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This Issue in Brief 

Modern H.F. Point-to-Point Radio Equipment. 

A new generation of remote-controlled automatically operated 
transmitters and receivers known as the STANFAST system has 
been designed to meet modern requirements for programmed 
operation. 

In a large transmitter station, the operation of a single switch 
will find a free transmitter, connect it to the required antenna, 
and cause it to tune itself to the programmed frequency within 
twenty seconds. Should the transmitter become faulty it will be 
busied out of service and a spare will be selected automatically. 
The equipment is very compact, thus saving on building costs 
and where possible is transistorised, thus adding to the high 
reliability which is necessary for unattended stations. 

The article describes a major step forward in the concept of 
overall system design. The previous concepts of individual transmit­
ters, drive units, aerial switches and ancillaries, are now being con­
sidered at the design stage as integral parts of the station 
complex. It is this overall transmitting and receiving station 
design that the STANFAST system represents, and it is on this 
scale that modern communications engineering is being con­
ceived. 

Experience with Trial Office HE-60 L 
Stuttgart-Blumenstrasse. 

Over the past few years, electronic telephone switching centers 
have been installed to an increasing extent. These switching 
centers serve primarily for gathering of technical and. operating 
experience in an experimental application. 

SEL has developed an electronically controlled switching system 
using reed relays in the switching network for the speech paths 
as well as for the connection of central devices to individual 
circuits. This system, which is known under the code designation 
HE-60 (Herkon* Electronic 1960), has been in operation in the 
Stuttgart local switching center 23 since July 1963. Compared 
with the conventional technique, the HE-60 system offers in­
creased convenience to the subscriber and routing control in 
the local network. 

The article reports on the use of the additional services and 
the results of a subscriber survey concerning the push-button 
telephone set. · 

The quality of the telephone service is primarily determined by 
the number of unsuccessful calls due to defects in the technical 
equipment. The failure rate is hence an important criterion for 
judging an equipment, by both the customer and the operating 
company. To determine the quality of the HE-60 system, a large 
number of test calls was routed between artificial subscribers 
in November 1965 and April 1967. 

In addition, an evaluation of the fault history of the past four 
years provides valuable information on the reliability of the 
various functional groups, in particular that of the central devices. 
It also permits conclusions to be drawn on the time required 
for the elimination of faults. 

Loaded "Wet" Submarine Cable. 

Norway consists of rugged country broken up in a crisscross 
pattern by the water of fiords, lakes, and rivers. This water 
makes the planning of cable routes difficult. Both crossing the 
water and planning the route from each side is made expensive 
and hazardous by the sheer hills on the shores of the lakes 
a,1d fiords. 

Faced with tl1is problem it is easier to lay an underwater cable 
following the route of the water, emerging only when the terrain 
is suitable. To do this without great expense a rugged and 
relatively inexpensive cable has been developed by STK in coop­
eration with the Norwegian Telecommunications Administration. 
This cable is called a "wet" submarine cable since it has no 
sheath and after laying water fills its interstices. When it is 

• Herkon = hermetically sealed reed contact 
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inserted in a loaded trunk route any length can be used because 
it is preloaded. Single coils are moulded into the polyethylene 
insulation and jointed into the cable before armouring. 

Thi·s article describes the design of the cable and loading sec­
tions and discusses some of the projects where considerable 
saving has been made using this technique. 

Geodetic Satellite. 

In January of 1964, after four years of research and development, 
a U.S. Army Geodetic Satellite was orbited. The satellite and 
its associated ground stations provide a space-age tool for 
accurately determining relative locations of land masses separated 
by large bodies of water such as continents and Islands. 

The principle of the method is the following: Range and 
measuring ground stations are located at three known points 
and at the unknown point. All four stations measure range to the 
geodetic satellite simultaneously. The three range measurements 
from known points allow the satellite position to be determined vs 
time on several orbits. If three spacially separate satellite 
positions are calculated, the range measurement from the un­
known point to these three positions will uniquely determine 
the location of the unknown point. 

Range is measured as follows: Each ground station transmits 
an r-f carrier which is phase modulated by ranging side tones. 
The side tones are demodulated in the satellite transponder and 
used to remodulate another r-f carrier which is received by the 
ground station. Range is proportional to the phase shift of the 
transmitted modulating frequency and the received modulating 
frequency that is sufficient to measure. 

ITT Aerospace supplied the original satellites as well as one of 
the transponders which were orbited and tested. 

The satellite is approximately 9 X 11 X 13 inches and weighs 
40 pounds. It consists of solar cells, two turnstile antennas for 
operation at 420 MHz and 449 MHz (ranging frequency) and a 
single whip antenna for 136.8 MHz (telemetry). 

The primary feature of the transponder is its high degree of 
phase stability, required for accurate ranging. 

The system was tested over land distances of 500 and 1000 miles 
with the satellite in a 500-nautic-mile orbit. Results showed that 
the system ranging accuracy was approximately three to five 
meters and that the position of an unknown point could be 
located with an error of 16 and 34 meters over distances of 
500 and 1000 miles respectively. 

Submerged Repeater for the United Kingdom to Portugal 
640-Circuit Cable. 

The British Post Office requirement for a 640-circuit link 
between the United Kingdom and Portugal has led to the develop­
ment of a 5-megahertz repeater using transistors. 

The system requirements, which included a noise performance 
of 1 picowatt/kilometer under a channel load of -10 dBmO, are 
detailed. 

Supervision of the repeaters is achieved using a pulsed-carrier 
supervisory system which enables gain and repeater noise to 
be monitored. Protection of the repeater from surges which 
arise due to cable faults is included in the design. 

The repeater performance meets the specification requirements 
and also is sufficient for systems up to 3500 nautical miles in 
length. 

Loudness Rating of Telephone Subscribers' Sets 
by Subjective and Objective Methods. 

The sensitivity of telephone sets is customarily described by 
loudness ratings which, by CCITI recommendation P 42, are ob­
tained by subjective comparison with a master reference system, 
NOSFER, in the CCITI Laboratory in Geneva, or a working 
standard system which has been compared to NOSFER. 

The subjective assessment of loudness is a complex function 
of the human voice, ear, and brain, and an exact objective 
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analogue would need a machine of the complexity of a medium 
sized computer. Fortunately, a usefully close approximation to 
human loudness assessment can be obtained by simplified replicas 
of voice, ear, and brain integration, if made according to prin­
ciples which are now known to be suitable for rating sound 
spectra such as speech. These principles are built into measuring 
equipments, one of which is referred to for convenience as 
OREM-A. 

An objective measurement of loudness has such great advan­
tages of speed and versatility that the currently available OREM-A 
rating system is becoming widely used. However, much confusion 
is resulting from differences of up to 10 dB between some 
objective ratings and CCITT subjective ratings. These differences 
have now been shown to be due, largely, to three factors: the 
first, a comparatively recent improvement in acoustic calibration 
technique, the second, an improved understanding of the human 
appreciation of a frequency-band-limited signal, and the third, 
the lack of an artificial mouth which is a true replica of the 
human mouth and head. 

Three correction factors are described which enable the maxi­
mum differences of 8 to 10 dB to be reduced to 2 or 3 dB. 
Some minor differences remain to be defined. 

SELECTRONIC Stored-Program Supervisory System 702. 

The purpose of the SELECTRONIC 702 is to collect data and 
alarms from remote stations into a central control station and 
to send control or numerical instructions from the central control 
station to any remote station. The central control station has 
complete control, the remote station sends data only requested 
by the master station. 

The remote stations are continually scanned and the sequence 
of scanning is determined by a program stored in the ferrite 
store of the central control station. The program is written on 
a paper-tape, and transferred to the ferrite store by means of a 
paper-tape reader. The program has count and jump instructions 
so that a minimum number of instructions are stored. The data 
are displayed at the central control station on line diagrams 
with filament lamps, dial-type meters, and digital displays. A sili­
con-controlled-rectifier store is used for lamp drivers. 

The data may be logged with an alpha-numeric print out. The 
format is flexible, this is also achieved with a stored program 
technique. 

DIGITEL 1000 Remote-Control System. 

The BTM Supervisory System DIGITEL 1000 is a combined 
interrogation system for remote control, remote indication, tele­
metering, and telecounting. 

One master station controls several slave stations or collects 
data from them by sending instructions to all the slave stations. 
Only the slave station that recognizes in the instruction one of 
its addresses answers and returns the information requested or 
performs the control ordered. 

The DIGITEL 1000 is intended for medium-capacity applica­
tions, e.g. 500 remote controls and 1500 data bits. The system 
consists of several wired-in interrogation and control programs: 
- a cyclic scanning program, 
- a priority scanning program, 
- a manually initiated program, consisting of remote control, tele-

regulation, and interrogation on request, 
- a telemetering logging program. 

The instruction message contains 22 bits and the data message 
19 bits. Both numbers include the 5-bits of the error control 
code, which protect both messages. 

For utmost reliability, the remote controls and teleregulations 
are performed in three steps, with feedback from slave station 
to master station at each step. 
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The transmission speed ranges from 50 to 1200 bauds. The 
central logic of the system is implemented with silicon diode­
transistor logic circuits. The peripheral circuits use relays. Both 
electronic circuits and relay circuits are mounted on printed 
circuit boards which are plugged into subracks. 
All the equipment is ISEP. 

European Color Television Standards - The PAL System. 

Three European countries were introducing color television in 
the second half of 1967. 

In the preceding years, European post administrations (respon­
sible for the implementation) and the industry have been trying 
not to repeat the mistakes made in the early fifties when the 
aim was a common monochrome television standard. These 
efforts may now be called unsuccessful. At least two different 
color television standards will be operative in Europe after the 
long drawn-out discussions of the systems NTSC, SECAM, PAL 
and NllR. 

A description is given of the fundamentals common to any tele­
vision system and of the special features characteristic of the 
PAL system. 

Glow-Discharge Formation of Inorganic Films 
for Capacitors. 

A new film-forming method has been used to make capacitors. 
The method relies on the ability of a low-energy, radio-frequency 
glow-discharge to excite a mixture of suitable gases and promote 
chemical reactions. This results in the formation of a solid film, 
without the use of heat. Many inorganic chemical systems can 
be exploited, but the work reported here refers specifically to 
the deposition of insulators, and particularly to silicon nitride. 

Silicon nitride is a ceramic material which i·s normally made by 
direct combination of its elements. It is formed into shapes by 
powder pressing and sintering processes, but in this form it is 
not suitable as a capacitor dielectric. In view of the special 
conditions of purity and control which are inherent in this glow­
discharge deposition method, the desirable dielectric properties 
of silicon nitride can now be exploited. 

Si lane (SiH4) and ammonia (NH3) gases are fed into a reaction 
chamber and subjected to a radio-frequency glow-discharge at 
a frequency of 1 MHz. The silicon nitride layer deposits on to 
suitably positioned substrates, and grows at about one micron 
per ho_ur. 

Experimental capacitors are made by using glass substrates 
furnished with evaporated aluminium electrodes. Results show 
that the dielectric properties of siHcon nitride deposited by glow­
discharge are somewhat similar to mica, but with a higher value 
of permittivity. These capacitors have been encapsulated in 
epoxy resin and heat treated, without any detrimental effect. 

Economic, Operational, and Technical Aspects 
of Modern Global Communication Systems. 

A brief history of the development of cable and satellite 
systems is traced, followed by an evaluation of their respective 
advantages and limitations. 

This analysis together with recent developments indicates that 
both these international communications media will be able to 
co-exist in a complementary rather than competitive manner. 
A comparison of the parameters governing the employment of 
cables and satellites in the global network is developed, in 
which financial involvement, technical capabilities, reliability, 
quality and finally profitability are discussed. 

It is concluded that, thanks to continuous technological advan­
ces, equal scope remains for cables and satellites in a pro­
gressively integrated global network capable of meeting all 
demands. 
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Electrical Communication in New Format 

Electrical Communication is now available in four 
languages: English, French, German, and Spanish. The 
technical contents are the same in all languages. 

To maintain a strong family resemblance among all 
four editions, they are now being printed in the same 
format, which requires an increase in the page size of 
the English language edition. This larger page provides 
additional flexibility in the presentation of large illustrations 
and long mathematical equations. 

Readers who would prefer to receive one of the other 
language editions should write to International Telephone 
and Telegraph Corporation, Electrical Communication, 
320 Park Avenue, New York, New York 10022. 

Awards, Honors 

Busignies Honored 
Dr. Henri. G. Busignies, General Technical Director of the Inter­

national Telephone and Telegraph Corporation, has received the 
Certificate of Merit of the National Security Industrial Association 
in recognition of outstanding service to the defense of the United 
States of America through military-industry cooperation while 
serving as Chairman of the Research and Development Advisory 
Committee, 1965-1967. 

Awards to Engineers of Standard Telecommunication Laboratories 
The Institution of Electronic and Radio Engineers recently be; 

stowed on Messrs. C. P. Sandbank, R. W. Harcourt, and J. Froom 
the Lord Rutherford Award for their paper entitled "Acoustic 
Amplification in Semiconductors". 

The citation reads as follows: "This paper was considered to 
be the most outstanding on electronics associated with atomic 
physics published in the Institution's Journal during 1966". 

The Institution of Electrical Engineers awarded their Electronics 
Division Premium to K. C. Kao and G. A. Hockman for their 
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paper entitled "Dielectric Fibre Surface Waveguide for Optical 
Frequencies", which appeared in the Proc. IEE, Vol. 113, N° 7, 
p. 1151, July 1966. 

Berlin Senate Honors Horst Ludwig Stein 
The senate of Berlin awarded to Horst Ludwig Stein, manager 

of SEL's Central Publicity Department and Chairman of the 
Exhibition Committee for the 25th Great German Radio and TV 
Exhibition, a Silver Medal in recognition of his accomplishments. 

The 25th Great German Radio and TV Exhibition, which took 
place from 25 August to 3 September 1967, met with worldwide 
response. With more than 500000 visitors and an unexpectedly 
large number of radio and TV dealers over a ten-day period, 
this exhibition contributed essentially to speeding up business 
in the entertainment sector. 

Horst Ludwig Stein has been active in the Exhibition Com­
mittee for almost two decades, serving as its chairman during 
the past ten years. He holds offices in various other publicity, 
advertising, and press organizations. 
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Modern H. F. Point-to-Point Radio Equipment 

L. J. HEATON-ARMSTRONG 
B. S. JACKSON 
Standard Telephones and Cables Limited, London 

1. Introduction 

High-frequency radio communication is continuing to 
play a major role in world communications. Radio tele­
graph and telex services, military communications, ship­
shore services and meteorological broadcasts take advan­

tage of every modern facility in this field. 
The advent of satellite and submarine cable communi­

cation has opened up new feeder-route services and has 

created additional demands for circuits on new routes. 
High-frequency radio is complementary to these commu­
nication systems. 

Modern equipment uses independent-sideband emis­
sion. This is a technique whereby a carrier is fed into two 
separate channels and each channel is modulated by a 
different source of intelligence to produce two double­
sideband emissions. The upper sideband is selected from 
one channel and the lower sideband from the other and 

these are then combined to produce what is known as 
an independent-sideband emission, because each side­
band contains intelligence which is independent of that 
in the other sideband. . 

This system makes available two audio channels, each 
nearly 6 kHz wide, into which four speech channels can 

be inserted. Alternatively sixteen voice-frequency tele­
graph circuits can be carried instead of one of the 
speech channels or a mixture of speech and telegraph 
channels may also be used. 

This is a considerable increase in the information flow 
carried by the high-frequency link and in consequence a 

much higher standard of reliability is required. In the 
event of failure the circuit must be rapidly restored by 

switching in spare equipment. Furthermore it is necessary 
to change frequency three to four times during each 
twenty-four hours, due to changes in the ionosphere. 
Under earlier procedures this was achieved by resetting 

rapidly to the next frequency or by having spare equip­
ment already working on the next frequency and making 
an almost instantaneous changeover on the terminal equip­

ment. 
However, automatically-tuned transmitters and receivers 

combined with automatic monitoring and switching sys­
tems provide these facilities with minimum manpower 
requirements. The small size of modern equipment also 
allows buildings to be smaller. These reductions in man­
power and building size are vital to the economic op­
eration of high-frequency radio links, and it is this con­

cept of automatically-controlled radio stations that has 
been called STANFAST. 

2. Transmitter-Station Equipment 

2.1 General 

The simple system of transmitters, each attached to 
signal input circuit and antenna output circuit, still meets the 
requirements of many small transmitter stations. There is 
little flexibility in this arrangement and a more common 
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approach is to provide switching at the input and output 
to enable the transmitter to be used for other services 

or replaced if faulty. 
Control of this type of system is usually concentrated 

at a central console or rack, each transmitter having its 
control panel with additional panels providing control of 
input and output switching. 

For large transmitter stations the whole process of 
setting up a signal path may be automated from a single 

action by the operator, that of putting the service switch to 
the required position. This action initiates a search for a free 
transmitter by the control system and when one is found 
it is connected to the required input signal and aerial 
system. The transmitter is given frequency information 
and then run up, tuned, tested and put to traffic without 

further intervention by the operator. During traffic the 
equipment is continuously monitored for correct output 
level and failure of the transmitter would automatically 
switch in a free equipment. 

To prevent a break in traffic when changing from a 
failing frequency to its replacement a period of dualling 
on both frequencies may be employed and here again the 
automated system improves the equipment utilization by 
the ease with which equipment can be brought into use 
for the changeover period. 

2.2 Signal Path 

A STANFAST system can range from a single modula­

tor/transmitter combination to a full automated group. The 
latter is indicated in Figure 1. Line inputs carry either 
speech or voice-frequency-telegraphy circuits to the i. s. b. 

(independant-sideband) modulator equipment or direct 
current keying signals to the f.s. k. (frequency-shift-keying) 
modulator equipment. The output of the modulator equip­
ment is at 100 kHz and is duplicated for the dual ling 
requirement. A crossbar switch interconnects the modula­
tor outputs to the transmitter inputs and a further cross­

bar switch connects the transmitter outputs to the aerial 

feeders, which lead to matching transformers and aerials. 
The transmitter consists of two parts, not necessarily co­
located, the first part is the high-frequency exciter which 

synthesises a frequency and modulates it with the input 
signals to produce the required output frequency signal, 
and the second part is the high-frequency amplifier which 
raises the power level to that required for transmission. 

2.3 Control Systems 

Where the transmitter .system is large :enough and par­
ticularly with the modern automatic equipment, control and 
monitoring facilities are concentrated at a central point. 
Each transmitter has its own panel at which the normal 
functions of switching on or off, selecting frequency and 
indicating state of equipment are available. Other panels 
provide antenna switching, input patching and monitoring. 
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Modern Radio Equipment 

H.F. OUTPUT FEEDERS 

OUTPUT CROSSBAR SWITCHING 

H.F. H.F. H.F. 
AMPLIFIER AMPLIFIER AMPLIFIER 

LINE INPUTS 

Figure 1 - Transmitter station. signal path. 

This type of control is made over d. c. lines which can be 
extended for a few miles if necessary. Beyond this distance 
a remote control system using voice-frequency signaling 
over a single pair of lines, with suitable interface circuits 
each end, is used. 

For the BPO (British Post Office) contract for Ongar 
radio station a fully automated system based on service 
requirement, and not on transmitter equipment, is being 
supplied. This system is similar to that installed by the 
BPO at Leafield [1, 2]. At Ongar each service has its own 
control panel with one or two frequency-selection switches, 
the number depending on whether the service is to be 
dualled or not. When a frequency is selected the control 
system selectorSl'Search for a free transmitter, when found 
it is connected to the modulator and antenna associated 
with the service chosen. It is then busied to the system 
to prevent reselection. All frequencies in use by the 
station are stored in a register to which the high-frequency 
exciter, that is part of the transmitter, is now connected 
for a few seconds in order to set to the frequency chosen. 
The normal traffic signal from the modulator to the high­
frequency exciter is replaced by a tuning signal, which is 
a single frequency at a level of -6 dB with reference to 
full power condition. The transmitter is switched to "on" 
and "tune". When the control system finds that tuning is 
complete the tune signal condition is changed to give 
either full power for f. s. k. drive or two tones for full 
peak envelope power for i. s. b. drive. The monitoring 
system is now brought into operation and checks for 
correct output level; if correct, traffic signals are restored. 
If not correct, the transmitter may be rejected and the 
process repeated with a new transmitter. 
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This system, based on service selection, can also be 
remotely controlled and is less complex for equivalent 
station size as the initial control action is very simple. 

2.4 Drive Equipment 

With the steady introduction of cable circuits giving 
high-quality speech without fading or other effects asso­
ciated with a high-frequency communication channel, tele­
phony traffic has declined and the predominant traffic is 
telegraphy on high-frequency circuits. This is handled by 
frequency-shift keying (F1) of the carrier for low-capacity 
circuits or by multi-channel v. f. t. (voice frequency tele­
graphy) circuits (A7b) carried on i. s. b. emission. Tone­
shift keying (t. s. k.) is also employed and is a single 
channel v. f. t. with the carrier fully suppressed. 

These types of emission (A7 b, F 1) and other types of 
emission required, are produced by f. s. k. and i. s. b. modu­
lators. This equipment is fully transistorized in present­
day practice and is highly reliable. In the STANFAST 
system it is classified as line equipment and is perma­
nently attached to the incoming line and in general set 
for the type of emission required. Remote selection of 
different emissions is available where changes are required 
in day-to-day operation. 

The output of the equipment has been made standard at 
100 kHz, this being a convenient frequency for crystal 
filters and for switching by simple relays without excessive 
crosstalk or matching problems. 

The f. s. k. equipment is based on a highly stable LC 
oscillator which is pulled by electronically switched capa­
citances across the oscillator circuit. The basic circuit 
is shown in Figure 2, which also shows the shaping cir­
cuits provided to ensure the bandwidth requirements of 
CCIR (Comite Consultatif International des Radiocom­
munications) are met. 

Figure 2 - Frequency-shift-keying modulator block diagram. 

In addition to single-channel f. s. k. (F 1 ), double channel 
(F6) and facsimile (F4) are provided and for occasional 
use, on-off keying (A 1 ). 

I. S. B. drive equipment provides two 6-kHz channels for 
speech or v. f. t. circuits. For stability of performance the 
standard balanced modulator/crystal filter system is used. 
The input circuits provide for a range of input levels and 
limiters are provided to avoid overload conditions. The 
output circuits are similar to those provided for the f. s. k. 
equipment. 

Both these equipments provide line-up and test facilities 
to set up the overall system and then check for correct 
operation before traffic commences. 
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Figure 3 - High-frequency exciter, modulated signal path block diagram. 

2.5 High-Frequency Exciter 

There are several methods of producing the low-level 
signal at final output frequency from the fixed-frequency 
drive signal. In the ST ANFAST exciter (Figure 3) the 
100-kHz signal is modulated with a 3-MHz signal and the 
3.1-MHz sideband selected. This signal is again modulated 
with a frequency in the band 13.1 to 23.1 MHz and the 
lower sideband is selected, so that the signal now lies 
between 10 and 20 MHz. 

The signal is used directly for output frequencies in this 
band but to cover the range 1 to 30 MHz it is modulated 
with 95 MHz into the 75-85-MHz band and then demod­
ulated with either 85 or 105 MHz to give the 0-10-MHz 
or 20-30-MHz bands, the 10-MHz difference between 
the modulating and demodulating frequencies being ref­
erenced to a basic standard frequency source. 

Frequencies between 13.1 and 23.1 MHz are produced 
from a series of frequencies lying between 1. 7 and 3 MHz 
which are derived from a 1-MHz standard source (Fig­
ure 4). A series of dividers and mixers are used to pro­
duce the 100-Hz steps from the original 100-kHz steps. 

Figure 5 gives details of the mixing and phase-locking 
process whereby the signal at 1.9-2.9 MHz (in 100-Hz 
steps) is mixed with the oscillator covering 16-25 MHz 
(in steps of 1 MHz) to produce the signal from 13.1-
23.1 MHz in 100-Hz steps. 

3 MHz 

1 MHz " STANDARD "' SOURCE .-' N 

1.9 MHz ~" 

l=1 HARMONIC '""' TO 
-;-10 

GENERATOR ~;j Z.9 MHz 
~o IN 100 Hz 
~~ STEPS 

I~ " I i5 

·~ ' I I I I f 
I I I I 
I I I I 
I I I I 
I I I y y y y 

100 Hz 1 kHz 10 kHz 100 kHz 

Figure 4 - High-frequency exciter, frequency synthesis, first stage. 
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Figure 5 - High-frequency exciter, frequency synthesis, second stage. 

2.6 High-Frequency Amplifiers 

The modern high-frequency amplifier comprises the 
minimum of tuned circuits and moving parts, and the 
maximum o-f solid-state components. The power switching 
and tuning control systems consist of a series of logic 
modules sequencing and timing the various functions. All 
the high-tension supplies are provided by silicon recti­
fiers. Only the radio-frequency stages are valved and the 
trend is to change to transistors wherever possible, the 
main limitation being the linearity requirements and the 
power-handling capability of existing transistors. 

Power outputs of 3, 10, and 30 kW are the generally 
accepted levels for short, medium, and long distance com­
munication, these are provided in the STANFAST range 
by amplifiers designated QT2, QT3, and QT8. These are 
all very similar in design, the main difference is the size 
that is associated with power output rating. The 30 kW 
(QT8) is shown in Figure 6 and its block diagram in 
Figure 7. 

The radio-frequency stages consist of three low-power, 
wideband stages, followed by a tuned penultimate stage 
and the tuned final amplifier. All stages are either tetrode 
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Figure 6 - High-frequency amp I ifier type QT 8. 

or pentode valved giving high stage gains with low drive 
power requirements . Negative feedback is applied over 
the amplifier to improve linearity and gain stability, and 
the circuit design is such that the feedback system does 

not require adjustment. 
The ampli f ie r is fully automatic in its tuning , loading , 

and gain setting and sets to the frequency of the high­
frequency exciter. This is achieved by coarse position 

discriminators that roughly position the circuits according 

to frequency and then by phase discriminators that set 
the tuned circuits . Level discriminators set the loading 

and gain controls. 
The block diagram of the 30 kW, QT8 shows the simple 

radio-frequency amplifier chain where the power is of the 
order of 30 mW at the penultimate grid, increasing to 
200 watts at the final stage grid and then increasing to 
30 kW in the output feeder. The spur amplifier chain pro­
vides a radio-frequency signal to drive the coarse position 

discriminato rs and is biased off except when in use . 

The radio-frequency feedback loop is shown and as it is 

across only two effective tuned circuits , since the penul ­

t imate grid circuit has ve ry low Q , the phase change 
round the loop can never give pos itive feedback at any 
frequency at which the loop gain exceeds unity. An im­
portant item in the control and monitoring of the amplifier 
is the s. w . r. (standing-wave ratio) monitor unit. From this 

NEGATI VE FEEDBACK 

TUN ED 
CIRCUIT 

GAIN 
CONTROL 

LOW POWER 
AMPLIFIER 

/ 
/ 

/ 

/ 
/ 

, 
/ 

/ 

/ 
/ 

I 
I 

is derived the information to control the loading of the 
amplifier [3]. to trip the equipment if excessive s. w . r. oc­

curs on the output feeder and to indicate the power out­

put and s. w . r. at any instant. The output power indication 

is also used in conjunction with a sample of the fimil valve 
cathode current to provide a protection system against 
excessive anode diss ipation on the valve. This feature is 
used f irst to cut back the drive level to a safe condition 

and should this not be achieved and the dissipation con­
tinues to increase, a trip circuit is activated . 

Control of the tuning and loading circu its is by the 

discriminator output operat ing the servo motor through 

its servo ampl ifier. The output of each discriminator is 

a direct-current voltage of polarity that determines direc­
tion of travel and having a null at the correct tuning or 

loading setting. This is converted to alternating current 

at the input of the servo amplifier by a ring modulator 

switching at mains supply frequency. The output of the 
modulator is amplified and applied to the control windings 
of the servo motor which drives the associated circuit to 

its correct sett ing . Direction of travel is determined by 

phase relation of the motor control winding to the refer­

ence winding voltages . As in most servo systems feed­

back is provided by a tacho-generator on the motor to 

ensure stability around the loop. 

2.7 Switching 

Two sets of switches are involved in connecting the 

transmitter to a system, the input 100-kHz switching and 
the output high-frequency power switches. Both are in 
crossbar form but are very different in concept. 

The input crossbar is in the form of a double-sided 
printed-circuit board with reed switches making the re­
quired connection at the cross-points. Unused portions of 

the track, although in the form of stubs, do not cause dif­

f iculty nor does slight mismatch , as the frequency is only 

100 kHz, but as all frequencies on the board are 100 kHz , 
crosstalk is the main problem and low capacity switches 
are used to obtain at least - 80 dB crosstalk. The whole 
assembly is quite small and may be rack mounted. 

The output crossbar-switch exchange is , however, a ma­
jor item of equipment. As frequencies up to 30 MHz are 

Figure 7 - High-frequency amp l ifier type QT8 block diagram. 
D - phase or level d iscrimi nator. C - coarse posi t ion discr iminator . M - motor. 
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Figure 8 - Output crossbar switch, diagram . 

Figure 9 - Output crossbar switch , photograph . 

to be carried through the exchange, unused stubs cannot 
be allowed . The power handled may be up to 30 kW, with 

a load s. w. r. of 2: 1, giving in effect a power rating of 
60 kW at any switch. Further to this , the path through an 

exchange could pass through twenty switches and the 

effect of cumulative s. w . r. from the switches could be 

serious, hence a very low s. w. r. is necessary for each 

switch. The switching method adopted is shown in Figure 8 

where switches A3, B 1 and D 2 are operated to give 

paths through the exchange. Figure 9 shows a crossbar 

exchange in process of erection . The left-hand vertical 

and top horizontal lines are isolator switches, the rest 

being crossbar switches. Any switch can be withdrawn 
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from the exchange for servicing without disturbance to 

adjacent switches. Each switch has its own motor drive 
and interlocks. These interlocks repeat the radio-frequen­

cy path through the exchange and act as protection for 

the transmitters. Transmitters are connected to the left­
hand side of the exchange and antenna feeders are con­

nected along the top. Exchanges can in theory be of any 

size, but in practice greater than 10 X 15 (150) switches is 

unwieldy and uneconomic. It is more convenient to have 
two small exchanges of 6 X 8 (96 total switches) with the 

cross connection allowing transfer of a transmitter from 

one group to the other. 

2.8 Baluns and Feeder System 

Most new equipment now works on the basis of 51-ohm 

coaxial feeders inside and in the near vicinity of the 
transmitting station , with transformers then converting to 

600- or 300-ohm balanced lines for the long distances to 
the antenna feeders . In some cases however the coaxial 

feeder is run all the way to the aerial. Two basic types of 

coaxial feeder are available, the rigid copper tube type and 

the flexible type. In the larger sizes of flexible coaxial, the 

flexibility is restricted by its minimum bending radius 
which is quite large. When an intricate network of feeders 
is required inside the station the rigid feeder has many 
advantages with its sharp bends and piece-by-piece as­

sembly. For the long runs without tight bends and partic­

ularly when run across fields to the aerial the flexible 
type is to be preferred . 

To convert from coaxial to balanced feeder or antenna 

input, a balun transformer is used. The most usual type of 
transformer used is the ferrite-cored, oil -cooled , double­

wound transformer. Apart from matching and balance dif­
ficulties, due to the wide frequency band required , the 

problem of handling many kilowatts of radio-frequency 

power is very great. Losses in the ferrite block may raise 
its temperature above the Curie point with the consequent 
destruction of the ferrite. This is overcome by providing 

oil-cooling channels in the ferrite , the use of extremely 

fine oil , 2 centistoke being used if necessary, and by 

choice of suitable ferrite material . An alternative type of 
transformer which is used for high-power operation is the 
transmission-line balun [4] . By suitable connection and 
choice of line length coaxial lines can convert from un­
balance to balance and change impedance. With matching 
stubs the transformer can be made to cover a 7 : 1 fre­
quency range. The main disadvantage of this type of balun 
is its size , which is of the order of 15 feet long and 3 feet 
wide for 4 to 28 MHz. Even this can only be achieved by 

folding the various sections back on one another. 

2.9 Antennas 

For the operational requirements of the station a wide­

band antenna of good ·power gain and reliability is es­

sential. These requirements are met by rhombic and loga­
rithmic periodic antennas ; the former having better power 
gain due to its narrower beam and the latter having the 

greater frequency range and wider beam width, which is 
often needed if working shipping or several receiving 

stations on a similar bearing. 
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Figure 10 - Receiver station, block diagram. 
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Occasionally omnidirectional transmissions are required, 
this requirement being met by monocone or logarithmic 
spiral antennas which also have a wide frequency range. 

A typical transmitter station will have its antenna com­
plement made up largely from the rhombic and loga­
rithmic periodic types with one or two omnidirectional 
types for standby or emergency purposes. 

3. Receiver Station Equipment 

3.1 General 

The STANFAST receiving system has been designed 
with the objective of symplifying the operation of receiv­
ing stations and reducing the operating costs. 

This is attained by using automatically controlled equip­
ment which can be operated from a remote position by 

PATH A 
2.4-30 MHz 

one man. Figure 10 shows a block schematic of a typical 
installation which consists of: antennas, multicouplers and 
switching, radio re_ceivers and remote control equipment. 

3.2 Antennas 

For point-to-point working the antennas should be as 
directive as possible in order to reduce interference (Ar­
ticle 14.695 ITU Radio Regulations, Geneva 1959). Rhom­
bic antennas are very suitable and cover a wide fre­
quency band. 

For reception from a particular area, a log-periodic an­
tenna will probably be used and can be designed to cover 
a wide frequency band. 

3.3 Antenna Multicouplers and Switching 

A multicoupler is used in order to connect a number of 
receivers to a common antenna. The multicoupler accepts 
signals over a wide frequency band and if interference 

from intermodulation products is to be avoided it is es­
sential to have highly linear amplitude response to sig­
nals up to several volts amplitude. A good noise factor is 
also necessary. These requirements can be met with 
transistorized equipment using negative feedback. 

3.4 Radio Receiver 

The RX 11 radio receiver forms an important part of the 
STANFAST system. The receiver is of modular construc­
tion and is available in a number of types to cover vari­
ous requirements. The equipment is fully transistorized. 
The receiving frequency is selected by operating six de­
cadic dials on _a frequency synthesiser. The radio-fre-

.----~~~~~~~~--~~~~~~~~~~TO <i]) 1 fig.12 

CARRIER 
FILTER 
100 kHz 

LINE 1 A 

POWER OR V.a.r.. 
200-250] 

UNIT 100-130 

_ -----•To@ 

LINE 1 B J 
LINE 2 B -------

fig. 12 

OUTPUT PATH B 
MAX. 14 dBm. 600 n 

250-6000 Hz 

To@ 
----------------------· fig. 12 

Figure 11 - RX 11 independent side-band receiver. block diagram. 
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Figure 12 - RX 11 receiver, telegraph equipment, b lock diagram . 
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quency stages of the receiver automatically tune to the 
receiving frequency from information obtained from the 
synthesiser. 

Figure 11 shows a block schematic of the receiver for 
reception of speech (A3, A3A, A3B) and mult i-channel 
voice-frequency telegraphy (A7 A) . For reception of tele­
graphy (A1 or F1) and facsimile (F4) an extra unit is ad­
ded, see Figure 12. A photograph of a dual-d iversity re­
ceiver for i. s. b. and telegraph reception is shown in Fig­
ure 13. The top unit is the synthesiser, the next is the 
remote control ; this is followed by the main receiver unit 
and then by the telegraph unit. The power unit is mounted 
below the blank panel. 

Referring to Figure 11 , the solid-line diag ram shows the 
single-path receiver normally used for A 3, A3A, and A3 B. 
The dotted lines show the second path added to form a 
dual -diversity rece iver which is normally used for A7 A , 
A1 , F1, and F4. 

The radio-frequency amplifier covers the frequency 
range 2.4 to 30 MHz in five bands. Separate two-stage 
amplifiers with 50-ohm coaxial input and output lines are 
provided for each band. Band selection is done entirely 
by switching the 50-ohm lines, thus avoiding contacts in 
tuned circuits, which are often a source of t rouble . 

The incoming signal is converted to 2 MHz in mixer 1 A 
which is also fed from a synthesiser, the output of wh ich 
is 2 MHz above the frequency of the incoming signal. The 
output from the synthesiser is fed to the mixer v ia a fre­
quency discriminator which includes a tuned circuit sim i­
lar to those used in the radio -frequency ampl ifier and 
ganged to them but tuned to a frequency 2 MHz higher. 
The servo system tunes automatically to the discriminator 
frequency and thus tunes the radio-frequency circuits to 
the incoming signal. The discriminator circuit acts as a 
" clean up " filter for the synthesiser output before it is· 
fed to the mixer. 

Figure 13 - RX 11 receiver . 
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The requirements of the synthesiser are close frequency 
tolerance, low noise and freedom from spurious outputs. 
These requirements are met by phase locking an oscilla­
tor to a frequency standard. The oscillator is operated at 
the output frequency thereby avoiding mixers which can 
cause spurious outputs. The oscillator output is passed 
through a variable frequency divider to a comparator. The 
standard frequency source of 5 MHz is also divided down 
and applied to the comparator. Integrated circuits are 
used in the divider chains. 

The signal passes through the receiver where it is sepa­
rated into carrier, upper sideband and lower sideband by 
crystal filters. The carrier is selected in a filter of 40-Hz 
nominal band-width and passed to the a. f. c. unit (auto­
matic frequency control) where it is compared with the 
100-kHz source from the synthesiser. 

If not within one cycle, the motor-controlled servo will 
operate a capacitor to pull the 2.1-MHz crystal-controlled 
oscillator to the correct frequency. The motor-controlled 
a. f. c. system has an advantage over electronic systems 
because it has an infinite memory and if the signal fades 
the frequency adjustment will remain at its last setting 
indefinitely. 

Means are provided to ensure that noise does not oper­
ate the a. f. c. in the absence of signal, this is achieved 
by disabling the a. f. c. if the carrier-to-noise ratio falls 
below a pre-determinated value. 

The a. f. c. will pull in if the wanted frequency is within 
± 25 Hz of the frequency to which the receiver is tuned. 
Should it be outside this range the a. f. c. system can 
be made to search over a range of ± 200 Hz by a 
manually-controlled sv,·itch which is released when the 
carrier is received. Means are also provided for adjust­
ing the 2.1-MHz oscillator to its nominal frequency by 
comparing with a frequency derived from the synthe­
siser. This ensures that the receiver can be set up 
to the frequency as indicated by the synthesiser dials. 
For reception of F1 the signal is passed to the telegraph 
unit, at a nominal frequency of 100 kHz, by the dual­
diversity inputs X1 and X2 Figure 12. Band-pass filters of 
nominal band-widths of 500, 1000 and 2000 Hz are pro­
vided to cater for different values of frequency shift. 

The mark and space frequencies of the signal are each 
converted to a frequency of 5 kHz in mixers 1, 2, 3, and 4 
and passed through separate 5-kHz filters (each filter has 
three band-widths to cater for different keying speeds) 
and are then rectified and appear as single current sig­
nals. These four signals are then converted to double­
current form and combined in proportion to the square of 
the signal/noise ratios. This method of combination has 
been shown by Kahn [5] to give optimum results. 

The method of separating the upper and lower keying 
frequencies into separate circuits and converting the sig­
nals to double current is explained in references [6] and [7]. 
The method has the advantage over the limiter and dis­
criminator system when selective fading is present, be­
cause satisfactory operation will be obtained as long as 
any one of the four signal paths is giving sufficient out­
put. Another advantage of the system is that a virtually 
continuous signal is available at 5 kHz for a. f. c. and 
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a. g. c. (automatic gain control) purposes. This signal is 
converted back to 100 kHz and fed to the a. f. c. system 
in the main unit via terminals Y1 and Y2. 

The telegraph output signal is monitored by a transition­
rate discriminator [8]. This monitor looks at the number of 
times the double-current keyed signals cross the zero­
current axis. If the noise level is high enough the number 
of crossovers will increase and operate the monitor at a 
pre-determined error rate. 

A tone oscillator is also provided for sending tone to line 
as an alternative to the double- or single-current signals 
which are produced by a solid-state relay. 

3.5 Remote Control 

The normal remote-control facilities provide for the 
selection of any one of ten pre-determined frequencies 
with automatic tuning of the radio-frequency amplifier 
stages. An alternative, more complex, system allows se­
lection of any frequency within the band. 

The following facilities are available by remote control, 
some or all of which may be used as required: 
- selection of any one of the 276 000 available frequen · 

cies of operation spaced at 100 Hz intervals; 
- signal back of selected frequency; 
- selection of one of six modes of operation, i.e. A 1, A3, 

A3A, A3B, F1, and F6; 
- signal back of morlA ~AIP.-,tinn; 

- selection of frequency shift; 
- signal back of frequency shift selected; 
- selection of keying speed (filter of appropriate band-

width); 
- signal back of keying speed selected; 
- selection of four modes of receiver adjustment, i. e. 

fine tune, a. f. c. on, a. f. c. off, and synchronization of 
2.1-MHz oscillator; 

- signal back of (a) Carrier tuned in 
(b) Carrier high 
(c) Carrier low 

(d) 2.1-MHz oscillator synchronization 
- switching on/off; 
- signal back of receiver on/off. 

4. Conclusion 

The trend of the last seven years toward automatically 
tuned transmitters and receivers has continued, with the 
manually tuned or spot-frequency type of equipment now 
very rarely specified by operators. The techniques de­
scribed in this paper have led to considerable savings 
in manpower, thus increasing productivity, and are even 
more impressive when considered as communication 
channels per man, this factor having risen by fifty times 
in the last ten years. 

The techniques are still improving, with the accent on 
better quality circuits, reduced interference with other 
transmissions, better reliability and improved safety for 
personnel and equipment. 
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Experience with Trial Office HE-60 L Stuttgart-Blumenstrasse 

W. RAUSCHER 
Post Office Administration, Stuttgart 

1. Introduction 

A modern telephone switching center represents a com­
plex configuration of equipment units, all of which must 
interwork properly to achieve satisfactory telephone serv­
ice. It is therefore obvious that electronics will have a 
great impact on the future development of telephone 
switching. In the Federal Republic of Germany, the evo­
lution of telephony will be further characterized by the 
transition from step-by-step selection to conditional se­
lection. 

In the first phase of this evolution, the objective consists 
of developing and field-testing systems designed on new 
switching principles and characterized by the application 
of novel components. Trial operations under field condi­
tions produce valuable information on the performance of 
new components and circuits. They further show to what 
extent control functions can be centralized without jeop­
ardizing service security. Finally, they give an indication 
of the operating manpower required and the training nec­
essary for maintenance personnel. 

This article describes the experience gained with a 
quasi-electronic telephone switching office for 1900 lines, 
which was developed by Standard Elektrik Lorenz AG. 
The installation (cf. Electrical Communication, Vol. 39, 
1964, Number 2, pp. 244-259) is at present operating 
within the Stuttgart local telephone network. 

2. Grouping and Operation 

The trial office consists of the switching network (includ­
ing the final grids FG, mixing grids MG, and directional 
grids DG), and the control network (including the regis­
ters Rg and the markers GM, DM, and GMO). The sub­
scriber lines are combined into 2000-line control groups. 
Although one control group would have been sufficient to 
serve the 1900 lines connected to the Stuttgart trial of­
fice, two groups were provided to make it possible to 
test group interworking: the A1 group for 1400 subscrib­
ers and the A2 group for 500 subscribers (Figure 1 ). 

Incoming traffic from other switching centers is handled 
by the junctors C (JC), outgoing traffic to other switching 
centers by the junctors D (JD). The 1st and 2nd direc­
tional grids (DG) serve 11 outgoing directions totalling 
235 trunks. The junctors C have access, via a register 
finder grid, to C-registers which are associated with a 
group marker C (GMC). The junctors C, the group mark­
er C, and the C-registers are combined into a special 
control group designated as "C Group". Analogously, the 
junctors D and the group markers D are combined into 
"D Groups". 

To set up a connection between two groups, the group 
connector links their marking networks for the duration 
of a marking process. 

In conditional selection systems, service reliability is 
largely dependent on the duplication of common and cen­
tralized units. In the HE-60 system all equipment units serv­
ing more than 100 lines have, therefore, been duplicated. 
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This applies particularly to the 

(A) Group markers and directional markers. These central­
ized units are dimensioned for 2000 subscriber lines. 
They operate alternately, but whenever one of them fails 
the duplicate carries the entire traffic load. 

(B) Routing translator (RT) which is capable of serving 
10 000 lines. Each of the two routing translators is able to 
handle the traffic of the entire trial office. 

(C) Centralized stage markers (SCM). Each of the two cen­
tralized stage markers serves half of the switching ma­
trices of the individual stages. In the event one of them 
fails, the other one handles the entire traffic, though with 
a higher loss probability. 

The two final stage markers FSM act as stand-bys for 
each other, the subscribers being unable to notice when 
one of them fails. 

