 20 seconds, or three times a
minute. This gives ample time to output
the audible tones. Some other interval
could be selected it desired, however, —
10 seconds or 30 seconds, for example.
The Iength of the tones and the pauses are
.’Iill software controlled. The clock can be
set to any desired starting time by storing
minutes at address 0001 and hours at ad-
dress (1002.

A suitable interface circuit is shown in
Fig. 1, and a software package in Table 1.
As shown, a pulse with a 20-second period

*Dept. of Physical Sciences, Northern Kentucky
University, Highland Heights, KY 41076

‘Wagner, *'An Andible Ihgital Veltmeter,"” August
1979 Q8T, p. 12, and Hall, “*Additional Notes
on the Audible Yoltmeter,” p. 34 of the same

' GST issue.
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i necessary in order to drive the hardware
interrupt of the microprocessor. The
60-Hz [ine i3 used to develop this pulse so
that it has good accuracy. If the
microcomputer oscillator clock is crystal
controlled, however, then good accuracy
could also be achieved by dividing it down
to get the desired 20-second pulse.

With appropriate changes to the pro-

technique illustrated here could be used
for many amateur applications. One
which comes to mind is a repeater clock to
seitd the fime in Morse code during
identification. Another is to modulate
beaeon transmitters, enabling those who
may be audio-recording reccived signals to
detect the exact time of a band opening

gram and to the interface circuit, the you. ]
YOLUME
CONTROL
MEHEOO Heeazo wopr ©
L N .___l( _,_9/{,(,_....:5:
MCOROCOMPUTER PA + i i, SPEAKER
N L
M1 7
1'2‘)" PULSE‘EV .?y *5¥ ‘:‘f
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NS1E ; 5 Ju 8 |u |1a L3 rt s
[ITY O ] E} Ta80 |12 14] 7492 |8
)] 0 O w12
AR
GoHz ] (LTI
2 7 G 2 a4 10 s 19
- |
|
"J_.'l-)L.' el - 7

Fig. 1 — Interface circuit for the audibie clock. The 60-Hz line frequency provides the frequency
{time) reference. The divider chain provides an interrupt signal every 20 seconds to the rmicrocom-

puter,



Table 1
Program Listing for the Audible Clock

Address QOp Code
0000

oot

0002

0003 GE FFO4
0006 FF s002
0009 3E

C00A 20 F1
oD 7E 01A0
Clock Program

T1A0 GE 0000
0143 C6 03
0145 on
01A8 8D 0E
01A8 Cé 60
01AA a0 oA
01AC 613
D1AE 8D 06
Q180 8D 15
0182 8D 13
0184 09
0185 3B
0188 AB 00
0188 8900
01BA 19
== 11
01BC 25M
01BE 4F
U1BF A7 00
01¢9 08

mGz ny

0103 as 01
01Cs 08

01C6 39
ner 09

1C8 QF 10
01CA @B 02
wce 2705
MCE A6 0D
0100 - 7E 0020
o103 7C 0002
01D6 20 F6
Audio Program

020 EF 0018
023 8E 00OCD
0026

agen

ne2 2F 41
onG4

009K

00AD 9E 10
n0A2 DE 15
044 39

UOAY TE 0140

Note: Addresses 026 through 0061, addresses 0064 throu

lLabel
SECONDS
MINUTES
HOURS

INITIALIZE

MnemonicfOperand

LDX FFO4
STX 8002
WAL

BRA F1

JMP 01AD

WAIT

NMI VECTOR

CLOCK LOX 0000
LDAB 03
SEG

BSR O
LDAB 60
BSH 0A
LDAB 13
HSR 06
BSR 15
BSR 13
DEX

AT

LDAA Q0, X
ADCA (0
DAA

CBA

8CS 01
CLRA
STAA 00,X
INX

TPA
EQRA 01
TAP

ATS

DEX

STS 10
LDAA 02
BEQ 05
tDAA DO,X
JMP 0020
INC 0002 -
BRA F6

INCREMENT

ouTPUT

ADJUST

STX 0015
LDS 0G0

BEQ 41

LDS 1)
LDX 15
RTS

JMP 0140

the audible voltmeter. See page 33 of August 1979 ST,

Comment

RESERVED FOR SECONDS
RESERVED FOR MINUTES
RESERVED FOR HOURS

B SIDE OF PIA IS QUTPUT
WAIT FOR INTERRUPT

GO TO CLOCK PROGRAM

NUMBER OF READS PER MINUTE

INCREMENT 20-SECOND INTERVAL
COMPARE MINUTES 7O 60
INCREMENT MINUTES

COMPARE HOURS TG 13
INCREMENT HOURS

GQ TO QUTPUT (MINUTES)

GO TO OUTPUT (HOURS)

GO BACK TO WAIT AGAIN
LOAD TIME

ADJUST TOQ BCD
TIME TO CLEAR?

NO

YES

STORE TIME
POINT AT TIME

POINT X AT BYTE

WHATS IN HOURS?

IF 17’5 ZERO

LOAD A WITH MINUTES (HOURS)
GO TO AUDIO PROGRAM

MAKE IT ONE

RESUME

gh 009F, 0100 subroutine for dit tone, and 0158 subroutines for dah tones are the same as for

Strays

CAN YOU HELP A DEAF HAM?

[} For many wears the deaf have been
able  to  communicate by means of
modified Teletypes which contain a
special telephone adaptor. The adaptor
permits the deaf to dial and receive the
transmit  messages  over  ordinary

telephove lines.

The Teletype tor the deaf (TTD) does
not match the commercial or amateur net-
works, TTD uses a S-level, 45.5-baud
Baudot code. The mark is 1400 Hz, spuce
is 1800 Hz with. a mark hold (no tone in
the holding position).

Does anyone know of a transverter to

allow use of TTD in Amateur Radio? Can
any of our inventive and experimenting
hams come up with a simple piece of
«quipment to e¢nable the hams and the
deat network to contact each other?
Leonard Frank, KXTLW, 28-16 203¢d St.,
Bayside, NY 11360, would like any

available tnformation or ideas.

February 1980 = 29



Bug Box QSK

E’;uild this simple and effective cw break-in system and enjoy
the fuxury of true QSK.

Bv David P. 8hafer, W4AX

An earlier article of mine described a
break-in system for cw operation that
climinates backwave and hash from the
transmitter, Grid-block bias was applied
to the first moixer tube to eliminate
backwave. A relay, activated by the key,
cantrolled the screen-grid voltage supplied
to the PA tubes to climinate hash.
Automatic break-in (QSK) was provided
by a T-R switch.

“That method was satisfactory, with one
jniportant exception common to systems
in which the antenna is tied directly to the
transmitter pi network, Suck-out, wr the
reduction of received levels, may occur
because of energy absorption by the pi
network. The degree of such attenuation
depends on the configuration of station
components and the band in use, Many
cxcellent circuits using T-R switches were
examined but all appear to have this com-
m;on deficiency. In some cases TVI may
be caused by signal clipping in the T-R
switch.

|1t was therefore decided to devise a
s}istem for complete isolation of the
receiver  in SK  operation.  Several
methods deseribed in numerous articles or
fc?und in manufactured ham gear were
considered. In some transmitters, for ex-
ample, transfer of the antenna for break-
in operation is accomplished by means of
the VOX relay. This often results in ¢lip-
ping of the first transmitted dit or dah. It
usually becomes objectionable at about 20
wpm. In addition, the clacking of the
rellay may be annoying, If the YOX time-
constant potentiometer is adjusted to
delay the wlease of the relay for an ap-
preciable interval, so as to  avoid
“crowding”’ the operator, true QSK is 1ot
realized.

|Thc basic QSK circuit by VE3AU?® ap-
peared to be the most promising because
of its simplicity and fail-safe feature. A

'[}lotes appeal on page 32,

30 O8T= _ .

maodified version of this circuit has been in
use with complete satisfaction for many
vears, The W4AX Bug Box was designed
primarily for ew QSK operation. It is not
intended to provide instantancous QSK in
ssh operation, nor does it control the
shape of the rf envelope, dit speed or
pulse length. T'hese are functions of
transmitter and keyer adjustments. The
hasic Bug Box circuitry consists of a single
transistor which controls a vacoum relay.
No changes in the transmitter, umplifier
OF FECEIVEr Are NECEssaiy.

Theory of Operation

Refer to Fig. 1. For ¢w operation, 32 s
thrown to the vw position. The key (hand,
clectronic or  keyboard) should apply
chassis ground potential at J5 or 16 when
clased, This turns vn transistor 1, con-
necting negative potential to the vacuum
relay K1. The initial surge of curreat
through the 50-uF capacitor momengarily
short-circuits the 220-ohm resistor, thus
raising the voltage applied to relay Kl to a
value somewhat higher than the nominal
26 valts. The armature movement of K1
trom its normally open to normally closed
vontact is almost instantaneous. (Ground
potential is also applied through D4, the
two tf chokes and the relay common and
normally open vontacts to 14 and on to
key the transmitter. This starts the genera-
tion of rf, Note that the transmitter can-
not be keyed until after the tf path from
12 to ¥ has heen completed. This fail-safe
feature is desirable because it insures cold
switching.

Opening the key simultancously inter-
rupts the dc paths to both Q1 and the
transmitter. However, it is imperative that
K1 remain operated until after the rf
envelope has completely  disappeared.
This is accomplished by the network con-
sisting of R2, €6 or €7, and D3 shunting
the relay coil. While the key remains
closed, the FAST or SLOW capacitor is in a

charged condition and no current flows
through D3 or its shunt resistor. At the in-
stant of ““break® (opening of the key), the
energy stored in the capacitor discharges
through DS, The Juration of this “*siug-
ging’ current depends almost entirely on
the value of capacitance and the im-
pedance of the coil. In the FAST position
of 83, the relay will rcicase in approxi-
mately 8 ms; in the SLOW position, about
48 ms.

During the **space’” interval {between
individual dits and dahs) the network is at
zero potential, At the instant of **make.”
a surge of current flows through K1. Only
a small charping current flows into the
or 5.0W capacitor through the
100-0hm resistor and continues for a few
ms while K1 is i an operated condition.
Thus, the charging current cannot effec-
tively lower the initial peak voltage ap-
plied to the relay, In other words, the
riming network cannot “‘rob”’ the relay at
the instant of “‘make.”

The values in the network are chosen to
insure vold switching at any keying rate.
In both Fast and stow QSK, the telay
must remain operated after each dit until
well after of bas ceased. This interval is in-
dependent of the keying rate. For rasi
QSK, the relay will release after each dit,
at any speed up to about 50 wpm. This
vives instantaneous break-in, provided the
receiver age is deactivated. In sLow QSK,
the refay will “hold over’ between dits at
speeds over gpproximately 10 wpm. This
optional feature is built i to aveid un-
necessary switching of the untenna back
and forth to the receiver while the receiver
is still muted by its age, iF used, In short,
stow QSK provides hreak-in between
words rather than individual dits,

While the relay remains on its normally
open contact following the instant at
which the key is opened, there iy a path
from J4 to JI through 470 k{2 shunting the
0.06-ub capacitor. ‘The resulting key-line
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| Fig. 1 — Circuit of the W4AX Bug Box. Capacitances are in uF and are disc ceramic except for
these with polanty indicated, which are electralytic, and those listed below. Resistances are in
ohms (k = 1000), and are 1/2-watt carbon unless indicated otherwise,

G3, C4 — 0.002uF teedthrough.

D1, D2 - tN34A or equivalent.

D3-D9. inal. — 14, 200 PIV, RCA SK3030 or
equiv,

K1 — Vacuum relay (Kilovas HC1 or Jennings

<urrent is only a fraction of a milliampere
and produces no tail on the rf envelope.
The resistor is used to dissipate any
residual charge on the capacitor and
antenna system which would be trans-
ferred to the receiver when the relay
returns to its normally closed contact,
For ssh operation 52 is thrown to the
ssb position, When transmission is to
hegin, ground potential is applied by the
transmitter PTT line to J7 and turns on
Q1. This operates the relay as in QSK
operation. When the PTT button is re-
leased, K1 transfers the antenna 1o the
receiver. As in cw operation no clipping of

RJ1-A),

Q1 — Silicon npn gen. purpose transistaor,
10 watts, 3.5 A (2N5784 or equv.).

11 - 117-volt primary, 40volt 0.3 A secondary,
Thordarson 23V117 or equiv.

the rf envelope can nccur even if the PTT
line is opened while talking, The relay

timing nctwork is common to both
modes,
Choice vf Components

The fuse and parallel, reverse-

connected diodes D1 and D2 protect the
receiver against possible high-level surges
from such sources as lightning. The writer
blew the fuse on one oucasion while
festing a second antenna without discon-
necting the one in normal vse. The strong
tf level might have damaged the receiver
had it not been for the built-in protection.

The 0.02-uF capacitor simply isolates dc
from the receiver,

The Bug Box is very guiet in operation.
The slight click of the relay, caused by the
snappy transition on ‘‘make,”” can bhe
heard at the operating position but not
outside the room even in the wee hours of
night. Relay operation can be made vir-
tually noiscless if C12 is reduced to ap-
proximately 15 uF. The higher valuc is
recommended, however, in order to pre-
vent a shortening of each rf bit reaching
the antenna. At low keying speeds, the
difference can hardly be detected on a
monitor scope. At speeds of 35 wpm or
more, this “*spacing bias'’ would be ahout
5 percent: not objectionable but less than
the ideal 50 percent dot weight in the
transmitted 1€ envelope. With the 50-uF
capacitor, the spacing bias can hardly he
detected at any speed.

Although the 0.06-uF capacitors con-
nected to J1 and J2 are rated at | kilovolt.
they are conservatively operated and will
handle the legai limit. The author uses
three 0.02-4F dise ceramic capacitors in
parallel in each location.

Any one of several npn transistors
similar to the RCA 2N5784, conservative-
ly rated, may be used. The 2N3053 and
2N5321 are good substitutes, Ripple from
the power supply is not a problem even
with a smaller filtering capacitor: 100 uF is
entirely satisfactory but 150 uF is recom-
mended.

The retail price of the Kilovac* HC1 or
Jennings* RJ1 vacuum relay is in the $60
range, depending on quantity. This is a bit
steep, but well worth the investment, The
coll resistance of both relays is 335 ochms
and the nominai operating potential is 26
V. Cheaper reed type relays are available,
but seem somewhat prone to sticking of
the reed on one of the contacts or hanging
up in midposition, -

Shielding

The rf-circuit components should be
shielded from the d¢ components. This
prevents erratic switching by the transistor
caused by exposure to high-level stray rf,
The writer uses the Bud C-1796 utility
cabinet with a built-in shelf, The relay is
mounted in a hole cut in this shelf, J1 and
J2 are type 80-239 connectors. 13 is a
phono jack. These are mounted on the
rear face behind the smailer section von-
taining the rf components. )4 through J7
are located in a row behind the larger
cormpartment  housing the dc circuitry.
Two key jacks, J5 and 16, are provided so
that either a straight key or clectronic
keyer van be used at will, The switches
and pilot tamp are mounted on the front
face of the box, C8 through Cil are rt
bypass capacitors. The chassis should, of
course, be connegted to g good ground for
safety,

Gain Control

In QSK operation, it is desirable to
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monitor the transmitted frequency rather
than use a sidetone. This and other advan-
tages of break-in operation are covered in
another article.” Since the audio leve] of
transmitted signals is usually higher than
L?‘la( for received signals. biasting must be
prevented. There are several methods of
doing this. For example, a second relay,
gontrolled simultaneously with the anten-
na relay by the key, applies a partial
ground to the receiver muting circuit to in-
crease the age bias. The degree of muting
depends on the amount of resistance used
flor this purpose. Unpleasant popping may
occur in this method however, but can be
reduced (if not entirely ¢liminated) by
proper timing of the auxiliary relay and
smoothing the change in age bias hy a
combination  ¢of  capacitancg “and
resistance.

- A simpler and more effective way is to
use a clipper on the receiver output —
tinless, of course, the receiver is equipped
with a built-in limiter stage which would
make this unnecessary, With the clipper,
there is no popping whatsoever. The Bug
Box remains as described and no changes
in the receiver are made. Two I-A,
200-PIV silicon diodes are vonnected
back-to-back and bridged across the
receiver output. - The audio signal then
passes_ through a 1-k? potentiometer to
the speaker or headphones. Strong local
and incoming signals are equalized in level
l?y the diodes at a higher forward-current
voltage threshold than is the case with ger-
manium diodes. 1t is for this reason that
the potentiometer is connected to at-

tenuate the audio stgnal, after clipping, to

4 comfortable listening level, At W4AX,~

the clipper and an MFJ CWF-2 selective
filter are housed in a small box (Bud
CU-234) fastened to the receiver chassis.
Sammary

- The Bug Box provides guiet and reliable
vold-switching QSK at full power, on all
bands and at any keying rate. The addi-
tion of an audio clipper eliminates
blasting and assures comfortable cw
break-in operation with headphones or
speaker. PTT is provided for ssh opera-
tion. Modification of other gear is un-
necessary.

© The writer is indebted to the many
amateurs who have contributed helpful
comments and suggestions during the
development of this system. Several of
them. here and abroad, are using the Bug
Box. LLioN]

|
{Editor’s Note: Shortly atter accepting Mr. hater™s
article for publication, we were saddened to learn of
his passing. |

)
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ARRL International DX Contest

Awards Program

'} The 1980 ARRL International DX
Contest will feature a wide variety of
plagues to be awarded to single and
multioperator stations, The response to
our inquiries for club and individual
donors has been overwhelming and only a
few were still unfilled at this writing.
Many thanks to those who have expressed
their support of the ARRL contest pro-
gram! Arc you interested in sponsoring
one of the few remaining plaques or do
vou have a special one you'd like to spon-
sor? Contact the Contest Branch at
ARRL hg. The opes already sponsored
are listed in the tables that follow.

WIVE Phone

Single Operator

All Bands Frankiord Radio Club

3.5 MHz Gary Firtick, KIEBMW1EBG

14 MHz Richard Laghning, N9AGP,
and Mark Michel, WSOP

21 MHz Hamtesters Radio Club

28 MHz Roy and Kathryn Tucker,
MNETHKIAASTK

QRP Rocktord Amateur Radio Assn.

Multiop-Single transmitter

Mad River Radio Club
Multiop-Multi transmitter

Buitalo Area BX Club

WIVE CW

Single Operator

All Bands Frankford Radio Club

1.8 MHz W1TX Roy Fosherg Memorial
-~ Connecticut Wireless Assn,

3.5 MHz Northern Iilinots DX Assn.

7 MHz Ellis — Doucett Memorial

14 MHz Neenah-Menasha ARG

21 MHz Wiliamette Valley DX Club

28 MHz Stan Kugler, WixK

Multiop-Single transmitter
Mad River Radio Club
Muitiop-Mulif transmitter
Narth Florida AR Saciety —
W4IZ (Hollis Graves Memorialy

DX Phone

Single Operator

World North dersey DX Assn

Africa Wiltiam Shepherd, K3WS

Asia Lafayette ARG and Acadiana
DX Assn.

Edrope RBon Mevers, K1VTM

North America Chod Harris, YP2ML

Oceanta Ray Stone, WSRBO

South America Roy and Kathryn Tucker,

NBTK/AABTK

1.8 MHz Arkansas DX Assn.

3.5 MHz Robert Paterson, W3Yy ~
14 MHz Armond Noble, N6WR

21 MHz Warldradie, Inc.

28 MHz Mike Badalato, WSMYA
Muitiop-Single fransmuitter

World Delta DX Assn,

Africa Indy DXers

Asia Kansas Gity DX Glub

Earope Rager DeBusk, KBLSG,
Memorial

North America Lynn and Rosie Lamb,
WANL/KALS

South America Liga Colombiana de Radio-
aficionados

Muitiop-Multi transmitter

World Giloucester County ARC of

Southern New Jersey

Asia Mike Badalato, WEMYA

North America  Southeastern DX Club

DX CW

Single Qperator

Warld North Jersey DX Assn.

Africa San Diego DX Club

Asia Sonoma County Radio
Amateurs

Europe Clarke Greene, 14X

North America Pete Grillo, WERTT

Oceania Ray Stone, WSRBO

South America Alamo DX Amigos —

San Antonio, Texas

1.8 MHz Arkansas DX Assn.
T MHz Art Boyars, K3KU
14 MHz Bencher, Inc.

21 MHz John Minke; N&JM

Muttioperator-Single transmitier

World Texas DX 'Society
Europe South Florida DX Assn.
North America The KSRC Multiop Crew

South America tike Badalato, WSMYA
Multioperator-Muiti transmitter
World QRZ BX

Special
Single Operator
Scandanavia (Highest dJohn Lindholm, W1XX

S6Ore) .
Rhodesia DX Assn, o
{phone) Connecticut
WIVE Low Power Ken Bolin, WING
{combined)

World {combinec) ‘Yanhkee Clipper Contest
Glub

Martin Harstein, N6WW
Martin Harstein, NEWW

Larry Pace, N7DD

Israel {cw)

Israel (phone)

Wast Coast Big Gun
{14 MHz phone USA)
fultioperator
Caribbean {phone) Jae Johnson, W5QBM
Memonal

Club Competition Gavels

Untimited: 50 or more  ARRL
entries

Medium: 11-48 entnes ARBL
l.ocai: 3-10 entries ARRL

After we read the revised rules for the
ARRL DX Contest in December ST, a
couple of the rules were apparently not
specific enough. QRP may be defined as 5
watts de output or 10 watts de input, as
long as you can accurately measure it,
Q50s with vour own country count for
multiplier credit only. W/VE and VE/W
QS0s count for mudtiplier only. — Tom
Frenaye, KIKT



A Cheapy-Charger for NiCad

Batteries

Need a power supply for that portable gear? Use NiCad
batteries and this simple, effective charger.

By Hans Schroeder,* AE9G

H ave you found yourself uvoiding
NiCad batteries as a power supply for
your portable equipment because of the
charger hassle? I almost did. I had decided
apainst using nickel-cadmium cells for
portable uperation of my QRP rig because
buying and taking along a special charger
was not attractive. But then f found a
booklet with design information publish-
ed by General Electric for use with their
products.’ I think the data is not strictly
limited to GE cells, but can be applied as
well to anonymous NiCad cells like those
frequently -advertised in surplus equip-
ment tlyers, My own charger turned out
to be very simple, and some of the design
information ought to be useful to fellow
builders,

NiCad Characteristics

Sealed nickel-cadmium
closed chemical  system

cells are a
requiring no

replenishment of any sert during their life,’

which should be at least 1000 charge-
discharge cycles. What is harinful to the
eells is too deep a discharge, especially
reverse-charging, or excessive overcharge,
Reverse charging happens easily ina series
string of cells. When a series string is com-
pletely discharged not all the cells reach
their ¢nd point simultaneously. The cell
which reaches zero charge first will be
reverse-charged by the continuing current
flow causcd by the ceils which still have
potential.  Reverse  charging  causes
hydrogen to he developed which is not
reabsorbed but lost to the chemical cycle.
If enough pressurc builds up, the

*2400 E. Bradtord Ave,, #706, Milwaukee, W1 53211

*Nickel-Cadmium Battery -Application Engineering
Handbook, 2nd Ed., 1975, General Electric Co.,
3.
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Fig. t — Typical nickel-cadmium-cet!l
discharge characteristics.

hydrogen will  escape
pressure-relief vent.

The normal discharge characteristic of
the NiCad cell is shown in Fig. I, Or-
dinary cells — those which are not intend-
ed for high discharge-rate applications —
are rated on a one-hour basis. That means
that a size D cell which is marked 1.2
ampere-hours (such as the GE type GC-3)
is able to supply 1.2 A for one hour.
Charging currents are then specified as
percentages of this one-hour current. For
¢xample, a trickle charge should be 2 per-
cent of that one-hour current, or less,
That current is intended to sustain the
charged state of the well, but is not
adequate to charge a cell which has been
discharged.

through the

More commonly used is the nocmal, so- .

called “‘overnight’ charging rate, This
should use a current about 10 percent of
the one-hour current. Besides charging the

cell in a regsonable length of time (about
i4 hours from total discharge), it is a rate
at which the cell can be overcharged for
some time without harm,

The limiting factor in overcharping is
the rate at which the chemical system can

- reabsorb the oxygen which is developed

when a charged cell continnes to be
charged. If the overcharge current is too
high, oxygen is developed more rapidly
than it can be absorbed. Excessive
pressure develops, and this pressure
bleeds off through the cell vents, with the
resulting loss of oxygen to the chemical
cyele. In addition there is an andesirable
heat buildup. None of these effects occurs
at the 10-percent rate.

Unknown Cells

If a cell is labeled with its capaeity in
ampere-hours it is an easy matter to use it
in accordance with this information. If it
is unlabeled, it is possible to charge the
cell at a conservative rate for perhaps 20
to 30 hours to achieve falf charge without
risk of Jamage, and then experiment to
find the one-hour current. After the vne-
hour current has been found the cell is in
effect calibrated, and the proper 10 per-
cent cureent for charging can be deter-
mined.

Table 1 lists suggested charging currents
for common cell sizes. For odd cell sizes
interpolate hetween given values on the
basis of the volume of the unknown cell.

The Cheapy-Charger

According to these requirements a
constant-current  source  Jelivering the
desired current is needed. A bridge rec-
tifier connected to the 117-volt power line
with 2 suitable series dropping resistor
vould do a good job of that, but the

Fahrirarne 1080 R
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Fig: 2 — The wirourt diagram ot the AE9G

N1Gad supply and charger.

BT1 ~ 0 size-D NiCad cells in series.

C1}— Nonpolarized. apgroximately 2 uF,
200V (see text).

D1-ID4, inci. — 200 PRV general-purposs
silicon diodes, 1N4003 or equiv.

resjstor wonld have to dissipate a substan-
tial amount of power. A much betier
vheice is to use a *“drapping capacitor’” as
sugpested in the GE booklet, The cireuit
of such a charger is shown in Fig. 2.

The cireuit is simple ¢nough that it is
iikely to be a (00 percent junk-box pro-
ject. In my case it almost was - except
for the Jones plup used for the de output
connection, The photo shows the charger
with a 10-cell battery. To use the battery,
plig in the de cables to charge, unplug the
dccable and plug in the ac cord.

A few conunents on the vireuit com-
ponents: The bridge-rectificr diodes must
be wble to handle line soltage, current is
unlikely to be a limitation. The function
of the resistor is to remove any residual
vharge  which uight remain vn  the
capacitor and then appear as a voltage
between the two ac prongs. Anything
bBetween (00 kQ and 1 MR will do. The
capacitor value must be determined em-
pitically, Ay« starting point, use 1 uF per
cach 40 mA of charging current desired,
The walue of capavitance used in this
charger for a battery pack consisting of 10
size-D) NiCad cells is 2.4 pF, which results
in a charging current of 90 mA. With ue
cells being charged the short-circuit cur-
vent is 98 A, showing good current
regulation.

Safety Considerations

The observant reader will have noticed
that when the ¢harger is in use there is no
isolation from the power jine. [ do not
find this to be a problem since no point
carrying line voltage is exposed. [It would
he desirable to use a 3-wire wrounding av
plug and cord and connect the green
ground wire 10 the vhassis of the charger,
as shown in the diagram, — Ed.]

tf one of the cells is removed, full-wave
rectified a¢ van be found between the
open puints, but that is a somewhat ar-
tificial situation. in general, any bazard
points are about as accessible as the ter-
minals in ap ac wall outlet.

The supply/charger in completed form. The
charger components are enclosed (n the smail
aluminum box.

It is possible to vperate some pieces of
equipment (those not sensitive to a little
120-Hz hum on the de, such as a keyer)
from the battery pack while it is being
charged. But in that case an isolation
transtformer should be connected between
the power line and the charger. In most
cases, though, the [20-Hz ripple caused
by the charging current together with the
internal resistance of the cells prevents
using the de output while the pack is being
charged. The hest solution i to huild
another battery pack, and charee
cheap! €%

rays

1
0
I
'
'
!
I

SOLAR-ELECTRIC POWER
ADVANCES

[FOn August 29, 1979, radio station
WBNO (a-m) in Brvan, OH, became the
tirst commercial radio station to vbtain
power from the sun via photovoltaic salar
ce!ls, The energy collector vonsists of
37,600 individual solar cells providing 13
kW of peak-power capability.

WBNO is a daytime a-in station of the
In;w-power class, The solar-array wom-
pasite system furnishes 70 to 90 percent of
the total ciergy ticeded annually by the
transmitter, according to an article i the
N:bvcrnber 1979 Broadcast Engineering,
page 36. The remainder of the station
power is supplied by the commercial
mains.

1The salar array consists of 100 4- x
&-foot (1,2« x 2.4-m) racks of cells which
occupy, collectively, a third of an acre,
Nominal output voltage on the service bus
s} 128 de. A bank of storage batteries

34
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serves as the buffer between the solar ar-
ray and the station equipment. A capacity
of 40 kWh is used. This requires 60 each,
310-Ah batterics, with u vcombined weight
of 2 tons!

This experimental station was spoi-
sored by the U.S. Department of Energy.
Project management was by MIT Lincoln
Luboratory, De-to-de converters are used
between the 128-volt bus and eyuipment
which requires higher operating poten-
tials.

This certainly appears to be a proper
move toward encrgy conservation, Many
low-power amateur ¢epeaters could be
powered cconomically by means uf solar
energy, althoupgh projects such as that of
WBNO are still quite costly, Unit cost for
solar-electric pancls should decline as the
consumer demand increases. Who knows
how long it will be before amatcurs can
power their 1-kW stattons from converted
sun energy? How about it, you Wés and
Florida Wds? - Doug DeMaw, WIFB

Walter G. Marburger, WBCVQ {left), received
the ARRL Certiticate of Ment for aver tive
decades of activity on the vhf bands. The
presentation was made at the 26th annual vht
conterence, heid at Western Michrgan Universi-
ty. Hepresenting the ARRL was the Michigan
SCM WBMPD (right), wio was one af Professar
Marburger's electronics students at Wastern 23
years ago. (phofa courtesy WSEMPD)



Zapping Life Back into a
Nickel-Cadmium Cell

Don’t blame your charger because your batteries aren’t up to
snuff. Give your NiCads the zap treatment!

By George P. Schleicher,* WONLT

The rechargeable battery has gained
great popularity in recent years. Portable
radios, pocket caleulators, photographic
flash attachments, amd s0 on, are
economically more attractive than if they
had becn eguipped with “‘throw-away™
batteries. Most of these low-power devices
use the spill-proof nickel-cadmium (NiCad)

" ell which s now widely available. For
some devices, the battery is specially con-
structed with welded connections between
the cefls. Soine have an assembly of three
or more vells encased in 2 molded phenolic
housing for ease in handling.

Two sizes of NiCad cells are the most
common: the AA and the «ub-C sizes.
Rechargeable cells are also available in the
C and D sizes, Usually both the C- and
D-size cells are rated at 1.0 to 1.2 ampere-
hours. That is because under the glossy
plastic C- or [)-size exterior lies a standard
sub-C NiCad cell,

A fully charged NiCad cell will have a
potential of 1.25 volts. A cell is rated at
the maximum current it can deliver for
one hour when fully charged. At the end
of that time the celt voltage should not
have dropped to less than 1.0, A cell that
has been discharged to that point should
be recharged. Most manufacturers recom-
mend that the charging current be one-
tenth of the ampere-hour rating. Charging
time would be about 10 hours but for the
fact that the charging operation is only
approximately 66 percent efficient. Thus a
15-hour c¢harging time is oftéen recom-
mended,

sometimes, when a NiCad-cell-powered
device has not been used for a long period
of time, the battery may appear to be
dead. Yet, after the batteries are re-
charged, the device still performs poorly.
It the battery voltage is checked it may be
low, usually by the voltage of one cell,
Can the dead cell be restored? Often ves,

*+1535 Darmouth La., Deerfield, 1L 60045

it the right technique is used. What has
happened is that one cell has become so
discharged that its terminal voltage has
dropped to zero. Then the other cells in
the string force current through the deud
cefl, tending to reverse-charge it, After a
charge, the other cells are brought up to
normal terminal voltage but the celf that
was reverse-charged may remain at zero
terminal voitage. Attempting to use the
device will canse further deterioration of
the bad cell, Attempts to charge the had
cell at a normal rate usually prove un-
productive,

Restoring the Cell

The cure involves testing each cell in the
battery to identify the one that has lost its
output voltage and applying a short-
Juration, high-current charge to onlv that
cell, The charging current will be heavy -
20 or more times the normal charging cur-
rent ~— hut only for a few seconds. 1t is
best to have a continuously adjustable
low-voltage power sepply for this opera-
tion. it is also important that both the cell
voltage and the charging current be
monitored constantly during the rzapping,
The charging setup is shown in Fig. 1,

charging circuit to the defective cell
{power supply negative terminal to cell
negative terminal) and increasing the
voltage slowly until 2 maximum allowable
current is reached: Use an upper limit of
1-172 to 2 A for a size-AA cell and 3 to
3-172 A for a larger cell. As the charging
current is increased toward the maximum
value, a close watch should be kept on the
voltage measured across the cell, After
about 10 seconds of heavy charge, voltage
should appear across the cell and rise
rapidly to between 1.0 and 1.3 volts. This
rise should occur in only two or thres
seconds. The charging current should be
reduced as rapidly as the cell voltage rises;
it should be reduced to the normal charge
rate (150 mA for most cells) hy the time
that the cell voltage rises 1o 1.4,

That’s all there is to it — except that
after a terminal voltage of 1.0 or more has
been restored to the fow cell, all of the
cells in the battery should be discharged to
1.0 volt per cell. Then the battery should
be given a full charge under the conditions
recommended by the manufacturer of the
battery or the hattery charger. NiCads will
be most reliable and dJeliver full rated
power if they are discharged and fully re-

The operation involves connecting the  charged at [east once every month, B8]
NICAD

-+ BATTERY
i)
Ik

ADJUSTABLE 4 o) At

LOW VOLTAGE -

POWER : +

SuPPLY ¢ T, DEAD

| . cELL

Q

Fig. 1 — The NiCad Zapper is a power supply with ¢harging-current and cell-voltage metering:
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A Versatile Timer Circuit

Need an i-d reminder or a repeater time-out warning device?
Then stop, look and read about KABA's circuit. Included are
manual- and automatic-iriggering schemes.

