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FOREWORD

This ICC'74 Conference Record contains the papers presented at
the tenth annual IEEE International Tonference on Communica-
tions. More than 90 percent of the papers appear in complete
form, and most of the remainder, which were not available for
publication for various reasons, are represented by author-
prepared abstracts.

The full Technical Program is tabulated at the beginning of this
volume, and an author index is provided at the end. In addition, "
a listing of ICC'74. exhibitors and patron firms is included for
permanent reference.

We on the ICC’74 Executive Committee hope that this Record
will, in the tradition of its predecessors in the series, prove to be
a valuable referencé document both during the Conference and
afterward.

Arnoild A. Cohen
Chairman, ICC'74

ICC'74 EXECUTIVE COMMITTEE

Chairman—Dr. Arnold A. Cohen, University of Minnesota
Vice Chairman—Charles R. Seashore, Honeywell Inc. ‘
Secretary—Dr. Rolf Schaumann, University of Minnesota
Treasurer—Leo L. Bock, Sperry Univac

Finance—Noel T. Stone, Cray Research, Inc.
Program—Dr. Meredith S. Ulstad, Control Data Corporation
Arrangements—Vern H. Krieger, Northwestern Bell
Exhibits—Robert E. Starnes, Northwestern Bell
International—Dr. Sidney M. Rubens, Sperry Univac
Publicity—Marilou E. Thomas, Northwestern Bell
Publications—Leo R. Dunn, 3M Company
Liaison—Stephen C. Merriman, Northwestern Bell

Advisors—John A. Mahone_y, Northern Electrig Company
Dr. Richard L. Shuey,-General Electric Company

IEEE COMMUNICATIONS SOCIETY
BOARD OF GOVERNORS

1974
Ofﬁcrer‘s: . d ’ D_i‘rector— DR. DONALD L. SCHILLING
President MR. AMOS-E. JOEL, JR. . i Publications City University of New York
Bell Laboratories Department
g = _ "y Society Bditor
Vice President MR. WALTER E. NOLLER ¥4
Digital Telephone Systems )
Director— DR. RICHARD L. SHUEY
“Vice President MR. WILLARD B GROTH Meetings & Con- General Electric
Technical Atfairs IBM ferences Department
Vice President MR. DONALD M. ATKINSON .
International Affairs Bell Canada Dlrecto'r—' ; MR. BERNARD J. YOKELSON G
i Administration New Jersey Bell
Secretary _~ DR. ANTHONY B. GIORDANO PR
- Polytechnic Institute of New York
Chairman— MR. FRANK D. REESE
Treasurer 5 MR.. DAVID L. SOLOMON Advisory Council North Pittsburgh
’ Office of the Secretary of Defense : Telephone Co.

Copyright 1974 by
The Institute of Electrical and Electronics Engineers, Inc. Library of Congress Card Volume X
..+ New York, New York 10017 No. 64-23226 IEEE Cat. No. 74 CHO 859-9 CSCB



Members-at-Large:

1660236

DR. FREDERICK T. ANDREWS, JR.
Bell Laboratories

DR. ANTHONY B. GIORDANO
Polytechnic Institute of New York

MR. BERNARD GOLDBERG
U.S. Army Electronics Command

MR. FRED S. HIRD
Northwestern Bell

DR. DONALD L. SCHILLING
City University of New York

MR. DAVID L. SOLOMON
Office of the Secretary of Defense

DR. WILLIAM F. UTLAUT
U.S. Department of Commerce

MR. EVERETT J. DOYLE
New Jersey Bell

MR. WILLIAM W. MIDDLETON
Bell of Pennsylvania

DR. MISCHA SCHWARTZ
Polytechnic Institute of New York

Technical Committee Chairmen:

Communication
Switching

Communication
Systems
Disciplines

Communication
Theory

Data Communication

Systems

Radio
Communication

Space
Communication

Wire
Communication

Communications
Electronics

Educational
Services

Standards Coordinating

& Liaison

Awards Board

Nominations and
Elections Board

MR. JOSEPH H. WEBER
AT&T

MR. GEORGE F. ABBOTT
Research Triangle Park

DR. RAFFAELE ESPOSITO
Selenia, S.p.A.

DR. ADAM LENDER
GTE Lenkurt

MR. JOHN C. G. CARTER
s Westinghouse

MR. FREDERICK J. ALTMAN

s Computer Sciences Corp.

MR. WILLIAM W. MIDDLETON

s Bell of Pennsylvania

MR. STANLEY L. FREENY
Bell Laboratories

DR GEORGE R. COOPER
Purdue University

DR. RALPH M. SHOWERS
University of Pennsylvania

COL. J. Z. MILLAR
Western Union

MR. FRANK D. REESE
North Pittsburgh
Telephone Co.

MR. DONALD A. CHISHOLM
Bell Northern Research

Communications
Policy Board

Technical Affairs MR. WILLARD B. GROTH
Board 18M

MR. CHARLES A. STROM, JR.
Rome Air Development Center

Workshops

“COMMUNICATIONS SOCIETY
CONFERENCE BOARD
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Dr. Aubrey M. Bush

Dr. Arnold A. Cohen Dr. Stephen Riter
Thomas G. Dalby Dr. Robert W. Rochelle
Jules Ghyselinck Dr. Robert D. Shelton
George Griffith Dr. Richard L. Shuey
Charles H. Horn Dr. Richard S. Simpson

ICC’74—PARTICIPATING IEEE
GROUPS AND SOCIETIES

Acoustics, Speech and Signal Processing Group
Aerospace and Electronic Systems Society
Circuits and Systems Society

Communications Society

Computer Society

Electromagnetic Compatibility Group
Information Theory Group

Vehicular Technology Group

ICC’74 PROGRAM COMMITTEE

Chairman—Dr. Meredith S. Ulstad, Control Data

Secretary—Mrs. Barbara Kleinfeldt, Control Data

Members-at-Large—Ken Bergan, Control Data; Dr. "Arnold’
Cohen, Univ. of Minn.; Dr. Mel Geokezas, Honeywell ;
Robert Kalb, Retired; Dr. Larry L. Kinney, Univ. of Minn.;
Ed H. Ostberg, Sperry Univac; Dr. Sidney M. Rubens, Sper-
ry Univac; Marc Shoquist, Sperry Univac; Dr. Duane H.
Tack, Honeywell. .

COMSOC Committee Representatives—Fred J. Altman, Com-
puter Science Corp.; Floyd K. Becker, Bell Laboratories;
Russell F. Johnson, Western Telecommunications; Dr. R.
Bruce Kieburtz, Bell Laboratories; Dr. Adam Lender, GTE
Lenkurt; Dr. John H. Park, Jr., Univ. of Minn.: Dr. Robert
A. Scholtz, Univ. of Southern Calif.; Charles A. Strom, Jr.,
RADC; John M. Thorson, Controi Data Corp.

IEEE Groups and Societies—Dr. Wesley W. Chu, UCLA; Olin S.
Giles, General Electric; Richard Gould, FCC; Dr. Martin E.
Hellman, Stanford Univ.; Eugene D. Knowles, Boeing Aero-
space; Dr. William H. Ninke, Bell Laboratories; Dr. Belle A.
Shenoi, Univ. of Minn.