The final markers have not been duplicated, since each 
of them is associated with only one 100-line group. 

The two-stage switching grids are controlled by the so­
called guide wire path-finding method, which ensures that 
even the last free and accessible link is found for a 
speech connection. The guide wire is run parallel to the 
speech and auxiliary wires (two speech wires, one meter­
ing wire, one holding wire) through the entire switching 
network, including register finder grid RFG. An offering 
signal applied to the guide wire fans out through the 
switching network and marks all links free and accessible 
for the desired connection. An accepting or "catching" 
signal is then applied in a direction opposite to that of 
the offering signal to switch through a definite path to the 
destination. 

Only two marking steps are required to set up a call 
between any two subscribers of the HE 60 trial office: 

SUBSCRIBER LC FG MG JB 

CoST : CLASS-Of.SERVICE TRANSLATOR 
CSM : CENTRALIZED STAGE MARKER 

1st DG : FIRST DIRECTIONAL GRID 
2nd DG : SECOND DIRECTIONAL GRID 

DM : DIRECTIONAL MARKER 
FG : FINAL GRID 

FM : FINAL MARKER 
FSM : FINAL STAGE MARKER 

GC : GROUP CONNECTOR 
GM : GROUP MARKER 

GMO : GROUP MARKER D 

RT 
TO OTHER GROUPS 

GNGC : GUIDE NETWORK GROUP CONNECTOR 
GNTC : GUIDE NETWORK TRUNK CONNECTOR 

JA : JUNCTOR A 
J B : JUNCTOR B 
JC : JUNCTOR C 
JD : JUNCTOR 0 
LC : LINE CIRCUIT 

MG : MIXING GRID 
PN : PILOT NETWORK 

RFG : REGISTER FINDER 
RG : REGISTER 
RT : ROUTING TRANSLATOR 

Figure 1 - Grouping of the HE-60 trial office. 
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1st step: In the line circuit of the calling subscriber, the 
offering signal is applied to the guide wire. This signal 
fans out from the final grid FG, through the mixing grid 
MG, the register finder grid RFG, and the A-registers to 
the group marker A. The group marker A selects one of 
the free A registers and returns the accepting signal to 
the line circuit. It is then available for the next call. The 
A-register transmits a dial tone to the calling subscriber 
to indicate that it is ready to receive dialing information. 

2nd step: The A-register stores the dialing information, 
and after the sixth digit calls the directional marker A 
(DMA) and passes the dialing information to it. The direc­
tional marker obtains from the routing translator RT the 
destination group of the called subscriber and then actu­
ates the guide network group connector (GNGC) to link 
the guide wires with the junctors B of the destination 
group. The third and fourth digits identify the final marker 
of the desired 100-line group, the 5th and 6th digit the 
desired subscriber. 

Path selection to the desired subscriber is then initiated 
by applying to his line circuit an offering signal, which fans 
out, from stage to stage, to the group marker A. The ac­
cepting signal is then applied in the opposite direction to 
establish one of the many possible paths. Junctor B trans­
mits the ringing tone and feeds the called line, while the 
calling line is fed by junctor A. 

3. Special Convenience Features 

A register-controlled telephone switching center makes 
it possible to introduce new service features. In the Stutt­
gart HE-60 trial office, the subscribers connected to the 
A2 "augmented-service group" are offered a number of 
new convenience services. 

3.1 Push-button Selection 

Push-button selection was especially welcomed by the 
telephone customers. It allows full use to be made of the 
inherent speed of the HE-60 system. 

In November 1965, 52 users of push-button telephone 
sets were requested to answer a questionnaire contain­
ing 67 questions arranged in four groups. All these people 
stated that they preferred the push-button telephone set 
to the conventional rotary dial set. About four-fifths of 
them said that they were making more dialing errors 
with rotary dial sets than with push-button sets, while the 
remaining one-fifth said that they did not notice any dif­
ference. Other questions related to the external design 
of the push-button set, the key arrangement, key pres­
sure, etc. All but one of the persons interviewed were in 
favor of retaining the present design. 

The ringing delay had been noticed by only 42 of the 
people questioned, and only 12 of them considered it a 
disadvantage. They did not consider the keying noise 
(VF tone) significant: only one of them found it disturbing, 
12 had not noticed it at all, and 40 found that it was not 
disturbing. 

Many of the push-button users questioned, had not 
noticed the ringing delay and the keying noise until asked 
about them in the questionnaire. This permits us to con­
clude that telephone users pay little attention to minor 
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details as long as they are offered a subset that is easy 
to handle. 

3.2 Abbreviated Dialing 

A limited number of customers can be given access to 
this special service feature, which makes it possible to 
reach 11 frequently called numbers of up to 15 digits by 
abbreviated dialing. In the Stuttgart trial office, 15 (out 
of a possible 16) customers have been admitted to this 
service. 

3.3 Absentee and Answering Service 

When a subscriber is switched to this service, his incom­
ing calls are routed to an answering position. Switching 
to absentee service may be either subscriber- or opera­
tor-controlled. A special code is provided for subscriber­
controlled switching to this service. In 1965 and 1966, the 
following use was made of the absentee and answering 
service: 

__________________ L~s I 1966 

Operator-controlled transfer switching 

Subscriber-controlled transfer switching 

114 

8 

85 

18 

Although the subsribers had been advised in writing of 
this service, they failed to make extensive use of it. 

4. Test Connections 

Between 08:00 and 16:00 hours on weekdays, artificial 
traffic was generated in the trial office by means of a test 
connection set consisting of a main equipment, a con­
nection unit, and a test number unit (Figure 2). The main 
equipment incorporates an automatic test number sender. 
It controls the automatic routine and evaluates test results 
by means of the test evaluation equipment. The connection 
unit engages 16 line circuits in cyclic sequence, while the 
test number unit contains 16 terminals which are called in 
sequence. 

The test connection set indicates the following failure 
conditions (cf. Table 1). 

In November 1965 and in April 1967, the trial office was 
tested with 6000 test connections each (test run without 
fault repair). The test run in November 1965 was per­
formed with the pulse ratios, attenuation, and noise volt­
age values established for conventional systems. 
(A) Pulse ratios (pulse: interval) 72: 31 ms and 51 : 48 ms, 
alternating after each 500 tests connections. 
(B) Attenuation ar = 0.6 N (5.4 dB). 

MAIN 
EQUIPMENT 

r;:---:;-i 
CONNECTION 

UN!Tl----f'-----, 

I NUMBER ~l __ ...j 
I SENDER ~E-60l OFFICE 

I~~~ 
I 
I 
I~-'-----. 

I TEST 
I EQUIPMENT 

1_~_-_-_~J 

EVALUATION 

Figure 2 - Test connection equipment. 

TEST NUMBER 
RECEIVER 
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Table 1 

Irregularity I Test Procedure I Indication 

1. No dial tone I Check for 450 Hz I At t > 2,800 ms 

2. All paths busy I 
Check for busy tone 450 Hz, 

I 
Busy tone morse code "e" during interdigital interval 

3. Excessive impedance I 
Measurement during interdigital interval, 

I 
Primarily during double connections 

500 ms, 1100 Hz (tested by HE-60 system) 

4. No testing frequency signals Ground as acknowledgment signal I Incomplete or wrong connection 

5. No ringing 
Check 10 s ringing current 

I 
Absence of ringing current (upon seizure of test number) 

6. Subscriber does not answer I Application of 800 Hz in test number unit I Absence of 800 Hz 

7. Excessive attenuation I Transmission of 800 Hz, duration 2000 ms l When set ar value is exceeded 

8. Noise limit exceeded 
I 

Measurement of noise voltage 

I 
When set limits are exceeded and time at A-filter 

9. Premature metering 
I 

Registration of metering pulse 

I 
When metering pulse > 60 ms 

before releasing connection 

10. No local call metering 
Checking of metering pulse > 1 s I When pulse too short (< 1 s) or absent 
after release 

(C) Noise voltage 100 mV, admissible noise duration 200 ms 
within 10 seconds. The duration of all noise bursts ex­
ceeding 100 mV is added up, and a fault indication initi­
ated as soon as the sum value exceeds the permissible 
threshold (e.g. 200 ms). The noise may consist of several 
short bursts. 

Out of 6000 connection attempts, 5998 were success­
ful, the two failure indications involving an all-paths-busy 
and a subscriber-does-not-answer condition, both being 
due to work on the technical equipment. 

This effectiveness may be ascribed to the functional 
and line tests performed with each marker operation in 
the HE-60 office. During each call establishing process, 
the a, b, c, and z wires are tested for continuity and for­
eign potentials. 

In order to determine under which conditions there are 
noticeably more failure indications, more stringent testing 
conditions were applied in April 1967. 

Table 2 

Test Connections 
from 0 1001 2001 
to 1000 2000 2500 

pulse ms 72 51 51 
Pulse ratio - -

inter ms 31 48 39 

Pulse + interval ms 103 99 90 

lnterdigital interval ms 1000 1000 500 

Dialing disturbances 0 0 0 

Table 3 

Test Connections 
from 0 501 
to 500 1000 

Threshold set (N) 0.4 0.3 

Indicated failures 0 1 

16 

4.1 Dialing Reliability 

In the Stuttgart telephone network, most of the telephone 
numbers consist of six digits. For 6000 connections, con­
sequently, a total of 36 000 digits had to be dialed. 

As can be seen (cf. Table 2), failures occurred only 
with unfavourable pulse ratios and very short interdigital 
intervals. 

4.2 Excessive Attenuation (cf. Table 3) 

The result can be summarized as follows: 

500 test connections at ar 0= 0.4 N (3.5 dB), no failure 
3500 test connections at a,. = 0.3 N (2.6 dB), 1 failure 
2000 test connections at ar ,= 0.2 N (1.7 dB), 85 failures. 

The overall system attenuation consists primarily of the 
supply circuit attenuation in junctors A and C, amounting 
to 0.08 N (0.63 dB) each, of the 16 kHz metering filters 
with 0.03 N (0.26 dB) and the wiring. Without the wiring, 

2501 3001 3501 3701 5001 5501 
3000 3500 3700 5000 5500 6000 

59 51 35 75 51 72 
·-- - - - -
31 39 65 35 48 31 

90 90 100 110 99 103 

500 500 500 500 500 500 

0 0 2 2 0 1 

1001 1501 2001 2501 3001 
1500 2000 2500 3000 6000 

0.2 0.2 0.2 0.2 0.3 

16 24 16 29 0 
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it is 0.08 + 0.08 + 0.03 N = 0.19 N (1.65 dB). When fur­
ther taking into account the tolerance of the test con­
nection set, it its easy to understand the number of fail­
ures at 0.2 N (1.74 dB) threshold. 

4.3 Noise 

The test connections 1 to 3000, with the threshold 
values of 100 mV and 200 ms noise duration, showed no 
failure. 

The result of the 3000 other test connections is illus­
trated in Figure 3. 

As anticipated, failures occurred more frequently with 
extremely low noise voltage thresholds (1 mV). When the 
threshold was set to 5 mV, there were only 4 failures 
recorded for 1000 test connections. Compared to that of 
conventional telephone systems, this is a very low failure 
rate. 

The telephone customers considered neither the inser­
tion loss of 0.3 N (2.6 dB) nor the noise voltage of 5 mV 
a disturbance. 

In addition to the above disturbances, the test connec­
tion set recorded 1 O "no-dial-tone" failures. This means that 
only 0.16 percent of all test connections exceeded the 
waiting time limit of 2.8 seconds. It is further noteworthy 
that disturbances such as double connections and metering 
errors, which telephone customers consider particularly 
annoying, did not occur at all. 

5. Analysis of Failure Statistics 

The logbook of the trial office shows that a total of 852 
disturbances had been reported between August 1963 
and December 1966. Only 108 of these disturbances 
- i.e. 12.7 % -were attributable to the trial office, while 
the other 744 were due to failures of other switching 
centers and the cable network, and to subscriber behav­
ior. Figure 4 shows the average failure rate per month, 
which varies between 1.66 and 3.1 failures. The mean 
value over 3% years of operation is 2.63 failures per 
month. Figure 4 further shows for reference the average 

25 

20 

15 

10 

DISTURBANCES 

1 mV 
200 ms 

12 

TEST 500 
CONNECTIONS 

10 mV 
200 ms 

500 

INTERFERENCE VOLTAGE ANO 
INTERFERENCE TIME LIMITS 

1 mV 
100 ms 

26 

5 mV 
100 ms 

1 mV 
50 ms 

5 mV 
50 ms 

Figure 3 - Result of noise tests using the test connection equipment. 
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number of subscriber lines connected to the trial office. 
Although the number of subscribers served has increased 
by the factor 2.5, the failure rate appears to have a down­
ward trend. This indicates that neither the degree of ca­
pacity utilization nor the operating time of the installation 
has any effect on the failure rate. It is therefore senseless 
to compute from these figures the failures per 100 lines 
per month. A comparison with conventional systems would 
be impossible, anyhow, since only the number of line 
circuits, switching grids, and junctors increases with the 
number of subscriber lines in centralized systems. 

The type and speed of failure detection is of great sig­
nificance in dialing systems. The earlier a failure is de­
tected and repaired, the fewer connections it will involve. 
Only the four most important types of failure report will 
be listed here: 
(A) Failure indication by alarm, testing, and monitoring cir­
cuits incorporated in the system. 
(B) Failure recognition by functional tests using manual 
testing equipment. 
(C) Trouble reports received from other switching centers. 
(D) Customer complaints, normally forwarded by the com­
petent maintenance departments. 

The manual functional tests, which are presently per­
formed at intervals of six weeks, cover: 
(A) Guide wire network tests. 
(B) Testing of junctors A, B, and C (tone signals; meter­
ing, loss, and balance). 
(C) A-registers (outstoring of dialing information and dis­
connection). 
(D) C-registers (end-of-selection, all-paths-busy, and dis­
connection). 
(E) Call metering. 

Testing results have been so good that an extension of 
the time between test runs should be taken under con­
sideration. 

NUMBER OF LINES FAILURES PER MONTH 

1 258 
3.1 

1100 

2. 75 
2.63 

1000 1.5 

800 

600 

400 

200 

ll1TI1 AVERAGE NUMBER OF LINES OVER THE YEAR 

~ FAILURES PER MONTH 

Figure 4 - Average number of subscriber lines and failures per month. 
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Figure 5 shows a breakdown of failure reports, by kind 
of report, received during 3Y2 years of operation. 

The large percentage of failures detected by the system's 
testing and monitoring circuits is noteworthy. The number 
of connections disturbed by these failures is approximately 
equal to the number of failures, since failure occurrence 
and failure signaling coincide. Failures detected by other 
means sometimes require hours and days of failure loca­
tion work. It is easy to estimate how many connections 
are disturbed by a failure existing over any extended 
period of time. The inherent advantage of the failure de­
tecting facilities incorporated in the system is that they 
limit failure duration. 

Jn Figure 6, the 108 failures recorded for the system 
are broken down by location; in Figure 7, the breakdown 
is by their effect on service. 

As can be seen, 36 % of the failures did not affect 
traffic at all, and 23.2 % affected only individual lines. 

INDICATION BY 
ALARM AND TEST 
FACILITIES 

DETECTION BY 
FUNCTIONAL TESTS 

REPORTS OF OTHER 
SWITCHING CENTERS 

SUBSCRIBER COMPLAINTS 

Figure 5 - Breakdown of failure reports. 

Figure 6 - Breakdown of failures by system parts. 

0 INDIVIDUAL CONNECTIONS DISTURBED •l 

~ DISTURBANCE LONGER THAN 30 MINUTES ><l 

1 10 
All LINES OF CENTER 11 (10.2 %) 