By J. J. Coleman.* KABA

|

-i]-his article sdeseribes a four-part versatile
timer circuit that is suitable for application
as an i=d reminder or for repeater timeout
warning.  Several  different  triggering
schemes, both manual and automatic, are
described, wlong with explained variations.
As you voatinue reading the following
paragraphs you'll also find a description of
general timer applications of the ubiguitous
5$5~timcr integrated circuit.  Additionally
there are included some other logic and rtf
circuits. Suggestions are offered for those
who enjoy experimenting with modifica-
tions, while those amatenrs who merely
want to build the cdircuit will find the
necessary basic data for that purpose, Final-
Iy, coough information s vffered about all
t‘«;mr parts of the vircuit s that any in-
dividual part may be used for ather applica-
tions,

Timer and Oscillator Circuits

. Appropriately enough, we begin at the
end and work forward, Let's consider then
how useful it can be to have an i-d reminder.
if you work the hf bands, vour imagination
does not have to be stretched i order to
dgree that such a reminder is indeed prac-
tical, particularly if you arc an ardent
ragehewer. After all, the Amateur Radio
segulations are specific about the station
izliemiﬁcaliu,n.

i In general, an i-d reminder circuit would
emit a hrief tone or turn on an LED to re-
IT:ltlld the aperator to identify before the
[0-minute limit s eached. Amateurs who
uperate through vhf repeaters equipped with
timers can benefit from 4 circuit that emits &
short tone, warning that the carrier is about
t& drop. In both cases, an audio oscillator is
a necessaty reguitement. Fig, 1 shows 4
585-timer ¢hip (U1) functioning as an audio
u:wi!lator. Actually, the correct description
is an astable imultivibrator configuration. In
simple terms, the output at pin 3 turns on
(V) and off (0 continuously at a rate
determined by the |-k and 180-kQ resistors
1 conjunction with the 0.01-uF capacitor. If
resistance Ry is much greater than Ry, the

*Box 72, Atwood, C4 92anl
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Fig. 1 — Osciltator (U1) and dual timer (U2).
The timer interval is determined by the 30 uF
apacitor and resistance R.

trequency s given by the formula f =
Lo/ARe: % o) where the resistance is in
megohms  and  the  capacitance s in
wicrofarads. In Fig, 1, the frequency i
about 900 Hz for values of 180 k2 and 0,01
uF.
The audio-frequency square wave of the
useillator s used to drive g speaker. The
resultant tone is somewhat harder than that
of a sine wave, yet it 18 not unpleasant,
There are no audible chirps or clicks pro-
duced by this osallator. With a potential
ranging from $-16 V on pin 8 of the 1C (U1
the oscillator wil provide enough power ta
drive most small speakers with sutficient
volume,  Additional amplitication is not
necessary.  Sidetone  and  code-practice

oscillators can aiso he fashioned from this
single 1C.

U2 in Frg. s a dual timer.' Bxcept for
vommon +V and ground, this type 556
wontains two independent timer circuits, The
feft side of the chip (U2AY is used as an in-
terval timer which measures, for example,
the 30 ar 60 seconds for repeater warning or
the slightly fess than O minutes for an i-d
reminder. The right side (U2B} of the timer
chip is furned on when U2A has completed
the timing interval and determines the length
of time the osvillator (U1) is on.

The vadues of components at pins [ and 2
af U2A (pins 12 and 13 for U2B) determine
the time interval, The furmula is approxi-
mately T [.33 X R x  where
resistance iy in megohms and capacitance is
in microfarads. In Fig. I, Ry is not
specified, A potentiometer, @ single resistor
ar severdl resistanees mounted on 4 ganged
wwitch may be used for R. As an example,
with a 100-uF capacitor and a 5-MQ poten-
tiometer, all times from ¢ to 10.4 minutes
are possihle. Timer U2B with a 47-kQ
tesistor and a S-ul eapacitor allows the
osciilator 1o be on for 0.3 second.

Pin 3 (11} should be tied to ground with a
capacitor, A fypical value is 0,05 pb but
other values will work as well, Pin 4 (1) is
the reset pin which must he kept at + V in
order for the firer to wount an interval, This
pin is brought to ground momentarily or in-
definitely to stop the timer in midinterval,

Pin 3 (9 is the output pin. During the ine
terval it is at -V potential but atherwise this
pin is at zcro voltage. The output of ER2A s
used to start LI2B in addition to driving an
aptional LED for indicating that the timer 1s
working. While timing its intervad, U2B stip-
plies voltage to the oscillator directly. An
LED and a resistor could be put on this pin
for se as a silent optical indicator.

Pin 6 (8) 1s the start pin. This pin is nor-
maily held high ( + Vyuntil a trigger momene
tarily drops the soltage level to ground
potential, Cinee the timer is started, it will
continue uniil it reaches the time specified
by the RC combination or until it is resct.
The trigger for U2B comes at the ¢nd of the
‘NOLes mppear s page 37




W2A timer interval, At this point, the U2A
output goes low, and, through the 0.022-uF
capacitor, momentarily drives the U2B start
to rero, Other values of capacitance can be
used for this connection. The circuit of Fig,
I can be made from two 3555s rather than
ot 536, Pins 1,2, 3,4, 5, 6, 7 and 14 on the
356 correspond t0 7,6, 5,4, 3,2, 1 and 8 on
the 353 single timer IC respectively, '~

Triggering the Timer

Now, we turn our attention to triggering
techniques. 1t is necessary to develop a way
to start timer U2A. Also, sonie way of
allowing for the silent reset of both timers
must be desigtied. For a ten-minute i-d
reminder, a simple switch arrangement that
starts the timer in one position and then
resets in the other position will perform
satisfactorily. For repeater timeout warning,
it is possible to make use of the Fact that
many microphones have one connection
that is yrounded for transmit, The connec-
tion is part of the push-to-talk switch. The
timer circuitry can be added to that connec-
tion for automatic operation. Finally, some
form of rf actuation may be arranged for
automatic RTTY or fm-timer triggering.

Fig. 2 shows a triggering scheme that of-
ters many possibilities. The START pin of the
timer is connected through a capacitor to a
switch and to a switching fransistor (Q1).
The vollector voltage of Q1 is normaliy high
( + V). [f the switch is closed or QI is driven
into saturation, two things happen. First,
the START pin of U2A goes momentarily low
and starts the timing interval. Second, tran-
sistor Q2, which is normally low (0.1 V) goes
high (+V). This allows the timer to func-
ton, since the reset voltages of hoth [J2A
and U2B will be high as required. The timer
will go through the complete cycle unless the
switch 1s. opened or the drive on Q1 is
removed. Then Q2 will again saturate bring-
ing both pins 4 and 10 fow. This stops the
timer silently, since pin {0 is the reset for the
driver (Li2B) of the oscillator.

For manual switching or a microphone
connection, transistor Q1 and the Zener
diode are not necessary. The Zener diode
provides protection of the transistor from
uvervoltage on the emitter-base junction.
There is a measure of freedom in the sclec-
tion of resistance and capacitance values.
‘The values indicated on the drawing are not
necessarily critical. Furthermore, other tran-
sistors may be substituted for the IN2222A.
The Zener-diode voltage, however, must not
exceed the maximum rating of the transistor
and may be as small as ! volt.

For direct rf triggering, a source of ri-
dependent dc current is uecessary to saturate
Q1. Two possible sources are shown in Fig,
3A as part of a Monimatch tvpe of SWR in-
dicator.? 1t is also possible to steal current
from a commercial SWR bridge stich as the
Swan SWR-3, which has a circuit similar to
Fig. 3A. Caution is in order for use of this
circuit at frequencies higher than 30 MHz.
[Editor's Note: The Monimatch is a
frequency-sensitive device and is normally
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Fig. 2 — Triggering and reset diagrams for the
timing crrouit of Fug. 1.
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Fig. 4 — Do amplifier used to obtain sufficient
drive for the triggering circuit ot Fig. 2.

built for use between 1.8 MHz and 30
MHz.]

An alternative scheme requiring no Jirect
transmitter connection is a variation of a
field-strength meter circuit such as shown in
Fig. 3B. Circuits for field-strength meters
gbound.* Of course a commercial vircuit
could be used. This circuit worked nicely
with just a few inches of wire wrapped
around the antenna coaxial feed line for a
2-meter installation, As before, component
values are not very critical, Substitutions are
possible.

Both the ciccuits of Fig, 3 require some dc
amplification for low rf power levels. A cir-
cuit was destgned to provide this amplifica-
tion (Fig. 4).** The 1C is a single-supply op-
amp biased to give a noninverting gain of
from (F to 100. The D.05- and 0.1-uF
capacitors bypass rf to ground, The same
amplifier configuration has been used to ex-
tend the range of several commercial
Monimatch-type devices for QRP use.

The final circuit, presently in use by blind
amatelir WD6EBW, uses the field-strength
detector, dc amplifier, transistor switching
and a fixed timer duration of about 30
seconds, This has proved ta be plenty of
time for most 2-meter repeater transmis-
sions. To tune-ap the sensitivity controls on
the dc amplifier (Fig. 4) and the field-
strength  detector  (Fig. 3), the poten-
tiometers are adjusted alternately in small
incretnents until the LED lights up on
transmission. The LED indicates that the
timer is indeed working. Adjustments are
made first by a sighted amateur. These
should then be [eft alone. The cireuit is sen-
sitive to as little as 0.5 W at 147 MHz. The
power supply can be a 9-V battery ora i2-V
dc supply. The circuit draws only 20 mA
(less without the LED).

Finding Parts

Qne final note about parts. The circuits
described here are quite forgiving with the
result that many substitutions are possible,
If it is necessary to buy parts, [ recommend
buying twice the amount necessary. The ¢x-
tra components are useful for developing a
junk box, Many of the parts suggested for
these circuits are available from Jim-pak,” a
firm that manufactures a line of hobbyist
supplies, sold at reasonable prices.

I trust one or all of these circuits will ap-
peal to you. Possibly, by adding one addi-
tional box to your shack, your operations on
the hf bands will remain legal. With one of
these aids, you can also avoid out-tafking
your local repeater timer.

Notes

‘Keeler, 555 Basis- and  More,” 7}
November, 1W7K,

‘Jung, 355 Tamer Cookbook, Howard Sams and Co,

‘The Radio Amatewr's Handbook, fortyninth odi-
tion, ARRL., 1972, p, 574,

*Elementary  Electronics, 1979 99 #C Projects, Davis
Publications, inc.

‘Riley, **An IC Audio Tune-Up Doevice for the Blind
Amatewr,” hime 972 Q8T and Riley’s persunal
communicatton with G. € Bush, AAGRB,

“lung, {C Op-Amp Cookbook, Howard Sams and
C

Magazine,
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"Jim-pak, 1021 Howard $t., San Carlos, CA 94070,
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rocuct Review

Conducted By Paul K, Pagel,* N1FB

The Trio-Kenwood TS-120S HF SSB Transceiver

The Kenwood TS-120S ssbiew five-band transceiver is shown here with the matching PS-30 power supply, YFO-120 remote VO and $P-120 external
spiaker, The combination makes a compact, flexible station whether mobile, portable ur tixed.

Benwood has welecomed anather member (baby
brlothcr to the TS-8208), the T8-1205, to the
evlz-r-gl'owing family, It’s easy to see the Ken-
woud folks had mobile operation in mind when
th}fy destgiied the T8-1208. The size, weight
and operating voltage required for the *120
make it ideal for use in land, air and maritime
g hile wivice, Partable and  Fised-station
vperation are teadily achieved with an ac
aperated supply. Weighing in at a mere 123 Ibs
5.6 koj, the transcuiver proper may he carried
a> hand bageape abourd an aircraft while the
px:chr supply is sent along with the luggage,
()g'. that added Weight may be lett behind and
fhe rig uperated from any [3.8-¥ do souree
ua:pablc: of supplying approximately 20 A of
peak current.

iThe matching PS-3H) power supply is hefty.
[n addition ta supplying the required voltage
and current demands ot the 1208, a terminal
block at the rear of the unit pravides & source
of 138V deat 5 A for powering other uuirs,
l"%nr eramiple, @ [44-MHz or 220-MH/ trans-
caiver might he poweied from that source.
Thus, unly anc supply waeuld he reeded for
both ht and vhi/uhf capability.

'"The *120 has hoth analog and digital
éadout, RIT, i-f shift, built-in YOX, 25-kHz
calibrator, provisions tor crystal cantrol, an in-
ternal speakger (with provisions for an external
speakee), dand A noise hlanker designed 1o
elimmate ignition-type noises. Additionally,
the design of the 120 is of the “*no-tune'? vari-
Y - wt the_band switch and operate! How
sitple can you got?

, This rig is broadbanded from 3.5 MH/ 1o 30
\\?H/C The power autput of the fransceiver is so
constant from one end ot a choset band to the
utlhcr. it appears as though you're looking at

1
"Asuistant fechncal bditor, ARRL

i
3B .. . HISTx..

the autput of a bartery! The measured output
powet is tnexeess af 140 watts fror 80 through
15 meters, Tt provides 83 watts across the whole
tO-meter hand.

With the optional YFO 120 (note the VFO
320 or VRO %20 cannot be used), cross-
frequency flexibility is optimum. The remote
VFG also hay receiver inctemental tuning (RIT)
and a ' E-b?7 tunction, The T-F function
allows the aperator 1o check the fransmit fre-
quency for occupancy while in the reveive
muode and aperating “split” cross-trequency.
this is done by simply pushing the T-F button;
it requires no regeiver tuning. Bath rhe main

Fig. 1 — The keved cw waveform ot the Ken-
wood T5-1208. The test was performed on 80
meters, Horizontal divisions are each §
millisecands. The upper waveform displays the
actual key-rlown time. Roughly caven {7) ms
after key-up, the wave starts to decay. With
such smoothly rounded leading and irailing
edges, no clicks will be generated. The
weighting 15 “heavy,"” however, because of the
time |lag between key-up and the decay of the
wave,

and remote VFOS ure seac-driven from the
main tuning krabs: No backlash was noted
during use. Obviously, the digital display is the
primary method of fregueney readout. The
anaiog dial may be used s dn alternative, but is
not as accurate. While the knob skirt has -k Hz
markings which track faiviv well, the analog
frequeney  dial  {gradoeated  in 1-kHz  in-
crements) on both the transceiver and the
ferniote VEO was found to differ by approxi-
mately 3.5 kHz from the digital display,

The transceiver will tune approximately 60 to
HE WMz outside of each 300-kHz range. This
may prove of same worth to MARS operators.
Depending wn the band m use, the digital
display will indicate rhe frequency of either the
high or low cud of the tuning range normaily,
but the vpposite ead will be awkward digits
ance the 300-kH/ edge is passed. For example,
on the 7-MHz band, the upper lmit s
displayed as 7.562.7 while the lower bt
{below the baud edge of 7.0000 MHz) appears
as 929.2, On 28.5 MH7, the upper imit {past
the colrectly displayed 28,9000 MEL) will show
as 062,77 while the lower Tintit 18 displayed as
2%.429.1. The anziog dial scate is blank beyond
the U and 300 marks, bur the knob skirt mark-
ings reay be osed, and ‘mental mathematics™
performed to awertain the frequency. The
transceiver will function (v both recerve and
transmit over the cntire range. With the hand
switeh at the WWVY/ILY position, transmission
o inhibited, but the receiver is vperable for
PS-MEz WWYV peception,

While operating ssb, nice sharp peaks were
nated on the monitor *s¢upe, The audio guality
reports received were eseellent, gven when
using @ relatively wexpensive  nicrophone.
There is na speech-processing unit huilt into
the ‘1208,

Some  transceivers dre Jdesigned  for sab




aperation and Jeave o oas 4 kind of afrer-
thought. U was difficult to argue against the
pertormance of the T8-1208. The only item we
felt was missing was tull break-in (QSK) opera-
tior as oppased o the “semi-break-in® ingor-
poiated into this and most uther transweivers,
While runnina. “full-bore’” ¢w on 40 meters,
the "1208 proved itselt a pleasure to aperate.
YOX keying was quich and reliable (unlike
some othersy and the clicking of the T-R relay
was tound to he not unduly loud. When wear-
ing headphones, the operaior may be tatally
imaware of the telay noise, I manual switching
is desited, the comveniontly located 1For right-
handed operatorsy sendreveive switch may be
used, 11 is ot to the left side of the transeeiven
and clear of ather controls, PTT i, of course,
available.

The key jack presents +9 V to the key, so it
2 transistor-ontput keyer is used. ensure that
the proper polarity s asvaifable. The keyed
wavevhape is shown in Fig, 1, The ’scope
presentation of the rranseeiver vutput shows
smaothly rounded leading and trailing cdyes, 1t
wds ot possible to make the keying ton
“hard™ vsen when atempting to ovai-drive the
iig, The weighting » a Bit heavy, howeier.

I'he vw monitor note (800 Hy refiects the
“heaviness” of the keying: it high-speed ow is
s, the note unght tend to sound somewhat
“mushy’t above J0 wpm. The sidetone yolume
is adjustable by ineans of an internally Jocated
pot: the conei ditust he yemoved from the
transceiver for aceess o this coatrol, No trace
ot hum could he found on the signal and the
dvnamie reviilation of the power supply was
sl that no Jips we overshaots were noted on
the waveform,

Althangh rhere i no ayce-sclection switch on
the 120, Kenwood  rewmembered  the ew
operdtar onee dgain. When the mode switeh s
vhanged from ssh o ew, the age action of the
I'S-1208 is altered . A faster age time constant is
ciuploved on ew, while the desired slower ac-
tisn will be noted o ssh,

While certamly the (- SHIFT feature is an
asset 1o sshooperation, coupled with the op-
Tional 300-tH e ow filter (YK-88Chand RIT, it is
A most offective mvans of reducing QRM while
an ¢w. This Funchon is & welcome varry-over
front the TS-H208 and the R-R20, hath e
sicwed aatlior in QST Installation of the cw
tilter tuhes foss than 15 minutes, The Filker is
simply saldered ro the pe bowid in the allotted
spadee and a jumper plug (tor diode switching
o the Bilters) s moved 1o an adjacent sovket,
The addition of the cw tilter may be desired i
s woeperation of 4oy magnitude is planoed.

Fhe roar paned of the 1208 supports the
anterhia connectar, kev jack, esternal-speaker
idck, power connector, & hefty grounding ror-
minal al two DIN connectors, One of the
DIN connuecrors s used Tor cabling of the
iemote VEOQ doptional) while the other s a
cemole jack oy ouse inoconnecting & finear
amplificr o other cyuipment, A vood portion
uithe ren pancl is oecupicd by a heat sink and
plugeable cooling tan, both 1sad to aliow the
final amplifict rransistors (o **hreathe™ proper-
l¥. The far is notably guict and aperates anly
when the heat-sink  temperature caches o
specific Jevel, Atter an hour-iong cw Q80O at
full output, the heat sink was warm 1o the
touch, The heat sink at the rear of the #5-30
Powet stpply was sounew bat warmer than thar

‘DeMaw, VProduct Review,”

ptember 1976,
‘Rusgrose, *Product Review, ™

nly 1979,

Fig. 2 - A spectral photograph of the
transmitter output of the 75-1205 operating on
21 MHz at rated cw input power. The vertical
divisions are each 10 dB. The horizental divi-
sions are each 10 MHz. The synthesizer spur at
approximately 10.5 MHz is down approximately
43 dB. Other spurs are at least 60 dB down.
The T5-1208 mests the present FCG re-
fuirernents tor spectral purity,

of the transeeiser, but nof ot enougll to vanse
injury if contacted inadvertently, Both heat
sinks should be hept free of surrounding ob-
Jeets. however, to allow for woud veotilation
during opcration, 1f for some ecason the
'S-1208 heat-sink temperature should rise ahs
normally, protection cireuitry incorporated in
the rig will return it automatweally to the r e
made until it has coofed properly. The final
arnplifier  transistors are  further  protecied
against high VSWR fevels, 1 the VIWR should
climtb 100 high, the output power of the
fransnutter s lowered by reduciie drive to ghe
final amplifiers, The osener's manual recom-
mendds the VRWR he below 1.5:1 and that a

Fig. 3 — This photo represents full-power.
7-MHMz, two-tone testing of the 18-1208. Each
vertical division 1s 10 dB. The horizontal divi-
sions are 1 kHz each, Third-arder products are
approximately 36 dB down from the full PER
output level All measwements were taken in
the ARRL lab.

Iransmatch be tsed tor impedance matching
between the transceiter and  antenna shen
yreater mismatehes ate chicountered.
‘The Receiver Circuit

The receiver section of the "1208 employs a
sinele-conversion scherme with an i-t of K83
MHz. Signals arviving at the antenna are met
by an i trap then impedancesmatched by a
wide-basid transformer for application to #
bundpass Filter. This filter is common 1o both
reception and  rransmission, Noo preselecior
peaking o reyguired. From here, the signal is fod
ta two MOSFET of amiplifiers, providing aj-
proximately 20 dB of amplitication, At the

40-meter band — 7.00-7.30 MHz.
20-meter band — 14.00-14.35 MHz.
1&-meter band — 21.00-21.45 MHz,
10-meater band — 28.00-29.7
Wwy 15.0 MHz.
Mode: Sshicw.
Grounding: Negabive ground only,

160 W dc for cw eperation.

140 W de tor cw operation.
Audip mput impedance: 500 £ — 50 k.
Audie output impedance: 4 () — 160

At output impedante; 50 ¢

1.5 kHz (- 60 dB).

Weight: 12.3 Ihs (5.6 kgp.
Colar: Gold-brown.
Price class. $700.

#Optionai cw filter stalled.

T$-1208 Manutaeturer's Claimed Specifications
Frequensy range: B0-meter band e 3.50-4,00 MHz,

Power requirements: Recetve — 0.7 A 13.8 V dg; Transmit — 18 A 13.8 V dc.
Final power input: 80- to 15-m band — 200 W PEP far ssb operation.

10-m band — 160 W PEP tor ssh aperatian.

Auriro putput: More than 1.5 watts taath Jess than 10% distortion) into an 8-ochm ioad.

Frequency stability: within 100 Hz during any 30-minute period after warmup,
Within + 1 kMz duning the tirst hour atter 1 minute of warmup.
Carrier suppression: Garrier better than 40 dB down from the output signal.
Sideband suppression: Unwanted sideband is better than 50 dB down from the outout signal.
Spurious radiation: Better than 40 dB down from output signal,
Harmonic radiation: Better than 40 dB down from output signal,
Imade ratio: Image frequency better than 50 dB down fram the output stynal,
|-t rejection: I frequency is 70 dB ot rare down from output signal,
Receiver sensitivity: 0.25 uV at 10 dB S + N/N or better,
Raceiver selectivity: 38b — 2.4 kMz {—6 dB) 4.2 kHz (—80 dB). *Cw 0.5 kHz (-6 (B)

Samiconductors: (G - 26, FET — 16, Transistor — 90. Diode — 142,
Dimensions {(WHDE 9172 » 3-34 x 11918 inch (241 x 94 % 203 mm).

Manufacturer: Trio-Kenwond Gommunications, (ng. 1111 West Wainut, Comptan, GA 80220,

Fehruarv 1980 39



mixer, the signaks meet the VCO output from
the PLL and ae converted to the i-f, Ceramic
tilters, noise blanker, crystal filter and three
stages of i-f amplification 4re next in the path
of the siwtral. A diode-ring demodulator and
wuccessive audio amplifiers are the fast steps
taken before the signal s heard in the
speaker/headphones.
‘The Transmitter Circuit
Both high- and low-impedance microphones
may be wsed with the T5-1205. The mic gain
control is ximply adjusted to a higher fevel
when low.impedarce snicrophones are used,
After amplification the audio (s passed to the
balanced modulator. The resulting double-
sideband signal at the i-[ (8,83 MH2) is filtered
ta remove the unwanted sideband. After fur-
ther amplification the signal is fed to a
MOSFET balanced mixer, combined with the
¥CO omtput and converted to the  final
transmitted freguency. The BPF (bandpass
tilter) removes spurious signal components and
the “serubbed®” signal 15 amplitied in three
xta.ges in the wideband amplifier, The driver
('lEld push-pull final amplifiers then pass the
signal through an rf filter and on to the anten-
na.
S:ome Notes

A tew typographical and transliteration er-
rors were found in the text of the owner’s
manual. It reminded the tevivwer of the earlier
years when imported amateur equipment was
just making headway. From an operational
p'oim of view, the inannal covers all areas well.
Unfortuuateiy, the o¢nly page devoted to
trouhlrﬁhooung is atned solety at operattonat
!allure\. not those vaused by detective cont-
ponents. A cumprehensive service manual is
a:vaj[ah]c from Keawood, and would be a
worthwhile investment, however.,

‘With a dummy load connected to the
transceiver, spurious respotyes  (*thirdies™)
M‘rc found in the isceiver every 100 kiHz across
t‘dkh band and a couple of other sputs on the
Liial Most of them were very Jow level
respon:vs (the strongest ones beiog at the ex-
ireme ends of the bandsy, in na case did any of
them cause the S meter to deflect. In fact, with
an antenna connected, the atmospheric and
hand noises coupled with the incoming signals
ma’»ked all but a ftew. The responses would
probahiy not be noticeable under most i
numstances and should not cause any difficulty
1) reception.

| While the 120 was being used at one Joca-
tmn only two blacks away from WIAW,
receiver averloading was experienced from the
strong signal af that station, There is no front-
end attenuator provided on the transceiver,
which might have offered some assistance
under these strong-signal vonditions, In a
suburban cuviromment away from such strong
locat signals, oo probfems with receiver
averloading were encountered, The veceiver
was checked in the ARRI lab and the follow-
iljg figures were obtained: noise floor ~139
dBm, blocking dynamic range 108 dB, IMD
dvnarmc range 75 dB, These figures develop an
mpm intercept figure of ~26.5 dBm. These are
worst-case numbers developed on 80 meters
ulsmg the optional 300-Hz sw tilter. Noise-
hlanker operation Wid not  degrade these
gures, Transmitter tests performed ju the
ARRL fab with a spectrum analyzer resulted in
the Jdisplays shown in the accompanying
phomgrdphs See Figs. 2 and 3. — Pauf K.
PBagel, NIFB
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HEATH HM-2140 DUAL HF
WATTMETER

i you are a post-haliday shopper looking to
spend the contents of that modest cash kitty
vour YI. gave you as a Yuletide gift, cither the
Heath HM-2140 or the HM-2141 dual-meter
svattmeter Is worth your consideration. The
principal ditference between these two in-
struments s that the -2140 monitors forward
and retlected power over the runge of 1.8 to 30
MMz, while the -2141 is designed for the range
of e 175 MHz.

Being interested mainly in the lower-
frequency amateur bands, I chose to construct
the HM-2140 wattmeter. I've not been disap-
pointed.

As shown in the accompanving photograph,
Heath has packaged the HM-2140 in an attrac-
tive metal cnclosure, with two large, rec-
tangular panel meters that provide good
vistbility., These are wsed to monitor forward
and reflected power besides displaying the
VSWR measurement. Additionally, provision
5 made for reading either PEP ur averawe
power. Let this desk-tap instrument rest beside
your other equipment and you'll notice how it
vatches the eye of visiting amateurs,

Although Heath engineers have designed the
HM-2140 for use in the Amateur Radio bands,
#t can be employed for ofher services which
aperate hetween |8 and 30 MHz. No addi-
tional plug-in modules are reguired to obtain
full use of this deviee within this frequency
range.

The HM-2140 meets the needs ot the
operator who is satisfied with low power, or
the ore who msists on operating transmitting
weur full bore at the top legal power [imit. {'wo
meter scales are fornished for forward-power
indication. The lawer scale covers up to 200
watts PEP; the upper range is for power up to
2000 watts PEP. Push-button switching is pro-
vided far ageommodating either low or high
power, There are three scales on the meter: the
low range, PEP up to 50 watts; the high range,
up to 300 watts veflected PEP; and VSWR
covering from 1:1 to 3:1. Push-button switch-
mg  provides  convenient  changeover  for
Medsuring average or prak-covelope power,
The circuit is designed to work into 2 S0-ohm
fine.

Because this Heath mstrument contains dn
integrated ctrcuit, a small amount of power is
required for its operation. This may be pro-
vided by an internally mouated 9.V battery or
an external Heath GRA-43-1 converter supply.
This aptional ac power source may be ordercd
separately.  An £M-324 goead  operational
amplifier 1C serves as an integral part of the
peak envelope power-indicating circuit. This
has a low supply-current dram (300 puA). Fre-
guent replacement of the bartery should not be
nevessary, Condition of the battery may be
checked readily by the metering circuit.

About the Circuit

There are two main areas in the PEP-
ndicating circant, The first is a peak detector
with gain and the second is 4 unity-gain buffer
network with an oftset adjustment. Fhis ar-
rangement preserves the calibration of the of
sensoc and contributes to reliable adjustment
of the meter.

A practical feature of the £IM-2140 that )
like is the remote sensing unit, ‘Fhis partof the
swattmeter is connected in series with the anten-
na transmission line tor sanpling the rf fed to
the antenna systeni. ‘The sensor 15 connected to

There 1S no sacntice of portabihity with this
new Heath HM-2140 dual wattmeter. The net
weight is 4 pounds (1.82 kg}. Overall dimen-
sions (HWD) are 4-1/8 x 7-1/2 » 6-3/8 inchas
{inches x 25.4 = mm). Heath has pticed the
HM-2140 in tha $70 class. it may be purchased
from the Heath Company, Benton Karbor, M|
49022, or from Heathkit retail stores.

the wattmeter by medis of a tlexible umbilical
cable that avords connecting clumsy coaxial
cables divectly to the wattmeter, Use of the sen-
ot at a remote position, however, is uptional,
for the HM-2140 is so designed that the sensor
can he placed inside the wattmeter enclosure if
the eperator so desres. This part of the HM-
2140, ncidentally, is  factory wired and
valibrated. Instructions stipulate that the sen-
s 15 1ot to he adjusted, Doing so or otherwise
tampering with the sensor can void the warran-
ty.

Comments

Constructing the HM-2140 provided me with
two evenings of enjoyment. The caretfully
plauned tstructions were thorough, with 2
well-arranged order of assembly. | fiked the
warkmanship of the tleath vircuit hoard,
which eontribured to the delight of assembling
the wattmcler.

Gratified that the unit passed the initial
*<moke test,' | praceeded to give it two weeks
of an-the-air testing, followed by laboratory
testimg with a Bird wattmeter. For cheeking the
low-power range, a steady $U-watt signal was
fed through the HM-2140 into a4 3%)-ohm
dummy foad, Band-by-band behavipr was
observed from Le0 throngh 10 meters. The ma-
jor scale markings of the Heath wattmeter
coincided with the Bird meter indications in
wach case, A shght ditterence vould be noted
for the in-hetween indications, yet these are
within the mannfacturer’s tolerance. ratings.

To note how the HM-2140 hehaved where
excessive reactance is involved, a deliberately
furge amount was introduced while vperating
an 10 meters. ‘This caused the reflected power
calibration potentiometer in the sensor to heat,
apparently as the result of an unwanted
resunance that developed in conjunction wath
an tnternal ferrite bead, This is not viewed as a
tault of the device, however,

The tinal test invoived & high-power run
while using a linear amplificr. The HM-2140
performed equally well at this power level,

Readers who are untamibar with m-lne rf
power metering will benetit by reading Doug
DeMaw's discussion of practical considera~
tinns for this type of instrumentation, His witi-
vle appeared in December 1969 OST, He ex-
plains the design philosophy of such circuitry
including the basic Bruene configuration. The
latter way introduced in April 1939 (ST, The
HM-2140 is based on these principles, Addi-
tional information may be found in The ARRL
Antenna Anthology published in 1978, — Sru
Lelend, WIIEC



THE BRODER 1.OGIC TRAINER
MODEL 100

I

with no previous logic experience
[students] may achieve a very high level of
vomgetency in winimum time, . ., i*m the
ideal reviewer, then, because [ know nothing
ubout logic circuitry hut am anxious to learn,
That was my first reaction fo this tratning
device. My second reaction was, “What g negt
gadget!” It is fun to play with and that is the
first sign of a good learning device — it piques
the vld curiosity.