Session 1: SOCIAL, ECONOMIC AND TECHNICAL
ASPECTS OF BURIED TELEPHONE
PLANT

Organizer: J. V. Buscemi, Federal Communications
Commission

Chairman: J. V. Buscemi, Federal Communications
Commission

Sponsor: Wire Communication Committee, Com-
munications Society

1A:  Trends in Design of Telephone Cables In-
tended for Direct Buried Applications
E. W. Riley, Ahaconda Wire and Cable

1B: Engineering Buried Telephone Plant
B. E. Coy, Bell Laboratories

1C:  Economic Aspects of Buried Telephone Plant
T.J. McDonough, Rural Electrification
Administration

1D:  Getting Buried Plant In
R. C. Karig, New Jersey Bell Telephone

Session 2: DATAROUTE: A CANADIAN DIGITAL
DATA NETWORK ¢

Organizer: P. K. Verma, Bell Canada

Chairman: P. K. Verma, Bell Canada

Sponsor: DataCommunication Systems Committee,
Communications Society

2A:  An Overview of DATAROUTE: System and
Performance
D. J. Horton, P.G. Bowie, Bell Canada

2B: Multiplexing ]
N. T. Keyes, D. J. Mueller, Computer Trans-
mission Corp. 5

2C:  The DATAROUTE Digital Loop Equipment
A. W. Meyer, Computer Transmission Corp.,
A. J. Delorenzi, Bell Canada

2D:  Network Synchronization and Alarm Remot-
ing in DATARQUTE
J. G. Baart, Bell-Northern Research, S.
Harting, Computer Transmission Corp., P. K.
Verma, Bell Canada

2E: DATAROUTE Transmission: System Growth
and Extensions
F. E. Glave, L.B. Dunn, Bell-Northern
Research

Session 3: NONLINEAR CIRCUITS IN
COMMUNICATIONS

Organizer: B. A. Shenoi, University of Minnesota .
Chairman: B. J. Leon, Purdue University
Sponsor: Circuits and Systems Society

3A: Calculations of Intermodulation Noise Due to
Hard and Soft Limiting of Muitiple Carriers
C. Loo, Dept. of Communications, Canada

3B: Computing Intermodulation Noise in FM
Communication Relays
W. Amend, P. Maurer, W. Postl, Siemens AG,
Germany

3C: Sensitivity Analysis of Feed-Forward Amplifier
Y-S. Cho, Bell Laboratories

3D: Nonlinear Analysis of Phase-LogRed Loops
with Rapidly Varying Phase Error
C-H. Chen, M. Fan, Southeastern Massachu-
setts University

3E: The Effects of Atmospheric Fading on a
Second Order Phase-Locked Loop Preceded
by a Bandpass Limiter
C. C. Korgel, Martin Marietta

Session 4: SUBSCRIBER USAGE MEASUREMENT
SYSTEMS

Organizer: B. R. DeMaeyer, lllinois Bell Telephone

Chairman: B. R. DeMaeyer, lilinois Bell Telephone

Sponsor: Communications Switching Committee,
Communications Society

4A:  Subscriber Usage Measurement System
R. E. Cotter, lllinois Bell Telephone

4B: A Remote, kandom Access Service Measure-
ment System
R. J. Hudzik, Illinois Bell Telephone

4C:  Withdrawn

4D:  IBM System 7 Traffic Monitoring Program
W. S. Pensiero, P. 0. Dahiman, IBM

4. New System Approaches to Message Metering
J. C. McDonald, VIDAR

Session 5: MICROWAVE COMMUNICATION —
DIGITAL AND ANALOG

Organizer: C. |. McDowell, Collins Radio

Chairman: C. |. McDowe!l, Collins Radio

Sponsor: Radio Communications Committee, Com-
munications Society

5A:  Hybrid Thin-Film Techniques in IF Amplifier
Designs for Microwave Radio Relay
R. A. Nichols, Collins Radio

5B: High Frequency Delay and Linearity Test
Techniques in Microwave Systems
M. Ramadan, Collins Radio

5C: Milli-Meter Wave FM Radio Equipment for
Multi-Channe! Video Transmission
Y. Konishi, K. Uenakada, NHK, T. Ohta, S.
Ono, M. Hata, Y. Masuda, QKl, Japan



5D: Performance Analysis of a Three-Level Modi-
fied Duobinary Digital FM Microwave Radio
System
T.L.Swartz, GTE Lenkurt

5E: A 40/80 Mb/s, 11 GHz Digital Microwave
Transmission System — Design Objectives
and Field Test Results
C. J. R. Pallemaerts, P. J. Tanzi, Raytheon

5F: 30 GHz High-Speed Portable Digital Data Link
P. A. Volckman, S. E. Gibbs, P. Denniss,
Royal Radar Establishment, England

Session 6: CONTROL OF DIGITAL COMMUNICA-
TION SYSTEMS

Organizer: C. A. Strom, Jr., Rome Air Development
Center

Chairman: L. Golding, COMSAT

Sponsor: Communication System Disciplines Com-
mittee, Communications Society

6A: Error Control Techniques for Satellite Com-
munications: An Overview
A. R. K. Sastry, Indian Institute of Science,
India

6B: A Microprocessor Controller for International
Leased Data Channels
M. D. Lippman, P. M. Russo, RCA

6C: Discrete Control Correction for Synchroniza-
tion of Digital Communication Networks with
Different Correction-Parameters at Different
Nodes
K. R. Krishnan, R. Mukundan, D. 4. Perreault,
R. F. Cotellessa, Clarkson College of
Technology

6D: An Automatic Multiple Access Data Trans-
mission Platform Design
H. J. Moody, V. Shukla, J. M. Keelty, RCA
Limited, Canada

6E: An Optimization Theory Estimate of the Use-
able Capacity of an Arbitrary Multiple Satellite
System
R. L. Granger, COMSAT

Session 7: COMMUNICATION ELECTRONICS

Organizer: R. E. Maurer, Bell Laboratories

Chairman: R. E. Maurer, Bell Laboratories .

Sponsor: Communication Electronics Committee,
Communications Society

7A: An Experimental TDM Data Loop Exchange
H. E. White, N. F. Maxemchuk, RCA

78: Low Noise Frequency Synthesizer Design for
a UHF Communications System
E. Kather, Electromagnetic Systems Labora-
tories

7C: A Digital ‘Standards-Converter for Television
Using Intra-Frame Line Interpolation Tech-
_niques
K. Kinuhata, H. Sasaki, H. Yamamoto, K.
Amano, Kokusai Denshin Denwa, Japan

7D: The D3 PCM Channel Bank
J. B. Evans, Jr., W B. Gaunt, Jr., Bell Labora-
tories

7E:  The D1D PCM Channel Bank
H. A. Mildonian, Jr., D. A. Spires, Bell Labor-
atories

7F: FDM Synthesis Using Noise Loading
B. B. Garg, Bell Laboratories

Session 8: BELL-NORTHERN RESEARCH 273 Mb/s
LD-4 DIGITAL CABLE SYSTEM

Organizer: R. P. Skillen, Bell-Northern Research,
Canada

Chairman: R. P. Skillen, Bell-Northern Research,
Canada

Sponsor: Wire Communications Committee, Com-
munications Society

8A: An Overview of Digital Transmission in-Bell
Canada
R. J. Mills, R. P. Skillen, Bell-Northern Re-
search, Canada