20 

UP TO 100 LINES 

UP TO 10 LINES 

INDIVIDUAL LINES 
12 

~~~==:J 25(23.2 % ) 

NO EFFECT 

+) ND TOTAL FAILURE; CAUSED BY WRONC MANUAL MANIPULATION 

++)DUPLICATED MARKER BECAME EFFECTIVE 

·Figure 7 - Breakdown of failures by effect. 

18 

68 % 

6. Component Failures 

Jn any field trial, interest centers primarily on the major­
ity components, which in the case of the HE-60 system 
are HERKON dry-reed switches, diodes, and transistors. 
The service reliability of the entire installation depends 
largely on their reliability. 

During the observation period, i. e. in 26 280 hours of 
operation (~ t), the following numbers of components 
were replaced: 
- 15 dry-reed contacts (of a total of 335 000 contacts) 
- 5 diodes (of a total of 150 000 diodes) 
- 3 transistors (of a total of 12 000 transistors) 

From these figures we derive the component failure rate 

per hour l = ~ X ~ ~ , where N is the total number of 

a specific component type and ~ N is the number re­
placed. 

The component failure rate is for 
1 15 

Dry-reed contacts l = 335 000 X 26 280 = 1.7 X 10-9 [h-1]. 

Diodes } = _1_ X-5- = 1.27X10-9[h-1], 
• 150000 26280 

Transistors 1 X 3 95 x10-9 [h-1]. 
}, = 12000 26 280 = . 

The reciprocal of the failure rate is the mean time between 

failures m = l . We obtain for 

Dry-reed contacts m = = 5.9 x 1 as hours 
1.7 X 10- 9 or 67 500 years, 

Diodes m = = 7.9 X 10s hours 
1.27 X 10-9 or 90 000 years, 

Transistors m = --- = 1.05 X 108 hours 
9.5 X 1 o-9 or 12 000 years. 

Taking into consideration the number of components 
used, this means that on the average, a dry-reed contact 
must be replaced once every 2.4 months, a diode every 
7.2 months, and a transistor every 12 months. 

Hermetically-sealed dry-reed contacts have in conse­
quence proven to be capable of meeting the requirements 
of long life. 

In conclusion, it should be mentioned that the trial office 
has not been provided with air-conditioning equipment, 
and that the ambient temperature varies between 20 and 
32° C and the relative air humidity between 4 g/m3 and 
18 g/m3. 

W. Rauscher was born in Rommelsbach, Germany, in 1905. From 
1927 to 1930, he studied at the Staatliche lngenleurschule in 
Esslingen, where he graduated as an electrical engineer. In 
1930, he joined the Deutsche Bundespost (German Post Office), 
and has since worked on the planning, design, and operation of 
telephone switching centers. In 1963, he became telephone 
switching adviser to the Post Office Administration in Stuttgart. 

Electrical Communication ·Volume 43, Number 1 · 1968 



Book Review 

INTERMETALL Data Manuals 1967/1968 

In the series of INTERMETALL Data Manuals, the third manual, 
"Transistors", was published recently. The other two manuals, 
"Rectifiers/Thyristors" and "Diodes/Zener Diodes", appeared a 
few months ago. 

Alphabetical type indexes, technical explanations, quality infor­
mation, detailed technical data, dimensional drawings, and charac­
teristics will make these manuals valuable aids to the design 
engineer. 

This new series of data manuals supersedes all former data 
books, such as the SEL Data Manual "Transistors, Diodes 1966" 
and the INTERMETALL Manual "Transistors, Diodes 1965/1966". 

All three data manuals are available to industrial enterprises 
free of charge and to private individuals at the price of DM 2.­
each, upon request to INTERMETALL, Freiburg. 

Book: ISEP - ITT Standard Equipment Practice 

ISEP, the ITT Standard Equipment Practice, has proved its great 
value for the construction of electronic equipment and systems. 
ISEP parts can be used for building electronic equipment of 
any required size, ranging from plug-in cards with components 
through subracks, racks without enclosure, racks with hinged 
side walls and doors, up to fully enclosed racks. 

Connection between printed-circuit boards and subracks is 
established by ISEP connectors. All system parts conform to 
international and national standards and may be combined with 
existing systems. 

The book entitled "ISEP - ITI Standard Equipment Practice", 
published by SEL, explains with the aid of illustrations and 
examples the flexibility of the ISEP system. Dimensional drawings 
in the ordering section will serve the equipment designer as a 
planning basis. 

The booklet will be distributed to industrial enterprises free of 
charge, and is also available to private individuals at the price 
of DM 4.- upon request to Standard Elektrik Lorenz AG, Nurem­
berg. 
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Handbook of Electronic Instruments and Measurement Techniques 

Harry E. Thomas and Carole A. Clarke, now consulting engineers 
after retirement from International Telephone and Telegraph Cor­
poration, are the authors of a recently published "Handbook of 
Electronic Instruments and Measurement Techniques". It is divided 
into 14 chapters as follows: 

1. Instrumentation - The System Approach 

2. Indicating Meters, Measuring Techniques 

3. Bridge Circuits and their Application in Measurement 

4. Bridge Design, Construction, and Operation 

5. Oscilloscope and Pulse Instrumentation 

6. Data Display and Digital Instrumentation 

7. Frequency, Phase, and Time Measuring Instruments 

8. Transducers and their Instrumentation 

9. Electronic Voltmeters and Instruments for Direct Component 
Measurement 

10. Instrumentation for Vacuum Tubes 

11. Instrumentation for Transistors and Diodes 

12. Instruments for Receiver Testing 

13. Transmitter Measuring Instruments 

14. Microwave and Radar Equipment and Measurement 

There are 22 appendixes giving glossaries of terms; units, con­
stants, symbols, abbreviations, and conversion factors; calibration 
of standards; multipliers, shunts, and fusing of instruments; meas­
urements of radio-frequency power and standing-wave ratios; 
and description of potentiometers, digital voltmeters, spectrum 
analyzers, Q meters, transducers, X-Y recorders, grid-dip meters, 
sampling recorders, and recording oscillographs. 

The book is 9.75 by 7 inches (25 by 18 centimeters) and contains 
389 pages plus an 8-page index. It is published by Prentice-Hall, 
Inc. Englewood Cliffs, New Jersey 07632 at $16.00 per copy. 
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Loaded "Wet" Submarine Cable 

W. DANIELSEN 
A. RAMB0L 
G. TIDEMANN 
Standard Telefon og Kabelfabrik A/S, Oslo, Norway 

~. Introduction 

Norway, like many other countries in the world, is criss­
crossed with water in the form of fiords, lakes, and rivers. 
In Norway fiords can reach as far as 160 km inland from 
the coastal line, and narrow lakes can fill the bottom of 
the valleys along dozens of kilometers. 

Wherever these waters block a cable route, they have 
to be crossed by a suitable cable. In many cases the land 
on both sides of the fiord or lake consists of sheer moun­
tain sides, plunging straight down into the water. In such 
places, the digging of cable ditches alongside the water 
is expensive and can in many places, because of land­
slides, be very risky. Under these circumstances it may 
often pay to put the cable in the water, provided suitable 
cables can be found. As an example, it can be pointed 
out that the main cable between Oslo and Bergen was 
laid in the Hardangerfjord with land-based repeaters. This 
was a 25 mm-solid-polyethylene-insulated-coaxial cable. 
When it came to multi-conductor cables, the situation was 
not so simple. Lead or aluminium-sheathed paper-insulated 
cables need strengthening members to support the sheath 
when the cables are to be laid below certain water depths. 
These strengthening members, consisting normally of one 
or more steel spirals, add considerably to the complexity 
and cost of the cable. If a sheath fault occurs on such 
cable, the whole cable will break down, and repair - for 
instance, in inland lakes - is not possible over many 
months of the year. The laying of multiconductor cables 
in water was therefore avoided wherever possible until a 
more suitable type of cable could be found. When plas­
tics began to be used in the cable industry, a new type 
of cable called "wet" submarine cable was introduced. 
This type of cable, to be described in greater detail later, 
derives its name from the fact that there is no sheath to 
keep the water out of the cable. It can be laid at any 
depth, and if a fault only should develop, it would in most 
cases affect a single circuit. 

This robust and inexpensive type of cable first became 
very popular as a subscriber cable connecting the many 
inhabited islands with the mainland. Later on, when it was 
also used for intermediate links in paper-insulated trunk 
cable systems, its lengths were limited to that of a load­
ing section. Since in many cases this was not sufficient 
to cross the water, and certainly not long enough to run 
along the fiords or lakes, the Norwegian Telecommunica­
tions Administration requested STK to develop cables 
with built-in loading coils preferably designed so that the 
cable plus loading sections could be laid by a normal 
cable ship without any special precautions. 

2. Description of the Cable 

Since the so-called "wet" submarine cable has no 
sheath, the water can penetrate directly to the conductor 
insulation and fill all the cable interstices. 

20 

Subscriber cables of this type normally have 0.7-mm 
conductors. They have been made with the number of quads 
ranging from 10 to 100. Trunk cables usually have 0.9-mm 
conductors, but cables with 1.4-mm and 2.0-mm conduc­
tors have also been made. The number of quads in these 
cables has varied between 2 and 24. The insulation wall 
thickness has been approximately the same as that of the 
conductor diameters, giving a mutual capacitance in water 
of 55 to 60 nF/km. 

The stranded-cable cores are protected by lappings of 
textile tapes, crepe paper, and jute rovings. The steel 
wires in the armoring have diameters of from 3.3 mm to 
5.2 mm, depending on laying conditions. The armoring is 
normally protected by several layers of jute rovings and 
asphalt compound. 

The electrical characteristics of this type of cable have 
been calculated from measured primary parameters (R, L, 
C, and G) and a typical set of curves is given in Figure 1. 
In the designing of new cables, the primary parameters 
can be precalculated fairly accurately if the screening 
and proximity effects of the armoring are taken into ac­
count. 

When the problem arose of matching cables of this type 
to 37 nF/km paper-insulated trunk cables, it was at once 
obvious that it would not be economical to make the wet 
submarine cable with the same low-mutual capacitance. 
For the low-frequency loaded circuits the same imped­
ance could be obtained by shortening the loading sec­
tions to yield the same mutual capacitance between load­
ing coils as in the land cable system. The land cables 
normally contain 2 or 3 carrier frequency quads for 60 
channel systems. To obtain impedance matching for these 
quads for the whole frequency range from 12 kHz to 
252 kHz it was, as will be explained below, necessary to 
have a higher mutual capacitance on the wet submarine 
cable than on the land cables. 

If the conductance G is disregarded, the numeric value 
of the impedance is given by: 

z = 1l(wRc)2 + (+ J c1) 

At low frequencies only the_!!_ part is of importance 
wC 

and at high frequencies only the L/C part. If we can 
match the two cable types at one low-frequency point and 
one high-frequency point, the two impedance curves will 
follow each other sufficiently closely over the whole fre­
quency range. Since the inductive permittivity of the two 
cables is the same while the dielectric permittivity of the 
wet submarine cable is much higher than that of the paper­
i nsulated cable, it is obvious that the high-frequency part 
of the impedance can not have the same mutual ca­
pacitance C. If C were the same, the distance between 
the conductors and consequently the self-inductance L 
of the wet submarine cable would be much larger, giving 

Electrical Communication · Volume 43, Number 1 · 1968 



0 L..-.L........L--'--L....L..LL----'---'--'--'--'--'-'--'-L..--L---'---'-..._.._..L-L.J...1 

N/krn 
1 i=:i:::=!::::r:l:::O:i::::==::::i::::=t::::::i::::::i::::i=l=l::::i::i:====i::::::::i:::::J::=~:o:::i:I 

l:I 0.7 .__..__.___,__,__,_._,__ _ _.___.___.__,__......__.__,_._ __ ,___.__,__...._._.............., 

~ 0.5 ~1--+.-+-+-++-l-----l-----l----l---l--~--+-+---l----l---4--+-+--+-+-1-1 
f:= 
<( 
:::> 
~ 0,3 ~1--+.-+-+4-+-!-----l-----l----l---l--~--+-+---l----l---4--+-+-, ~+.i..-1-~hl. 

s ~ 0,2 l--1-+-+-++++----+---+-+--+-+-+-1-++--+-----.l:""".-.l'~++++-1 

0.07 [., 

0.05 ~ 

0,3 0.5 0.7 1 5 7 10 20 30 50 70 100 kHz 
FREQUENCY 

Figure 1 - Electrical characteristics of a typical "wet" submarine cable. 

a higher impedance at high frequencies . On the other 
hand, if the self-inductance L were made the same, the 
wet submarine cable would have a much higher mutual 
capacitance C, giving the wet submarine cable the lowest 
impedance. Somewhere between these two extremes 

there is a design that would yield the same L/C ratio for 
the two types of cables, and this point fixes the ratio of 
insulation thickness to conductor diameter on the wet 
submarine cables. Since the mutual capacitance in this 
way is mack a higher value in the wet submarine cable 
than in the land cable, it remains only to reduce the con­
ductor diameter to obtain the right R/C ratio for imped­
ance matching at the low-frequency end of the range. 

Impedance matching had to be obtained for the two 
standard types of paper-insulated trunk cables having 
1.2 mm and 0.9-mm conductors , both with 37 nF/km mutu­
al capacitance.This was obtained by wet submarine cables 
having respectively 0.9-mm conductors insulated with 
0.95-mm PE to a mutual capacitance of approximately 
56.5 nF/km, and 0.7-mm conductors insulated with 0.8-mm 
polyethylene to a mutual capacitance of 54 nF/km. 

In Figure 2, the impedance and attenuation of the 
0.9-mm wet submarine cable are compared with the cor­
responding curves for the 1.2-mm paper-insulated trunk 
cable. (Cables 2 and 3.) 

In a wet submarine cable each insulated conductor is 
electrostatically screened from all the other conductors 
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Figure 2 - Impedance and attenuation of land cables compared to those of 
"wet " submarine cables . 

·1 - 0.9 mm 4-quads wet cable w ith embedded quads 
2 - 0.9 mm 12-quads wet cable 
3 - 1.2 mm paper-insulated land cable 

by the water. Because of this, there is no such thing as 
capacitive S-S unbalances or corresponding crosstalk. 
The S- E unbalances being directly the difference in co­
axial capacitance between the two conductors of the cir­
cuit, they can on the other hand be high. However1 :it 
should be taken into account that a cable in water is nor­
mally very well screened from any outside influence that 
could induce noise in the cable. 

The situation is less happy when it comes to phantom 
circuits and the Ph-S unbalances. The Ph-S unbalances 
are given by 

(2) 

C1, C2, C3, and C4 being the coaxial capacitance of each 
of the fou r conductors in the quad. Ph-S unbalances are 
normally so high that the use of the phantom circuit on a 
normal wet submarine cable is precluded. The phantom­
side unbalances can , however, be considerably improved 
by embedding each quad in a plastic sheath. 

When this is done, the Ph -S unbalances can be ex­
pressed with the well -known formula for paper-insulated 
cables: 

1 
Ph - S1 = - (C10-C20) + (C13 + C14)-(C23 + C24) 

2 

1 
Ph - S2 = - (C30-C40) + (C13 + C23)-(C14 + C24) (3) 

2 

As can be seen from Figure 3, a high C10 would norm­
ally lead to low C13 and C14 and vice versa , so that some 
degree of compensation will occur inside the quad. In addi­
tion, the C10 and C20, etc ., values are considerably smaller 
than the corresponding C1 and C2 values and would there­
fore yield smaller differences. Experience has shown that 
this is the case. The Ph - S unbalances on this type of 
cable are normally less than one-third of those obtain­
ed on a truly wet submarine cable . On the other hand, 
S - S unbalances occur on the embedded type, but these 
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Figure 1 - Electrical characteristics of a typical "wet" submarine cable. 

a higher impedance at high frequencies. On the other 
hand, if the self-inductance L were made the same, the 
wet submarine cable would have a much higher mutual 
capacitance C, giving the wet submarine cable the lowest 
impedance. Somewhere between these two extremes 
there is a design that would yield the same L/C ratio for 
the two types of cables, and this point fixes the ratio of 
insulation thickness to conductor diameter on the wet 
submarine cables. Since the mutual capacitance in this 
way is mack a higher value in the wet submarine cable 
than in the land cable, it remains only to reduce the con­
ductor diameter to obtain the right R/C ratio for imped­
ance matching at the low-frequency end of the range. 

Impedance matching had to be obtained for the two 
standard types of paper-insulated trunk cables having 
1.2 mm and 0.9-mm conductors, both with 37 nF/km mutu­
al capacitance.This was obtained by wet submarine cables 
having respectively 0.9-mm conductors insulated with 
0.95-mm PE to a mutual capacitance of approximately 
56.5 nF/km, and 0.7-mm conductors insulated with 0.8-mm 
polyethylene to a mutual capacitance of 54 nF/km. 

In Figure 2, the impedance and attenuation of the 
0.9-mm wet submarine cable are compared with the cor­
responding curves for the 1.2-mm paper-insulated trunk 
cable. (Cables 2 and 3.) 

In a wet submarine cable each insulated conductor is 
electrostatically screened from all the other conductors 
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figure 2 - Impedance and attenuation of land cables compared to those of 
"wet" submarine cables. 

1 - 0.9 mm 4-quads wet cable with embedded quads 
2 - 0.9 mm 12-quads wet cable 
3 - 1.2 mm paper-insulated land cable 

by the water. Because of this, there is no such thing as 
capacitive S---S unbalances or corresponding crosstalk. 
The S---E unbalances being directly the difference in co­
axial capacitance between the two conductors of the cir­
cuit, they can on the other hand be high. However1 it 
should be taken into account that a cable in water is nor­
mally very well screened from any outside influence that 
could induce noise in the cable. 

The situation is less happy when it comes to phantom 
circuits and the Ph---S unbalances. The Ph---S unbalaf'lces 
are given by 

Ph-S1 = 

(2) 

C,, C 2, C 3, and C 4 being the coaxial capacitance of each 
of the four conductors in the quad. Ph---S unbalances are 
normally so high that the use of the phantom circuit on a 
normal wet submarine cable is precluded. The phantom­
side unbalances can, however, be considerably improved 
by embedding each quad in a plastic sheath. 

When this is done, the Ph---S unbalances can be ex­
pressed with the well-known formula for paper-insulated 
cables: 

1 
Ph---S, = - (C10---C20) + (C13 + C14)---(C23 + C24) 

2 

Ph---S2 = _!_ (C30---C40) + (C13 + C23)---(C14 + C24) (3) 
2 

As can be seen from Figure 3, a high C10 would norm­
ally lead to low C13 and C14 and vice versa, so that some 
degree of compensation will occur inside the quad. In addi­
tion, the C 10 and C20, etc., values are considerably smaller 
than the corresponding C1 and C2 values and would there­
fore yield smaller differences. Experience has shown that 
this is the case. The Ph---S unbalances on this type of 
cable are normally less than one-third of those obtain­
ed on a truly wet submarine cable. On the other hand, 
S---S unbalances occur on the embedded type, but these 
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Figure 3 - Partial capacitances in a telephone cable star quad. 

unbalances can be kept low by strict control of manufac­
turing processes. 

When it comes to matching cables with embedded quads 
to the paper-insulated land cable, the picture is a little 
more complicated. The side circuits on carrier frequency 
quads can be matched and this is normally sufficient, 
since the phantom circuit is very rarely carrier-frequency 
operated. In the impedance matching of the side circuits, 
the diameter of the quad sheaths adds another variable 
parameter, so that the problem has several possible solu­
tions. Of these, the one giving the smallest quad sheath 
diameter would obviously be the most economic. 

For the loading of this type of cable it is important to 
obtain the same ratio between mutual capacitimcA for the 
phantom circuit and mutual capacitance for the side cir­
cuits as for the land cable. This ratio CPIJCs for the dif­
ferent types of cable is as follows: 

- Star quad paper-insulated cable: 2.7 
- DM quad paper-insulated cable: 1.6 
- Wet submarine cable 2.0 
- Star quad embedded in plastic : 2.75 

The last value can be varied within limits, and a matching 
to a star quad paper-insulated cable should be possible. 
However, cables with embedded quads will in most cases 
be jointed to DM paper-insulated land cables, and to ob­
tain the same CPh/Cs ratio as on these cables is con­
sidered impractical. This means that the length of the 
loading section on the submarine cable would be differ­
ent for the phantom and the side circuits. On the sub­
marine cable one would get phantom loading points closer 
to and separate from the side-circuit loading points. Cer­
tain difficulties can arise in trying to get the loading coils 
in step again when the system continues on the other 
side of the water-crossing. 

3. Development of Loading Elements 

It was clear from the start that, to ensure flexible con­
struction, each individual coil had to be embedded in po­
lyethylene and so shaped that a number of coils could be 
laid together to form both a flexible and strong snake-
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type construction. The polyethylene covering on the coils 
would have to continue as the conductor insulation on 
the connecting leads. The connecting leads would have 
to be sufficiently long so that staggered joints to the ad­
joining cables could be made. This jointing would have to 
be done in the factory prior to armoring so that a con­
tinuous and strong armoring could be obtained. In cases 
where this was not so important (shallow-water cables), 
the "snake" with connecting leads could be delivered to 
the customer who could, either on site or in his ware­
house, joint in the loading assembly between two cables 
and from both sides lay and bind the armoring across the 
loading point. 

The first problem is to make the coils insensitive to out­
side water pressure. Experiments have shown that coils 
embedded only in plastic suffered an average reduction 
in inductance of approximately 0.1 % for each kp/cm2 in­
crease in pressure. This was not acceptable for coils that 
could be laid at any depth up to 1000 m. By putting the 
coils into a strong brass casing prior to molding, the effect 
of water pressure was eliminated. 

In mounting the coil inside the molding, care had to be 
taken to ensure that any pull exerted on the connecting 
leads was not transmitted to the thin winding wire of the 
coil, but was taken up by the molding itself. As shown in 
Figure 4, this was obtained by strapping the connecting 
leads along the end faces of the coil casing and anchor­
ing them in a U-shaped piece of nylon. The winding wire 
was soft-soldered to the connecting leads at the anchor­
ing points. 

'-------POLYETHYLENE MOULDING 

Figure 4 - Design of loading element. 

The outside shape of the loading element is also shown 
in Figure 4. The concave end-face on the left end has a 
larger curvature radius than the convex end-face on the 
right. This gives good bendability and stability inside the 
snake formation as shown in Figure 5. The ridges protect 
the bends in the connecting wires and secure the angular 
position of the loading elements with relation to one an­
other. The assembly of these loading elements with the 
connecting wires covering more or less of the cylindrical 
surface of the elements resembles the combination of 
vertebras and sinews in the human spine. At the end of 
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the assembly 60-mm long conical pieces of polyethylene 
case the transition between the "snake" and the cable. 

Since there are four joints for every loaded circuit at 
each loading point, it is very important to develop both a 
time saving and a reliable jointing technique. In the begin­
ning, the same technique as that previously applied on 
wet submarine cables was adapted. This consisted of 
silver soldering of the conductor ends and molding of the 
polyethylene insulation in temperature-controlled molds 
fed from hand-driven screw-operated ram extruders. Al­
though joints made by carefully-trained operators were 
highly reliable, they were also timeconsuming and there­
fore expensive. After careful testing and evaluation, the 
use of double, irradiated polyethylene sleeves placed over 
the joint and shrunk onto the insulation was adopted. 
This has considerably reduced the cost of jointing. 

When the cable is fed through the armoring machine, 
the snake assembly is given extra protection in the form of 
plastic tape lappings covered by a soft steel tape lapping 
to support the armoring wires. Over the part of the snake 
assembly that has a larger diameter than the rest of the 
cable, the armoring wires were tied down by means of 

_!_inch (1,27 cm) wide stainless steel tapes. 
2 

Prior to production of the first cable of this kind, a test 
length containing a snake assembly consisting of real 
and dummy loading elements was made and subjected to 
severe mechanical testing. The part containing the snake 

assembly was rolled forwards and backwards over a 1.5 m 
drum barrel under 4 tons stress. Electrical tests and visual 
inspection revealed no damage either to the loading coil 
assembly or to the cable. 

4. Some Typical Installations 

The first project was for a rather shallow inland lake in 
Telemark, Norway. The cable route followed the road 
along the lake. Over a stretch of about 1.5 km, the narrow 
road was cut into the steep hillside. Minor landslides fre­
quently occur along this part. It was therefore considered 
a safer solution to lay the cable in the water. For this 
purpose, a 1400 m, 12-quad wet submarine cable was 
ordered. Three of the quads were carrier operated, and 
to match the impedance of the 1.2-mm paper-insulated 
land cable a 0.9-mm submarine cable with 0.95-mm po­
lyethylene insulation was designed. This cable has a 
mutual capacitance in water of 56.5 nF/km, which gives a 
distance between loading points of 1132 m to match land 
cables having 37 nF/km and loading points at 1730 m in­
tervals. To bridge the water, it was therefore necessary 
to introduce a loading point approximately in the middle 
of the cable. The sections on either side of the loading 
point consist partly of submarine cables and partly of 
land cables. 

Since this was a typical shallow-water cable, the snake 
assembly was jointed in between two previously armored 
cable lengths and the armoring was jointed across the 
loading point afterwards. The cable core was made in one 
length, measured and cut at the right location for the 
loading point. In jointing in the snake assembly, conduc-
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tors were crossed to reduce S -E capacitance unbalance 
values. 

The finished cable was shipped on the loading area of a 
large truck and pulled out on the ice by means of a wea­
sel and a Land Rover. The cable was left on the ice to 
await the thaw. 

The second task was to cross a 1200 m wide fiord in the 
north of Norway connecting two previously installed 
19 quad 1.2-mm paper-insulated DM land cables. These 
cables carried 48 ordinary low-frequency telephone cir­
cuits on 16 of the quads utilizing both side circuits and 
phantom circuits. These quads were loaded with 77 /48 mH 
at 1716 m distance. One quad carried three program cir­
cuits loaded with 16/10 mH at 858 m distance. The last 
two quads were carrier-operated on side circuits only. 

In order to utilize the phantom circuits it was, as explain­
ed earlier, necessary to use plastic-embedded quads. 
This reduced the mutual capacitance sufficiently to make 
it possible to cross the water without loading the low­
frequency side circuits. But since, as stated earlier, the 
phantom-mutual capacitance on the submarine cable is 

relatively much higher than on the DM land cable, it was 
necessary to load the phantom circuits of the low-fre­
quency quads. A loading point consisting of 16 phantom 
coils was therefore arranged 810 m from one end of the 
cable. 

To get away with only loading point in the program 
quad, its diameter was increased so that the mutual 
capacitance was sufficiently reduced. This quad was 
placed in the center of the cable and loaded in the middle 
by a unit consisting of two 16 mH side coils and one 
10 mH phantom coil. 

To obtain impedance matching to the two carrier-oper­
ated quads, embedded quads with a slightly smaller diam­
eter and higher mutual capacitance had to be produced. 
As can be seen from Figure 6, a sufficiently good match 
was obtained over the carrier frequency range. 

The loading assemblies were first completed and then 
jointed into the cable core prior to armoring. The cable 
diameter was 62 mm and the diameter over the snake 
assemblies 92 mm. The cable was laid by the cable ship 
of the Norwegian Telecommunications Administration with­
out any difficulties or special precautions. 

The largest project to date was carried out when the 
outer harbor of the city of Bergen was crossed by a 
3500-m 37-quad cable with two loading points, each con­
taining 68 side-circuit loading coils. This crossing had 
proved to be a difficult one. The first paper-insulated 
lead-covered cable placed in .relatively shallow water had 
been damaged by anchoring. The second cable laid in 
deeper water had collapsed, since the water pressure 
had proved too much for the double-steel-spiral rein­
forced-lead sheath. These cables had not been loaded, 
they had to be connected to the loaded land cables by 
means of transformers. With this solution the attenuation 
was critical, and the submarine cables had to be made 
with 1.2-mm conductors. In this case, the impedance 
matching 0.9 mm wet submarine cables with built-in load­
ing points provided both a cheaper and a technically more 
satisfactory solution. 
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Figure 5 - Assembly of loading elements . 

6 00 1-+--+-1-++++-~-l--+-!-+-+-+-H-+-~-+--l--+--t-+-11-+-rt--~t---+-t-1 

100 1-+--+-1-++++-~-l--+-!-+-+-+-H-+-~-+--l--+--t-+-11-+-rt--~t---+-t-1 

CA RIER F~ECM~Qvl ~ANGE ... 
O L...l.-L....L...L.l.....l....L~---'----'----'-...1-..L-'--1..JL..J..._~-'----'---'-.L..l.-LLI-'--~..__.....__....._. 

0.3 0,5 0.7 1 2 3 .5 7 10 20 30 50 70 100 200 300 500 
FREQUENCY kHz 

Figure 6 - Impedance matching of embedded "wet " submarine quad to DM 
land cab le. 

1 - CF-quads in wet submarine cable 
2 - Paper-i nsulated DM cable 

For this job, quads of the same design as in the first 
project were used. The nominal loading section in water 
is 11 32 m. To bridge the water with only two loading 
points, this was stretched to 1165 m and to maintain the 
impedance the coil inductance was increased from 77 mH 
to 79 mH. 

Also in this case , the loading assemblies were made 
ready prior to jointing into the cable core. The armoring 
was laid on continuously. The cable diameter was 71 mm, 
and the diameter over the 4 m long loading points was 
approximately 95 mm. 

Figure 7 shows the jointing in loading assembly prior 
to armoring . 

Since completion of the development, a number of or­
ders have been received and executed. The following is 
a short description of the cables supplied. 

For a fiord crossing in the north of Norway, a 3400-m 
long 0.9-mm 19-quad cable with two loading points each 
containing 34 side-circu it coils has been completed and 

laid. 

Last year, a 4900-m 7-quad cable with four loading 

points each containing 10 side-circuit loading coils was 
produced. In production at the moment is a 5000 m long 
19-quad cable with four loading points , each comprising 
34 side-circuit loading coils . Both cables are to be laid 
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Figure 7 - Loading assembly contain ing 68 side circuit coils . 

along an inland lake where the surrounding country is 
highly unsuitable for installation of buried cables . 

Work has also started on a 7000-m long 19-quad cable 
to cross a f iord in the north of Norway. The cable is to 
be connected to phantom-operated DM land cables and 
must therefore have quads embedded in plastic sheaths. 
To el iminate the scattering of loading coils all along the 

cable, compromises have been accepted on the loading 
of the phantom circuits . The load ing on the land cables 
was 77 /48 mH, while the submarine cable has 4 load ing 
points each consist ing of thi rty-two 77 mH side-circuit 
coils and sixteen 28 mH phantom coils . The cable also 
contains a program quad, and the latter has 9 load ing 
points, each containing two 16 mH side-circuit coils and 
one 6.5 mH phantom coil. 

5. Conclusions 

The finished product should prove technically satisfac­
tory in every respect. The loaded low-frequency circu its 
have the same characteristics as the corresponding circuits 

in the land cable . The unloaded carrier frequency circuits 
have the same impedance versus frequency curves as 
the carrier quads in the land cable . To obtain this , it was 
necessary to reduce the length of the load ing sections 
and increase the attenuation per unit length of cable 
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both for the loaded and the unloaded circuits. The loading 
coil assembly is robust and the loaded cable can be laid 
and recovered as easily as an unloaded cable. 

However, to be a success it must also compete eco­
nomically with alternative solutions. When the object is to 
cross a stretch of water wider than a loading section, the 
loaded wet submarine cable is obviously the cheapest 
solution. Because of the reduced conductor diameter the 
loaded submarine cable costs about the same as a wet 
submarine cable with the same conductor diameters as 
the land cable. Estimates show that a 0.9-mm loaded 
cable generally is cheaper than the corresponding un­
loaded 1.2-mm cable, while a 0.7-mm loaded cable is more 
expensive on the average than the corresponding 0.9-mm 
unloaded cable. (Cu basis: $ 700 pr. metric ton). Alterna­
tives would be either to detour the water by land cables 
or to suffer the technical degradation of the system by 
having a mismatching cable connected via transformers. 
The attenuation of the unloaded cables will also be con­
siderably higher and more frequency dependent than on 
the loaded submarine cables. 

In the cases in which the cable is laid along the water 
the conclusion is not always so obvious. Since, because 
of the difference in conductor diameters, the submarine 
cable costs about the same as the paper-insulated, lead 
or aluminium-covered, steel-tape-armored cable, the cost 
of the loading points in the submarine cable must be 
weighed against the cost of the ditch and the ordinary 
buried loading coil cases. In this comparison, the loaded 
submarine cable normally comes out the cheapest. How­
ever, if it is possible to use an unloaded submarine cable 
and put all the loading points on shore, this would in 
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some cases be the cheapest alternative. Such cases are 
rather rare, and it can be argued that the landing points 
increase the chances of damage to cables by ice, land­
slides, anchoring, or other hazards. This alternative would 
also require more cables than a straight route. In any 
case, if a loaded trunk cable route has to cross a stretch 
of water or run alongside water, it is certainly worth while 
to consider the use of loaded wet submarine cables. 
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Geodetic Satellite 

D. F. ALBANESE 
ITI Federal Laboratories; San Fernando, California, USA 

1. Introduction 

In January of 1964, after four years of research and de­
velopment, a U.S. Army Geodetic Satellite was orbited. The 
satellite and its associated ground stations provide a 
space-age tool which can be utilized for accurately deter­
mining relative locations of land masses separated by 
large bodies of water such as continents and islands. 

It is the purpose of this paper to describe the US Army 
Geodetic Satellite system, its underlying theory, mode of 
operation; and in particular the geodetic satellite which was 
designed and developed by ITI Federal Laboratories. 

2. Geodetic Measurement Theory 

There are at least two modes of measurement which can 
be used to determine the location of an unknown point 
on the Earth's surface utilizing the Army Geodetic Satel­
lite system. Both modes utilize four ground stations; 
three at known points and one at the unknown point. 
Each ground station makes accurate slant range meas­
urements to the satellite by measuring the delay of an 
electromagnetic wave. The two modes are shown in 
Figures 1 and 2 (see p. 28) and will be described below. 

a) Simultaneous Mode - This mode is used when the 
satellite is simultaneously within sight of all four ground 
stations. All four stations make essentially simultaneous 
range measurements to the satellites. The location coor­
dinates of the known stations plus the range measure­
ments at those stations uniquely determines the satellite 
pc~!ticr: ::1 space. Three: st..uJ1 tictteiiite positions and the 
corresponding range measurements to the unknown station 
uniquely determine the location of the unknown station. 
The solution to obtain the unknown point (as well as the 
satellite location) from three known points utilizing range 
measurements is essentially the intersection of three 
given arc lengths. 

To reduce the geometric dilution (error in unknown 
point location) the satellite position is obtained in at least 
two orbits. This causes the range arcs to intersect at 
larger angles thereby decreasing the location error due 
to range measurement errors. 

b) Orbital Mode - This mode is utilized where the satel­
lite can be simultaneously viewed from the three known 
points and shortly after or before by the unknown point 
on the same satellite orbital pass. The known stations 
accurately determine the satellite orbit. The satellite 
orbital position is then extrapolated to coincide with the 
range measurement made by the unknown position. Three 
extrapolated positions and the corresponding ranges to 
the unknown station uniquely determine the location of 
the unknown position. 

3. Theory of Ranging 

The slant range between a ground station and the satel­
lite is determined by measuring the phase shift of a prop­
agated electromagnetic wave which is proportional to 
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distance traveled. This is simply illustrated in Figure 3. 
The difference in phase between the transmitted signal 
and received signal is given by 

e = 2nn 
where n = number of wavelengths ?. of the signal in the 
distance 2 r. 

e oc:r 

2r 
n=-;.-, 

4n 
therefore e = -- r ;. 

;. 
or r = -- e. 

4n 

TRANSMITTER 

RECEIVER 

TRANSPONDER 

Figure 3 - Theory of range measurements. 

The error in range due to an error in phase measurement 
is directly proportional to A. Therefore to minimize the 
range error, the signal wavelength should be shortened. 
However if ?. < 2 r the phase measurement will be am­
biguous since the phase angle is greater than 2n radians. 

The problem is overcome by modulating the RF carrier 
with a group of overlapping ranging frequencies which 
eliminate the ambiguity to the maximum range. These 
frequencies are shown in the Table 1. The highest fre­
quency determines the ranging accuracy. 

All the frequencies are phase coherent and multiples 
of a common crystal oscillator. 

Table 1 - Ranging Frequencies 

Ranging Total Nonambiguous 
Frequency Wavelength Range 
(nominal) (Nautical Miles) (Nautical Miles) 

585 kHz 0.27 0.14 
36 kHz 4.4 2.2 
2 kHz 70 35 

0.2 kHz 560 280 

20 Hz* 4050 2025 

* Extended range pulse 

4. Simplified System Block Diagram 

A simplified block diagram of the geodetic satellite sys­
tem is shown in Figure 4. A frequency synthesizer gener­
ates the required ranging frequencies which are utilized to 
modulate the nominally420-MHztransmitter. The transmitted 
signal is beamed to the satellite transponder where the 
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ranging frequencies are demodulated. The demodulated 

ranging tones are used to phase modulate two receiver 

frequencies nominally at 225 MHz and 450 MHz and are 

returned to the ground station receivers. At the receivers 

the ranging tones are demodulated again and compared 
in phase to the transmitted tones. The phase difference 

is continually measured by the electronic servos and 
recorded on magnetic tape in digital form for later pro­

cessing. Accurate time is obtained from a clock synchro­

nized to a WWV transmitter via the VLF receiver. 

The transponder is time shared among the four ground 

stations; each station transmitting for 10 milliseconds 

within a 50 millisecond interrogation cycle. A 2.5 milli­
second guard band isolates the transmissions . This is 

shown in Figure 5. 
The timing is achieved by designating one of the ground 

stations as the master station. This station transmits a 
master timing signal which is received by the slave 

stations via the satellite. The slave station also receives 
its own transmitted 10 millisecond pulse via the satellite. 

Each slave station then delays or advances its time of 

transmission to insure that its signal pulse arrives at the 

satellite at the assigned time with respect to master 
station pulse by monitoring the received pulses. 

The satellite transmits two radio frequencies so as to 

correct for range errors caused by the ionospheric index 

of refraction. The ionosphere causes a change in the 

velocity or propagation from that of free space. The 
velocity in the ionosphere is inversely proportional to 
the index of refraction which in turn is inversely pro­

portional to the square of frequency of propagation. 

With RHF and Ru , as the higher and lower frequency 
measurements: 

R true = R rrF (measured) - L1 RHF (error in measurement). 

R true =Ru-.. (measured) - L1 R LF (error in measurement). 

RLF - RHF = R LF - L1 RHF· 

or L1 RHF ( ~ ; LF - 1 ) = R LF - RHF 
LJ HF 

1 
but L1 Ra F 

... L1 Rm' ( j::: -1 ) = RLF - Rm-.. 

1 
for fLF = 2 frrF 

1 
L1 RH = - (RLF - RHF) 

3 
Substituting equation (8) into (1) : 

1 
R truc = RHF - 3 (RLF - RHF) 

Thus the true range is equal to 

Rtrue = RHF-K (RLF - RrrF) 

where K = __ L_ = - for fH = 2/L ( p ) 1 
PH- PL 3 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

and R nF and RLF are the high- and low-frequency meas­

urements. 
The ground stations utilize a separate antenna and re­

ceiver for reception of the 136 MHz satellite telemetry 

data. 
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5. Ground Station Description 

A photo of a typical ground station is shown in Figure 6 

and a line drawing is shown in Figure 7. The station con­
sists of an RF shelter, a data handling shelter, a storage 
and maintenance shelter and a diesel power supply. The 
telemetry equipment is not shown. Note that two 10-foot 

(3-meter) parabolic antennas mounted side-by-side are 
utilized. One antenna is used for transmission and recep­
tion of the higher frequency signal and the other for re­

ception of the lower frequency. The pertinent ground 
station parameters are given in Table 2. 

SEQUENCING 
AND KEYING 

PHASE-MEASURING 
ELECTRONIC ~---1.i 

SERVO 

TRANSMITTER 

MASTER 1.D. 
OSCILLATOR 

RECEIVER 

RECEIVER 

TAPE 
RECORDER 

TRANSPONDER 

wwv 
TIME SIGNALS 

FREQUENCY STANDARD 

TIMING SYSTEM 

Figure 4 - Simplified b lock diagram of geodetic satellite system . 

MASTER SLAVE SLAVE 
STATION 1 2 

J u u u 
I· 10 ms ·I ~ r-

TRANSMITTER 2.5 ms 
PULSE GUARD BAND 

TIME POSITION OF SATELLITE INPUT 

Figure 5 - Satellite interrogation cycle . 

Figure 6 - Geodetic satellite ground station. 
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Figure 1 - Simultaneous mode . 
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Figure 2 - Orbital mode . 

Figure 7 - Geodetic satellite ground station . 

6. Satellite Description 

The present Type II Satellite was developed and built 
under Army contracts: 
DA44-009-AMC-176 (X) and 
DA-44-009-AMC-866 (X) . 
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Three satellites were furnished under each contract. In 
the first contract S/ N 1 satellite was designated the proto­

type, wh ile S/N 2 and 3 were fl ight models. In each of 
these satellites, a government-furnished TR-27 transponder 

was incorporated. 
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Table 2 - Ground station parameters 

Transmitter 

Frequency (nominal) 
Transmitter Power 
Antenna Gain (10 ft.) 
Antenna Beamwidth 
Phase Modulation Index 

Receiver 

Frequency (nominal) 
Higher 
Lower 

Antenna Gain 
Higher 
Lower 

Antenna Beamwidth 
Higher 
Lower 

Noise Figure 
Higher 
Lower 

Coherent Detection Bandwidth 

420 MHz 
1 kW 

18 dB 
16 degrees 
0.7 rad/subcarrier 

450 MHz 
225 MHz 

18 dB 
12 dB 

16 degrees 
30 degrees 

6 dB 
5 dB 

1-4 Hz 

In the second contract, all three were flight models. A 
TR-27 transponder was incorporated into S/N 4 and 6 satel ­
lites. The S/N 5 satellite incorporated an ITT Model C-101 

transponder. 
Only minor differences exist between the two groups 

of satellites. 
The Type II Geodetic Satellite is the second generation 

design in the Geodetic SECOR (Sequential Collation of 
Range Satellite) Satellite Program. This satellite was de­

signed to take advantage of the multiple launch techniques 
now available and its size and shape were dictated by the 
allocated space in the launch vehicle . The satellite was 
constructed so that the transponder occupied approxi­
mately one-half of the interior volume, while the support­
ing subsystems occupied the other half. This makes it 
possible to interchange transponders with relatively little 
redesign while retaining the supporting subsystems in tact. 

6.1 Construction 

The satellite is a rectangular parallelepiped of approxi ­
mately 9 X 11 >< 13 inches (230 X 280 X 330 millimeters) and 
weighs approximately 40 pounds (18 kilograms) (see Fig­
ures 8 and 9) . lt is assembled on an aluminium baseplate 

to which are bolted the center structure, the transponder, 
and the outside case. The center structure is a dip-brazed 
aluminium frame with provisions for mounting the bat­
teries and the telemetry subsystems . The outside case is 
also of dip-brazed aluminium to which are mounted the 
antennas and the solar cells and their associated cabling . 

6.2 Telemetry 

Housekeeping telemetry is provided by a fully tran­
sistorized PAM/ FM/PM system operating in accordance 
with NASA Minitrack Spec ifications. The transmitter op­
erates in the 136.8 MHz region with a power output of 
100 milliwatts. Six data channels and two calibration 
channels are time-multiplexed onto a VCO with a center 
frequency of 730 Hz. The 730 ± 50 Hz output phase mod-
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ulates the 136.8 MHz carrier. The six channels telemeter 
data on the battery voltage, power supply voltage, trans­

ponder power output, skin temperature, transponder tem­
perature, and battery temperature. A command system is 
incorporated to turn the telemetry system on and off as 
desired. 

6.3 Antenna System 

Two turnstile antenna systems are provided for the 
transponder; one for operation at the 420 to 449 MHz 
frequencies, and the other for the 224.5 MHz frequency. 
A whip antenna was designed at 136.8 MHz for the tele­
metry system. 

Each antenna element resembles a flexible carpenter's 
rule and is folded under the satellite during the launch 
phase. It erects automatically when the satellite separates 
from the launch vehicle. 

6.4 Power Supply System 

The power supply system consists of solar cells , re­
chargeable batteries, and a voltage regulator. The solar 
cells are silicon N- on-P cells and are designed for proper 
voltage and current matching, and adequate conversion 
efficiency. They are mounted on all external surfaces of 
the satellite and each surface is isolated with a diode. 
Each cell has a blue filter and a quarz filter 0.060-inch 
(1 .5-millimeter) thick. 

The storage battery consists of a single string of sealed 
nickel-cadmium cells designed for satellite applications . 
They are potted in two compartments with an insulating 
foam . The depth of discharge is held to a minimum, con­

sistent with the battery lifetime requirements . The voltage 
regulator consists of a series transistor referenced from 
a zener diode. This regulator provides constant 12 volts 

Fi gure 8 - ITT type II satell ite. 
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Figure 9 - Phantom vi ew - ITT type II satellite. 

to the electronics equipment regardless of the voltage 
swings of the solar cell-battery combination . 

6.5 Satellite Orientation 

The satellite is magnetically oriented by a magnet fasten­
ed to the center structure plus magnetic damping rods lo­
cated on the case. This magnet causes the satellite to align 
itself with the Earth's magnetic line of force and assures 
that a constant relationship is maintained between the 
antenna patterns and the surface of the Earth. The damp­
ing rods min imize satellite oscillations and spin . 

7. Type 101 Transponder 

The Type 101 Transponder was designed and developed 
for the US Army under contract DA-49-018-eng-2624 to 
operate as a satellite-borne unit for the Army's Geodetic 
Satellite system . The transponder employs all solid-state 
components and is designed to operate over the temper­
ature range of - 20 to + 70 degrees C. The primary fea­
ture of the Type 101 Transponder is its high degree of 
phase stability over a wide range of operating environ­
mental conditions. This phase stability is necessary for 
the precision measurement of the ground station to satel­
lite range. 

The transponder consists of five separate chassis con­
tained in two packages. The power supply and all receiver 
circuits plus the diplexer are contained in the receiver 
package while the transmitter occupies a separate package. 
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A photo of the transponder is shown in Figure 10. The 
total weight is less than 8 pounds (3.6 kilograms) and the 
power drain is approximately 28 watts during transmission . 

The Type 101 Transponder block diagram is shown in 
Figure 11 . The ground transmitted 420-MHz signal (which 
has been modulated by the ranging subcarriers) is received 

Figure 10 - The transponder . 
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via the higher-frequency antenna and sent to the mixer 
via the diplexer preselector. The signal is heterodyned to 
28 MHz by the local-oscillator signal obtained from a crys­
tal oscillator and a multiplier chain. The 28-MHz signal is 
amplified by the IF amplifier and demodulated by the 
discriminator to produce the composite ranging subcarrier 
signal. The IF gain is controlled by a carrier AGC circuit. 

The ranging subcarriers are individually filtered in nar­
row-band crystal filters to improve the signal-to-noise ratio. 
They are then recombined and used to phase modulate 
the transmitter crystal oscillator signals. The phase mod­
ulator output is multiplied by three and amplified to approx­
imately 5 watts at 112 MHz. The power amplifier output 
is doubled to 224 MHz and sent to the ground stations 
via the lower-frequency antenna. The 224 MHz is also 
doubled and transmitted via the higher-frequency antenna. 
The lower-frequency and higher-frequency signal power 
levels are 1.4 and 1 watt, respectively. 

To conserve battery power, the transmitter does not 
function until a "select call" signal is received by the 
transponder. 

Table 3 - Type 101 transponder specifications 

Receiver Frequency 

Transmitter Frequencies 

Select Call Sensitivity 

Ranging Sensitivity 

Power Output 
224 MHz 
449 MHz 

Phase Stability 

Data Bandwidth 

Modulation Index 

Power Drain 
Standby 
Operate 

420.9 MHz 

449 MHz 
224.5 MHz 

;>-100 dBm 

;>- 92dBm 

;> 1.4watts 
;> 1.0 watt 

.;;;;;2 degrees 
(-54 dBm to -85 dBm) 

Rise Time < 1 ms 
Fall Time < 1.5 ms 

0.7 radians ± 10 % 

< 1 watt 
28 watts 

9. Geodetic Satellite Test Results 
The pertinent transponder specifications are shown in 

Table 3. 

8. Satellite Launch Results 

To determine the accuracy of the Geodetic Satellite 
system, two ground-station configurations were located 
within the United States as shown in Figure 12. The 
500 mile (800 kilometer) quad consisted of: 

Austin, Texas 

Las Cruces, New Mexico 

Fort Carson, Colorado 

Stillwater, Oklahoma 

The results of four Type II Satellite launches is shown 
in Table 4. Of the four launches two were successful and 
two were not. Note that the first two launches resulted in 
nearly circular orbits at about 500 nautical miles (926 kilo­
meters). The inclination for both was approximately 70 de­
grees. 

The third launch had an ejection malfunction and the 
fourth, an electronic malfunction. Both of these were 
in essentially polar orbits. 

Distances between stations are approximately 500 miles 
(800 kilometers). After test on the 500-mile quad, the sta­
tions distances were expanded to a 1000-mile quad with 
stations located at: 

~-----~-----------r---------------~ 

I PRESELECTOR MIXER 28 MHz LIMITER I I I I IF AMPLIFIER DISCRIMINATOR I 
I I MIXER AND I I 
I j LOCAL OSCILLATOR I ' 

420.9 MHz j j I I 
449 MHz 

I L..T 
j 74.833 MHz I 

DIPLEXER CRYSTAL I OSCILLATOR I 
r------------1 

AUTOMATIC 
GAIN CONTROL 

I I CRYSTAL FILTERS 

I I FOR DATA CHANNELS 
POWER SELECT CALL _ _,_ _______ __. 

224 5 MHz j 
I SUPPLY CIRCUITS 

I I 
~-- ---~~UPPL~~---------
1 224 5 MHz 5 WATTS 

I I 14 WATT ;~--~ 
449 MHz 1 WATT x 2 . x 2 POWER x 3 PHASE CRYSTAL I AMPLIFIER MODULATOR OSCILLATOR I 

L _____ L ___________________ ~~--™~ITT~ 
- - - - - - SUBCHASSIS BOUNDARIES 

Figure 11 - Solid-state transponder model 102, block diagram. 
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Table 4 - Type II Satellite Launch Results 

Type II Launch 
Parameters 

Satellite Date Incl ination 
I 

Period 

S/ N II 
I 

11 Jan 1964 
I 

69.93° 
I 

103.4 M 

S/ N I 
I 

9 Mar 1965 
I 

70.10° 
I 

103.5 M 

S/ N Ill 
! 

11 Mar 1965 
i 

89.98° 
I 

97.5 M 

S/ N V 3 Apr 1965 90.22° l 111.4 M 

* Travele d approximately 250 000 000 mi les (400 000 000 kilomete rs) 

Figure 12 - Groun d station test quads . 

Austin , Texas 

Grand Forks, North Dakota 

Larson AFB, Washington 

San Diego, California 

The location of all the sites selected was obtained from 
the first-order US Coast and Geodetic Surveys in their 
respective areas. These positions were then used as the 
standard to check the system. 

Tests were conducted under the direction of GIMRADA 
(Geodesy, Intelligence and Mapping Research and Devel­
opments Agency) , US Army Corps of Engineers early in 
1964. The ITT Type II satellite in a nearly circular orbit of 
500-nautical mile (926-kilometer) altitude and 70 degree 

inclination was utilized. 

In the 500-mile (800-kilometer) quad, Fort Carson was 
considered the unknown location and Larson Air Force 

Base was the unknown location of the 1000 mile quad. 
The results of the simultaneous mode of operation are 
shown in Table 5. The results were obtained from hun­
dreds of solutions made with the system . 

The results show that mean RSS (root sum squared) dif­
ferences from the first-order survey are 14.8 and 33.4 meters 
for the 500-mile and 1000-mile quads. The standard devia­
tion is 6.0 meters for both . 