The Breder Logic Tramer is housed in a
small box with eight on/off switches un the left
and 20 1.CD display bars to the right. A set of
vards fits into the space between. Each card has
a circuit printed on it. The student determines
the on/off state necessary at the input to work
the problem correctly. 1f the student is right, an
LCD display bar appears at the output (see the
photo).

I'be Broder Logic Trainer alse comes with a
manual that provides a learning text and
answers to the program cards. The text and
cards cover gates and sequential logic, in-
cluding fip-flops, vounters and shift registers.
The text has additional short sections and a few
problem cards on binary adding, Hoolean
algebra, logic vomponent voltage, logic
families, noice immunity, troubleshoating,
clock frequency, switch circuit problems, Yenn
diagrams and symbolic logic,

How well does it work? In going through the
manual I found 1 had no problem with the see-
tion on gates, which comprises about one half
(20) of the catds. | he text is clear and with a Tit-
tle practice, the correct display bars appeared
at the output,

Scquential logic was a different story,
however, The explanations in the text were not
adequate for this reviewer’s understanding, At
this poiat, 1 hegan using a large classroom rext
A% My main source of information and the
nmianual and cards as a supplement. This
worked Tine. Again | began ro see LCD
displays in the right places.

I'he hands-on approach of this gadget is a
great idea, | Yound that | learned rapidly and
ictained the knowledge longer when i had the
atnediate feedback of the LOCD display to eon-
tirm that £’d worked the problem cotrectly.
Perhaps someane who has a little backgronnc
in [ogic — say, home computers or the like -
would not have needed another text. i found
that [ did, While this doest’t in any way make

The Broder Logic Trainer in action. in this
photograph, a total of three bars may be seen
on the LCO display. As explained in the in-
struction manual, only the bar polnted to by
the problem output (the uppermost in this pic-
ture) is significant. The other bars are
disregarded.

the Broder Logic Trainer a less-useful device, it
is probably not a complete course for the inex-
perienced. It is,  however, an  cxcellent
workbook and supplement to any togic course.
It would be of great help to anvone under-
taking hore study or attending a cotrse that
has no lab time available. [t's definitely an ¢n-
jovable and effective way to learn. The Broder
Logic Trainer, Model 100. 1. ). Broder Enter-
prises, Inc., 3192 Darvany Dr., Dallas, TX
75220, Price: $69.95 with manual and 9-V bat-
tery, — Jeanetie M, S. Zuimes, ABIP

New Books

"1 Morse, Marconi and You, by Irwin Math.
Published by Charles Scribner’s Sons, New
York, NY. Hard cover, 7.374 x 914 inches,
80 pages, $8.95.

The idea behind this book is excellent: to
take the reader through the fundamentals of
slectricity and radio electranics theory by pro-
viding easy-to-understand  projects  accom-
panied by clear. vlementary text. Despite its
small size and a sprinkling of errors, the boak
hits its miark,

After disposing uf communications before
radio in three pages, the author detves into the
fundamentals of electricity. The first construe-
tion project is a simple flashlight circuit, Fram
here, the reader is led through other projects,
culminating i a  “versatile  shartwave
receiver.” Although it doesn't seem likely that
a youngster who knew little about radio elec-
tronies when beginontng this hook conld sue-
cessfally  build  this  sophisticated  project
without assistance, that may not be a serious
drawback, First of all, a careful reading of the
six-puge chapter provides a solid introduction
to the principles wf u regenerarive roceiver.
Secondly, it certainly doesn’t kurt to encourage
a beginner to seek help from more-experienced
friends or refatives.

The building projects between the simple
flashlight and the receiver are often useful and
always educational. They include an elec-
tromagnet, telegraph set, telephone and the
author’s specialty — a light-beam communica-
tions system. This project will he a bit ton
riuch to chew on for most youngsters, but will
make absorbing reading for <veryone un-
familiar with communication viz light waves,

The aathor, WAINDM, is wall versed in
Amateur Radio, having written a column in
3 for several years. While he devates anly a
couple of pages to Amateur Radio per se,
Math’s book is a decent introduction to the
hobby., The progression of projects, from a
telegraph key to the shortwave ceceiver, gives
the reader # solid foundation on which to ex-
pand his or her knowledge of radio,

There are o fuw problems that detract trom
the bouk’s cffectiveness. There is no explana-
tion af the difference between ac and de, for
example. Theary explanations arc purpascly
brief, but a single sentence would have sut-
ticed, The table of international Morse code
characters has three flaws: It is written in the
now less-accepted dot-dash torm and both the
U and the W are represented as fwo dots and a
dash. In addition, it amits the useful douhle
dash in favor of the scldom-used comma. Both
ARRL and Hamn Radio Horizows arc vic-
timized by careless errors: The author suggests
writing to the “Amateur’’ Radio Relay League

for information on a Novice course, and Ham
Radio Horizons is said to be published in
“Greenvale,” NH.

A redeeming feature is the artwork — 77
figures, many of which show pictorial
representations of virenit components, The
large number of figures also makes the hook's
relatively hefty price tag a bit easier to bear.

Aimed at youngsters and others who have
yet to develop a serious interest in elegtronics,
this small book will provide many hours of cn-
joyment. The author fecls that hands-on ex-
perience is preferable to detailed explanations
of electronic principles, He may just have a
point! — Joe! P. Kieinman, WAIZUY

L} Man-Made Radio Noise, by Edward N,
Skamal. Published by Yan Nostrand Reinhold,
a division of Litton Educational Publishing,
loe., MNew York, NY. Hard cover, 6 x 9
inches, 342 pages plus index, 148 illustrations,
$19.95,

Man-made radio neise, so familiar to radio
amateurs, is a form of pollution that affects
services beyond our treaswved hobby. For-
tunately, more and more attention is being
devoted to the noise problem. In-depth studies
are being conducted in a continuing eftort to
better umderstand the nature of such in-
tertference with the hope that someday much of
it can be eliminated. QST readers who wish to
sample current thinking about radio noise will
do well to examine Edward N. Skomal's recent
book. The author has heen studying natural
and man-made noise since 1964, His investiga-
tions include experimental studies, theoretical
developments of generation and propagation
processes and the evalpation of noise as it af-
fects radio communication. He is indeed well
qualified. His credits include membership in
the IEEE, the International Union of Radio
Scientists and the American Physical Society.
Additionallv, he has served on an advisory
committee to the Office of the President on na-
tional telecommunications planning. Currently
he works for the Acrospace Corpaoration in El
Segundo, CA.

Man-Made Radio Noise contains informa-
tion for both the engineering and nonengineer-
ing reader. After explaining basic terms and
defining the difference hetween manmade and
vaturally occurring noise, the author deals with
other forms, including automative ignitian
noise, and how separate sources produce in-
terference that combines into a composite pat-
tern found in most urban arcas. Mr. Skomal
provides sufficient information so that predic-
tions of average powet, guasi-peak and peak-
ncise field intensity can be confidently made,

The book containg chapters on  clectrie
power geieration and transmisston line noise,
interterence caused hy industrial, seientific,
medical, consumer and transportation eguip-
ment. The author wven defves into clevated and
zirborne ingidental roise, The [atter sections
are based on data gathered at heights up to
26,000 feer vver major vities on three con-
tinents.

[here is a broad scope of information in
Man-Made Rardio Noise, 1t 15 not a “nuts and
bolts” hands-on treatment of cures for -
terfcrence. Rather, it is more theoretical. IF you
like the challenge of caleulus to enrich vour
understanding, Mr. Skomal has included a
liberal amount to tease your brain. Look this
book over the next time you are in vour
favorite boek store or public library. — Stu
Leland, WIJEC x|
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Hints and Kinks

CAPACITANCE-

AND INDUCTANCE-MEASURING
DEVICES

Fhe capacitance bridge and the padget 1 made
for measuring inductances have been most
useful. The latter isat a true bridge, but it
:.Jv'uxates on the pnngiple that at 1esunance the

*Assistant Techmeal Bditor, QST

voltage comes to a peak across cither L or U in
4 series vircuit. Diagrams for both of these
devices are shown on these pages.

‘There is nothing critical about parts values in
cither cireuit. In the capacitance bridge, the
100-pF capacitor standard gives 4 midscale
reading of 100 pF in the LO position of the
range switch. In the HL position, the $70-pF
standard gives a midscale reading of 470 pE,
Theoretically, this should have beett 1000 pF,
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These diagrams are for a capacitance bridge (Al and an inductance meter (B} fer measuring
unknown compenent values. Capacitances are shown in pF and uF. Inductance values are in uH.
Fixed resistances are 1/4 watt. The following paris apply to bath diagrams except $2 which 1s
part of the capacitance bridge anly,

BT1 — 9:V transistorwadio battery.

D1 — Germanium diode, 1N34A or equiv.
M1 — 0-200 de micrpammeter,

$1 — 3pst switch.
82 — Spdt switch.
Y1 — 7.2-MHz crystal.

42 DUS5T

Conducted By Stuart Leland,* W1JEC

bur | was unable to get solid dips an the meter
with such a ldige capacitance while using the HI
range. | dropped the value to 470 pF as a prac-
tical measure.

The walue of the variable capacitor that is
part of the movable arm of the inductance
meter must be such rhat resonance with an
uiknown inductance can be attamed ar 7.2
MH, the frequency of the internal generator.
Other crystal frequencies may he used or vou
may obtain & signal trom a dip osviltator.

{alibration of the capacitance-bridge dial ts
in both pF and pF with known values being
wlaced i the unknown leg tor calibration pur-
poses. The dial of the inductance-measuring
zadget is calibrated in H, again using known
values of siall inductances such as ot chokes as
standards, Only the resistance or impedance
hridge fnr measuring antenna impedance (not
includded here) 1s valibrated in ohms,

The circles of aluminum, cutouts made from
small speaker cutouts, aie usctul as instrument
dials. | use them on my capacitance bridee, the
inductance meter and the resistance bridge [
constrncted  tor  measuring  feed-point -
pedances of antennas. ! cover rhese cutouts
with white vard stock vn which | mark the
valibrations, A cwating of ()-13ope protects the
penci! markings from smearing, A sott pengil,
such as vsed for machine seoring of tests, is ex-
wellent for marking the dials. A dab of epoxy
vemnent will secure the dials to the shafis. Fine
tuning adjustments are made casiiv by placing
4 finger on the dal edge, = £ Frank Brum-
haugh, Surasota, FL

A 500-0HM AUDIO OUTPUT
FOR THE FT-1012D

Owners of the Yaesu FIA01ZD who wish to
operate RTTY are at a foss for a 500-0hm
audio source, The FT-1MZD has o tow-
impedance (4 to 16 vhms) audio output only.
Attempting to derive audio in parallel with the
external speaker jack is awkward, Without the
benetit of irpedancs watching this method re-
quires too high an output level. The raucous
sound of an RTTY siginal echoing through the
shack (amd the house) can soon make one
unwuicome in one’s own home! [f the esternal
speakor s disconnected, one cannat hear the
signal as he weros in. The cireuit in the accom-
panying drawing may be added to the "1012D
unebtrusively and provide the necded 500-0lim
soree without external hook-ups and their in-
hwrent shortcomings.

There’s a reason for tapping the avudio line as
shown, [f the headphones or un external
spraker are plugped into their respective jacks,
the audio output at Ji remains uninterrupted.
This may be desirable if one does any RTTY
work at the wee hours and wishes to remain on
good terms with other members of the family.

FTwo simple additions are required: a single-
hole mount phano jack and a 3.2- to 300-chm
miniatute audio transformer. The phono juck
is ntounted on the rear panel at the outside edge
of the chassis adjacent 1o the external-speaker
jack. The miniature audio transformer {5
seeured 1o the transceiver chassis by soldering
the pc wmounting tabs to ihe left-hand wall
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In N1FB’s 500-0hm audio-output modification, components above the dotted line are part of the
FT-101ZD transcetver. The added components are J1 and T1. J1 is a single-hola-mount phono con-
rector T1 is a miniature 3.2- to 500-0hm audlo transiormer.

bencath the chassis as viewed From the front
panel with the transceiver inverted, There are
two unused holes in the wall and one of these is
used to mount a small three-lug terminal strip
with 4-40 (M3) hardware, The traosformer is
placed hetween the terminal steip and the near-
by voltage regulator. Clean the mounting tabs
of the transformer and the chassis with an
abrasive (sandpaper or emery cloth) and use a
high-wattage soldering iron to ensure a well-
soldered joint, Shielded wire is run from the
3.2-0hm primary connections to the audio-
output connections available at the terminal
srip mounted on the same chassis wall near the
MIC and PHONES jacks. (A yellow, shiefded
cable connects the af board output from JO2 to
this terminal strip.) A single-conductor wire is
then connected between the 300-chm  sec-
ondary and the phone jack on the rear panel.

The $00-0hm audio source may now be per-
manently connected to the RTTY system,
Audio output levels will be compatible with
thase needed for speaker or headphone recep-
tion; the use of either of these will not affect
the 500-chm output. -~ Pauwi K. Pagel, NIFB

LONGER LIFE FOR FRONT-PANEL
LIGHTING

I seent to have had more than my share of
problems with tront-panel illumination on my
I-meter and 450-MHz fm rigs as the lamps
were popping like corn over a hot tire (ves, my
power-supply voltages are correct!).

some famps are mostly for show, Others,
like the channel-number light on the Kenwood
TR-8300, are vssential. Furthermore, to replace
the lights in my Tempo VHF/ONE required
major disasserubly of the radio, On top of all

this, replacements For sume of the lamps are
not easy to find. Clearly, something needed to
be done,

My solution to the problem is to reduce the
voltage avross the lamps by means of a drop-
ping 1esistor, Nothing will guarantee infinite
life for the lamps, but so far | have found that
reducing the lamp potential to about 8-V dg has
made a tremendous improvement.

Selecting the proper resistors involves an ex-
ervise in Ohm’s Law plus a little experimenting.
The resistor should allow about § volts across
the lamp. Be sure that the resistor power rating
is adequate. A good rute of thumb is to select a
resistor with a power rating of two times the
power actually dissipated in the resistor, Find-
ing a place to mount the resistor is left to the
reader.

8o far, I have lost no lamps during operation
at reduced voltage. All have adequate
brightness. This i» a welcome change, since
Murphy's Law says that lamp failure will hap-
pen both often and during a trip far from a
radio store, ~ Roy Hejhall, KI/QWR, ARRL
Technical Advisor, Phoenix, AZ. From the
Arizona Repeater Association publication The
Squeich Tail.

RELAY CHATTER

Chatter from an anterina relay can be rectified
by inserting a diode and a series resistor in one
leg of the coil circuit to reduce the voltage by 25
percent. This applies to ac-operated relays.
Make sure that the diode wiil handle both the
voltage and the current drawn by the relay, (f
chatter is still presvat, place an 8-ub capacitor
across the-relay coil. -~ Lowis A. Gerbert,
WENOH, Grand Rapids, MT

Reshaped automobile beverage holders provide
a good means for keeping a hand-held radio
accessible in a car.

MORBILE HOLDER FOR HAND-HELD
RADIO

Ever heen bothered while operating mohile
with 2 hand-held transceiver that refuses to
stay put on the car seat or dash? A simple solu-
tion consists of an automobile heverage holder
that can be converted to hotd a hand-held set,
The holder keeps the hand-held readily accessi-
ble without the need for any permanent in-
stallation.

The secret of the convetsion les in reshaping
the beverage holder while using conrrolled heat
from an infrared lamp to gradually soften the
plastic ring of the holder. When heat is applied
and the plastic becomes pliable, a piece of
scrap wood, the approsimate width and depth
of the transceiver, can be inserted gradually
through the ring opening. With the aid of a
towel or soft cloth, the warm plastic can then
be shaped to the wooden form, alternating he-
tween heating and shaping. The plastic should
be held in place for one to two minutes until it
cools sufficiently to retain the new shape.
When the plastic is cool, the radio can be
checked for a snug fit in the holder. If this is
done slowly, avoiding overheating, the plastic
can be shaped without ditficulty,

One refinement is to bend the edge of the
holder base in an upright direction. This
prevents  any significant  vibration to  the
transceiver when the wvehicle is moving.
Allan Hale, WAIRS/WBBUZG, Cincinnati,
O

AIDS FOR CIRCUIT-BOARD
MAKING

Readers of Doug DeMaw's article on making
cirenit boards that appeared in September 1979
QST may benefit from this information. One
tool that was not mentioned in the article, but
iy useful for fabricating pads, is a metal punch
kit, Such punch kits as Whitney-Jensen punch
set No. 5 Jr. come with seven punches and dies.
With these, one can easily make pads of
various sizes up to 1/4 inch (6 mm) in diameter.
A punch Kit can be purchased for about $20.

Also, 3- to S-minute Jrying ¢poxy cements
are available at hardware stores. Usc of these
climinates waiting overmight for drying. —
Jahn J. Schultz, W4FA, Volce of America,
APO New York

COFFEE-CAN COUNTERWEIGHT

A simple counterweight for an end-fed wire or
dipole antenna can easily be made by filling 2
two-pound coffec can with Sacrete (premixed
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4° EYE BOLT
{100mm)

COFFEE CAN
COUNTERWEIGHT

A cottee-can antenna counterweight suggested
by W2EPN. The can, a two-pound size, will
hold approximately 10 pounds af concrete.

cement). An eye bolt is pushed down into the
vonerete while it 1s saft and kept in position by
pa:ssing, a rod (or stick) through the eve, allow-
ing the rod to rest an the vdge of the van while
the concrete hardens. For convenience in
removing the weight to lower the anicnna, an
S-hook may be used as shown in the sketch.

A two-pound coffec can tilled with concrete
weighs approximatefy 10 pounds, This has
proven sufficient for the purpose. It is alsa
wore practical and attractive than using bricks
to! keep an antenna taut. — Roy Foody,
WZEPN, Bayport, NY

CORKS FOR TOROID MOUNTING

Recently I tried mounting some toroids on the
circuit board of my RTTY converter. Although
I had some plastic inserts, there were not
cnough. A package of assorred corks, bought
at a hardware store, provided a solution to the
problem.

To use this method of mounting, find corks
& bir wider than the hole in the toroid. Drill a
1 '&-irich {3-mm) hole in the middle of the vork,
zut a notch on each side to fit the dividers of
the toroid (it present) and insert a no, 40 screw
with washer, The screw should be long enough
to pass through the cork and circuit board. The

WMT A NOTEH
o WITH BAEDR
OR X-ACTO

KNIFE 70 FIT
TVER CARD-
EOARD PART
OF TOROID

A~ WIDER [HAN HOLE

' B~ ABOUT A5 THICK AS TuRAID

WYYKN suggests this method of using corks
fof mounting toroids. Dimension A shouid be
wider than the opening in the torotd, Dimen-
sion B should be the same as the thickness of
the toroid.

4 oSk

vork seems to he an cacellent mount, It does
not damage the wires, provides a soug fit, grips
well and is inexpensive. — Raymond B. Buss,
W7IYKN, Reno, NV

COMMENTS ON SB-220
MODIFICATION

Referring to the **Hints and Kiohs' itea, “*On
Upgrading Your 58-220 Linear Amplifier”
(November 1979 (28T), W3OIB writes that the
ctecuit shown can provide excessive voltage
across the time-delay relay cotl, K1, He sug-
gests a better approach is to wire the B fead of
the relay coil to point D, which is the midpoing
of the high-voltage primaries. Doing so will
provide a more constant voltage, unaffected by
the surge-resistor function in the filament-
transformer priraries.

WEITD agrees that this change is desirable.
Accordingly, he suggests deleting steps 3 and 4
vn page 36 of November Q87T substituting the
following new steps. First, twist together,
sedder and tape the ends of the leads mentioned
in steps | and 2. Then solder a lead to relay-voil
terminal B, Connect the free end to terminals 2
and 3 of amplifier terminal strip AF {these ter-
iinals are strapped together for 23-volt
operation).

While the relays in the SB-220s at hoth
WRITD and WOPT, wired according to the
November “*Hints and Kinks™ diagram, con-
tinue to perform flawlessiv, WSITD attributes
this performance to the tolerance of the rulays
used at both stations. He does recommend,
however, that the above madification be made,
especially where ielays of marginal quality are
used, The diagram shoufd be modified to show
these changes for the sake of future reference,
w~ Stu Leland, WIJEC

INEXPENSIVE NAMEPLATES

For identification at hamfcests and conventions,
attractive hamemade nameplates, such as those
shown i the accompanying photograph, can
be fabricated at u fraction of the cost of
cngraved Bakelite plates, Obtain a small
amaount of 1/té-inch model airplane plywood
from a hobby store, It i genctally sold in
pieves 4 X 10 mnches ¢inches ¥ 25,4 = mm).
With a fine saw or sharp knife cut this into
steips 344 % 3 nches.

Sandpaper the woad smooth, Use Stik-On
{etters, available ar many stationery stores, to
spedl out vour name or call wgn. No glue
necessary to secure them o the wood, With 2
small brush apply a coating of varnish to the
sirtace of the wood. When dry, cement a etal
pin-back to the side of rthe wood without the
letters.

Small strips of thin white or colored plastic
vait be used Instead of woml. Halt-inch letters
are appropriate, They are wvailable in many
sizes and colors from hohby stores as are the
pin-hacks,

An inexpensive nameplate made tram hobby
materials.

Desk nameplates are made in 4 similar man-
ner, but the wood should be 3/716- X
1-[/4-inch pine. (t is sofd at lumber yards. Let-
ter size should be Linch. A wmall binck of
wood glued o the hack of the desk plate will
hold it upright. -~ Hvman Wallin, Silver
Spring, MD

ZERO-SET DIAL MODIFICATION
FOR THE “‘SB”" SERIES

One problem with the Heath 5B series is
that the ccro-set dials on the SB-102, 303 and
401 occasionally become inoperative following
breakage of the zero-set drive pulley. After
replacing three of these pulleys i decided to fix
the problem for good. One way to remedy it
with minimal cost is to replace the two metal
plates on the pulley with & 3/8-inch (10-mm)
rubher grommet. The plates can be removed
easily with pliers, ©he rubber grommet will not
slip on the dial, nor will it damage the edge of
the diaf as did the old metal pulley. The rebber
zrommet should he giued to the old shatt so
that it deesa’t tall off or slip after prolonged
use, Super Glue warks very well for this prer-
pose. This modification restores the zora set to
perfect working couditton. — Cary M. Kalata,
WAZRFK, Cherry Hill, NJ
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Oamaged zerq-set drive pulleys on the Heath
$B8-102, S$B-303 and $B-401 series may be
repaired with the aid of 2 rubber grommet, See
text for WA2RFK's explanation,
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N1FB suggests the above modification for in.
creasing the calibrator injection levet of the
Gollins 753 series receivers, Resistance valugs
are in ohms,

INCREASING THE 758-( )
CALIBRATOR INJECTION LEVFEL

The amplitude of the Colling 758-( | receiver
ceystal calibrator is gencrally adequate up to
the 10-meter band. There, especially at the high
end of the band, the signal level is much lower,
This leve] may be increased by changing the
value of the coupling capacitor, CI2, which
niormalty has a value of only [ pF. Substituting
4 5-pF capacitor (or larger, depending upon the
level desired) will result in an inerease of 410 3
S-unirs which shouid he sufficient for most ap-
plications,

To replace C12, the rear-most shicld can,
which covers the f amplifier input switching
water of the bandswitch (S4), must be re-
ioved. The fiber shaft which couples the dif-
terent switch sections must be removed first; it
was decided to move the shaft toward the front
of the receiver rather than out through the rear
chassis hole provided. The band-switch index
may simply be moved to one side once the shaft
voupler is loosened and the mounting nut and
washer removed. This avoids having to pull the
fiber shaft through three wafer sections; only
otie section need be involved, Caution must be
observed to prevent misalignment wf  the
vacated wafer, but providing that no rotary
motion is applied to the shaft, the wafer will re~
main iu puosition. Next, the two nuats and
washers sequring the shield can are loosened
and the shicld removed. The capacitor is then
replaced with the new unit and the progess
reversed. To case reassembly, a small dab of

silicorie grease may be placed at the end of the
fiber shaft to permit a smoother reentry into
the wafer hole,

Check the calibrator signal at all positions of
the band switch, 1f.at any position you cannot
get an S-meter reading, it may indicate a slight
misalignment of the two shafts at the ¢oupler.
Simply laosen the set screws and adjust slight-
ly. ~ Paul K. Pagel, NIFB

ANTENNA CORROSION REMOVER

After scveral years of service, particularly in
metropolitan locations, antennas and other ex-
posed aluminum parts often corrode or oxidize
tus the extent that the electrical characteristics
are impaired. One measure which can restore
such parts is ta apply one of the commercially
available aluminum cleaners such as Duro
Alaminum  felly or  Burnside Aluminum
Brightener. After the metal has been cleaned, it
should be thoroughly washed to remove any

- residual cleaner, dried and coated with an anti-

corrnsion or anti-rust film spray or sealed with
lacquer. Care should be taken when cleaning
coil assemblies or where sleeve sections connect
to maintain continuity. Afuminum cleaners
should not be used an anodized aluminum
parts, These are easily cleaned with household
aluminum polish. «- Adllan Hale, WA9IRS/
WBSUZG, Cincinnati, OH

THE OLD TIMER’S NOTEBOOK:
CHANGING ANTENNA
DIRECTIONA L CHARACTERISTICS

It is not generally realized that some change in
the directional properties of a center-fed full-
wave antenna can be brought about by chang-
ing the feed method. Quoting from a letter
from Edward W. Sanders, W3ARU: *‘In Q8T
several articles bave appeared in which mention
bas been made of the use of an antenna system

Such a situation results in an antenna direc-
tional at right angles to the axis of the flat-top
and is accomplished by the use of a full-wave
flat-top with an odd quarter-wave feeder con-
nected to the center, If we increase the fength
of the feeder one quarter wavelength by means
of loading coils or by switching-in the ap-
prapriate length of wire, we will have two half
waves on the flat-top, but they will be out of
phase, corresponding to an end-fed full-wave
antenna, This system will produce a four-lobed
characteristic as shown at B in the accompany-
ing drawing.”

The reversal of phase in one half-wavelength
section of the antenna can be brought about in
a number of ways. Asection of wire measuring
a half wavelength can be inserted in one feeder,
or a loading coil having the same equivalent
length ¢an be substituted for the half-
wavelength section, A third method is shown in
the lawer center af the drawing (E). In this case .
the twa quarter-wavelength fecders are simply
connected together and the whole svatem
worked against ground. A short ground lead is
necessary in this case. In all three of these
methods the fesders are no longer nonradiating
but become part of the antenna.

To have the feeders nonradiating with either
method of antenna phasing, it is necessary to
use a third feeder wire which can be connected
apprapriately to the other two (see drawing)
The two right-band feeder arravgements, D
and F, illustrate the methed of coennection. 1
provides two hali wavelengths in phase and a
signal pattern as indicated at A. Cenfiguration
F puts the two half-wavelength sections out of
phase giving the directional characteristic of
puttern B, This corresponds to feeding the two
half-wavelength antennas from a Zepp fecder
and with the currents in each horizontal ele-
ment being out of phase. The directional
characteristic in this case corresponds to B, The
«hange can be made quite simply and quickly
bry installing a switch to shift one of the active
teeders from one side of the coupling ap-
paratus to the other, — Hints and Kinks for the

having two half' waves in phase on the flat-top.  Radio Amateur {1945) HEF)
1727 122
o ; —eres
{ 1787,
LINE OF
- ANTENNA f
S
THO HALF ~WAVES
IN PHASE
(A) {3} (D}
2 1729 (75 2R
174 | 1743
FLLL WAVE
(B} (£} (F)

Feader changing methods for altering the directional pattern of an antenna. Configurations ¢ and
D will give a pattern similar to A. E and F render a cloverleaf pattern shown at B,

Fahruarv 1980 a5
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A band-switching dipper

See page 11
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THE COVER

It's a wide-range dip-
meter, and a great
deal more. Why not
build this useful,
state-ot-the-art instru-
ment for your shack?
See page 11.
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A 1980 Dipper

This state-of-the art dip meter covers 1 to 57 MHz without
plug-in coils. It features several innovations not found in

commercial models.

By Fred Brown,* W6HPH

Grid-dip meters, or simply dip meters,
(most are now solid-state) have undergone
only minor improvements since they were
first introduced by QST in 1926, Current
models still use **old-fashioned’’ plug-in
¢oils and most do not provide for connec-
tion to a frequency counter. The author’s
first band-switching dipper, built over a
decade ago, covered 1.3 to 36 MHz.' 1t
has served well over the years, but many
times the need was felt for a more versatile
model with a wider range.

The instrument described here, besides
performing  the  basic  dip-meter,
wavemeter and signal-generator func-
tions, has the following features not
found in commercial versions:

Band-switched frequency coverage from
0.83 to 57.4 MHz.

A frequency-counter output jack for
precise digital readout.

A capacitance probe for dipping tor-
oidal, pot-core or shielded tuned cir-
cuits.

1000-Hz square-wave modulation.

An accessory socket for connection of
additional tuning heads to extend the
trequency coverage into the vhf or ubf
range.

‘The Cireuit

As shown in Fig. 1, JFET Q! functions
as a conventional Colpitts oscillator. Its
frequency is determined by Cl and the
value of inductance switched in by means
of STA. Another section of this 5-position
switch, S1B, connects the correct value of
capacitance to the source of Q1 to control
the evel of feedback.

The rf voltage on the source of Q1 is rec-
tified by D1, and the resulting de voltage is
applied to JFET Q2 through the 1-megohm
sensitivity control, R2, D2 provides a fixed
source bias for Q2. These two components
act as one arm of a bridge. The other arms
consist of R3, R4 and R3. De voltage from

#1169 Los Corderas, Lake San Marcos, CA 92069
'Brown, *'A Band-Switching Grip-Dip Meter,” CQ,
February 1966, p. 60

L

The WEHPH dip meter at the left has features not found in many commercial dip meters. Among
the advantages offered by the WEHPH design are band-switched frequency coverage, an output
jack for a frequency counter and square-wave modulation. Use of an “edgewise" meter leaves
mere panel space far contrals. The frequency scales are hand lettered on opaque paper, An addi-
tienal tuning head for extending the frequency range into the vhifuhf range is shown between the

dipper and the frequency counter.

131 unbalances the bridge and recults in
deflection of the 0- to 1-mA meter, Audio
from the drain of Q2 is capacitively cou-
pled to emitter-follower Q3. The low out-
put impedance of Q3 feeds headphones
when the dipper is used as a wavemeter or
signal tracer for a-m ggnals or as a
heterodyne receiver for cw signals,
Transistor Q4, in series with the source

of Ql, acts as a switch for square-wave
modulation of the oscillator. Square-wave
modulation was chosen because it avoids
the fm problems associated with sine-wave
modulation.. During the modulation cycle
the oscillator is turned either completely
off or on by the square wave. The result is
d-m without fm. The square wave is
generated by the multivibrator, QS and Q6.

cMBavab OO0 _ 4
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Fig. 1 — The WBHPH dipper circuit. Power is supplied through a small 6.3-volt tilament transtormer (I'1). Q1 and Q2 ara 2N3819s. All other tran-
sistors are 2N22225 or equivalent. Resistances are in ohms, Except as indicated decimal values of capacitance are in microfarads (uFi Other

capacitance values are in picofarads (pF).

J1 — Coaxial jack.

J2 -— Four-pin jack.

J3 ~ Phone jack..

L1 — 7.7 uH. 39 turns of 3/4-inch Miniductor,
15 turns per inch. Tapped 2-1/4 turns and

Some commercial instruments, such as
SWR meters, have narrow-band amplifiers
tuned to 1000 Hz. To accommodate such
an amplifier requirement, a frequency con-
trol, R7, is included in the dipper cirenit for
precise sctting of the modulation frequen-
cy. Surprisingly, the modulation frequency
turned out to be remarkably independent
of power-supply voltage. A line voltage
change of 10 percent moves the frequency
only 9 Haz,

A 47-ohm resistor in series with the drain
of Q1 develops about 250 mV of rf voltage
across it, more than enough to drive a fre-
guency counter. This signal is delivered to a
phono jack located on the front panel — a
fack which also can be used as a signal+
generator output,

The primary purpose of 12 is to accom-
modate additional rf needs for vhf and uhf
coverage. it also provides a 6-V dc source
and low-level 1000-Hz audio for general ex-
perimental work. Furthermore, J2 serves as

12.__ 88T, .

10-14 turns trom the "hot” end,

L2 -— 36.5 uH, 22 turns ot no. 30 enam. wire
oh Amidon FT-50-61 toroidal core.

L3 — 187 M, Archer no. 27-1430 or J. W.
Miller no. 42A154C81.

o

Fig. 2 -~ Stray-capacitance path in an induc-
tiva circuit. Even though both ends ot a eoil
ara grounded, the distributed and stray
capacitance between the coil and ground, Cy,
can stilt give rise to a resonance.

RFC1 ~ 224H iron core rf choke, J. W,
Miller no. TOF2254A! or equiv.

51 — See text.

32, 84 — Spdt switch.