8B: The LD-4 System
D. Cowan, Bell-Northern Research, Canada

8C: The LD-4 Outside Plant System
R. McClean, Northern Electric, Canada, D. A.
Stevenson, Bell-Northern Research, Canada

8D: 'LD-4 Digital Repeatered Line
M. Frame, R. A. Klodt, W. F. McGee, D. P.
Reid, Bell-Northern Research, Canada

8E: Digital Multiplex Equipment for the LD-4
System
W. R. Reader, Bell-Northern Research, Canada

Session 9: ADVANCES IN VOICEBAND DATA
TRANSMISSION

Organizer: P. K. Verma, Bell Canada

Chairman: B. R. Saltzberg, Bell Laboratories

Sponsor: DataCommunication Systems Committee,
Communications Society

9A: Error Detection Made Simple
M. E. Hellman, Stanford University

9B: Cyclic Equalization — A New Rapidly-
Converging Adaptive Equalization Technique
for Synchronous Data Communication
K. H. Mueller, Bell Laboratories, D. A.
Spaulding, Vidar



9C: Parallel Interface Extender: A New Apbroach
to Data Communications
K. I. Nordling, Paradyne

9D: Withdrawn

9E: Design and Performance of 8 Phase Data Sets
for Use on Telephone Channels
J. C. Ehlinger, W. J. Wolf, Bell Laboratories

9F:  AnIncoherent Adaptive Mean Square Equalizer
R. J. Tracey, GTE Lenkurt

Session 10: REMOTELY PILOTED VEHICLE COM.-
MUNICATION SYSTEMS

Organizer: E. J Claire, Radiation

Chairman: E. J. Claire, Radiation

Sponsor: Communication System Disciplines Com-
mittee, Communications Society

10A: Remotely Piloted Vehicle Communication
Systems
H. M. Federhen, Advanced Research Projects
Agency

10B: Functional Command/Control Considera-
tions for Ship-Deployable Tactical Remotely-
Piloted Vehicle (RPV)
R. E. Wehman, Naval Weapons Laboratory

10C: Drone/RPV Control and Data Retrieval System
Requirements
S. Purdy, Air Force Systems Command

10D: Advanced Survivable RPV Data Link
A. G. Roy, Radiation

10E: . Null-Steering Array for RPV Application
G. G. Rassweiler, G. P. Martin, L. M. Payne,
D. F. Lehman, Radiation

10F: Withdrawn

10G: Kalman-TypeProcessing for Adaptive Antenna
Arrays
C. A. Baird, Jr., Radiation

Session 11: SWITCHING SYSTEMS |

Organizer: F. K. Becker, Bell Laboratories
Chairman: J. R. Barry, Bell-Northern Research,
Canada

Sponsor: Communications Switching Committee,

Communications Society

11A: Automated Handling of International Calls
Thru TSPS No. 1 .
S. Lederman, N. H. Petschenik, Bell
Laboratories

11B: A Comparison of Two Methods of Trunk
Engineering
D. Sheinbein, Bell Laboratories

11C: The Effect of Unbalanced Traffic on the Traffic
Handling Capacity of Telephone Trunks
J. E. Schmidt, Norwegian Telecommunica-
tions Administration, Norway

11D: Group Transit Switching — A New Operational
Approach to be Applicable to Switched Com-
munication Network
N. Shimasaki, A. Okada, T. Yamaguchi,
Nippon Electric, Japan

11E: Analysis of Dual Use of a Trunk Group with
Reservation
T. Hasegawa, Kyoto University, Japan

Session 12: RECENT THEORETICAL AND EXPERI-
MENTAL WORK ON MICROWAVE LOS PROP-
AGATION PROBLEMS

Organizer: W. T. Barnett, Bell Laboratories

Chairman: W. T. Barnett, Bell Laboratories

Sponsor: Radio Communications Committee, Com-
munications Society

12A: Measurements of Delay Distortion During
Selective Fading
G. M. Babler, Bell Laboratories

12B: Space Diversity.on a 6 GHz Path with Bill-
board Reflectors
A. Vigants, Bell Laboratories

12C: Threshold-Switched LOS Space Diversity
Reception in the Everglades
A. Vigants, Bell Laboratories

12D: Deterioration of Cross-Polarization Discrimi-
nation During Rain and Multipath Fading at
a 4 GHz
W. T. Barnett, Bell Laboratories

12E: Withdrawn

12F: Rain-Induced Cross Polarization at Centi-
meter and Millimeter Wavelengths
T. 8. Chu, Bell Laboratories

Session 13: SPEECH CODING AND PROCESSING

Organizer: W. H. Ninke, Bell Laboratories

Chairman: W. H. Ninke, Bell Laboratories

Sponsor: Acoustics, Speech and Signal Processing
Group

13A: Idle Channel Noise Characteristic of a Delta
Modutator with Step Imbelance and Quantizer
Hysteresis
B. Gotz, Y. C. Ching, G. L. Baldwin, Bell
Laboratories

13B: Low Cost Analog-Digital interface for Tele-
phone Switching » . )
J. H. Condon, H. T. Breece, lIl, Bell Labora-
tories



13C: Differential PCM with Adaptive Quantization
‘ for Voice Communications
R. W. Stroh, North Carolina State University

13D: Optimum Quantization of Speech for Constant
Word Length Coding
F. Cohen, Technische Universitat, Braunsch-
weig, Germany

13E: Interpolative D/A Converters with Uniform or
Segmented Companding
C. Candy, Bell Laboratories

13F: Study of an Adaptive Bandwidth PCM Voice
Communication System
T. E. Eger, Quest Research, S. J. Campanella
COMSAT

Session 14: VEHICULAR COMMUNICATIONS — A
DYNAMIC TECHNOLOGY

Organizer: O. S. Giles, General.Electric
Chairman: O. S. Giles, General Electric
Sponsor: Vehicular Technology Group

14A: Cellular Compatibility in Small 900 MHZ
Mobile Communications Systems
G. F. McClure, Martin Marietta

14B: A System Plan for a 900 MHz Portable Radio
Telephone
J. J. Mikulski, Motorola

14C: A Practical Approach to Radio Propagation
Measyrements As Used in the Design of
Mobile Radio Communications Systems
R. T. Forrest, General Electric

14D: High Power Transistors for New Generation
Transmitters
J. H. Johnson, Communications Transistor
Corp.

14E: Circuit Noise Considerations and Measure-
ments in Communication Systems
D. C. Brown, E. C. Lafferty, General Elegtric

14F: Digital Signaling for 800 MHz Radio
L. D. Freeman, Martin Marietta

14G: The Use of Computer Simulation for Analysis
of Communications Requirement
O. W. Lavin, Jr., Motorola

!