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I 

I 

I 

I 

I 

I 
Remarks 

Apogee Perigee 

938 km 
I 

907 km 
I 

Fa iled 1 Sept 1965 
after 8400 passes* 

Pass 3000 11 Oct 1965 
941 km 

I 
907 km 

I Pass 4000 21 Dec 1965 

995 km 
I 

284 km 
I 

Not Operational 
Ejection Malfunction 

1321 km 
I 

1268 km 
Not Operational 
Electronic Malfunction 

Table 5 - Simultaneous mode tests 

Fort Carson Solution - 500-Mile Quad 

Lat. 
m 

Mean Difference -0.70 

Standard Deviation 3.5 

Total RSS 

Long . 
m 

7.1 

3.9 

Larson AFB Solution - 1000-Mile Quad 

Lat. Long. 
m m 

Mean Difference 
I 

-14.4 10.6 

Standard Deviation / 3.3 2.7 

Total RSS I 

10. Distribution O·f System Errors 

Height 
m 

5.7 

2.4 

Height 
m 

9.2 

4.0 

RSS 
m 

14.8 

6.0 

16.5 

RSS 
m 

33.4 

6.0 

34.5 

To determine the various factors which entered into 
the survey system errors , a simulation study was con­
tracted by GIMRADA. The study assumed several error 
models and the actual satellite orbits and geometries on 
wh ich measurements had been made. The theoretical er­
rors were propagated through the solutions and the re­
sults compared to the solutions obtained from actual 
measurements. The results and error models are shown 

in Table 6. 
It is seen that in the 500-mile quad, the actual deviation 

from the standard is bracketed by the two theoretical val ­
ues. Also the actual deviation is much smaller than theo­
retical in the 1000-mile quad solution . 

Assuming that the error models are valid it can be in­
ferred that the system ranging accuracy is in the order 
of 3 to 5 meters . 

The system is now being used operationally by the 
USA Corps of Engineers in the Pacific . Also development 
and testing is cont inuing on the system to further improve 
its performance. 
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Table 6 

Comparison of Actual and Theoretical Solutions 

Test Theoretical Theoretical 
Measure- Model =F 1 Model =F 2 

ments ASS (m) ASS (m) 
ASS (m) 

. 500-Mile Qua~ 16.5 I 14.5 I 19.4 

1000-Mile Quad I 34.0 75.7 85.6 

Theoretical Error Models 

System 
Tropes- lo nos-

Scale Site phere phere 
(m) Refraction Refraction Factor Survey 

Model 1 I 2.8 I 5 % of I 5 % of I 
Correction Correction 

1 ppm 
I 

4 ppm 

Model 2 4.5 5 % of 5 % of 1 ppm 4 ppm 
Correction Correction 
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Submerged Repeater for the United Kingdom to Portugal 
640-Circuit Cable 

J. F. TILLY 
Standard Telephones and Cables Limited, London 

1. Introduction 

The development of highly reliable transistors suitable 
for use in submerged repeaters [1] has made possible the 
design and development of repeaters with a bandwidth 
larger than that previously achieved by valve repeaters. 
This paper describes a transistor repeater designed to 
meet the requirements of a 640-telephone-channel system 
to link the United Kingdom and Portugal, which is due to 
be installed in 1969. 

2. System Requirements 

The system requirements were laid down by the British 
Post Office specification RC. 1862 of which those relevant 
to the submerged repeaters are detailed below. 

2.1 Transmission Requirements 

The specification called for the two-wire transmission 
of 640 3-kilohertz telephone channels between the United 
Kingdom and Portugal. A loading of -10 dbmO per channel, 
which is the normal standard for deep-water submerged 
systems, was specified and with this load applied to all 
channels the system noise, averaged over all the channels 
in each direction, should not exceed 1 picowatt/kilometer 
per channel. In addition the maximum system noise in 
any channel should not be greater than 3 picowatts/kilo­
meter, the standard recommended by the International 
Telegraph and Telephone Consultative Committee. 

The noise performance was to be achieved over the life 
of the system, taken to be 25 years, and the design was 
to be such as to cater for annual temperature variations 
which affect the attenuation of the cable, and for the 
addition of an extra nautical mile of cable in the shallow 
water sections of the route, where repairs can be expected 
due to cable faults produced by trawling activities. 

The length of cable to be laid is of the order of 1000 nau­
tical miles (1852 kilometers) and of this length some 
400 nautical miles (741 kilometers) is to be in armored 
cable to help reduce cable faults due to trawler fishing. 

2.2 Supervisory System 

The repeaters were required to have a supervisory 
system that permitted loop transmission measurements to 
be made from one of the terminal stations. In addition the 
noise and intermodulation performance of each repeater 
should be capable of measurement from the terminal. The 
supervisory design should also be such as to permit the 
replacement of a repeater by any of the spare repeaters 
to be supplied. 

As with previous repeaters, the supervisory circuits 
should not degrade the main transmission paths and in 
the event of the failure of a component in the super­
visory circuits, communication via the main transmission 
paths should not be lost. 
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2.3 Submerged Repeaters 

The submerged repeaters were required to use com­
ponents and techniques already approved for use in deep­
water submerged systems or, where new components 
were employed, the reliability of such components had to 
be demonstrated. 

Protection of the repeaters against current or voltage 
surges which could arise due to cable faults had to be 
achieved. This requirement, which existed on previous 
repeaters using valves, was accentuated by the vulnera­
bility of transistors to such surges and a considerable 
part of the development of the repeaters was in this area. 

3. Frequency Spectrum 

The frequency bands for the high- and low-frequency 
directions of transmission were laid down in the system 
specification. In addition, frequency allocations had to 
be made for system pilots, for the bands used by fre­
quencies employed in the supervisory circuits of the 
repeater and for speaker circuits for engineering use. 
These are as shown in Figure 1. 

4. Repeater Circuitry 

4.1 Transmission and Power Feeding Paths 

A block schematic of the repeater is shown in Figure 2 
where heavy lines indicate the main transmissi.Jn paths. 
The power-separating filters separate the direct current 
transmitted along the inner conductor of the sea cable 
from the transmission frequencies within the repeater. 
This direct current, of the order of 150 milliamperes, is 
fed from the "A" end power-separating filter to the "B" 
end power-separating filter via the d. c. supply terminals 
of the line amplifier. This results in a drop of 23 volts 
across these terminals and from this voltage the line 
amplifier and the amplifiers of the supervisory circuits 
are energised. 

The main transmission paths in the repeater use the 
principle of a common amplifier for both directions of 
transmission. The amplifier and the directional filters neces­
sary for separating the two directional bands are con­
nected in a figure-of-eight configuration with the amplifier 
in the common cross-over path. The equaliser, necessary 
to produce a repeater gain characteristic equal to the 
loss characteristic of a cable section, is also common to 
both directions of transmission. 

Design of the directional filters is based on a conven­
tional ring of Zobel high-pass and low-pass filters with 
susceptance-annulling networks at the common junctions. 
The loop-loss of the directional filter rings is considerably 
improved by the addition of a phase-reversing transformer 
of 1: 1 ratio in the low-frequency side of one of the 
directional filters. This transformer is included in the equal­
iser circuitry. 
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Figure 2 - Block schematic of repeater. 

The amplifier, of which a simplified schematic is shown 
in Figure 3, is a three-stage amplifier employing bridge 
feedback through both the input and output transformers. 

Unlike previous submerged-repeater amplifiers this 
amplifier does not use parallel 3-stage amplifiers since the 
reliability expected from the transistors (BPO type 4A2), 

Figure 3 - Simplified amplifier schematic. 
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is such as to remove the necessity for redundant circuitry. 
The gain characteristic of the amplifier is shown in Figure 4 
and partly equalises the loss characteristic of a cable 
section. The transmission characteristic around the feed­
back loop is shown in Figure 5. 

4.2 Supervisory Circuits 

4.2.1 Loop Gain Measurement 

To measure loop gain, pulses of 5050 kilohertz with a 
pulse-length of 50 microseconds and a pulse-repetition 
rate of 50 times a second together with a continuous tone 

"' ~501-----+---t---t----+-+--+----t-----t----,.j..--f---j 

~ yr\ 
~401-----+---t---t----+-t--t----f----,/'+l---t--f--l 

! v 
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FREQUENCY IN MEGAHERTZ 

Figure 4 - Gain characteristic of repeater amplifier. 
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FREQUENCY IN KILOHERTZ 

Figure 5 - Amplifier feedback loop characteristic. 

of 4790 kilohertz are transmitted from the "B" terminal. 
At the repeater the pulses are picked-off at the carrier 
filter, amplified by the carrier amplifier, and fed to the 
supervisory modulator. The continuous tone is also picked 
off at the repeater using a tone filter and fed through an 
amplifier to the signal terminals of the supervisory modu­
lator. Modulation occurs and the resulting sideband, 
consisting of pulses of 260 kHz, is returned through the 
return-filter to the repeater amplifier input where it is 
transmitted back to the "B" terminal. Returned pulses 
from successive repeaters arrive at successive times at 
the "B" terminal and the magnitude of the pulses gives a 
loop-gain measurement, each repeater being separated 
from its neighbor on a time basis. 

4.2.2 Noise Measurement 

If no tone is transmitted from the ,,B" terminal then no 
continuous tone will be present in the repeater super­
visory modulator, but noise from the repeater amplifier, 
which is picked off at the noise filter, will be present in 
the modulator and returned pulses of noise will be trans­
mitted back to the "B" terminal, thus enabling repeater 
noise to be monitored. The noise-stop filter prevents the 
noise from one repeater, in the range of frequencies 
accepted by the supervisory noise filter, being transmitted 
to the next repeater. 

4.2.3 Supervisory Circuits 

The noise-stop filter is a bridged-T filter in which the 
pick-off for the carrier pulses, tone frequencies, and noise 
frequencies is also incorporated. This method of pick-off 
gives the required pick-off characteristic for the super­
visory signals and good protection against faults in the 
supervisory circuits. Its operation is illustrated in Figure 6 
and is fully explained elsewhere [2]. 

A crystal filter is used for the tone filter but the remain­
ing supervisory filters are conventional coil and capacitor 
units. The tone and noise amplifier is a single-stage tran­
sistor amplifier, whereas the carrier amplifier uses two 
stages to give sufficient amplification to the carrier signals 
to produce satisfactory operation of the conventional ring 
modulator. The ring modulator uses silicon diodes specially 
developed for submerged-repeater applications. 
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Figure 6 - Diagram illustrating supervisory pick-off method. 

Injection of the returned pulses uses the same prin­
ciple as that used in the noise filter pick off but here a 
bridged-T circuit in the repeater equaliser is utilised. 

4.3 Protection Circuits 

The protection circuits used in the repeater have been 
evaluated with an artificial line simulating a system length 
in excess of that required for the UK-Portugal link. On 
this system the d. c. voltage applied between the inner 
and outer conductors of the cable can rise to 3.6 kV if 
the system is fed from one terminal only. A short-circuit 
cable fault could result in the transmission of a fault 
current of the order of 100 amperes and protection against 
such an occurence has to be provided. 

The protection takes several forms. To prevent large 
voltages occuring across the d. c. supply terminals of the 
line amplifier a series chain of 5 zener diodes. each capable 
of withstanding surges of 200 amperes, is connected. 
This limits the voltage across the amplifier during a fault 
surge and gives redundancy to cover the possibility of a 
short-circuit fault in one of the diodes. 

Surge voltages across power-separating filter coils are 
kept to a tolerable level by the use of gas discharge 
tubes. However, these tubes are not fast enough to pre­
vent large, fast surges being transmitted by the transmis­
sion paths of the repeater to the input and output terminals 
of the line amplifier. To prevent these surges damaging 
transistors in the amplifier small-signal diodes are used. 
These are unbiased at the amplifier input but in order 
not to impair the linearity of the repeater they are back­
biased at the amplifier output. 

5. Repeater Performance 

5.1 Main Transmission Path 

The equalisation error of the repeater against the target 
characteristic for 7.5 nautical miles (13.9 kilometers) of 
BPO 0.99-inch Mk. II cable is shown in Figure 7. To ease 
the problems of designing a fixed equaliser for block 
equalisation, the repeater has excess gain rather than 
excess loss, particularly at the lowest frequencies. 

The repeater characteristic for second and third har­
monic distortion for a fundamental frequency of 1.6 MHz 
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Figure 9 - Repeater output noise and overload level. 

is shown in Figure 8. Variation of repeater noise level 
and overload level at the repeater output is shown in 
Figure 9. 

The input and output impedances of the repeater in the 
working bands are such that the following relationship 
holds at all frequencies: 

Return loss at repeater input in dB 
+Return loss at repeater output in dB 
+ 2 X Cable attenuation in dB > 50 

This ensures that mismatch losses, which may add from 
repeater section to repeater section, are kept to a toler­
able level. 

5.2 Supervisory Circuits 

Using a pulsed carrier with a peak amplitude cor­
responding to a power level of + 8.5 dBmO, the returned 
noise pulse has an amplitude corresponding to a power 
level of -41 dBmO. This is 7 dB above the system noise 
in the return channel for a 1000-nautical-mile (1852-kilo-
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meter) system so that individual repeater noise can be 
identified on such a system. 

With the addition of a supervisory tone at a level of 
-15 dBmO, a returned pulse with amplitude corresponding 
to a power level of -21 dBmO is achieved. This level gives 
a 26 dB margin against the returned noise from the super­
visory system and enables loop gain measurements to be 
made to each repeater. 

The pulse width used enables repeaters to be sep­
arated on a time basis and is sufficiently narrow to cater 
for the reduction in repeater spacing due to the inclusion 
of submersible equalisers in the system. 

The supervisory modulator gives satisfactory conversion 
loss figures for carrier-level variation of ± 8 dB from 
nominal. This ensures that any normal variations in the 
carrier level (due to system misalignment, temperature 
swing or cable repair) will not affect the supervisory 
measurements. 

6. System Planning 

6.1 Thermal Noise Considerations 

With a repeater gain of 43 dB at 4772 kHz, a 1000-nauti­
cal-mi le (1852-kilometer) system using 0.99-inch BPO Mk. II 
cable with a submersible equaliser for each block of 
12 repeaters will require 133 repeaters. 

Allowing 2 dB for intermodulation noise and for varia­
tions in cable attenuation due to shallow-water temperature 
variations, the minimum repeater output levels required 
to achieve a weighted noise of 1 picowatt/kilometre on a 
1000-nautical-mile (1852-kilometer) system can be estab­
lished. These levels, and their derivation, are shown in 
Table 1. 

6.2 Overload Considerations 

The system load is 1280 channels of 3 kHz each with a 
long-term mean level of -10 dBmO. This gives a mean 
load of 21.1 dBmO with a peak power level of 34.1 dBmO [3]. 
With the application of linear pre-emphasis having a 16 dB 
range from the bottom to the top traffic channels, all 
channels are not at the same level and the system peak 
overload needs only to be greater than 29.6 dBmO since 
the pre-emphasis gives a 4.5 dB advantage over flat 
levels [4]. 

Taking the repeater r. m. s. overload figure as 23 dBm 
(see Figure 9) i.e. 26 dBm peak, then the maximum 
repeater output levels with a pre-emphasis of 16 dB can 
be established. These levels are shown in Table 1. 

6.3 Repeater Levels and System Noise 

Repeater output levels have been set as shown in the 
final column of Table 1. This gives a margin against over­
load necessary to accommodate changes in system levels 
due to misalignment caused by equalisation errors and 
cable attenuation changes due to temperature variations. 
There is also a margin against a system noise of 1 pico­
watt/kilometer per channel. Detailed calculations of the 
intermodulation contribution to the system noise show 
that it is small enough to ensure that the system noise 
requirement is met. 
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Table 1 Minimum, Maximum, and Proposed Repeater Output Levels 

Repeater 
Minimum Output 

Output Noise 
Levels for Repeater 

Frequency 
(See Figure 9) 

Thermal Noise of 
- 78,5 dBmOp in 

dBm per 3 kHz Channel 
kHz 3,1 kHz dBr 

·--

300 -110 -34 
500 -109,6 -33,6 
700 -108,9 -32,9 

1000 -107,4 -31,4 
1500 -104,6 -28,6 
2000 -102,0 -26,6 
2500 -99,7 -23,7 
3000 -96,6 -20,6 
3500 -95,1 -19,1 
4000 -92,9 -16,9 
4500 -90,6 -14,6 
4800 -89,3 -13,3 

7. Conclusions 

A 5 MHz repeater has been developed which meets the 
requirements for the UK - Portugal project. 

The performance of the repeater is such that system 
lengths in excess of 1000 nautical miles (1852 kilometres), 
which applies to the UK- Portugal project, can be 
achieved. In practice, the maximum system length will be 
governed by the voltage rating of the high-voltage 
capacitors used in the power-separating filters of the 
repeaters. With the present capacitor rating of 6.25 kilo­
volts and taking into account only the voltage drop in the 
cable and the repeaters, the maximum length for a system 
using BPO 0.99 inch Mk. II cable and double-end power 
feeding would be 3500 nautical miles (6500 kilometer). 
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Minimum Output 
Levels with a 2 dB Maximum Proposed 

Allowance for Output Output 
Intermodulation Levels Levels 

and Misalignment 
dBr dBr dBr 

-32 -19,6 -26,0 
-31,6 -17,0 -23,4 
-30,9 -15,0 -21,4 
-29,4 -12,9 -19,3 
-26,6 -10,8 -17,2 
-24,6 -9,0 -15,4 
-21,7 -7,9 -14,3 
-18,6 -6,6 -13,0 
-17,1 -5,6 -12,0 
-14,9 -4,8 -11,2 
-12,6 -4,2 -10,6 
-11,3 -3,6 -10 
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Loudness Rating of Telephone Subscribers' Sets by Subjective 
and Objective Methods 

(Comparative Results using SFERT, NOSFER and OREM-A) 

W. D. CRAGG 
Standard Telecommunication Laboratories, London 

Definitions 

SFERT is the abbreviation for Systeme Fondamental 
Europeen de Reference pour la Transmission Telephoni­
que. This was the master reference system for subjective 
ratings until 1962. 

NOS FER is the abbreviation for Nouveau Systeme Fon­
damental pour la Determination des Equivalents de Refe­
rence, and replaces SFERT as subjective master. 

OBDM is the abbreviation of Objectiv Bezugsdaemp­
fung-Messplatz, an objective reference equivalent equip­
ment. 

OREM is the abbreviation for Objective Reference 
Equivalent Measurement, based on OBDM and calibrated 
to have the same nominal sensitivity as SFERT; used for 
objective ratings. 

SETED is Systeme Etalon de Travail Electro-Dynamique. 

1. Introduction 

The loudness rating of a telephone connection between 
two subscribers is a measure of the overall loss from 
speaker to listener, and there are several rating systems 
in use based on different definitions of speaker-to-listener 
loss. 

The systems compared herein are those subjective 
methods based on the reference-equivalent method spe­
cified by the CCITT (International Telegraph and Tele­
phone Consultative Committee) [1] and those objective 
methods, such as OBDM and OREM-A, intended to 
simulate the reference-equivalent method. It should be 
noted that other systems using different reference datum 
or other methods exist but are not included in this com­
parison. 

Ratings from both subjective and objective systems 
based on the CCITT reference-equivalent concept should 
give closely similar results. It is a primary obj3ctive of 
this article to explain some large differences that have 
been reported. 

By international agreement*, telephone subscribers' 
sets are rated by a loudness comparison method carried 
out by the laboratory of the CCITT in Geneva. The system 
to be tested is compared with a standard reference system, 

NOSFER, is defined in the CCITT Red Book [1 ]. This 
system replaced the original master reference system, 
SFERT, in 1962 when new components for the latter 
became impossible to obtain. 

The loudness ratings obtained subjectively in com­
parison to NOSFER are called reference equivalents. 
Ratings are, by convention, positive when quieter than 

• The expression "international agreement" in the present context is limited 
to those recommendations contained in documents and publications of the 
CCITI. 
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NOSFER, and negative when louder. Transmitting Refer­
ence Equivalents are only determined when the speaking 
distance from the microphone is defined by the "Volume" 
modal gauge. (ref. CCITI Red Book, Vol. V, p. 149). 

The subject of loudness rating for noises in general is 
also being studied by the International Organisation for 
Standardization (ISO) and the International Electrotech­
nical Commission (IEC) [2, 3] and the state of know­
ledge on this subject is sufficiently advanced to enable 
loudness ratings of a transmission chain to be measured 
by objective and subjective methods and also to be 
calculated with close agreement among all three methods, 
within ± 2 dB, for signals such as speech. 

In seeking answers to the problem stated below, it has 
therefore been assumed from the start that objective and 
subjective rating methods should agree within 2 dB, and 
any differences greater than this should be explicable by 
simple reasons, such as incorrect gain in some amplifica­
tion link or incorrect calibration. The method of calculating 
loudness described in reference [2] has been of great use 
in identifying possible sources of difference, in particular, 
the effects on loudness rating of bandwidth restriction, 
the use of male or female speakers and change in listening 
level. 

2. Statement of the Problem 

The subjective rating, reference equivalents (RE), deter­
mined by the CCITT Laboratory in Geneva is, by interna­
tional agreement, the only legal rating but objective rating 
machines are being used in increasing numbers. 

For those administrations who are prepared to use these 
machines simply as a stable means of comparison with 
their acceptance standards, and who are often only con­
cerned with one type of handset, their performance is 
adequate, since it provides a quick measure of relative 
efficiency. However, there is a general confusion among 
manufacturers and telephone network planning groups, 
who have to deal with handsets of many different shapes 
and sizes, that a machine, which is called an objective 
reference equivalent measuring set, should give results 
between 4 and 8 dB different from the reference equiv­
alent supplied by the CCITT Laboratory. 

The magnitude of this difference is shown in Figures 1 a 
and 1 b, where OREM-A and SETED (NOSFER) results 
are compared, using results obtained in this laboratory. 
It is seen that for transmitting RE there is a displacement 
of 7-dB average, with a spread of 6 dB. Even if a correc­
tion of 7 dB were recommended the remaining spread of 
6 dB would be quite unsatisfactory for this type of meas­
urement, and a correction cannot be applied with con­
fidence if the underlying reasons and limitations are not 
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equivalents SETED (NOSFER) and OREM-A. 

known. Similar differences are found between OBDM in 
the CCITT Laboratory, and NOSFER [10]. 

Agreement for receiving reference equivalent is much 
better, but even here there is a distinct average differ­
ence of 2 dB. 
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This question has now been studied at Standard Tele­
communication Laboratories over a period of 18 months, 
and a logical set of correlating factors is outlined below. 
Since a subjective test team using a SETED reference 
system calibrated against NOSFER, and an OREM equip­
ment are situated alongside each other, almost simul­
taneous measurements have been made on a large num­
ber of telephone sets of many different types. 

The SETED system has been described in the CCITT 
Red Book, Vol. V [4] and is a reference system for sub­
jective comparison, similar to SFERT in that it uses a 
close-speaking microphone. 

The Brue/ and Kjaer type 3350 system, Electroacoustic 
Transmission Measuring System, is described in a CCITT 
document [5] and is a modern version of the OBDM 
which is an objective rating system based on the work of 
K. Braun [6], to whose original articles the reader is re­
ferred for a description of the basic principles. It is suf­
ficient to note here that the B & K system uses the inter­
nationally agreed relationship between loudness and 
sound pressure, and the sound power spectrum gener­
ated by the artificial mouth is similar to that of average 
speech. The loudness indicated should therefore be line­
arly related to a subjective loudness rating for one speci­
fied listening level. 

The B & K system will be referred to below as OREM-A, 
which is specifically the i3 & K 3350 system using a 6-cubic­
centimetre artificial ear (NBS 9 A) and the B & K artificial 
mouth type 4216. 

The SFERT system (in Figure 2a) has a wide frequency 
band and unity air-to-air gain, when the receiver is coupled 

TALKER 
LISTENER ___ "\l~l':~f~J! 

(a) 10.75 dyne/c~ 
MICROPHONE -· "" "" ""'.i~ ~ 

-31 dB REF. 1V. 285 mV 7.5 dyne/cm• 

7.5 dyne/cm• 

(b) 

285 mV 

-----~ ZERO RATING 

"4 T Gt: 
G ~ OVERALL ACOUSTO-ELECTRIC GAIN OF SFERT 

(TRANSMIT END) 

(c) 

Figure 2 - a) SFERT - Thermophone calibration. 
b) SFERT - Reciprocity calibration. 
c) OREM and SFERT (Transmit ends): Reciprocity calibration. 
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to a human ear*. The conversion efficiency of 10.75 dynes/ 
cm2 giving 285 mV at the termination of the send end 
corresponds to the SFERT sensitivity given in the CCIF 
Green Book, Vol. IV, of - 31.6 dB referred to 1 volt per 
dyne per centimetre squared. 

The OREM-A equipment has nominally been given the 
identical sensitivity of SFERT, in that a sound pressure 
level of 10. 75 dynes/cm2 on the diaphragm of the input 
microphone produces 285 mV at the termination of the 
send-end, and the meter is adjusted to read zero for this 
voltage. 

However, it was stated in CCITT Technical Report 
RT 294 that the sensitivity of the microphone used in 
SFERT was calibrated by the thermophone method, and 
when calibrated by other methods (for example, reciprocity 
now in common use) the sensitivity is 3 dB higher, that 
is, -52 dB ref 1 V/dyne/cm2 for thermophone calibration 
and -49 dB ref 1 V/dyne/cm2 for reciprocity calibration. 
This has caused some confusion in understanding how 
the OREM equipment using reciprocity calibrations, can 
have the same sensitivity as the original SFERT which 
used thermophone calibrations. But in a recent CCITT 
document (ref. (5], p. 3., footnote) is is stated that the 
zero reading on the OREM meter is 3 dB higher than that 
of SFERT. 

To avoid further confusion, it may be useful to show 
diagrammatically how this has happened. In the original 
SFERT reference chain an average talking level was found 
to give 301 mV at the termination of the "send" section. 
This voltage has been rounded off to 285 mV to corre­
spond to 1 neper below 0.775 V, (or 1 mW in 600 ohms), 
and sound pressure levels have been reduced in the same 
ratio to leave electro-acoustic sensitivity unchanged. To 
produce this 285 mV, a sound pressure at the SFERT mi­
crophone diaphragm was calibrated as being 10.75 dynes/ 
cm 2, using the thermophone method of calibration and a 
microphone sensitivity of -52 dB ref 1 V/dyne/cm2. When 
the same microphone was calibrated by reciprocity (now 
accepted as a more accurate method), it was found that 
the sensitivity was -49 dB ref 1 V/dyne/cm2, and the talk­
ing pressure was then 3 dB low at 7.5 dynes/cm2 (= 10.75 
dynes/cm2 -3 dB), (see Figure 2a and 2b). Thus, if the 
objective replica is set up using a 10.75 dyne/cm2 sound 
pressure (determined by reciprocity calibration) the gain 
necessary to produce 285 mV will have to be 3 dB lower 
than the gain of SFERT. (Figure 2c). 

If a separate transmission link with the same (wide­
band) overall acousto-electric gain, G, (as in SFERT of 
Figure 2) were compared, at a mid-band frequency (500 Hz), 
to SFERT and OREM, it would be given an equal (or zero) 
rating in comparison to SFERT, but would be rated 3 dB 
louder than OREM zero. 

3. Bandwidth Limitation 

The objective replica of SFERT does, however, introduce 
a basic operational difference. Instead of covering the 

• Note - Overall gain of SFERT is given as -7.3 dB in CCIF Green Book, 
vol. JV, when using an ear volume of 29.8 cml. According to DIN E 44011 
the SFERT receiver on a real ear encloses a volume of 13 cml. This gives 
a pressure increase of 29.8/13 or 7.2 dB, making overall gain O dB. 

Electrical Communication· Volume 43, Number 1 · 1968 

Loudness Rating of Telephone Subscribers' Set 

SFERT bandwidth of 100 Hz to 8000 Hz it uses a fre­
quency sweep restricted to 200 Hz to 4000 Hz. 

If a subset is constructed to have a send-end gain G, 
the same as SFERT in Figure 2c, but includes a band-pass 
filter cutting sharply at 200 Hz and 4000 Hz it will, when 
subjectively compared to the wide-band SFERT, be rated 
as transmitting less speech energy than SFERT and be 
estimated as being quieter by 3 to 4 dB (see Figure 3a). 

The reduction of loudness due to limiting a wide-band 
speech signal by a band-pass filter of width 200 Hz to 
4000 Hz can be calculated by the method of reference [2] 
to be 3 dB. The CCITT Laboratory have also done some 
subjective assessments of band-limiting effects and have 
given a loudness reduction of 4 dB for this type of band­
pass filter [7]. 

TRANSMITTING 
END 4 dB QUIETER 
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~5(Comparetof1g.2c 

200 - SFERT) 
4000 

SAME SUBSET~;:::_ 3 dB LOUDER 

ON OREM G % > (co~~~~ 1~E~~ Zc 

10.75 dyne /cm2 200 .:_ OREM) 
4000 

(a) 

Figure 3 - a) Subset with gain "G" and band-pass filter. 
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Figure 3 - b) Subset with gain "A" and band-pass filter. 
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Figure 4 - a) SFERT - Receive end. 
b) OREM-A - Receive end. 
c) OREM-A - Receive end with subset. 
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When measured on the OREM equipment, which only 
sweeps from 200 Hz to 4000 Hz, the presence of the 
band-pass filter will not affect the power integration and 
the mid-band gain G will alone determine the meter 
reading. Since gain G is 3 dB higher than OREM gain 
(G-3 in Figure 2c) the subset will be given a rating 3 dB 
higher than OREM zero. This set will then be given a 
Reference Equivalent of + 4 dB by the SFERT comparison 
and -3 dB on the OREM equipment, (Fig. 3a and 3b). 

This equals the 7-dB difference between subjective and 
objective ratings, given above as the average. 

The receive-end difference can be treated in the same 
way. In Figures 4a, b, and c are shown respectively the 
SFERT receive-end, the OREM circuit arrangement for 
receive-end measurement, and an ideal subset with re­
ceive-end electro-acoustic efficiency the same as SFERT, 
with mid-band gain A but band-limited at 200 Hz and 
4000 Hz. 

The subset on OREM will produce 7.5 dynes/cm2 in the 
6-cm3 artificial ear, which compared to the OREM "zero" 
of 10.75 dynes/cm2 will register as 3 dB quieter than zero. 
But listening in comparison to SFERT, the human ear will 
appreciate the loss in sound energy cut off by the band­
pass filter, and will rate the set as 4 dB quieter than 
SFERT, [7]. Thus the OREM rating will be about 1 dB 
louder than the SFERT rating, which is very close to the 
average difference given above in Figure 1 b. 

The use of a band-pass filter to simulate an ideal subset 
is permissible as an illustration of the great majority of 
subsets, which cut sharply at about 3500 Hz, and for prac­
tical reasons are given a sharply falling response curve 
below 300 Hz. The above argument applies to any subset 
with a narrower pass band than 200 to 4000 Hz. 

Thus the basic corrections are established: 
- send-end: add + 7 dB to OREM-A readings 
- reveice-end: add + 1 dB to OREM-A readings 

14~-~--~--,----,----,---,---,--~, 

2 
DISTANCE FROM LIPS. cm 

- HUMAN MOUTH 

- - - - - ARTIFICIAL MOUTH 
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Figure 5 - Sound pressure at mid-band frequency on axis of mouth 
for B & K 4216 artificial mouth •andJhuman mouth. 

Relative to pressure at 4 cm from human lips. 

4. A Correction for Short Hand-sets 

The OREM equipment is calibrated to give the specified 
sound level on the diaphragm of a microphone at 4.35 cm 
from the lip position. 

The above corrections apply for handsets which locate 
their microphones at this distance, or greater, from the 
lip gauge. 

Butthe gradient of sound pressure decay, as the distance 
from the lips is increased from zero, is not the same for 
the B & K type 4216 artificial mouth and the human mouth. 
This is illustrated in Figure 5, where the curves for human 
and artificial mouths diverge from equality at 4 cm to a 
separation of over 2 dB at 1 cm and less. These curves 
are based on information given by H. S. Leman [8] and 
by Brue! and Kjaer [9]. 

The recommended modal gauge for volume measure­
ment of telephone microphones places the face of mouth­
pieces of some modern handsets at less than 1 cm from 
the lips (and in some cases. inside the lips). For example, 
the measured and estimated correction for this deviation 
is about 2.5 dB for both the BPO (British Post Office) 
type 700 set and the WE (Western Electric) type 500 
set, both using the volume gauge spacing as recom­
mended for reference equivalent. It is seen from Figure 5 
that the pressure with the artificial mouth may be up to 
2.5 dB lower than for the human mouth and corrections 
can be read off the diagram and applied as additions to 
the basic corrections given above. For, say, a 1-cm spacing, 
the OREM reading should be made louder by 2 dB, that 
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is, an additional factor of --2 dB is added to the reading 
of the OREM meter. 

5. Practical Example 

The above are the major corrections which have been 
applied to the results of many types of subset, and for a 
large percentage of sets the gap between subjective and 
objective ratings has been narrowed to 2 dB or less. 

One example of corrected OREM-A ratings and subjec­
tive ratings is shown in Figure 6, and it is immediately ob­
vious that the basic corrections will need some minor 
factors to be taken into consideration. For instance, the 
effect of line length introduces a small difference be­
tween subjective and objective loudness integration. 

6. Sidetone 

The measurement of sidetone is well known to be sub­
ject to wider variations than either send or receive Ref­
erence Equivalent, but even for this rating and average 
correction can be deduced from existing information. 

The thermophone-reciprocity calibration difference does 
not apply, since sidetone is an air-to-air measurement. 
But the band limitation effect of 4 dB is still relevant and 
an additional factor due to higher listening level in sub­
jective assessment of sidetone introduces a correction 
of between 2 and 3 dB, making a total basic correction of 
about + 6.5 dB to be added to OREM-A readings. This 
subject is still being studied. 

7. Conclusions 

It has become evident that objective loudness ratings of 
telephone sets can be in good agreement with subjective 
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ratings if the modern theories of loudness integration are 
complied with. The Objective Reference Machine describ­
ed in reference [5] contains most of the essential elements 
for indicating the loudness performance of telephone sets, 
and its objective ratings would show better agreement 
with subjective Reference Equivalents if the following 
corrections are applied. 
- Transmitting rating: 
- Receiving rating: 
- Sidetone rating: 

Handset length, add between 0 and -2.5 dB to OREM-A 
reading as spacing between center of microphone face 
and OREM lip gauge ranges between 4 cm and 1 cm re­
spectively. 
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SELECTRONIC Stored-Program Supervisory System 702 

M. L. FOWLER 
Standard Telephones and Cables, Limited, London 

1. Introduction 

Remote control and data gathering systems are used 
in many industries. The electrical industry uses them to 
monitor and control the generation and distribution of 
electricity. The oil, gas and water industries use them to 
monitor and control flow through pipe lines. 

In all these cases the general requirement is very sim­
ilar. There is one control or master station and a number 
of remote stations or outstations. The number of out­
stations varies from one to several hundred. 

The outstations are from a few miles to several hundred 
from the master station. The communication between an 
outstation and the master station may be with radio links, 
microwave links, or by private or post office voice-fre­
quency lines. The interconnection may be a separate con­
nection from each outstation to the master station: this is 
called a radial system. The interconnection may be a single 
connection to the first outstation with subsequent out­
stations connected in series: this is called an omnibus 
system. Some systems are a hybrid of radial and omnibus 
techniques (Figure 1 shows a radial interconnection sys­
tem). The SELECTRONIC System 702* is so flexible that 
it can meet all these requirements. 

The type of data collected by an outstation in the 702 
system consists of 

(A) Readings from transducers, e. g. temperature from 
thermocouples, output from current transformers, flow 
from impulse meters. The number of transducer readings 
generally varies between 4 and 60 at each outstation. 

(B) Alarm indications from contacts, e. g. an alarm 
contact closes when a current or temperature exceeds a 
preset limit. The number of alarms generally varies be­
tween 10 and 100 at each outstation. 

(C) Single- or double-point indications from contacts, 
e. g. two contacts indicate the position for a circuit break-

• Registered trade-mark by Standard Telephones and Cables Limited 
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MASTER 
STATION 

OUTSTATIONS 

Figure 1 - radial system. 

er or valve. The number of indications generally varies 
between 10 and 50 at each outstation. 

The following types of control or command instructions 
are sent by the master station to the outstations. 

(A) A two-way control, which may be used to open or 
close a circuit breaker or valve. The number of two-way 
controls generally varies between 4 and 60 at one out­
station. 

(B) A decimal number of 1, 2, or 3 digits, which may be 
used to select a transformer tap position or the speed of a 
motor. These are called numerical instructions. The num­
ber of numerical instructions generally varies between 1 
and 10 at each outstation. 

The data gathered by the master station may be dis­
played to the operator in several forms. The alarms and 
indications are displayed with filament lamps. The lamps 
generally flash at 2 Hz when the item changes. The oper­
ator has "accept" switches associated with alarms or in­
dications, which he presses to acknowledge a change. 
The flash conditions are removed when the accept key is 
pressed. 

The lamps may be mounted on one large diagram that 
shows the geographic layout of the complete electrical 
network or pipeline. The lamps show the position of each 
valve, circuit breaker, alarm, etc. This type of diagram 
has several thousand lamps for a large system. If the out­
stations are similar a common diagram is often used. The 
common diagram shows the data for one outstation. The 
outstation is selected with switches by the operator. There 
is a single lamp per outstation that indicates any alarm 
or indication change at the outstation. The common dia­
gram has several hundred lamps. 

The transducer readings are displayed on pointer instru­
ments or digital indicators. Filament-lamp digital indicators 
are used when the highest accuracy is required and be­
cause of their superior all-round visibility. The transducer 
readings may be multiplied by a number at the master 
station so as to be converted into the correct units. This 
is called "scaling", and the number is called the scale 
factor. The number of indicators is reduced by using a 
common diagram. The operator selects the reading with 
switches. 

A paper record of data is frequently required and two 
printers are then usually provided. The printers have 
alpha-numerical characters, including the decimal point. 
There is complete flexibility of format, and red or black 
printing. This flexibility is achieved with stored-program 
techniques. 

The first printer provides a printed record of transducer 
readings. These may be printed at preset time intervals 
or on request by the operator. The second printer pro­
vides a printed record of alarms, indications, or controls. 
This is called the "operational" or "event" logger. When 
an alarm or indication changes, the state of all the alarms 
and indications for the outstation is printed. The item that 
has changed is printed in red. When a control is operated 
the control is recorded by printing in red. 
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A control is selected by switches at the master station. 
These are mounted on the diagram or operator"s console. 
The control is selected in two stages. The first stage 
selects the outstation, the number of the control, and 
open or close. The second stage, which is called "exe­
cute". initiates the control. This two-stage selection is 
provided for increased reliability. 

The common diagram uses one set of control switches, 
which is shared between outstations by means of the 
outstation select switch. 

Numerical instructions have a similar two stage selec­
tion. 

2. Cyclic Scanning and Word Format 

The most flexible and economic scanning technique for 
this type of system is "cyclic scanning", as used in the 
SELECTRONIC system 702. In a cyclic scanning system 
the master station sends an instruction requesting data 
or a control to be performed. The instruction is received 
by all outstations, but only the outstation that recognizes 
its address sends data to the master station or performs 
a control. The system. entirely under the control of the 
master station, is "half-duplex". 

The transmission word from the master station consists 
of 19 bits made up of one start bit, 5 bits for the out­
station address, 5 bits for the unit address, 4 bits for the 
function, and 4 bits for the parity. 

The start bit is required for word synchronizing. It trig­
gers the outstation time base to strobe the incoming word. 

Outstation address 0 is not used, and the system may 
comprises up to 31 outstations since the code is binary. 
The unit address specifies the particular controls or group 
of data within the outstation in binary code. There may be 
up to 32 controls or groups of data at one outstation. 

One bit of the unit address may be transferred to the 
outstation address bits as an option. In this case the num-

Table 1 

INSTRUCTION WORO FROM MASTER STATION 

1 BIT 
START 

5 BITS 
OUTSTATION ADDRESS 

OUTSTATION 21 

1 0 

DATA WORD FROM OUTSTATION 

1 BIT 
START 

1 BIT 
START 

1 BIT 
START 

1 BIT 
START 

DIGIT 1 
B.C.0. 

5 BITS 
QUANTUM ADDRESS 

METER READING 2 
1 0 0 

14 PERSISTANT ALARMS 

14 FLEETING ALARMS 

7 DOUBLE-POINT INDICATIONS 

DIGIT 2 
B.C.D. 
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ber of unit addresses is reduced to 16 and the number 
of outstation addresses is increased to 62. 

Similarly, an outstation address bit may be transferred 
to the unit address bits. The number of unit addresses 
is then increased to 64 and the number of outstations is 
reduced to 15. In this way, there are in effect 3 outstation 
sizes and the master station can address a system that 
includes a mixture of the 3 types. 

The 4 bits for the function specify the type of data, 
controls. or numerical instructions, and the 4 parity bits 
are for avoiding errors in transmission. 

Table 1 shows an instruction word from the master sta­
tion requesting meter reading 8 from outstation 21. 

The word length for data from the outstation is also 
19 bits. This consists of a start bit, 14 bits for data, and 
4 parity bits. Transducer readings are converted to binary­
coded decimal (BCD) notation at the outstation. One data 
word from an outstation can therefore contain 14 alarms, 
or 7 double-point indications, or 3 digits with sign in BCD 
for a transducer reading. 

These are shown in Table 1. 

A 6-bit interword period is provided to allow switching 
time at the master station or the outstation. Assuming 
that the system uses voice-frequency lines. there is a 
delay through the send voice-frequency modulators and 
filters and the receive voice-frequency demodulators and 
filters. (These are called send and receive modems.) In 
addition to this, there is the line delay, and therefore the 
total time for sending an instruction from the master sta­
tion to the outstation and for the outstation to send data 
to the master station is: 

19 send bits from master station 

+ 6 interword bits 

+ send modem delay at master station 

DIGIT 3 
B.C.D. 

4 BITS 
FUNCTION 

METER 

0 0 

SIGN 
BIT 

-VE 

1 

4 BITS 
PARITY 

4 BITS 
PARITY 

4 BITS 
PARITY 

4 BITS 
PARITY 

4 BITS 
PARITY 
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+line delay 
+ receive modem delay at outstation 
+ 19 send bits from outstation 
+ 6 interword bits 
+ send modem delay at outstation 
+line delay 
+ receive modem delay at master station 
= 50 bits + 2 X line delay + 4 X modem delay. 

Assuming a transmission speed of 600 bauds, a line 
length of approximately 70 miles, and a modem delay of 
2 ms this gives a total of 

= 83.7+10 + 8 ms= 101.7 ms. 

In a large system, a 1000 such instructions may be re­
quired to scan the whole system. If all the instructions are 
in sequence the maximum time for detecting an item that 
has changed, assuming there are no other changes or 
parity, is 101.8 s. This may be too long for alarms and 
certain indications. The 702 system therefore has two 
facilities to overcome this problem. 

The first facility gives complete flexibility in the sequence 
of instructions from the master station. Also, the master 
station can jump to another sequence by a manual in­
terruption, or automatically when a particular alarm or 
indication condition occurs. This is achieved with the 
stored-program techniques. With this facility, events that 
have to be detected very quickly are scanned at a much 
higher frequency than the less important items. 

In the example given, 100 instructions may be very im­
portant. Assume these are interlaced with other groups 
of 100 instructions and there is only one change and no 
parity error. 

The maximum access time for the 100 important in­
structions is 20.34 s. The maximum access time for the 
other 9JO instructions is 183.16 s. 

Hence this facility enables the access time of the im­
portant items to be reduced at the expense of the Jess im­
portant items. The example shown is a simple one with 
two levels of priority; in practice, several levels of priority 
with time interruptions may be required. The flexibility of 
the 702 system permits this. Another facility uses an out­
station with an additional capability. This outstation has 
one quantum that indicates if any alarm or indication has 
changed since the last interrogation from the master 
station. The master station sends one instruction to each 
outstation in turn requesting this quantum. If the master 
station detects a change in this quantum, it jumps to a 
sequence of instructions that scans all the alarms and 
indications of this outstation. 

In the example given, assuming 20 outstations and 
5 quanta of alarms and indications at each outstation, the 
maximum access time for a single alarm or indication 
change is 

(41 X 101.8 + 11 X 101.8) ms~ 5.29 s. 
This also assumes that the scan sequence is 20 instruc­

tions to detect a change followed by 20 instructions of 
the 900 less-important items followed by the 20 instruc­
tions to detect a change again, followed by the next 
group of the 20 instructions of the 900 less-important 
items. This sequence is carried out until all the 900 items 
are scanned, and then starts again. 
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3. Error Detection in Transmission 

The data and the instructions for the data are protected 
against noise in the transmission links in two ways. 

The first way uses 4 redundant bits in every transmis­
sion word; these are called the parity bits. 

The 14 information bits in the word are arranged in two 
groups of 3 bits and two groups of 4 bits, a parity bit 
being allocated to each group. The parity bit is a "one" 
if the information bits in its group contain an odd number 
of ones. The overall parity per group is thus made even. 
The 4-bit parity is generated by the send station and is 
regenerated from the received information at the out­
station. If the received and regenerated parity patterns 
are different, an error has occurred, and the message is 
rejected. Some noise patterns can alter the message and 
still give correct parity. The parity protection described 
above gives a statistical improvement of detecting errors 
of 103 with the type of noise expected in British Post Of­
fice lines. The parity protection by itself is thus not ade­
quate for noisy transmission conditions, and in addition 
to the parity protection, the 702 system uses retransmis­
sion if data have changed. 

Al I the data from the outstations are stored at the master 
station. Each time data are sent from the outstation, they 
are compared with the data stored at the master station. 
If they are the same, the master station jumps to the 
next instruction. If they are different, the changed data 
from the outstation are held in a separate temporary store 
and the main data store is unchanged. The master station 
then repeats the instruction. On the second interrogation 
the master station compares the repeated data from the 
outstation with those in the temporary store from the first 
interrogation. If they are same, the data are changed in 
the main data store of the master station. This means 
that an error not detected by the 4-bit parity has to be 
repeated because of the data comparison. If the noise 
distorts the word so that it is the same on two inter­
rogations in succession, it will produce an undetected 
error. The probability of this occurring is extremely small. 
This gives a further reduction of the undetected error 
rate by a factor of 10-10 on the type of noise expected in 
British Post Office lines. 

The transmission security for control and numerical in­
structions is increased by two-stage selection at the out­
stations. The master station sends the instruction for a 
control or numerical instruction to the outstations, the 
selected outstation does a first-stage selection and sends 
the complete instruction back to the master station. The 
master station confirms the instruction. If it is correct, the 
master station sends an execute instruction and the out­
station does the second-stage selection which initiates 
the control or numerical instructions. If it is not correct, 
the master station repeats the first-stage selection. 

There is a delay circuit at the master station that is 
triggered each time an instruction is sent to an outstation. 
This delay is one-and-a-half the anticipated time for an 
answer from the outstation. If this delay expires without 
a response from the outstation, the master station jumps 
to the next instruction. 
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Figure 2 - 702 master station. 

4. Master Station 

Figure 2 shows a block diagram of the master station. 
The data to or from the line are via the modem. The 

modem frequency modulates the digital data so that the 
latter can be transmitted over the communication link. It 
also converts the frequency-modulated data from an out­
station to digital data, which feed into the 702 master 
station. 

The input/output block contains a 14-bit register that 
transmits the instructions serially to the outstations and 
also receives the data from the outstations. This logic 
contains the pulse generator that strobes the data from 
an outstation and defines the bit time for transmission to 
an outstation. It also contains the logic that generates and 
checks the 4-bit parity. 

The scan instructions, which are stored in the ferrite 
store, are used by the "scan instruction logic" to define 
the sequence of instruction words sent to the outstations 
requesting data. 

There are six different types of instructions. 
These include count and jump instructions, which en­

sure that the minimum number of instruction words need 
be stored. The stored instructions achieve complete flexi­
bility for the sequence of scanning outstations. 

A manual interrupt facility enables the system to change 
to another scanning programme from a clock, operator 
keys, or alarm conditions. 
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The data input to store and data comparator block codes 
the data to be written in the ferrite store. It also compares 
data received from an outstation with the data in the 
ferrite store, and determines whether a retransmission is 
required. 

The control and numerical instruction logic converts the 
control or numerical key contacts into the instructions to 
be sent to the outstation. The logic is designed to ensure 
that a single hardware failure does not cause a false 
control. The master station changes to a "flip-back cycle" 
when the execute instruction is confirmed. The flip-back: 
cycle consists of one quantum of meter readings, one 
quantum of persistent alarms, and one quantum of indica­
tions. These quanta are associated with the device that 
the control changes and that the "operator" sees on the 
diagram when the device has changed. 

The scanning, logging, and digital display instructions 
are stored in the ferrite store. These are written on paper­
tape and read into the ferrite store by means of a paper­
tape reader. 

The reader block organizes the data read from the paper 
tape into 14 bits, which are written into the ferrite store. 
This applies to all the instructions required for scanning, 
logging, and digital display into the ferrite store. 

The peripheral scan counter (PSC) runs continuously. 
This is used for addressing the ferrite store, the silicon 
controlled rectifier (SCR) store, and the capacitor stores. 
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The data stored in the ferrite store for alarms and in­