33 -~ Bpst switch.

an input for the audio amplifier, with the
output appearing at J3. Finally, a 6-V bat-
tery may be connected to this socket for the
purpose of making the dipper a completely
self-contained portable unit.

Band Switching

One problem with a band-switching dip-
per is the presence of false dips caused by
resanances within the switched inductor.
Fig. 2 shows how a resonance can occur
even though both ends of a coil are
grounded by a switch. The stray
capacitance between the woil and ground,
in conjunction with the coil inductance,
forms a parallel-tuned circuit. If its reso-
nant frequency fies within the tuning range
of the dipper, it will cause a permatient dip
at that frequency.

This dipper, however, is entirely free of
false dips. Ideally, a shorting-type switch,
such as shown in Fig, 2, should be used
for switching the inductance, so that all



/CUT

Fig. 3 — A straight-line variable capacitor with
straight-line capacitance characteristic is
shown at A, and a straight-line-wavelength
variable is shown at B. C illustrates how a
stralght-line capacitance unit can be modified
to approximate 2 straight-fine-wavelength
response by cutting off the left-hand part of
the rotor plates, To avoid possible erratic
nperation resulting from dirt collecting around
the bearings on the capacitor assembly, solder
a piece of brald between the shaft and rf
ground.

taps on the unused part of the coil will be
grounded. Since a shorting type switch
was not available, an ordinary S-position,
4-section wafer switch was used. Two of
the extra sections, S1C and 81D, are
employed to ground unused taps on the
upper frequency ranges.

False-dip problems are also minimized
by placing the lowest-frequency coils, L2
and L3, inside the box where there is no
inductive coupling to LI1. As a result,
inost of the inductance on the two lowest
bands is contained inside the box. This
reduces the amount of inductive coupling
available for dipping an external [.C cir-
cuit, which makes the dip weak or hard to
find at times, on the lowest band, Where
weak coupling is a problem, capacitive
coupling, by means of CI, can be used, Of
course, capacitive coupling is necessary, in
any case, for toroidal or shielded coils.

Receive Mode

When switch 52 is in the detector posi-
tion, the dipper functions as an indicating
wavemeter. The sensitivity was checked at
10 MHz by link coupling LI to a signal
generator. To produce a noticeable deflec-
tion of the meter, 50 mV was needed, but
when the signal was 70 percent amplitude
modulated it could be heard in head-
phones even when the level was down to |
my.

This instrument can also be used as a
heterodyne receiver of weak or un-
modulated carriers by placing 82 in the
ascillaror position and carefully tuning for
@ beat note..In this mode, signals as weak
as 100 pV can be heard. It’s interesting to
note that the heterodyne receiver was a
predecessor of the superheterodyne. in re-
cent years the heterodyne type of receiver
has been rediscovered, and renamed the
“direct conversion’ receiver,

if a 10-kilohm regeneration control is
connected across. S2, as shown in Fig. I,
the dipper can serve as a regenerative
receiver. With careful adjustment, signals
as weak as a few uV can be heard. In fact,
several 40-meter cw and ssb stations can
be copied when the dipper is coupled to an
antenna. MNevertheless, the dipper is

definitely not recommended as a
substitute for a communications receiver!
In the author’s case, the regeneration cor-
trol is not incarporated as a permanent
feature.

Construction

This instrument is built in a 2-3/4- x
3-X B-inch (70- X 76- x 203-mm) LMB
chassis box, but a smaller box could have
been used. Parts are so arranged as to
keep rf leads short. A miniature switch is
recommended for SI{. It should be
mounted between the tuning capacitor,
Cl, and the external coil, L1. Q1 and
associated components can be mounied
on a terminal strip or small circuit board
and placed near S1.

If a straight-line-capacitance variable
capacitor is used for Ct, the frequency
scales will be badly crowded at the high-
frequency  ends. A straight-line-
wavelength capacitor is recommended.
Fig. 3 shows the difference. Because the
author was unable to find a straight-line-
wavelength 150-pF variable capacitor, a
straight-line-capacitance 420-pF unit was
modified by diassembling the capacitor,
cutting down the rotor plates, and
reassembling it. The task is not easy.
especially with a close-spaced capacitor. If
the reader should want to tackle such a
project, however, Fig. 3C shows how a
straight-line-capacitance variable can be
modified to give fairly linear frequency
scales. kt will be necessary to start with a
300-pF (or larger) variable capacitor to
end up with 150 pF after modification, If,
after cutting down the rotor plates, the
maximum capacitance is over 150 pF, it
can be lowered by removing stator plates
one at a time.

Taps on L1, and the inductance values
of L1, L2 and L3, shouid be adjusted so
that there is a small amount of overlap at
the ends of the tuning ranges. The ranges
in this particular dipper ended up as
follows: 0.83-1.88 MHz, 1.8-4.2 MHz,
4.0-9.8 MHz, 9.4-23 MHz and 22-57.4
MHz, The Q of .2 and L3 must be fairly
high: if the Q is below 50, the dipper will
not oscillate over the entire range. Or-
dinary stug-tuned coils wound on 1/4-inch
or 3/8-inch {6- or 10-mm) dia forms will
not provide adequate Q. If toroids are
used, inductance can be trimmed by re-
moving or adding turns.

A short length of 374-inch (19 mm)
PVC pipe is slipped over LT and anchored
to the box in order to prevent damage to
the coil from accidental collisions. With
some dippers, readjustment of the sen-
sitivity control is necessary when coils are
changed or when tuning from one end of a
band to the other. This dipper is
remarkably uniform in sensitivity. The
variation in meter reading is only ®185
percent throughout the entire frequency
range.

The 2-volt dc output at DI is sufficient
to give full-scale deflection when the sen-

This view of the WEHPH dip meter shows the
accassory saocket which is mounted on the
apron at the right side of the photograph.

sitivity control is completely advanced,
provided Q4 has sufficient transconduc-
tance, Most 2N3819s do, but the variation
among those devices is greater than 3:1.
Those units at the low end of the
transconductance range may not have suf-
ficient gain. The Ipgg of the 2N3819 also
varies over a wide range (10:1) and,
depending on the individual FET, use of
two silicon diodes in series for D2 may be
necessary. One may suffice, however, or
even none at all.

The capacitance probe, C2, is con-
nected to a test-prod jack on the front
apron of the box next to L1. When
capacitive coupling is used next, a test
prod,. connected through a short flexible
lead with an alligator clip, is plugged into
this jack. Capacitive coupling works so
well it is surprising that this feature was
never incorporated into a commercial
dipper.  [sE
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Observations of Long-
Delayed Echoes on 28 MHz

The LDE mystery solved?

By A. K. Goodacre,* VE2AEJ3

Observations of wireless ¢choes of
long delay were first reported more than
30 years ago by Stormer and van der Pol."
Since then, mamny occurrences have been
documented in the literature* but
systematic searches for long-delay echoes
have either proved negative®* or produced
only a few examples.® My interest in long-
delay echoes was first kindled by the
report of Hans Rasmussen, OZ9CR, of
the simultaneous reception of lunar
echoes (delay 2-1/2 seconds} and *‘ghost”’
echoes (estimated delay 4 to 5 seconds) on
1296 MHz,*

While operating Amateur Radio station
VETAIZ in Victoria, BC, | carried out
several trials in late 1959 and early 1960 on
the 50-MHz hand to hear iunar echoes
from signals transmitted by Gail Allwinc,
WIRDY, near Seattle, WA, [ have re-
tained my chart recordings over the in-
tervening vears so, out of curiosity, [
decided to fook at these charts again.
Much to my surprise, several possible
long-delayed echoes appear to have been
accidentally recorded.

The delay times of the 50-MHz echoes
range from about | second to possibly as
much as 17 seconds. 1 noticed that
sometimes echoes obtained within a short
inverval of time exhibit defays which are
very nearly in the ratio of 2:1 {e.g., 3.31
and 1.67 seconds; 11.37 and 5.67 seconds;
7.85 and 3.93 seconds). This suggests that
some sort of periodic structure mmay exist
in the delay times. Using the method of
Broadbent” to search for periodicities, I
discovered that most of the delay times
were integral multiples of 138 milli-
seconds. This result must be treated with
some caution, as & statistical analysis of
the timing crrors associated with my
homemade chart recordings indicated that
my equipment was only marginally
capable of detecting a.time quantum as

1386 Woodside Dr., Ottawa, ON K2C 2G9
'Notes appear on page (6,
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Fig. 1 — 28-MHz transmitted signal {s) and
long-delayed echo (e) received on Dec. 1, 1978,
at approximately 2300 UTC. Delay time is 2.05
seconds.

small as 138 ms. But, such a value im-
miediately suggested to me that the
unusual features on my charts were
probably  associated with ionospheric
propagation, as it takes about 138 ms for
aradio wave to travel around the world or
t0 go to the antipode, be reflected, and
return by the same path.

With the idea of ionospheric control in
mind, { tried, trom September 1977 to
lanuary 1978, to receive long-delayed
echoes on the 14-MHz amateur band. In
order to refract my transmitted signal into
the ionosphere, 1 generally operated when
the band was ceasing to support ground-
to-ground communication, Using this
technique 1 heard a total of 19 weak
echoes. Doppler shifts were observed in
all cases where [ was ahle to measure the
difference between the received and
transmitted frequencies. Twelve of the
echoes were distinet enough to measure

their delay times. But unlike the
postulated 50-MHz echoes, the 14-MHz
echoes tended to be integral multiples of
133 ms or [44 ms rather than 138 ms. The
difficulty with the 14-MHz cxperiments
was that the transmitted pulses were not
particularly distinctive, being single pulses
a few hundred ms in duration. The re-
ceived signals could conceivably be from
other transtitters, although [ took care to
aperate in those parts of the amateur band
where Morse code transmission does not
normally occur.

On February 14, 1978, [ happened to be
searching for long-delayed echoes on the
28-MHz amateur band and recorded a
very strong, clear ccho in which each of
the tour consecutive transmitted pulses
was Doppler-shifted by different amounts
ranging up to about 1 kHz and delayed by
different intervals of time ranging from 9
to 10 seconds. This indicated that better
results might be obtained on 28 than on 14
MHz, but that it would be necessary to
use a fairly wide bandwidth to allow for
Doppler shitt and to keep the duration of
the transmitted signal short ¢nough so
that the individual pulses would not be
scrambled in the echo. With these re-
quirernents in mind, I have been able to
document a few good examples of what [
believe to be long-delayed echoes on 28
MHz.

Experimental Technique

I feed approximately 400 watts at 28
MHz to a wide-spaced 5-clement Yagi
antenna and use & receiver bandwidth of 4
kHz to listen for possible long-delayed
echoes, My antenna roncentrates the
radiation toward the horizon and points
to the west to minimize the effects ot man-
made eiectrical noise originating from the
ity of Ottawa, to the east. | generally
aperate when the band 15 just ceasing to
support  ground-to-ground communica-
tion. Forccasts by the Geomagnetic Scr-
vice of Canada enuble me to concentrate
on the periods when the earth’s



Table 1

Delay Times of Echoes Depicted in Figs. 1
through 3.

Date and approx. Delay time
Ectio time, UTC in seconds
A Nov, 14, 1978 0000 7.04
B Nov. 17, 1978 2300 538
o} Dec. 1, 1978 0000 205
D4 Dec. 1, 1878 0000 276
Dy Dec. 1, 1978 0000 4.28.
£ Dec. 1, 1978 0000 1.53
F Dec. 14, 1978 0100 2.21
G Jan, 13, 1979 0100 897

geomagnetic field is guiet. Tu obtain a
distinctive signal 1 send groups of three to
nine pulses at a rate of 130- to 150-pulses
per second (PPS). [ avotid rates of 60- and
120-PPS since most repetitive electrical
noise exhibits one or the other of these
rates. | transmit a signal every 10 to 20
seconds. The receiver output is recorded
on magnetic tape and the counter reading
is noted whenever a possible echo occurs,
Timing valibration is provided by record-
ing CHU time signals before and after
cach attempt to hear echoes. Then the
tape is played back into an oscilloscope
and the echoes and time signals are
photographed, | then carefully measure
the photographs to obtain the delay times.
The combined error, because of errors in
measuring the photographs and slight ir-
regularities in the speed of the tape
racorder, is estimated to be about 20 ms.

Results

While uperating for a total of about
eight hours from the middle of November
1978 to the middle of January 1979, [ ob-
tained a few echoes that are sufficiently
strong  and  clear to  be displayed
photographically. See Fig. 1 to 3. The
echoes are labeled chronologically from A
to G. One of the better examples is echo
C, given in Fig. I. The upper part shows
the details of the transmitted signal (s) and
the echo (e). The bottom part shows the
signal, the ccho and the general back-
ground noise. The signal is, in reality,
miich stronger than the echo, but it ap-
pears to be about the same -strength
because of the nonlinear response of the
receiver to strong signals, Although echo
C is not too strong, it reproduces the
features of the transmitted signal guite
well.

Figs, 2D and 3D show what appear to
be two echoes originating from the same
transmitted pulse, The second echo is
somewhat questionable, but the first echo
exhibits exactly the same pulse repetition
rate as the signal. Note that the first echo
is either truncated or fades into the
background noise. Echo G (Fig. 2) seems
to consist of two overlapping echoes, the
second one only slightly weaker than the
first. Echo E may also be two overlapping
cchoes but, if so, the second one is much
weaker than the first,

Fig. 3 — Long-delayed echoes as in Fig. 2, but showing general background noise in addition to
the transmitted signal {s) and echo (e}
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Fig. 4 — Plot of @vs t for the eight delay times
given In Yable 1. See text for definition of Q.
Note the pronounced minimum at

t = 138 milliseconds.

In most cases the echo returns within
the passband of the.receciver, but in the
case of echo F, the returned signal is
characterized mainly by the switching
transients which occur as the transmitter is
turned on and off. [n this case the main
part of the echo may have been Doppler
shifted outside of the receiver passband.
Although it is not good engineering prac-
tice, 1 allow switching transients to remain
in my signal so as to render the signal
more distinctive.

Echo A is weak and of marginal quality
but exhibits the same pulse repetition rate
as the transmitted signal. In Fig. 2, echo B
is quite strong but somewhat blurred; in
this picture the tape has been played at
one-half speed to. enhance the detail.

Analysis of the Delay Times

The delay times of echows A to G are
given in Table I. It can be seen that any
unit of time which might be common to
these delay times is much less than one
second, but it is not obvious what this unit
might be, In order to see whether the
delay times are “‘quantized,” T have used
the method- of Broadbent, referred to
carlier, to search for periodicities in the
range from 10to 250 ms. Briefly, the pro-
cedure is to take a number, t, and form

the ratio, Ej/t, where E; is the delay time _

of the j® echo and see how far the quo-
tient departs from being an integer. For
vkample, if Ej/t = 13.7, the closest in-
teger is i4; but if E;/t = 13.4 the closest
integer is (3. In the first case the dif-
ference is —0.3; in the second case it is
0.4. If the departure of Ej/t from the
nearest integer is termed q; then the root-
mean-square value.

N
Q= [I/NX l(qj,z]uz_
=

will be a measure of whether a given
periodicity, t,, exists in the delay, If all of
the defay times are exact integral multiples
of t,, O will' he zero: but if the process is

carried out using uniformly- distributed.

- raw—

random numbers, the quantity 9 tends to
be a normally distributed random variable
with 2 mean value of (.29 and a standard
deviation of 0.013/N12 where N is the
number of delay times considered.

Fig. 4 shows Q as a function of
periodicity, t, for the eight delay times in
Table 1. A distinct minimum occurs at 138
ms, & value that has some physical
mearing, but the question is whether such
a minimum might not occur even with a
set of random numbers. To demonstrate
that this is unlikely, I have calcuiated & as
a function of t for 100 different sets of
random numbers and plotted, tor each
value of t, the greatest and [east values ob-
tained for O (Fig. 5.} In only two cases out
of 100 is a value of § obtained that s as
small as that obtained from the defay
times in Table 1. As a conservative
estimate, | believe there is only about one
chance in 20 that the delay times of echoes
A to G are not related to each other
through the time quantum of 138 ms.

Discussion

Since the time for a radio wave to travel
around the worid is about 138 ws, the
periodicity of 138 ms contained in the
delay times of the long-delayed echoes
presented  here strongly suggests some
form of ionospheric control of the
phenomenon. This is consistent with the
results of Sears, who generally observed
long-delayed echoes when the operating
frequency was near the F2-layer critical
frequency. In his case, the antenna was
radiating mainly vertically upwards and
most power would be coupled into a
harizontally traveling wave under this
condition. In my experience, the best
long-delayed echoes occur when long-
distance, cast-west propagation is good.
Of course, this miay not be the only condi-
tion conducive to the production of long-
defayed echoes.

I believe that the long-delayed echoes
that 1 hear have been trapped in a duct,
possibly between the E layer and the F
layer, and that the signals have cither
traveled around the world several times or
have been confined to either the davtime
or nighttime ionosphere, traveling back

and forth repeatedly from one end of the

duct to the other. [ belicve the signal
escapes from the duct and returns to earth
by reflecting off an fonized meteor trail,
This would explain the Doppler shifts
which both Sears and 1 observe,

Recently, Muldrew  has suggested a
mechanism to  generate  long-delayed
echoes that involves signals from two
fransmitters interacting to produce a
ducted electrostatic wave.* Muldrew’s
mechanism could explain the occurrence
of long-delayed echoes up to ultrahigh
frequencies (=2000 MHz) and, hence, ex-
plain Rasmussen’s observations, but it is
not clear whether this mechanism can ex-
plain the time quantum apparent in my
results.
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Fig. 5 — Plot of extreme upper and lower
values of @ vs t as obtained from 100 sets of
random numbers used as input data, Note how
the minimum in Fig. 4 (marked by arrow) falls
well below most of the points in this plot,

Finally, although | belicve that the
delay times of fong-delayed vchoes arc
quantized, the actual value of the time
quantum may be different under different
circumstances.  For  example,  the
periodicites in the 14-MHz data referred
to in the introduction are 133 and 144 ms,
and the 50-MHz data exhibited additional
periodicities of 120 and 152 ms. It is in-
teresting to note that the arithmetic mean
of the 14-MHz periodicities is about 138
ms. The arithmetic mean of the S0-MHz
periodicities is 136 ms. If the earth’s
shadow on the ionosphere defines a
discontinuity between the daytime and
nighttime ionosphere, the maximum two-
way travel time on the daytime side is
about 160 ms and about 120 ms on the
nighttime side.. T have recorded short-
delayed echoes on 28-MHz Morse code
transmissions from other stations. In one
case, delays of 115 ms were obsetved and
in another case the delay was 156 ms. The
presence of ducts in both the daytime and
nighttime ionosphere might, therefore,
produce periodicities other than 138 ms in
long-delayed echoes. W]
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Microcomputers and Radio
Interference

A microcomputer can perform wonders in the ham shack.
It can also be an abominable polluter of the radio-frequency

spectrum.

By Paul E.-Cooper,* N6EY

J ust about every amateur already is, or
soon will be, deeply involved with
microprocessors  and  microcomputers.
The number of things they can do around
the ham shack aione is enough reason for
this involvement, but in addition the darn
things are so seductive that a ham is sure
to get hooked.

Unfortunately, too little has been said
about the problem of microprocessor or
microcomputer compatibility in a com-
munications cnvironment. All  micro-
processor-based  devices, and especially
the microcomputer, are a potential source
of interference. They are also vulnerable
to interference from strong  elec-
tromagnetic fields. These devices utilize
shifts in voltage levels for logic operation,
and in modern devices these fevel shifts
are very fast, of the order of fractions of a
microsecond.

Some idea of the interference problem
can be obtained by visualizing the spec-
trum of a steady streant of short pulses at
a fized repetition frequency, Such a wave
shape produces many frequency com-
ponents, each separated from the next by
the repetition frequency. These com-
ponents extend up in frequency to a limit
depending on the sharpness of the rise and
fall times of the pulses. If a train of pulses
with a repetition frequency of 50 kHz and
a rise-and-fall time of a small fraction of a

microsceond is generated near a com-gy

munications receiver, signals can  be
observed every 50 kHz throughout the
tuning range of* the receiver. These signals
will vary in amplitude (the pattern of the
amplitude variations. depending on the
pulse duration) and will gradually show an
overall decreasing trend in amplitude as
the trequency of observation is increased.
Unfortunately,. the sensitivity of the

*P. O. Bax 324, Carmet Valley, CA 93924

Spectrum analysis of “hash” radiated from a microcomputer system, taken in the ARRL lab. This'
display was obtained with.a short antenna placed a few feet away from an unmodified Radio
Shack TRS-B0 system, with the antenna coupled directly to the analyzer input. The horizontal axis
displays frequencies from dc to 190 MHz, each reticle division representing 10 MHz, Each vertical
division represents 10 dB, so it may be seen that there is approximately 48-dB difference in signal
strength from spike peaks.to valleys across the spectrum. It is signiticant to note, howevet, that
the frequencies of the spikes shift around, depending in part on the program sequence being
asecuted and in part on the information being fed to the video display.

modern receiver is such that this Jecrease
seems to take place all too slowly!

MNow, if pulses are removed from this
pulse train at more or less random inter-
vals, the effect is to add background
**hash” all across the spectrum. In digital
devices,  a “counter following a- crystal

clock oscillator produces frequency spikes
closer together as the frequency decreases.
The net result of all this is that the typical
microcomputer produces interference in
the form of many wultiple cw-type
interfering carriers. all across the spec-
trum, -broadband hash that shifts- in



nature as the computer program pro-
gresses. Some microcomputers even have
programs that will produce musical selec-
tions on an a-m radio held near the
keyboard. This kind of *“*music”” we could
o without!

In the presence of a strong elece
tromagnetic field, voltages can be pro-
duced by nonlinear action in the active
devices of the computer. These voltages
van produce false operation. Most
amateurs have expericnced or heard about
false operation of electronic keyers and
keyboards when the linear amplifier is
being used. In the case of the computer,
this can be even more severe and at times
more subtle. .

Obviously, the answer would seem to be

proper  shielding and  grounding.
Amateurs have always had to contend
with interference problems — first the

a-m radio, then television and high-
fidelity systems, and surely there will be
more. Bach case hay its own problems and
we have gradually learned to cure or live
with each.

+ + « the typical microcomputer
produces interference in the form of
many multiple cw-type interfering
carriers . . .

We all know that consumer ¢lectronics
often leaves a preat deal to be desired
from the compatibility point of view. No
manufacturer wishes to add anything to
the product that will add to the cost! The
“personal compater’” follows the same
paitern.  The Radio Shack TRS-80
microcomputer is by far the largest-selling
microcomputer at this time -~ over
00,000 units have been sold, The TRS-80
is @ very attractive machine to many
amateurs — low price, lots of sofiware,
plenty of peripherals and good distribu-
tion and repair facilities. To illustrate,
Macrotronics produces a communications
interface device and software for RTTY
and cw for the TRS-80 {and also the PET
microcomputer). The same machine can
he used for logging, contests, calculations
and so on. K4TUZ also offers an interface
device and software for the TRS-80.' Pro-
grams are available for just about all the
eommon microcomputers. HAL,
Microlog, info-Tech and wnthers have
microprocessor-based  dedicated  com-
munication terminals.

Compatibility with the Ham Shack

Since the TRS-80 is the most common
microcomputer, an examination of this
unit will serve to illustrate the compatibili-
ty problems, and perhaps help in attack-
ing the problems when they arise.
Fxamining a TRS-80 is a little discourag-
ing. The basic unit is in a plastic case, the

'R, E. Barnwell, 1266 Sycamore Dr., Lilburn, GA
30247
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video monitor is in a plastic case, the
expansion interface is in a plastic case, etc.
Obviously the Tandy Corporation didn’t
make many concessions to eliminating
radio-frequency interference! This s
understandable from the manufacturing
point of view — it wouldn’t make the
machine work any better, and cost was an
uppermost  consideration, We see the
same problem with hi-fi equipment. Also,
the TRS-80 uses dynamic RAM for
memory storage, and the *‘refresh cycle”
makes the machine somewhat busier from
the RFI point of view. Again, cost, but
that is what makes it an attractive unit in
the first place!

Fortunately, a2 well-designed unit incor~
porates a good ground plane on the pc
boards, which is the first important step in
minimizing RFI. Leads that are close to a
good ground plane have a reduced radia-
tion resistance, thereby minimizing the
radiation from the leads. On this score the
TRS-80 does quite well. Thanks to this,
the machine, although very noisy, isn't
hopeless.

[deally, what should be done to
optimize compatibility? [nterference from
any such device has two components —
the radiation field and the induction field.
The magnetic induction field is a real
problem in that it requires a magnetic
(ideally mu-metal) shield for containment.
Ordinary aluminum enclosures have little
effect. Fortunately, the induction field
decays rapidly with distance, so generally
aspacing of a few feet from the receiver is
sufficient to minimize this problem.
Nevertheless, induction must be con-
sidered in the ultimate case.

Assume that the machine has a well-
designed ground plane on the pe boards,
and is in a metal cenclosure. Most
roicrocomputers include a keyboard as a
part of the basic unit, The usual keyboard
uses plastic keys, and there is a big hole
the size of the entire kevboard in the
enclosure. This is a definite “‘no-no”
from the RFI point of view. A better
design wouid be one in which each key
comes  through an  individual hole,
resulting in much less leakage. Efforts to
contain  all  rf  radiation inside the
enclosure are tough enough at best. As an
example, in one case a ow keyboard
became very “‘unhappy’” when the linear
amplifier was used. This keyboard was in
a metai enclosure. In order to cure the
problem, . coppet  wires  were  strung
horizontally below each row of keys and
connected to the chassis, The vertical stag-
gering of the keys prevents this from being
done vertically, but in an extreme case a
foil shield could be fabricated to fit below
the keys,

Many enclosures fail to be effective
shields because of the fabrication process
in which things are painted and then
assembled. The paint often prevents the
clements of the enclosure from making a
good electrical contact. Anyone who has

Fig. 1 — A “brute-force” type of filter suitable

for bypassing the ac power fine as it enters an

enclosure. Filters of similar contiguration may

be used for dc lines.

G1:C4, inch, — 0.01 uF, disc ceramic.

L1, L2 — Approx. 13 pH; 3-inch winding length
{75 mm) of no. 16 enam. wire closewound
on 3/4-inch (20 mm) dia rmapie dowel,

¢xamined a good “rf-tight” hox with
welded seams, bronze finger stock around
removable panels and so forth, will realize
the care that must be exercised. To ensure
zood metal-to-metal contact, clean paint
off joints, use star washers under nuts and
put in more bolts.

Peripheral Connections

Now, assuming the enclosure is tight,
what about the peripheral connections?
These fall into two categories w- those
which carry signals completely outside the
T speetrum (60-Hz power, de, and avudio)
and those which carry signals whose spec-
trum fies in, or overlaps, the rf range
(video signals, pulse trains and so forth).

The first can be handled by “‘brute
force™ filters. The ac line, for example,
van be isolated by the filter shown in
Fig. 1. Do not depend on electrolytic
capacitors for dc lines, Use a filter similar
to that of Fig. 1 to decouple dc¢ lines.
Audio lines should also be decoupled for
of by a filter: there the inductance can of
course be much more compact. Commer-
cial feedthrough insufators are available
with the entire filter self-contained,

For video or pulse signais and.the like,
decoupling cannot be used, o well-
shielded leads to other shiclded enclosures
must be utilized. Use a good grade of
shielded cable and good plugs and jacks.
Every peripheral device which is con-
nected must be debugged from an RFT
standpoint, In some cases, & peripheral
may not be necessary and can simply be
unplugged. For example, after using the
TRS-80 and a cassette unit for loading
programs, unplug the casseite unit at the
TRS-80 body (DIN plug). All effort at
minimizing RFI can be undone by plug-
ging in a peripheral that hasn't heen de-
hugged!

Any consideration of shielding and RFI
always brings up the gquestion wof
“*grounding.”” There are two reasons for
“commeon’’ grounds. First is the hazard
of electrical shock, which has heen
covered repeatedly in various publica-
tions. All metallic conductors that the



human operator can touch should be
solidly connected to what our British
friends call an ‘‘earth.”’ The. best way to
achieve this is by driving two or more
ground rods into the ground as close as
possible to the operating position and
tying everything to these rods with heavy
copper wire. Connecting to water pipes
may oot be sufficient — there is such a
thing as an insulated union to reduce cor-
rosion in pipes, so remember Murphy’s
Law!

The second reason for a common
ground is to attempt to reference af!
signals to the same common reference
potential. Herein lies the rub — the
ground leads have a finite resistance, and
even at low frequencies heavy currents in
the ground connections may produce
“ground loops’” which cause hum dif-
ficulties. Most amateurs have encountered
this type of problem at one time or
another, especially in the era of heater
currents with vacuum tubes. This problem
can be ¢liminated by referencing signals,
whenever possible, to a “local” ground
point, and interconnecting in such a way
as to minimize circulating currents.

At high frequencies we are faced with a
more severe situation. As the wavelength
becomes shorter, physical separation of
units becomes comparable to a wave-
length, and it is literally impossible to be
sure that all “common grounds' are at
the same potential. Therefore, each unit
must reference its own “‘local’’ ground.
These are then interconnected, and
shielding must be as complete as possible.
Even so, strong rf fields can produce such
high circulating currents that occasionally
the difficulty is handled more by “‘art”
than science, since each specific case is
different.

One final word. Ideally the station
antenna should be at least 100 feet from
the operating position, fed by a good-
quality coaxial feed line into a quality
balun at the antenna (assuming the anten-
na is of the balanced type). If properly
connected, only signals received by the
antenna enter the receiver. The computer
interference also must reach the antenna
in order to enter the receiver. Try your
receiver with a well-shielded dummy load
and see if the received signals are really
down to zero. If not, you may have some
work to do on your receiver!

Case History

The following case history of a TRS-80
illustrates the process and may serve fo
assist in similar situations. The stations
started with a reasonably compact, well-
grounded installation, adhering to usual
pood  practice. The equipment com-
plement is given in Table [,

First-Stage Effort -— The Macrotronics
M-80 interface was used with the 16-K
Level IT TRS-80. No special efforts of any
kind were made to reduce interference.
The M-80 was exposed on the table in

Table 1
Equipment Used in Case-History Evaluations

Kenwaod T8-8208
Drake L4B

Drake MN 2000

Drake TV-3000

Hy-Gain 18AVT vertical,
100 feet away, 16 feet
above ground (Other an-
tennas were avaiiable
but this was used as a
standard.)

Flesher TU-170.

Transceiver
Linear amplitier
Matching network
Low-pass filter
Antenna

RTTY afsk demodula-
tor

Cw pracessor Homemade, variable
bandwidth, puise
regeneration

Radio Shack TRS-80,
16K level Il TRS-80, 4-K
Lavel |

Radio Shack, Sanyo
Radio Shack CTR-41,
Superscope C-190

Gomputer

Video monitors
Cassette units

‘Feleprinter Teletype model 19
Interfaces and Macrotronics M-80
Software interface Macrotronics

sottware for RTTY and
cw K4TUZ Bit Byter
interface K4ZUY soft-
ware far RTTY

back of the computer. Shielded audio and
keying leads about 8 feet long ran to the
T8-820. The M-8¢ power module was
plugged into a wall socket. This was the
“let’s plug it in and see what happens”
stage,

Many enclosures fail to be effective
shields . . .

Results — RTTY reception was dis-
appointing because of marginal perfor-
mance of the RTTY demodulator on the
M-80 board. Cw decoding was quite
good. Interference {RFI)} was very bad
when the TS-820 was used on lower side-
band for RTTY. Operation was much
better on the fsk mode, because the
TS-820 is fitted with a cw crystal filter
which is automatically switched in for fsk.
It became immediately apparent that
using 170-Hz shift with the narrow filter
made a big improvement on the RFI prob-
lem. But signals betow about $5 were still
marginal unless they fell in  a
noninterference ““slot.”” There were spikes
up to 88 or %0 on all bands, and a lot of
background hash. Cw reception with the
filter was much better, but RFT was stil
present to an objectionable degree. The
keyboard was functional on both modes
at low-power level, but exhibited very er-
ratic behavior at higher power. In the pro-
cess of trying different *‘fixes,” it was
found that unplugging the cassette unit
after loading the program helped tremen-
dously in the transmit mode. This pro-
cedure also made a definite improvement

in the receive mode, although interference
was still objectionable.

Second-Stage Effort — The same setup
as described earlier was used, but with a
Flesher TU-170 afsk decoder for RTTY
and the homemade c¢w signal processor -
for ew.

Resuits  —  Much-improved  per-
formance was noted on RTTY and some
improvement on cw. The cw processor on
the M-80 actually works very well. The
chief improvement on cw arose from the
extra flexibility of the homemade pro-
cessor. The major improvement was on
RTTY. This configuration was considered
to be a workable one when used with the
crystal filter in both modes. Unfortunate-
ly, the TS-820 can only be used with fsk
when using the crystal filter, and many
amateurs would like to use afsk. Shifting
to lower sideband to evaluate this mode
with the ssh filter resulted in an in-
terference level that was considered too
high to be tolerable. The T5-820 can be
modified to take care of this problem (I
have since dome s0), but it is a bit in-
voived, As an alternative, an active band-
pass filter was constructed with approxi-
mately 400-Hz bandwidth, centered on
the afsk tones. With this filter inserted in
the audio channel ahead of the audio
monitor and TU-170, usable performance
was once more restored on RTTY, It
should be noted that the software behaved
perfectly and was a pleasure to use on
both ¢w and RTTY. It supplies essentially
unlimited buffer space and very clean key-
ing. The ¢w decoder was found to be ex-
cellent, and did about as good a job on
“sloppy”” fists as could be expected, No
vw decoder can decipher somme fists, which
are so nonuniform that even the most ex-
perienced human decoder is hard-pressed!
Until there are more keyboard-sent cw
signals on the air (please - 1 am
something of a manual cw-nut myself!),
the real value of automated cw decoding is
doubtful.  On  machine-sent. code,
however, it works perfectly.