Session 15: COMMUNICATIONS SATELLITES |

Qrganizer: J. H. Park, Jr., University of Minnesota

Chairman: P. L. Bargellini, COMSAT

Sponsor: Educational Services Committee, Com-
munications Society

15A: Communications Satellites — Lecture 1
P. L. Bargellini, COMSAT

15B: Communications Satellites — Lecture 2
P. L. Bargellini, COMSAT

Session 16: COMMUNICATIONS SATELLITES Il

Organizer: J. H. Park, Jr., University of Minnesota

Chairman: P. L. Bargellini, COMSAT

Sponsor: Educational Services Committee, Com-
munications Society

16A: Communications Satellites — Lecture 3
P. L. Bargellini, COMSAT

16B: Communicatcns Satellites — Lecture 4
P. L. Bargellini, COMSAT

Session 17: FIBER OPTICS FOR TRANSMISSION

Organizer: J. M. Sipress, Bell Laboratories

Chairman: D. Chen, Honeywell Research

Sponsor: Wire Communication Committee, Com-
munications Society

17A: Measuring the Transfer Function of Glass

Fibers
S. Geckeler, D. Schicketanz, Siemens AG,
Germany

17B: A 50 Mb/s Repeater for a Fiber Optic PCM
Experiment

K. Runge, Bell Laboratories

17C: Optimal Trade-Off of Modemixing Optical
Filtering and Index Difference in Digital Fiber
Optic Communication Systems
S. D. Personick, Bell Laboratories-

17D: An Experimental 45 Mb/s Digital Transmis-
sion System Using Optical Fibers
F. M. Banks, R. R. Fergusson, J.C. W.
Taylor, Bell-Northern Research, Canada

17E: An Optical Fiber System for Wideband Trans-
mission
A. Szanto, J. C W. Taylor, Bell-Northern
Research, Canada

Session 18: DIGITAL PROCESSING IN. TELECOM-
MUNICATIONS

Organizer: S. J. Campanella, COMSAT

Chairman: S. J. Campanella, COMSAT

Sponsor: Communication Theory Committee, Com-
munications Society



18A: Real Time Image Redundancy Reduction
Using Transform Coding Techniques
A. Habibi, W. K. Pratt, G. Robinson, Univer-
sity of Southern California, R. Means, H.
Whitehouse, J. Speiser, Naval Undersea
Center

18B: Adaptive PCM Speech Transmission
J. E. Whelchel, T. E. Eger, G. F. Mayefskie,
R. H. Stroud, Quest Research

18C: A Predictive Coder Voice Processor for
Narrowband Communication Channels
A. J. Goldberg, M. J. Ross, A Arcese, GTE
Sylvania ;

18D: Nonrecursive Digital Filters with Coefficients
of Powers of Two
A. Tomozawa, COMSAT

18E: Digital Signal Processing in Telephone
Switching
H. G. Alles, J. H. Condon, W. C. Fischer,
H. S. McDonald, Bell Laboratories

18F: Multifrequency Receiver for Pushbutton
Signaling Using Digital Processing Tech-
niques
K. Niwa, M. Sato, Nippon Electric, Japan

Session 19: THE RADIO SPECTRUM—POLLUTED
POND OR FLOWING RIVER?

Organizer: S. Metzger, COMSAT

Chairman: S. L. Bailey, Joint Technical Advisory
Council

Sponsor: Communication System Disciplines
Committee, Communications Society

INTRODUCTION
S. L. Bailey
Joint Technical Advisory Council

19A: Twenty-five Years as a Midwife to the Broad-
casting Industry
H.T. Head, A. D. Ring & Associates

19B: The Land/Mobile Radio Services
J. A. McCormick, General Electric

19C: Aeronautical and Maritime Services
J. S. Anderson, Aeronautical Radio

19D: Use of the Radio Spectrum — Fixed Services
L. C. Tillotson, Bell Laboratories

19E: Noise Pollution of the Radio Spectrum
A. M. Peterson, Stanford Research Institute

PANEL DISCUSSION

Panelists:

R. P. Gifford, General Electric

W. Dean, Jr., OTP, Executive Offices of the
President :

H. E. Weppler, American Telephone and
Telegraph

Session 20: SWITCHING SYSTEMS Ii

Organizer: F. K. Becker, Bell Laboratories

Chairman: J. G. Pearce, Stromberg-Carlson

Sponsor: Communications Switching Committee,
Communications Society

20A: Switching, Distribution and Transmission
Topologies Leading to Minimum First Cost
Systems
J. Fulenwider, GTE Laboratories

20B: Routing Concepts for the Future DCS as Re-
lated to System Control and Survivability
F. J. Ricci, Defense Communications Agency

20C: The Control of Congestion in Message
Switched Networks
M.C. Pennotti, Bell Laboratories, M. Schwartz,
Polytechnic Institute of New York

20D: Dynamic Scheduling of Multi-Class Message
Flow through a Packet-Switching Node
E. A. Torbett, Systems Control, J. M.
Harrison, Stanford University

.Session 21: DATA COMMUNICATION SYSTEMS

DESIGN CONSIDERATIONS

Organizer: W. W. Chu, UCLA
Chairman: W. W. Chu, UCLA
Sponsor: Computer Society

21A: Digital Data Terminal with Bipolar Violation
for Network Control
K. Tomita, J. Yamagata, R. Komiya, NTT,
Japan

21B: Carrier Sense Multiple Access for Packet
Switched Radio Channels
L. Kleinrock, F. A. Tobagi, UCLA

21C: Cost ‘Throughput Trends in Computer Net-
works Using Satellite Communications
M. Gerla, W. Chou, H. Frank, Network Analy-
sis Corporation

21D: Functional Requirements of a Communica-
tions Controller with Emphasis on the Univac
3760
M. M. Austin, Sperry Univac

21E: Architecture of Data Communication Software
R. Malhotra, Burroughs

21F. SPIDER — An Experimental Data Communi-
cations System
A. G. Fraser, Beli Laboratories

Session 22: CODING AND ERROR CONTROL

Organizer: B. R. Saltzberg, Bell Laboratories

Chairman: M. Berk, IBM

Sponsor: Data Communication Systems Committee,
Communications Society



22A: Digital Data Satellite Systems
P. M. McManamon, J.R. Juroshek, M.
Nesenbergs, U.S. Dept. of Commerce

22B: ARQ Error Control on the Satellite Channel
A. G. Gatfield, COMSAT

22C: Four-Dimensional Mixed Permutation Modu-
lations for Digital and Waveform Transmis-
sions
J. S. Lee, Magnavox

22D: A New Encoding and Decoding Algorithm for
Two-Way Communication Channel
M. Kasahara, Osaka University, C. Fujiwara,
" K. Yamashita, Osaka City University, T.
Namekawa, Osaka University, Japan

22E: The Performance of Uncoded and Convolu-
tionally Coded PSK Systems in the Presence
of Atmospheric Turbulence
C. C. Korgel, Martin Marietta

Session 23: RADIO COMMUNICATIONS
POTPOURRI

Organizer: R. F. Johnson, Western Tele-
Communications

Chairman: R. F. Johnson, Western Tele-
Communications

Sponsor: Radio Communications Committee,
Communications Society

23A: Atmospheric Attenuation Prediction in the
Millimeter Wave Frequency Band
S. J. Andrzejewski, Westinghouse Electric

23B: Rain Rate and Atmospheric Attenuation
Statistics at Millimeter Wave Frequencies
L.. K. Harman, Westinghouse Electric