dications are read in sequence, and by means of the PSC 
each word is decoded. The decoder specifies the condi ­
tion of the lamps. The lamps are driven by SCR's. The 

SCR's are arranged in rows of 28 SCR's and each row is 
selected by the PSC and therefore the condition of the 
SCR's is continuously updated from the ferrite store. 

The digital-display-program logic reads from the store 
the transducer readings that are required for the digital 
display, and specifies the address of the scaling factor 
that is in the store for each reading. The readings from 

the store or the scaler are in BCD and are converted to 
decimal to drive the SCR store, which in turn drives the 
lamps of the digital indicators. 

The scaler multiplies a 2-digit " scaling factor" by a 3-digit 
transducer reading to provide the correct unit. The scaler 
is time-shared between the digital display and the data 
logging. 

The data logging prints out selected transducer readings 
on a selected format. The selection of readings and format 
is stored in the ferrite store, and the 11 types of instruc­
tions available provide a completely flexible alpha-numeric 
print out. 

The event logger prints out the alarms, indications, or 
controls for an outstation when a change is detected in 
the outstation. The instructions for the format are stored 
in the ferrite store. 

The key logic examines the keys associated with alarms 
or indications on the diagram and modifies the data in 
the store if a key is operated. 

The capacitor store stores the analog transducer read­
ings. This is continually updated from the ferrite store, 
and the BCD is converted to analog values with a digital-

Figure 3 - Front view of master station. 
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to-analog converter (DAC). This technique achieves a 
time-sharing of the DAC such that 256 readings are con­
verted with one DAC. 

5. Master Station Ferrite Store 

The heart of the master station is the ferrite store , which 
is used to store both the program and the data received. 

Since the read/write cycle time is 13 /,£S., which is fast 
compared with the transmission rate and the update time 
required for the display and printers, it is time shared to 
perform all its functions. The ferrite store word is 15 bits , 
one bit being used for parity. The parity bit is generated 
and checked in every read/write cycle and the design 
ensures that the information in the store will not be 
destroyed in the event of a power failure. 

The ferrite store is divided into six sections. One section 
stores all the data for alarms, another stores all the data 
for indications, another stores all the transducer readings, 
another stores the scan instructions, another stores the 
format instructions for the printers, and still another stores 
the instructions for the digital display. 

The data stored in the first three sections are the data 
received from the outstations and the keys on the diagram 
or console. They are coded in a form to drive the different 
lamp conditions on the diagram. 

The instructions for the last three sections are prepared 
on paper tape and entered into the ferrite store with a 
slow-speed paper-tape reader. 

The scan instructions, printer instructions, and digital dis­
play instructions are written on a separate tape, a parity 
bit being allocated to each character on the paper tape. 
The number of instructions is kept to a minimum by stored­
program techniques , which enable the system to optimize 
the number of instructions required and system operation 
changes . 

The storing of instructions in the ferrite store is such 
that system requirement changes can be performed by 
software without tedious wiring changes. 

6. Outstation 

The outstation receives instructions from the master 
station. The outstation that recognizes its address sends 
the requested data back to the master station or operates 
the selected control or numerical instruction . 

Transducer readings are converted to binary-coded 
decimal by an analog-to-dig ital converter (ADC). The 
selected transducer is connected to the input of the ADC 
with double-reed relays . The ADC has high common rejec­
tion and isolation . The alarm and indication contacts are 
arranged in groups of 14 to form the quanta. Each alarm 
or indication contact feeds into a filter, so that noise from 
the contacts does not cause a false operation. 

A control has a two-stage selection . The first-stage se­
lection causes a reed relay contact to close for the select­
ed control. The second-stage selection causes a reed relay 

contact to close, and this is shared with all controls . The 
two-reed-relay contacts are in series and therefore both 
contacts must be closed before the device is operated . 
The outstation checks whether any reed-relay contact in 
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the first or second stage is closed before a control is 
selected, and if any is closed, an alarm is initiated and 
operation of a control inhibited. 

The outstation also checks whether more than one reed 
relay contact is closed on the first-stage selection. If so, 
an alarm is initiated and the second stage is inhibited. 
This hardware security on controls prevents a single 
component failure from causing a false operation of a 
control. Numerical instructions have a security system 
similar to that of controls. 

7. Technology 

The master station uses discrete and component tran­
sistor-resistor digital circuits for the low-speed logic, and 
diode-transistor integrated circuits for the high-speed logic. 
The semiconductors are entirely silicon planar, except for 
the power trnnsistors in the SCR-row selection circuit. 

The ferrite store uses lithium cores, allowing a wide 
operating-temperature range. 

SCR's have been used instead of relays to drive the 
diagram and have been found to provide higher reliability. 

Reed relays are used only for selecting the transducers 
to the ADC and for the outputs of controls and numerical 
instructions. 

The digital logic at the outstation is available in diode­
transistor integrated circuits. 
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The SELECTRONIC System 702 

8. Conclusions 

The SELECTRONIC 702 system has complete flexibility 
of scanning outstations, logging of transducer readings, 
and digital display, using stored-program techniques. The 
software is simple and cheap compared with a general 
purpose computer. No use is made of wired programs, 
which are tedious to change and are not flexible. 

The ferrite-core store in the 702 system, with its fast 
access time, allows peripheral devices to be connected 

freely without affecting the operation of the system. This 
makes access to a separate data processor simple as 
compared with that of other supervisory systems equipped 
with relay stores, which are bulky, expensive, and have 
extremely slow access time. 

SCR's are used to drive the diagram to provide in­
creased reliability and considerable saving in space, other 
supervisory systems use relays. 

M. L. Fowler was born in 1933 at Plymouth, Devon. 
He was educated at Birmingham University, where he received 

his BSc Honours Degree in Physics. 
At present he is head of the Remote Control Engineering De­
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DIGITEL 1000 Remote-Control System 

J. M. LAURIKS 
Bell Telephone Manufacturing Co., Antwerp, Belgium 

1. Introduction 

In order to appreciate the place of the DIGTEL 1000* 
system among the existing types of digital supervisory 
systems, a short review will be given of the main types. 
On the basis of the number of functions that they per­
form, supervisory systems can be divided into: 
- single function systems, 

e.g. a system for telemetering; 
- multifunction or combined systems, 

e.g. a system for remote control, remote indication, 
and telemetering. 
Combined systems for larger capacities usually have dif­

ferent information-scanning and remote-control programs, 
and some means of treating the information gathered. 

The DIGITEL 1000 is a combined system. 
Further distinctions can be made between: 

- Point-to-point systems and multipoint systems. 
In the former, one outstation is connected to one master 
station. In the fatter, several outstations are connected 
to the same master station. 
The DIGITEL 1000 is a multipoint system. 

- Cyclic systems and start-on-change systems. 
In the former, the information in the outstation is con­
tinuously transmitted to the master station· in a cyclic 
manner. In the latter, the information is transmitted 
only after a change in its state. 
The DIGITEL 1000 contains a cyclic scanning program. 

- Spontaneous systems and interrogation systems. 
In a spontaneous systems the outstation delivers its 
information to the master station without waiting for a 
request from this latter, while in an interrogation sys­
tem the outstation transmits bits of information only 
after a request is received from the master station. 
The DIGITEL 1000 is an interrogation system. 

2. Principle of Operation 

The DIGITEL 1000 is a combined interrogation system 
for teleindication, telemetering, telecounting, and remote 
control, intended for medium capacity applications. A sys­
tem consists of one master station with several slave 
stations linked to it. When the master station sends 
an interrogation message, which is received by all the 
slave stations, only the slave station that recognizes the 
interrogation message as one of its addresses will return 
an answer. The answer contains the information corre­
sponding to the interrogated address. 

The master station interrogates each slave station accord­
ing to a wired-in programmed sequence. All the data 
request codes, or instructions, have the same composi­
tion, whether they are for control, indication, or metering 
purposes. 

The information returned by the slave station, called the 
data telegram, also always has the same standard format. 
At the master station the received data word is first 

• A trademark of Bell Telephone Manufacturing Co. 
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checked, and the data are then transferred into individual 
memories for display or further processing. 

The system comprises the following programs: 
(A) The cyclic scanning program, which is the program 
that performs the periodic scanning of the indication, 
telemetering, and telecounting data in the slave station. 
(B) One or more priority scanning programs. These deal 
with the items that are scanned at fixed time intervals. 
The program is started through an external or internal time 
signal, and performs one complete run of its instructions. 
(C) The manually initiated program, consisting of remote 
control, teleregulation, and interrogation on request. 
(D) Telemetering logging program. This deals with all the 
meter readings that are to be recorded in digital form. 

The programs have a decreasing order of priority, as 
follows: manual program, priority scanning program, meter 
logging, and cyclic program, the latter being on when no 
other program is called for. 

3. General Description 

3.1 Telegram Composition. (See Figure 1.) 
3.1.1 Instruction Telegram 
This consists of 22 bits: 1 start bit 

3.1.2 Data T e/egram 

4 function bits 
12 address bits 

5 error-control bits 

This consists of 19 bits: 1 start bit 
13 information bits 

5 error-control bits 

3.2 Programs 

3.2.1 Manually Initiated Program 

The manual program consists of the remote control and 
teleregulation, and the interrogation on request. The re­
mote control offers the possibility of single or double 
controls (on-off). For three-position devices, triple con­
trols can be provided (e.g.: on, off, stop). 

By means of the teleregulation, up to 1000 different 
controlled positions are possible. 

For greater security, the remote controls and teleregu­
lations are performed in three steps. First, the address is 
sent to the slave station, thereby determining which de­
vice will be controlled. 

The slave returns the inverse of this address to the 
master station for comparison. When the comparison 
yields no error, a second message is sent to the slave 
station, which in the case of a remote control contains a 
special code representing the on, off, or stop order, and 
in the case of a teleregulation contains a number be­
tween 0 and 999. This telegram is again returned to the 
master station and compared. 

If the comparison is successful, a third telegram is sent 
from the master station to the slave station, which con­
tains an execution code, called the OK code. The control 
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Bl FUN~TION II : AOOR~SS 10" : II : AOOR;ss 10 : II : ADDREf S 10°: II ERR~R CONJRDL 

Bl : : :13 INF~RMATl~N BITS: : : : II : ERR~R CD+RDL 

Figure 1 - Composition of instruction telegram and data telegram. 

is performed and the OK code is returned to the master 
station for comparison. 

Thus, each telegram in the control cycle is protected by 
the normal error-control bits, and also by the feedback 
from slave station to master station. 

The interrogation on request, or on-demand function, 
permits the interrogation of a manually selected data word 
once every eight interrogations. Thus, the normal cyclic 
program proceeds, but after every seven instructions it is 
interrupted for the interrogation of the selected word. 

To have the indication of the position of a controlled de­
vice without too much delay when a control is performed, 
the interrogation on request of the remote indication will 
be done automatically after the third control step. This 
automatic on-demand interrogation proceeds until the 
device has changed its state or until the control is reset. 

3.2.2 Priority Scanning Program 

Information that must be monitored at a higher rate, or 
that can be monitored at a lower rate than the informa­
tion contained in the normal cyclic program, can be pro­
grammed in one or more priority scanning programs. This 
is also used for information that must be read at fixed 
time intervals. 

The start for this program is given by an external signal 
(time base), and the program has priority of execution 
over the cyclic program, the latter being blocked during 
the corresponding time interval. 

3.2.3 Metering Logging Program 

It contains all the meter indications that are to be 
printed out or recorded in digital form. The program is 
started by a signal from a time base, manually or by the 
metering alarm circuits. 

A serial printer is provided as a standard output device. 
First the time (hours, minutes) is printed out. Then the 
cyclic program is stopped and the first meter reading to 
be logged is interrogated. The received information is 
transferred into a buffer memory and printed out while 
the cyclic program is resumed. 

The second meter reading is then interrogated, etc., until 
all the addresses of the logging program have been 
scanned. Thus, the normal cyclic interrogation is not 
blocked during the logging, but only slowed down a little. 

3.2.4 Cyclic Program 

This program includes all the normal information, such 
as meter readings, indications, and telecountings. Reserve 
addresses may be provided in the slave stations to allow 
for any future extension. These reserve addresses are 
not scanned and thus the cycle time is not increased. 
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When the cycle time becomes lengthy it is possible to 
bypass those groups of addresses under surveillance 
which indicate no change. The first data word of an inter­
rogation group contains a bit that indicates whether there 
is any change. If a change has occured, then the group is 
interrogated; if not, it is by-passed. During each cycle one 
group is interrogated even if no change has occurred. In 
the following cycle another group is, and so on. 

3.3 System Capacity 

The 12 address bits in the instruction message offer the 
possibility of having, in binary-coded decimal, 3 decades 
or 1000 addresses. 

Of the 4 function bits, the first 2 are effectively used 
as follows: 

01 : Remote control address. 

11 : Control message second step. 

00: Control message third step. 

10: All other address messages. 

The 2 other bits can be used for the extension of the 
number of addresses. 

Thus, the system can handle 1000 different addresses 
for remote indication, telemetering, and telecounting. These 
1000 addresses must be distributed between the normal 
cyclic program, the priority scanning program, and the 
logging program. 

The capacity of the manual program is also 1000 addres­
ses, the distinction between the manual program instruc­
tions and the instructions of the other programs being 
made by the first 2 function bits. If the 2 other function 
bits are used, the capacity increases up to 4000 addres­
ses for the manual program and 4000 for the other pro­
grams. 

The information capacity of the data telegram is 13 bits, 
12 of which are normally used. The 13th bit is used for 
special purposes only, such as the sign for the meterings. 

One data word can thus contain 12 single indications 
or alarms, or 6 double indications or alarms. If the data 
word is used for metering, it can contain one metering to 
1 % with polarity or one metering to 0.1 % with polarity, 
both in binary-coded decimal. 

For telecounting, 3 digits in binary-coded decimal can 
be transmitted per telegram. 

3.4 Transmission 

Normally, transmission is via FM-telegraph channel, in 
reversible one-way operation, using 4 or 2 wires depend­
ing on operating conditions. Transmission speed ranges 
from 50 bauds up to 1200 bauds. 
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3.5 T e/egram Duration and Cycle Time 

3.5.1 Telegram Duration for Indication or Telecounting 

Depending upon transmission speed, the time for a 
complete exchange of information between the master 
station and a slave station is: 

T = 22 p + t + 19 p + 4 p + d 

wherein: p: duration of clock period, 
22 p: duration for instruction message, 

t: interval between the end of the instruction 
message and the beginning of the data 
message in the slave station. t = 7.5 milli­
seconds for indication and telecounting, 

19 p: duration of data message, 
4 p: interval between data and instruction mes­

sages in the master station, 
d: total transmission delay. 

If voice-frequency lines are used: 
d = 2d1+4dm, 

wherein: d1: line delay, 

Thus: 

dm: modem delay, i.e. the delay interval in the 
send and receive channels. 

at 200 bds: T = 45 X 5 + 7.5 + d = 233 milliseconds +d 
at 600 bds: T = 45 X 1.67 + 7.5 + d = 83 milliseconds +d 
at 1200 bds: T = 45 X 0.83 + 7.5 + d = 45 milliseconds +d. 

3.5.2 Telegram Duration for a Metering 

The time for a metering, using 20 milliseconds for ana­
log-to-digital conversion is: 

T=45p+t+20+d. 
With t = 7.5 milliseconds, 
at 200 bds: T = 45 X 5 + 7 .5 + 20 + d 

= 253 milliseconds+ d 
at 600 bds: T = 45 X 1.67 + 7.5 + 20 + d 

= 103 milliseconds+ d 
at 1200 bds: T = 45 X 0.83 + 7.5 + 20 + d 

= 65 milliseconds+ d. 

3.5.3 Telegram Duration for Remote Control 
or Teleregulation 

The total time for a remote control or a teleregulation, 
between the start of the first message and the start of 
the control in the slave station, is: 

T = 45 p + t + 45 p + t + 22 p + 2.5 d 
= 112 p + 2 t + 2.5 d. 

With t =' 30 milliseconds, 
at 200bds:T= 112X5 +2X30+2.5d 

= 620 milliseconds+ 2.5 d 
at 600 bds: T = 112 X 1.67 + 2 X 30 + 2.5 d 

= 250 milliseconds+ 2.5 d 
at 1200 bds: T = 112 X 0.83 + 2 X 30 + 2.5 d 

= 155 milliseconds+ 2.5 d. 

3.5.4 Cycle Time 

The cycle time for the cyclic program is equal to the 
time interval between two successive interrogations of 
the same address. In the DIGITEL 1000 the actual cycle 
time is not constant, since the cyclic program may be 
interrupted by another program. The minimum cycle time 
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is equal to the number of instructions multiplied by the 
telegram time. 

The cycle time can be reduced by the addition of an 
interrogation-on-change circuit, that permits the by-pass­
ing of unchanged indication information, as explained in 
section 3.2.4. 

3.6 Security of Operation 

The security of operation of the system depends on 
protection against transmission errors and protection 
against circuit failures. 

3.6.1 Protection Against Trans mission Errors 

Each telegram is protected by a 5-bit error control code. 
It is a cyclic code, which is generated by thinking of the 
binary digits of the message as the coefficients of a 
polynomial and by dividing this polynomial by a generator 
polynomial. The remainder forms the error control code. 

At the receiving terminal the error code is again gener­
ated from the received information and compared with 
the received error control code for error detection. 

The code is implemented via a shift register with feed­
back connections. The generator polynomial used is: 

1 + x2 + xs. 
This code detects: 
- all single errors, 
- all double errors, 
- all single error bursts of 5 bits or less, 
- 93.8 % of all the single bursts of 6, 
- 96,9 % of all the single bursts longer than 6. 
(Ref.: Cyclic Codes for Error Detection, by W. W. Peter­
son and D. T. Brown, PIRE. Jan., 1961). 

For transmission systems that satisfy CCITT standards, 
the error probability due to random noise is 10-5 per bit. 
The improvement in error rate obtained with the error 
control code used is about 5X109. 

For remote control and teleregulation, an additional pro­
tection is provided by the feedback from slave station to 
master station. 

When an incoming message in the master station is re­
jected, the corresponding instruction will be repeated 
until a useful answer is received. However, if after four 
successive interrogations of the same item no useful 
answer has been received, an alarm is given and the pro­
gram will step to the next instruction. 

If an interrogation message is rejected in the slave sta­
tion that station does not answer. And after a time interval 
the master automatically repeats the interrogation message, 
up to 4 times. 

3.6.2 Protection Against Circuit Failures 

Circuit failures are first minimized by using in the central 
part of the system a worst-case calculated silicon diode­
transistor logic with high-quality components. 

In the peripheral circuits high-quality mercury-wetted 
and dry-reed relays are used. Non-hermetic relays are 
used only for individual functions. 

A second protection against circuit failures is provided 
by built-in error-detection circuits. 
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The cyclic program includes one test instruction per slave 
station, which automatically checks the correct operation 
of the central parts of the master station and the slave 
station. 

Circuits that detect faulty operation are also included for 
the power supplies and the address counters of the pro­
grams. 

To prevent false controls or faulty information transfers, 
circuits are designed to detect that only one address is 
decoded. A hardware failure could cause the decoding of 
two or more addresses. 

4. Circuit Description 

4.1 Circuit Description of the Master Station 

The block diagram is shown in Figure 2. The general 
operation is as follows. 

The address of the item to be interrogated is given by 
the position of the address counter of the program that 
is on, or by the input circuits of the manual program, if 
this program is on. This address is transferred in parallel 
into the 16-bit transmit shift register, together with the 
function, which is given by the programer. 

The shift register is shifted out serially to modulate the 
transmit channel. At the same time the shifted-out bits 
are sent into the error control circuit, which forms the 
redundancy bits. The redundancy bits are transmitted im­
mediately after the last bit of the instruction has been 
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Figure 2 - Master station - Block diagram. 
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shifted out. The foregoing operations are controlled by a 
position counter, which in turn is driven by a logic clock. 

In the slave station, the instruction is decoded, and the 
requested information is sent back in the information tele­
gram. The start bit of this telegram resets with its positive 
edge the clock and the position counter, so as to syn­
chronize the master station with the transmitting slave 
station during the reception of the telegram. The informa­
tion telegram is serially shifted in to the receive shift 
register. At the same time the information is entered into 
the error control circuit, where the redundancy bits cor­
responding to the received information are formed. After 
the information has been received, the error control cir­
cuit compares the received error control bits and the re­
dundancy bits that have been derived from the received 
information. If no transmission error has occurred, the 
received bits and the derived bits must be identical. The 
information and the address and function are transferred 
in parallel into buffer memories. The address and function 
are decoded, and operate an address relay. 

The information is then transferred to the electromechani­
cal display memory, or to the logging circuits, by means 
of the transfer circuit, if the proper conditions are satis­
fied. These conditions are the following: 
(A) A start bit must have been received. 
(B) The error control check must be satisfied. 
(C) Only one address is operated. 

The programing circuits of the three scanning pro­
grams consist of a programer circuit and an address 
counter. The programer circuits contain the logic for 
switching the program on or off. The address counters 
give the sequence of addresses for the interrogation. 

The cyclic scanning programer also contains the logic 
for the repetition of the interrogation in the case of a 
rejected answer or no answer. The cyclic program address 
counter is able to jump positions in order to permit the 
bypassing of addresses that are not used, or to bypass 
groups of addresses that have no information changes. 

The circuits proper to the manual program include the 
input circuits for remote control, teleregulation and inter­
rogation on-demand, the programer, and a binary-coded­
decimal coder. 

The input for remote control contains the turn-and-push 
semaphore or push-button control keys, with the addition­
al individual relays, used to form the addresses of the 
control and the corresponding remote indication, and to 
memorize the discrepancy between the ordered position 
and the actual position of the controlled device. The input 
for teleregulation consists of a start push-button and two 
decade-switches, one of which is used to set the numeri­
cal information to be transmitted to the slave station, and 
the other to form the address of the regulated device. 

The input for the interrogation-on-demand function is 
merely a start push-button, since the same address dec­
ade switch is used as for the teleregulation. 

The manual programer consists of the logic for perform­
ing the four steps of a control or teleregulation: address, 
numerical information, execution order, and interrogation 
of the corresponding indication address. It performs the 
comparison with the feedback from the slave station for 
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the first three steps. It also contains time interval circuits 
for resetting the program if it is not completed because 
of four rejected answers from the slave station. The pro­
gramer gives an alarm if the control is not executed. 

For the interrogation on-demand, the programer con­
tains a counter with 8 positions, to permit the interroga­
tion of the selected data once every eight instructions. 

The binary-coded-decimal coder is needed to transform 
the decimal outputs of the manual program input circuits 
to the proper binary-coded decimal code for transferring 
into the transmit shift register. 

The logic clock is a crystal-controlled oscillator followed 
by a frequency divider, which is a binary counter. The 
clock is synchronized by resetting the counter flip-flops. 

The position counter is a 64-position binary counter. It is 
synchronized to the slave station position counter by re­
setting the flip-flops on the positive edge of the start bit 
of the received message. 

The error control circuit is a five-bit shift register with 
feedback connections, as shown in Figure 3. 

During the transmission of the instruction message, the 
bits are applied in series to the input of the generator. 
Gates G1 and G2 are open. At the end of the instruction 
message, the five bits of the generator shift register con­
stitute the error control code. With G1 and G2 closed, 
the five bits are shifted out and added to the instruction 
message. 

During the reception of the data message from the slave 
station, the incoming bits are applied to the input of the 
generator with G1 and G2 open. When the information 
part of the message has been received, G1 and G2 are 
closed, and the generator content is shifted out and com­
pared bit by bit with the error-control bits of the incoming 
message. 

The information memory and the address and function 
memory are constituted by set-reset flip-flops. The memo­
ries are needed to store the information and address 
during the transfer into an electromagnetic display mem­
ory. 

The three decades of the address in the address memory 
are first decoded from binary coded decimal into decimal, 
and then applied to the address coder, together with the 
function bits. The address coder is arranged in matrix 
form, with the ten units of the address numbers as the 
vertical lines and the up to one hundred combinations of 
ten and hundred digits of the address numbers as the 
horizontal lines of the matrix. The intersections are formed 
by the address relays. 

The transfer circuit is also a matrix with the address 
relays as the rows, and the 13 information bits from the 
information memory as the vertical lines. At the intersec­
tions are the memory relays. The memory relays have 
two coils, one for holding and one connected to the trans­
fer circuit. 

FE FC F8 FA 

Figure 3 - Error control bits generator corresponding to 1 + x2 + xs 

54 

For the remote indication display, various display pro­
grams are standardized: 
- dark panel for single and double indications, 
- illuminated panel for single, double and fleeting indica-

tions, 
- illuminated panel for single and double non-fleeting 

alarms, 
- illuminated panel for single and double fleeting alarms. 

The metering display program offers the possibility of 
analog display, numeric display, and logging. The analog 
output has an accuracy of 1 % maximum. 

For the.numeric display andthe logging of the meterings, 
scaling and zero correction can be provided, so as to 
display or print the real value of the quantity. A further 
optional function that can be provided is the detection of 
meterings that exceed preset upper or lower levels. An 
alarm signal is given, which can be used to start a cycle 
of the metering logging program. 

4.2 Circuit Description of the Slave Station 

The block diagram is shown in Figure 4. The general 
operation is as follows. 

The instruction telegram is received in the receive chan­
nel and shifted into the 16·-bit shift register, and at the 
same time entered into the error control circuit. The com­
parison is made between the received error-control bits 
and the error-control bits formed in the error-control cir­
cuit. If the comparison indicates no error, and if the re­
ceived address belongs to the slave station, an address 
relay in the address memory is operated through the 
operate circuit. 

The addressed telecounting, indications, or metering in­
formation is transferred in parallel into the shift register, 
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Figure 4 - Slave station - Block diagram. 
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shifted out serially and transmitted through the transmit 
channel. The error control circuit accepts the bits of the 
information message as they are shifted out, and at the 
end the error control bits are in their turn shifted out of 
the error control circuit and added to the data message. 

For the three steps of the remote control and teleregula­
tion operations, the answer of the slave station is the 
feedback for the comparison in the master station with 
the transmitted message. 

In remote control, the first step selects an address in 
the address memory. An address relay is locked. After the 
return message has been compared in the master station, 
the second message from the master station sets the 
"on" or "off" flip-flop in the remote control circuit. An 
"off" or "on" relay is operated. The message to be re­
turned to the master station is transferred into the slave 
station shift register directly through the operated "on" 
or "off" relay, and compared in the master station. If the 
comparison shows no error, the third message is trans­
mitted by the master station, comprising the execution or 
OK code. The OK flip-flop in the remote control circuit is 
set and in its turn this flip-flop operates the OK relay. 

The control circuit is now closed, and the control pulse 

to the device starts. The end of the control pulse is 
brought about either by the disappearance of the dis­
cordance between the state of the device and the or­
dered state, or by a time base, the duration of which is 
selected by the control address relay. In the latter case, 
the device has not reached its ordered position in the 
preset time interval, and an alarm is given. 

The time base is located in the remote-control circuit, 
and consists of an astable multivibrator that drives a 
counting chain, the reset of which is adjustable and selected 
by the control address relays. If the reset of the counter 
is reached before the controlled device has completed its 

change of position, the control is reset and an alarm is 
given and transmitted to the master station . The reset of 
the alarm is done by a special remote control from the 
master station. 

The amplitude of the output pulse is of 100 VA maxi­
mum with a maximum of 2 A and 500 V. Up to 16 different 

pulse durations can be selected. 

For the teleregulation in the second step a number be­
tween 0 and 999 is transmitted from the master station 
and memorized in the teleregulation circuit. The return 
message to the master station is transferred in parallel 
into the slave station shift register directly from the oper­
ated memory relays in the teleregulation circuit. After the 
execution order has been received and checked in the 
slave station, the memorized number is transferred into 
the individual teleregulation memory, selected by the op­
erated address relay in the address memory. 

Any analog-to-digital converter (ADC) may be used with 
the DIGITEL 1000, provided that no more than 13 output 
bits are required (sign bit included), and that the logic 
levels of the output are adequate. Of course, the con­

version time must be taken into account. Normally, the 

system allows a conversion time of 20 milliseconds maxi­

mum. 
Scaling and zero suppression can be applied. 
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The indication input requires one make contact for the 
single indications, and one change-over contact for the 
double indications, to operate the interposing relays. 

5. Equipment Practice 

The central logic of the system is implemented with a 
worst-case calculated 100 kHz silicon diode-transistor logic. 
The logic circuits are mounted on plug-in printed circuit 
boards, the dimensions of which are: height, 160 mm; 
depth, 178 mm (6.3 by 7 inches). 

The printed circuit boards are plugged into subracks. 
One subrack contains up to 27 printed-circuit boards. The 
subracks are mounted in 19-inch frames or cubicles. The 
peripheral relay circuits are also mounted on printed-cir­
cuit boards with the same dimensions as the boards for 
the electronic circuits. 

All printed-circuit boards are provided with one or two 
25-point plugs. !SEP (International Standard Equipment 
Practice) standards are applied throughout the system. 
Figure 5 gives a general view of the master station. 

6. Maintenance Facilities 

If a breakdown occurs, the outage time is minimized 
by quick location of the error and by rapid replacement 
of the faulty circuit. To aid in the detecting and locating 
of errors, the following facilities have been provided: 

The master station is provided with a control system 
that contains alarms and displays for verifying the proper 
operation of the various circuits of the system. 

The slave station is provided with normally empty sub­
rack space, which is wired to accommodate printed-circuit 
boards for testing the proper operation of the slave 
station circuits. 

Each subrack of the central parts of both master station 
and slave station has a free position into which a printed­
circuit board can be plugged to bring out test points at 

the front side of the racks. 
The on-demand function permits the exclusive transmis­

sion of selected information only. 
Ease of replacement of a faulty circuit is afforded by 

the plug-in printed-circuit boards. A spare set of printed­
circuit boards can be provided. 

figure 5 - General view on master station with control desk. 
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7. Application 

A typical application of the DIGITEL 1000 is the remote­
control system for the vehicular traffic tunnels at Brussels, 
Belgium. 

The system consists of one master station to control all 
the traffic tunnels, each of them constituting a slave sta­
tion. There are presently 12 tunnels for immediate opera­
tion, but the supervisory system is to be provided with 
extension capacities for up to 100 tunnels. 

The electromechanical installations to be controlled in 
each traffic tunnel are: high and low voltage supplies, 
lighting program, ventilation, automatic cleaning of the 
walls, pumping, traffic signals, and general utilities such 
as the heating and ventilation of auxiliary buildings. The 
telecounting of the number of vehicles is also important. 

The transmission program of a tunnel presently contains 
about 50 remote controls and 100 remote indications but 
it will be extended to include also four 1 % telemeterings 
and eight telecountings of 6 decades. 

Special features required by the customer are: 
- transmission: two wires for every 20 tunnels; 
- the information is displayed at the master station on a 

common panel for all slave stations. The slave station 
that is displayed is selected manually by the operator; 

- the slave station in which a change of state occurs is 
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automatically pointed out at the master station. This 
invites the operator to select the slave station con­
cerned; 

- each change in the state of the indications must be 
printed out; 

- certain controlled functions, such as ventilation and 
pumping, can be regulated by both remote control and 
local automatic control; 

- the information for controlling the lighting of the tunnels 
is obtained from a photoelectric sensor in the master 
station, which causes the automatic transmission of 
the corresponding instruction to all the slave stations 
simultaneously. 
The DIGITEL 1000 supervisory system is particularly 

suited for this application, which requires a medium capac­
ity system and the facilities of a combined interrogation 
system. 

J. M. Lauriks was born in Boom, Belgium, in 1931. In 1953 he 
received an engineering degree in electricity and mechanics from 
the Hoger lnstituut De Nayer, Mechelen, Belgium. The same 
year, he joined the Bell Telephone Manufacturing Co. and was 
assigned to the Apparatus Division. In 1961, he entered the In­
dustrial Control Division and is now concerned with the develop­
ment of remote control systems. 
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European Color Television Standards - The PAL System 

A RAPPOLD 
Standard Elektrik Lorenz AG, Stuttgart, Germany 

1. Introduction 

When the problem of introducing color television in 
Europe arose, the American NTSC (National Television 
System Committee) system had a great influence on all 
considerations. The later methods, developed in Europe, 
have truly been called variants and improvements of the 
NTSC system in fair recognition of the pioneer work done 
in this field in the United States since 1950, when the 
development of an all-electronic, compatible color TV sys­
tem was virtually complete. This included the color picture 
tube. 

In 1954, regular color TV transmissions were introduced 
in the United States after the NTSC standard had been 
approved by the Federal Communications Commission on 
December 17th, 1953. 

This standard, proposed by the NTSC, was the result 
of an intense research on the fundamentals, especially by 
the industry. It is being used in its original form even 
today. In 1960, it was introduced into Japan. 

The European situation is best illustrated by the devel­
opment of monochrome TV. The United Kingdom had intro­
duced public television with a 405-line standard in 1937. 
One year later, France followed with a 455-line. standard. 
Germany started with 441 lines in 1938. 

After World War II, almost all the European countries 
adopted a monochrome system with 625 lines and 50 fields 
per second, very similar to the US system with its 
525 lines and 60 fields. The United Kingdom retained its 
original 405-line system and France introduced a new 
standard with an uncommon number of lines: 819. The 
British and French situations became even more complex 
when second programs in the UHF range with 625 lines 
was started. 

To summarize: television across European national 
borders has not been possible for monochrome and will 
not be possible for color TV for very similar reasons. 

2. The Common Basis of All Color Television Systems 

All the European color TV systems are based on cer­
tain important features of monochrome TV which will be 
retained and are therefore pointed out first. 

At the transmitting end, the brightness values of a scene 
are converted, line by line, into voltages with the aid of 
photocells. The first vertical scan of the scene comprises 
312 +%lines, the second starts by completing the remain­
ing half line and ends with the 625th line in interlaced 
relation, thus obtaining the two fields of a frame. The 
horizontal sweep frequency is an integral multiple of one­
half of the frame frequency. 

In the receiver, the scene is recreated by the beam 
writing the lines at the same frequencies. To obtain this 
result, two kinds of signals have to be transmitted: the 
brightness associated with every picture element and a 
synchronizing signal to ensure that the receiver tube­
screen raster is built up in synchronism with the trans­
mitter operation. The sync signal occupies the range 
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between 75 and 100 % of the composite TV signal ampli­
tude while the video signal varies between 1 O and 75 %. 

Whatever the color TV system to be developed, these 
two monochrome data had to be taken into account so 
as to meet compatibility standards which require that any 
monochrome TV receiver, regardless of its design and 
age, should be capable of receiving color TV signals and 
of reproducing a monochrome picture, and that in addition 
any color receiver should be able to reproduce a mono­
chrome picture from a monochrome transmitter. This 
requirements had been postulated as a "condition sine 
qua non" in the forties by the American industry. In 
Europe, the agreement on a common color TV standard 
was difficult to reach because of the different standards 
used for monochrome in a geographically limited area 
and because basically different solutions for improving 
on the NTSC system had been found in France and in 
Germany. 

However, there are principles of color manipulation that 
have to be incorporated in any color system. These should 
be recalled before a discrete European color TV system 
is reviewed. 

2.1 Colorimetric Principles 

One such principle important for color TV is that almost 
any natural color and the white tone can be simulated by 
the additive mixture of three primary colors. 

The primary colors are those that cannot be generated 
by additive mixture. It can be shown by experiment that 
these primaries are red, green, and blue. 

This principle permits color TV to be based on the 
mixing of these three primaries in the scanning and repro­
duction of a scene. 

2.2 Scene Pickup 

The pickup of picture elements and their conversion 
into electric signals may be seen by reference to the 
color-slide scanner in Figure 1. 

A white raster is written on the pickup-tube screen and 
projected onto the transparent slide, the picture elements 
of which modulate the flying spot of light. In monochrome 
operation, this modulated light is directly converted by 
photocell action into the video voltage. For color TV, the 
primaries are filtered out, for instance, with dichroic mir-

E , 
R 

AFTERGLOW ·r PREEMPHASIS 
EQUALIZERS NETWORKS 

Figure 1 - Color Slide scanning (Schematic). 
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rors that are capable of transmitting certain parts of the 
spectrum and of reflecting other parts. The first dichroic 
mirror reflects the red light to the top in Figure 1, the 
second reflects blue light downwards, but both mirrors 
are transparent for green light. Thus three photocells are 
needed for the primary-color signals. 

2.3 Luminance and Color Difference Signals 

2.3.1 The Luminance Signal 

For the further processing of these three signals ER, EG, 
and EB, parts of them have to be combined to form the 
luminance signal, the only one to which a monochrome 
receiver will respond. Let us assume that the scene con­
sists of nothing but three bars in the primary colors as 
shown in Figure 2. The blue channel will then transmit the 
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Figure 2 - Generating the luminance signal Ey. 

pulse EB, as shown, of a duration corresponding to the 
width of bar B. Similar square-wave pulses will appear 
as EG and ER in the green and red channels, respectively. 

If we simply added these three signals to obtain the 
luminance signal, the result would be a square-wave pulse 
of triple duration. A monochrome receiver would repro­
duce the three bars with equal brightness and it would 
be impossible to see three different objects. 

Actually, however, the brightness perception of the 
human eye depends on the hue as plotted in Figure 2. 
Therefore, to cause the monochrome receiver to repro­
duce the hues with the proper brightness weight, the 
primary color signal voltages are multiplied by the factors 
derived from the sensitivity curve: 0.11, 0.59, and 0.3 for 
blue, green, and red, respectively. 

The luminance signal Ey is thus obtained as the sum 
of these three voltages. The equation: 
Ey = 0.11EB+0.59EG + 0.30ER applies to any color TV 
system; it is a first condition for meeting the compatibility 
requirement. 

2.3.2 The Color Difference Signals 

The method of ,adding the color information to the lumi­
nance signal is also the same for all color TV systems: 
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so-called difference signals are formed by a procedure 
similar to that in stereophonics. There are 

the blue difference signal EDB = EB - Ey 
and the red difference signal £DR = ER - Ey. 

These difference signals have an important property 
for color TV. They disappear where the picture content is 
colorless. Each of the primary color signals is then equal 
to the other two; the signal voltages EB, £ 0 , and ER have 
the same amplitudes and the standardized maximum value 
of 1 for white. From this amount 1, only percentages are 
taken to form the luminance signal as described above, 
i.e. 11 % of the blue voltage, 59 % of the green, and 
30 % of the red voltage. In accordance with the equation 
for Ey. the sum is again 1. 

To form the blue difference signal, the value 1 of the 
luminance signal is subtracted from the value 1 for blue. 
The result is 0. The same is true of the red difference 
signal. 

Another feature common to all color TV systems is the 
use of a subcarrier for the transmission of both difference 
signals. The subcarrier with its harmonic spectrum is 
added to the frequency band already occupied by the 
luminance signal. 

2.4 Modulation 

The next step is to combine the difference signals car­
rying the color information with the luminance signal into 
a composite signal. Because of the required compatibility, 
all data indispensable for monochrome transmission have 
to be retained. The nominal bandwidth for monochrome 
must not be exceeded although chrominance must addi­
tionally be transmitted. 

The major difference between the various color TV sys­
tems is actually confined to the type of subcarrier mod­
ulation. Basically, there are only two: quadrature-amplitude 
modulation and frequency modulation, the former being 
used in NTSC and PAL (Phase Alternate Line), the latter 
in the French SECAM (Sequential with Memory) system. 
The NTSC system is the basis for the PAL system; there­
fore, its salient features are summarized in the next 
section. 

3. NTSC as a Basis for PAL 

The preceding sections showed how a luminance signal 
is obtained from three chroma signals and how the two 
color difference signals are derived. The general use of 
a color subcarrier in all color TV systems has been pointed 
out. The subcarrier modulation with the two chroma signals 
will now be described. 

To solve this problem, the following conditions were 
stipulated in the development of the NTSC system: 

a) the carrier should be capable of being modulated 
simultaneously with both chrominance signals EnR and 

EDB; 
b) for colorless picture elements, the subcarrier ampli­

tude should be 0. 

3.1 NTSC Modulation 

To meet these conditions, a type of modulation was 
chosen in which both the phase and the amplitude of 
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the subcarrier are simultaneously modulated. This mod­
ulation is obtained by splitting the subcarrier into two 
components in quadrature to one another and amplitude­
modulating these components with EDR and EDB· Each of 
the two difference signals EnR and EDn can assume 
independently any positive or negative value between 
zero and a maximum. In other words, the resulting vector F 
of the subcarrier frequency (shown in Figure 3) may appear 
in any one of the four quadrants. 

This type of modulation is best understood with ref­
erence to Figure 4. Here A is the mean value of the 
unmodulated subcarrier amplitude, m is the depth of 
modulation, Q the carrier frequency, (in our case, the 
subcarrier frequency), w the modulating frequency which 
is in the range from 0 to 1.5 MHz. 

In Figure 4a, the carrier vector rotates at subcarrier fre­
quency while the sideband vectors rotate, in the opposite 
direction, around the carrier vector. When the carrier is 
suppressed as in Figure 4b, the sideband vectors remain 
with a resultant which disappears when m = 0. This result­
ant always has the phase of the original carrier. 

If this procedure is carried out in two modulators and 
the carriers fed to both are in quadrature, we obtain two 
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Figure 3 - Vector diagram of the modulated subcarrier. 
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resultants S1 and S2 (Figure 3), or their sum, the sub­
carrier F containing the color information. 

The relationships between the phase angle (/JF and 

amplitude Al<' of the modulated subcarrier can be derived 
from the vector diagram of Figure 5 showing the vectors 
associated with the standardized colors. 

Figure 6 is the block diagram of a modulator based on 
NTSC principles. Its units are the color matrix where the 
luminance signal Ey and the chrominance signals EDw 
EDB are derived from the primary color signals; the two 
modulators to which the color carrier is fed from its 
generator in phase and in quadrature; and the adder, in 
which both chrominance signals and the sync signal are 
combined into the composite color TV signal. 
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3.2 NTSC Demodulation 

The chroma signals are recovered in the receiver with 
the decoder (Figure 7), which obtains the composite signal 
with a bandwith of 5 MHz from a video demodulator, as 
in monochrome receivers. 

The modulated color signal corresponding to the equation 

F = EDR cos Q t + EDB sin Q t 

can become zero because Erm and Em; are zero for color­
less picture elements or picture areas. 

Demodulation requires the unmodulated carrier; this is 
generated in the subcarrier generator of the receiver and 
applied to the demodulators in phase and in quadrature. 
In the demodulator EDR• the color signal is multiplied by 
the cosine oscillation of the subcarrier, which results in 
the difference signal EDn/2 and two other components at 
double the frequency which can readily be filtered out. 
Similarly, Enn/2 is obtained in the second demodulator. 
The luminance signal and the two color-difference signals 
are fed to the decoding matrix which supplies the primary 
color signals En, EG, EB after linear addition and subtrac­
tion operations similar to those of the transmit matrix. 

3.3 Disadvantages of the NTSC Method 

The NTSC method in itself may be called ideal. How­
ever, the transmission paths are not ideal, and this fact 
is reflected in the NTSC receiver. Since the important 
chrominance information is transmitted by a phase-mod­
ulated carrier, any undesired phase shift of this carrier 
with respect to the color burst must necessarily result in 
hue distortion. 

It was this practical weakness in the modulation method 
that caused European television engineers to examine 
this problem and to find better solutions. 

FROM VIDEO DEMODULATOR 

BAND-PASS 
FILTER 

SUBCARRIER 
TRAP 

Figure 7 - NTSC - Decoder. 

4. The PAL System 

E, 

The PAL system may be described as the NTSC system 
plus additional circuits that eliminate phase errors intro­
duced by the transmission path. 

Figure 8 is the vectorial presentation of a chrominance 
signal F. In the NTSC system, the in-phase and the 
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Figure 8 - PAL alternate line-switching principal (vectorial presentation). 

quadrature components of the carrier are in the same 
phase relation (0 and 90 degrees) at all times. 

In the PAL system, one of the two components (called U 
and V components) is alternatingly switched between 90° 
and 270° from line to line. In Figure 8, a constant primary 
color is assumed to be transmitted. The resultant vector 
of the V component will therefore change its position 
between Fa and Fa* from line to line. 

Assume now a phase distortion causing the vector Fa to 
be shifted by the angle fJ in the direction Fa+ p· Since 
the V component of the transmitter is alternatingly switched 
by 180°, the resultant vector for the next horizontal line 
will appear as shown in Fa-(J* that is, also shifted by the 

angle fJ and shifted in the same direction. 
When the polarity of the V component is now alternately 

switched in the receiver, too, then Fa-fl* will appear, in 
mirror symmetry to the U axis, in the first quadrant as 

Fa- B • 
This reversing of polarity requires that both carrier com­

ponents U and V be individually accessible in the receiver. 
The vector Fa will then change, from line to line, between 
F,,+fi and Fa-fJ• that is, with the phase error f3 alternating 
between a positive and negative error; however, the 
alternating vectors will appear in the first quadrant. 

To cancel this phase error, only one condition is neces­
sary; both vectors Fa+ fl and Fa_ fl must appear at the same 
time. This is accomplished with a delay line. The vectors 
can now be added to obtain their mean value at angle a, 
