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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 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




TO PR SW. &

0 100K
POT3

10 L1201

TOPE SW. 1

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.
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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
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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.

lannarm: 1000 9,




INC

- M ki EXCEPT AS INDICATED, DECIMAL VALUES OF
SREEN L] -l step - CAPACITANCE ARE IN MICROFARAOS [ uP | ;
g P s & a [ OTHERS ARE IN PICOFARADS (pF OR ypF ),
O UMATOR N ,1 RESISYANCES ARE IN OHMS
TEC TEST RUN k=1DOD, Ma1000 000,
B2 [+ \
sam s10p s
Jﬁ— P e o, O—D K2a
o R + L
o SO LT R '
pa A -
SIHGTOR
BLUE 2 i aimon vesr | K3a
O oEC 1 Lt MOTOR
ua O sen I )
¢ (et} Kk4a 1
VELLOW L I
ao ' I K8A
T - 120V
Q kiz $3 oW LMIT
k o o—2] 2 1o
~, 4 MOTCR
* <l
J . (BERMANENT
X( / Qe - 4 oW LT MAGHNET FIEL D)
b ) e O— = .
g 0 KeG
BLACK - = v oy 9 .
SOLET Ereas )3 1777 o e 0
e’ | e e
=, > SzEse Iy
BROWN 3N POSITIONJ, 10K LA W = 1 ]
4
ORANGE . _ mes” RZ
EEC cteosinion 124 Y, .
] W i@
prive Sl A
i s
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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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NORMAL iV HASTER OF 262 LINES
WITH ASPECT RATION OF 4:3

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.



ESar U

['o Sum—

Ss7Y
TRM) INFUT

PEMODULATOR

4BIT AT
GONVERTER

NG
SEPAHATOR

STNG

AR

NPT POl

B MEMORY BOARD

CONTRUL

MULTHLEX 66

v pvsion prspuar
CIRMUATRY

G Ol
T¥ MOMITOR

W0

T

ADDRESS BUS.

<z

|

|
§uy:

RICROPROCESSOR
SYSTEM

i
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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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na for operation on medium waves and/or 1.8
MHz and capabie of providing deep null on in-
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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



HBY

BV .
EXCEPT AS INDICATED, DECIMAL
1k 10k VALUES OF CAPACITANGE ARE 0% 1ok ) bid uiBs oo01-
at N MICROFARADS { pF ) ; GTHERS o2 o 3 z 5 4
ARE IN PICOFARADS { pF OR uyF)} ”
RESISTANCES ARE IN OHMS;
*9I000, Mri 000 0