23C: Fade, Exceedance, and Burst-Error Statistics
for Transionospheric Scintillation Channels
R. E. Ziemer, W. H. Tranter, University of
Missouri — Rolla

23D: Two GHz Digital Microwave Propagation
Measurements on the Santa. Clara-Mt.
Umunhum Path
W. J. Gill, Avantek

23E: PSK Combiners for Time Variable Microwave
Channels
K. Feher, D. Chan, RCA Limited, Canada

Session 24: PCM AND SUBSCRIBER CARRIER
TOPICS

Organizer: C. G. Griffith, GTE Lenkurt

Chairman: C. G. Griffith, GTE Lenkurt

Sponsor: Wire Communication Committee,
Communications Society

24A: New Developments in Digital Transmission
Planning for the Bell System
M. J. Thompson, Bell Laboratories

24B: A Digital Carrier-Concentrator System With
Elastic Traffic Capacity
F.S. Boxall, Consulting Engineer

24C: Subscriber Line Equipment for an Elastic
Carrier Concentrator System
R. R. Buss, VICOM

24D: Traffic Engineering for an Elastic Carrier-
Concentratar System
F.S. Boxall, Consulting Engineer

24E: System Cornisiderations for Short Haui
Multi-Channel Subscriber Carrier
J. A. Stewart, GTE Lenkurt

Session 25: EQUALIZERS IN DATA
COMMUNICATION SYSTEMS

Organizers: B. A. Shenoi, University of Minnesota
and A. Lender, GTE Lenkurt

Chairman: B. A. Shenoi, University of Minnesota

Sponsors: Circuits and Systems Society,
Data Communication Systems Committee,
Communications Society :

25A: Kalman Filter Equalizer for QPSK Digital
Communications Channel
T.S. Lee, D. R. Cunningham, University of
Missouri-Rolla

25B: Sampler Timing Recovery in Equalized Data
Communications Systems
D. Lyon, Intertel

25C: Mean-Squared Error Equalization Using
Manually Adjusted Equalizers
Y-S. Cho, Bell Laboratories

25D: A Linear Digital Equalizer for Fast Initialization
W. J. Barksdale, R. C. Houts, University of
Alabama

25E: Error Propagation in - Decision-Feedback
Equalizers
D. L. Duttweiler, J. E. Mazo, D. G. Messer-
schmitt, Bell Laboratories

25F: On the Structure and Performance of a Linear
Decision Feedback Equalizer Based on the
Minimum Error Probability Criterion
E. Shamash, Hughes Aircraft, K. Yao, UCLA

Session 26: ELECTROMAGNETIC COMPATIBILITY
AND THE COMMUNICATION
SPECTRUM

Organizer: E. D. Knowles, Boeing
Chairman: E. D. Knowles, Boeing
Sponsor: Electromagnetic Compatibility Group



26A: A Status Report of the Electromagnetic Com-
patibility Figure-of-Merit (EMC FOM) Com-
mittee
M. N. Lustgarten, IIT Research Institute

26B: A Review of ECAC’s Capabilities in the Com-
munications Field
D. J. Hughes, ITT Research Institute

26C: A Method to Evaluate the Degradation Effects
of Impulsive Interference
R. B. Schulz, R. A. Southwick, Southwest
Research Institute

26D: Amplitude Probabllity Distribution Measure-
ments of V-8 Ignition Emanations
R. B. Schultz, R. A. Southwick, Southiest
Research Institute

26E: Simulating Atmospheric Radio Noise from
Low Frequency through High Frequency
E. C. Bolton, U.S. Dept. of Commercq

Session 27: VLF to EHF RADIO COMMUNICATIONS

Organizer: R. M. Mattern, Ohio Bell Telephone

Chairman: R. M. Mattern, Ohio Bell Telephone

Sponsor: Radio Communications Committee,
Communications Society

27A: An Overview of Undérground Communications
R. F. Linfield, Westinghouse

27B: An Ultrasonic Personnel Location System
C. R. Kraus, Consulting Communications
Engineers

27C: An Automated Facility for a National Warning
Network
N. B. Tharp, Westinghouse

27D: Multiple Beam Communication Satellite
Antenna Systems .
R. B. Dybdal, Aerospace Corp.

27E: Design of the Bell Laboratories 19 and 28 GHz
Satellite Beacon Propagation Experiment
D. C. Cox, Bell Laboratories

27F: Communications and Propagation Ground
Receiving Station for the ATS-F Millimeter
Wave Experiment
T. L. Duffield, Martin Marietta Aerospace

Session 28: FUTURE IMPLICATIONS OF NEW
i COMMUNICATIONS TECHNOLOGY, A
QUESTION OF DESIGN OR
FORECASTING?

Organizer: G. B. Thompson, Bell-Northern
Research, Canada

Chairman: G, B. Thompson, Bell-Northern
Research, Canada

Sponsor: ICC'74
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PANEL DISCUSSION

Panelists: .

J. Limb, Bell Laboratories

D. M. Atkinson, Bell Canada

E. Joseph, Sperry Univac

A. Seyler, Australian Post Office Research
Laboratory

A. Reid, G. P. O., England (Participation
via Trans-Atlantic Telephone Link)

Session 29: MARITIME SATELLITE PROGRESS

Organizer: L. C. Pollack, COMSAT

Chairman: E. J. Martin, COMSAT General

Sponsor: Space Communications Committee,
Communications Society

20A: Experimental Evaluation of Satellite Links to
Aid Ship Operations
J. Furick, EXXON, R.E., Anderson, H.
Hoffman, General Electric

29B: Communications System Planning for Marisat
D. W. Lipke, D. W. Swearingen, COMSAT
General

29C: A Maritime Mobile Terminal for Commercial
Communications Satellite Application
F. Giorgio, |. Knight, R. Matthews, COMSAT
General

29D: The Marisat Spacecraft
L. M. Keane, E. R. Martin, COMSAT General

20E: Maritime Satellite Experiments
H. A. Feigleson, U.S. Dept. of Commerce

2

Session 30: DETECTION AND
SIGNAL PROCESSING

Organizer: R. A. Scholtz, University of Southern
California

Chairman: R. M. Gray, Stanford University

Sponsor: Communicatjon Theory Committee,
Communications Society

30A: Optimum Resolution Filter with Constrained
Detection and Estimation Performance
L. A. Thurman, MIT Lincoln Laboratories,
C. D. McGillem, Purdue University

30B: Analysis of Digital AGC Amplifiers Using the
Discrete-Time Volterra Series
D. R. Morgan, General Electric

30C: Optimum Spatial Processing of Passive Sonar
Signals
S. Pasupathy, University of Toronto, Canada -

30D: A Class of Direct Detection Receivers for
Oftical Communications
S. Prasad, A. K. Mahalanabis, Indian Institute
of Technology, India



30E: Performance Evaluation in Digital Transmis-
sion Systems with Nonlinearities
S. Benedetto, E. Biglieri, V. Castellani,
Istituto Di Elettronica E Telecommunicazioni
Politecnico, ltaly

30F: Performance of Selected Linear and Nonlinear
Receivers in ELF Noise
J. W. Modestino, B. Sankur, Rensselaer
Polytechnic Institute

Session 31: PCM AND ANALOG TRANSMISSION

Organizer: J. M. Thorson, Jr., Control Data Corp.