Third-Stage Effort — An Intra-Fab
enclosure measuring 3 x 3 X 12 inches.
(76 x 76 X 305 mm) was obtained. The
M-80 interface, the cw signal processor, a
TRS-80 power-supply module, the M-R0
power transformer and an accessory
12-volt dc supply were fitted into the
enclosure. The front of the cabinet held
the necessary switches for control func-
tions, including control of the remote
teleprinter and  transmitter-distributor,
The TU-170 was modified to include a
buffered TTL-compatibie output to drive
the M-80 simultaneously with the loop
driving the teleprinter, The printer motor
could be turned on and oft with dc relays
operated from the panel. The connection
from the M-80 to the TRS-80 was rewired
into a shielded cable that passed through a
grommet on the front of the control
cabinet to the output port on the TRS-80.
The ac line into the cabinet was decoupled
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with a brute-force filter. The power cord
from the TRS-80 power module was
passed through the front of the control
cabinet and also shielded. All audio and
keying signals, as well as relay controis
and the teleprinter loop, were in shiclded
cables. Good-quality plugs and jacks were
used at the back of the cabinet. This unit
was placed in the operating console about
three fect from the transceiver. The
TRS-80 was connected in front of the unit
on the operating table. The control unit
was grounded to the rather heavy com-
mon ground bus, which was connected to
all units in the console.

Results — Much-improved perfor-
mance on all counts was obtained in this
case, 1t should be obvious that all physical
configurations may not behave the same
way, but the general technique should be
applicahle. The arrangement of antennas,
the feed system, TVI filters, station
ground system, routing of ac lines in the
walls, and so forth, all influence the out-
come. [n this case, the results were con-
stdered to be perfectly acceptable on all
counts, zlthough some spikes of about S2
still remained and background hash could
still be heard on lower sideband without
the filter. A considerable amount of on-
the-air testing, both at 60- and 100-wpm
RTTY, and lots of ragchewing on cw,
were done to test the “livability”” of this
system. The testing led to the conclusion
that, as far as this operator is concerned,
it was completely satisfactory, although
not perfect. About this time, the Bit Byter
interface was obtained and promptly
stuffed into the same box. No tests were
made on the initial configuration of the
unit, which is supplied in a shielded box.
When placed in the control enclosure, in-
cluding its own shield, it was found to per-
form essentially the same as the M-80. The
software for this unit is for RTTY only,
and produces a very attractive ‘‘split
screen’ presentation which allows com-
position of one’s reply during reception,
allows editing, has word wrap-around,
and transmits line-feed/carriage-return
{LF-CR) automatically at the proper time.
It also ignores LF-CR on receive so that
the G4-character line of the TRS-80 is
always  “‘packed.” The software
eliminates receiving RTTY pictures, but a
printer is requircd for that anyway. This
program was also checked on a 4-K Level
I machine and was found to work fine —
there is even plenty of buffer space!

At this time, some other *‘trial and

. . . 4 complete solution /s possible.

error™ schemes were tried. First, a “*pan’”
of aluminum with I-inch £25-mm) sides
was fabricated, just large enough for the
TRS-80 to fit in and still allow air circula-
tion. Then a handful of leads from 6 to 18
inches long were made up with alligator
elips on the ends. Next a lot of trial-and-
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error  grounding was done between
various. units and in various combina-
tions. The presence of the pan-alone, as
expected, gave some improvement. Then
configurations were found that could
reduce the 8-meter readings to zero deflec-
tion at all points, although RFI could stiil
be heard. Turning the age off and setting
the $ meter for a reading of S2 by ad-
Justing the manuai gain control resulted in
an apparently RFI-free situation. This
really isn’t a valid technique, however,
because what is really being done is a form
of “neutralization,” where the magnitude
and phase of the signals are being shifted
to reduce the magnitude of the total, and
this technique is frequency sensitive, It is
mentioned, however, as one “‘port in a
storm?” if all else fails.

A comparison was made between the
Sanyo monitor and the Radio Shack
monitor. The Sanyo was found to be
somewhat better, as might be expected,
since it is in a metal enclosure. The Radio
Shack monitor uses an opto-isolator,
which undoubtedly improves things
sontewhat as far as this unit is concerned.
No attempt was made to modity either
monitor at this stage.

Fourth Stage Effort — Later an all-out
attack on the problem was started. The
returns are not yet all in, but the inttial
tests indicate that a complete solution /s
possible.  This  requires  vomplete
repackaging of the TRS-80 into a copper-
plated steel enclosure, a copper-foil grid
under the keys, some modifications to the
TRS-80 electronics, improved interface
isolation, better-shielded monitors, and so
on. Shades of a HAL 3100! This approach
is beyond the scope of the average
amateur. It should be pointed out that this
effort is mostly the result of outright stub-
hornness on the part of a retired professor
of electrical engineering who doesn’t seem
to know when to let well enough alone,
The second-stage effort was sufficient for
the operator who likes to work oceasional
RTTY and cw in addition to his phone
aperation. This person will get a tremen-
dous kick out of the operating ease pro-
vided by his computer, which he also uses
for many other things. Stage three is for
the dedicated RTTY and c¢w man, and the
level of interference is easy to live with.
All too often I found myself sweating,
trying to eliminate interference that was
still there when 1 turned off the computer!
We have to live with the bands as they ex-
ist., When the “woodpecker™ is on, you
can’t hear any interference! Stage four
was undertaken just to prove that a solu-
tion is possible, and that a communication
computer interface that is totally non-
ebtrusive can be constructed. One thing
has resulted from these tests — once the
operating ease and convenience of a flexi-
ble computer-baserdd communication ter-
minal is experienced, it is impossible to go
back. Let’s see now, how about automatic
beam heading based on prefixes ... H§#:

Strays -«8*

WORKED WA3ZRY LATELY?

] The start of the new decade was less-
than-pleasant for one dedicated amateur,
Arthur  Shorey, WA3ZRY. A mid-
January fire gutted his home, destroying
his shack — and his extensive QSL card
collection. In fact, Art, a sightless
amateur from Dover, Deleware, had near-
ly qualified for 5-Band WAS. If you’ve
worked WA3IZRY, please send another
QSL card to Art Shorey, 8-B Bradys Ln.,
RFD 6, Dover, DE 19901,

HAM OF THE YEAR AWARD

L1 Do you know a ham who is worthy of
recognition? The Dayton Hamvention
awards chairman is soliciting nominecs
for Ham of the Year, to bw honored at the
Dayton Hamvention in April. Send
nominations and correspondence to:
Dayton Hamvention, P. (. Box 44,
Dayton, OH 45401, Attention: Awards
Chairman.

West Gulf Divislon Director Ray Wangler,
W5EDZ {right), presents the ARRL Club Affilia-
tion Certificate to Bill Dow, WSVRI, president
of the Datapoint Amateurs and Technicians
Association (DATA). The club’s 30 members are
all employees of Datapoint Corporation, & San
Antonio, TX, computer manufacturer,

MANY MILES PER WATT

{1 C. 1. Page, G4BUE, of West Sussex,
Engfand, had a 4400-mile, 28-MHz QSO
with W40Q in West Palm Beach, FL.
(G4BUE used an input of 750 microwatts
on the PA of his Argonaut for the con-
tact, on December 9, during the ARRL
10-meter contest. - Gene Sykes, W400

(ST congratulates . , .

[} Julian R. Benjamin, W4RZN, who has
been selected to the rank of Rear Admiral
in the Judge Advocate General Group of
the United States Naval Reserve.



® Basic Amateur Radio

The Nitty-Gritty
of Simple Receivers

Simple receivers are fascinating gadgets. This treatise on
how they work can help make your experiments more

successful.

By Doug DeMaw,* W1FB and Bob Shriner,** WABUZO

H ave you wanted to build your first
solid-state receiver, but lacked the for-
titude to try? Well, “learning by doing”’ is
an excellent motto. We hope you’ll apply
that philosophy as vou follow this con-
tinuing Basic Radio series.

This month we’ll examine the roots of
receiver circuitry and explain what each
part of the circuit must do in order to pro-
vide acceptable performance. These
ground rules can be applied to any direct-
canversion type of receiver and need not
be ¢onfined to the workshop project in
this article,

The Simplest Receiver

Ay a new enthusiast in the art of radio
experimenting vou may have tried the cir-
cuit of Fig. 1, It is the most basic form of
the ““crystal set’ or crystal detector. This
type of radio is suitable for the reception
of amplitude-modulated (a-m) signals,
such as one finds in the commercial
broadcast band between 550 and 1600
kHz. In the early days of Amateur Radio,
a-m was the common voice mode, s0 a
receiver of this kind could be used to
monitor the quality of one’s signal. If it
were used today, and if a long piece of
wire (50 fect - 15 m ~— or morg) were
used for an antenna, be-band signals
would be heard. However, only a jumble
of stations wouid be present unless you
lived very near one of the commercial sta-
tions. That being the case, the nearby one
would predominate by virtue of sheer
brute force,

The circuit of Fig. I routes rf energy
from the antenna to DI, a small-signal rf
type of diode. The dipde acts as a half-
wave rectifier to produce a dc voltage
which pulsates in accordance with the

*Senior QST Technical Editor
**Box 969, Pucblo, CO 81002

YThis view of the direct-conversion receiver shows a band switch at the upper left. This and 2 peak-
ing control {to be added at the lower ieft) will be used later in the circuit of an 80, 40- and

20-meter down-converter.

modulated wave from the transmitted
signal, These variations in dc voltage “ex-
cite”” the earphone and cause its diaphragm
to vibrate at an audio rate. The resultant
sound js detectable by the human ear. The
fonger the antenna (and the better the earth
ground) the greater will be the of voltage
applied to D1. This results in a higher dc
output from D1, and therefore a louder
response from the earphone.

A better circuit is scen at Fig. 2. The
fundamental difference over that which is
presented in Fig. 1 is the added selectivity

provided by Cl and L2; They are tuned to
the frequency of the desired station. This
civeuit permits a degree of separation be-
tween the wanted and unwanted signals.
‘That is why this capability is called sefec-
vity (it helps vou to select the desired
signal). The higher the @ of the tuned cir-
cuit the greater the selectivity or sharpness
of response at the frequency to which the
C1/1.2 combination s tuned, Stations
above and below this frequency are re-
jected in varying amounts, depending on
how close their operating frequencies are
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to the desired one. The farther away the
greater the rejection. This can be z2n-
visioned by examining the curve in Fig. 2
at B. The station we wish to hear (B) has
been tuned in by adjusting C1 so0 that it
forms a resonant circuit with [.2. This
gives maximum signal response (o station
B and places stations A and C guite far
down on the response curve of the tuned
circuit, thereby rejecting them by many
decibels (dBs). There can be no such rejec-
tion of the unwanted stations when using
the circuit of Fig. 1. The steeper the sides
of the curve (resulting from higher vaiues
of Q, or by using additional tuned circuits
ahead of D1) the greater the rejection of
the unwanted stations, A and €. Tuned
vircuits of this general variety, when used
in the early stages of a receiver, provide
what is known as fronr-end selectivity.

An ¢laboration of front-end selectivity
is demonstrated in Fig. 3. Here we con-
tinue to employ a simple diode detector
{D1), but to make the receiver more sen-
sitive we have added an rf amplifier be-
tween the antenna and the detector. As
shown, Q1 will boost the incoming signal
some 10 to 15 dB. This will make all
signals louder in the earphones - a
distinct advantage when listening to the
weaker be-band stations. But of equal or
greater significance is the extra tuned cizr-
vuit (C2 and 1.3), This coil and capacitor
form a tuned circuit which is resonant at
wxactly the same frequency as Ci and L1,
assurming they have each been tuned to the
desired listening frequency. The resultant
response curve will be much narrower
(bottom cdges pulled closer in toward the
center) than that of Fig. 2B. This will pro-
vide even greater rejection of signals
which fall above or below the one we have
tuned in, We encourage the readers of this
article to experiment with the circuits of
Figs. 1, 2 and 3. The pertormance traits
we have just discussed will become readily
apparent when using these circuits for
reception of the standard be band.

The wverall sensitivity of the three cir-
cuits can be improved by adding a
bipolar-transistor audio amplificr between
D1 and the carphones. This will provide
another 10 dB of volume. A sample circuit
is given in Fig, 4. Almost any audio type
of npn transistor will work at Q1 with the
values shown.

What About CW and SSB Reception?

We've already admitted that the circuits
just discussed are suitable for a-m recep-
tion ouly. So, how can we change them to
permit ew and ssb reception? Well, first
fet’s understand why the simple receivers
of Fig. 1, 2 and 3 aren’t satisfactory for
ew and ssb use, They depend upon the
carrier being transmitted along with the
desired audio intelligence (modulation).
In the case of an ssb signal the carrier is
suppressed by some 50 dB within the
transmitter. Therefore, the carrier must
be reintroduced fr the receiver. This pro-
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Fig. 1 - A diagram 1s provided at A for a very basic type of receiver. it is shown pictorlally at B,

;

O85-46 MHz

DESIRED
STN.

50 \,ﬁ
nearsy \, NEaReY
SN,/ NE

(3]

EARTH GROUND
(A)

{B)

Fig. 2 - At A i$ a means by which to add rf selectivity to the simple circuit of Fig. 1A. The curve
at B illustrates in reiative terms the response ot the tuned circuit at A,
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Fig. 3 — Greater receiver sensitivity can be obtained by adding an rf amplitier {Q1) ahead ot the
diade detectar (D1), as shown here. The additianal tuned circuit (G2/L3) aids the rt selectivity.

vides the equivalent of an a-m signal
during detection. This steady carrier is
mixed with the pulsating rf signal to pro-
duce a modulated carrier. The detector
used for this function is called a product
detector, since what comes out of it is the

product of the internally generated carrier
or beat-frequency oscillator (BFQ) and
the voice-rate rf ¢nergy (minus a carrier)
that is received on the antenna and
amplified within the receiver,

When receiving cw signals with one of
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the circnits discussed earlier, all that we’d
hear in the earphones would be thumps
each time a code character was sent.
Although this kind of signal could be
copied with difficulty, it is much better to
have a tone betwecn 200 and 1000 Hz
(depending on individual preference) pres-
ent in the earphones or speaker. This fs
also accomplished by using a product
detector. The BFO carrier is mixed with
the cw signal in the detector, The two fre-
quencies are separated by whatever dif-
ference the operator prefers (200 ta 1000
Hz). The resulting output from the detec-
tor is & note ut that frequency each time a
code character is sent.

Diodes can be used as detectors, or we
can use active devices (components that
require an operating voltage), such as
bipolar transistors, FETs or ICs. The
diode detector introduces a loss (conver-
sion loss) in signal level, where an active
detector ¢an produce some gain {conver-
sion gain) while acting as a detector. The
BFO can be thought of as a small
transmitter which generates a steady car-
rier at some specified frequency. In a
superheterodyne type of receiver the BFO
operates at the receiver intermediate fre-
guency (i-f). In a direct-conversion
receiver (more on that later), the BFO
operates at approximately the incoming-
signal frequency. There is a slight frequen-
¢y offset to provide a difference frequency
for copying upper sideband, lower side-
band or ¢w. We can, for the purpose of
this discussion, regard a product detector
as a mixer. 1n both examples two frequen-
cies are mixed to produce a third frequen-
cy. The resultant mixer frequency
{intermediate frequency) is at rf, whereas
the product-detector output is at audio.
Fig. 5A shows how a BFO can be applied
to a simple diode mixer. If the BFO is
crystal controlled, only single-frequency
reception will resuit in this circuit. 1f the
BFO is made tunable -— making it a VFO
(variable-frequency osvillator) — cover-
age of a wide frequency range is possible.
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Fig. 5 — Diagram A shows a basic form of the direct-conversion (synchrodyne) receiver, It is set up in this example ta receive W1AW on 80 meters
as a fixed-trequency receiver, The circuif at B shows how a variable-frequency beat oscillator (VFBO) can be used to give broad coverage of an
amateur band. An active deteclor Is shown in this example (Q1). The curve at C shows the frequency relationships between the incoming signal and
the two chaices of VFBO injection voitage.
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Fig. 6 —- An LG audio filter can be used to develop satistactory selectivity for cw and ssb recep-
tion. L1, L2 and the ralated capacitors somprise such a filter.

Fig. 5B shows such an arrangement in
which an active product detector is
employed. If we were to label the BFO
with a truly meaningful name (when it is
tuntable) we might call it a “variable fre-
quency beat oscillator,” or “VFBO.” For
the remainder of this article, at least, we'll
refer to it as such.

Fig. 5A shows an FET BFO supplying a
steady carrier to the detector, D1. Upper-
or lower-sideband reception is possible
with this direct-conversion receiver by
selecting the appropriate crystal frequency
at Y1, Since WIAW can’t legally operate
ssb on 3580 kHz, we have shown crystal
frequencies which will provide a 700-Hz
ew beat note when CI and L1 are tuned to
WIAW at 3580.0 kHz. I[n other words,
the BFO can be placed 700 Hz above or
below 3580.0 kHz to obtain the desired cw
audio tone. For ssb reception the crystals
would be cut for 3578.5 kHz (Isb) or
3581.5 kHz (usb). This kind of receiver is
valled a “*direct-conversion’ one because
the signal from the antenna is converted
to audio immediately or directly after the
antenna. In some parts of the world this
kind of circuit is called a “*synchrodyne.””
When working with a conventional
superheterodyne receiver, the signal is
converted to an intermediate frequency
(single conversion), and sometimes to a
second (double conversion) or even third
intermediate frequency (triple conversion)
before it is changed to audio frequency.
Thercfore, a superheterodyne receiver is
anything but a direct-conversion type!

The simple circuit of Fig. 5A is not
recommended for use with a resonant
antenna. This is because the BFO signal
will be radiated by the antenna and may
cause QRM to amateurs nearby. An rf
amplifier stage between the antenna and
D1 would greatly reduce the radiation
probability. This is true of most direct-
conversion receivers. R1, €3 and C4 of
Fig. 5A comprise an rf filter which
prevents the BFO energy from reaching
the audio-amplifier stages.
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A direct-conversion receiver which uses
an active product detector and a VFBO is
shown at B of Fig. 5. With the proper in-
ductance value at L1 and L2 (both the
same value) all of the 75/80-meter band
cani be covered. Radiation of the VFBO
via the antenna will not be as severe with
this circuit as when using the ane at A,
This is because the dual-gate MOSFET
{Q1) provides several dB of isolation be-
tween gates 1 and 2. (We must assume
that the physical layout of the vircuit is ar-
ranged to prevent unwanted stray cou-
pling between the components and con-
ductors relating to the gates of Qf.) The
VFBQO is tuned slightly above the desired
ssb signal for usb reception or slightly
below it for Isb reception. A cw beat note
can be effected by the same means -—
above or below the desired signal, The
greater the separation between the desired
signal and the VFBO frequency the higher
will be the cw-note pitch. We can learn
from this discussion that a direct-
conversion receiver does not provide
“single-signal reception.' Rather, there is
& response either side of zero beat. A
superheterodyne recelver with a selective
i-f system (tuned circuits or filters) will
provide single-signal reception, thereby
rejecting QRM which may be present on
the opposite side of zero beat.

Fig. 5C shows a front end response
curve with relation to VFBO output place-
ment. The VFBO offset is 1.5 kHz above
or below the desired ssb signal (o provide
upper- or lower-sideband reception. For
cw reception we would move the VFBO
frequency closer to the desired signal to
avoid having an excessively high-pitched
beat note,

Shortcomings of Direct-Conversion
Receivers

The principal failing of receivers which
use the direct-conversion scheme has
already been discussed: They do not pro-
vide single-signal reception. This means
that under conditions of heavy QRM it is

possible to experience twice as much
QRM as when wusing a selective
superheterodyne receiver, This is because
there is no rejection of unwanted signals
which may appear on the unused side of
zero beat.

Another problem is that the overall gain
of a receiver should be on the order of 80
to 100 dB (antenna to audio output). Ina
superheteradyne circuit a large part of the
required gain is obtained at the rf and i-f
sections of the receiver. All, or nearly all,
of the gain must be provided by the audio
channel in a direct-conversion receiver,
This means that for good headphonc
volume the audio-amplifier section should
preduce 80 to 100 dB of gain: Care must
be exercised to design an audio amplifier
that will not break into self-ascillation or
pick up hum and amplify it. For the pur-
pose of experimentation, the circuits of
Fig. 3 and 5 could be fed directly into a hi-
fi amplifier. That would provide plenty of
audio!

Another difficulty we must contend
with  when using direct-conversion
receivers is the inherent lack of overall
selectivity, Since there s no i-f at radio
frequency (the i-f is at audio), we can’t
add a crystal or mechanical filter to obtain
the desired selectivity. The usual practice
is to employ an awdio filter after the pro-
duct detector. This type of filter can be
made from toroid coils or pot-core induc-
tors, [t should be designed for a cw or ssb
bandwidth, aithough an ssb audio filter
will permit good reception of cw signals if
we're willing to sacrifice some selectivity.
Many amateurs prefer to use an RC
(resistance/capacitance) active audio filter
which uses ICs. This type of filter can pro-
duce  some  gain, whereas  the
coll/capacitor type of filter causes some
foss in the audio level. Fig. 6 shows an ssb
type of audio filter which contains two
surplus 88-mH toroid coils.® It will work
satisfactorily during ¢w reception also.
The filter can be installed immediately
after the first audio amplifier in the man-
ner shown. This style of filter is known as
an LC (inductance/capacitance) bandpass
filter. It will reject unwanted signal energy
above and below the frequency of in-
terest.

Circuit Comparison

Two block diagrams are presented in
Fig. 7 to illustrate the fundamental dif-
ferences between a direct-conversion
receiver and a ““superhet’ type. The cir-
cuit at A has a VFBO which is tunable
over the range of the desired incoming
signals (3.5 to 4.0 MHz). The remainder
of the receiver (all after Q1) operates at
audio frequency.

A basic type of superheterodyne
receiver is depicted at B of Fig. 7. In this

‘References appear on page 28.



example the local oscillator (VFO) is not
on the same frequency as.the incoming
signal. Rather, it is tunable from 5.0to 5.5
MHz. This frequency, when added to that
of the incoming signal, results in a sum
frequency of 9 MHz, which is the in-
termediate frequency (i-f) at the mixer
output. Thus, for reception of a 3.6-MHz
cw signal, the VFO would be tuned to 5.4
MHz (3.6 + 5.4 = 9 MHz). The 9-MHz
mixer output is routed through a selective
crystal filter (FL1) to sharpen the receiver
selectivity, then amplified at 9 MHz by
means of Q3. Q4 and QS in this circuit
function in a manner similar to Q1 and Q2
of Fig. 7A. The output from Q4 is at
audio frequency. The BFO (Q5) uses two
crystals. They are offset from 9 MHz to
provide usb and Isb reception.

This Month’s Project

The performance of a direct-conversion
receiver can be improved by designing it as
a double-conversion type of unit. This can
be done by making the main part of the
receiver function as a tunable i-f system
over a frequency range below the amateur
bands of interest, The early stages of the
receiver comprise a crystal-controlled con-
verter, the output from which is at the
tunable intermediate frequency. Fig. 8
shows a block diagram of such a receiver.
Q3, Q4, Q3, FLI and U1 can be thought
of as a separate direct-conversion receiver
which tunes from 2.5 to 2.7 MHz. In
other words, we could attach an antenna
to the input of Q3 and actually hear com-
mercial signals in the 2.5- to 2.7-MHz
range,

In order to receive the amateur bands
{40 meters in this example} we must place
a converter between the antenna and the
2.5- to 2.7-MHz receiver. In Fig. 8 we
have specified Q1 and Q2 as the converter
section. The 7-MHz signals are fed into a
mixer (1) which also receives an injec-
tion frequency at 9.7 MHz (from Q2). The
difference frequency is 2.7 MHz (9.7
minus 7.0 = 2.7 MHz). If we were to tune
in a signal at 7.2 MHz, the difference fre-
quency (i-f) would be 2.5 MHz. This is the
range the tunable i-f accommodates. In
essence, we have *‘married” a super-
heterodyne receiver to a direct-conversion
receiver. However, we still won't have
single-signai reception: There will be a
response either side of zero beat, just as
with the receivers we discussed earlier in
this article.

The advantages of this circuit are in-
creased gain at f and better frequency
stability, It is much easier to obtain good
VFO frequency stability at 2.5 MHz than
it is at, say, 14 MHz. The stability of the
crystals used at Q2 of Fig. 7 will be ex-
cellent, however. Some commercial pro-
ducts contain receivers of this general
variety (Heath HW7, HW8 and the Ten
Tec Century 21).

The tunable i-f receiver we shall con-
struct is shown schematically in Fig. 9. A

3.5-40 MHz

BO0—d8&
AUDID ALDIC AME

FILTER

LOCAL OSC.
(VFO)

SINGLE ~ CONVERSION
SUPERHET. RCVR.,

DIRECT—CONVERSION RECEIVER
(ARROWS INDICATE DIRECTION OF

SIGNAL PATH)
(a)
3,5-4.0 MHz
1-¥ FiLtes oo S
T™©
FLt O Mo AP,

8998.5 [
kH2

1:2]

FLA : -
AUDIO PHONES I

004,53
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Fig. 7 -~ The block diagrams at A and B show the fundamental ditterences between a direct-
sonversion and a superheterodyne receiver, See text.
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CONVERSION

TOMHZ = 2.7 MHz
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Fig. 8 — Block diagram of our tunable i-t receiver, showing how the down-converter (Q1/Q2) will
be connected to it for reception on 80, 40 and 20 meters, The example s for reception on 40

meters.

dual-section 365-pF variable capacitor
{CIA/C1B) tunes the input of the product
detector (1) and the VFBO (Q3). The
slugs in [.2 and L4 are adjusted so that
both tuned circuits track (are on the same
frequency when C1 is adjusted). Audio

output from Q1 is amplified by means of
Q2.

A simple high-Q audio tuned circuit (L3
and C2) is used between Q2 and Q4 to
provide variable cw and ssb selectivity, A

Q control (R1) is included in the circuit:
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G1 — Miniature two-section transistorradio
variable, 365 pF per section. (Circuit Board
Specialists part used in this model.)

G2 - Mylar or other high-quality capaciior,

(1.47 .
D1 — High-frequency silicon diode, 1N914 at
equiv.
02 -~ Zoner diode, .1V at 400 mWor 1 W,
J1 -~ RCA phono jack, single-hole mount.
J2 - Miniature slosed<ireuit phone jack,

The higher the resistance in series with L3
(R1), the lower the tuned-circuit Q and the
wider  the tuned-circuit  response.
Therefore, we will obtain the narrowest
response (best selectivity) when R1 is of-
fectively out of the circuit and the bottom
end ot L3 is grounded directly, Qur peak
frequency for this circuit is 700 Hz, as
determined by the 110-mH inductor (L3)
in parallel with the 0.47-uF capacitor (C2}.

Additional audio amplification is pro-
vided by Q4. U1 increases the audio level
»0 that it is sufficient for operating head-
phones ar a speaker.

Assembly Daia

Double-sided pc board (copper on both
sidesy is used for the receiver panels and
partitions. Two Universal Breadboards
are employed in order to [eave sufficient
space for the hf-band down-converter we
willadd later in the series. This open space
is along one side of the receiver.

The VFBO is located in a compartment
at the right-rear of the receiver, The com-
partment is 2-1/4 X 1-1/4 x 2-1/2inches
(57 % 32 X763 mm) HWD. A pressfit
metal cover is made from a scrap of
aluminum, flashing copper or tin ean. It is
U shaped.

A miniature 8-8 speaker is [ocated just

26 _ AST~ . e

J3, J4 — insulated binding post. Use red for
+ and black for -,

i1 — 4 turns at no. 24 enam. wire over the
center part of the L2 winding.

L2 — Slug-tuned inductor, 9 uH nominal,
£ W. Miller Co. no. 42A828CBI or equiv.
{18070 Reyes Ave., Box 5825, Compton, CA
90224, catalog avail)

L3 — Pot-core inductor. 153 turns no. 28 enam.

wire an bobbin of Amidon Assoc, PC-2616.77
pat core. (12033 Otsego St., N. Hollywood,
CA 91607, catalog avail.)

L4 — Same as L2,

R1 — Linear-taper, 100-f composition controi,

R2 — Audio- or lineartaper, 5000-Q composi-
tion control with spdt switch.

RFC1 — Miniature 1-mH rf choke. J. W. Milier
TOF1G3AL or equiv.

S1 — Spst, part of B2,

Fig. 10 — Interior view of the assembled receiver with one stde panel removed. G1 is located in-
side the VFBO compartment, as Is L4, A press-fit metal cover (see text) encloses the top of the
VFBQ compartment during operation. Minlature RG-174/U coax cable is used between L1 and J1.
It1s used also between R2 and the input to U1. Be sure to ground the shield braid at each end ot
each cable. Miniature shielded audio cable ¢an be used in place of the RG-174/U.
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Fig. 11 — Parts-placement guide for the main circuit board. The unused area at the right is reserved for the 80-, 40- and 20-meter converter which we
will buitd later in the series. The black dots indicate solder joints. The scale black-and-white pattern for this board was presented in Basic Radio,

September 1978 QST.

ahead of the VFBO compartment on the
side wall of the receiver. A perforated
metal protective screen is glued over the
speaker opening in the side wall (epoxy
glue}, then the speaker is cemented in
place on the screen. Be careful to avoid
letting the glue get on the speaker cone.
Use just a light coating around the outer
perimeter of the speaker face.

A 2374 % 1/d-inch (70 X 6.3 mm)
iength of hobby-style brass tubing (thin
wall} is used as a coupler hetween Cl {in
the VFBO compartment) and the vernier
drive un the front panel. Epoxy cement is
used to affix the tubing to the shaft on C1.

Ul and the associated components are

installed on & small pc board (partition A}
which is soldered to the front of the
VFBO box and the ground foil on the
Universal Breadboard, The Ul assembly
is mounted vertically, as shown in the
photograph. A shield made from double-
sided pc board ([-1/2 x [-1/2 inches -
38 x 38 mm) is installed between the back
side of the U1 pe board and the end of L2.
The lead from L2 is passed through a
small hole in partition C (on the Q1 side
of partition B), then into the VFBO com-
partment. This shield prevents ¢f energy
from being coupled into the U1 board
from L1/L2 (VFBO energy from 14
which can be radiated via L2).

Fig. 10 shows the interior of the
assembled receiver with one side wall
remaved, The unused rotary switch will be
employed for band switching when we
build the converters. The U-shaped metal
cover for the VFBO compartment has
been removed for this photograph.

The parts-placement guide is provided
in Fig. 11. The components which are
mounted on the front and rear panels are
not shown, but the leads which join them
to the cireuit are clearly identified. Parti-
tion A containg the printed circuit for the
audio output stage while serving as a
shield baffle. Partition B has sufficient
space below it to allow clearance for C2,
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Fig. 12 -- Parts-placement guide for the U1 audio circuit. Part of this board serves as a shield for the VEBQ compartment. The scale black-and-white

pattern for this board is presentsd at B.

A small notch is cut in partion C so it can
“straddle’ the 20-pF capacitor between
QI and Q3. We suggest that you instali
the partitions after most of the com-
ponents are soldered to the main circuit
board. They are held in place by means of
solder, joining them to the side panel, rear
panel and circuit board, as appropriate.

Although two [niversal Breadboards
can be joined to form the iarge main board
used in this project, a single cireuit board
vontaining the two grids can be purchased.?
Epoxy cement can be used to join two in-
dividual boards if they are already on
hand.

A parts-placement guide for the audio
amplifier pc board/batfle plate is provided
in Fig. 12A. It is shown from the com-
ponents side. -

Coils 1.2 and L4 are mounted on the rear
panel of the receiver. A generous coating
of Polystyrene Q Dope or similar low-loss
coil cement should be applied to the
winding of L4. This will help to ensure
good VFBO stability, J1 and J2 are also
located on the rear panel.

Checkout and Alignment

Our first obligation before applying
operating voltage to the completed circuit
is to conduct a visual inspection. We must
be certain that no unwanted short circuits
exist (solder bridges between pads, compo-
nent leads shorting together, etc.). Make
certain that all electrolytic capacitors are
installed in accordance with the polarity
markings { +) shown in Fig. 11. Similarly,
be absolutely sure that the transistors and
Ul are oriented properly on the circuit
board.