that is, no longer containing the error f3, but somewhat 
shorter than twice the length of Fa' depending on the 
magnitude of the eliminated error. This shortening of the 
vector by Lis is all that is left of the original phase error; 
it has the effect of reducing the color saturation, but by 
an amount so small as to be hardly perceptible. 

4.1 PAL Modulation 

The PAL modulator differs from NTSC only by the addi­
tional function of constant changeover of one subcarrier 
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component by 180 degrees. The additional units are en­
closed in broken lines in Figure g, 

The signals from the three primary-color channels are 
used in the matrix to form the color-difference signals, 
while the luminance signal Ey is formed as the sum of 
the weighted primary-color signals. A subcarrier generator 
supplies the three components 0, go, and 270 degrees. 
The 0° component is mixed with the difference signal Enn 
in the U modulator, and the other two components are 
fed to the V modulator in an alternating sequence as 
controlled by switch S. The switching voltage is provided 
by a bistable generator synchronized with the horizontal 
(line) frequency. Finally, the composite color TV signal 
is produced in the adder, just as in NTSC. 

4.2 PAL Demodulation 

From the video demodulator in the receiver, the color 
signal is applied - as in NTSC - via a bandpass filter 
to Point A in Figure 10. It is then fed to adder V with a 
phase shift at 180° and to adder U directly and to both 
adders through a delay line which introduces a delay 
equal to one line sweep time. 
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Figure 9 - PAL - Modulator. 
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Figure 11 shows the sequence of the signals appearing 
at points A, B, and C of Figure 10 and behind the U and V 
adders (A + B and A + C) occupying four horizontal 
lines. The upper row A in Fig. 11 is the incoming signal 
sequence; the second row is the same row A delayed 
by one line while the third row is again row A with the 
polarity reversed by the 180° phase shifter. 

The additions A + B and A + C as wel I as A - B com­
prising two lines in tandem (lines 2 and 3) are illustrated 
in Figure 12, assuming that the hue of the scene remains 
unchanged during these two lines. The delayed signal Fi 
of line 1 and the signal F2 are simultaneously fed to the 
adder U. Addition of Fi and F2 results in the oc vector of 
the magnitude 2 U corresponding to the color difference 

signal EDB· 

At the same time, Fi appears at terminal B and -F2 at 
terminal C of the V adder. Their addition results in the 
goo component of the color subcarrier with the magnitude 
+2V. 

During line 3, F3 at terminal A is in the first quadrant 
(because of the reversal of the go 0 component) and the 
signal F2, as for the preceding line, in the fourth quadrant. 
The sum of both is again 2 U, i.e. the 0° component. The 
addition of the signals at B and C, however, results in a 
component -2V in the V adder because F2 and -F3 point 
downwards. Thus both subcarrier components are recov-
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Figure 11 - Signal sequence in PAL - Decoder. 

+ 2 v 

B F, 

2U 2 u 

A F, 
F, 

LINE 2 
-1V 

LINE 3 

Figure 12 - PAL - Signal splitting. 
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ered in 0° and goo positions, but the V component changes 
its polarity from line to line. 

As in NTSC, each component is rectified in a synchro­
nous demodulator. In the U demodulator, the reinserted 
carrier has the phase positions 0°. 

Through the intermediary of demodulator V, the phase 
of the superimposed triggering signal jumps from goo to 
270° and vice versa from one line to the other. In this 
manner, the polarity reversal of signal V from one line 
to the other is compensated. 

The PAL receiver demodulator has the following four 
additional functions as compared with the NTSC receiver: 
(1) delay of the subcarrier by the duration of one line so 
that the information of two lines is constantly available; 
(2) splitting of the incoming amplitude-modulated and 
phase-modulated color signal into the original compo-
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nents U and V, which amounts to a reversal of the analog 
process in the transmitter; 

(3) alternate switching of the V component by 180° from 
line to line; 

(4) derivation of sync pulses from the subcarrier for phase 
locking of switching mechanism in (3). 

Armin Rappold was born in Heidenheim, Germany, on 9 Decem­
ber 1912. He graduated as a Diplom-lngenieur in 1936 from the 
Technische Hochschule of Aachen. 

In 1936 he joined C. Lorenz, now Standard Elektrik Lorenz, 
where he worked on television development as well as radar 
and radio-link systems. He is now head of the Department for 
Special Development in the Consumer Electronics Division, work­
ing primarily on commercial applications of black-and-white and 
color television. 
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Glow-Discharge Formation of Inorganic Films for Capacitors 
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1. Introduction 

Film-forming processes have always been needed in the 
manufacture of components for electrical communication. 
Examples of the use of films are to be found throughout 
the industry, from the insulation of wires and the formation 
of dielectric or metallic films, to the very specialized 
techniques used in present-day microelectronics. Liquid­
phase methods previously used for depositing films, for 
example, those using paints and varnishes and electro­
plating, are now being supplemented by techniques of 
deposition from a vapour or gas, and considerable work 
is being carried out in this expanding field at the present 
time. 

The coating of substrates with metallic films by evapora­
tion or by sputtering in vacuum is well known. Chemical 
vapour deposition processes, though less familiar, are 
also being used increasingly. In such processes a suit­
able gas or vapour flows over a heated substrate where 
chemical reduction or decomposition occurs, the deposited 
film or layer then grows from the atoms which are lib­
erated by the thermally initiated chemical reaction. 

It has been found recently that radio-frequency energy 
can be used instead of heat to cause film-forming reac­
tions to take place in a gas environment [1, 2]. The method 
and its application in capacitor manufacture is described 
in this article. 

2. Vapor Deposition Methods 

With the variety of deposition methods that are avail­
able, it is possible to choose the one most suited to the 
material itself and its substrate. Figure 1 illustrntesthe broad 
divisions between various gas-phase processes. Generally 
the evaporation and sputtering methods are applicable to 
metals having suitable vapor pressure, whereas vapor 
plating and the newer glow-discharge coating technique 
have a wider application in the deposition of metals, insu-
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Figure 1 - Relationships of gas-phase deposition processes. 
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lators, and refractory materials. For example, the evap­
oration of aluminium (used commercially in the manufac­
ture of capacitors) is a relatively easy procedure. Alu­
minium evaporates easily and can be condensed as a 
film on to, say, a plastic-film substrate. Because it is an 
element, no problems of composition change arise. In the 

case of tantalum, the vapor pressure is so low that 
sputtering, with its high-energy ion bombardment, must 
be used to transfer material. 

Some insulating materials have desirable dielectric pro­
perties and would be very suitable for capacitor manufac­
ture if they could be made in thin-film form, but the pro­
cesses of evaporation and sputtering are not always suit­
able for the satisfactory deposition of insulating materials, 
since departures from the correct composition can occur. 
However, if suitable source gases are subjected to a 
radio-frequency glow discharge at low pressure, a variety 
of dielectric films can be deposited quite successfully 
with close control of composition. 

3. Chemical Reactions in Gas Discharges 

Various forms of electrical breakdown in a gas have 
been investigated for many years. The differing conduction 
mechanisms which occur depend on such factors as the 
frequency and voltage of the applied field, the gas com­
position, and its pressure and temperature. Generally, 
spark or corona discharges take place at atmospheric 
pressure, whilst glow discharges occur at pressures below 
1 torr. When direct-current or low-frequency alternating­
current fields are used, it is usual to mount electrodes in 
physical contact with the gas. At radio frequencies, how­
ever, glow-type phenomena can be induced in the gas 
by means of an externally placed radiating system. This 
is usually in the form of an inductance or capacitance 
surrounding the tube containing the gas. 

It has long been known that chemical reactions can 
occur in gases which are subjected to electrical stresses. 
Many investigators deliberately chose the inert gases like 
argon and neon for their electrical experiments to over­
come unwanted electrode corrosion and peculiar black 
deposits which darkened the glass tubes. Other scientists 
exploited this ability of gas discharges to promote chem­
ical reactions, and one of the earliest commercial uses 
was the application of a high-voltage corona discharge in 
oxygen to form ozone. The apparatus was termed an 
"ozonizer" and usually operated at or near atmospheric 
pressure. This type of application has recently been 
termed "corona chemistry". 

At lower gas pressures and lower voltages, a glow-type 
discharge can be initiated in a gas that is stimulated by 
a radio-frequency field. This electrode-less discharge is 
silent, occurs at relatively low power, and results in a 
special kind of luminosity. It is not localized or fiery in 
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appearance like the crackling corona and spark dis­
charges. 

This form of stimulation associated with the silent glow 
discharge has been found most suitable for producing 
chemical reactions which result in the formation of insu­
lating films. From the point of view of chemical reaction 
and the deposition of a film, the emission of light may 
be regarded as a secondary mechanism merely incidental 
to the process. In our experiments, it has been noted that 
chemical reaction can be sustained in the radio-frequency 
field below the glow threshold, and films have been 
grown with no attendant visible glow. In these glow-dis­
charge chemical reactions, existing chemical bonds in the 
gas molecules are broken to create simpler molecules, 
free radicals, or atoms with some ionization of these 
species. Thermally speaking, the gas is cold, but the 
energy derived from the radio-frequency field is sufficiently 
high for there to be appreciable excitation among the gas 
molecules. New bonds and therefore new molecules form 
in this cold gas, and where the synthesis results in the 
formation of compounds which normally exist in the solid 
phase, a film is deposited on to a suitably placed sub­
strate. 

4. Experimental Techniques For Film Deposition 

The first experimental apparatus used for the formation 
of films by glow discharge is shown schematically in 
Figure 2 and pictorially in Figure 3. It is basically simple 
and consists of a reaction tube fitted with gas inlets and 
a vacuum pump. Radio-frequency energy is inductively or 
capacitively coupled to the reaction chamber from a 500-watt 
1-megahertz oscillator which was specially designed for 
this work by Stanelco Industrial Services Ltd.; the gases 
to be reacted are separately metered and fed into the 
reaction zone, where a suitable substrate is located. The 
rotary vacuum pump is controlled by means of a throttle­
valve to give operating pressures near 0.1 torr. After 
some minutes to allow for stabilization of the gas flow 
conditions, the radio-frequency field is applied and depo­
sition commences. 

One of the simplest examples of film growth is the depo­
sition of silicon from silane gas. This gas SiH4 is analogous 
to methane CH4 and can be decomposed by heating to 
give its elements, silicon and hydrogen gas. This pyrolysis 
is conveniently carried out at 1000 degrees Celsius, when 
the crystalline semiconducting form of silicon is produced. 
In contrast, films of armorphous insulating silicon can be 
deposited cold from silane in a radio-frequency discharge 
using the apparatus previously described. Sheet Mylar or 
other similar plastic material can be used as a substrate 
and because deposition takes place at or near room tem­
perature no degradation of the substrate occurs. Electron 
diffraction analysis has proved that the silicon deposit 
has an amorphous or glassy nature and electrical meas­
urements of resistivity give a value of 1011 ohm-centi­
meters, compared with 103 ohm-centimeters for thermally 
produced ultra-pure crystalline silicon. 

The main impact of the work on glow deposition has 
been directed towards the deposition of insulating com­
pounds of silicon, like silicon dioxide or silica (Si02) 
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and silicon nitride (Si3N4). These materials generally occur 
as glasses or ceramics and normally need a temperature 
above 1000 degrees Celsius for their formation. 

The cold synthesis of these materials can be carried out 
easily in a glow discharge. Silane is mixed with another 
gas at the point of entry to the reaction chamber, and 
the corresponding compound is deposited on to a sub­
strate. For example, nitrous oxide (N20) liberates oxygen 
in the glow discharge which then combines with silane to 
deposit a film of silica. These films are hard, glassy, and 
transparent, in fact similar to those produced 2t high 
temperatures by more conventional thermal techniques. 
The molecular nitrogen (N2) liberated during this reaction 
does not combine with silicon under these conditions. 
However, if ammonia (NH3) and silane (SiH4) are reacted 
in a glow disc~arge in the absence of oxygen, nitrogen 
combines with silicon to form a film of silicon nitride. In 
the same way, titanium dioxide can be deposited from 
titanium tetrachloride vapour (TiC14) and carbon dioxide 
gas (C02). It is certain that the use of radio-frequency 
energy as a chemical catalyst will apply to a large number 
of similar reactions. 

5. Pin Holes 

In any film forming process, the number of pin holes per 
unit area should be as low as possible, and this is espe­
cially true of films destined for use as capacitor dielectrics. 
Films formed by glow-coating methods are particularly 
free from holes, and it is thought that a mechanism oper­
ates whereby an incipient pin hole is removed by an in­
crease of electron activity at that particular point. Cer­
tainly, when glow discharges are used to clean up vacuum 
systems, microscopic particles of dust on a surface can 
sometimes be seen to scintillate and disappear. This 
mechanism should continue to operate throughout the 
growth process. Another favorable aspect of the method 
is that at the relatively high pressures used (100 microns 
of mercury) material will arrive at the substrate surface 
from all directions. This is in contrast to the evaporation 
of metals in high vacuum where particles of dust which 
fall on the surface of the growing film cast shadows and 
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Figure 2 - Flow system for the coating apparatus. 
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give rise to tiny areas where deposition is absent or 

restricted . 

6. Silicon Nitride - A Capacitor Dielectric 

In view of the suitability of this new method for the 
deposition of insulators and dielectrics it was decided to 
try out the technique for the fabrication of experimental 
capacitors . The first material chosen for this investigation 
was silicon nitride because of its inherent stability and 
favourable electrical properties. 

Silicon nitride is normally made in polycrystalline form 
by direct combination of the elements, nitrogen and silicon , 
at high temperature. The resulting powdered product is 
compacted by pressure in a suitable mould and sintered 
at high temperature . It has a relat ively high dielectric con­
stant of between 7 and 9, an electrical breakdown strength 
of near 107 volts per centimeter and, when pure, has an 
excellent power factor. In this bulk form, however, it is not 
really suitable for capacitor manufacture. Comparison of 
its dielectric properties with some other materials is given 
in Table 1. 

Table 1 

Dielectric Properties 

Loss I Dielectri c 

Material 
Dielectric Angle at I Strength in 
Constant 1 Kilo- Volts Per 

hertz Centimeter 

Silicon nitride 8 0.0002 5 x 106 

Mica 6.8 0.0001 5 x 106 

Fused silica 3.8 0.0002 1 x 106 

Paraffin wax 2.2 0.0001 5 x 106 

Polycarbonate 
(organic cast f ilms) 2.8 0 .002 1.8 x 106 

7. Silicon Nitride Films 

In the first experiments, on depositing thin films of silicon 

nitride from ammonia and silane, an excitation frequency 
of 1 megahertz was used associated with an external in­
ductance/capacitance system coupled to the reaction tube. 
During deposition, a faint glow could be seen . The hard 
and glassy film deposited at a rate of approximately one 
micron (10 000 angstrom units) per hour on to the glass 
substrate and showed changing interference colours as it 
grew. A range of substrate temperatures was studied. 
Even when the films were deposited cold (25 degrees 
Celsius) , they showed excellent dielectric properties. In­

fra-red absorption spectroscopy shows the presence of 
N-H groups in layers deposited cold , but these groups 
are progressively removed as the temperature of the 
substrate is increased, and appear to be absent from 
films deposited at a few hundred degrees Celsius. An im­
portant feature of the method is that the proportions of 
the gaseous reactants may be changed to give silicon 
nitride films of different compos ition. Properties which 
are composition dependent can , therefore, be optimized . 
Figure 4 shows the variation of dielectric constant with 

gas composition. 
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8. Capacitor Fabrication 

To assess the overall behavior of silicon nitride as a 
dielectric material, a deposition unit specifically for sili ­
con nitride was built in the Capacitor Division of Stand­
ard Telephones and Cables. The integration of the depo­
sition unit with a system for the formation of complete 
capacitors enabled electrical and environmental studies 
to be carried out on encapsulated capacitors. By this 
means it was also possible to evaluate the reproducibility 
and efficiency of the deposition technique on a plant of 

basically simple design. 
Although this new plant was modeled on the one suc­

cessfully used at Standard Telecommunication Laborato­
ries, it was necessary to incorporate certain modifica­
tions. Some flexibility in the des ign was necessary to 
cater for such factors as an antici pated increase in the 
deposition rate, a greater handling capacity, and similar 
features of commercial importance. The central part of 
the deposition unit is shown pictorially in Figure 5. 

Silicon nitride layers have been produced with the above 
system at various growth rates from 0.1 to 1 micron per 
hour, and with both good control and uniformity of film 
thickness over areas in excess of 10 square centimeters . 
The achievement of capacitors with good electrical behav­
ior following various processing treatments demonstrat­
ed the inherent chemical stability of the amorphous nitride 
films even when subjected to various degrees of thermal , 
mechanical , and physical stress associated with the depo­
sition of the electrode and the curing of the encapsulation 

material. 

Figure 5 - Silicon nitride depos it ion plant. 
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8.1 Apparatus 

During the construction of the deposition plant, due 
regard was paid to safety in handling the raw materials , 
silane and anhydrous ammonia. Corrosion-resistant mate­
rials were incorporated where necessary to reduce con­
tamination to a minimum. For example, the gas supply 
lines, the electrode chamber, and the vacuum-pumping 
unit were constructed in stainless steel , while the depo­
sition chamber was made from a specially shaped thick­
walled transparent silica tube. Where possible, argon 
arc-welded joints were used so that the number of poten­
tial leaks was reduced and the complete system was 
leak tested prior to use at both low and high gas pres­
sures. Perspex screens and electrostatic screening were 
employed to improve safety during plant operation , with 
full facilities to flush the complete system with an in­
active gas, such as dry nitrogen , if a malfunction oc­

curred . 
During the operation of the system, gas flow rates are 

accurately controlled by stainless-steel needle valves 
and measured by means of specially designed differen­
tial flow-meters . Provision is made for the deposition 
pressure to be continuously monitored with a Pirani gauge, 
and checked with a permanently fitted Mcleod gauge. The 
pressure is controlled by balancing of the total gas input 
rate against the throttled vacuum pumping speed. 

Ancillary equipment includes a vacuum evaporation unit 
that was fitted with magnetic workholders and film-growth 
monitors for the controlled formation of metal electrodes 
on the substrate wafers before and after the nitride de­
position . During processing, all materials are stored in a 
dust-free chamber at a relative humidity maintained below 
4 percent by molecular sieve pumping . 

8.2 Design and Preparation of Test Capacitors 

For the preliminary examination a simple planar elec­
trode design was adopted having an effective dielectric 
area in the range 0.04 to 4 square centimeters. Although 
in single-layer form the planar construction yields a low 
space-factor efficien cy, an improvement can be achieved 
by alternately depositing metal and dielectric layers in the 
form of a multilayer system of capacitors connected in 
parallel on a single substrate wafer. 

Various electrode materials, including copper, si lver, 
gold, nickel , and aluminium were used during the initial 
experimental program, but aluminium was chosen for the 
completed capacitor evaluation because it can be used 
in a "burn-out" process to iso late, if necessary, flaws or 
pin holes in the dielectric films . 

However, capacitors have been successfu lly produced 
free from the necessity for any burn-out behavior under 
a direct-voltage stress, thus supplying further evidence 
to suggest that these amorphous films of si licon nitride 
are free of pin holes. 

In these test capacitors, microsheet glass substrates 
were used. It is pointed out that in the fabrication of 
commercial capacitors it is essential to use a low-cost 

substrate material whose bulk is only a small part of the 
overall volume of the finished component. Certa in mate-
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rials suggest themselves, for example, ceramics, organic 
films, or metal foils. 

One of the main problems in the fabrication of an encap­
sulated electronic component is in the formation of a 
reliable bond between the external lead wires and the 
primary electrode areas of the basic component. It must 
be of low electrical resistance and have good mechan­
ical strength. There are difficulties associated with the 
bonding of conductors to aluminium films, particularly in 
view of the ever-present oxide film. 

The following bonding techniques have been used in this 
investigation, and the electrical results reported here 
apply to capacitors made with either of the methods out­
lined below. 

(A) Electrode wires soldered to evaporated chromium­
gold land areas connected to the aluminium electrode 
layers. This technique is suitable for maximum working 
temperatures between 150 and 200 degrees Celsius. 

(B) Direct wire attachment to the aluminium surface using 
a silver conducting resin suitable for limited operating 
life at a maximum of 200 degrees Celsius. Alternative 
methods, such as flame-sprayed land areas suitable for 
soldering or microwelding are being examined. 

A wide variety of encapsulation materials are currently 
available to meet the specialized requirements of the 
rapidly expanding field of electronic components. Such 
materials as silicone varnish, epoxy resin, and polytetra­
fluoro-ethylene, have been successfully used without any 
deleterious effect on the electrical performance of the 
silicon nitride film. In some samples, a protective layer of 
silicon nitride was deposited on the basic electrode/ 
dielectric sandwich followed by a resin bath dip. Most of 
the samples employed for the electrical valuation were 
encapsulated in a silica-filled epoxy resin. This material 
provides a combination of desirable characteristics, those 
of low thermal expansion and low curing shrinkage cou­
pled with good thermal stability and low water vapor ab­
sorption. 

During processing, these encapsulated silicon nitride 
capacitors have withstood sustained temperatures of 
200 degrees Celsius for more than 300 hours and thermal 
shock excursions of greater than 30 degrees Celsius per 
minute with no deterioration in their electrical properties. 

9. Electrical Evaluation of Development Capacitors 

The following electrical results were obtained on com­
pleted capacitors and are related to the behavior of 
commercially important capacitor dielectrics. Films having 
thicknesses of between 2000 and 6000 angstrom units 
were examined and gave a capacitance yield of from 
0 035-0.012 microfarad per square centimeter respec­
tively. Within this thickness range, all capacitors exhibited 
the same electrical sensitivity to changes in temperature, 
voltage, and frequency. During deposition of the silicon 
nitride, the film growth rate was monitored by the inter­
ference color of the film viewed perpendicularly in white 
light and checked during subsequent processing with a 
Michelson interferometer. In this way the growth rate was 
calibrated for a given set of deposition conditions and 
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enabled film thicknesses to be controlled to within ± 3 
percent. 

9.1 Capacitance Measurements 

Capacitance measurement data indicate that the dielec­
tric constant obtained in our silicon nitride films is approxi­
mately 8. This is a considerable improvement over such 
materials as mica and the organic dielectrics. 

In Figure 6 the change in capacitance with temperature 
over the normal operating range of a capacitor is com­
pared with mica and ceramic (high-Q) capacitors. The mean 
temperature coefficient of capacitance over the full range 
from - 50 to + 150 degrees Celsius is 25 parts per mil­
lion, that is, well within the limits of all commercially 
available capacitors. These measurements were obtained 
on several samples plotted continuously on an automated 
capacitance/temperature cycling bridge. 

The capacitance is also very stable to changes in applied 
frequency, as shown in Figure 7, for measurements at 
1-volt root mean square. 

Both the temperature and frequency characteristics 
reflect the molecular and electronic stability of silicon 
nitride as deposited by the vapor-phase technique. For 
example, many dielectric materials exhibit a non-linear 
capacitance/temperature function at specific temperatures, 
which may be due to such factors as a change in com­
position or a re-orientation of lattice symmetry. 
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Figure 6 - Percent capacitance change with temperature from the 
capacitance value at 25 degrees Celsius. 
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Figure 7 - Capacitance change with frequency. 
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The capacitance values are only slightly modified by the 
application of a direct-current field stress. For example, 
an increase in voltage from 10 to 50 percent of the break­
down voltage for a given silicon nitride layer decreases 
the capacitance by less than 0.5 percent. 

9.2 Dissipation Factor 

The measurement of the dissipation factor gives good 
indication of both the quality of the dielectric material 
and the electrode efficiency. Excellent values are obtained 
comparable with those of mica and polystyrene. Encap­
sulated capacitors have typical values of loss angle (tan o) 
in the range 0.0002 and 0.0008 at 1-volt root mean square 
and a frequency of 103 hertz. As shown in Figure 8, mini­
mum values are observed at around 4 X 104 hertz. 

These values are satisfactory for practically all circuit 
applications. 

A slight increase in dissipation factor occurs with rise in 
temperature, but this may occur as a result of surface 
strain introduced by expansion of the electrode and en­
capsulation material rather than due to a change in funda­
mental behavior of nitride layers. 

The dissipation factor of silicon nitride is particularly 
low in comparison with anodic oxide and high-K ceramic 
materials which have values greater than 0.01. It is also 
low compared with glass dielectrics, where values of 
0.0005 or greater are normal. 

9.3 Insulation Resistance 

Capacitors with a dielectric thickness of between 3000 
and 4500 angstrom units were encapsulated and baked 
for 24 hours at 150 degrees Celsius to cure the resin 
encapsulant. Direct-current resistance measurements car­
ried out at 50 volts showed a silicon-nitride resistivity of 
1016 ohm-centimeters at room temperature. An increase 
in temperature of 100 degrees Celsius resulted in a resist­
ivity decrease to 1014 ohm-centimeters. 

The general behavior and stability of the direct-current 
resistance to changes in temperature indicates that, with 
suitable electrode, substrate, and encapsulation materials, 
a capacitor with a working temperature of 200 degrees 
Celsius is feasible. 

The direct-current resistance of 0.01 microfarad silicon 
nitride capacitors is 1010 ohms at an applied voltage of 
20 percent of the breakdown voltage. In the absence of 
burn-out regions in the dielectric layer, the silicon nitride 
capacitors are non-polar. 

9.4 Breakdown Voltage 

Capacitors tested to the irreversible breakdown voltage 
level indicated that the dielectric strength of silicon nitride 
> 5X106 volts per centimeter. Minimum breakdown volt­
ages for silicon nitride capacitors of various thicknesses 
are therefore as given in Table 2. 

In realizing a high working voltage of at least 20 per 
cent of the breakdown voltage with such thin films it is 
obviously essential that at the critical stage of the elec­
trode/dielectric formation the films be adequately protected 
from dust and other forms of impurity contamination. 
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Table 2 
Capacitance and Breakdown Voltage of Silicon Nitride Layers 

Silicon Nitride Minimum Capacitance Yield 
Thickness in Breakdown in Microfarads Per 

Angstrom Units Voltage Square Centimeter 

3000 150 0.023 
4000 200 0.017 
5000 250 0.014 
6000 300 0.011 

9.5 Life Assurance Evaluation 

Capacitors have been placed on a long-term aging test 
at various temperatures up to 200 degrees Celsius and 
at different direct-voltage levels. Preliminary results after 
several hundred hours show extremely little change in 
dielectric behavior; for example, a capacitance drift of 
less than -0.2 percent has been recorded. 

10. Conclusion 

It has been shown that films of inorganic insulators 
deposited from suitable gases in an electrodeless glow 
discharge can be used to make excellent capacitors. The 
ability to control the composition of these films within 

wide limits offers definite advantages over the sputtering 
and pyrolytic methods of deposition. Pin-hole-free films 
deposited at reasonable growth rates and under con­
ditions of control are essential to meet the present and 
future demands of the electronic industry. This radio­
frequency method of chemical reaction, which has been 
described, provides silicon nitride capacitors which meet 
these requirements well. 

In addition, the films have very good stability to changes 
in temperature, voltage stress, and frequency. 

In highlighting the main features of the silicon nitride 
capacitor, its ability to retain satisfactory electrical pro­
perties to a temperature of at least 200 degrees Celsius 
should be stressed. The potential high space factor ob­
tained by the combination of a high dielectric constant 
and a thin film is also of considerable importance. 

The current technological progress being made in plasma 
deposition processes should lead to the realization of 
capacitor manufacture on a continuous flow basis, with 
multi-layer units being fabricated at low cost in a single 
deposition unit. 
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1. Introduction 

The growth of intercontinental communications rapidly 
reached an almost explosive level after laying the first 
36-channel transatlantic submarine cable in 1956. 

The availability of high quality instantaneous commu­
nication channels has set off a chain reaction in which 
satisfaction of present needs creates still further demand, 
so providing a powerful stimulus for increasing develop­
ment of transoceanic communication networks. The means 
now available to satisfy this increasing demand are dis­
cussed in this paper by evaluating satellite and cable 
technologies within the framework of their capabilities, 
costs and relative advantages. 

2. Historical Development of Cable and Satellite Systems 

2.1 Early Beginnings 

Communications, as we understand the term today, has 
its roots in the Industrial Revolution, from whence the 
tempo of life rapidly increased. The electrical telegraph, 
a wonder of its age, rapidly became established and it 
was not long before its bounds were extended beyond 
national limits. By the end of the 19th century a maze of 
telegraph cables traversed the ocean bed. 

It was another quarter century, however, before trans­
oceanic telephony became a reality, and as thermionic de­

vices became more efficient, so a web of high-frequency 
radio circuits was woven round the globe, providing much 
of the basic network in service today. 

Again, twenty-five years on, the first application of 
repeatered cables for transoceanic telephony was suc­
cessfully demonstrated, and this medium has rapidly 
gone from strength to strength, supplemented in recent 
years by a new concept - satellites. 

2.2 Transoceanic Telephone Cable Systems 

Initially, most development effort concentrated upon 
improving communications over submarine cables, and as 
experience was gained, so wider bandwidths were ex­
ploited resulting in a generation of submarine systems 
from 36, through 80 and 160 to 360 channels capacity 
being evolved in the United Kingdom [1 ]. These systems 
relied upon valve techniques, since at that time the state 
of the semiconductor art was such that long-term proven 
reliability of solid-state devices was still being explored. 

As it became clear that improved solid-state devices 
were able to fulfil the stringent requirements of reliability 
and long life demanded for submarine systems, designers 
and engineers were quick to seize upon these new tech­
niques resulting in a second generation of wider-band­
width, solid-state systems of 640-circuit capacity and de­
velopment of systems of 1520-circuit capacity for applica­
tions in the early 1970's. 
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So, too, parallel development has taken place in the 
United States, resulting in successful valve systems of 
36- and 128-circuit capacity, and newer solid-state sys­
tems employing wider bandwidths capable of accommodat­
ing 720 circuits. Research is proceeding into systems with 
capacities of over 2500 circuits for the mid-seventies. 

In the ten years since the success of the first long­
haul transoceanic cable link was demonstrated, a wide 
range of cable systems has been evolved, capable of 
satisfying the corresponding range of traffic demand over 
major world routes. 

Figure 1 pictorially represents developments in trans­
oceanic cable capacity. 
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Figure 1 - Growth in avai I able cable system capacity in circuits for 
transoceanic routes. 

2.3 Satellite Communications 

Success in the United States with early passive de­
vices rapidly stimulated the concept of active communica­
tions satellites, with design parameters such as to allow 
for circuit capacities to be at least equal to those of exist­
ing cable systems. The success of the Telstar and Relay 
low orbit projects, through Syncom to Early Bird synchro­
nous schemes has demonstrated the commercial viability 
of communications satellites, to the extent that the Inter­
national Telecommunications Satellite Consortium (Intel­
sat) has now embarked upon the first phases of a global 
satellite system of the synchronous type which on com­
pletion in 1968, could make access and coverage avail­
able to most of the world's national networks. 
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Figure 2 - Growth in available circuit capacity in satcom vehicles. 

At present circuit capacity is limited, though adequate, 
by exploitation of 240 circuits; but successive phases of 
the Intelsat program, as shown in Figure 2, envisage cir­
cuit capacities of up to 1200 with multiple-access facilities 
in late 1968 [2]. 

2.4 Integrated Systems 

Activity in each medium of communication has inevi­
tably produced a highly competitive situation, in which 
merits and limitations of both cable and satellite systems 
can be argued at great length. 

In the United States particularly, this competitive situa­
tion has been highlighted by the volume of argument and 
counter-argument brought before the Federal Communi­
cations Commission (FCC). Events have shown, however, 
that both media can co-exist, and, with reasoned thinking 
prevailing, recognition is now given to the fact that cables 
and satellites can each fulfill a specific role in provision 
of global communications. 

Their complementary nature could be compared with a 
well established practice in countries with highly devel­
oped telecommunications where coaxial cable and micro­
wave links are used to fulfill their specific role in an inte­
grated internal network, each offering their advantages 
regarding economics versus required system capacity; 
ease of installation in difficult terrain and sensitivity to 
the congested frequency spectrum. 

Whereas cable systems are expected for some time to 
cater for the more-orthodox and long-established modes 
of communications, satellites can find an application in 
supplementing these services, particularly in the more­
sophisticated wide-band fields of television, networked 
computers and other data systems, or providing facilities 
for a relatively small number of circuits over very long 
intercontinental distances. 

In the same way, designers of both systems can learn 
one from the other about the future application of inte­
grated-circuit technology, digital-transmission techniques, 
and so on. These techniques, rather than narrowing the 
field, open up broader vistas for an integrated global 
communications network in which the cable and satellite 
media both play a balanced part. 
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3. Satellite Achievements and Limitations 

3.1 Success and Life Expectancy 

Any excursion into new sciences is bound to have its 
setbacks. Communication satellites are no exception, and 
valuable experience has been gained the hard way. With 
the rapid rate of technological advance that has been 
made in the satellite field in so few years, the margin of 
failure has been considerably narrowed, but disappoint­
ments have not yet been entirely eliminated. 

The early low-altitude Telstar and Relay satellites per­
formed a valuable function for the evaluation of system 
characteristics in a space environment and in practical 
demonstrations of transoceanic television transmission, 
but both satellites were short-lived. 

The Syncom II and Ill vehicles presented no difficulties 
in attaining their prescribed positions. These two satellites 

enabled consolidation of previous experimental findings 
and demonstrated the commercial potential of communi­
cation satellites by United States Government Agencies, 
leading to the successful launch and commissioning of 
Early Bird. 

Operated by the Communication Satellite Corporation 
(Comsat), the Early Bird satellite provided the first com­
mercial 240-circuit space communication system in which 
a large number of nations (60 at the time of writing) have 
become active participants. 

At the moment, Intelsat is building on foundations of 
experience gained with the Syncom and Early Bird satel­
lites to study the problems of multiple access and other 
factors unique to the satellite mode of communication, 
backed up by a National Aeronautics and Space Agency 
(NASA) experimental program being conducted by means 
of Applications Technology Satellites (ATS), in which eval­
uation of antenna types, frequency spectra for specialised 
services, and kindred problems are forming a major part 
of the program. The data obtained will be of value in the 
determination of the basic space vehicle parameters em­
bodied in later generations of lntelsats. 

Comsat have already shown their confidence in the in­
creasing longevity of satellites as Table 1 will show, the 
mean time to failure (MTTF) having been extended from 
18 months to 5 years over 3 successive generations of 
Intelsat vehicles. 

Table 1 - Life and success probability of Intelsat synchronous 
satellites: after Comsat [2) 

Launch & Failure 
Circuit Life operational rate for Satellite capacity (MTTF) 

designation success successful 
(Bothway) years probability launches 

Intelsat I 
I (Early Bird) 240 1.5 - -

Intelsat II 
(Lani Bird etc.) 240 3 0.75 0.25 

Intelsat II 
(Squinted 
antenna) 240 3 0.75 0.25 

Intelsat Ill 1200 5 0.75 0.25 
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It is worth remarking that some schools of thought 
have predicted a 0.95 probability of launch success for 
later generation satellites. 

3.2 Subjective Reactions to Satellite Circuits 

Without question, the success of the Intelsat program 
so far has made considerable impact upon the whole con­
cept of transoceanic communication, but the fruits of suc­
cess are beginning to become marred by a number of 
limitations. 

Paramount among these are the questions of transmis­
sion delay and echo. To the tutored ear of the communi­
cation engineer, these effects may seem of little signifi­
cance when weighed against the overall advantages of 
the satellite system, but what is the end-user reaction? 
The public as a whole is not prepared to accept an ab­
struse explanation when calls, say, from New York to 
London, "don't sound right somehow"! 

Two series of subjective tests on both sides of the 
Atlantic in 1964 (using simulated delay) and 1965 (via 
Early Bird) have shown that there is a marked end-user 
reaction to long-delay-time circuits [3]. 

With the facilities of Early Bird available for the second 
series of tests, comparison was made between satellite 
circuits and random cable circuits using Time Assignment 
Speech Interpolation (TASI) and non-TASI techniques. 

Results showed that there was little statistical signifi­
cance between the amount of difficulty experience on ei­
ther type of cable circuit, but there was considerable 
significance in the differences between cable and satellite 
circuits. This is evident from Table 2 which gives results 
of the experiment for a sample without any special pre­
cautions being taken [3]. 

Table 2 - Subjective result of sample end-user opinion of 
transatlantic circuits 

Transmission End-user Cable Satellite 
quality rating circuits circuits 

Satisfactory Excellent/ 87% 77 % 
Good 

Unsatisfactory Fair/Poor 13% 23% 

Total number of samples 1294 1335 

Introduction of echo suppressors on both types of cir­
cuit led to the conclusion that the transmission quality 
over such circuits decreases with increasing delay. Dif­
ferent types and combinations of suppressors used in the 
tests produced similar results. 

It was also shown that end-users tended to disregard 
previous experience of satellite circuit calls, opinion being 
based upon circuit conditions prevailing at the time of the 
sampling. 

These tests provided a useful insight into the end­
user's likes and dislikes, and tend to indicate that the 
public will only accept a decrease in transmission quality 
of up to a certain degree, which could make satellite cir­
cuits marginally unpopular. 

72 

3.3 Emerging Limitations 

A number of factors can be quoted to illustrate the 
present limitations of the satellite medium. 

a) The first live television transmission from Australia 
to the UK relied upon cable facilities for the sound chan­
nel since only limited bandwidth was available at the Car­
narvon ground station. Therefore to cater for multi-pur­
pose traffic, wide-band transponders are an essential 
element of the satellite ground terminals. 

b) With the present tariff rates, European Broadcasting 
Administrations find it less costly to record transatlantic 
television programs by slow-scan techniques over cable 
circuits, though "hot" news can be transmitted live by 
satellite. 

c) Arising from b), it is noteworthy that from commis­
sioning to end 1966, Early Bird had only carried about 
250 hours of actual television program time [4]. 

d) Preliminary reports indicate that to reduce the delay 
and echo problems, a United States domestic satellite 
network may provide only a "go" path, the "return" path 
being accommodated in a terrestrial system. 

e) As microwave networks expand, it is becoming evi­
dent that signaling difficulties are being experienced, (and 
satellites are microwave devices) which could give rise 
to concept of "bypath" signaling channels via alternative 
media. 

f) Since satellite systems share the same frequency 
allocation as the terrestrial microwave networks, special 
precautions are necessary in selecting a suitable location 
for the ground terminal to minimise mutual interference. 
This often results in the building of the ground station 
some distance from the main traffic centers, and the ne­
cessity for specially engineered land tail systems for in­
terconnection of the ground terminal with the existing 
trunk network. 

g) Perhaps the most important limitation of space com­
munications as planned today is the need to abandon 
existing satellites and replace them with larger bandwidth 
satellites long before the end of their projected life span. 
Such premature obsolecence due to technological advance 
is likely to considerably increase the total investment in 
the space segment, which in turn must be reflected in 
the levels of satellite utilisation charges. 

4. Cable Systems: Achievements and Limitations 

4.1 Cables Lead Trend in Global Traffic 

The last decade has witnessed a massive upsurge in 
the demand for communication facilities. Commencing 
within national networks, the rapid increase in demand 
soon spread to international level, resulting in what is 
popularly termed the "communications explosion". 

Under pressure of demand for international facilities, 
existing high-frequency links became inadequate on ma­
jor transoceanic routes, and it was the timely advent of 
repeatered submarine systems which pointed the way of 
future trends. 

The first transatlantic cables, considered of adequate 
capacity at the time of planning, stimulated, rather than 
satisfied, the public demand so that facilities were satu­
rated within twelve months of becoming operational. 

Electrical Communication· Volume 43, Number 1 · 1968 



This pattern has been repeated throughout the world, 
wherever cables have been provided. The reduction of 
channel bandwidth from 4 kilohertz to 3 kilohertz and the 
application of T ASI has, in many cases, proved to be a 
palliative but not a solution. 

Increasing annual traffic growth rates have been re­
corded, and the average duration of the call considerably 
increased. 

Table 3 clearly demonstrates the effect that cables 
have made upon international traffic. 

Table 3 - Growth in international telephone traffic 

Annual percentage increase in international traffic 
Country 

1960/1 1961/2 1962/3 

United 
Kingdom 3.5 11.3 12.8 

United 
States 25.611> 11.8 18.7 

Japan 9.0 8.0 10.0 

Australia 7.7 1.5 36.3151 

New 
Zealand 24.5 11.8 85.015> 

11) TAT-2 to European Mainland in Service 
12) TAT-3 to U. K. in Service 
(3) TAT-4 to European Mainland in Service 
(4) TRANSPAC Japan-USA in Service 

1963/4 

11.3 

16.2 

13.8 

48.1 

76.7 

(5) COMPAC Australia-New Zealand in Service 
(6) COMPAC New Zealand-Canada in Service 

4.2 Present and Forward Planning 

1964/511965/6 

22.7121 21.4 

20.3121 26.0131 

48.0141 38.1 

73.916> 33.2 

55_716) 29.5 
_I 

The achievements in submarine-systems technology 
are already widely known, and are comprehensively doc­
umented throughout the world. It is sufficient to say, 
therefore, that although in the time scale submarine sys­
tems have not made the spectacular impact on the world 
as have satellites, their usefulness in knitting countries 
closer together in commerce and political understanding 
continues to proceed in a quiet, though relentless, way. 

Designers and engineers, by applying modern compo­
nent techniques; have already extended multifold the ca­
pacity of the submarine cable systems. 

The British Post Office, together with British industry, 
are moving ahead in the development of solid-state sys­
tems of 12-megahertz bandwidth for the late sixties [5]. 
Such a system will be capable of accommodating 1520 
channels over route lengths up to 4000 nautical miles. 

Thinking in the United States is already directed to­
wards systems with 20-megahertz bandwidth capable of 
accommodating some 2500 channels to be available in the 
mid-seventies. 

Beyond these bandwidths, however, economic factors 
may dictate a transition from the traditional frequency­
division-mu ltiplex techniques to digital transmission. Land 
systems of 224-megabit capacity have already been shown 
to be feasible, and with the rapid advance in digital 
technology, it would be relatively easy for the submarine­
systems designers to adapt the art to their particular field. 

Whatever is the final mode of transmission, still wider­
bandwidth systems will be planned when demand for 
such facilities are identified. 
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So, in this way, the versatility of submarine cables 
could increase, rather than diminish as pessimists pre­
dicted at the dawn of the satellite era. 

4.3 Limiting Factors 

A clear distinction must be drawn between the applica­
tion of submarine-cable systems and their satellite coun­
terparts. 

Essentially, submarine-cable systems can only, in the 
first instance, provide a point-to-point transoceanic link; 
reliance being placed upon the adequacy of interconnect­
ing tail facilities to extend multi-destination service. On 
the other hand, satellite systems possess the capacity for 
multi-point-access as an inbuilt characteristic of their de­
sign; though the provision of small bundles of circuits 
may prove expensive by this means. 

Because of differing methods of investment in the two 
media, as discussed in Section 5 of this paper, the pro­
vision of cable systems necessitates a larger initial capital 
outlay than do satellites. 

It is therefore important that manufacturers provide 
cable systems at an attractive cost level per mile, taking 
account of the two interdependent factors forming the 
principal limitations for transoceanic submarine cables, 
namely hardware cost and system topography. 

Cost, naturally, can vary quite widely depending upon 
route length and system capacity, and this aspect will be 
discussed later. In examining the limiting factors for cable 
systems however, this final cost aspect is germane to this 
present discussion, since it is governed, in the main, by 
technical considerations. 

As the capacity of cable systems increases, so a num-
ber of basic factors become increasingly important, viz: 

a) repeater spacing 
b) system equalisation 
c) cable parameters 
d) power supply. 
Factors a), b) and c) are all interdependent, and are 

direct functions of the system capacity. 
Increasing bandwidth necessitates shorter repeater 

sections, so increasing both the number of submerged 
repeaters and equalisers required. There is a limit to 
which one can go before the system becomes uneco­
nomic on account of the shortness of repeater-section 
length. 

It follows then that, for wide-band cable systems above, 
say, 600 circuits, attention must be paid to the design of 
the cable, since the attenuation per unit becomes an In­
creasingly important factor. 

At the present time, the British-designed 0.99-inch 
(25.2-millimeter) lightweight cables are, in general, suit­
able for all deep-water applications up to 640 circuits, but 
for systems of greater bandwidth, designs of cable of 
lower attenuation per unit length, and hence larger diam­
eter, are necessary [5]. 

A design of 1.5-inch (38.1-millimeter) cable is now 
available for the new generations of systems with capac­
ities in excess of 640 circuits. 

Unlike satellites, cable systems cannot rely upon solar 
power as a supply source. Inevitably, at the present state 
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of the art, repeaters require power to be fed over the 
cable from the shore terminals. 

The constant-current feed methods at present in use 
often require voltages of several kilovolts to be applied 
at the terminal ends, and introduce the problems of surge 
protection for the repeaters under open-circuit cable-fault 
conditions. In order to keep both the applied voltage and 
surge risk at a manageable level, limits have, of neces­
sity, to be applied to the route length and intermediate 
landing points are normally chosen, should the terminal 
stations be more than about 4000 nautical miles apart. 

The lower-current requirements for a transistor system 
help with this problem, although complex transistor-pro­
tective circuits are required in the repeaters to ensure 
long life span of the transistors. 

5. Comparative Evaluation of Satellite and 
Cable Communication Media 

5.1 System Economics 

One of the most difficult areas of comparative evalua­
tion of satellite and cable systems is the field of system 
cost. The cost parameters are well defined in the case of 
submarine-cable systems, but need a considerable degree 
of qualification and an appreciation of the different en­
tities involved in the ownership of the satellite system. 

5.1.1 Capital Involvement in Satellite Communication 
Investment 

With the progress in development of operational satel­
lite communication systems, it is becoming somewhat 
easier to determine the pattern of capital costs, and the 
areas of capital investment and ownership of the satellite 
systems. 

Early cost analysis tended to project a simplified, and 
often misleading, picture through concentration on cost of 
either the space segment or ground terminal part of the 
system. 

It is essential to recognise the interests involved in the 
ownership and operation of the present satellite system 
within the framework of Intelsat. 

The ownership of the space segment, i. e., satellites as 
placed in their correct orbit, resides in an international 
consortium of 60 nations known as Intelsat. 

At present, Comsat owns 52 % of Intelsat and is its 
manager. In addition, Comsat owns 50 % of United States 
ground terminal stations, the other 50 % being shared by 
United States Common Carriers in accordance with an 
agreed formula based upon the present and future traffic 
needs of a given Common Carrier. 

Administrations outside the United States have to con­