Chairman: F. S. Hird, Northwestern Bell Telephone

Sponsor: Wire Communications Committee,
Communications Society

31A: Crosstalk Considerations for a 48 Channel
PCM Repeatered Line
S. D. Bradley, GTE Lenkurt

31B: An Automatic Protection System for Digital
Lines
A. H. Erlund, VICOM

31C: A Simplified High-Speed Regenerative Re-
peater for a Long Haul Digital Coaxial System
T. Matsuoka, N. Chiba, S. Hamao, H. Kimura,
NTT, Japan

31D: New Translating Procedure for the 60MHz
System
Y. Nomura, E. Iwahashi, NTT, Japan

31E: A New Analog Group Bank Using the
Cascaded Filter Principle '
G. Gotz, E. Koob, Siemens AG, Germany

Session 32: EARTH RESOURCES TECHNOLOGY
SATELLITE: APPLICATIONS|

Organizer: J. Deskevich, Operations Research
Chairman: W. E. Scull, NASA .
Sponsor: Aerospace and Electronic Systems Society

32A: The Earth Resources Technology Satellite
Program: An Overview
E. P. Mercanti, NASA

32B: Recent Advancements in Information Extrac-
tion Methodology and Hardware for Earth
Resources Survey Systems
J.'D. Erickson, F. J. Thomson, Environmental
Research Institute of Michigan

32C: Computer Processing of Earth Resources
Technology Satellite Sensor Data
R. Bernstein, IBM

32D: Using ERTS-1 Data Systems to Predict Wheat
Disease Severities and to Estimate Crop
Growth
E. T. Kanemasu, Kansas State University

32E: Application of ERTS Multispectral Imagery to
Agricultural Research
B. E. Dethier, W. W. Knapp, Cornell University
M. D. Ashley, University of Maine

Session 33: DIGITAL COMMUNICATION SYSTEMS

Organizer: C. A. Strom, Jr., Rome Air Development
Center

Chairman: C. A. Strom, Jr., Rome Air Development
Center

Sponsor: Communication System Disciplines
Committee, Communications Society

33A: Data Above Voice (DAV) and Data Under Voice
(DUV) Hybrid Microwave Systems
K. Feher, RCA Limited, Canada; R. Goulet, S.
Morisette, University of Sherbrooke, Canada

33B: Data Above Video Transmission in Microwave
Systems
K. Feher, M. Morris, RCA Limited, Canada

33C: A Method of PCM Transmission Over 2-GHz
Microwave Radio
J. D. Olson, GTE Lenkurt

33D Narrowband Modem Performance Over DCDM
and PCM Channels
S. Russell, Rome Air DevelopmentCenter

33E: !ntegrated Services Digital Network for an
Urban Environment
A. B. Glenn, Page Communications Engineers

33F: More Communications for the Public
C. R. Kraus, Consulting Communications
Engineers

Session 34: SWITCHING SYSTEMS Il

Organizer: F. K. Becker, Bell Laboratories

Chairman: F. K. Becker, Bell Laboratories

Sponsor: Communications Switching Committee,
Communications Society

34A:. Some Considerations on Application of SPC
System to Small-Size Electronic Switching
System
T. Kataoka, T. Uchida, M. Suzuki, OKI, Japan

34B: KC 250 EPBX
S. Sugo, OKI, Japan

34C: Business Communications Services from ESS

Central Offices .
J. J. Horenkamp, H. Oehring, Bell Labora-
tories

34D: Selection of an Optimum Digital PCM
Switching Configuration Baséd on a Set of
System Considerations
S. G. Pitroda, GTE Automatic Electric



34E: Methodology for Isolating a Set of Near Opti-
mum PCM Digital Network Configurations
A. W. Kobylar, GTE Automatic Electric

Session 35: INTER-SYSTEM INTERFERENCE
COORDINATION IN THE MICROWAVE
BANDS

Organizer: R. F. White, GTE Lenkurt

Chairman: R. F. White, GTE Lenkurt

Sponsor: Radio Communications Committee,
Communications Society

35A: Microwave Interference Coordination — 1974
and Beyond
R. F. White, GTE Lenkurt

35B: Interference Objectives for the Microwave
Radio Network
M. J. Pagones, Bell Laboratories

35C: Estimation of Tropospheric Propagation Loss
on Terrestrial Interference Paths
H. J. Weiss, COMSAT

35D: X-Band Pit-Shielding Measufements at an
Earth-Station Site
D. Davidson, J. Elkan, GTE Laboratories

35E: Rainfall Attenuation Statistics with Applica-
tion to Satellite-Terrestrial Sharing
P. Rice, J. Edwards, MCI Tele-Communica-
tions

Session 36: DIGITAL SATELLITE COMMUNICATION

Organizer: R. K. Kwan, Telesat Canada

Chairman: R. K. Kwan, Telesat Canada

Sponsor: Space Communication Committee,
Communications Society

36A: Transponder Multipath Effects on Digital
Satellite Cdmmunications
L. S. Goldirlg, COMSAT

36B: Effects of PSK Spectral Spreading in a Satel-
lite Transponder
R. G. Lyons, Telesat Canada

36C: A Constant-Envelope Digital Modulation
Technique for Millimeter-Wave Satellite

Systems
D. M. Brady, Bell Laboratories

36D: PSK Transmission Over a Non-Linear Satel-
lite Channel
D. A. Lombard, D. R. Duponteil, Centre
National D'Etudes des Telecommunications,
France

36E: A TDMA Terminal for the Spot-Beam Satellite
and its Field Test Results
A. Ogawa, Y. Hirata, M. Ohkawa, H. Saitoh,
Kokusai Denshin Denwa, Japan '
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Session 37: THE VITERBI ALGORITHM IN
DIGITAL COMMUNICATION

Organizer: D. D. Falconer, Bell Laboratories

Chairman: R. D. Gitlin, Bell Laboratories

Sponsor: Communication Theory Committee,
Communications Society

37A: Performance and Implementation of the
Viterbi Decoding Algorithm for Satellite and
Space Communication
J. A. Heller, Linkabit

37B: Reduced State Viterbi Decoders for Channels
with Intersymbol Interference
F. L. Vermeulen, M. E. Hellman, Stanford
University

37C: Joint Optimization of Transmitter and
Receiver Filters in Digital PAM-Systems with
a Viterbi Detector
S. Fredricsson, Royal Institute of Technology,
Sweden g

37D: Design of a Finite Impulse Response for the
Viterbi Algorithm and Decision-Feedback
Equalizer
D. G. Messerschmitt, Bell Laboratories

Session 38: EARTH RESOURCES TECHNOLOGY
SATELLITE: APPLICATIONS I

Organizer: J. Deskevich, Operations Research
Chairman: J. H. Voeckel, NASA
Sponsor: Aerospace and Electronic Systems Society

38A: Earthquake Prediction Proposed Utilizing
Instrumentation of Large Pipelines with
Telemetry to DCS Satellites
I. C. Bechtold, Consultant, N. D. Nelson,
Hughes Aircraft