Connect a signal generator (set at 2.5
MHz) to J1. Apply 12 volts to J3 and J4
{observe polarity!) and advance the andio-
gain control to maximum (fully clockwise),
Set C1 so the plates are fully meshed (max-

28._.05K

imum capacitance). Next, set the vernier
dial so that it reads zero (0), then tighten
the shaft set screw. The slug in L4 is ad-
justed next until a 2.5-MHz signal is heard
in the phones or speaker. Turn the
generator output down until the signal is
weak (noisy sounding), then adjust the slug
in L2 for maximum signal. There will be
some interaction between 1.2 and L4, 50 the
foreguing procedures will have to be
repeated two or three times in order to get
optimum results. Now, when C1 is set at
minimum capacitance (10 on the vernier
dial), the receiver should be tuned to ap-
proximately 2,7 MHz. Later on, after we
build the 80-, 40- and 20-meter down-
vonverter, we will be able to tune 200 kHz
of cach of those bands -~ c¢w or ssb
segments, depending upon the settings of
L2 and 14,

Adjustment of the ) control (R1) will
sharpen or broaden the received signal.
The narrowest response will be had when
RI is set for finite (zero) resistance.

If a signal generator is not avaitable the
receiver can be aligned (at night) by con-
necting an antenna to J1 and adusting L2
and L4 for optimum reception of WWV at
2.5 MHz. It is for this reason that a tuning
range of 2.5 to 2.7 MHz was chosen.

If the receiver is working properly the
antenna aoise (QRN) should be louder
than the receiver noise. This can be
checked by attaching and detaching the
antenna lead at J1 after the alignment is
completed. Don't expect this receiver to
send signals blasting out of the speaker.
Ample gain exists, but until the down-
converters are built and installed there will
not be high volume from the speaker dur-
ing weak-signal reception: Headphones will
be more suitable for weak-signal listening.

Those who wish to listen to the
160-meter band while waiting to build the
hi-band converter can do so by adjusting

L2 and L4 for I.8 MHz with C1 at maxi-
mum capacitance. 1f the receiver won’t
tune low enough in frequency, simply add
some additional fixed-value capacitance
across each coil (L2 and 1.4). Two 100-pF
capacitors should suffice for this purpose.
The one used on L4 should be a silver-
mica or polystyrene type, but a disc
ceramic unit will be satisfactory across L2,

In Summary

This receiver is suitable for reception of
#-m, cw and ssb signais. The (J control
(bandwidth) should be set at approximate-
ly midrange for veice reception. It will
provide excellent ¢w reception when ad-
Jjusted for the narrowest bandwidth. The
sensitivity of the circuit in Fig. 9 is such
that a 0.5-uV signal (from a signal
generator) is plainly discernibie.

Best on-the-air results will be had when
the antenna is resonant at the receive fre-
quency. This means a dipole, end-fed wire
or vertical antenna which is tuned and
matched for 50-ohm transmission line
{coax) is recommended. Those who have
80- or 40-meter antennas may wish to tie
the feeders together and secure a match to
50 ohms (using a Transmatch) if the
receiver is to he tuned to the [60-meter
band, as discussed earlier.

The 80-, 40- and 20-meter converter will
be described in April QST for 1980, Kecp
your soldering iron hot, for we're sure
you’ll want to build that circuit into your
direct-conversion receiver. aF-]

References

"Toroid coils of the type wentioned are sold as
surplus material. Check the QST Ham Ads for
suppliers,

“Circuit boards., negatives and parts kits for this and
vther League projects are available from Circuit
Board Specialists, P. O, Hox 969, Pueblo, €O
&1002.



A Simple and Sensitive
Impedance Bridge

Spring is coming soon! That’s antenna-project time. Be
prepared with this easy-to-build impedance bridge.

By Frank M. Thompson,* WQOD

The ideas presented here are aimed at
those of you who like to tinker with anten-
nas, Lp ’til now, many amateurs never
really felt the need for an impedance
bridge. But if the interest shown today in
antenna-matching networks and VSWR
indicators may be used as a guideline,
perhaps you're ready for an impedance
bridge as well.

The Basic Circuii

For years, this writer used a homebuilt
impedance bridge that employed a dif-
ferential capacitor and was buiit along the
lines of one shown in earlier ARRL Hand-
books.' This uld standby worked long and
well when used within the frequency range
it was designed for. Its usefulness is
cvidenced by the hand-worn sheen of the
aluminum case. Since the first bridge was
built, several attempts have been made to
produce a bridge that would work well
over a wider range of frequencies. But
nothing really “‘clicked” until recently,

The desire was to develop a simple, sen-
sitive circuit capable of being used over a
wide spectrum of frequencies and ex-
hibiting minimal stray reactances. The
hasic circuit used in the development of
this bridge is shown in Fig. 1. Mechanical-
Iy, the unit can be packaged in a smail box

*Rte, 1, Box EGC_. Baudette, MN 56623
'Notes appear on page 31.

The construction of the balanced impedance bridge. The null potentiometer may be seen behind
the four dicdes. The meter-zeroing potentiometer is tha small object at the bottom left of the
photo. In this unit, the signal source is coupled to the bridge by means of a homemade coil
assembly, The Goil consists of 16 turns of no. 24 enameted wire close-wound on a 1-inch plastic
form (a sawed-off pill bottle} This is bolted to an FT-243 grystal holder. For use above 30 MHz,
twa turns of no. 14 wire (self-supporting) will work well.
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Fig. 1 — Diagram of the hasic bridge circuit
used during development. As explained in the
text, the circuit does not perform well with low
signal input levels.

with very short leads between com-
ponents. Unfortunately, such a basic cir-
cuit does not work very well at low signal
fevels. The resultant null is so0 broad that
the bridge is useless as a practical device,
The cause of this broad null will be ex-
plained shortly.

Components

It was found that at the impedance
levels involved here, an Allen-Bradley
type J 250-ohm potentiometer introduces
negligible strays — even when mounted in
the .metal enclosure. Other satisfactory
potentiometers are no doubt available.
The use of good carbon-film resistors at
R2 contribute no difficulties. The meter,
too, may be climinated as a source of
trouble. It is typical of many minjature
meters available on the market. Measur-
ing about an inch (25.4 mm) square, it has
a  fullscale  deflection of 150
microamperes and an internal resistance
of 1 k@. What’s left? The diode . . .

D1 is a germanium diode. These diodes
conduct at low levels of forward bias but
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Fig. 2 — It may be inferred from this graph
that at zero current the forward resistance of
the diode becomes infinite. Inasmuch as a
search tor a null is really a search for zero cur-
rent, a dilemma ts evident. The advantage of
using a “keep-alive™ current through the detec-
tor is explained in the text.
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the dynamic forward resistance of these
devices increases with diminishing for-
ward current. This may be seen in the plot
shown in Fig. 2. At the extremely low cur-
rent levels present when searching for the
bottom of a wull, the diode resistance is
very high. The resultant indicated null is
therefore quite broad.

In an effort to ohtain a sharper and
more easily discernable nuil indication, a
fixed forward current was provided
through the diode. This current forward-
biases the diode, placing it at a lower
resistance region of its forward-resistance
vharacteristic. The resulting down-scale
meter defection (““bias™) is compensated
for by using an equal and apposite voltage
drop across a fixed resistor. The circuits
just described are shown in Fig. 3JA and
3B as the bridge and detector, respective-
ly.

The circuitry is housed in an enclosure
measuring 2-1/4 % 1-1/2 x 4-1/4 inches
{57 x 38 x 108 mm). Note that no elec-

enclosure. The entire circuit ““floats”
above ground. The unknown impedance
is conmected to two insulated terminals.
This facilitates measuring balanced loads
such as the input of a balanced line. In ad-
dition to fixing approximately 45 uA of
bias current through the diode, R3, R6
and R7 effectively isolate the battery from
the rf circuit of the bridge. R4 provides a
means of adjusting and matching the
voltage drop across the diode bridge to
that across RS, allowing a no-signal zero
adjustment.

The performance of this impedance
bridge satisfies the design targets. Nulls
are readable with the drive available from
a prid-dipper. Sample resistors show con-
sistent readings from dc through the
250-MHz upper limit of the signal source
used.

A Second Bridge

Another bridge was assembled for
checking unbalanced loads such as those

trical connection was made to the presented by coaxial lines. This bridge,
5 |
4~ 1N69S éHZ
H [—1 T’/o
i 9z
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Fig. 3 — At A, the diagram of the first satisfactary bridge circuit built. by the author. The circuit is
capable of aperating over a frequency range from do to 250 MHz. The metering circuit is shown at
B..A1 is discussed in the text. Note that no portion of the circuit of Eig. 3 is connected to the
metal enclosure. J1 is an FT-243 crystal socket. J2 may be any type ot insulated jack.



A bridge for use with unbalanced lines. Note the relatively small number of parts required. A
single germanium diode (s used in this model. An FT-243 orystal socket is used as the input ¢oil

jack, J1, in both bridges.

HEAVY LINES INDICATE
SHORT LEADS

R4
%0
400 OR Lre D =
SIGNAL RULL D ¢ S u‘:'g:\%w"
GENERATOR P 1NE9S

Fig. 4 — The second bridge described in the text was designed for use with unbalanced |oads.
Reter ta the text for the method used to set the meter zero point. R1 should be mounted with the
terminals next to the load side (J2) of the bridge to avold signiticant measuring errors at high fre-
quencies. J1 is an FT-243 crystal holder while J2 in this instance is a standard $0-239 coaxial

connector. Resistances are in ohms; k = 1000.

The two completed impedance bridges. The
one used for balanced loads is at the lett. Dial
calibration is performed using resistors of
known value across the load terminals and
coupling a signal source to the input.

shown in Fig. 4, is contained in an
aluminum box measuring 2-1/8 x 1-3/8
% 4 inches (28 X 42 % 102 mm). In this
bridge, vesistors RS and R7 were
¢liminated and a single germanium diode
was used in the detector. Upscale **bias”’
for the meter was provided by adjusting
the meter movement zero-adjusting spring
for approximately a 45 uA reading on the
meter scale in the absence of any current
through the meter. The voltage drop
across the diode when the bias current is
present returns the needle to zero. This
bridge worked well at all frequencies up to
approximately 200 MHz where the
resistance readings began to drift. Initial-
ly, the cause for this error was not known.
Later it was discovered that the poten-
tiometer had been mounted with its ter-
minals adjacent to the input side of the
bridge. This resulted in the leads on the
“‘unknown’ arm of the bridge being
about an inch longer than they should
have been. Better results will be obtainez
if the terminals of the potentiometer are
mounted adjacent to the load side. Addi-
tionally, good readings were obtained
when measuring voice-coil impedances
while using an audio-frequency generator
as the signal source.

There are possibilities for improving the
circuits described. If others are prompted
to seek such improvements, this discus-
sion will have served its purpose, [RT]

'The Redio Amareur’s Handbook, 48th «dition
(1972), p. 562.

Strays -48¢

MOVING? UPGRADING?
[ When you change your address or call
sign, be sure to notify the Circulation

Department at ARRL hq. Enclose a re-
cent address label from a QST wrapper if

at all possible. Address your letter to Cir-
culation Department, ARRL, 225 Main
St., Newington, CT 06111, Please allow
six weeks for the change to take effect.
Once we have the information, we'll make

sure your records are kept up-to-date so
you’ll be sure to receive QST without in-
terruption. If you’re writing to Hg. about
something efse, please use a separate piece
of paper for each separate request.
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Walking Your Tower Up? Can
You Do It Safely?

Have any idea how much force you’ll have to exert to walk up
a 60-foot tower? Better find out before you start. The load can
be more dangerous than you think!

By P. B, Mathewson,* W8IR

H ave you ever attempted to *walk’ a

tilt-over tower up to the vertical position,
only to discover that ahout half-way up
the tower is 100 heavy to handle? This ar-
ticle provides a simple formula for
calculating the maximum force a person
must exert for such a task. For those of
you who have programmable calculators,
the excrcise in math becomes a matter of
fun.

You have probably noticed that when
you initiaily pick up a tit-over tower, you
are surprised to find bow light it seems.
Nevertheless, as you attempt to walk it
up, it feels heavier and heavier until a
polnt is reached where it begins to feel
lighter again. Finally, when it is in the ver-
tical position, the weight, as far as you are
voncerned, is zero. Even the lightest tower
can be deceiving because the apparent
weight can beceme many times the actual
welght as it is being walked up. Many peo-
ple have been injured and towers have
been damaged in an attempt to erect a
mast in this manner, Amateurs planning
such an operation are therefore advised to
calculate the maximum apparent weight
first. Lt raising the tower will be too much
for you to handle, get one or more of your
friends to give you a hand.

Calculating Tower Weight

Consider Fig. 1. The weight of the
tower can be assured to be concentrated
in' the center if the tower weight is
distributed uniformly «ver the entire

+5860 Clen Ora Dr., Bethel Park, PA (5102

an _ T

Fig. 1 — The parameters for determining the
farce required at any given point along a tower
to walk it into an upright position. Feet x
0.3048 = meters; pounds x 1).453 =
kilograms.
= Total [ength ot towert, teet
W = Total weight of tower, pounds
{assuming equal weight distribution}
H = Your shoulder height, feet
F = Forca you must exert on tower, pounds
# = Angle between tower and ground, degrees
D = Distance along towar from you to base,
teet

length. By summing the moments (ZM) at
the base of the tower, we can eliminate
any forces at the base from our caicula-
tions.

ZN[BASE: I
FD ~ W cosd = =0

- . LWcos8

O F T

. H

B _
ut D sind

P

By using this formula, you can calculate
the force (F) you must exert on the tower
at any angle {#), The quantity sin 9 cos 8
maximizes at 45 and is cqual to 0.5.
Therefore, the force exerted (F) reaches
maximum when the tower is at an angle of
45° above ground. The maximum force
can then be expressed as:

. LW (0.5

MAX = “_2ﬁ‘"

Fusy m =W

MAX = Ul (Eq. 1)

Let’s use an example of a tower 60 feet
long and weighing 120 1b. Let us also
presume that your shoulder height is §
feet. Therefore, L = 60, W = 120 and
H = 5.

Forie = 800120}
MAX = z

= 360 lb!

To walk up a 60-foot tower, you would
have to exert 360 1b of force, The question
then arises: Can you do it? Of course, if
you had a shoulder height of & fest, you
would have to exert only 300 Ib of force,
So you shorter guys had better get some
help with vour tower!
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Fig. 2 — A graph of the exerted farce (F) ver-
sus distance from the tower baseg (X). (See
text.) Tha tower is 60 ft long and weighs 120
Ibs. A shoulder height of 5 ft is assumed.

You’ll find it interesting to calculate, by
eats of a programmable calculator, the
amount of force required as a function of
distance from the base of the tower. The
distance X in Fig. I can be expressed as:

H

X =
tan @

To find the angle 8 at a distance X,
simply take the arc tangent of H/X,

- . H
# = tan %

Then substitute this angle into the for-
mula:

I.W cos fsin @

F = R
Thus
:“7 Cos (tan =1 »g—)sin (tan -t %)

2H
(Eq. 2)

Fig. 2 shows a graph of exerted force (F)
versus distance from the base of the tower
(X} for the previous example. This curve
shows that the maximum force occurs after.
vou have walked almost 60 fect! At this
point, if the load seems unbearable, you
are faced with a long walk back should you
decide you can’t handle the tower. Here is
where most accidents occur. Even if you
can lift 360 1b, you must remember that
you have already walked quite a distance
supporting over 100 1b,

In conclusion, theretore, I strongly sug-
gest that you use Eq. | to calculate the
foree necessary to raise your tower, Do not
overlook the additional weight of an anten-
na if you installed one on the tower, as it
will add considerably to the force required.
indeed, by carefully planning your instalia-
tion, you can avoid the potential hazards
of such work and provide yourself with a
tower that will render years of trouble-free
use. [ =

Strays -8’

FLORIDA BEACON BACK
ON THE AIR

|J For several years, Bob Davis, N4RD,
of Englewood, FL, operated a beacon
transmitter on  28.207.5 MHz, The
beacon’s operation was coordinated with
the IARL 10-Meter Beacon Project and,
in conjunction with the other beacons that
operate just above 28.2 MHz, provided a
very useful propagation indicator.

Bob became a Silent Key in November,
and the beacon went off the air. Knowing
how much the beacon meant to Bob, and
how useful it had been to amateurs the
world over, members of the Tamiami
Radio Club took on the project of return-
ing it to the air as a memorial to N4RD. A
cotnimittee  of  three  —  WD4AMSN,
WB4AGT and WA4IWL — was ap-
pointed to oversee its operation. The
Florida Beacon was reactivated at 0025
UTC on January 16 under the call sign
WD4MSN. The FCC no longer issues in
memoriam calls to club stations, but this
does not make the Florida Beacon any less
a memorial to an amateur who deserves to
be  remembered, NARD. -~ David
Sumner, KiZZ

ARRL INTERNATIONAL DX
CONTEST AWARDS PROGRAM

[J The South Florida DX Association’s
donation of a plaque for the top Euro-
pean single-band score on 3.5-MHz cw
was inadvertently left out of [ast month’s
listing on page 32, In addition, several
maore sponsors have donated plagues.

DX Phone

Single Operator

7 MHz KBOYE Contest Machine
Multiop-Singie Transmitter

Clceama Garl Smith, WEBWJ
Multiop-Mufti Transmitter

Europe Grosse Pointe Farms
DXA

DX CW

Single Operator

2.5 MHz Earl D. Merry Memorial
{donated by WeKl)

25 MHz West Jersey Radio Amateurs

Multiop-Single Transmitter

Oceania K6QYE Contest Machine
Europe Martti Laine, OH2BH
Mtuitiop-Multi Transmitter

North America Ventura Gounty ARC., K6MEP
WIVE CW

Single Operator

QRP Hollywood ARG (Florida)
Special

Single Operator

Canada (cwj  GANADX

Japan (phone) Western Washington DX Glub

Japan (cw) Randy Thompson, K5ZD

WIVE Operator National Contest Journal
{combined}

ATTENTION INSTRUCTORS

[71 This is a reminder that we ask you to
send $1.50 with your order to help cover
expenses  on the Novice, General and
Advanced/Extra Instructor Guides, This
amount should accompany vour order or
it can be charged to your VISA, Master
Charge or BankAmericard account. The
Novice Student Workbook is available as
part of Tune in the World with Ham
Radio. ——  Maureen Thompson,
KAIDYZ, ARRL Club and Training
Department

MICHIGAN HAMS
TURN TABLES

[Z] Steve Gabridge, WBBAHIJ: Ron Pal,
WDBNNM; and Dave  Tokarski,
WDBQVA, recently did a good deed for
Boy Scouts in the Macomb District of the
Clinton Valley (M1) Council, Boy Scouts
of America. These hams set up an
Amateur Radio station at the home of
Svout Comumissioner Joe Waltzer for the
Jamboree-on-the-Air. Under the direction
of the three amateurs, over 50 scouts and-
leaders made contacts from Michigan to
as far away as Germany. Special cer-
tificates were prepared for the event and
awarded to each scout who made a con-
tact. QSL cards are arriving daily, and ar-
rangements are underway for the next
Jamboree-on-the-Alr, — Joe Waltzer,
Scour Commissioner

Clinton Valley (M) Boy Scouts take some time
out tor instruction. The scouts made contacts
as far away as Germany. (photo courtesy Joe

Waitzer)

(ST congratulates . . ,

7] Robert L. Wendt, W2JAN, who has
been named president of the Sperry divi-
sion of the Sperry Corporation.

1 ARRL Central Division Director Don
C. Miller, WONTP, recipient of the {n-

dianapolis Radic Club outstanding
amateur plaque.

- Maval-Anon . . oo



A Universal Touch-Tone

Decoder

Hold it! You don’t need repeater control? Well, these novel
circuits can be used for other functions as well.

By Robert D. Shriner,* WABUZO

Since fm repeater systems throughout
the country are becoming mighty
sophisticated, there’s a need for a good,
reliable method of controlling their
various functions. The control unit
described here is extremely reliable, flexi-
ble and immune to false signals. Any
number of control functions can be built
into this modular unit. Starting with a
simple, single-digit, on/off control, it may
be expanded to provide up to 45 different
control functions, including a three-digit
on/off command. The application of the
decoder system described here is not
limited to repeater use. With a little in-
genuity one might adapt the simpler
systems to turn on house lights or open
garage doors.' And there's a neat little
voltage-to-frequency  converter,  too.
More about that later.

The heart of the system is the NE3S67
tone decoder. Note the unique method of
interconnection as shown in Fig. 1.¢ In
other systems, seven ICs are used to pro-
vide all the decoding functions. These
decoders may respond to false signals and
are critical of input tone levels, however.
In this unit 24 1Cs are used, two for each
digit (0 to 9) and two each for the asterisk
(*) and pound (#) signs. This may at first
seem to be a waste of 1Cs, but the selec-
tivity of the decoders is greatly enhanced
and this arrangement allows the use of
other capabilities of the IC.

Circuit Description

Refer to Fig. 1. U1 is used to decode the
#1740 E, 15th St., Pucblo, CO 81001
"Notes appear on page 40.
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Fig. 2 — The layout of the 12-key pad and the
frequencies associated with each line and row
are shown at A. Fig. 2B gives the vaiues re-
quired for RX for the various frequencies to
which the decoders of Fig. T are tuned.

With a little ingenuity, this simple version of
the decoder can find many uses.

higher frequency (f1) of the Touch-Tone
pair (see Fig, 2A), When Ul receives the
correct tone, the output (pin 8) will supply
a low to U2, pin 7, enabling it to decode
the lower frequency of the pair (f2). Upon
reception of the frequency pair, the out-
put of U2 will go low: This low will be
used in several different ways in this
system.,

The first way this low is used is to
“‘latch’” the digit into the system. D1, D2,
R4 and R5 are used for this purpose. If
the latch feature is not desired, omit these
components. To *‘unlatch’’ the unit, Q1
will be used. When the base of Q1 is low
(grounded}, the latch is enabled. If the
base is high (ungrounded) the system wiil
unlatch.

Note that the decoders may be built one
at a time on a small board or in groups of
four on a larger board. Both boards can
be plugged into a standard 0.156-in.
{4.0-mm) card socket. A &-pin socket is
used for the single-digit model and a

8 ; 10 DESIRED
CIRGUIT
34 BY t—————-
# DECODER re N9
WITH LATGR T
03 RE
oY OUTPUT WILL
GO HIGH
ot # DECODER
i PIN 8
1k +5v
PNP
TRANSISTOR QUTPUT
(B)
+5v 5V
# DECODER
WITHOUT LATCH QUTRPUT WILL
« GO LOw
RS * DECODER
To PINE X D

tH

NPN TRANSISTOR OUTRUT
(a) )

Fig. 3 — A simple two-button, on/off decoder. A relay is shown at A, but transistor switches may
be substituted as at B and C.
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Fig. 4 — The diagram of the TIMER-INVERTER board. The timer is used to provide a “window"
through which the control-data must be passed. Only one inverter IC is shown, but there are ac:
tually three on the board. The 47-wF capacitors at the input to the gates siow down the action of
the inverters and prevent system “faising™ due to voltage “spikes."”
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Fig. 5 — There are three 74LS10 ICs on each
COMBINER board although only one is shown,

28-pin socket for the four digit board.?

Construction

As a start, a single-tone decoder will be
constructed and its operation examined.
Select a frequency pair from Fig. 2A.
Choose the appropriate resistor value for
RX from Fig. 2B. Mount the components
on the board with the exception of those
required for the latch/unlatch circuitry.
Install short wires at TP1, TP2 and TP3
for attaching test leads. Apply power to
the circuit and wonnect a frequency
counter to TP1, Use a low-value capacitor
(approximately 300 pF)} between the
counter and TPI to prevent the counter
from loading the IC. Adjust R1 to provide
the correct chosen frequency.

To adjust U2, a signal source at f1 is re-
quired. A Touch-Tone pad may be con-
nected to the audio-input point of Fig. 1.
The pad will generate a single-frequency
tone (f1) when two buttons in a vertical
row are pressed simultaneously. Any two
coincidentally pressed buttons in a
horizontal line will generate 2. Feed 1 in-
to the decoder and adjust the amplitude of
the tone so that TP2 goes low. With the
counter at TP3, adjust R3 for £2 with f1
still applied. Now, when the digit cor-
responding to the frequency pair (f1/12) is
pressed with the output of the pad applied
ta the decoder, the output of U2 (pin &)
will go low, When the tones are removed,
pin 8 will return to a high.

Install the components associated with
the latch function. Now, when the fre-
quency pair is recognized by the decoder,
the output of U2 will go low and remain
low after the tones are removed. Mount
the unlatch function components and
ground the base of Q1. You should note
that pin 8 will go low when the tones are
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Fig. 7 — A diagram of a representative power supply which may be used to power the Universal

Touch-Tone Decoder.

1~ 1000-uF, 25:V electrolytic,

C2 — 0.2uF, 36-V Mylar.

D1-D4, incl. — 1N4003 or equivalent.

received and remaain low until the base of
Q1 is ungrounded or taken high,

To become even more familiar with the
circuitry, a simple * (on} and # (off)
decoder will be constructed. Build the *
decoder with the latch function and the #
decoder without the latch. Connect the
transistors (Q1, Q2) as shown in Fig, 3. A
relay is shown at the output although
either a relay or transistor may bhe
employed. When the * is received, the
refay. will close and remain closed
{latched) until a # signal is received.

Topsy Grows
Let’s proceed to construct a complete

F1 - 1-A, 125V fuse,

P1 — 3circuit ac plug.

T1 — 128V, 2-A transtormer.
Ut — LM309K voltage requlator.

system offering up to 45 different control
functions and using a three-digit entry.
Use of either the * or # sign as the first en-
try for a control function is recom-
mended, especially if the vepeater is
equipped with an autopatch. In this man-
ner, numbers alone cannot initiate a con-
trol tunction, Personal preference is to
use the * symbot to initiate the command
and the # sign as an *‘all clear’”; this also
permits system reset.

To carry the logic required for the
larger system, other circuit boards will be
needed. All are of the 28-pin plug-in vari-
ety. A timer is also needed; an NES555
serves nicely, The timer, activated by the *
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decoder, (constructed without a latch) will tzy A

open a ‘‘window” through which the
other two digits must be passed. This
“window’” will remain open for only two
seconds. The * is also used to reset afl
other decoders. This was dane so that if
any of the decoders have been accidently
activated, no command function will be
carried out.

It will also be necessary to invert all the
lows supplied by the decoders. This opera-

12k

\
\‘UHTFUT

TALTS
FF1

tion is performed by SN74LS00 quad, 74LS10 74L510
two-input NAND gates. The input pins of .-

the gates are tied together, thereby - van Jot -

creating inverters. The timer and inverter

diagram is shown in Fig. 4. Only one oTRUT

TIMER-INVERTER board is required
for any system of up to 45 functions.

To combine the three digits and
generate one output, a COMBINER =
board is used. Each board contains three "
SN74LS10 ICs. Fig. 5 shows the make-up --
of a single 741810 which incorporates . '
three triple-input NAND gates. Each board
furnishes nine functions; five boards are
used in a 45-function decoding system.

The last board required is (ap-
propriately) the FINAL board, which
contains the latches for the desired func- < )
tions and the transistor drivers. Four

SNT4LT3 d‘l?_ﬂ 3K flip-flops and eight Fig. 8 — The four circuits diagrammed here are discussed in the text. The most simple circuit (A)
IN1711 transistors are mounted on each  does have a weak point, while that at D is the most reliable.
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Fig. 9 — The voltage-ta-frequensy converter Is shown at A. Both dc and ac voltage amplitudes
raay be read out on a frequency counter at the output of the IC, The circuits at B and © may be
used as X 10 and X 100 multipliers at the input to the converter.

The four printed-circuit boards used in the decoder, At the upper left, the INVERTER-TIMER; upper

right, the DECCDER; center, the FINAL and at the bottom of the photograph, the COMBINER

board. See note 3, page 40, about etching patterns.

2R ncT

The component placement for the smaller
DECQOER board is shown here. The same ar-
rangement s used on the larger board which
houses fous decoders.

board. Five boards are used in the
45-function system with 5 functions left
open for possible use later. A single
SN74L73 is shown in Fig. 6.

To power the described circuits, a sup-
ply similar to the one shows in Fig. 7 will
be needed. The supply chosen should be
capable of delivering approximately 750
mA to the decoder system and sufficient
current for the operation of any relays
that will be used.

Construction of a *,1,2, ON function
will be described next. Then, several op-
tions will be discussed to reverse the state
ending with the_use of a *,1,3 OFF com-
mand. The diagrams shown in Fig. § il-
[ustrate the various options availabic. The
* and # decoders should be built without
the latching feature; all the other decoders
will use the latch function. An
INVERTER-TIMER board, at least one
COMBINER board and one FINAL
board will be needed as well.

To contain the system, a card cage or
“shoe bhox™ was made out of double-
sided, printed-circuit-board material. The
function-control outputs are brought out
to card sockets mounted on the rear of the
case. This allows everything to be discon-
nected easily for servicing. LEDs are
mounted on the front panel of the
enclosure to provide an indication of the
status of all of the functions. A Touch-
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The COMBINER board component placement Is shown above.

Tone pad was also installed on the front
panel. This pad may be switched into the
system for local checks of the unit.

Refer to Fig. 8A. Note that the output
of the * decoder is used to start the timer
and reset all the decoders. The output of
U2 is applied to one input of the three-
input gate, U3A. The second input of the
gate is satisfied by the output of the **1”
decoder and the third input by the *2”
decoder. This forces the output of U3A
low. This low toggles the [-K flip-flop
U4A (note that the ciear or C input of
U4A is held high through R1). The Q out~
put of U4A will go high and remain high.
This causes transistor Q1 (the output tran-

sistor) to conduct. The corresponding
LED will glow, indicating that the funec-
tion has been cartied out. If desired, a
relay could be used at the output of Q1.
With this simple system, one must use the
same codes (*,1,2) to turn off the func-
tion. This is not a sound idea since one
cannot tell (from a remote point) whether
the function was being keyed on or off. A
better method is shown in Fig. 8B, The
clear (C) input of U4 is connected to the #
decoder. The basic action of the decoder
will be the same as before, but now, use of
the # key will ensure the funciion is in its
off state. An extra bit of insurance may be
obtained through the addition of D2 as

shown in Fig. 8C. This will prevent the
same code (*,1,2) from turning the func-
tion off; now the orfy way this may be
done is with the # key.

In Fig. 8D, a system is shown which
uses an ON code of *,1,2 and OFF code of
*,1,3. Remove the # decoder output from
the clear input of U4 and connect that in-
put to the collector of Q2, the output
transistor of the *,1,3 decoder. Add the
LED, D3, as shown,

It is best to use a number of decoder
chips and separate inputs to each chip for
a couple of reasons, Some of the decoder
audio iaputs can be connected to the
repeater receiver so that a number of users



ALL TRANSISTORS
ZNAT11(10)

0.01

Gomponent positions for the FINAL board. Five boards are needed for a 45-function system.

X10
X100 IN
IN ouT

AC T

out

our

DG N

This is the voitage-to-trequency converter component arrangement.

can key them up, as in autopatch use.
Other decoders can be used with a
450-MHz control receiver and still others
properly coupled to the telephone line for
other uses.

A highly accurate voltage-to-frequency
converter circuit is presented in Fig. 9A.
Calibration is straightforward, Couple a
frequency counter to the output of the
converter and connect a +12V source to
the input. Adjust the calibrate poten-
tiometer for a reading of 12 kHz, as read
on the frequency counter. A +1.5-V
source should provide a reading of 1.5

AN ST

kHz, and so on. Provisions have been
made on the printed circuit board for in-
clusion of a X 10.and X 100 muitiplier cir-
cuit. These additions are shown in Fig. 9B
and C, respectively. The ac-to-dc con-
verter permits measurement of ac voltage
and will be read as an RMS voltage on the
frequency counter. This novel voltage-to-
frequency converter circuit can be utilized
in many ways such as providing a digital
readout of signal levels. Or, if your
tepeater is equipped for telemetry, you
could use this circuit to provide signal
level readouts. The circuits presented here

The completed 45-function Touch-Tone
decoder, Double-sided printed-circuit board
soldered along the seams makes a sturdy
enclosure,

should provide many hours of building
and learning enjoyment and find both
practical and fun applications. et

Notes

1t such operation is intended, one should pay par-
ticular attention to sections 19.34(b}, 19.35 (),
97.61, 97.89 and ¥7.99 of the Communications Act
of 1934. See The Radie Amateur's License Manual,
ARRL, $4.

*EM and Repeaters for the Rodic Amateuwr, first
edition, p. 119,

*Circuit boards and parts kits are available from
Circuit Board Specialists, P. O. Box 969, Pueblo,
COQ B1002. Printed circuit board etching patterns
are available from the ARRL for 50 cents and
an s.a.s.e. .