tribute their share of the lntelsat capital expenditure in 
addition to the investment connected with the provision 
of their local ground terminals. 

Also, all Common Carriers or Administrations have to 
lease the space segment facilities from Intelsat on rental 
based on the number of circuits used. 

Thus, the capital costs involved in establishing satel­
lite communication links are made up of two basic parts: 
- a pro rata payment to Intelsat proportional to the par-
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ticipating Administrations shareholding and varying in 
sympathy with Intelsat capital investment. 

- the capital cost of ground terminal(s). 

5.1.1.1 Space Segment Costs 

Limiting our considerations to an international satellite 
system of Intelsat type only, the present anticipated total 
capital expenditure over 1966-1971 period, as given in 
Comsat report [2]. is shown in Table 4. 

Table 4 - Planned Intelsat investment in thousands of dollars 

Year Total annual investment 

1966 39 595 
1967 40 251 
1968 60 386 
1969 35 937 

19701 -~~~~~~~~-9-2_6_6~~~~~~ 1 459 

Total 186 894 

The above investment projection through 1971 does 
not include further capital investment arising from the 
planned Intelsat IV programme, which will be in the order 
of a further $100 million. 

The total Intelsat investment will be shared by the In­
ternational Consortium of the participating member or­
ganisations who, in turn, will derive financial benefits 
arising from exploitation of the space segment through 
leasing of the satellite channels. 

5.1.1.2 Ground Station Costs 

A typical cost for a ground station equipped with an 
85-foot (26-meter) antenna capable of ultimately handling 
up to 600 voice-grade circuits is at present in the order 
of $6 million [2]. 

This capital cost is made up by: 
- buildings and equipment 92 % 
-land 3V2 % 
- precommissioning interest 4% % 

Simpler stations, employing antennas of 42- to 45-foot 
(13- to 14-meter) diameter, and capable of handling up to 
240 voice-grade circuits are also available either as fixed 
or transportable units. 

Typical costs for such stations are: 
- fixed $3.0 million 
- transportable $1.9 million 

Whilst offering a lower capital outlay, this type of sta­
tion possesses the inherent disadvantage of lower an­
tenna gain and limited capability which, in turn, has a 
direct effect upon operating costs. 

A 42-foot (13-meter) ground-station antenna requires 
an effective satellite power 6.5 times that of a standard 
85-foot (26-meter) station and, in consequence, a similar 
increase is made to the payment to Intelsat for the use of 
the space segment per voice channel operated through a 
smaller ground terminal. 

5.1.1.3 Overall Capital Involvement 

An example of overall capital investment can be drawn 
from Comsat estimates [2] as given in Table 5. 
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Table 5 - Planned Comsat capital investment in satellite systems 
for 1966-71 

Expense details $Millions 

Cumulative annual capital payments in space 
segment to Intelsat 95 

Capital investment in ground station construction 
and improvement 37 

System development and research and 
development costs 40 

Miscellaneous plant and buildings 5 
-

Total investment 177 

Similarly, capital investment by any other Administra­
tion can be evaluated taking into consideration its share­
holding in Intelsat and its plans for ground terminals. 

5.1.2 Capital Involvement in Cable Investment 

Submerged repeater cable technology is over twenty 
years old and cost parameters are, by now, very well 
defined. 

By the very nature of cable systems, the capital costs 
vary directly with system capacity and route length. 

In applying typical values, it is convenient to express 
the installed capital cost in terms of either system miles 
or circuit miles. 

Table 6 shows some typical costs for modern long­
haul systems taken between terminal stations terminating 
at supergroup distribution frames, while Figure 3 presents 
the same data pictorially. 

Table 6 - Typical installed costs for long cable systems 
(over 2000 nautical miles) 

Approximate system I 
bandwidth in megahertz: 

1 3 5 

System capacity 
(3-kilohertz circuits) 160 360 640 

Cost per system nautical 
mile in dollars 8800 12 250 16 000 

Cost per circuit nautical 
mile in dollars 55 35 25 

12 

1 520 

19 750 

13 

Unlike the satellite approach, once a cable system 
has been installed and commissioned, no further capital 
outlay for the system is involved. (Any additional capital 
cost of multiplexing equipment in order to augment service 
would fall into the category of tail costs, equally appli­
cable to either cable or satellite media). 

It can be seen from Table 6 that a transatlantic 5-mega­
hertz cable system providing 640 voice-grade channels 
would, in fact, involve some 5 times more capital invest­
ment than the provision of two ground stations for op­
eration with a satellite system providing 600 circuits. 

To the advocates of cable systems this fact, on first 
sight, appears daunting, but seen in broader context, as 
illustrated by the following analysis of operational costs 
and long term financial benefits, it is clear that cable 
systems are more than competitive. 
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Figure 3 - Typical installed costs/circuit nautical mile for cable systems. 

5.1.3 Evaluation of Capital Investment for Each Medium 

As indicated in the preceding sections, a different 
form of capital investment is required for submarine cable 
and satellite systems, coupled with the direct share in 
the ownership of the communication facilities. 

In the case of submarine cable systems, the operating 
agencies are also owners of the facilities, and, having 
contributed initial capital outlay, they enjoy complete 
control of the communication medium together with all 
the resulting revenues arising from the exploitation of 
that medium. 

On the other hand, participation in the satellite commu­
nication link, although normally involving smaller capital 
contribution, places the operating agency in the position 
of an agent who has to deal via a principal entity (Intelsat 
in this case) to provide the overall communication facil­
ities. Because of the intermediate entity involved, con­
siderable expense is associated with hiring facilities 
owned by Intelsat, and therefore the financial returns are 
correspondingly reduced. 

Thus, the comparison of the capital investment does 
not provide any meaningful information regarding relative 
economics of the two alternative communication methods 
unless operation and maintenance costs are also involved 
in the evaluation. 

5.2 Operational Aspects 

5.2.1 Derivation of Operating Costs 

The annual operating costs for transoceanic links may 
readily be assessed in terms of the capital cost of the 
system. 

Typical values are computed in Table 7 with assumed 
10-year time scale for ground stations and 20 years for 
cable systems. 

Participants in a satellite system would also pay a 
recurrent annual charge for the use of the space segment, 
designated as x in Table 7. This payment is a direct 
multiple of the number of circuits operated, expressed as 
units of satellite utilization. 
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Table 7 - Annual operating cost mix for transoceanic systems 
as percentage of capital cost 

Item 
I 

Cable 

I 
Ground 

system stations 

System operation & maintenance 3%* 10% 
Depreciation So/o 10% 
General & administration 1% 1% 
Interest 6% 6% 
Charge for use of communication 
medium - x 

--
Total 15% 27% +x 

• On long transoceanic cables this figure is somewhat lower. While recently 
published figures for TAT-1 to TAT-4 costs were 2.8%. the estimated main­
tenance costs of the projected TAT-5 wideband system is only 1.23. 

The proposed annual rates payable by the ground 
terminal operating agency to Intelsat per unit of satellite 

utilization have been tabled as [2]: 

I 1967 
I 

1971 

Standard 85-foot (26-meter) 
ground station $ 20 000 $ 9000 
42-foot (13-meter) 
ground station $ 130 000 $ 58 500 

It is anticipated that the above charges will be further 

reduced in succeeding years; though the actual extent of 
these reductions will be critically dependent upon future 
Intelsat capital involvement in the establishment of new 
systems such as the Intelsat IV network. 

From the foregoing, it is clear that in the case where 
only a small bundle of circuits is required in a satellite 

system, the basic ground station operating costs would 
far outweigh fees for use of space segment. This is 
illustrated in Table 8, while Figure 4 shows a plot over 
the complete range. 

Table 8 - Ground station contribution to satellite system 
operating cost (85-foot antenna - 600 units of satellite 
utilization maximum capacity) 

Basic parameters: Capital cost of station (A) $ 6 million 
Annual operating cost (Table 7) 27 % A. 
Payments to Intelsat $8000 per unit of satellite 
utilization 

Number of units of satellite 
40 100 I 300 I 600 utilization: 

Annual operating cost of station 
($ Million) 1.62 1.62 1.62 1.62 

Annual payments for space 
segment ($Million) 0.32 0.80 2.40 4.80 
Total ($Million) 1.94 2.42 4.02 6.42 
Percent contribution by ground 
station 84% 67 % 46 % 25% 

Typical operating costs per system nautical mile of 
terrestrial distance may be derived for both cables and 
satellite links from assembly of the data in Tables 6 to 8. 

These costs are set out in Tables 9 and 10. 
The costs may also be readily expressed in terms of 

operating costs per circuit nautical mile and Figures 5 
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Table 9 - Typical operating costs for cable systems 

System bandwidth I 
(MHz): 

1.0 
I 

3.0 
I 

5.0 
I 

12.0 

Circuit capacity 
(3 kHz) 160 360 640 1520 
Installed cost per 
system nautical 
mile in dollars 8800 12250 16000 19750 
Annual operating 
cost per 
system nautical 
mile in dollars 1320 1840 2400 2960 
(at 15 % of 
installed, Table 7) 
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Figure 5 - Annual operating cost/circuit nautical mile. 
(based on present Intelsat utilisation charges). 

2000 

Solid line Is for cable by system bandwidth Broken line is for satellite by 
terrestrial distance at $20000 per unit of satellite utilization for this space 

segment. 

and 6 set forth comparisons between the two media on 
this basis, taking the space-segment charge currently in 
force ($20000 per unit of satellite utilization), and a 
projected mean-future value of $8000 per unit of satellite 
utilization respectively. 

Figures 5 and 6 also indicate the effect of the space­
segment charge upon the annualized costs and demon-
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Table 10 - Typical operating costs for satellite systems 

Number of units of satellite utilization: 40 

Annual operating cost for 2 ground stations 3.24 
($Million) 

Payments to Intelsat ($ Million) Current Future 

Up-link at $20 000 per unit of satellite 
uti I ization (1967) 0.80 -
Up-link at $8 000 per unit of satellite 
utilization (future) - 0.32 

Down-link at $20000 per unit of satellite 
utilization (1967) 0.80 -
Down-link at $8000 per unit of satellite 
utilization (future) - 0.32 

Total annual costs 4.84 3.88 

Cost per system nautical mile in dollars 
when terrestrial distance is: 

1000 N. M. 4840 3880 

25 

2000 N. M. 2420 

3000 N. M. 1610 

4000 N. M. 1210 

50 100 250 500 
NUMBER OF CIRCUITS 

Figure 6 - Annual operating cost/circuit nautical mile. 
(based on projected future utilization charges). 

2000 

Solid line is for cable by system bandwidth Broken line is for satellite by 
terrestrial distance at $8000 per unit of satellite utilization for this space 

segment. 

strate that, in general, cable systems would show better 
profitability over a wide range of point-to-point terrestrial 
distances. 

5.2.2 Cost Equations by System Fill 

Equating the costs given in the preceding Tables will 
enable a formula to be obtained which will give the 
practical cable fill factor necessary to provide a balance 
between the cost of operating a cable or a satellite 
system. 

Figure 7 shows this equation in terms of cable fill 
versus terrestrial distance between terminals, and clearly 
demonstrates the economic advantages to be enjoyed 
from the operation of wide-band cable systems on long­
haul routes of typical transoceanic length, even at relatively 
low factors of cable capacity fill. 

5.2.3 Personnel and Training 

Apart from the installation of the sea path of a cable 
system, the commissioning and subsequent management 
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Figure 7 - Cable-fill requirement for equal cable/satellite operating costs 
based on future Intelsat charges for the space segment. 

of the system require no specialised expertise beyond 
the basic principles of running any conventional transmis­
sion network. 

Consequently, personnel trained in the maintenance 
skills particular to a land-based communications network 
can readily adapt to another branch of the same basic 
subject, and training of personnel becomes a simple, 
inexpensive exercise of extending an existing curriculum 
within the framework of the administration's training pro­
gram. The same cannot be said for satellite techniques, 
which would almost certainly require start-up of a com­
plete new wing within a training organization with the 
attendant high expense incurred in hiring expert personnel 
and the purchase of costly equipment. 

An operating administration embarking upon a satellite 
solution for international access could find itself faced 
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with a massive array of problems, so wide is the range 
of technical knowledge and skills required. Developing 
countries, whose reserves of indigenous expertise are 
limited may find their resources strained beyond the limit 
by the demands imposed by provision and management 
of the ground station. In these areas, a nucleus of external 
consultants and advisers, skilled in their respective arts, 
could provide assistance but such a scheme is normally 
very costly. 

5.3 Technical 

The rapid advance in the state-of-art of both cable and 
satellite systems has already been described. At this 
present time then, what has each to offer? 

5.3.1 Satellite System - Parameters and Facilities 

The establishment of the global satellite network from 
the initial Early Bird launch embraces three successive 
generations of satellites. Table 11 summarises the prin­
cipal design parameters. 

The transmitters in the orbiting vehicle have so far 
been relatively low power travelling-wave amplifier devices, 
in orderto'maintain an economic repeater efficiency/weight 
ratio, though the Soviet Union claim to have had a 40-watt 
transmitter operational in their Molnya type repeaters [6]. 

5.3.2 Terrestrial Hardware 

Since the repeaters, of necessity, handle low level 
signals, a great deal of sophistication is built into the 
ground stations [7]. High transmitter power is essential, as 
is low noisetemperatureforthe receiver. Large mechanical 
antenna structures are needed to optimize signal power 
ratios and give reasonable noise immunities. The ground 
terminal, therefore, consists of a considerable volume of 
apparatus essential to the working of the communication 
system itself, but not part of the physical communication 
path, viz: 

a) sophisticated liquified-gas cooling of parametric 
amplifiers/masers; 

b) electronic "look-on n control of antenna; 
c) occasional weatherproofing of antenna system (pres­

surizing and heating of radomes); 
d) special power supply arrangements; 
e) complex control center; 

all of which add significantly to the overall cost and 
maintenance complexity. 

Present technology limitations imply the use of very 
large antenna structures of between 85-foot (26-meter) 

Table 11 - Developments in synchronous satellites 

Designation HS 303- "Early Bird" 

Intelsat No. I 
Manufacturer Hughes 
Channel capacity 240 single access 
Amplifier Linear IF 4-6 GHz 
Bandwidth (Bothway) 50MHz 
Antenna system Spin stabilised toroidai horn 
Antenna gain (min) 6dB 
Min E. R. P. +SdBW 
(Effective Radiated Power) 
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and 100-foot (30-meter) diameter. Smaller ground terminals 
are technically feasible, and are being used in the early 
global system, but operation of such terminals is con­
siderably penalized as regards the charges for the use 
of the space segment (Section 5.2.1 ). 

Because of this penalty all future major ground ter­
minals are likely to embody the larger-diameter antennas. 
Also, to provide a degree of operational flexibility, adjust­
able antennas capable of working in East and West direc­
tions are likely to be specified in the future. 

5.3.3 Cable System Parameters and Facilities 

Modern wide-band cable systems, although essentially 
point-to-point links, provide all the facilities demanded 
by the communication carriers. Table 12 summarizes the 
principal parameters of modern cable systems, where it 
is seen that systems of 1500 to 2500voice-channel capacity 
are currently under development and will be available for 
transoceanic-route application in the early 1970's. 

Such large-bandwidth systems could accommodate, if 
required, redundancy-free video signals and will provide 
very large bandwidths for high-speed data transmission in 
addition to numerous voice circuits of excellent quality. 

5.3.4 Reliability and Secrecy 

Deep water cable systems have an excellent reliability 
record. Shallow water areas near the shore ends are 
subject to cable cuts by trawlers, but such breaks are 
easily repaired. In addition, new development by Bell 
Laboratories of a special plough to bury the shore ends 
of transoceanic cables has recently been announced, and 
this will remove the major cause of cable-circuit interrup­
tions. The expected cable-system lifetime of 20 years 
may be surpassed in many cases. 

Satellite system reliability is directly related to the 
satellite lifetime, and operational maintainability of the 
associated ground terminal equipment [4]. Present life 
expectancy for Intelsat Ill synchronous satellites is five 
years. Improvement on this figure is expected in the 
future. 

Reliability of the satellite circuits can be provided at 
a cost by having redundant satellites in space. There is 
evidence that this solution is being accepted by Intelsat. 
While it provides security of communication facility, it is 
only attained at considerable additional capital investment 
in the space segment. Similarly, redundancy sub-systems 
are being introduced into the design of the critical ground 

F 1, 2, 3 "Lani Bird" etc. Under construction 

II Ill 

Hughes TRW 
240 multi access 1200 multi access 
Linear IF 4-6 GHz Linear IF 4-6 GHz 

125 MHz 500 MHz 
4-Element biconical horn Phased array 

6 dB 16 dB 
+ 14dBW + 24 dBW 

I 
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terminal equipment to secure high operational reliability 
of the overall communications links. 

Finally, cable systems do not cause interference nor, 
in general, can they be interfered with. Since both satellite 
and terrestrial microwave systems utilise common fre­
quency spectra, the question of mutual (or deliberate) 
interference and associated difficulties with selection of 
a suitable terminal site could arise. The problem of mutual 
interference can be overcome by suitable precautions [8], 
but with the present limitations of allocated frequency 
bands restraints on the use of microwave transmission 
facilities for land or space communications must be ex­
pected. Other forms of jamming fall within the scope of 
international law. 

Whilst the legal aspects of the use of either medium 
fall outside the scope of this paper, it is worth mentioning 
that they are frequently reviewed by various international 
bodies [9] so that freedom of communication should not 
be impaired. 

However, overall expansion of satellite communications 
will be limited unless an international agreement is con­
cluded to allocate new and exclusive frequency bands in 
a range above 10 gigahertz. 

5.4 Annual System Costs 
Following a discussion of the capital investment, opera­

tional and technical aspects for the two modes of commu­
nication, an attempt is made to summarize the overall 
economic picture associated with ownership, operation 
and exploitation of the satellite and cable system. 

This is done through an estimate of annual costs for 
an equivalent point-to-point communication facility based 
on "heavy" and "light" trunk routes of 600, and 80 voice­
circuit capacity respectively. 

The related annual costs for satellite systems are pre­
sented in Table 13. 

Corresponding annual costs for submarine cable sys­
tems are given in Table 14. A comparison of the annual 
system expenditure is graphically shown for "light" trunk 
routes on Figure 8 and for "heavy" trunk routes on 
Figure 9. 

Figures 8 and 9 clearly indicate the different basic mix 
of the capital and expense portions of the annual expen­
diture accounts, and dramatically indicate that a large 
proportion of the total annual cost in the case of Satcom 
system is the expense account payments to Intelsat. 

Table 12 - Modern oceanic submarine cable systems 

System capacity 
(3-kilohertz 

voice circuits) 

128 

160 

360 

640 

720 

1520 

2500 

First used 
Year Route 

I 1963 TAT-3 

1965 Pencan 

1966 Atlantic test range 

1969 UK-Lisbon 

1968 Florida-Virgin Is. 

Being Developed 

Being developed 

NA = Information not available at time of writing. 

Cable 
diameter 
(inches) 

1.00 

0.99 

1.00 

0.99 

1.50 

1.50 

1.50 
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Max. 
frequency 

(kHz) 

1052 

1164 

2964 

4772 

5884 

12000 

20000 
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Gain 1 Spacing 
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50 

40 
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NA 
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17.3 

9.5 
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Additionally, these diagrams clearly demonstrate the 
competitive standing of submarine cable links, when com­
pared in the equivalent financial environment. 

Because of the complex financial interplay involved 
with the satellite system, it is essential that all aspects 
of this structure are considered before a meaningful eval­
uation of the relative economics associated with cable 
and satellite systems is attempted. If this is undertaken, 
then results indicate that often there is very little difference 
between the economics of using cable or satellite circuits 
over routes of some 3000 to 4000 nautical miles length [10] 
although there are distinct and specific operational owner-

Table 13 - Annual cost for Satcom system in $ million 

I 

Capital Account 

Capital cost of 2 ground stations 

Modifications and improvements 

Capital subscription to Intelsat 
(pro-rata to shareholding) 

Expense Account 

Operating Costs: 

Operation: maintenance (10 %) 
Depreciation (10 o/o) 
Interest at 3 % average 

General & administration (1 %) 

Payments to Intelsat 

Up-link: 85-foot station, $ 8000 per u. s. u.* 

42-foot station, $ 52 000 per u. s. u. 

Down-link: 85-foot station, $ 8 000 per u. s. u. 

42-foot station, $ 52 000 per u. s. u. 

Total annual costs I 
• u. s. u. = unit of satellite utilization 

Table 14 - Annual cost for cable system in $ million 

Capital Account 

Capital cost of system 

640 circuits, 1500 NM* $30 per circuit NM 

640 circuits, 3500 NM $25 per circuit NM 

80 circuits, 2500 NM $125 per circuit NM 

Expense Account 

Operating costs: 

Operation & maintenance (3 %) 
Depreciation (5 %) 
Interest at 3 % average 

General & administration (1 o/o) 

Total annual costs I 
• NM = Nautical Mile 
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ship and profitability advantages offered by the cable 
alternative. 

6. The Present and Future Global Network 

During the first eleven years of repeatered transoceanic 
submarine systems operation (1956-1966), the global 
network has grown from its first beginnings to the im­
pressive total of: 

65 000 route miles, inclusive of -
3 040 laid repeaters, and providing -

6 100 000 circuit miles. 

"Heavy" (600-circuit) 
"Light" (80-circuit) 

trunk route 
trunk route 

(85-foot antenna) (85-foot antenna) I ( 42-foot antenna) 

1.20 1.20 0.60 

0.01 0.01 0.01 

x y y 

1.20 1.20 0.60 

1.20 1.20 0.60 

0.36 0.36 0.18 

0.12 0.12 0.06 

4.80 0.64 -
- - 4.16 

4.80 0.64 -
- - 4.16 

13.69 +x I 5.37 + y I 10.37 + y 

"Heavy" (640-circuit) "Light" (BO-circuit 
trunk route trunk route 

1500 NM* I 3500 NM* 2500 NM* 

2.41 - -
- 4.82 -
- - 2.16 

0.72 1.45 0.65 

1.20 2.41 1.08 

0.72 1.45 0.65 

0.24 0.48 0.22 

5.29 I 10.61 I 4.76 

I 
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This vast global cable complex represents some 
$700 million investment. 

Through the employment of modern wide-band tran­
sistorized systems, this cable complex (Figure 10) will 
expand further as is dramatically illustrated by projects 
planned for the period 1967 through 1969: 

I 
1966 

Additional 

I Total % 
through 1969 Increase 

Route 
miles 65 000 15 000 80000 24 

Circuit 
miles 6100 000 5 900 000 12 000 000 96 

The planned network additions represent a further $75 
to 80 million investment during the period 1967 to 1969. 

Similarly, from the launch of Early Bird in 1965, the 
global coverage by satellite is growing rapidly until, in 
1969, a network of six synchronous satellites will be avail­
able to provide the basis of a wide-band system accessible 
to most nations throughout the world. 

The provision of the space segment of this network 
alone represents investment of some $135 million before 
account is taken of the terrestrial equipment necessary 
to complete the link [2]. Further $250 to 300 million will 
be invested in ground station facilities throughout the 
globe. 

The growth of the global network can best be illustrated 
by summarizing the availability of international and inter­
continental circuits in cable and satellite systems. Figure 11 
develops this growth from the inception of the first 
transatlantic cable system in 1956 (when the extent of 
global network was some 1200 circuits) until end 1969, 
at which time known plans will provide capacity in excess 
of 20000 circuits. 

Looking further to the future, the year 1975 could see 
an integrated global network in excess of 70 000 circuits 
capacity, of which some 25 % could be major intercon­
tinental circuits. 

Although forecasts for future traffic show wide varia­
tion, a general estimate for intercontinental circuits based 

Figure 10 - Global submarine cable network 
and satellite ground stations. 
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upon our own work and current forecasts by a number 
of carriers and other bodies [11] is illustrated in Figure 12. 

Requirements for facilities with a capacity of between 
500 and 2000-plus voice circuits are identified over a 
complex crosspattern interconnecting major parts of the 
globe. To meet this large circuit demand while providing 
the accepted standard of high quality service at an eco­
nomical level, all the development efforts in the field of 
cable and satellite technology will be needed, for both 
communications means will be used not only to satisfy 
currently identified demands, but also to stimulate further 

SUBMARINE CABLES SATELLITE GROUND STATIONS 

EXISTING -· - UNDER CONSTRUCTION••.•• OPERATIONAL 8 PLANNED• 
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growth in the increasingly flexible communications en­

vironment so created. 

7. Conclusions 

Just as in national networks, where both cable and 

microwave systems have been inter-married to form an 

integrated scheme, so events show that equal scope 
remains for cable and satellite systems in a progressively 

integrated global communication network. 

Contrary to earlier thinking, the two media become 

more-and-more complementary in the operational, tech­

nical, and economic sense, rather than fiercely com­

petitive, a fact recognized and borne out by recent state­

ments of the Federal Communications Commission and 

independent bodies in the United States [1 O]. 
Technological advances will be equally reflected in 

future cable and satellite system design, and such sys­

tems will provide communication facilities to meet the 

expanding pattern of demand each with its particular 

area of application at economic cost levels, with resulting 

attractive profitability prospects. 

The future, with its foundations for a comprehensive 
global network already laid, presents a unique challenge 

to all involved in the communications field. Great strides 

were made in the first half of the twentieth century. Even 

greater strides have already been made, and will continue 

to be made in the second, to ensure that the increasing 

demands for the communication facilities are satisfied, 

and that the new patterns of communications usage are 
developed to provide the most efficient communication 
facility - an essential and integral element of the overall 

progress of mankind. 
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United States Patents Issued to International Telephone and Telegraph System: 
November 1966 - January 1967 

Between 1 November 1966 and 31 January 
1967, the United States Patent Office is­
sued 75 patents to the International Sys­
tem. The names of the inventors, company 
affiliations, subjects, and patent numbers 
are listed below. 

M. L. Avignon and A. Y. Le Maout, Labo­
ratoirc Central de Telecommunications (Pa­
ris), Non-Linear Decoder, 3 298 017. 

]. P. L. Basset, R. L. Bizollier, and P.A. Ca­
mus, Compagnie Gcnerale de Constructions 
Telephoniques (Paris), Selection Systems, 
3 283 081. 

E. Banm, ITT Federal Laboratories, Digital 
Microphone, 3 286 032. 

R. Bayer, Standard Telepbon und Tclegra­
phen (Vienna), Circuit Arrangement for 
Loudspeaking Intercommunication Systems, 
3 283 077. 

L. Becker, Standard Elektrik Lorenz (Stutt­
gart), Buffer-Stage Circuit, 3 284 718. 

F. A. Bekaert, Bell Telephone Manufactur­
ing Company (Antwerp), Call Transmitter, 
3 301 966. 

W. Bergholtz and B. Krause, Standard Elek­
trik Lorenz (Stuttgart), Trunk Group Super­
vision, 3 294 921. 

]. Bernutz and G. Sobel, Standard Elektrik 
Lorenz (Stuttgart), Switching Arrangement 
fo:· Contact Spring Strips, 3 284 604. 

E. Beyerle, Mix & Genest (Stuttgart), Signal 
Evaluation Circuits, 3 299 216. 

]. N. L. Bezaguet and A.]. Judeinstein, La­
boratoire Central de Telecommunications 
(Paris), Data Storage System, 3 300 624. 

H.P. Birkemeier, ITT Bell & Gossett, Pres­
sure Relief Valve Having Means to Insure 
Full Opening Upon Failure of the Dia­
phragm, 3 294 114. 

M. Bohm, Standard Elektrik Lorenz (Stutt­
gart), Method and Device for Distance 
Measuring with the Aid of Electric Wcives, 
3 298 024. 

T. L. Bowers, ITT Kellogg, Expandable Print­
ed Circuit Crosspoint Switching Network, 
3 291 914. 

W. G. Brown, ITT Federal Laboratories, 
Pulse Generator Employing Cascaded Coun­
ters and Coincidence Circuitry for Produc­
ing Plural Frequency Outputs, 3 295 065. 

H. Buttel, Standard Elektrik Lorenz (Stutt­
gart), Method of Sealing Contact Reeds in 
a Glass Tube, 3 284 876. 

N. A. Calandrello, ]. Hill, and ]. Royan, 
National Transistor, Bonded Contacts for 
Gold-Impregnated Semiconductor Devices, 
3 300 340. 

A. E. ]. Chatelon and P. Girard, Laboratoire 
Central de Telecommunications (Paris), Bi­
nary Code "Ji-ansformation System, 3 300 774. 

R.H. Clayton, ITT Industrial Laboratories, 
Image Dissector with Field Mesh Near 
Photocathode, 3 295 010. 

]. E. Cox and G.]. Boehm, ITT Federal Lab­
oratories, Multifunction Automatic Switches, 
3 296 381. 

]. R. Curran, ITT General Controls, Pres­
sure Equalizing Plural vtilve Structure, 
3 285 287. 

]. Dascotte, Le Materiel Telephonique (Pa­
ris), Data Transmission System Employing 
a Different Sequence of Distinct Conditions 
to Represent the Two Conditions of a Bi­
nary Bit, 3 292 147. 

E. ]. H. DeRaedt and A. Peeters, Bell Tele­
phone Manufacturing Company (Antwerp), 
Line Finder Start Circuit, 3 288 938. 

A. Deschamps, Lignes Telegraphiques et Te­
lephoniques (Paris), Ferromagnetic Materials 
and Methods of Fabrication, 3 291 739. 

H. Dorrer, Standard Elektrik Lorenz (Stutt­
gart), Pneumatic Screw Driver, 3 294 130. 

C. F. Drake and K. L. Ellington, Standard 
Telecommunication Laboratories (London), 
Method of Passivating Semiconductor De­
vices, 3 297 500. 

D. Drinkwater, ITT Cannon Electric, Pre­
stressed Electrical Contact, 3 286 222. 

C. W. Earp, Standard Telephones and Ca­
bles (London), Amplitude Modulation Radio 
Beacon, 3 286 262. 

C. W. Earp, Standard Telephones and Ca­
bles (London), Harmonic Phase Comparison 
Direction Determination Svstem, 3 287 727. 

]. C. Emerson, Standard Telecommunication 
Laboratories (London), Electric Signalling 
System, 3 290 448. 

]. Engel, Standard Elektrik Lorenz (Stutt­
gart), Pulse Converter for Binary Signals of 
Rectangular Shape to Pulses Having Four 
Levels or Steps, 3 287 647. 

H. Fanselow, Standard Elektrik Lorenz 
(Stuttgart), Magnetic System for Electro­
dynamic Transducers, 3 296 386. 

R. Fisher and P. K. Parkinson, Cannon Elec­
tric, Tool for Crimping Termination Ele­
ments to Flat Electrical Cables, 3 284 885. 

W. W. Greutman and N. E. Hoag, ITT Fed­
eral Laboratories, Television Bandwidth Re­
duction System, 3 286 026. 

G. E. Griggs,]. H. Hawkins, and C. T. Roess­
ler, Jennings Radio Manufacturing Corpo­
ration, Miniature Electromagnetic Relay, 
3 296 568. 

W. Grobe, Standard Elektrik Lorenz (Stutt­
gart), Cylindrical Electro-Magnet, 3 284 745. 

J. H. Harker and ]. Keyes, Bell & Gossett, 
Gas Separation Pump for Liquid Circulat­
ing Systems, 3 290 864. 

E. M. Heirbaut, Bell Telephone Manufactur­
ing Company (Antwerp), Coin Box Tele­
phone Circuit, 3 296 375. 

E. Herter, Mix & Genest (Stuttgart), Unbal­
anced D. C. Pushbutton Selection Systems, 
3 296 383. 

R. Hilton and F. G. Powles, Standard Tele­
phones and Cables (London), Rotatable 
Piezoelectric Tuning Devices, 3 300 665. 

D. Himes and R. Aughey, ITT Federal Lab­
oratories, Solid State Identification Layer, 
3 300 582. 
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G. Hofgen, Standard Elektrik Lorenz 
(Stuttgart), Direction-Determination System 
Employing Unequal Directional Patterns, 
3 286 261. 

G. Hofgen, Standard Elektrik Lorenz (Stutt­
gart), Course Beacon System to Provide Di­
rectional Information with the Aid of Two 
Frequency-Deviation Directional Radiation 
Patterns, 3 290 687. 

A. Hunstad, Standard Telefon og Kabelfab­
rik (Oslo), Regulated D. C. Voltage Con­
verter, 3 300 705. 

L. Jacobin and W. C. M. Gielen, Bell Tele­
phone Manufacturing Company (Antwerp), 
Device for Setting the Angular Position of 
a First Object with Respect to a Second, 
3 296 875. 

P. G. Jonsson, Standard Radio & Telefon 
(Barkarby, Sweden), Automatic Loud Speak­
er Intercommunication Telephone System, 
3 296 380. 

R. Klotz, Standard Elektrik Lorenz (Stutt­
gart), Method of Assembling a Forked Spring 
Within a Bow-Shaped Contact, 3 286 326. 

R. Klotz, Standard Elektrik Lorenz (Stutt­
gart), Method for Winding Insulating Combs 
for Use as Plug-In Connection with Con­
tact Strips, 3 293 730. 

R. G. Knight and M. C. Branch, Standard 
Telephones and Cables (London), Automat­
ic Telecommunication Exchange, 3 300 587. 

0. Kolb, Mix and Genest Division (Stutt­
gart), Control Circuit for Setting the Flux 
of a Magnetizable Element, 3 296 454. 

T. Y. Korsgren, ITT General Controls, Snap­
Action Leaf Spring Switch, 3 283 109. 

G. X. Lens,]. E. F. Vanhentenrijk, and C. L. 
De Mo!, Bell Telephone Manufacturing 
Company (Antwerp), Transporting Device, 
3 300 026. 

A.]. Lombardi, ITT Laboratories, Devices 
for Engaging for Relative Movement the 
Turns of a Helical Element, 3 300 749. 

F. P. Mason, Creed & Company (Brighton, 
England), Type Printing Apparatus with 
Motion Generator and Indicating Means, 
3 294 211. 

M. Muller, Standard Elektrik Lorenz (Stutt­
gart), Frequency Multiplex Repeater Station 
Having Channel Drop Facilities, 3 294 914. 

R. Narozny and C. Anderson, ITT Cannon 
Electric, Ferrule Construction and a Method 
for Producing Same, 3 286 223. 

L. Newton, ITT General Controls, Com­
bination Thermostat and Timer Control, 
3 286 063. 

E.G. Platt and J.]. Dupuis, ITT Telecom­
munications, Electronic Switching Control 
Cirrnit for Telecommunications System, 
3 291 915. 

G. Ra bow, ITT Laboratories, Frequency Con­
trol System, 3 290 603. 

A.H. Reeves and D.R. Barber, Standard 
Telecommunication Laboratories (London), 
Coding Epuipment, 3 298 016. 
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United States Patents 

G. R. Rosendahl, Purchased Invention, Op­
tical Instrument With Adjustable Erecting 
Mirror System, 3 298 770. 

H. Rossie, K. Kasper, and H. Rumler, Stand­
ard Elektrik Lorenz (Stuttgart), Stackable 
Semiconductor Rectifier Element Having 
Seals Under Compressive Stress, 3 290 566. 

W. Schiebeler, Standard Elektrik Lorenz 
(Stuttgart), Receiving System for an Elec­
tronic Teleprinter, 3 294 908. 

W. Schiebeler and P. Renner, Standard Elek­
trik Lorenz (Stuttgart), Tape-Winding Ap­
paratus, 3 294 335. 

W. Shockley, Purchased Invention, Therm­
ally Stabilized Semiconductor Device, 
3 286 138. 

K. Steinbuch and P. Muller, Standard Elek­
trik Lorenz (Stuttgart), Learning Matrix 
for Analog Signals, 3 286 238. 

F. Steiner, Standard Elektrik Lorenz (Stutt­
gart), Omni-Range Doppler Beacons and 
Direction Finding Systems, 3 290 685. 

R. C. Turnblade and T. R. Edmonds, ITT 
Federal Laboratories, Force Sensing Device, 
3 296 870. 

F. Ulrich, Standard Elektrik Lorenz (Stutt­
gart), Translation Circuits, 3 293 639. 

L. M. Vallese, ITT Federal Laboratories, An­
alog Multiplier, 3 300 631. 

L. M. Vallese and M. King, ITT Federal Lab­
oratories, Distortion Compensation of Opto­
electronic Devices, 3 290 504. 

G. Vogel, Mix & Genest (Stuttgart), Tele­
phone Signalling Systems Utilizing Tunnel 
Diodes, 3 294 923. 

G. Wessel, Standard Elektrik Lorenz (Stutt­
gart), Push and Pull Key with Reed Con­
tacts, 3 289 129. 

A. Zerfass, Standard Elektrik Lorenz (Stutt­
gart), Reed Contact Switching Unit Hav­
ing Resilient Stud Means for Securing Coil, 
3 284 738. 
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Designs 

J. D. Cuccia and R. A. Chieda, ITT Tele­
communications, Telephone Subset, Design 
206 161. 

]. D. Cuccia and R. A. Chieda, ITT Tele­
communications, Hands-Free Telephone Sub­
set, Design 206 227. 

Non-Linear Decoder 

3 298 017 

M. L. Avignon and A. Y. Le Maout 

A digital-to-analog decoder-expander has a 
non-linear characteristic derived by use of 
graded resistors forming the elements of a 
ladder attenuator. Constant-current gener­
ators are connected to given points on the 
attenuator. The decoded summation signal 
depends only on the precision of the resis­
tors of the attenuator and not on the volt­
age supplied. 

Expandable Printed-Circuit Crosspoint 

Switching Network 

3 291 914 

T. L. Bowers 

A switching network is packaged to pro­
vide a minimum number of crosspoints re­
gardless of the size of the network. The 
crosspoints are distributed over printed cir­
cuit cards. Each card, which has an inlet, is 
also provided with all the network compo­
nents required to serve that inlet. Intercard 
cabling extends between cards in such a 
manner that all matrix components are 
brought together electrically, eliminating all 
intrastage cabling and large proportions of 
the interstage cabling. 

Bonded Contacts for Gold-Impregnated 
Semiconductor Devices 

3 300 340 

N. A. Calandrello, J. Hill, and ]. Royan 

A semiconductor unit in which areas of a 
silicon dioxide protective layer are removed 
and a dopant is diffused into the body; 
Over this area is plated a noble metal, a 
second layer of nickel, and a third layer of 
solder. Contacts are then fused to the solder 
providing a rugged connection that can be 
mass produced. 

Cylindrical Electro-Magnet 
3 284 745 

W.Grobe 

A cylindrical magnetic core is provided 
with a meandering winding having conduc­
tors forming loops. The conductors are em­
bedded in magnetic material extending par­
allel to the axis .of the cylinder. The cross 
connections extend circularly concentric 
with the cylinder walls. Such magnets have 
a particular use in the control of a plural­
ity of magnetic reed relays arranged cir­
cumferentially of the core. 

Gas Separation Pump for Liquid Circulating 
Systems 

3 290 864 

J. H. Harker and ]. Keyes 

A pump, particularly for circulating hot 
water in a heating system, is provided in 
which separation of entrained gases to re­
duce noise of operation is effected in an 
improved manner. The detrained gas is 
guided into the static collection chamber of 
the pump so that the separation of the en­
trained gases takes place at the suction side 
rather than the discharge side of the pump. 
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Others Papers and Lectures from International Telephone and Telegraph System Authors 

This list includes papers published in other 
periodicals, and lectures presented at meet­
ings. Some of these latter are also available 
in a written form, either printed in pro­
ceedings or edited internally. Where the 
publication is indicated, requests for reprints 
should be made directly to its editor, not 
to Electrical Communication. In the other 
cases, such requests should be made to the 
nearest editor of Electrical Communication 
or its associated language versions, as it 
may happen that a limited number of copies 
could be made available. 

Standard Elektrik Lorenz AG 

Articles 

Fessler, D. and Oklobdzija, B., Teilelektroni­
sches Fernwirksystem !ST 16 fur Nach­
rich tenanlagen,N achrichten technische Fach­
berichte, Volume 34, pp. 121-123. 

Griiter, N., Aktives Em pf angsfilter zur De­
modulation eines Stufensignals bei sehr 
niedrigen Frequenzen, Frequenz 21 (1967) 
8, pp. 205-208. 

Hess, R., Die rundstrahlende Wendelantenne 
als Satelliten-Bord-Telemetrie-Antenne, 
Nachrichtentechnische Fachberichte 32 
(1967), Volume 32, pp. 96-100. 

Klimesch, W., Stichprobenschieber zur ein­
fachen Festlegung von Stichprobenpla­
nen, Qualitatskontrolle 62 (1967) 8, pp. 
431-435. 

Niemann, W., Die Gutesicherung - cine 
notwendige Voraussetzung fur die er­
f olgreiche Durchfuhrung komplexer und 
hochzuverlassiger Projekte der Raum­
f ahrt, VDI Fachzeitschri:A: Lu:A:fahrttech­
nik-Raumfahrttechnik 13 (1967) 8, pp. 
182-185. 

Widl, E., Gerauschmessungen an Fernmelde­
kabeln mit kt:instlicher Nachbildung der 
Storbeeinflussung durch Stromrichterloko­
motiven, Frequenz 21 (1967) 8, pp. 
235-242. 

Willrett, H., Field Experience with Quasi­
Electronic Switching Systems, IEEE In­
ternational Convention Record, Part 1, 
pp. 176-183. 

Lectures 

Balkow, ]., Stromversorgungsgerate fur 
elektronische Steuerungen, VDI Grund­
lehrgang Elektronik I, Stuttgart, 16 and 
17 October 1967. 

Gehrke, H., Neue Hochleistungs-Farbfern­
sehsender fur Band !VIV, Fernsehtechni­
sche Gesellschafl: 15, J ahrestagung Aachen, 
26 September 1967. 

Harreus, W., Bauelemente in elektronischen 
Schaltungen, VDI Grundlehrgang Elek­
tronik I, Stuttgart, 16 and 17 October 
1967. 

K!Onne, K. H., Ver/ ahren· zum maschinel­
len Lesen mit Anwendung im Zahlungs­
verkehr, Verband Deutscher Elektrotech­
niker, Hamburg, 5 October 1967. 

Kramar, E., Probleme der Flugsicherung, 
Osterreichischer Ingenieur- und Architck­
tenverein, Vienna, 25 October 1967. 

Kramar, E., Experience gathered with a 
Doppler VOR in Mountainous Terrain, 
AGARD Avionics Panel, Milan, 12-15 
September 1967. 

Laaff, 0., Richtfunksysteme mit modernen 
H albleiter-Bauelementen, Elektrotechni­
scher Verein Mittelbaden, Karlsruhe, 
3 October 1967. 

Seither, H., Richtfunkgerate kleiner Vber­
tragungskapazitat mit modernen Halb­
leiterbauelementen, Verband Deutscher 
Eisenbahn-Ingenieure, Augsburg, 9 Octo­
ber 1967. 

Vogt, W., Carrier Frequency Line Eqiiip­
ment V 300 and V 960 For Small Dia­
meter Coaxial Pairs, PTT and Firma 
Orterac Israel, Jerusalem, 14 August 1967. 

Vogt, \""\'., Carrier Frequency Line Equip­
ment V 300 and V 960 For Small Dia­
meter Coaxial Pairs, PTT and Firma 
Orterac Israel, Tel Aviv, 17 August 1967. 

Walter, G., Die Erzeugung van Mikrowel­
len mit Halbleitern in Richtfunkgeriiten, 
Elektrotechnischer Vercin Wiirttembergs, 
Stuttgart, 14 September 1967. 

Widl, E., Zurn Problem des latenten Reduk­
tionsfaktors von Fernmeldekabeln, STT 
Vienna, 3 October 1967. 

Bell Telephone Manufacturing Co 

Lectures 

Adclaar, H., Het 10-C Systeem, een nieuw 
semi-elektronisch telef oon-schakelstelsel 
met elektronische besturing (The 10-C 
System, a New Semi-Electronic Tele­
phone Switching System with Electronic 
Programing), Dutch association of PTT 
engineers, Utrecht, 21 September 1967. 

Lhoest, J., Le DIGIT EL 1 000, systeme de 
telecontr8le a interrogation cyclique, 
FITCE-Congress, Brussels, 6 July 1967. 

Masure, J., Le systeme de commutation 
semi-electronique 10-C, FITCE-Congress, 
Brussels, 3 July 1967. 

Reygaerts, E., Realisation de derivations sur 
reseaux de telecommunication a longue 
distance au mo yen d'equipements a f aible 
capacite, FITCE-Congress, Brussels, 6 July 
1967. 

Termote, A., La commande centralisee du 
systeme 10-C, FITCE-Congress, Brussels, 
3 July 1967. 

Van Goethem, J., Le reseau de commuta­
tion du systeme 10-C et ses commandes, 
FITCE-Congress, Brussels, 3 July 1967. 

Van Goethem, J., Exploitatie aspekten van 
het 10-C systeem (Operational Aspects of 
the 10-C System), Dutch Royal Institute, 
Utrecht, 21 September 1967. 
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Compagnie Generale de 
Constructions Telephoniques 

Article 

Delbouys, A., Bizollier, R. and Basset, J.P., 
Le Centre automatique de Lyon-Sevigne, 
Commutation et Electronique, number 18, 
July 1967. 

Laboratoire Central de 
Telecommunications 

Articles 

Chatelon, A., Mornet, P., and Le Corre, J., 
S ystemes telephoniques integres utilisant 
hi modulation codee en impulsions, Me­
canique et Electricite, July 1967. 

Chol, C., Pebay-Peroula, J.-Cl. and Gros, 
Y., Study by Mossbauer Effect of Inter­
mediate Phase in Manganese Zinc Ferrite 
Formation, Monthly Materials Research 
Bulletin, Vol. 2. 

Fabbrica Apparecchiature per 
Comunicazioni Elettriche Standard 

Lectures 

Ferraro, D., Rational Procedure for Testing 
of Color Receivers, Technical meeting on 
electronic components and measuring ins­
truments, Milan, 12-14 September 1967. 

Standard Telecommunication 
Laboratories Limited 

Articles 

Coleman, M. V. and Thomas, D. J. D., The 
Structure of Silicon Oxide Films, Physica 
Status Solidi, Vol. 22, No. 2, p. 593, 1st 
August 1967. 

Gaines, B. R., Stochastic Computer Thrives 
on Noise, Electronics, Vol. 40, No. 14, 
July 1967. 

Goodman, C.H. L., Progress in Solid-State 
Chemistry, (Essay Review), Chemistry 
and Industry, p.1552, 16September 1967. 

Graves, P., Single-Crystal Growth of Cal­
cium Pyroniobate, Physica Status Solidi, 
Vol. 22, No. 2, p. 499, 1st August 1967. 

Kerr-Waller, R. D., Automated Information 
Dissemination System (AIDS), Technical 
Evaluation Journal of the Institute of 
Information Scientists, Vol. 1, No. 2, 
September 1967. 

Lees, J., Wasse, M. P. and King, G., Inter­
band Carrier Transfer in GaAs at High 
Pressures, Solid State Communications, 
Vol. 5, No. 7, pp. 521-523, July 1967. 

Sandbank, C. P., Some of the Problems and 
Opportunities in Applying Microelectron­
ic Techniques to Analogue Circuits, De 
Ingenieur, 8 September 1967. 

85 



Other papers and lectures 

Skedd,R.F. andCravcn,G., ANewTypeof 
Magnetically Tunable Multi-Section Band­
pass Filter in Ferrite Loaded Evanescent 
"Waveguide, IEEE Proceedings of Inter­
magnetics Conference, Washington, Sep­
tember 1967. 

Wales, J., Lovitt, G. J. and Hill, R. A., Op­
tical Properties of Germanium Films in 
the 1-5 1;m range, Thin Solid Films, Vol. 
1, No. 2, pp. 137-150, September 1967. 

Communications 

Antell, G. R. and Gray, E., GaAs Microwave 
Integrated Circuits, CVD Symposium on 
Microwave Integrated Circuits, Notting­
ham University, September 1967. 

Coleman, M. V. and Thomas, D. J. D., The 
Strncture of Amorphous Silicon Nitride 
Films, Institute of Physics Conference on 
Electron Diffraction, Imperial College, 
London, 5-7 July 1967. 

Cooke, R. E., Performance of the Microstrip 
Transmission Line, CVD Symposium on 
Microwave Integrated Circuits, Notting­
ham University, 12-14 September 1967. 

Driver, M. C., A Secondary Electron Det­
ector for Scanning Electron Microscopes, 
Conference on Electron Optics, Instru­
mentation and Quantitative Electron 
Microscopy, St. Andrews University, 
Scotland, 19-21 September 1967. 

Evans, ]., Automatic Control of Integrated 
Circuits Fabrication, Advanced Electronic 
Techniques Conference, Oxford Univers­
ity, 4-6 July 1967. 

Gaines, B. R. and Joyce, P. L., Phase Com­
puters, 5th International Congress, AICA, 
Lausanne, August 1967. 

Gedye, ]. L. and Gaines, B. R., Medical 
Application of Programmable Audio/Vis­
ual Display, 7th International Conference 
on Medical Electronics and Biological 
Engineering, Stockholm, September 1967. 
1967. 

Hill, David R., Some Applications of a Small 
Computer (PDP 8) to Automatic Speech 
Recognition Research, lecture to the Brit­
ish Association for the Advancement of 
Science, Leeds, 31 August 1967. 

Lomax, R. W., A Cold Cathode Optical Dis­
play, Conference on Solid State Devices, 
University of Manchester, Institute of 
Science an Technology, 5-8 September 
1967. 

Pugh, H. H. D. and Gunn, D. A., A Strain 
Gauge Load Cell for Use under High 
Hydrostatic Pressure, Conference on High 
Pressure Engineering, Institution of Me­
chanical Engineers, London, 11-15 Sep­
tember 1967. 

Sandbank, C. P., Future Trends in Integrat­
ed Electronics Applied to Telecommunic­
ations, P. O./Industry Joint Symposium 
on Microelectronics, 11-12 July 1967. 

Sterling, H. F., Alexander,]. H. and Joyce, 
R. J., Deposition of Adherent Coating of 
Insulants in a Radio Frequency Glow 
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Discharge, British Ceramics Research As~ 
sociation, meeting on Special Ceramics, 
Stoke-on-Trent. 

Wright, E. P. G., 1) Background, and 2) Re­
quirements of the CCITT No. 6 Signal­
ling System, No. 6 Signalling System 
Symposium, STC House, 19 September 
1967. 

Creed & Company Limited 

Article 

Evans,]. V., The Teleprinter goes Electronic, 
Business Systems and Equipment, October 
1967. 

Standard Telephones 
and Cables Limited 

Articles 

Clarke, G. P., The Economics of Investing 
in Plant with Special Reference by Autom­
atic Equipment, Metal Working Produc­
tion, pp. 49-53, 25 October 1967. 

Ryder-Smith, S., Letter to Editor of "Elec­
tronic Components" STL Research, Elec­
tronic Components, p. 817, July 1967. 

Lectures 

Boswell, D., Future Economic Application 
of Thick- and Thin-Film Circuits Compo­
nents, Post Office Symposium on Micro­
electronics, Richmond Post Office, Lon­
don, 11-12 July 1967. 

Buckley, S. E. and Crawley, W. P., Some 
Aspects of Quality Assurance in the Man­
ufacturing of Adjustable Ferrite Pot Cores, 
IEE Conference of Magnetic Materials 
Applications, IEE London, 26-28 Sep­
tember 1967. 

Challans, B. W. S., Evaluation of a Coding 
System, British Computer Society Data 
Fair, Southampton University, 25-29 
September 1967. 

Clarke, C. P., How to contend with the Elem­
ents of Risk in Industrial Investment, 
ICWA Scottish Summer School, St. And­
rews University, Scotland, 29 September, 
1st October 1967. 

Clark, L. G. S., Integrated Circuit~ in Switch­
ing, Post Office Symposium on Micro­
electronics, Richmond Post Office, Lon­
don, 11-12 July 1967. 

Fielder, B. K., Visual Display Switching Aid, 
British Computer Society Data Fair, 
Southampton University, 25-29 Septem­
ber 1967. 

Hartley, G. C., Data Handling on a Digital 
Network, British Computer Society Data 
Fair, Southampton University, 25-29 
September 1967. 

Hugues, I. M., Computer-Based Data Com­
munication System, British Computer So­
ciety Data Fair, Southampton University, 
25-29 September 1967. 

Prior, H. T., Equipment Practice for Micro­
circuits Equipment, Post Office Sympos­
ium on Microelectronics, Richmond Post 
Office, London, 11-12 July 1967. 

Robins,]. M., Characteristics of Dual Con­
figuration, British Computer Society Data 
Fair, Southampton University, 25-29 
September 1967. 

Roche, A.H., Evolution of a Design of Re­
peatered Submarine Cable Systems, BNEC 
Electronics Symposium, Kyoto, Japan, 
21-23 September 1967. 

Sandbank, C. P., Some Future Trends in In­
tegrated Electronics Applied to Telecom­
munications, Post Office Symposium on 
Microelectronics, Richmond Post Office, 
London, 11-12 July 1967. 

Sharp,].]., Large-Sized Quick Access Stor­
age in Data, British Computer Society 
Data Fair, Southampton University, 25-
29 September 1967. 

Simpson, F. W., Reliability in Real Time 
Computers, British Computer Society Data 
Fair, Southampton University, 25-29 
September 1967. 

Smith, E. ]. E., Microcircuits in Transmission 
System, Post Office Symposium on Micro­
electronics, Richmond Post Office, Lon­
don, 11-12 September 1967. 

Strivens, M.A., Some Modern Aspects of 
Preparation of Manganese Zinc Ferrites, 
IEE Conference of Magnetic Materials 
Applications, IEE London, 26-28 Sep­
tember 1967. 

Stuttard, E. B., Cost Implications for Users 
of Integrated Circuits, Post Office Sym­
posium on Microelectronics, Richmond 
Post Office, London, 11-12 September 
1967. 

Thew, P. F., Value Engineering in the Elec­
tronics Industry, IERE/IEE/. Prod. Con­
ference, Nottingham University, 10-13 
July 1967. 

Thomas, G. B., Standardization and Relia­
bility Aspects of Microcircuits, Post Office 
Symposium on Microelectronics, Richmond 
Post Office, London, 11-12 July 1967. 

International Telephone and 
Telegraph Corporation 

Lectures 

Caruthers, R. S., Progress Report on Solid­
State Devices for Microwave Transmis­
sion, 12th International Scientific Con­
gress, Ilmenau, East Germany, 11-15 
September 1967. 

Caruthers, R. S., Coordination of Product 
Goals and Research on the ITT System, 
Semi-annual Meeting of Industrial Re­
search Institute, Quebec, Province of 
Quebec, Canada, 9-11 October 1967. 
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ITT Industrial Laboratories Division 

Article 

Eberhardt, E. H. and Barr, F. H., On the Elim­
ination of the Lumen from the Respons­
ivity Calibration of Photodetectors, Ap­
plied Optics, volume 6, number 9, pp. 
1575-1576, September 1967. 

Lectures 

Davis J. A., Recent Developments in Cath­
ode-Ray-Tube Display Techniques, Sem­
inar on Recent Advances in Display 

Media, National Aeronautics and Space 
Administration, 19 September 1967. 

Gumnick, J. L. and Growe, :K. R., Enhancem­
ent of Photoelectric Quantum Efficiency 
on the Near Infra-Red, Conference on 
Photoelectric and Secondary Electron 
Emission, University of Minnesota, 30 
August 1967. 

ITT Avionics Division 

Article 

Trolsen, G. H., Macrocircuit Facility at ITT 
Federal Laboratories, Solid State Tcchno-
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Other papers and lectures 

logy, Volume 10, Number 7, pp. 54-56, 
July 1967. 

Lectures 

Dodington, S. H., Mission and Traffic Con­
trol Systems, University of California, 
Los Angeles, 18 September 1967. 

Finocchi, A.]., Panel Discussion on Micro­
electronics Reliability: Fact or Myth, 
Symposium on Microelectronics Applic­
ations, Group on Aerospace and Elec­
tronics Systems, Institute of Electrical 
and Electronics Engineers, Garden City, 
New York, 21 September 1967. 
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Recent Achievements 

More than 1 Million Lines in Crossbar - The number of tele­
phone lines in crossbar for public exchanges and PABX's either 
installed by SEL or on order, exceeds one million. Thus, crossbar 