38B: Interdisciplinary Analysis and Interpretation
of Earth Resources Technology Satellite
(ERTS) Data
G. J. McMurtry, Pennsylvania State University

38C: Withdrawn

38D: Water Resources: Applications of ERTS
Imagery to the Lake Champlain Basin
A.O. Lind, University of Vermont

38E: Geologic Uses and Non-Uses of ERTS-1 —
Northern Rocky Mountains and Similar Areas
R. M. Weidman, S.S. Alt, University of
Montana

Session 39: DIGITAL COMMUNICATION
TECHNIQUES

Organizey: B. R. Saltzberg, Bell Laboratories

Chairman: E. K. Peterson, GTE Lenkurt

Sponsor: Data Communication Systems Committee,
Communications Society



39A: Muitilevel DCPSK Over Real Channels
V. Castellani, L. Lo Presti, M. Pent, Istituo Di
Elettronica E Telecomunicazioni Politecnico,
Italy

39B: Selected Topics in Adaptive Data Modems
E. D. Gibson, Rockwell International

39C: On the Design of All-Digital Components for
Low-Speed and High-Speed Modems Using
MOS Technology
W. K. Giloi, K. D. Kammeyer, Heinrich Hertz
Institute, Germany
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39D: PCM Receiving Equipment of a 640 Mbits/s
Waveguide Transmission System Using
Integrated Circuits
G. Hanke, Forschungsinstitut der Deutschen
Bundespost, Germany

39E: Characteristics of an Experimental 200 Mb/s
High Speed Regenerative Repeater for
Various Code Types
T. Ohira, K. Ono, M. Niiro, T. Ogawa, OKI,
Japan

Session 40: INFORMATION THEORY: RESULTS OF
INTEREST TO THE COMMUNICATION
ENGINEER

Organizer: M. E. Hellman, Stanford University
Chairman: M. E. Hellman, Stanford University
Sponsor: Information Theory Group

40A: A Mafthematical Theory of Data Compression?
L. D. Davisson, University of Southern Cali-
fornia, R. M. Gray, Stanford University

40B: Many User Channel Capacities
T. M. Cover, Stanford University

40C: Remarks on the Shifting Foundations of
Communication Theory
T. L. Fine, Cornell University

40D: The Mathematical Theory of Secrecy Systems
M. E. Hellman, Stanford University

40E: Robustness of Convolutional Coding —
Viterbi Decoding
. M. Jacobs, Linkabit

Session 41: NO. 4 ESS SWITCHING TECHNIQUES
Organizer: H. E. Vaughan, Bell Laboratories
Chairman: H. E.Vaughan, Bell Laboratories
Sponsor: Communications Switching Committee,
Communications Society
41A: System Aspects of the Network
G. D. Johnson, T.J. Cieslak; Bell Labora-
tories
41B: 1A Technology
H. A. Hilsinger, S. M. Neville, Bell Lahora-
tories
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41C: Voiceband Interface
C.L. Dammann, J. H. Davis, Bell Laboratories

41D: The No. 4 ESS Switching Network
J. Janik, Jr., M. F. Slana, Bell Laboratories

41E: Network Clock for the No. 4 ESS Time-Division
Network )
J. H. Huttenhoff, W.R. Schleicher, Bell
Laboratories

#1F: No. 4 ESS Signal Processor
F. H. Tendick, Jr., G. W. Kinder, Bell Labora- -
tories

Session 42: DIGITAL PERFORMANCE DC TO LIGHT

- Organizer: A. C. Walker, VICOM

Chairman: A. C. Walker, VICOM
Sponsor: Radio Communications Committee,
Communications Society

42A: A 250 Mb/s EHF Data Transmission System
— Radio Set AN/GRC-173 (XW-1)
C. K. H. Tsao, W. J. Connor, Raytheon

The two lectures which follow are tutorial in
character. The duration of each is approxi-
mately one hour.

42B: Digital Transmission from D.C. to Light —
Part |
R. H. Fish, A. C..Walker, VICOM

42C: Digital Transmission from D.C. to Light —
Part |l
R. H. Fish, A. C. Walker, VICOM

‘Session 43: SYNCHRONIZATION IN DIGITAL

SATELLITE COMMUNICATIONS

Organizer: W. G. Schmidt, Computer Sciences
Corporation

Chairman: W. G. Schmidt, Computer
Sciences Corporation 3

Sponsor: Space Communication Committee,
Communications Society

43A: Optimizing a TDMA Channel Including Synch-
ronization
L. Lundquist, European Space Research
Organization, Netherlands

43B Comparison of QPSK Carrier Regenerator
Circuits for TDMA Application
F. M. Gardner, Consulting Engineer

43C: TDMA Synchronization for Future Multitrans-
ponder Satellite Communication
H. Ganssmantel, B. Ekstrom, AEG-Tele-
funken,; Germany ’

43D: Precision Synchronization to a Switching
Satellite Using PSK Signals
C. R. Carter, S. S. Haykin, McMaster Univer-
sity, Canada



43E:

43F:

Synchronization and Acquisition in SDMA
Sateliite Communication System

M. Asahara, Y. Tsuji, M. Fukui, Y. Sohma, T.
Hara, Fujitsu Laboratories, Y. Sakamoto,
Fujitsu, Japan

Generalized Frank-Heimiller Signals for

Multiple Access Satellite Communications
Systems

N. C. Mohanty, State University of New York
at Buffalo

Session 44: COMMUNICATION SYSTEM THEORY
Organizer: R. A. Scholtz, University of Southern

California

Chairman: J. A. Heller, Linkabit .
Sponsor: Communication Theory Committee,

44A:

Communications Society

Comparison Detection of Hard-Limited Digital
PM Signals
D. D. Falconer, J. J. Werner, Bell Laboratories
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448B:

44C:

44D:

44E:

44F:

Effect of a Soft-Limiter on the Error Rate of an
M-ary CPSK System

P. Hetrakul, D. P. Taylor, S. S. Haykin,
McMaster University, Canada

Phase-Locked Loop Performance in the
Presence of Fading Communication Channels
W. C. Lindsey, W. J. Weber, University of
Southern California

Performance of a Threshold Unlock Detector
for a Digital Delay Locked Loop
J. L. Lewis, TRW :

An Adaptive Discrete Phase Lock Loop-
Acquisition Behavior
R. H. Pyle, Analytic Sciences

A Technique for Correcting Transmission
Errors in Delta Modulation Channels

M. Z. Ali, I. Paz, N. R. Scheinberg, D. L.
Schilling, The City College of The City
University of New York



TRENDS IN DESIGN OF TELEPHONE CABLES
INTENDED FOR DIRECT BURIED APPLICATIONS

. Eugene W. Riley
Anaconda Wire and Cable Company
Sycamore, Illinois 60178

ABSTRACT

The introduction of coated aluminum shielding tapes and filled
cable cores has resulted in major changes in the makeup of telephone
cables intended for direct buried applications. In this paper current
trends in cable design are discussed. A test program initiated to
compare various cable designs under identical environmental con-
ditions is described and measured results are presented. Some
problems which have been encountered with buried distribution
wire are reviewed. An experiment carried out to investigate some
aspects of these problems is reported upon and test results are
presented.