Product Review

Conducted By Paul K. Pagel,* NIFB

Yaesu FT-7B Mobile/Base HF Transceiver
and YC-7 Frequency Display

Are you thinking about doing some mobile or
portable operating? If so, you should take a
look at the FT-7B, Yaesu’s new hf transceiver.
If not, you should look at it anyway, because
it’s also suitable for fixed service, An improved
version of the FT-7, intended for the market
generated by the lapanese no-cade license, the
B model features 100-W PEP input on ssh, a-m
and cw. The transcetver covers 80 through 10
meters. The bandswitch has four 10-meter
positions, each covering a 500-kHz segment, A
ctystal for 28.5-29.0 MHz is standard equip-
ment; the others are aptional. Other features of
the F7-TB include a noise blanker. an rf at-
tenuator, a crystal calibrator, concentric rf and
af gain controls, a clarifier (R1T) and one {ixed
channel per band {crystals not supplied),

Circnitry and Performance

The unit 15 completely solid-state. It contains
34 transistors, 78 diodes and 8 LCs. The usual
premixing arrangement is employed to produce
an i-f centered on 9 MHz. A é-pole crystal filter
having a shape factor of 1.67 (6 dB/60 dB)
establishes the selectivity under all conditions
except 2-n transmoitting. |n the receive mode, a
monolithic filter precedes the noise blanking
gate to provide “‘roofing’” against strong
signals outside the crystal filter passtand.

The YFO operates at 5 MHz and uses a
bipolar transistor. The transceiver performs
within its stability specification, but 1 wauld
eipect better performance from an FET. At
room temperature the unit stabilized after one
hour of operation, during which time it drifted
i kilohertz, This performance is acceptable for
home station environments, but the mohile
operator {rying to have a Q80 during his half-
hour drive to work may have trouble on a vold
morning, The tuning mechanism operates
smoothly and features anti-backlash gears.

The noise blanker is worth looking into
because it appears to lack the ills characteristic
of other units. This circuit contains seven tran-
sistors, six of which are FETs, One of these is
used in an  8545-kHz crystal osciflator that
establishes a 435-kHz i-f for the blanker. The
<ignificant feature of the FT-7B noise blanker
is that it doesn't appear to degrade the
receiver's dynamic range, Yaesu achieved this
improvement at the expense of a slightly higher
bianking threshold. Noise pulses must be
somewhat more offensive than usuaf before
they are blanked.

in the cw mode, a two-pole RC active audio
filter follows the product detector. This filter
bias 4 6-dB bandwidth of 80 Hz, but as would
be expected from the simple design, the skirts

*Assistant Technical Editor, ARRL

The FT-7B transceiver with optional YC-7 remote frequency display. The microphone and mobile
maounting bracket are supplied with the transceiver.

Tabfe 1
FT-7B Mobile/Base HF Transcaiver

Frequency Goverage: 500 kHz of 80-15 meters, tour 500-kHz segments of 10 meters {erystal
for 28.5-28.0 MHz supplied).

Qperating modes: 1sb, usb, a-m, cw

Power requirements: 13.5 V dc = 10 percent at 10 A transmit, 0.6 A receive.

Dimensions (HWD): 9- % 3-1/8- »x 128/16-inches (230- x 80- x 320-mm} including heat sink,

Welght: 12 [bs (5.5 kgy

Clalmed Specifications
Input power: 100 W PEP ssb, a-m 100 watts dc ow

Measured in ARRL Lab

60-55 watts rf output over
frequency range

»50dB

>50 dB

>50 dB below fundamentat

31 4B below PEP

80 Hz per haif-hour after one hour

Carrler suppression: >50 dB below rated PEP output
Unwanted sideband suppression: >50 dB at 1000 Hz
Sputious emisston: >40 dB below fundamental
Distortion products: 31 dB below PEP output
Frequency stability: <100 Hz per half-hour after warm-up
Microphone input impedance: 500 ohms, nominal
Antenna output impedance: 50 ohms, nominal
Sensitivity: 0.5 uV tor 40 dB S + NIN

Image rejection: 50 dB

I-¢ refection: 50 dB

Selectivity: 2.4 kHz (-6 dB), 4.0 kHz [~ 60 dB) cw audio
Peak filter: 80 Hz (-6 dB)

Audio output power: 3 watts at 10 percent THD

Audio output impedanca: 4 ohms

Price class: 3675

Manufacturer: Yaesu Musen Co., Ltd., Tokyo, Japan

0.26-0.5uV over frequency range
50-80 dB over frequency range
50 dB over frequency range
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Inside view of the FT-7B, The top cover of the
PA module has been removed. A tan bracket
couid be made from the plate attached ta the
heat sink. The loudspeaker is on the underside,

aren't very steep. The receiver age handwidth is
2.4 kH7 in all medes, so the audie filter isn’t
the lifesaver it could be.

[t would be nice to have ew selectivity at the
i-f, but 1 don’t know of a simple way to get it.
On 81 meters, the sense (ush/lsb) of the signal
is inverted, causing it to be located in a dif-
ferent part of the {-f passband than on the
wther bands. ‘The vw offset frequency is 800 He
on 40 through 10 meters and 1200 Hz on B0, If
vou peak the received signal on the nose of the
audio filter, you can't transceive on frequency
in the &0-meter band unless vou shift the
clarifier 400 Hz. The clarifier bas plus or minus
3 kHz of range, which was enough to allow me
to contact a DX station who was operating on
split frequencies.

On ssh, the receiver audio sounds clean and
the age action is stmouth. A diode envelope
detector is used in the a-m mode. The 2.4-kH7
filter is used in hoth voice modes, so only one

- sideband reaches the a-m detector, resulting in
a poorer signal-to-naise ratio in the detector.
Additional i-f and af amplification is used with
the a-m detector in an apparent attempt to
cqualize the a-m and ssb sensitivities, but the
result is a somewhat noisicr receiver on a-m.

The mapual states that the transceiver s
spurious-free. 'With the antenna input ter-
minated by a 5¢-ohm resistor, 1 found internal-
1y generated responses at 14,001, 21.201 and
28,800 MHz, All of these spurs were weak
(below ! pV equivalent antenna input), but |
found the onc at 14.001 MHz to be oftensive,
the futility of competing on that frequency
with ) watts inte a vertical auntenna not-
withstanding.

The overall performance of the receiver is

- good. We didn't perform the Hayward

dynamic-range teasuresnents because the ¢w-
selectivity characteristics aren’t the same as
those of other transceivers. The numbers de-
rived from the tests wouldn't be directly com-
parable to  previously  published  results.

However, the real test for recetvers in New-

ington is how closely vou can tune to WIAW

while copying weak signals. My house is one
mife from WIAW. S0 long as | tuned WIAW
out of the i-f passband, I couldn’t tell it was on
the air. This was withou! the attenuator ue-
tivated.

The transmitter works well on ssb. Using the
hand-held  microphore  supplied with the
transceiver, 1 received a good audio-guality
report from NUFB during & 10-meter ground-
wave contact.  He reported  high  voice
ricognizability, even though my signal was too
weak [0 move his S-meter {our stations are 10
miles apart and wur antennas dre Cross-
polarized). When [ switched to a-m, he
couldn’t hear me at all, Suspecting a malfunc-
tion, | made sume a-m measurements, and
found the FT-7B to be working perfectly well.
Why couldn’t NIFB hear me? A-m simply isn't
as efficient as ssh for weak-signal work. The
£ T-7B has voosiderable circuitry devoted ex-
clusively to the a-m function, Rather than
merely  unbalancing  the modulator  and
transmitting  an  “‘a-tn compatible”  signal
through the filter, Yaesu chose (o modnlate the
control gate of & dual-gate MOSFET awmplifier
following the ew carrier oscillator. The crystal
filter is bypassed. resulting in a genuine Jdsb
a-m emission. As can be sven in the a-m
envelape photograph, Fig. 3. the modulation
linearity is adequate for voice work, The wave-
form is similar to that obtained with screen
modulation {remember scicen tnodulation?).
When [ applied nearly 1O percent sinusnidal
modulation, the average power increased from
12 watts to about 16 watts. A separate a-m ale
eircuit prevents the final amplifier from being
overdriven on positive modulation peaks. but
it’s stilf possible to penerdte plenty uf splatter
from the negative excursions. [T the mic gain
and drive controls are adjusted as prescribed by
the manual, the unit modulates cleaniy.

['m a cw operator, so | looked torward to
using the F1-7B on the mode where its 50 watts
of output would be most effective, [ made
several contacts using the haid key, and all of
the recelving operators said the rig sounded
good. Then | called a station who was sending
faster {about 28 wpm), and he asked me o
rechice the weighting on my kever, This puzzled
me, because [ was sending with a bug! The aext
day I arranged tests with W1VD and NIFB,
wha recorded my signal. When he played the
tape for me, f couldn’t copy it? The dual-trace
osvilloscope photo of the keying signal and the
resuftant rf envelope, Fig. 4, documents the
problem, After the keving pulse has ended, the
rf output continues for at least 20 millissconds
before it even beging to decay. | tore into the
circuit and didn®t stop until the unit produced
the wavetorm shown in Fig. 5. My modifica-
tion is radical, but it allows independent con-
trol of the attack and decay slopes. The details
of the modification appea: in the **Hints and
Kinks’’ section of this issug, Realizing that my
approach was somewhat of an overkill, [ asked
Yaesu for a simpler solution. The enginsers
repurted that R1013 and C1012 have been
changed to 47 kQ and 0.33 iF in current pro-
duction models. | restored the cireuit to its
vriginal configuration and changed the twa
components. The third keying photo, Fig. 6,
<hows the resuits of Yaesu's fix, The perfors
mance is superior o that of the original cireuit,
but is somewhat sensitive to temperature varia-
tions and component tolerances. Yaesu also
suggested changing C1012 to 0.047 uF and
plaving it between collector and base of the
keving transister in a Miller integrator fashion.
Lf you plan to operate cw with the FT-7B, listen

Fig. 1 — IMD spectrum of the FT-7B. Each
tone is 8 dB below the rated PEP output. The
test tones were 700 Hz and 1900 Hz. Vertical
scale: 10 dB per division. Horizental scaie: 1
kHz per division. Test frequency is 14 MKz,

Fig. 2 — Worst-case harmonic and spurious
spectrum (28 MHz). At full power input, all
spurlous outputs are more than 50 dB down.
Verticzl scale: 10 d8 per division. Hortzontai
scale: 10 MHz per division. The tall pip at the
extreme left of the photo {s generated within
the spectrum anaiyzer. Tha FT-7B complies
with current FGC spectral purity requirements.

Fig. 3 — When was the last time vou saw an
a-m envelope? The FV-7B is capable of
reasanably good linearity at high modulation
percentages. For this test, the carrier frequen-
ay was 28.5 MHz and the modulation frequency
was 1000 Hz.

to it critically on a local ham’s receiver,

A phase-shift oscillator generiates the «w
sidetone, The nearly pure sine wave is a plea-
sant departure from the raucous netes pro-
duced by the multivibrators in some other rigs.
The sidetone output is rectified and used to ae-
tivate the T-R relay for “semi-break-in” ow.
The relay hang time is adjustable.



Fig. 4 — Rf envelope vs. keying waveform of
the unit as received. The upper trace is the
switching waveform at the FT-7B key jack and
the lower trace is the output envelope. The
horizontat scale is 10 msec per division.

The YC-TB Frequency Display

Mobile operators must be able to determine
their frequency quickly, with no more than a
glance away from the road. The YC-7B remote
digital display fills this need, The unit is an op-
tional accessory that plugs into a rear-panel
socket of the FT-7B. Stick-on Velero strips
allow the display to he mounted anywhere
within reach of the umbilical cable.

The YC-7B counts the final mixer injection
frequency. Preset commands from the FT-7B
ensure proper carrier frequency readout on all
modes. On 80 meters, an 18-MHz crystal
oscillator heterodynes the L signal 1o the
proper range for the counter. The tirne-base
frequency is 655.36 kHz. No special
temperature compensation is used, but the
uverall stability should be at least an order of
magnitude better than that of the FT-7B VFO.
The readout resolution is {00 Hz, but the in-
strument counts down to 10 Hz, with a
0.1-second gate time, This unit does not add
any spurious responses to the receiver,

Construction

Most of the FT-7R circuitry is assembled on
a dozen phenolic pe cards which plug into three
mother boards. The card sovkets are individual
wold-plated spring pins soldered into the
mother boards. The mobile operator needn't
worry ahout the reliability of the sockets ~ the
cards are held firmiy in place by the top cover.
Two wired-in pc boards and the VFO and PA
modules complete the electropics. The VFQ
and PA ure shielded, of course. Most of the
tuned circuits are on the mother boards, so you
can repeatedly remove and reinstall the plug-in
vards without upsctting the alignment. The PA
heat sink protrudes from the rear panel. The
sink is adequate for voice and cw duty cycles.
The a-m rating applies to RTTY and 55TV ser-
vice. Two screws secure a flat plate to the heat
sink fins, A small fan could be mounted to this
plate very conveniently,

Aesthetics and Impressions

The unit certainly is compact. That's not sur-
prising, considertng the cars it was designed to
be tastalled in. At a time when the styling of
Amateur Radio equipment is diverging toward
the “‘military’’ and **hi-fi/furniture™ iooks,
the FI-7B represents a refreshing alternative to
these extremes, The cabinet is painted a
businessiike metallic blue that won’t ook out-
of-place in your car ar on your kitchen table.
The four-color dial and meter are highly visi-
ble, yet not at alt garish, For fixed service, the

Fig, 5 — After radical surgery, the kaying
looked like this. In this photo, the horizontal
scale is 5 msec per division. The modification
information is printed in “Hints and Kinks.”

Table 2
¥YC-78 Remote Digital Frequency Display
Specifications

Resolution: 100 Hz

Clack frequency: B55.36 kHz

Gate time: 0.1 sec.,

Operating temperature: 0-40* G

Power connections: from FT.78

Dimensions (HWD): 1-5/8 x 3-5/8 x 5-3/8
inches (40 x 93 x 135 mm)

Weight: 12-1/2 oz (360 g)

Price class: $110

Manufacturer: Yaesu Musen Co., Ltd.. Tokyo,
Japar

analog dial is easy to read, and with its 1-kHz
resolution and good lfinearity, vou really don’t
need the optional digital readout. It’s handy,
though, for precise clarifier tuning and keeping
track of the VFO. All of the controls are con-
veniently located.

1 experienced a small amount of TVI while
operating the rig into a dunmny load on the
saime table with my plastic-encased television
set. You may have to scrape some paint off the
mating metallic surfaces «of the FT-7B
enclosure if you live in a weak TV signal area.

A QST advertisement for the FT-7B reads:
“Enough power to Jdrive those linears!’* The
manual makes no mention of using the
transceiver with an external amplifier, but if
you dig into the schematic diagram, you’ll find
that the alc line and the 13,8-volt transmit line
(to control a relay} are brought out to the
power connector. There's an unused set of con-
tacts on the T-R relay, but they aren’t accessi-
hle from outside the transceiver.

The attention Yaesu paid to the a-m mode is
perplexing. If the intent was to make the
transceiver compatible with converted CB rigs,
a better solution is to install BFOs in the CB
rigs. If you want to participate in the second
genesis of a-m, you'll never compete with those
plate-modulated Valiants and DX-100s! |
would much prefer to see the a-m mode scrap-
ped in favor of some advanced sgh/ew
features, such as sharp i-f selectivity, full
break-in, VOX and even (bite my tongue)
speech processing.

Tinkerers will love this rig, for one can
remove most of the cards without unsoldering
any wires. If you like, you can fabricate a com-
pletely new set of cards. Serious experimenters
will undoubtedly conceive numercus worth-
while modifications. With a little ingenuity, a
remote VFQ could be plugged into one of the

Fig. 6 — Herg’s the keying resulting from
Yaesu's suggested moditication {(see text).
Horizontal scale is 5 ms per division.

fixed-channel crystal sockets. Another possible
improvement would be a VFO drift correction
civcuit using feedback from the YC-7B. If you
apply the correction voltage to the wiper of the
dial calibration potentiometer, you won’t have
ta violate the VFO compartment.

The FT-7B offers something for everybody.
You can have plenty of fun with ir just like it is.
And if you’re ambitious, you can turn it into a
truly deluxe station. The equipment fs covered
by 4 three-month limited warranty, -~ (George
Woodward, WIRN

HEATH 5B-221 LINEAR AMPLIFIER
KIT

How does the SB-221 differ from the carlier
$B-220" amplifier? The major difference, clec-
trically, is an unfortunate by-product of FCC
action to prevent amateur-equipment manufac-
turers from including our L0-meter band in
linear amplifiers: The $B-221 does not operate
on 10 meters! The band-switch panel markings
read only *80, 40, 20 and 15" (meters).

Heath Company and other commercial
manufacturers of hf-band amateur amplifiers
are required to ensure that all amplifiers re-
quire at least 50 watts of driving power and
that they must be incapable of operation at 27
MHz, They can't, therefore, operate ar 23
MHz without elaborate and highly expensive
circuitcy  which is  beyond manufacturing
reason. All of this vame to pass because of
widespread llegal vperation by CBers who pur-
chased amateur-band linear amplifiers and
employed them at 27 MHz, The FCC's inabili-
ty to enforce the CB regulations imposed a
severe economic and marketing hardship on
the amateur-equipment manufacturers as well
as the amateurs. These regulations, fortunate-
iy, do not apply to vhf and uhf types of
amplifiers,

$B-221 Features

The popular and reasonably priced amplifier
can be made to work satisfactorily on 10 meters
by converting it back to an $B-220. More on
that later. But, let’s examine the circuit and
features for the benefit of those who are con-
templating the purchase of a *‘pair of shoes”
for that presently ““barefoot’ vxciter.

In its present form, the $B-221 operates in
the 80, 40, 20 and 15-meter bands. The re-
quiresd driving power is 10 watts maximum.
Rf power ampiification is accomplished hy
ineans of two 3-300Z triode tubes which are
forced-air tooled. These well-proven tubes

*'Recent Equipment,” QST, August 1970, p. 45.
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The Heath $B8-221 linear amplifier. Though it
may appear to be “stock,” this ‘221 aperates in
five bands. Modification information i1s given in
the text,

offer reliable service and good efficiency. They
are the instant-heating-filament type. Hence,
operation is permissible the moment the
amplifier power switch is turned on.

Maximum dc power input 18 2-kW PEP on
ssb, 1 kW on ew and | kW on RTTY. This
amplifier is rated, in terms of its duty ¢ycie, for
continuous voice modulation on ssb. For cw
us¢ the maximum key-down (steady carrier)
time is 10 minutes. When operating the RTTY
maode the manufacturer specifies a 50 percent
duty cyele, ot a maximum transmit time of 10
minutes,

The metering system enables the operator to
monitor the plate current at all times by means
of a {- to l-ampere dec meter. A second meter
and related switch permits the monitoring of
grid current, relative output power or de plate
voltage, There is a two-level plate-voltage setup
which is programmed {rom the front pancl by
means of a rocker switch. Ope position pro-
vides the proper operating voltage for tune-up
and ¢w. The alternate switch position is for ssh
operation. In the latter position the plate
voltage and current are clevated to provide the
2.k W PEP power input level while keeping the
plate impedance the same as it is in the tune
position. Therefore, no readjustment is weeded
when going from tune to the ssb mode,

Diriving power is supplied to the grounded-
grid 3-500Zs through switched, broadband pi-
section matching networks. The amplifier in-
put impedance is approximately 50 ohms. Hash
notise ts prevented during the standby period by
automatic application of bevond-cutoff bias to
the tubes. The proper idling current for the
tubes during transmit is established with Zzner-
diade-regulated bias.

Table 3
S§B-221 Specifications

Size (HWD): 8:1/4 x 14-7/8 x 14-1/2 inches
(210 x 378 x 368 mm).

Welght: 50 pounds {22.7 kg).

Color Two-tone light and dark greer,

Power requirements: 117 V ac at 50i60 Hz
{20 A max.), or 240 V ac: at 50/60 Hz
{10 A max.).

Driving power: 100 W max.

De input power: 2-kW PEP for ssb and 1 kW
tor cw and RTTY.

Key-down maximum at full power: 10 minutes.

Frequency range: 3.5 through 21 MHz.

Price class: $620.

Manufacturer: Heath Company, Benton Harbor,
M! 45022,

A4 . _ noT.

Table 4

Results of SB-221 Tests Performed in ARRL Laboratory

Band Pinwatts) Pouttwatrs) Input VSWR Drive Power (waits) Efficiency (%)
80 1000 560 1.53:1 70 56
80 1900 1150 1421 100 + 80
40 1000 500 14101 70 &0
40 1900 1200 - 100 + 3
0 1000 580 1.6:1 75 58
20 1800 100 100 + o8
15 1000 660 1.79:1 7% 56
15 1900 1060 — 100+ 55
10 1000 500 1.42:1 67 50
10 1900 1000 s RULES 53

During transmit, an automatic limiting con-
trol (alc) circuit in the amplifier develops
negative voltage which can be routed to the ex-
viter to reduce its gain when the exciter ottput
is sufficient to overdrive the amplifier. A
phono jack is provided on the rear apron of the
amplifier for alc takeoff. Another jack is
located on the rear of the amplifier for a con-
trol line from the exciter which avtuates the
amplifier changeover relay. When this line is
shorted, the relay closes. Fig, 7 shows the
amplifier third- and fifth-order distartion pro-
duct [evels. Fig. 8 is a spectrum display of the
amplifier spurious products. The harmonic
Tevels are well within FCC limits. Additionat
TVI protection isx offered by the double-
shielding technique used in the 8B-221: The rf
deck has a perforated metal enclosure. The
amplifier cabinet serves as the second shield.
R bypassing is employed at the power-supply
primary, the alc jack and the relay-control
jack,

‘What About 10-Meter Operation?

This reviewer couldn’t make an cunce of
sense out of having this fine amplifier on the
wperating desk without being able to use it on
{0 meters. So. & check was made hetween the
schematic diagrams of the earlier $B-220 and
the SB-221. Most of the circuit remained the
same. The new version contained a sealed filter
in the excitation line to prevent 27- ot 28-MHz
operation. The band  switch lacked the
tiecessary contacts for 5-band use. There was
no 10/15-meter plate coil and the 10/15-weter

Fig. 7 — Spectral display of the $B-221 (MD
characteristics at 3.5 MHz during a two-tone
test. Vertical divisions are 18 dB; horizontal
divisions are 1 kHz. Third-order distortion pro-
ducts are daown approximately 35 B trom the
PEP output. The individual tones are 6 dB
«down from the PER output. All measurements
were taken in the ARRL (ab.

input coil was missing. There were other dif-
ferences (slight), but none that couldn’t be
resolved easily.

‘Fhe lineup of required components was ob-
tained from Heath. Here is the list needed for
conversion back to the SB-220 format: 63-561
rotary switch, 63-562 wafer switch, 20-99 22-pF
mica (1), 20-820 220-pF mica, 20-113 470-pF
mica (2), 20-103 150-pF mica, 20-124 115-pF
mica (2), 40-966 40-meter input coil, 40-964
10/15 meter input coil (2), 40-968 1015 meter
plate coil, 595-1122 8B-220 manual. The cost
of the foregaing parts at the time of this writing
is $31.50. Heath has agreed to sell these parts
to 8B-221 owners if a phetocopy of the pur-
¢haser’s valid amateur license accompanies the
order. The filter in the SB-221 must be re-
moved by drilling out the rivets which hold it to
the main chassis. There is oo 10-meter marking
oo the tfront-panel band switch. A white press-
on decal can be added if that band position
needs to be identified.

Converting an already-built SB-221 to the
58-220 format will require 2 certain amount of
“unbuilding™ first. Fortunately, the reviewer
started from scraich with the amplitier kit and
wired it as an $B-220. Everything went
sroothly by working from the $SB-220 manual.
Now.. the 10-meter band is situated in the
“nothing™ position on the pancl, respective to
band-switch indexing. Assembly time for an
experienced amateur huilder should be on the
order of 20 hours, Neophytes should plan o
spend up to 35 hours for a project of this
nature. - Doug DeMaw, WIFB [CE L]

Fig. 8 — Spectral display of the $8-221
amplifier on 3.5 MHz, Yertical divisions are 10
dB; horizontai divisions are 2 MHz. The fuli-
scale pip is the 3.5 MHz carrier with a low-level
spur off to its left. The signal immediately to
the right of the carrier is the second harmanic
at approximately 50 dB below peak power, The
third harmonic is 66 dB below peak power.



Hints and Kinks

IMPROYED KEYING FOR THE FT-7B

Early production units of the Yaesu FT-7B
transceiver . exhibit  less-than-ideal keving
characteristics. At speeds over about 20 wpm,
the dits run together, If you intend to do any
serious cw work, listen to your signal critically
oh an external receiver. Don’t depend on the
siddetone to give you the true story, because it’s
keyed independently, The keying circuit is
located ont the predriver card (PB-1632). Draw-
ing A shows the original eireut. The problem is
that C'1012 must discharge almost completely
before Q1004 comes out of saturation. In the
second-generation transceiver, Yaesu changed
C1012 and R101S to 0.33 uF and 47 k2, respec-
tively. Recently, the circuit has been updated to
the Miller integrator configuration illustrated
in Nrawing B.

if you're still not satistied with the keying
after trying these fixes, reach for an X-acto
knife and rework tt e cirvuit as shown in Draw-
tng . C1012 now has independent charge and
discharge paths. Recause of the (.6-volt con-
duction threshold of D2 and the Q1004 base
bias supplied by R3 and R4, the time-constant
network doesn't come into play uatil QoD4
begins ta conduct. After the rf envelope has at-
tained maximum amplitude, QI is switched on
in parallel with Q1004. The rn-on delay for
QL is governed by R3, Ré and C1. When the
key is opened, Q1004 is turned off immediate-
fy, and the envelope decay is controlled hy €2
discharging into the base of Q1. 3 defeats the
1 delay network during the key-up interval,

The “Praduct Review” section contains an
ascillograph of the keving waveform praduced
by this circuit. The rise and decay times are
controlled independently by C1012 and (2.
Some operators prefer a somewhat harder
*make,” but | supgest o minimum rise time of
3 ms to avoid key clicks. The resistance values
were chosen in consideration of the transistor
betag, vonduction thresholds, and the current
suttree and sink capabilities of the gates, as well
as the RC time constants, in designing the cir-
cuit, a few decade boxes got as much work as
my calculator!

To preserve your warranty, you may wish to
start with a new predriver card. There are a ot
of extra parts in this modification, but you can
syueeze them in. If you build the ciscuit like a
space truss, with short component leads, it will
be rigid cnough for mobile service. When
working on the pe caed, give due respect to the
CMOS IC, — George Woodward, WIRN

ANTI-TVI MODIFICATION
FOR THE T-4XB

In the **Hints and Kinks'™ section of June 1979
QST, J. H. Mehaffey described a TVI problem
with his TR-4 very similar to one that had
plagued me for some time. [ have a Drake
T-4XB, His simple and successful modification
of the TR-4 to clear up the harmonic output of
the 9-MHz carrier oscillator clearly pointed the
way for me.

*Assistant Technical Editor, QST

Conducted By Stuart Leland,* W1JEC
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— C1012

Original keying circuit for the FT-7B. Changing C1012 and R1015 to 0.93 uF and 47 kg will improve
the high-speed performance {A}. Current production models of the FT-7B have this shaping circuit
{B). F1-7B madification for the perfectionist. The rf envelope can be shaped to taste by the D¥Xer

or QRQ enthusiast (C).
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The WEHB anti-TVI modification for the Drake T-4XB. Heavy lines show added circuitry.

Gy — 74 pF silver mica, § %,
Cp, — 50 pF silver mica, 5 %.
La -~ 24 turns, no. 24 enameled wire, close

Linkike the TR-4 with a 9-MHz oscillator, the
T-4XB carrier oscitlator is at 5,645 MHz, so
different values of componerits are raquired to
make the fix, In my case, those used were
*junk box” values, ones at hand close enough
to what scemed to be needed. The diagram is
drawn in a manner to match that of the Drake
manual,

There is sufficient chassis room for the few
vequired parts under and around R4, the
varrter-balance potentiometer of the T.4XB.
L.y, the siug-tuned cotl, is easily mounted in the
extra hole of the left-rear chassis apron. With
the adjustment screw on the outside, access to
it is easy, although this is a seldom-needed
tuning adjustment. L, and the two capacitors
are supported by a small double tiepoint and
the respective leads. The shore ground connec-
ttons are made to the socket frame of VI,

| also took Mr. Mehalfey’s suggestion re-
garding finearizing the final by disconnecting
C53 and C58, the 470-pF cathode bypass
capacitors of the 61B6 output tubes. 1.5 can be
peaked with a grid-dip meter. Touch-up tuning
for maximum drive. as shown by increased
final-awplifier plate current, should tollow. To
complete the adjustment, realignment of the
carrier oscillator naght to be carried out using
the procedure in the Drake manual.

Lacking the proper test equipment to
measure harmonic attenuatien, | canpot tell
you how much those obnoxious harmonics
were reduced. P'd guess reduction v com-
parable to the amounts showa in Mr.
Mehaffey's report. | do know, however, that
the TVI problem is cured. - Hank Brown,

WAHB, Los (sos, CA

PREVENTING ICE BUILDUP
ON ANTENNAS

Every year QST prints photos of otherwise
solid antenna installations that have vome
crashing Jown because of ice buildup on the
antenna. A quarter-inch of radial ice on a
tribander can add 20 pounds or more 1o the
weight of the antenna, as well as additional
windloading., What’s mare, a guarier-inch of
ic¢ 18 nothing compared to what a real ice storm
can dump on your antenna. An inch of ice
would not be unusual - that is, if your anten-
na stays up long ¢nough for an inch to collect.

There is a viry simple yet remarkably effee-
tive way of preventing any we build up: apply
that no-stick, space-age material, Teflan, to

AR WEEITL o o e

spaced on open end of Milter coif form no.
4400-2,
Ly == 10-H Miller coil no. 4612,

the antenna clements. Water will bead up on
the Teflon, and when the droplet is heavy
enough it silply slides around to the bottom of
the clement and falls off, f any ice does form,
it too well guickly stide off. Beeause Teflon has
excellent rf properties, it will not afiect the nor-
mal operation of the antenna.

The simplest way to apply Teflon to a ham
heam antenna is to wrap the clements and
foom with sclf-adhesive Teflon tape. [ used
Connecticut Hard Rubber Company’ Temp R
Tape, type T, which comes it rolls 1 inch (25
mm) wide by 18 yards (15,5 m) tong, ob-
tainable at a local industrial distributor. The
antenna is spiral-wrapped, mummy style. The
Tetlon tape has a lot of streich, which makes
for a very tight and long-lasting installation,
An fm broadcast antenna so treated has been in
use through four severe winters and scveral ice
storms without noticeable icing.

For quads, wrap the spreaders with the tape.
This will have the additional benefit of pro-
tonging the life of the spreaders, cspecially it
they are the bamboo varicty. Untortunately,
ice can and will build up on the wire quad
clements. To combat this. 1 suggest trying
Teflon Tusulated hookup wire for the guad
clements, 1 haven't tried this yet, but expect to
on my next quad. Of course, the same idea
would apply to any wire tvpe antenna.

One last comment. Tetlon is expensive. Yet
it ts stilt a lot cheaper than & new antenna to
replace that twisted mass of metal gracing your
back vard., — Juceb Z. Schanker, W2TSM.
Rochester, NY

'Connecticut Hard Rubher Co., 407 Bast 5., New
Haven, CT 06509,

COMPETITION-GRADE RECEIVER
MODIFICATIONS

['would like to pass along two moditications of
Wes  Hayward’s  “Competition-Grade W
Recciver’ deseribed in April 1974 QST and the
ARRL publication Sodid State Design, Both
muodifications  replace dJiscrete  components
with MSI circuits, reduce the number of parts
used and, in my experience, result in more
reliable pperation.

The first revision is te the differentiation nwt-
work which generates strobe and reset pulses
from the time base, | replaced the two 2N3904
transistors and their assoviated biasing net-
works with an SN7404 hex inverter and two
one-pole RC networks. The input of this new
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WBENCJ provides this modiflcation for Wes
Hayward's ‘‘Competition Grade CW Receiver.”
Reduction of the number of parts for the set
and Improved pertormance is reported. Part
numbers greater than 100 represent new parts
not included in Hayward's ariginal design.

circuit is taken from the Q output of U2 A, the
SN7474 flip-ttop. [ used a 10-MH7 time-hase
crystal. Only one {lip-flop is required to derive
a [-ms to 0.1-s positive puise from the Q output
of the SN7474 ta open the main counting gate,
U22C. The complementary Q output provides
3 positive going signal as the main counting
gate s closed, Two inverters (UI101A and
LI01B) function as a diffcrentiator and a level
shitter to provide a short duration, sharp,
positive strobe pulse iinmediately after the
main counting gate is closed (pin 13 of 1U22C
becomes low),

Three additional inverters (Ui01C, U101D
and U101E) provide a positive resct pulse by
difterentiating the negative going edge of the
strobe pulse. Hayward adds a cavtionary word
that the TTL ICs are *‘Out-of-spee™ when the
inputs arc taken negative, but should work
without problem. | found this circuit results in
a cleaner pulse signal than the original circuit,

Furthermore, [ used the popular NESSS
timer as the one-shot in piace of the relaxation
oscillator wircuit, Upon u negative trigger
pulse, derived trom the rasct pulse hy inverter
LITOTF, the NESS5 fTip-flop is set, The NE5SSS
output is high, which is inverted through Li12D
and closes the clock oscillator gate, U12C, The
NES335 timing capacitor, C'10E, charges untid
the impressed voltage reaches 2/3 Vee, Then
the NESS3 output is driven iow, driving the
output of L12D high and alowing the clock-



oscillator signal to be applied to the nain
dividing chain.  Consequently, the main
dividing chain is vnly operative intcrmitiently
and reduces the amount of digital noise
generated, When closed, 8101 will disable the
timing circuit and permit continuous operation
of the counter, a useful feature for trouble-
sheoting the circuitry.