switching has proved satisfactory in the telephone installations 
of commercial and industrial enterprises as well as in those of 
governmental authorities in Germany and abroad, and in the 
German ra i lway and post offices. 

Standard Elektrik Lorenz AG , German Federal Republic 

Television Transmitters for Sweden and West Germany -
Sweden has ordered 10 transmitters for its second television 
network in Broadcast Bands IV and V. A nominal power rating 
of 40/8 kilowatts (vision/sound) is required of 8 installations and 
of 120 kilowatts for two transmitters . The Westdeutsche Rund­
funk has ordered a 20/2 kilowatt transmitter. All these transmit­
ters are of a new design. 

Standard Elektrik Lorenz, German Federal Republic 

Pulse Code Modulation Provides Telephone Junction Circuits -
In 1960 Standard Elektrik Lorenz was the first German company 
to complete an 11-channel mobile pulse-code-modulation system. 
It again enjoys this position with regard to a field trial in the 
Stuttgart local telephone network of a 24-channel pulse-code­
modulation junction-cable transmission system. 

Speech is transmitted over 24 time slots with a 25th time slot 
allocated to synchronizing signals. Non-linear encoding provides 
a companding gain of 24 decibels with a companding curve of 
13 segments. The logic is made up of integrated circuits. Thin ­
film techniques are also used. 

As shown in the Figure, the equipment is housed in portable 
boxes in the modular International Standard Equipment Practice. 
The upper box contains the power supply, relay sets, and hybrid 
circuits. The channel units of the transmit and receive sides are 
in the first and third subracks of the lower box respectively. The 
second subrack contains, from left to right, common units for 
transmit, alarm and test units, and common un its for receive. 

Standard Elektrik Lorenz, German Federal Republic 

24-channe l PCM juncti on carri er system . 
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Tantalum Capacitors Type TAG - The TAG solid-electrolyte 
tantalum · capacitor was introduced in January 1965 with a capac­
itance range from 0.1 to 50 microfarads over a voltage range 
from 3 to 35 volts . Recent improvements have lowered the im­
pedance, increased stability, reduced size, and permit capac­
itances up to 100 microfarads in the older size . The new rating 
is 300 microcoulombs. 

Designed for radio and television rece ivers, its resin-dip 
encapsalution and radial terminal wires make it suitable for print­
ed circuits. Its reliability has found it a place in measurement, 
control , and communication equipment. It is substantially smaller 
than an aluminium capacitor of equal rating . 

Standard Elektrik Lorenz, German Federal Republ ic 

ITT Data Service Opens in Stuttgart - In August 1967 a new 
company, ITT Data Service, opened a computing center in Stutt­
gart. It offers both computer time and programing services 
to business, technical , and scientific organizations. It operates 
4 large and 2 small computers with the usual array of peripheral 
equipment. It is already handling data processing for Standard 
Elektrik Lorenz. Expansion to other cities in Germany is planned. 

Deutsche ITT Industries, Freiberg, German Federal Republ ic 

Receiver Featuring Sol id-State TV Novel Circuit Techniques -
At the 25th 1967 Great German Radio and TV Exhibition in Ber­
lin , SEL presented a model of a black-and-white TV receiver 
which - with the exception of a 59-cm SELBO ND® picture tube -
uses only semiconductor devices as active components. 

Of special interest is the VHF/UHF tuner, which is tuned by 
silicon capacitor diodes. A special circuit, which is amenable 
to integrated-circuit techniques, is used for the sound sec­
t ion. The horizontal deflection output stage is equipped with the 
thyristor BT 103 supplied by ITT Semiconductors-lntermetall. The 
power-supply section produces the 110 V set supply for the 
horizontal -deflection output stage, using a thyristor-controlled 
circuit without mains transformer. 

Standard Elektrik Lorenz AG, German Federal Republic 

German Research Satellite "Azur" - The purpose of th is first 
German satellite is to study the inner Van Allen belt and the 
auroral zone, to measure changes in the emission spectrum of 
sun particles during solar eruptions, and to investigate the ter­
restrial magnetosphere. 

The satellite consists of a cylindrical body with conical tips , 
and is provided with solar cells. It is in addition equipped with 
four antennas and a magnetometer, this latter being brought out 
at the lower axis . This space vehicle has a weight of approxi­
mately 100 kg (220 lbs) and uses a passive magnetic positioning 
system. Its target life is one year. It will be put into a high 
eccentric orbit (perigee : 300 km ; apogee: 3400 km). 

A number of large German companies are contributing to this 
project. Standard Elektrik Lorenz A G will supply electronic equip­
ment for processing of digital scientific data during the planned 
experiments and for housekeeping measurements, as well as 
the low-frequency portion of the telemetry and command system. 

Standard Elektrik Lorenz AG, German Federal Republic 

Pentaconta® 32 Telephone System in Mexico - The Penta­
conta 32 telephone system is built in units of 32 lines from 
the smallest size for 32 subscribers up to a maximum capacity 
of 3000 to 3500 subscribers, depending on traffic. The construc­
tion is 100 % plug-in ; even the cabling is prefabricated and 
equipped with plugs. The equipment is mounted on small frames, 
built according to a module system, thus making it possible to 
choose for each circuit the most suitable size of frame. The 
frames are mounted in cabinets of a very rigid construction and 
equipped with protection against dust. 
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Because of the construction in small units and the extensive 
use of plug-in techniques, the installation time for the system is 
very short, about 2 to 3 hours per subscriber. For the same 
reason , the system is very flexible as regards number of lines, 
traffic capacity, and facilities , and it is possible to plan each 
exchange to conform with any specific requirements . 

The first Pentaconta 32 exchanges have been in service in 
Mexico since the beginning of 1967 notably the 500-line exchange 
in San Miguel Allende, which is interworking with an existing 
exchange using multi-frequency code signaling. 

Bell Telephone Manufacturing Company, Belgium 

Miniaturized Main Distributing Frame delivered - The first mini ­
aturized main distributing frame (MDF) has been installed in the 
Mechelen II exchange forming part of the Belgian RTT network. 
This exchange has a 10 000-line end capacity, and a frame module 
3 m in length was therefore provided , equipped with 5000 test 
keys and 16 000 cable-pair connections. The cut over took place 
on 19 December 1967. 

This equipment replaces an MDF of the former type 10 m in 
length, which was originally planned for this exchange. The 
installation took much less time than for the previous type of 
MDF. This was mainly due to the simplified cabling methods and 
the reduced number of hardware pieceparts used in the construc­
tion of the framework. 

The RTT personnel have connected 10 400 cable pairs on 
the incoming side of the MDF and 5000 lines are connected as 
the starting capacity. It was the first time that the wire-wrapping 
method had been used for this work on both the cable side 
and the exchange side. The operators adapted themselves easily 
to the new jumpering rules. 

The construction made it possible to meet all the unforeseen 
requirements , such as, for instance, the extra run of 4000 jumpers 
between cable pairs (Mechelen I and Mechelen 11) . 

Bell Telephone Manufacturing Company, Belgium 

Power Supply System for the ESRO I Scientific Satellite -
A power supply system has been developed by Bell Telephone 
Manufacturing Company for the ESRO I scientific satellite of the 
European Space Research Organization. The flight units were 
delivered on 15 June 1967, for integration into the spacecraft 
by the prime contractor, Laboratoire Central de Telecommunica­
tions , Paris. They had undergone complete flight clearance testing 
at BTM and ESTeC (European Space Technology Center) at 
Noordwijk, Holland. 

The development involved the design of the solar generator 
configuration, the design of a battery pack, and the develop­
ment and manufacture of the hardware for a battery-charging 
control system and for the power conditioning. The launching 
phase and the space environment had to be taken into account 
during the development with regard to vibration, acceleration, 
radiation, micrometeorites, and high vacuum. The above mentioned 
flight clearance tests thus included sinusoidal and random vibra­
tion, linear acceleration , low-temperature operation , high-tem­
perature operation, thermal vacuum, and also, for qualification , 
low-and-high temperature storage tests, and a humidity test. 

The 7000 N-on-P silicon solar-cell generator and the 16-cell 
hermetically-sealed 3 ampere-hour battery pack were sub-con­
tracted. 

The photo shows the electronic sub units RL 1446-A, -B and 
-C. The two larger units, A and B, contain all the power-supply 
circuits to provide regulated voltages of + 16, + 12, + 6, + 3 
and - 6 volts and an unregulated voltage of + 3.7 volts . The over­
all output power is 12 watts with a peak capability of 18 watts . 

The weights of the units are respectively: 6.2 pounds (2.8 kilo­
grams) and 7.3 pounds (3.3 kilograms). The dimensions are 8.6 
by 7.5 by 3.16 inches (22 by 19 by 8 centimeters). The smaller 
unit C contains the control circuits for the battery charging. The 
weight of the unit is 3.75 pounds (1.7 kilograms) . The dimensions 
are 7.5 by 3.6 by 3.45 inches (19 by 9 by 8.7 centimeters) . 
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Reliability is obtained in all electronic units by component and 
circuit redundancy, which -allows a failure, short- or open-circuit 
of any component, without impairing for the system operation . 

All the circuits are encapsulated in polyurethane foam. 

Mechelen II miniaturized MDF. 

ESRO I Satellite and its electronic subunits AL 1446 A. B, and C. 
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Recent Achievements 

Detailed checks have been performed to determine appropriate 
methods of operation by cycling a battery, battery-charge con­
trol, and regulator under electrical inputs and loads simulating 
the actual conditions to be expected in orbit. 

Bell Telephone Manufacturing Company, Belgium 

Miniaturized Voice-Frequency Telegraph System - The applica­
tion of new design principles has resulted in an appreciable 
reduction of the quantity and complexity of the coils and trans­
formers used in telegraph channel modems. The subsequent 
reduction in cost and size of the latter has permitted the design 
of a new series of equipments featuring increased flexibility and 
additional fac ilities at highly competitive prices. The channel 
capacity of these equipments grouped under the name "MTI" 
(MTI stands for Miniaturized Telegraph System) ranges from 6 
(small cabinet) to 96 (rack of standard height) . 

Each modem consists of two plug-in units: a VF (voice-fre­
quency) transmitter and a VF receiver. These units can be sup­
plied for all CCITT-recommended frequency spacings and they 
are all mechanically interchangeable. In parallel with the redesign 
of the channel modem, the common and auxiliary circuits have 
been updated. 

The power supply comprises a d. c./d . c. convertor operating 
at 25 kHz ; its volume is less than one third of the earlier design . 

Integrated circuits have been used wherever economically justi­
fied . They permitted an extreme simplification of the test signal 
generator and the incorporation of a frequency counter. 

Throughout the development of this system, special attention 
has been paid to reliability ; for example, only silicon epitaxial tran­
sistors are used ; tantalum electrolytic capacitors are avoided . 
The equipments of the MTI system operate satisfactorily in up 
to 55 ° C ambient temperature. 

Bell Telephone Manufacturing Company, Belgium 

Direct Trunking Belgium - USA - On 1 September 1967, the Bel ­
gian Administration (RTI) put into service the first semi-auto­
matic telephone links for direct traffic between Brussels and 
New York. 

This was the first application in Europe of the CCITI N° 5 
signaling system used on these both-way intercontinental lines. 

The switching network that was developed and installed in the 
outgoing international center is shown on the Figure. It com­
prises essentially two combined selection stages, with Herkon 
reed relays as crosspoints. The final capacity of the switching 
network was calculated for a total outgoing traffic up to 450 erlangs. 

The both-way intercontinental lines are connected individually 
to the A selectors, and access to the outgoing trunks with CCITT 
N° 4 signaling system to London, Frankfurt-transit, and Paris-
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• DIALLING 
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N° 5 N° 4 
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Subrack mounting of a 24-channel group . Each level comprises : a transmit 
line unit , 6 VF transmitters , a local voltage stabilizer, 6 VF receivers , and 

a receive line unit . 

transit are provided via the B selectors. These latter lines treat 
the overall automatic subscriber traffic for the whole country in 
the directions mentioned. 

In a first stage, the intercontinental circuits are exclusively under 
the control of the extra-European desk operators, although fully 
automatic subscriber dialing has been provided for. 

In the case of total occupation of the direct lines , the inter­
continental calls are handled in overflow via Frankfurt. 

The outgoing registers are arranged for impulse as well as 
European MFC (multi-frequency code) signaling on the reception 
side ; they make use of code senders for CCITI N° 4 and N° 5 
signaling systems. Routing control is performed by means of 
relay translators. 

The incoming intercontinental calls over the both-way lines are 
automatically directed to all the subscribers of the Belgian net­
work under the control of incoming registers. These latter are 
arranged for reception of the CCITI N° 5 signaling system, and 
the European MFC signaling system is used on the national side. 

TWO-STAGE LINK 
A 

Bell Telephone Manufacturing Company, Belgium 
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Brussels International outgoing center for N° 4 and N° 5 CCITT signaling system . 
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First Stored-Program Controlled 10-C Terminal Exchange Deliv­
ered to the Belgian Administration - The first 1000-l ine 10-C 
terminal telephone exchange installed at Wilrijk, near Antwerp, 
was delivered to the Belgian admin istration on September 25, 
1967. The official ceremony was attended by distinguished offi ­
cials, including Mr. W. de Clercq , Vice Prime Minister of Belgium ; 
Mr. H. Maisse, Minister and Secretary of State for Telecom­
munications ; Mr. M . Lambiotte , General Manager of the RTI ; 
Mr. F. J. Dunleavy, Pres ident ITT Europe ; Mr. J. V. Lester, Exec­
utive Vice President ITT Europe ; and Mr. J. Bou rgeois, V ice Pres­
ident ITI Europe. 

Mr. Ma isse offi cia l ly putti ng the 10-C exchange in operation. 

After press ing the key that loaded the exchange program into 
the central processor's memory, Mr. Maisse called his colleague, 
Mr. Grootjans, via the new exchange, then formally accepted the 
equipment. After Mr. F. Pepermans, President Managing Director 
of BTM, had thanked the administration for its st imulating col ­
laboration during the development period, Mr. M . Lambiotte 
expressed his confidence in the 10-C system. Finally, Mr. E. A. 
Van Dyck, Manager of the BTM switching systems division , de­
scribed the 10-C system and summarized its principal advantages 
from the operational standpoint, including a space saving of 
over 60 %, reduced maintenance, etc. 

After the addresses, the guests had an opportunity to test the 
system, particularly the new subscriber facilities such as abbre­
viated and push-button dialing, automatic absentee service, auto­
matic call transfer, etc. 

Bell Telephone Manufacturing Company, Belgium 

Toll Board 2003 P - The 2003 P toll board is an equ ivalent of 
the existing 2003 A, B, and C toll boards, but it utilizes Penta­
conta components. It is shown in Figure 1. It will be used for 
manual interconnection of local exchange subscribers of all 
known systems with rural , toll , and international trunks. 

The 2003 P cord and positional circuits are arranged for sleeve 
wire (third wire) operation and supervision. 

This recently developed equipment is composed of pieceparts 
(see Figure 2) , which will be shipped in loose parts, packed in 
two kits, one for complete ironwork and one for the complete 
woodwork. This is in order to meet the requ irements of the 
administrations who, for economic reasons , wish local labour to 
be used as much as possible. 

During 1967 and 1968, nine manual toll exchanges using 2003 P 
toll boards will be cut over in Mexico. 

Bell Telephone Manufacturing Company, Belg ium 
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Figure 1 - Front vi ew of the 2003 P to ll board . 

Figure 2 - Loose parts for bui ld ing up a 2003 P to l l board . 

Cut-and-Strip W ire Guns - The Bell Telephone Mfg. Co in 
Antwerp have recently introduced on the market a new tool 
that will yield considerable savings in all operations dealing 
with the cutting and stripping of wires and cables . 

Application of this tool in the production shops at BTM show a 
time reduction of 5 to 1 in comparison with conventional equip­
ment and pay-back within two months. 

The cut-and-strip wire gun is a pneumatic hand tool for fast 
and clean cutting and stripping, in one operation , of up to 5 PVC 
(polyvinyl chloride) insulated wires at a time. It is especially 
handy for fast and precise cutting and stripping on handmade 
cables forms , etc., in assembly operations. Some typical charac­
terist ics are given here below: 
- weight less than 2 lbs (900 g) ; 
- with ordinary telephone wire or similar wire, some 3000 wires 

can be cut and stripped in one hour (i . e., 600 operations on 
5 wires) ; 

- the gun operates with compressed air at 85- 100 lb. in2 (6-8 
kg/cm2) ; 

- it is suitable for stripping almost all plastic and rubber insu­
lations ; 

- in order to ensure accurate as well as nick-free wire str ipping, 
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Bell Cut-and-Strip Wire Gun . 

the wire-size can be pre-set according to the customer's speci ­
fications, thus eliminating potential mistakes by the operator; 

- standard sizes 21 to 25 SWG (0.5 to 0.8 mm) ; 
- standard stripping lengths are : 1/ 8 inch (3 mm) - Model 

724 001 A and 1 % inches (34 mm) - Model 724 000 B ; 
- special intermediate lengths can be supplied ; 
- by plugging the appropriate distance fork into the gun, the op-

erator automatically obtains the right cutting length; the stand­
ard accessories of each gun comprise 6 forks of different 
lengths, ranging from 1 % to 7 inches (3.75 to 17.50 cm). Other 
lengths can be supplied at request. 

Bell Telephone Manufacturing Company, Belgium 

Expansion of the Pentaconta Switching System over the World -
The public exchange in Alajueja , Costa Rica, was officially cut 
over on 1 August 1967. 

This is the first in a series of 18 Pentaconta public exchanges 
to be supplied to Costa Rica and installed there by the Com­
pagnie Generale de Constructions Telephoniques (CGCT), inven­
tors of the Pentaconta crossbar automatic telephone switching 
system. 

This cutover is an important step in the carrying out of the 
project for development and modernization of the Costa Rican 
telephone network, undertaken by the "Institute Costarricense 
de Electricidad" , which is planning 30 000 additional telephone 
lines plus inter-urban automatic switching throughout the country. 
CGCT has received new orders for Pentaconta exchanges from 
various countries: 

France: The French P & T administration has ordered a 5000-
line telephone exchange for the town of Clermont-Ferrand, and the 
extension of the Paris-Rameau (2000 lines) and Melun (1000) 
exchanges. 

Polynesia: The Post Office has ordered a 3500-line Penta­
conta exchange to serve the 20,200 inhabitants of Papeete. 

The districts of Punaauia and Mahina, located 8 kilometers 
(5 miles) from Papeete, will al~o receive 500 and 300-line Penta­
conta exchanges, respectively. 

CGCT has already installed a Pentaconta exchange on Raietea 
Island, 232 kilometers from Papeete. 

Mexico: three new Pentaconta public telephone exchanges for 
Mexico were recently added to the 29 previously ordered by 
Telefonos de Mexico; these three exchanges are : 
- Mante, 1600 lines, at Ciudad Mante, province of Tampico ; 
- Sur, 4000 lines, at Guadalajara, province of Jalisco ; 
- Chapalita , 6000 lines, also at Guadalajara. 

In addition, the exchanges at lrapuato, Queretaro, Reynosa, 
Morelos, Bandera, Tecnol6gico, and Acero will be extended by 
a total of 5,600 lines. 

With this last order, the 32 exchanges will total 88 950 lines. 
Since 1965, CGCT has been installing the exchanges with the 
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help of the personnel of the associated company lndustria de 
Telecomunicaci6n , S. A. , of Mexico. 

Compagnie Generale de Constructions Telephoniques, France 

Universal Pentaconta Test Device - Assemblies like the equipped 
frames and bays used in automatic telephone switching systems 
are so complex that they must be checked in the plant for tech­
nical specification data, as soon as they are equipped. 

Automatic devices are used to make checking more reliable. 
Such devices often have specific designs according to the type 
of assembly that is chosen among those most frequently mounted. 

However, for those that are not usual enough to justify the use 
of a special costly device, LMT has developed a universal test 
device designed primarily for testing Pentaconta telephone assem­
blies. This universal test device features special electronic means 
and high-connection capacities affording great flexibility in utili­
zation. 

This flexibility has already been demonstrated in testing assem­
blies other than Pentaconta units, such as the electronic cross­
point matrices used in the LMT electronic PBX Artemis . 

Le Materiel Telephonique, France 

Temperature-Compensated Crystal Oscillators - A contract for 
the supply of 10 prototype temperature-compensated crystal 
oscillators (TCXO), of frequencies ranging from 2 to 70 MHz, 
was awarded to Le Materiel Telephonique by the technical depart­
ment of the "Navigation Aerienne ", in December 1966. Proto­
types were built and customer approval was obtained during 
the first half of 1967. The frequency stability of these oscillators 
is better than 2 parts per million for temperature variations from 
-20 ° C to + 70 ° C, and better than 5 parts per million if the 
variations of the supply voltage and of the load resistance , and 
the aging during five years are taken into account. The drift 
of the quartz oscillator is compensated for by a corrective net­
work that consists of an adjustable capacitance diode, thermistors 
and precision resistors. The entire oscillator is made in the 
form of a miniaturized sealed plug-in unit. 

Universal Pentaconta Test Device. 
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The development work was carried out jointly by LMT for the 
manufacture of the quartz crystal , the oscillators and the tests , 
and by the Laboratoire Central de Telecommunications for the 
computat ion of the corrective networks and its processing on a 
computer. 

Le Materiel Telephonique 
Laborato ire Central de Telecommun ication , France 

Color TV Test and Maintenance Instruments - Metrix products 
have captured 50 to 100 % of the French market for multimeters, 
TV wobbulators , signal generators, tube and semiconductor test 
sets, etc. 

Recent color TV applications are : 
- two signal generators or " color patterns " for the PAL system 

types GX 970 and GX 972) , and one for the SECAM system 
(type GX 95 1) ; 

- a trans istorized two-gun osci lloscope, 0- 15 MHz (type OX 701) ; 
- a video wobbulator-generator (type WX 501 ). 

The elapsed t ime between the official adoption of the optimized 
SE CAM II I b system by the French government (20 January 1967) 
and the f irst broadcasting of color TV programmes (1 October 
1967) was quite short for the t rans it ion from the prototype stage 
to normal production. But early preparation, use of advanced 
techniques (integrated circu its) , and close cooperation with TV­
set manufacturers and their association (SCART) enabled Metrix 
to have 300 GX 951 equipments put quickly into service, this 
figure having reached 850 on 1 November 1967. This instrument 
has proved to be both of a high technical standard and of great 
simplicity in use. Despite many fears , the maintenance of color­
TV sets does not require speciali zed care , but can be ensured 
by the same servicemen working with black-and-white. After 
its official demonstration in April 1967, it is thought that about 
2000 units w ill have been ordered by mid-1968. 

On 2 October 1967, Metrix received a delegation of v isitors 
representing the SCART, the French radio and TV-set manufac­
turers, and the rad io and TV techn ical press. 

Compagnie Generale de Metrologie - Metrix, France 

Installation Begins on PCM Equipment - Installation has begun 
on London 's first PCM junction telephone systems. Two routes 
from city exchanges to the subscribers are having existing cables 
converted to PCM carrier systems. In the first phase of this 
scheme, 40 PCM systems are being used, employing 960 depend­
ent repeaters installed in existing manholes and footway boxes. 
The whole operation is being controlled by STC and the BPO, 
using crit ical path methods, and installation began exactly on 
schedule. 

Standard Telephone and C<1bles Limited , United Kingdom 

Pattern generator GX 951 A for the SECAM system. 
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Engineers from STC 's Installat ion and Maintenance Service D ivisi on , Bal­
s i ldon, at work on the first PCM instal lat ion in London 's W aterloo Road. 

Microminiature Data Communication System - The GH 210 data 
commun ication system is constructed in sil icon planar integrated­
circu its on a modular basis us ing plug-in boards. It is capable 

General view of the GH 210 system. 
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of speeds of up to 4800 bits per second. A cyclic code method 
of error detection is used and any 4, 5, 6, 7, or 8 level code 
can be handled to give a distant terminal output replica of the 
input. 

The two controls are designed for simplicity; the first determines 
the mode of operation, either to receive· or transmit data at one 
of two speeds under local supervision, or for automatic reception 
and transmission under the control of a remote terminal. The 
other determines the system function and has three positions: 
"wait", "data", and "speech". 

The "wait" position allows either terminal operator to suspend 
the data flow without loss of data while changing tape supply, 
and so on. The "data" position is used for the transmission of 
data and the "speech" position enables the operator to intervene 
without any loss of data. 

The system will operate unattended on a 24-hour basis. 

Standard Telephones and Cables Limited, United Kingdom 

Pot Cores to IEC Recommendations - A range of ferrite pot 
cores to IEC (International Electrotechnical Commission) dimen­
sions has been added to the range of products of the Magnetic 
Materials Division of Standard Telephone and Cables Limited. 
At present, four sizes (14 mm, 18 mm, 22 mm, and 26 mm) of 
core, with specific inductance values to the R5 series of numbers, 
are available in five grades of high-permeability ferrite material. 
Adjustable and unadjustable cores can be supplied, the adjust­
able cores being fitted with an adjuster that is contained wholly 
within the core. This patented adjuster mechanism is manufac­
tured to close tolerances on dimensions and concentricity that 
ensure a smooth, kink-free adjustment curve. With the recom­
mended adjuster setting, accuracies of 0.01 per cent can be 
achieved with an adjustment range of between 8 % and 16 %. 
Alternative adjusters can be supplied to provide even closer 
setting accuracies of wider adjustment ranges. Bobbins and 
mounting systems can be supplied with all cores. 

Correctly assembled cores are stable over a temperature range 
of -20 °C to + 70 °C and will withstand vibration and shock to 
specification DEF 5011 severity V2 and section 5.3, respectively. 

The cores are manufactured with high-permeability, low-loss 
ferrite materials produced under stringent quality control methods. 
Of the five materials, two are used for unadjustable transformer 
cores. These are SA500T and SA601, and are suitable for use 
up to 10 MHz. SA601 has a very high permeability, which often 
enables a smaller size of core to be used. 

The three materials for adjustable inductor cores are SA500L, 
SA502, and SA503, and are suitable for application up to 
300 kHz. 

SA500 L is a general-purpose inductor material with a con­
trolled positive temperature coefficient, low losses, and a low 
hysteresis constant. It is particularly suitable for use in tuned 
circuits with polystyrene capacitors. 

SA502 and SA503 have lower losses, hysteresis constants, 
and disaccommodation factors than SA 500 L. SA 502 has a zero 
temperature factor, which makes it particularly suitable for use 
with mica capacitors. SA503 has the same temperature factor as 
SA500L. 

Standard Telephones and Cables Limited, United Kingdom 

Microwave System for the Virgin Islands - The RL4 H, 4 GHz 
solid-state equipment (cf. Electrical Communication, Vol. 42, N°4) 
will provide a 960-circuit link between San Juan and Magens 
Bay. The link, which is 80 miles long, will be done in two "hops": 
the first from San Juan to El Yunge, Puerto Rico, a distance of 
20 miles, and the second over 60 miles of water between El 
Yunge and Magens Bay on St. Thomas Island. For the water hop, 
space-diversity techniques will be employed. 

Standard Telephones and Cables Limited, United Kingdom 

Multispeed Modem For BPO - A large order has been received 
from the British Post Office for modem equipment for the DATEL 
services to be cut over this year. The equipment operates at a 
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speed of 2400 bits par second with a fall-back to 1200 and 
600 bits per second, and with an optional supervisory (return 
channel) speed of 75 bits per second. The equipment is the first 
of its kind to combine so many operating speeds within one 
unit. 

The high speeds of transmission will be used over private tele­
phone circuits with fall-back on to the public switched networks 
at the lower speeds. 

The BPO will use the equipment in their DATEL 2400 service to 
meet demands of business organizations to transmit digital data 
for ·computer use over telephone lines. 

Standard Telephones and Cables Limited, United Kingdom 

Telephone System in the New UK Liner, Queen Elizabeth II -
A private automatic branch exchange employing a cord-type 
manual switchboard will connect 1000 passenger and 350 crew 
extensions in the new Q 4 liner launched on 20 September 1967. 
In port, there will be 46 exchange circuits for ship-shore con­
nections, eight circuits will be available for the ship's radio 
channels, and thirty circuits for special services such as laundry, 
shops, and so on. 

A dialing system for crew connection will use a 3-digit scheme. 
Passengers will obtain connection to other passengers through 
a manual switchboard but can dial ship's service direct. 

Over 100 000 pair-yards (92 000 pair-meters) of cables are in­
volved in the installation, which uses a new multi-unit type of 
cable having a small-diameter stranded construction not pre­
viously used aboard ship. Special cable harnesses, assembled 
in the factory, are used to connect the cabins and exchange 
without breaks in the cable or junction boxes. 

Standard Telephones and Cables Limited, United Kingdom 

Microwave Communication Link for Electricity Authority - The 
Central Electricity Generating Board is installing a microwave 
system between two power stations and a substation in Yorkshire 
which will use the 1500 MHz RM 15 A equipment manufactured 
by Standard Telephones and Cables Limited. The system will 
provide 4 speech circuits with engineers order wire and alarm 
facilities. The equipment is solid state and includes in a 6-foot 
rack a 1500 MHz duplicated radio terminal and from one to 
24 channels of STC mark 6 multiplex. 

Standard Telephones and Cables Limited, United Kingdom 

Thin-Film Microphone Amplifiers - Three modular amplifiers 
021 BA E, F, and N, using thin-film circuitry, have a response 
that is substantially flat from 400 Hz to 20 kHz. They are designed 
for the amplification of signals from all types of microphone. 
They are 19.3 X 10 X 5.1 mm (0.76 X 0.39 X 0.2 in) in size and 
weigh 1.5 g (0.05 oz) and may be mounted close to the micro­
phone eliminating electrical unbalance because of long leads. 
The power consumption is low and type F requires 12 to 22.5 Vdc, 
E, 22.5 to 30 Vdc and N, 12 to 30 Vdc. 

Standard Telephones and Cables Limited, United Kingdom 

GH 305 Ultra-High-Speed Data Communication Equipment -
Exhibited at the 1967 Business Efficiency Exhibition in London, 
the GH 305 equipment can transmit data at speeds up to 840 kilo­
bits a second over unloaded telephone cable. It has been 
designed to link a data source and computer several miles apart 
and many have applications. in computer links on rocket or aero­
engine test sites, between master and slave computers in research 
organizations or on industri•al sites. 

The equipment is to be used by the United Kingdom Atomic 
Energy Authority at their research establishment in Harwell on 
links ranging from a few hundred yards to 11/2 miles in length. 

Standard Telephones and Cables Limited, United Kingdom 
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Mediterranean and Baltic Undersea Cable Orders - Very large 
orders have been received for four undersea cable systems which 
will include 1,000 miles of undersea cable and 114 submerged 
repeaters , together with land-based equipment and spares. The 
repeaters are transistorized and will allow 480 simultaneous two­
way telephone conversations. 

Two of the systems will terminate in continental Italy, one con­
necting Pisa and Barcelona (418 nautical miles of 0.99 inch 
cable with 56 repeaters) , and the other Civitavecchia, near Rome, 
with O lbia , in Sardinia (135 nautical miles of 0.99 inch cable with 
18 repeaters) . A third system wi ll connect Germany with Sweden 
across the Baltic (121 nautical miles of 0.935 inch cable with 
15 repeaters) , and the fourth will be laid from Agrigento in 
Sicily to Tripoli in Libya (304 nautical mi les of 0.62 inch cable 
and 24 repeaters). This latter system will provide 120 circuits 
and the remainder 480 circuits . 

Standard Telephones and Cables Limited , United Kingdom 

New Teleprinter First of Kind in the World - A newly developed 
teleprinter known as the Envoy Datapri nter, combi nes features 
that have never before been available in one machine. These are 
the ability to operate on an 8-unit basis (i . e., to use the more­
complex codes suitable for data processing) applications ; a print 
out of 96 characters, which includes upper- and lower-case let­
ters ; and the use of electronic components to increase reliability 
and flexibility. 

The Envoy electronic dataprinter. 

Because of its suitability for use in computer and data process­
ing applications the Envoy will carry the name "dataprinter" 
rather than " teleprinter" . The result of four years' research and 
development, it represents a considerable advance in data com­
munication techniques, and made its debut at the 1967 Business 
Efficiency Exhibition at Olympia, London . 

The Envoy operates at speeds up to 10 characters per second 
and can be used both for on-link work (e.g. transmission and 
reception of data to and from a remote computer) and for off­
line tape editing work (e.g. the punching, interpretation, and 
duplication of 8-track tapes). 

The use of high-reliability integrated-circuit electronics has lead 
to the elimination of the complex mechanical units found in con­
ventional equipment of this type. Altogether, more than 70 % of 
the parts found in comparable mechanical machines have been 
replaced by electronics in the Envoy. The result is an increase 
in reliability, simplified maintenance, and a reduction in main­
tenance time. 

Creed and Company Limited, Un ited Kingdom 
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The dependable data processor. 

Dependable Data Processor - There is a need in several fields, 
for example process control and telephone switching, for a data 
processor with a higher degree of reliability than those presently 
available. Such a processor has now been produced at Standard 
Telecommunication Laboratories . It employs several types ot 
redundancy, and the intention is that the machine will diagnose 
any single fault that occurs with in itself and indicate its location, 
while continuing to operate normally. Provided the fault is repaired 
before another occurs in the same area, the machine will not 
fail. Since most faults will be on equ ipment cards , repair is just 
a question of changing a card, without the need to stop the 
machine. 

The types of redundancy used are : 
a) Information redundancy, or the use of error detecting and 
correcting codes in order to protect information storage and 
transfer against a single digit fault. The 18-bit word needs an 
additional 5 check bits and 1 overall parity bit. The size of storage 
is therefore increased by only 1/ 3 over a non-redundant machine. 
b) Triplication and majority voting, as used in the control and 
arithmetic units. Failure of the majority voters is guarded against 
by the redundancy in other areas. 
c) Duplication plus error detecting/correcting codes, as used in 
the peripheral area. The presence of the codes provides a means 
of deciding which of 2 channels is correct if they disagree. 
d) Time redundancy, or the use of a routine program to test 
normally redundant parts of the machine where a fault would 
remain hidden until those parts are required to operate because 
of a fault elsewhere. 

The processor uses about twice the equipment of a similar, but 
non-redundant, machine. It must be considered, however, that the 
model described has only a small store (4096 X 24 bits) , while 
a machine with a larger store would compare more favorably 
owing to the relatively small increase in storage size. 

Standard Telecommunication Laboratories, United Kingdom 

Single-Channel PCM Coder-Decoder for a Telephone Subset -
A model of a single-channel companding PCM coder-decoder, 
small enough to fit ins ide a conventional telephone subset, has 
been designed and constructed at Standard Telecommunication 
Laboratories. It is shown in the figure. The coder operates on a 
time-counting principle in order to permit the maximum use of 
digital integrated circuitry, which gives improved reliability and 
small size. 

Coding and compression are carried out by using amplitude­
modulated speech samples to shock-excite a damped tuned cir­
cuit, and then counting the number of cycles that exceed a pre-
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A telephone subset fitted w ith a model of a PCM coder-decoder. 

determined threshold level. By making the threshold level time­
dependent by a simple RC circuit, a smooth inverse sinh com­
pression law is obtained, giving the normal 25 dB companding 
improvement. 

At the decoder, the incoming PCM is first converted to pulse­
width modulation, using only digital circuitry. The resulting pulses 
are then applied to a CR network whose response, sampled at 
a fixed time just greater than the maximum possible duration of 
the applied pulse, gives the expanded analog output. 

Using thin -film techniques for the analog circuits and flat­
pack integrated-logic-circuit units, a complete coder-decoder has 
been constructed with a volume of about 4 cubic inches (66 cm3) , 

and a power dissipation of just under 0.5 watt. 

Standard Telecommunication Laboratories, United Kingdom 

Slow Devices in Fast Circuits Using the Equilibrium Principle -
A 6-digit PCM coder has been built which , without extra com­
plexity, can operate much faster than a serial coder, using 
devices with the same speed capabilities. The entire circuit uses 
general-purpose switching transistors with an fT of 200 MHz; the 
coding time per sample is 140 ns, allowing 7 MHz sampling rate. 
This is 3% times the limiting speed of a serial coder using the 
same transistors. In the figure, a coding time of 90 ns for the 
first 4 digits is apparent; a further 50 ns is required for the two 
least significant digits. 

The equilibrium method, used in this coder, implies an initial 
state of balance in the circuit which is upset by an input signal , 
causing each bistable digit to move towards its final equilibrium 
state (the output code) at a rate determined by its own inertia, 
and not by any external clock source. This coding process 
requires a number of binary decisions to be made, each cor­
responding to one bit of the binary-coded output. The auton­
omous operation of an equilibrium coder allows the switching 
actions following these decisions to overlap. This is in contrast 
to a serial technique, where each digit is completely established 
before the next one is set up. 

Standard Telecommunication Laboratories, United Kingdom 

Cold-Cathode Electron-Emitter Optical Display - An experimen­
tal metal-insulator-metal thin film device, which acts as a cold­
cathode electron emitter, has been used in conjunction with a 
phosphor screen to provide an optical display panel. 

Figure 1 shows an exploded view of a 25-element array of such 
devices, each of approximately 0.1 cm2 area, which can produce 
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A typical switching process by which the 4 most significant digits of the 
equilibrium coder reach their correct output state. The ranges of samples 
giving rise to the outputs 1001 and 1010 are 38 to 40 and 40 to 42 quantum 

step units , respectively . 
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Figure 1 - Exploded view of 25-element array. 
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an optical display showing simple alpha-numeric characters as 
depicted in Figure 2. 

The thin films are laid on glass substrates by vacuum deposi­
tion. The substrate is fixed opposite a flat phosphor screen in a 
vacuum, and after an electro-forming process, the current-voltage 
characteristic of the device shows a low resistance region, a 
voltage-controlled negative-resistance region, and a high resist­
ance region. A similar characteristic is obtained for both positive 
and negative bias potentials. In the high resistance region, with 
the top metal electrode biased positively, electrons are emitted 
and accelerated onto the phosphor screen by means of a voltage 
of about 1000 volts connected between it and the top electrode, 
causing a glow that is readily seen under normal lighting con­
ditions. 

Standard Telecommunication Laboratories, United Kingdom 

Figure 2 - Optical displays obtained from a 25-element array; the letter W 
and the numeral 4. 

Thin-Film and Printed Circuits - A new technique for the "writing 
in" of patterns on a thin-film substrate that will directly produce 
interconnections and resistors has been developed by Standard 
Telecommunication Laboratories, and is being evaluated for pro­
duction at the STC Film Circuit Unit at Paignton , in connection 
with their new fast-turn-round prototype facility. 

"Writing in " equipment for tape­
control led th in-film circuit, fa­
brication , with (inset) a typical 
thin-film resistor and intercon­
nection pattern produced on a 
1 x 1/2 inch (2.5 X 1.25 cm) sub­
strate . 
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The technique completely eliminates all the photo-lithography 
normally associated with printed wiring and thin-film circuits 
and enables a typical circuit to be written on a substrate in a 
matter of minutes by unskilled personnel. It makes use of a 
micro-positioning table and a specially developed stylus with 
fluids that are etch-resistant after hardening. The stylus is held 
stationary, and the table on which the substrate is mounted 
moves under it in response to coordinated instructions from a 
punched paper tape, which can be prepared using a computer 
fed with basic design information . Figure 1 shows the table and 
its controls . 

For film circuits, the starting point is typically a substrate com­
prising a sheet of 1 X 1/2 inch (2.5 X 1.25 cm) glass having a depos­
ited layer of, for example, nichrome under a thicker layer of 
gold. In the first "writing in" process, the interconnection pattern 
is traced out in etch-resistant fluid on the upper layer of gold. 
The fluid is hardened, and the substrate is then etched selectively 
so as to remove the gold not coated with resist, but leaving the 
underlying nichrome unaffected. The resist is then removed leav­
ing the gold interconnection pattern. 

A second writing operation next places an etch-resistant pattern 
on the exposed nichrome. The substrate is now selectively etched 
to remove uncoated nichrome only (leaving the gold connector 
pattern unaffected) . In this way, nichrome resistors are formed. 
Line widths down to 75 microns have been produced. A tolerance 
of ± 5 % is typical for the major range of resistor values. 

For printed circuit wiring, the starting point is a normal copper­
clad plastic laminate, and in this case all the copper is etched 
away, except for that laying under the "written in" circuit pattern. 
Line widths up to 0.15 inch (3.8 mm) can be produced. 

Standard Telecommunication Laboratories, United Kingdom 

Coaxial Cable System in Norway - Standard Telefon og Kabel­
fabrik A/S, Oslo, has recently delivered the last coaxial cables 
for the cable system Oslo-Trondheim-Steinkjer, connecting 
two of the most densely populated districts of Norway. The cable 
route (see map) leads from Oslo through Gj0vik, Lillehammer, 
and Dombas to Trondheim, and further through Stj0rdal to 
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Steinkjer. The system also includes a spur cable from Lilleham­
mer to Hamar, and a submarine coaxial cable between Gj0vik 
and Hamar. 

The mountain crossing between Dombas and Oppdal brings 
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the cable route up to a little above 1000 m altitude in the neigh­
borhood of Hjerkinn . 

The cable contains two coaxial pairs 2.6/9.5 mm (0.104/ 
0.375 inch) of CCITI-recommended type. The two pairs together 
with auxiliary quads form the center of the cable , surrounded by 
a layer of paper-insulated toll quads. The cable is lead sheathed 
between Oslo and Lillehammer, and aluminium sheathed for the 
remainder of the route. Except for a few thousand meters of 
duct cable in Oslo and Trondhe im, all cables are steel tape ar­
mored for direct burial. 

Between Dombas and Hjerkinn , a section of 33 km , two small 
coaxial pairs 1.2/4.4 mm (0.047 /0.174 inch) are included in the 
cable . The pairs replace 4 of the auxiliarly quads. The small 
pairs , also of CCITI-recommended type, will handle the local 
traffic demand. 

Between Oslo and Gj0vik there are two identical coaxial cables . 
One is for the Oslo-Bergen route, which was completed in 
1957, the other for Oslo - Trondheim. STK has delivered a total 
of 886 km of coaxial cable for the system, 142 km of which are 
for the Oslo - Bergen connection . 

The Norwegian Telegraph Administration has also included in 
the system a quantity of toll cables for district connections . STK 
has delivered in total 746 km of toll cable of various sizes. 

The Norwegian State Railways, during the same period, la id 
parallel toll cables on the Hamar - Lillehammer - Trondheim 
section , and one cable from Trondheim to Stj0rdal. Along the 
greater part of the route , these cables were laid in the same 
trench as the coaxial cable. For this railway cable system, STK 
has delivered 907 km of toll cable. 

On the Oslo-Gj0vik-Vinstra and St0ren - Trondheim sec­
tions transmission equipment of ITT manufacture has been in­
stalled, w ith 4 MHz repeaters and 9 km repeater distance. The 
maximum possible capacity is 960 telephone channels . No trans­
mission equipment has yet been installed in the remain ing sec­
tions, but it has just been decided to order 12-MHz equ ipment 
from Siemens for the Vinstra - Trondhe im - Steinkjer section . 
The 4-MHz repeaters from St0ren to Trondheim will then be in ­
stalled elsewhere. This equipment allows for a maximum of 2700 
telephone channels. The repeater spacing is halved to 4.5 km . 

Since part of the cable sections had already been installed w ith 
the objective of 9 km repeater distance, it was necessary to 
investigate impedance mismatches in the neighborhood of the 
new repeater sites. The quality of the coaxial pairs , however, 
was such that only a couple of doubtful mismatches were en­
countered. 

Standard Telefon og Kabelfabrik A/S, Norway 

Stockho lm-Arl anda ATC-center 
del ivered by SRT in 1964. 
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Air-Traffic-Control (ATC) Data Displays - Eurocontrol - the 
central European multinational organization for control of the air 
traffic in the upper air space - has placed an order for an 
experimental ATC Data Processing System for its Bretigny test 
center with a European Consortium headed by Marconi , UK. 

The data display system included in the project consists of 
26 viewing units (11 X 24 inch), control devices (rolling balls, light 
pens, keyboards, etc.) , display back-up system (digital logics, 
memories, character generators, etc.) and operator consoles, 
which will be supplied by Standard Elektrik Lorenz AG, Germany, 

1260-channel equipment - Terminal equipment of the trial section . 
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with Standard Radio & Telefon AB, Sweden, as the main sub­
contractor. The delivery will be based on SRT's recent design 
of display systems, fully microminiaturized, which are still more 
advanced than the already widely well-known systems delivered 
for installations, such as the Stockholm-Arlanda, Oslo, and Copen­
hagen ATC centers. 

Standard Radio & Telefon AB, Sweden 

1260-Channel Line Equipment for Small-Diameter Coaxial Cable 
System - This fully transistorized equipment, developed by 
Standard Telephone et Radio S. A. (see Electrical Communica­
tion, Vol. 41 [1966]. n°3, pp. 313-319) , operates with buried 
telecontrolled repeaters at the nominal interval of 2.97 km. The 
maximum number of repeaters between two terminals is 26 to 30, 
so that it is possible to utilize dependent repeaters over a 
distance of 81 km. 

These repeaters are temperature compensated. Over longer dis­
tances, pilot-regulated repeaters are introduced. In case the pilot 
fails, power over-regulation is avoided by connecting each pilot­
regulator (thermistor) to an emergency heating voltage supply. 

A tri'al section, 47.7 km in length, was installed in Spring, 1967, 
and subsequently tested. All measured characteristics ; frequency 
response, noise, cross-talk, etc. , met all expectations. On the 
same occasion, cable attenuation and temperature variations of 
the ground and manholes were measured. Temperature recording 
has been continued for a longer period. 

The test results are as follows : 
- the residual distortion of attenuation for the whole frequency 

band is less than ± 0.04 Np ; 
- the near-to-distant cross-talk difference for the whole fre­

quency band is greater than 11.5 Np ; 
- with a + 1.85 NpmO white noise load, the worst-case total 

noise is 1.5 pW/km. 

Standard Telephone et Rad io S . A. , Switzerland 

Satellite Space Camera Program - The National Aeronautics 
and Space Administration has ordered an additional fl ight model 
of a daytime space camera system for the Nimbus-D satellite to 
be launched early in 1970. A unit under test is shown in the 
photo. It wi'll be similar to that now being developed for the 
Nimbus-B satellite scheduled for launch early in 1968. Both sys­
tems rely on our Vidissector camera tube, the "eye " of the 
system. 

1260-channel equipment - 6 MHz bandwidth lin e am pl ifi er with pilot-regulator 
and supply separator fi lter . 
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While the daytime camera on Nimbus-D records global cloud 
cover and weather patterns in visible light, a filter-wedge spec­
trometer will measure and analyze vertical distribution of water 
vapor in the atmosphere of the earth. 

Our total of nine satellite space systems includes two cameras 
aboard weather satellites Nimbus I and Nimbus II, launched in 
1964 and 1966, two photoelectric cameras on Orbiting Geophysi­
cal Observatory satellites also launched in those years , and five 
cameras or instruments for Nimbus-B and Nimbus-D. In addition 
the moon-mapping Lunar Orbiters I through IV were all guided 
from earth to the moon with the aid of our photomultiplier tubes. 

ITT Industrial Laboratories, United States of America 

Underwater Tracking Range of Hawaii - In the Kaulakahi Chan­
nel between Niihau and Kauai, the Hawaiian Islands, is the 
Barking Sands Tactical Underwater Range recently completed 
for the United States Navy. This unique tracking facility enables 
evaluation of tactical performance of antisubmarine weapon sys­
tems under actual sea conditions over distances of more than 
50 miles (80 kilometers) and depths from 400 to 1000 fathoms 
(730 to 1800 meters). 

Hydrophones, projectors, and associated in-water electronic 
equipment must withstand the pressure of deep water for many 
years. Acoustic signals received by the instruments are trans­
mitted to shore over more than 400 miles (640 kilometers) of 
cable. 
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Daytime camera system for th e 
Nimbus-D satellite being tested 
under conditions of outer space . 

On-shore equipment includes both analog and digital proces­
sors, timers , underwater and surface communication systems, con­
soles, displays, and two digital computers. It provides for real­
time tracking and control of tactical maneuvers. 

Pre-acceptance tests using Navy vessels and weapons systems 
demonstrated the operational capabilities of the range. 

ITT Avionics Division, United States of America 

Navigation-Satellite Shipboard Sets - The United States Navy 
has placed an order for the design and manufacture of radio 
navigation sets for use with navigaton satellites. The Navy de­
signation is AN/SRN-9 and commercial version will be called 
"Sea-way" (Model 4007 AB). 

Navigation satellites (P. C. Sandretto, "Terrestrial Navigation by 
Artificial Satellites", Electrical Communication, volume 39, num­
ber 1, pages 155-167; 1964) transmit signals to earth on two 
frequencies, modulated to give the position of the satellite and 
the exact time. This information and the Doppler shift due to the 
motion of the satellite with respect to the receiver are recorded 
and processed in a relatively small computer to give the position 
of the receiving station. Transmission on two frequencies permits 
correction for variations in the refractive index of the transmis­
sion path. These navigation fixes are independent of weather 
and are useful not only at sea but on land for geodetic surveys. 

ITT Federal Laboratories, United States of America 
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