INTRODUCTION

Following the development, in the mid 1950’s, of plastic insula-
tion, various configurations of dauble-jacketed cables for direct
burial application evolved.'? In the Independent Telephone Industry,
concern for possible corrosion problems associated with the direct
burial of aluminum led to the adoption of double-jacketed cables
with copper shields.

During the subsequent 10 to 12 years a minimum of development
effort was devoted to sheath design. The major emphasis throughout
that period was on core design and manufacturing techniques. Two
events which led to a renewed interest in development of a single-
jacketed sheath with aluminum shield suitable for direct burial
were the introduction in the nliddle and late 1960’s of coated alumi-
num tapes *¢ and “jelly” filled cores.

The filling compound increases the, mutual capacitance of the
pairs for a fixed insulation thickness. To maintain the standard of
0.083 microfarads per mile it was necessary to increase the diameter
of the cable for a given number of pairs. The obvious next step is
the development of cellular plastic insulation and manufacturing
techniques for applying it economically to small wires. Although
filled-core cables with cellular insulation are not yet available in the

United States, results of some activity in this area already have -

been reported upon in the literature. 7

Simultaneously, equipment manufacturers were hard at work re-
ducing the cost of applying electronic devices to the cable pairs.
Digital trunk carrier systems and analog station carrier systems were
experiencing ever-wider acceptance in the industry due to reductions
in cost and improved versatility and flexibility.

At the same time a proliferation of improved, low-cost voice
frequency electronic devices brought about a shift in emphasis on
conductor sizes. The use of coarse gauge pairs gave way to finer
gauge pairs with electronics. ¥

A LOOK AT THE TRENDS

The trends seen in our markets during the period of transition,
based upon records furnished by our Sales Department, are illus-
trated in Figures 1 and 2. Figure 1 shows the shift in emphasis on
conductor size. The number of mcf (million conductor feet) of 19
gauge conductor shipped dropped from 30% of the total in 1964 to
less than 5% of the total in 1972, Simultaneously, 24 gauge rose from
a level of less than 20% to over 40%. The relative usage of 26 gauge
conductor also has shown a modest increase during the period
while that of 22 gauge has decreased slightly.
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Figure 1 Trends In Conductor Size Usage

The trends in cable usage are shown in Figure 2. The reference
is the total mcf of conductor allocated to aerial (single-jacketed)
non-filled cables, buried (double-jacketed) non-filled cables and
filled core cables. The number of mcf of conductor allocated to each
per year is expressed as a percentage of the total mcf allocated to
all types included in the group. Between 1964 and 1970 the number
of mef of conductor shipped in single-jacketed cables dropped from
70% to 43% of the total. During the same period the number of mcf
of conductor shipped in double-jacketed cables rose from 30% to
52% of the total. Manufacture of filled cables, at least for our com-
pany, started in 1969; however, 1970 saw the first measurable
quantities of filled cable produced. During the period from 1969 to
1971 the relative quantity of double-jacketed ca‘)les continued to
rise along with the filled core cables while aerial constructions con-
tinued to decline.- A definite reversal of the trepd in double-
jacketed cables ‘was seen in 1972; early 1973 figures show a con-
tinued sharp decline along with a continued rise in filled core cables.
The trend toward standardization of single-jacketed filled cables for
direct burial appears well underway.
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Figure 2 Trends In Cable Type Usage

ENVIRONMENTAL TESTS

Anaconda Wire and Cable Company, in September 1972, initiated
a long-term test program to obtain comparative data on the stability
of transmission properties of a number of cable designs subjected
to identical environmental conditions.

Eight cables and one two-pair distribution wire, each 1000 feet
long were buried in a test plot behind the company’s Communica-

. tion Products Engineering Center at Sycamore, Illinois. The cables
were placed by hang at a depth of 30 inches in two parallel trenches
with four foot spacing between center lines. The ends were brought
into the building and terminated on a main distributing frame.

A water line was placed over the cables to ensure that the ground
would be saturated during dry periods of the year. This line con-
sists of % inch I.D. plastic pipe with holes of approximately 0.080 inch
diameter spaced at 10 foot intervals. Each trench has its own line
and control valve. Measurements indicated that the pipes free flow
over 2000 gallons per hour. The pipes are “energized” for 7 hours
each week: two hours on Monday and Friday, one hour on Tuesday,
Wednesday and Thursday. A cross-section view of the trench is
shown in Figure 3.

\/— soiL
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Figure 3 Cross-Sectional View of Trench

The samples included in the study are listed in Table I. Sample
No. 8 has controlled damage in the form of two-inch sections where-
in the jacket, shield and core tape have been removed from one-half
the circumference of the cable. These openings are spaced 30 feet
apart over approximately 800 feet of cable.

Stability of mutual capacitance and conductance (or lack of it) is
a good indicator of whether or not moisture is_affecting the trans-
mission properties of a cable. We therefore selected three pairs in
each cable sample — one in the center, one near the shield and one
almost midway into the core — and monitored their mutual capaci-
tance and conductance at 1000 Hertz. The two pairs in the distribu-
tion wire sample were monitofed in the same way. Measurements
were made on the selected pairs every week for the first two months
and every four weeks thereafter. The first measurements were taken
on September 25, 1972.

Only three of the samples have shown a definite increase in capaci-
tance and conductance at the time of this writing; these are the ALP
and PCP cables and the buried distribution wire.

Table I

Description of Cables in Test Plot

Sample No.| 1 2 3 4 5 6 7 8 9
e iy . w =

a2, & = ; ~ B

Code Name [ 2 ¢ .2_1 2 = d g E z
< 17} o ~ ) ) o S~

< v < <

%)

Pair Count | 50 S0 25 25 25 25 2 25 50
Insulation PP PP PP| PP PP CPP |HDPE PP LP
Core NF NF NF| TF E TF NF TF NF
Shield A C SA|CA SA cCA B CA SA
Jacket S D S S S S D S S

PP: Solid polypropylene; CPP: Cellular polypropylene; HDPE:
High density polyethylene; LP: Longitudinal paper

NF: Non-filled; F: Filled core; TF: Filled core plus filling com-
pound over core tape and shield

A: 8 mil corrugated bare aluminum; C: 5 mil corrugated bare
copper; SA: 8 mil smooth aluminum coated both sides with
polyethylene copolymer, bonded to sheath, sealed at overlap;
CA: 8 mil corrugated aluminum, coated both sides with ‘poly-
ethylene copolymer; B: 5 mil helical bronze

S: Single jacket; D: Double jacket

1. All samples: 22 gauge solid annealed copper; high molecular
weight polyethylene jackets

. All samples except No.9: Non hygroscopic core wrap

. Sample No.9: Paper core wrap

. Filling compound: Petrolatum-Polyethylene .

- Sample No. 8: Controlled damage (See Text)

W AW

'

Variations in 1000 Hertz conductance are shown in Figure 4. It
has been shown # that at frequencies below about 50 kHz very small
amounts of water in a cable — for example, just enough (o moisten
the conductors or become suspended in a vapor state — are more
detrimental to conductance than larger amounts in the liquid state.
Since these samples have no apparent sheath damage we suspect
that moisture has entered the core by permeation through the plastic
jacket.

1A-2