The original impetus for the new design way
the low price and easy availability of the
WNE3553, along with my desire fo expetiment
with this device. The parts count was reduced
from the eriginal circuit. Nevertheless, 1 find
that the modification works well. No doubt the
MSI circwits of the original project may soon
be supplanted by L[SI chips, Until then,
however, the price, availability and rcliability
of TTL chips will undoubtedly make them at-
tractive to amateur huilders. -— Douglas
Blayney, M.D., WBGNCJ, San Diego, CA

OVERVOLTAGE PROTECTION
FOR FIELD-DAY EQUIPMENT

Part of my assignment for the last Field Day
was to provide a means of protecting the sta-
tion rig from generator overvoltage. | became
more concerned when we decided to use my
TS-8208 as the station rig. My avervoltage-
protection circuit, made for this purpose,
fielped me breathe easier, Tt should help you,
tewo, if you find your rig *“*on the line.”

I'he core of the cirenit is an LM117 voltage
compatator. The line voltage is divided, ree-
tified and filtered. This input to the com-
parator is compared to a Zener reference
diode. Normally the reference voltage is higher
than the divided line voltage and a high level is

present on the comparator output. Should the
line voltage rise, the comparator will switch to
a low output state.

The latching relay, K1, proved to be too slow
to kick out. Therefore, a CMOS fatch was
added, This latch is initially in an unknown
state, The reset switch sets it to a2 known state
aad if the line voltage is below the switching
level of the comparatar, it will turn on Q1 and
lluminate the LED. This indicates that it is all
right to turn on the output relay, K2,

The enable switch, 82, applies power to relay
K1, and if Q1 is turned ou the refay will close.
Doing so applies power to the relay, K2. Lamps
1§81 and DS2 indicate an open-circuit condi-
tion or on-line, respectively,

An overvoltage condition results in the
CMOS latch being set, turning QI off, This
opens Ki, which in turn opens K2. The
response of the cirenit is taitored so that small
spikes which can be filtered easily by the
transceiver powet supply do not trip the circuit,
but an overvoltage condition existing for a few
cycles will trigger if.

The ciccuit can be calibrated to trip out at
130-V ac by using & Variac. With the input
voltage at 120 V ac, adjust R4 so that the reset
hntton will reset the CMOS lateh. Then further
adjust R4 so that 130 V ac on the input causes-
the cireuit to trip.

Onee calibrated, circuit operation is simple,
First depress the reset button, S1. 1f the voltage
is safe, the LED will come on, (The open-
circait lamp, DS, will be on when the unit is
plugeed in.) Next, depress the enable button,
82, This will close the line relay, K2. The on-
line lamp, DS2, will come on and the open-

circuit lamp, DS!, will go out.

A word of caution: Be sure to completely
isolate the circuit from the chassis on which it is
installed. The line neutral is not isclated from
the circuit ground. My thanks to Otis Hanby,
WSTKK, for his advice and comments on the
circuit  design, - Greg Mcintire, AASC,
Lewisville, TX

INSULATOR CLEANING SOLVES
MLA-2500 FUSE-BLOWING
PROBLEM

My Dentron MLA-2500 amplifier (no. 29} was
shipped to my new home here in Montserrat
this past spring, After it arrived, [ unpacked it,
then gave it a trial run that proved that the
amplifier was in good working order.

Qther MLA-2500 owners may be interested
in ane minor problem that Jid concern my
unit. After pperating for vears in a dusty base-
ment, the amplifier began blowing the fuse
resistors in the final amplifier. [ tried to find a
shorf, but the problem lasted onlv a traction of
a sceond, with the amplifier immediately re-
turnting to normal operation (as it did most of
the time) or giving way to blown fuse resistors.

In desperation, I completely cleaned every
vomponent in the final box. Finally, | spotted
the Teflon insulator between the rt choke and
the chassis, 1t had a thin film of dust on it
which would break down, cassing a short cir-
cuit to the chassis. Cleaning the insulator com-
pletely eliminated the difticulty. To avoid a
similar breakdown, it locks like a regular
cleaning of the final area is in order for heavy
uses of the amplifier. — Chod Harris, VP2ML,
Spanish Points, Montserrat -3
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A Field Day overvoltage protection circuit provided by AASC. It is designed to protect equipment being used with a gasoline generator.

G1 — 50 uF, 25V electrolytic.

G2 ~- (11 uF, 50:V ceramic.

01-D4, D10 — 1N400H.

D5 — Zener diode, TN4960, 12V, 1 W.

D& - Zener diode, 1N749A, 4.3 V, 400 mW.
D7 — INg14,

D8 — 1NG45 or 14001,

D9 — LED.

D31, DS2 - 117-V pilot lamps.

J1 — AC receptacle.

KT — 12V dg, dpst relay.
K2 — 115 V ac, dpst relay.
P1 — Ac plug.

Q1 — 2N2222,

Rt — 270 Q. 112 W.

Rz, R11 — 4704, 12 W,
A3 — 30 kg, ti2 W.

R4 — 5k Trimpot.

RS, A6, R8. R10 — 1 k@, 114 W,

Ry — 2.2k, 1/4W.

RS — 4.7k, 114 W,

31, 52 — Spst, n.o. pushbutton switch
{momentary).

T1 --- Power transformer, 117 ¥ ac pri., 12 V
&g, 300 mA sec.

U1 — CMOS quad 2-input NAND gate.

lI2 — Differential comparator LM-111.
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Technical Correspondence

The publishers of QST assume no responsibility for statements made herein by correspondents.

VHF RECEIVER DYNAMIC RANGE

[J Far some time naw 1 have been following
the joint efforts of WIFB and W7ZOI on
strong-signal performance of receivers through
the pages of QST, und would like to comment
an the Technical Correspondence by W720! in
the November 1979 issue. My interest in
strong-signal performance of receivers is main-
Iv reiated ta vhf, where (I submit) the re-
quirements for high dynamic range arc even
greater than at hi, for the following reasons.

1) With the advent of widespread high-
power operation on vhi (at least at the low ends
of the bands) with high-gain antennas, strong
local signals can be very big indeed; and af
course you want to work the DX most badly
when the band is open and all the locals are on!

2) There is much less seope on vhi than an hf
for trading-off NF (noise figure} against
dynamic range, for the low background noise
levels allow ane to work routinely with signals
of tens of ranovolts. For example, in DX wotk
on 144 MHz, experience suggests that 3 dB is
the acceptable upper limit of NF (e, MDS =
=147 dBm jn 510 Hz). Most vommercial
transceivery are significantly “*deafer™ than the
-dB limit, so we see many asers fitting
preamplifiers which, while achieving an accept-
able system NF, further degrade an already
mediocre dynamic range.

3) Because background noise levels are so
low, great demands are placed on in-band spec-
tral purity of amateur vhi transmissions, These
detnands can be met with the aid of construc-
tive and friendly criticism of one's signal by
other band users; but anly if their receivers
have a high enough dynamic range to render
their comments valid and useful.

As a contribwtion to solving some of the
problems of strong-signal handling on vhf, I
have been developing a ring-mixer froat-end
boacd for the FT221 transceiver. § wrote up the
design recently for a BEuropean vhf magaczine.

When measured with ham-shack equipment,
using the “*Hayward methods' as far as possi-
ble, the front end gives very good performance
Yuu prabably won’t be surprised to learm that
reciprocal mixing proves to be the limiting fac-
tor on strong-signal handling (the FT221 has a
very noisy PLL), or that I had a [ot of trouble
in measuring the blocking performance. | tried
to do so at a frequency correspanding to a dip
i the LO noise spectrum, but subseguent
lahoratory measurements by €4DGU suggest
that the dynamic range with respect to blacking
is probably about 120 dB. However, he did
confirm  all  the other  *‘ham-shack™
measurcments, which. was comforting,

Experiments continue (of coursel), par-
ticuiarly with respect to reducing the noise
sidebands of the LO and increasing the
dynamic. range of the post-mixer i-f stage.
G4DGU’s small electronics company has also
production-engineered the FT221 board for
those who would rather buy than build from-a
cireutt.

Having introduced myself and explained my.

¥Senior Technical Editor, ARRL.

48 05T

interest in your own work, may 1 now comment
un the W7ZOI Technical Correspondence and
the W1FB reply which followed 1t? I fully agree
with your criticisms of the IMD-intercept con-
cept, Its usefulness and technical validity arve
limited by the preconceptions that IM is of
practical importance {which is not usnally the
case unless the front-end is very susceptible to
strong signals), and that two-tone IM behavior
follows a strictly third-order law (promises,
promises!). But the most important criticism of
the use of IMD-intereept in evaluating amateur
teceivers is the abstract nature of the concepty
It is-not directly related to agny ohservable
aspect of performance on the air, so it has little
chance of being readily accepted or understood
by amateurs,

WIFB implies that the greatest problem in
expressing dynamic rangels) by the Hayward
method in QST reviews is that 2 comparison of
two receivers which overload at the samc
strong-signal level will spuriously favor the unit
with the narrower i-f handwidth, since its MDS
will be lower and its dynamic range thus ap-
pears the greater. But in practice this error will
rarely exceed 6-7 dB. Ls this significant in com-
parisort with the wide variations in dynamic
range envountered among different commer-
cial receivers? T hardly think the discrepancy
will influence the consumer habits of the
readers of QST reviews, or place the League in
an embarrassing position with respect to equip-
ment manufacturers. At least, it won't if you
explain {again} the basis of the tests.

The greatest strength of the Hayward
method of recetver evaluation is that it
measures the etfects of practical importance on
the air, under realistic conditions. For this
tedason it should not be abandoned lightly in
favor of & more abstract concept which offers
only & spurious prousise of gicater technical
rigor, Afthough you're evidently experiencing
some difficulty in coaveying the meaning of
your present test methods to all your readers,
please keep taith with your original ideas. They
are sound and nseful.

Finally, may [ again thank you bath for
sharing the results of your continued work with
the rest of the world through the pages of (ST
w= fann White, G3SEK, 83 Poriway, Didcot,
Qxfordshire OX{i1-OBA, Engiand

CORRECTIONS FOR A SIMPLE
RF SNIFFER FROM OCTOBER 1979
OST

] In order to function as intended as a voltage

D ] ¥
T
METER
lr e S o |

Fig. 1 — Diode detector shown carrectly as &
voltage doubler. G is required for doubler ac-
tion. it was omitted from the original QST
presentation through error.

(onducted By
{oug DeMaw,* WIFB

Fig. 2 -— Suggested circuit presentation for
more wbvious valtage-<doubler function.

doubler, the circuit in Fig. ! requires an addi-
tional capaciter, (I, = 0.0 uF, as shown.
Perhaps vou'd like to make this correction in
an upcoming issue of QST

I personally think many beginning hains
waould have difficulty understanding how this
circuit “‘works.” A more ahvious voltage
doubler with the same components is, in my
opinion.that of Fig. 2. C1 charges through D2
when V ag positive and €, charges through DI
when Vap negative. - Dr. Gethro Meek,
DJ0TT, Brahmsallee 33, X1, 2000 Hamburg
13, Germany.

QUAD CORRECTION

.11 recently received a letter from WD4GRI,
who built the October 1979 ““Hints and Kinks'*
quad. He found he could not get the SWR
down below 2,0, He rightly points out that the
feexd impedance of a quad with 0.2-wavelength
reflector spacing should be {10 ohms, which
would explam fus results,

In rechecking my SWR incasurements |
found that the 1.3 SWR figure was evidently
vansed by a faulty SWR above 2.0. My
apologies. for this goof.

The quad can be matched easily to 30 ohms
if the choke balun ts ieplaced with a quarter-
wave matching section of RG-187/U (75 ohms)
rather than RG-175/1) (50 ahms). The length
works out to bhe 13.36 inches (339 mm). My
SWR is now helow 1.3 across the entire 2-meter
band. RG-187/U) is Flexible enough to be
formed into a 2-1/2 turn cotl, as specified, This
small-diameter coax may ke hard to find,
although it is listed in the Allied Electronics.
catalog. If RG-59/17 is substituted the choke-
halun/matching-scction will have to be only
1-1/2 turns, as RG-59 is too stiff to make 2-1/2°
turns, The word *“jacket”™ in the drawing
should read **bracket.” This was 4 drafting er-
ror. — Fred Brown, W6HPH, [169 Los
Coderos, Lake San Marcos, CA 92069

THE MONTGOMERY WARD
DISH FOR WEFAX

! Recently | needed a 4-foot dish for
1691-MH7z WEFAX (Western Flectric Fac-
sinife) reception — a rather svarce item in most
parts. NSUS saw a 44-inch (1.1-m) uhf TV dish
in the Montgomery Ward catalog. and
wondered .if it might solve. the problem. In
desperation- one was ordered, and.lo, on
delivery, a full 4-foot job it was, and sturdily



use as a 1691-MHz WEFAX receiving antenna.

constructed of welding rod, toa!

It was found that the otiginal construction
with two horizontal halves worked out bhetter
for satellite purposes if the whole construction
was rotated Y0°. In this manner the originai
mast became a horizoatal bar which was used
anly for lateral stabilization of the dish and for
support of the feed-can supporting rod. The
ariginal folded dipole/splasher and supporting
unit were replaced with a new contraption to
enable use of a more efficient feed-horn
systemn, 48 shown in Fig. 4. This item was vom-
pounded from a 15-inch (381-mm) length of
3/d-inch (19-mm) electrical vonduit. Tt was
silver-soldered into a 3/4-inch plumber’s tee

Fig. 3 - Photograph of the Montgomery Ward uht TV antenna after the W7AVE modification for

ok S

after having becn flattened yomewhat, 10
inches (254 mm) from the far end until it was
the exact thickness of the discarded assembly
unit. The original unit may be used as a model
for the appropriate drilling and oricntation,
The now-horizontal “mast-substitute’™ T used
was wut from a piece of one-inch (25 mm)
wooden  dowelling  covered  with  heat-
shrinkable tubing, originally sold as a shower-
curtain rod.

A 3r4-inch, inside-threader pipe-to-PVC
coupler makes the transition to the PVC van
support. The threaded end is cemented onto
the ¢nd of the conduit with Weldwood brand
cpoxy (advantage: it does not run). Two elbows

and stray lengths of 3/4-inch PVC pipe com-
plete the assembly. The feed-horn is held in
place by means of two large hose clamps ob-
tained from an auto parts supply house,

The feed hoen is the WATMOV design used
extensively in the West. Briefly, it is a 2-lb cof-
fee can with the 44-mm probe located 3 inches
(76 mm) from the closed end of the can and
with the focal point of the dish at about an inch
inside the mouth of the can.

The dish must be recovered with a sereen.
The writer used the more-expensive 1/2-inch
(13-mm} mesh hardware <loth; a 4-foot (1.2-m)
square is sufficient. It is cut in strips and
fastened firmly between the horizontal rods of
the dish. Some piecing is necessary, These
strips are fastened firmly in pface with short
leops of no. |8 iron which are twisted firmly in
place with plievs,

Sowe whe have duplicated this dish have
used window screen in place of the hardware
cloth. 1t is less expensive and easier to put on,
but has more wind resistance, But the heavier
hardware cloth, if firmly applied, helps to
strengthen the dish assembly. A final spray job
with polyurethane varnish (to further firm up
the joints and prevent tarnishj is envisioned
before it is moved outside.

The dish is supported by a 3/4-inch elbow,
and is threaded into the side of the aforemen-
tioned tee. lts movement provides for the
clevation of the dish. The new supporting mast
is 3/4-inch water pipe, supported in a Radio
Shack 3-foot (0.9-m} tripod. Maintenance of
elevation is still ““‘Mickey Moused”’ in place by
an appropriately located box and a pile of
books!

Vital statistics of the original dish are;
diameter — 48 inches (1.2 m); depth — 8 inches
(203 mmy); focus — 18 inches (457 mm) and f/d
ratio — 0.375. Montgomery Ward lists the unit
as no, 63A19293R and calls it a “‘d44-inch
Parabolic-Screen UHF Antenna.’” The price is
in the 525 range.

The dish serves well in my set-up inside the
dbsorptive layers of the house. Duplicators
report performance that is similar to that of
commercial dishes. The conversion has the ad-
vantage that nothing is modified from the
original antenna and it can he easily replaced in
uhf TV service, should one so desire, — Lind-
say R. Winkler, WZ?AVE, Rfe. I, Box 109,
Walla Walla, WA 99362 2]

Feedback

[} In “*Adding Receiver Incremental Tuning to
the HW-104 or SB-104 Transceiver’ (January
QIST, page (8, Fig. 21, the identification of the
base and collector leads of Q2 are reversed.

[1In “Bug Box QSK," February ST, page
31, the polarity of C12 is wrong. The positive
terminal of C'12 should connect to the junction
of R5 and R6.

U1 An error occurred in *Improving the $B-
H4A/SBAMA" (August 1979-0ST). On page
31, at the bottoar of the middle column, step 2

should read: “*Disconnect the jumper wired
from lug 3 of the TUNE switch to fug 2 of the
CW switch.”®

L Two eerors appeared in the December 1979

QST article, “Simple, Band-Switching
Receiver Design” (page 20, Fig. 5). Author
Baber points out the omission of a connection
dot between the +12-V input line and the ver-
tical line immediately to the lcft that connects
to Q5, 6 and the 16-k? resistor at the base of
Q12, Also, at StA there should be no connec-
tion at the 80-meter position of the switch. C5
and the associated padding capacitor are con-
nected to-the 40-meter switch position. -

") There is an error in Table I of **The Geneva
Story”” (February (ST, page 353). For the
amateur-satellite service, 5650-5670 MHz is
restricted to uplirk only and SR30-5850 is
restricted to downdink only.

I3 The photograph of the DaVinci Trans
America Balloon {“Stray,” January (ST,
page 29), was taken from a light plane pitoted
by John €. Shildeler H, WAGNEY,

71 With apologies to all RTTY stations, please
change suggested ‘YL Activity Day™ cw fre-
quencies . to 14,058, 21,058 and 28,058
kHz. fev—]

e Marnh 4000, _AD.
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An Adjustable-Gain

Microphone Amplifier

Here’s a useful station accessory that's just right

for a first project.

By Glen Thome,* NBAKS

c.ompleted 3-channel microphone amplitier with ¢over removed. A 4-pin input connector is used in this madel.

H ow often has this situation occur-
red? A desk-stand microphone sits unused
because its output is too low to modulate
1 transmitter adequately. To further com-
pound the problem, the rig transmits very
well when uging a hand-held microphone,
and the same rig is used for both mobile
and fixed service. Obviously, the internal
microphone-gain potentiometer cannot be

917 Delaware Ave., Elyria, OH 44035

readjusted in this case since overmodula-
tion or overdeviation would surely result
when using the hand-held micrephone,
even thongh the rig may transmit well with
the desk-stand unit.

The most practical solution to this
dilemma is to amplify the output of the
desk-stand~ microphone, but certain
restrictions apply to this pian of attack:
(1) The amplifier should be simple and
compact; a solid-state design is im-

mediately indicated; (2) the power should
be obtainable from the rig or a small bat-
tery; power consumption should he
minimal; {3) audio bandwidth should be
faitly wide, with a flat response from 300
to 3000 Hz; (4) circuit gain should be ad-
justable over a wide range to adapt the
amplifier to any combination of micro-
phone and transmiiter; and (3)the
amplifier input should accept ¢ither high-
or low-impedance microphones  and



feature both high- and low-impedance
outputs so either one could be used as re-
quired.

Theory of Operation

As shown in Fig. I, the microphone
amplifier consists of an adjustable-gain
operational amplifier circuit. The signal
from the microphone is applied to the
non-inverting input of U1 through cou-
pling capacitor C1. The circuit input im-
pedance is determined by R1, or by the
parallel combination of R3 and R4. Con-
necting R1 matches the input circuit to a
low-impedance ticrophone; with RI
removed, R3 and R4 determine the input
impedance, which, in this case, allows use
of a high-impedance microphone. R3 and
R4 also serve to bias the noninverting in-
put of UI, Since Ul is operated from a
single-ended power supply, the bias
voltage is necessary to linearize the
amplifier output and avoid clipping one
side of the input waveform. To help en-
sure that power supply noise does not
disturb the input, R2 and C3 are included
as a ripple filter. C2 provides low-
reactance bypassing of the power bus,

The gain is determined by the setting of
R5, and is adjustable from approximately
0 to 40 dB. During testing of this circuit
with a 1-kHz sine wave, no distortion was
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Fig. 1 -— Schematic diagram of the microphone amplifier. C1, C6 and C8 are tantalum elec-
trolytics; G2 and C3 are aluminum electrolytics. All other capacitors are tubular or disc ceramic.
RE is a pe-mount potentiomater (Helitrim 72XWR100K or equivaient). U1 is a 741 op amp 1C or
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throughout the gain adjustment range of
the amplifier,

The output from the amplifier is
available at cither low or high impedance,
sefectable to match the characteristics of
the audio input circuit of the transmiteer
to he used, Since the output impedance of
an ideal operational amplifier s zero, the
desired output impedance van be obtained
by means of a seties resistor. This
amplifier offers output impedances of ap-
proximately 600 ¢ and 24 k€.

A common 741 op amp is used at Ul in
the author's unit and it performs ade-
quately. The purist may elect to use one of

the more modern low-noise, wide-
bandwidth  devices, such as the
MC17415CP, MC1456, CA3140,

NES534, or LF356.

Construction

The amplifier is constructed on a cireuit
card designed for chassis mounting. Any
number of amplifiers can be built on one
circuit card to match the needs of in-
dividual stations. The author constructed
a three-channel amplifier and mounted all
components in an aluminum Minibox,
The schematic diagram for the three-
channel amplifier, shown in Fig. 2, in-
dicates the method used for switching the
microphone to any one of the amplifiers.
The push-to-talk (PTT) circuit is also
wwitched so that only one transmitter can
be keyed at & time. By using separate
amplifiers, output levels can be sct in-
dividually, the required output impedance
can be selected to match the individual
transmitters, and only one microphane is
required for fixed-station operation.

Canstruction should require only a few
cvenings, and all components should be
available from local electronics supply
stores or mail-order firms. Layout draw-
ings appear in Figs. 3 and 4 for those who
desire to fabricate their own pe cards. The
finished amplifier should be mounted in-
side a Minibox or ather enclosure that af-
fords complete shielding., Any suitable
connectors that are fully shielded can be
used for input and output terminations,
Alternatively, the output cabies can be
hard wired to a terminal strip inside the
enclosure, as shown in the photo of the
three-channel unit, Whichever method is
chosen, be sure that all input and output
cables are fully shiclded to avoid hum and
rf pickup. Any good-quality microphone
cable can be used; however, avoid
“*economy’’ cables since the percentage of
shielding around the ¢enter conductor
may be too low to shield effectively
apainst hum. Sometimes it’s better to
ground the braid of an audio cable at only
one end, to.avoid ground foops. Start with
the arrangement shown in the diagrams,
hut be prepared to experiment to find the
configuration yielding the lowest noise
level.

if a readily accessible gain adjustment is
desired, a 100 kQ potentiometer mounted

INSTALL JUMPER
OR LOW-Z

Fig. 3 — Parts-placement guide for the single-channel pe card. Parts are placed on the nonfoil
side of the card; the shaded area represents an X-ray view ot the copper pattern. {The etching pat-
tern appeats in the “Hints and Kinks” section of this issue.) Unmarked {ines indicate wire

jumpers.

Closa-up view of the circui{ board. Metal.can or Mini-DIP package op amps may be used without

layout changes.

on the enclosure may be used as a
substitute for RS. Shielded leads soldered
to the pads nermally used to mount the
trimmer should be used for the connee-
tions,
Adjustment

The gain of the microphone amplifier
must be adjusted to avoid overmodulation
or overdeviation in the transmitter, For
a-th or ssh rigs, a wonitor scope should be

used to check the rf envelope. For fm rigs,
a deviation meter is the mwost convenient

way to check for proper audio level. In the
absence of such test equipment, a few on-
the-air checks can be made for optimum
pain adjustment,

Since the frequency response of this
amplifier coffectively covers the voice
range, some operators may desire to at-
tenuate the low-frequency response. For
communications purposes, speech is more
intelligible if the high-freguency tones are
accentuated. €9, shown in Fig. 2, is
placed between the microphone and the
amplifier. The value of 0.1 uF was chosen



QUTPUT3

QUTPUT 2

OUTPUT 3

Fig. 4 — Parts placement guide far the three-channel pc card, R1 is omitted if the station microphone is a high-impeciance unit.

Three amplitiers built on one pc board. This technique can be extended to any number of amplitiers.

experimentally, observing the amplifier
output on an oscifloscope while sweeping
a band of frequencies applied to the input
through C9. This value of capacitance at-
tenuates the fow-frequency response to
some extent. In conducting tests, various
stations advised the aathor of favorable
tore response using the amplifier and a
desk-stand microphone as compared to an
unamplified hand microphone. These
tests were conducted on 2-meter fm. Dif-
ferences in  individual wvoices and
characteristics of the microphones used
may necessitate some experimenting to
determine the optimum value of (9, but

14 . _nN5h__

0.1 to 0.47 uF should prove satisfactory in
most cases.

Conclusion

The author incorporated the three-
channel version of this amplifier and a
600-ohm dynamic microphone into his sta-
tion to provide audio to 2-meter fm, 6-meter
a-m, and hf-band ssb rigs. Initial reports in-
dicate favorable performance despite the
more pronounced bass response as com-
pared to the tone qualities of the average
voice transmission. Since the amplifier
greatly increases the microphone sensitivity,
the operator can speak at a conversational

level for long periods without voice fatigue
Because of the increased sensitivity, vou
must be careful to keep the ambient nois¢
level low. Besides being a useful station ac.
cessory and an easily constructed *“first pro-
ject,”” this amplifier can give the operator :
chance to dust off that long-unused desk
microphone or extend the usefulness of 2
microphone already in service.
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o Basic Amateur Radio

A Beginner’s Look at Op Amps

Part 1: Op Amps are part of many QST projects. Here's your
chance to get acquainted with these handy devices. The
math is easy. We start with a “‘black box" approach.

By Gecrge Woodward,* W1BN

“O
p amp’’ is an abbreviation for

“operational amplifier.”” We tend to
think of op amps as integrated circuits
{ICs}, but the term can be applied to any
high-gain amplifier circuit whose transfer
characteristic is determined by external
components, “‘Transfer characteristic™
means the manner in which the output
varies as a function of the input. The ex-
ternal components in an op-amp circuit
create a closed loop, or feedback path be-
tween output and input. Special-purpose
feedback amplifiers emerged shortly after
the trtode electron tube, but amplifiers
designed to perform in a wide variety of
feedback loops are a product of the com-
puter age. Analog computers require
many op amps to perform mathematical
operations such as summation, absolute
value generation, differentiation and in-
tegration. There’s no need to be in-
timidated by these terms. When you finish
this series, you’ll be able to throw them
around, with some authority.

The Ideal Op-Amp

A perfect amplifier would have infinite
input impedance, infinite gain, and zero
output impedance. Infinite input im-
pedance means the amplifier responds to
the signal voltage without drawing any
current from the source. A device having
rere output impedance will supply a con-
stant voltage regardless of the corrent
taken by the load. Another characteristic
of our ideal amplifier is absolute linearity,
meaning the output is a perfectly propor-
tioned magnification of the input. Ob-
viously we can’t have any linearity at all if
the amplifier gain is infinite, but we shoot
for infinity, hoping for “‘cxtremely high””
gain, Of course we'd like our amplifier to
exhibit infinite bandwidth, zero phase
shift and zero noise. We can’t realize these
characteristics in practice, but the ideal
amptifier is a useful model on which to
base our study of op-amp theory. For the
*Assistant Technical Editor, QST
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Fig. 1 — Input connections and output current flow in a differential amplifier. The arrows depict
the direction of actual electron flow. In A, the input signal causes the amplifier to sink the load
current. Reversing the input polarity, as in B, causes the amplifier to source the load current.

time being, we’ll think of our ideal
amplifier as a *‘black box,”’ without con-
cern for what goes on inside,

Differential Inputs

Most electrical devices have two input
terminals and two output terminals. Your
VOM, for example, has two probes, and

its meter movement has two lugs. One

probe may be connected directly to the
meter, but for electrical analysis they must
be consideted separately. When using
vour YOM, vou often clip one probe to
the chassis of the equipment you're testing
and make all measurements with respect

to “ground,” but you're still making a
two-terminal nfeasurement. Many
dedicated amplifier circuits are designed
with a commen input/output terminal,
often connected to ground. We'll look at
some of these circuits in this series, but the
important thing to remember about op
amps s that the input (and sometimes the
output} terminals are uncommitted; we
may connect them as we please.

An amplifier may have two input ter-
minals referenced to a common point such
that the input/output transfer functions
have opposite signs. This would be called
a differential amplifier. Sounds awful,



(Y

2]

Fig. 2 — Ditferential amplifier circuits having
one input terminal common to the autput and
power supply retums. When the “ +* input ter-
minal is above ground, as in A and B, the
amplitier is noninverting, meaning the polarity
of the output voltage (with respect to ground or
common) is the same as the input. In C and D,
the * - ** terminal is above ground, and the
amplifier inverts the polarity of the input
signal.

doesn’t it? Just look at Fig. 1 and it
should become perfectly clear. Two dc
power sources, BTl and BT2, bias the
amplifier and supply the load current.
Notice the polarity of the power sources,
and that they have a common reference

point, which is one of the amplifier’s out-
put terminals. The input signal is
generated by BT3 and BT4, having equal
voltages, which are also referenced to the
common output terminal. The terminal
marked ** = " s called the inverting input,
and the one marked ‘“ +** is the nonin-
verting input. In Fig. 1 a positive voltage
(with respect to **ground’’) applied to the
noninverting input causes the “high” side
of the output to go positive and “‘sink*’
the load current. Similarly, a negative
potential appiied to the inverting input
causes the output to be positive. Reversing
the input batteries, as in Fig. 1B, will
make the output go negative and
“source’” the load current. This time the
=" terminal inverts the positive input
signal, and the “+* terminal amplifies
the negative input signal with no polarity
reversal. If only one of the batteries were
reversed, the inputs would oppose rather
than aid each other, and the vutput
voltage would be zero. If the input
voltages are unequal, the output is pro-
portional to their differences; hence the
name differential amplifier.

Single-Ended Inputs

For simplicity, we sometimes make one
of the amplifier inputs common to the
output circuit. 1've illustrated this con-
tiguration in Fig. 2. The inverting input
terminal is common in A and B. The
amplifier is noninverting. In C and D an
inverting awmplifier, made by grounding
the noninverting input terminal, is shown,
Later we'll see how to get away with a
single-ended power supply, too.

Closing the Loop

Remember that our device amplifies the
potentiai difference between the inputs?
We can introduce negative feedback
around the circuit and use the differential
effect to establish almost any desired
transfer characteristic. To see how, let’s
take a simple but practical example, The
amplifier in Fig. 3A has its inverting input
grounded through Rp. There’s no harm in
inserting this resistance, because our ideal
device doesn’t draw any input current. So
far we have the same noninverting
amplifier we saw earlier (Fig. 2A and 2B).
Adding R4 as in Fig. 3B alters the circuit’s
operation dramatically. For convenience,
let’s make its value equal to that of Ry, If
we apply 1 volt (positive) to the noninvert-
ing terminal, the output voltage will rise in
the positive direction. When the output
potential reaches 2 volts, the potentiai at
the inverting terminal will be 1 wolt
because Ry and Rg form a two-to-one
divider. But now both inputs have the
same potential and there’s no difference
to amplify, so the output stops increasing.
If the output overshoots the 2-volt mark,
the inverting input will exceed 1 volt. Now
we have some input differential, and its
polarity forces the amplifier’s output
voltage in the negative direction. Our cir-

LI

R s ek

IS
(B T

Fig. 3 — Our ideal amplifier has infinite input
impedance; theretore we can insert a resistor
in either input leg. in A, Ry is between the ' —*
terminal and ground. The circuit is very similar
ta those of Figs. 24 and 2B. In B, R, creates &
negative feedback path. Differential amplitiers
intended tar closed-cop applications are
called ap amps and are represented
schematically by a convex edge on the (nput
side. Given an ideal amplitier, the
sharacteristics of the circuit in B are deter-
mined almast entirely by the feedback nat-
wark.

cuit is & servo system, and as long as the
amplifier doesn"t develop ton much phase
shift, it will be stable.

Let's make Ry twice as large as Rg. If
we apply the same l-volt input signal, the
inverting input voltage won’t reach I volt
until the output reaches 3 volts, because
Ry and Ry form a three-to-one divider.
By now, 1’m sure you've deduced that the
numerical voltage gain of this type of cir-
cuit is simply the ratio
ME which reduces to 1 + R"#

Rg B

What has become of the input and out-
put impedances? If we make the load
resistor smaller, 